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EXECUTIVE SUMMARY 

This Remedial Investigation/Feasibility Study (RifFS) report evaluates disposal alternatives for future 
waste generated by cleanup actions at the United States (U.S.) Department of Energy's (DOE) Oak Ridge 
Reservation (ORR) and associated sites. The report follows previous Comprehensive Environmental 
Response, Compensation and Liability Act of 1980 (CERCLA) evaluations, decisions, and actions that 
resulted in an existing on-site disposal facility, referred to as the Enviromnental Management Waste 
Management Facility (EMWMF). Because the EMWMF is predicted to reach capacity before all 
estimated ORR cleanup waste has been generated and dispositioncd, DOE has determined the need to 
evaluate disposal altematives for CERCLA waste. 

As lead agency for ORR cleanup, DOE is working with the other Federal Facility Agreement (FFA) 
(DOE 1992) parties, the U.S. Environmental Protection Agency and Tennessee Department of 
Environment and Conservation (TDEC), to evaluate alternatives for disposal of low-level (radioactive) 
waste (LL \\f), mixed waste, and certain classified waste. Mixed waste has components of radiological and 
other regulated waste such as Resource Conservation and Recovery Act of 1976 (RCRA) hazardous waste 
and Toxic Substances Control Act of 1976 (TSCA) regulated waste. In addition to satisfying CERCLA 
requirements, this Rl/FS incorporates National Environmental Policy Act of 1969 (NEPA) values in 
accordance with the DOE's Secretarial Policy on NEPA (DOE 1994). 

This report will serve as the initial document supporting DOE's selection of a preferred alternative for 
CERCLA waste disposition post-EMWMF. The EMWMF RifFS (DOE 1998) was the first document in 
the CERCLA process that led to the constrnction and operation of the EMWMF. As a follow-on to that 
process, this RifFS utilizes relevant information from the EMWMF Rl/FS with revisions and updates to 
describe and analyze current conditions. Consistent with the EMWMF RifFS, thi s Rl/FS analyzes tlu·ee 
alternatives: 

I. No-Artion: No coordinated ORR eff011 would be implemented to manage wastes generated by 
future CERCLA actions 

2. On-site Disposal Altemative: Consolidated disposal of most future waste in a newly
constructed, engineered waste disposal facility (i.e., landfill) on the ORR, referred to as the 
Environmental l'vfanagement Disposal Facility (EMDF). The proposed EMDF site is located in 
East Bear Creek Valley near the existing EMWMF. 

3. Off-site Disposal Alternative: Transportation and disposal of future waste at approved, off-site 
disposal facilities. 

SUMMARY OF FINDINGS 

In the CERCLA process, alternatives for remedial action are assessed against nine evaluation criteria. All 
three alternatives evaluated would meet the two threshold criteria of overall protection of human health 
and the enviromnent and compliance wi th applicable and relevant and appropriate requirements 
(ARARs). For the On-site Disposal Alternative, a waiver of two hydrologic condition ARARs would be 
requested on the basis of equivalent protectiveness provided by the landfill design. 

Five primmy balancing criteria address performance viability of the alternatives. Evaluation of the 
alternatives against these balancing criteria shows that all three alternatives would likely provide adequate 
performance and arc viable, but that the On-site and Off-site Disposal Alternatives offer advantages over 
the No Action Alternative. The No Action Alternative may not be supportive of timely remediation of 
ORR sites due to lack of a coordinated disposal strategy. Two final modifying criteria, state and 
community acceptance, will be addressed in the Record of Decision (ROD) following state and public 
comments on the proposed plan. The ROD will address a comprehensive decision for disposal of waste 
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resulting from the implementation of remedial actions that are specified in separate existing and future 
CERCLA decisions. 

The advantages and disadvantages of On-site and Off-site Disposal Alternatives are highlighted by five 
key criteria: (I) long-tenn effectiveness, (2) short-term transportation risk, (3) availability of services and 
materials, ( 4) land use, and (5) cost. 

The On-site Disposal Alternative would be less costly than the Off-site Disposal Alternative, but an 
additional area of ORR would have to be pennanently dedicated to waste disposal, resulting in impacts on 
futme land use and the environment. Both the On-site and Off-site Disposal Alternatives would be 
protective of human health and the environment long term by disposal of waste in a landfill designed for 
site-specific conditions. The Off-site Disposal Alternative could isolate the wastes more effectively than 
the On-site Disposal Alternative long term due to the arid climate and fewer receptors at off-site disposal 
facilities, but long-distance waste transportation in the short-term could result in more accidents, causing 
injuries or fatalities. Uncertainty about continued availability of disposal capacity at off-site facilities is 
considered minimal. However, given the 30 years of anticipated CERCLA waste generation, the On-site 
Disposal Alternative provides a greater level of certainty than the Off-site Disposal Alternative that long
term disposal capacity would be available at the time wastes are generated. 

RI/FS APPROACH 

Unlike a typical remediation project, the purpose of this RJ/FS is not to evaluate alternati ves for cleaning 
up a contaminated site. The purpose of this RifFS is to develop, screen, and evaluate the alternatives for 
waste disposal against CERCLA criteria designed to address statutory requirements and feasibility. The 
RI /FS provides support for an informed selection decision about disposal ofCERCLA waste. 

Remedial decisions for cleanup of individual sites are outside the scope of this evaluation; consequently, a 
conventional Baseline Human Health and Risk Assessment is not relevant to the RI /FS evaluation. For 
the remediation projects that will generate future waste streams to be disposed after EM\VMF reaches 
maximum capacity, the RI/FS lists the applicable existing CERCLA documents that contain risk 
evaluations and identifies the prqjccts for which a CERCLA risk evaluation and decision document have 
yet to be completed. 

The remedial action objectives (RAOs) for alternatives evaluated in this RifFS remain the same as those 
used for the evaluation that led to construction and operation of the EMWMF (DOE 1998): 

• 

• 
• 

• 

Prevent exposure to futme-generated CERCLA waste that exceeds a human health risk of I x 10·5 

Excess Lifetime Cancer Ri sk (ELCR) or Hazard Index (HI) of I. 

Prevent ecological exposure to future-generated CERCLA waste . 

Prevent releases of future-generated CERCLA waste or waste constituents that exceed a human 
health risk of I x I o·5 ELCR or an HI of I , or ARARs for environmental media. 

Facilitate timely cleanup of ORR and associated facilities . 

The development and analysis of alternatives for the RifFS relies on the established RAOs and estimates 
of future waste volumes and characteristics. 

WASTE VOLUMES AND CHARACTERISTICS 

The RI/FS presents waste volume estimates for future CERCLA waste disposal, including generation 
rates, and information about waste characteristics of future CERCLA waste streams. The waste volumes 
and characterization are used as the basis for development and analysis of the disposal alternatives. 
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For the RifFS waste volume estimates, waste streams are delineated by both waste types (regulat01y 
classifications) and material types (waste forms). Waste types are LLW and mixed waste with 
components of radiological and other regulated waste (LLW/RCRA, LLW/TSCA). Material types may 
consist of various forms of soil and debris. Soil includes soil, sediment and sludge. Debris includes a 
mixture of various fom1s of construction and demolition debris. For the RI/FS evaluation, material types 
are defined as either soil or debris with no fmther definition of soil or debris type. This approach is 
consistent with many waste volume estimates for future projects that delineate material types as soil or 
debris only. 

The "as-generated" waste volume estimate was developed by using existing Waste Generation Forecast 
data and modifying it for use in the RifFS. Updated waste volume estimates for specific projects were 
used where available. Projects and corresponding waste volume estimates were sequenced based on an 
assumed funding scenario of $420 million (M) per year for ORR cleanup projects, with ORR CERCLA 
waste generation tlu·ough Fiscal Year (FY) 2042. 

The as-generated waste volume estimate was used to calculate the "as-disposed" waste volume estimate 
in order to predict when maximum EM\VMF capacity would be reached. Cumulative CERCLA waste 
capacity demand estimates through FY 2042, including a 28% uncet1ainty allowance, show maximum 
capacity of EMWMF (2.18M yd3

) is estimated to be reached in FY 2020. Based on these estimates, the 
On-site Disposal Alternative assumes a new CERCLA waste disposal facility is operational in FY 20201

. 

In addition to uncertainty i11 future waste volume estimates, other factors such as funding, project 
sequencing, and contracting can impact project implementation plans and the RifFS waste volume 
estimates. A lower annual funding scenario could delay EMWNJF reaching maximum capacity and the 
operational start of a new facility by a number of years. A higher funding scenario could result in 
EMWMF reaching capacity sooner. 

The approach used to estimate "as-disposed" waste volumes followed a methodology similar to 
calculations used to predict as-disposed volumes in the Capacity Assurance Remedial Action Report 
prepared annually for the EM\Vl'viF. The capacity needed for disposal of future CERCLA waste depends 
on the as-generated waste volumes, the relative mix of debris waste nne! waste suitable for use as fill 
mnterinl, nne! volume reduction efforts. The conceptual design cnpacity of the proposed EMDF site for the 
On-site Disposnl Alternative is 2.5M yd3 and includes a 28% uncertainty allownncc. 

The as-generated waste volume estimate used in the RJ/FS for FY 2020 through FY 2042 
(post-EMWMF) is approximately 2.19M yd·\ including a 28% uncertainty allowance. Approximately 
70% of the 2.19M yd3 is debris. This estimate is used as the basis for analyzing waste shipments in the 
Off-site Disposal Alternative. 

Because detailed characterization data do not exist for many of the individual Deactivation and 
Decommissioning and remediation projects, characterization of ftttme waste streams for this RT/FS is 
based on available data for waste disposed at the EMWMF. This methodology relies on the assumption 
that available data for waste disposed at the EMWMF approximately represent the waste characteristics of 
future waste streams. Data sets of radionuclide contaminants were derived from EMWMF waste data to 
calculate transportation risk for the On- and Off-site Disposal Alternatives and risk associated with 
natural phenomena (wind-borne [tomadic] contamination risk) for the On-site Disposal Alternative. 
Chemical contaminants contribute relatively minimal transportation and natural phenomenon risk; 
consequently, waste characterization information in the RifFS for chemical contaminants is limited to a 
discussion of the anticipated chemical constituents. 

1 For purposes of the RIIFS evaluation, operational sta11-up of a new lac ility is assumed to begin when EMWMF capacity is 
reached. However, in order to continue compliant disposal of CERCLA waste materials on the ORR, the operational s tart-up 
of a new dispostll fi1cility would nctually be planned prior to the EM\VMF reaching maximum cupacity if the On-site 
Disposal Ahenmtivc is selected. 
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REMEDIAL ALTERNATIVES 

Three alternatives were developed and evaluated for thi s Rl/FS: No Action, On-site Disposal Alternative, 
and Off-site Disposal Alternative. 

The No Action Alternative provides a benchmark for comparison with the action alternatives and is 
required under CERCLA. Unlike the typical No Action Alternative which assumes no cleanup actions arc 
taken at a contaminated site, the No Action Alternative for this RI/FS is based on the assumption that a 
comprehensive, site-wide strategy to address the disposal of waste resulting from any future CERCLA 
remedial actions at ORR after EM\:VMF capacity is reached would not be implemented. Future waste 
streams from site cleanup that require disposal after EMWMF capacity is reached would be addressed at 
the project-specific level. 

The On-site Disposal Alternative would provide consolidated disposal of most future-generated CERCLA 
waste exceeding the capacity of the existing EMWMF in a newly-constructed, engineered facility. This 
alternative includes designing and constructing a landfill and support facilities similar in design to the 
EM\VMF; receiving waste that meets the facility's Waste Acceptance Criteria (WAC); and managing the 
waste and landfill during the construction, operations, closure, and post-closure periods. A proposed site 
for a new EMDF near the existing EMWMF was identified utilizing a screening evaluation that included 
some of the sites identified in a previous 1996 siting study (DOE 1996) as well as other possible 
favorable locations. 

By design, the \V AC of a new EMDF would ensure risk to future receptors would not exceed risk criteria 
(I xI o·5 Excess Lifetime Cancer Risk or a Hazard Index of I in the first l ,000 years). The Rl/FS provides 
results of fate and transport analysis which demonstrate that Preliminmy Waste Acceptance Criteria 
(PWAC) for the proposed EMDF would meet applicable risk and dose criteria and be protective. Based 
on these results, it can be concluded that most future CERCLA waste to be generated after EMWMF 
reaches maximum capacity would be able to be disposed at the proposed EMDF. It is acknowledged that 
the PWAC identified in this RIIFS arc a preliminary data set provided to show viability of land disposal at 
the proposed site. If on-site disposal is the selected remedy as determined by the CERCLA process, final 
\V AC would be approved for the new facility by FFA parties prior to waste receipt. 

The approximate area which may be cleared or otherwise impacted by construction and operations would 
be up to 92 acres for the proposed EMDF site. The landfill footprint would be kept permanently cleared, 
representing long-term impact on the direct use of land of up to 70 acres. Locating the proposed EMDF 
immediately east of EM WMF offers advantages of sharing existing EMWMF infrastmcture and being in 
close proximity to existing utilities. 

The estimated total project cost for implementing the On-site Disposal Alternative at the proposed ElVIDF 
site is $708M (20 12 dollars) or $499M (present worth). 

Under the Off-site Disposal Alternative, future CERCLA waste would be transp011ed off-site for disposal 
in approved disposal facilities, primarily by rail transport. All waste would be shipped in intermodal 
containers. Representative routes were assumed for the cost estimate and risk evaluation. Approximately 
98% of the waste (non-classified LLW and LLWffSCA waste) would be shipped to the Nevada National 
Security Site (NNSS) in Nye County, NV by rail h·ansport from the East Tennessee Technology Park 
(ETTP) to a transfer facility in Kingman, AZ. Intermodal containers would then be transferred to trucks 
for the final leg of the shipment to NNSS. Mixed (LLW/RCRA) waste would be shipped for treatment 
and disposal by rail shipment from ETTP directly to the disposal facility at EnergySolutions, Clive, UT. 
Classified LLW waste would be shipped by truck to NNSS. 
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The estimated total project cost for implementing the Off-site Disposal Alternative is $1.992 billion 
(B [20 12 dollars]) or $1.408B (present worth). 

Key assumptions regarding responsibilities of the waste generators are common to both the On- and Off
site Disposal Alternatives. The waste generators are considered to be responsible for removal of waste 
during cleanup actions; waste characterization and treatment as necessary to meet disposal-f.1cility WAC; 
and local transport to the EMDF (On-site Disposal Alternative) or the ETTP transfer facility (Off-site 
Disposal Altemative). Except for the cost for purchase of waste containers for transport to off-site 
facilities, costs associated with these generator responsibility elements are not included in the cost 
estimates because they are not a differentiator between the On-site and Off-site Disposal Alternatives. 

VOLUME REDUCTION 

Volume reduction (VR) approaches and potential benefits for the On-site and Off-site Disposal 
Alternatives are evaluated in this RifFS. For the On-site Disposal Alternative, VR processing could 
reduce capacity needs by up to two disposal cells (over 800,000 yd3 of disposal capacity) and result in 
estimated cost savings of up to $72M in 2012 dollars. For the Off-site Disposal Alternative, VR 
processing could result in au avoided shipping volume of over 300,000 yd3 and estimated cost savings of 
up to $252M in 20 12 dollars. The RifFS provides a comparison between unit costs ($/yd3 as-generated 
material) for on-site and off-site disposal with and without VR processing. I.n almost all cases, off-site 
disposal costs are significantly higher than on-site disposal. 

Incorporating VR efforts in project planning and practical field implementation could result in significant 
cost savings and reduced need for disposal capacity. The largest cost savings and capacity gain could be 
achieved with deployment of size reduction equipment on a multiple project or programmatic basis: 
however, uncertainty f.1ctors such as funding, project sequencing, and contracting could impact the ability 
to implement this approach. The EMDF conceptual design allows the ability to construct the landfill in 
phases such that cells could be built as needed. 

DIFFERENTIATING CRITERIA 

No Action Alternative: The No Action Alternative may not support the RAO of facilitating the timely 
cleanup or release of portions of ORR and associated facilities for beneficial use. Overall remediation and 
disposal costs and locnl socioeconomic benefits could be lower if less aggressive remedial actions result 
from the lack of a coordinated disposal program. By virtue of compliance with the CERCLA process, 
cleanup actions would be protective, but if increased management of waste in place and long-term 
restrictions on land usc resulted from no action, long-term effectiveness could be reduced. 

Comparison of On-site and Off-site DiSJlOsal Alternatives: Five key criteria differentiate tbe on- and 
off-site disposal alternatives: (I) long-term effectiveness, (2) short-term transportation risk, 
(3) availability of services and materials, (4) land use, and (5) cost. 

Long-term FJTectil'eness: Both the On-site and Off-site Disposal Alternatives would be considered 
protective long term of human health and the environment by disposal of waste in a landfi ll designed for 
site-specific conditions. Off-site disposal at EnergySolutions nnd NNSS may be more effective long term 
in preventing exposure to or migration of contam.ination because of the climatic and geologic conditions. 
Fewer receptors exist in the vicinity of EnergySolutions nnd NNSS than near the ORR. The Off-site 
Disposal Alternative would be more effective in preventing future re leases on the ORR because CERCLA 
waste would be disposed in off-site facilities. 

Short-term 'li·ansportation Risk: Under all the alternatives evaluated, risks to workers and the conHmmity 
from actions at the remediation sites and disposal facilities would be controlled to acceptable levels 
through compliance with regulatory requirements and health and safety plans. For both disposal 
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alternatives, the most significant risk of death or injury would result from waste transportation. Risk 
associated with local transport of waste to either the on-site disposal facility or the truck-to-rail transfer 
facility at ETTP for subsequent off-site shipment would be about the same for both alternatives. Off-site 
transportation carries a much higher risk due to the public roads and railroads travelled and the long 
distances involved. The estimated risk increase varies depending on the receptor and whether the risk is 
radiological or vehicular, but can range from two times higher to as much as four orders of magnitude 
higher. Radiation exposure and vehicle-related risk would significantly increase if rail shipments in the 
Off-site Disposal Alternative were replaced by tmck shipments (the majority of shipments evaluated in 
the Off-site Disposal Alternative are by rail). 

For the Off-site Disposal Alternative, modeling of radiation exposure during routine and accident 
scenarios resulted in an estimated total cancer risk (fatal and non-fatal) for maximum exposed individuals 
that ranged from l.06x I o·3 to 7.53 x I o·2

. The collective population risk, which analyzed drivers, persons 
along or near the route, and handlers, resulted in an estimated excess cancer risk (fatal and non-fatal) 
ranging from 1.58x I o·~ to 3.0 I x 10·3. Vehicular risk (risk associated with travel/vehicles) due to emissions 
and accidents, resulted in an estimate of 25.3 total incidents of illness, trauma, or death. These results 
account for cumulative risk for transport and handling hundreds of thousands of waste shipments. On a 
per-shipment basis, both the estimated excess cancer risks due to exposure and the estimated vehicular 
risk range in order of magnitude from I o·9 to I o·5• 

Availability of Sen•ices and Materials: Currently services and materials needed for pre-constmction 
investigations, construction and operation of the On-site Disposal Alternative and transportation and 
disposal capacity for the Off-site Disposal Alternative are available. No impediments to continued 
operation for the On-site Disposal Alternative are likely to arise. State equity issues and reliance on off
site facilities introduce an element of uncertainty into the continuing viability of off-site disposal during 
the anticipated operational period. Because CERCLA waste generation on the ORR is likely to continue 
for 30 years, on-site disposal would provide much greater certainty that sufficient disposal capacity is 
actually available at the time the wastes are generated. 

Land Use: Construction of the EMDF would result in significant environmental impacts, mainly arising 
from rerouting a portion of a tributa1y and permanent loss of wetlands and forested habitat. The proposed 
EMDF site, while forested and undeveloped, is adjacent to a brownfield area where the existing EMWMF 
and former waste disposal sites are located. Land use at the on-site EMDF would be restricted in 
perpetuity. Land at off-site fhcilities is already committed to waste disposal. 

Cost: The projected cost for the Off-site Disposal Alternative ($1. 9928 [20 12 dollars] or $1.4088 
[present worth]) is approximately 2.8 times the estimated project cost of the On-site Disposal Alternative 
($708M [2012 dollars] or $499M [present worth]). 
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1. INTRODUCTION 

This document is a Remedial Investigation/Feasibility Sntdy (RifFS) to evaluate disposal alternatives for 
waste generated from cleanup actions implemented under the Comprehensive Enviromnental Response, 
Compensation, and Liability Act of 1980 (CERCLA) at the United States (U.S.) Department of Energy's 
(DOE) Oak Ridge Reservation (ORR). The report follows previous CERCLA evaluations, decisions, and 
actions that resulted in an existing on-site disposal facility, referred to as the Environmental Management 
Waste Management Facility (EMWMF). Because the EMWMF is predicted to reach capacity before all 
estimated ORR cleanup waste has been generated and dispositioned, DOE has determined the need to 
evaluate disposal altemativcs for future CERCLA waste. 

1.1 BACKGROUND 

DOE is responsible for site-wide waste management and environmental restoration activities at the ORR 
under its Office of Environmental Management (EM) Program. The EM Progrnm is responsible for 
minimizing potential hazards to humnn health and the environment associated with contamination from 
past DOE practices and addressing the waste management nnd disposal needs of the ORR. Under the 
requirements of the ORR Federal Facility Agreement (FFA) (DOE 1992) established between DOE, the 
U.S. Environmental Protection Agency (EPA), and the Tennessee Department of Environment and 
Conservation (TDEC), all environmental restoration activities on the ORR are performed in accordance 
with CERCLA. 

The 33,542-acre ORR is mostly within the city limits of Oak Ridge, TN which is approximately 12.5 
miles west-northwest of Knoxville in Roane and Anderson counties (see Figure I- I). The figure includes 
a map of the three major industrial research and production installations on the ORR managed by DOE 
Oak Ridge Office (ORO) and originally constructed as part of the World War 11-era Manhattan Project: 
East Tennessee Technology Park (ETTP), formerly the K-25 Site; the Oak Ridge National Laboratory 
(ORNL); and the Y -12 National Security Complex (Y -12). Figure 1-1 also shows the location of the 
existing EMWMF site and a potential new facility referred to as the Environmental Management Disposal 
Facility (EMDF) evaluated in this RI/FS. 

The EM program's major focus has been CERCLA remediation of facilities within the installations that 
are contaminated by historical Manhattan Project and Cold War activities. This cleanup mission is 
projected to take the next three decades to complete and result in large volumes of radioactive, hazardous, 
and mixed waste requiring disposal. 
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Figure 1-1. Oak Ridge Reservation. EMWMF. and Proposed EMDF Site Locations 
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The principal mission of the ETTP wns uranium emichment, which has been completed, and the facilities 
and site are undergoing Deactivation and Decommissioning (D&D)2 and remediation under CERCLA. 
ORNL currently and historically hns hosted a vnriety of research and development facilities and nuclear 
reactors under DOE. Y -12 has served several missions: uranium emichment, lithium refining, nuclear 
weapons component mnnufacturing, and weapons disassembly and continues to perform in some of these 
capacities under direction of the National Nuclear Security Administration (NNSA). Over the past several 
years, DOE, NNSA, and their contractors have made significant cleanup progress at all tlu·ee sites. 

A 1999 Record of Decision (ROD) (DOE 1999) authorized construction of a facility located on the ORR 
to provide permanent disposal for radioactive, hazardous, nnd mixed wastes that present unacceptable 
risks to human health and the environment in their current seuing at ORR nnd associated sites. This 
facility, the EMWMF, hns been constructed nnd is accepting CERCLA cleanup wastes. The capacity of 
the EMWMF is 2.2 million (M) ydJ as authorized by the ROD and a subsequent Explanation of 
Significant Difference (DOE 20 I Ob ). 

A widening of the scope of the EM Program has occuned since the original waste estimates were made in 
the Rl/FS that led to the constmction of the EMWMF (referred to herein as the EMWMF Rl/FS) (DOE 
1998). Extensive, new cleanup actions identified in the Integrated Facility Disposition Project (lFDP) 
were added by a major modification to the FFA in 2009 (DOE 2009b). Some of the actions have 
progressed into projects which are being, or recently have been, performed under the American Recovery 
and Reinvestment Act of 2009 (ARRA). The added cleanup actions significantly increase the volume of 
CERCLA waste projected to be generated. 

1.2 PURPOSE 

The purpose of this RifFS is to evaluate alternatives for disposnl of CERCLA waste (after EMWMF 
capacity is reached) that will be generated from cleanup of portions of the ORR, including local sites 
outside the ORR boundary but within ORO's domain of responsibility. As lead agency for ORR cleanup, 
DOE is working with the other FFA parties, EPA and TDEC, to evaluate alternatives for disposnl of low
level (radioactive) waste (LLW), hazardous waste regulated under the Resource Conservation and 
Recovety Act of 1976 (RCRA), hazardous waste regulated under the Toxic Substances Control Act of 
1976 (TSCA), mixed waste (LLW and hazardous waste), and certain classified waste. This Rl/FS was 
prepared in accordance with CERCLA requirements and incorporates National Environmental Policy Act 
of 1969 (NEPA) values in accordnnce with the DOE's Secretarial Policy on NEPA (DOE 1994) and DOE 
Order 451.1 B (DOE 20 I Oc). 

This report will serve as the initial document supporting DOE's selection of a preferred alternative for 
CERCLA waste disposition post-EMWMF. This report will be followed by a proposed plan that presents 
the preferred alternative and subsequently by a ROD that documents the selected alternative and 
addresses public comments on the proposed plan. The ROD will address a comprehensive decision for 
disposa l of waste resulting from the implementation of remedial actions that are specified in separate 
existing and future CERCLA decisions. 

1.3 SCOPE AND ORGANIZATION OF REPORT 

The EMWMF Rl/FS was the first document in the CERCLA process that led to the construction and 
operation of the EMWMF. As a follow-on to that process, this RI/FS utilizes relevant information from 
the Hvl\VMF Rl/FS with revisions and updates to describe and analyze current conditions. Consistent 
with the EM\VMF RIJFS, this Rl/FS analyzes tlu·ee alternatives: No Action, on-site disposal in a newly 

1 The acronym D&D encompasses a range of disposition activities. including transition, stabilization, deadi\'ation, cleanout, 
de~:ontamination, decommissioning. demolition, and restoration. 
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constructed facility on the ORR, and off-site disposal at permitted and licensed facilities. The EMWt•llF 
RifFS analyzed three siting options under the On-site Disposal Altemative: 

• 
• 
• 

East Bear Creek Valley (BCV), the site that was ultimately selected for the EMWMF 

West Bear Creek Valley (WBCV) 

White Wing Scrap Yard (WWSY) 

This Rl/FS further analyzes a site in East BCV (EBCV) east of EMWMF for the proposed new EMDF 
(see Figure 1-1) as part of the On-site Disposal Alternative and provides a screening evaluation of other 
considered sites. The WBCV and \VWSY sites were considered along with other candidate sites, but were 
eliminated from fttrther evaluation as discussed in Appendix C. 

This document consists of eight chapters and supporting appendices as listed in Table 1-1 and described 
below: 

Table 1-1. Outline of RI/FS Document Content 

Chapter Chapter Tille 

I Introduction 

2 Waste Volume Estimates and Waste Characterization 

3 El'aluation of Baseline Risk 

4 Remedial Action Objecti1·es 

5 Teclmology Screening a/1(1 Altemati1•es Assemb~v 

6 Altematiws Description 

7 Detailed Ana~I'Sis ofAitemali!'es 

8 References 

Appendix Appendix Tille 

A Waste Volume Estimates and Waste Chamcterization Data 

n Waste Volume Reduction 

c On-site Disposal Allemative Site Description 

D Altemati1·es Ri.1-k Assessment and Fug itive Emissions ,\;fodeling 

E Applicable or Relevant and Appropriate Requirements (A/UIRs) 

F On-site Disposal Facility Preliminmy Waste Acceptance Criteria 

G Cost Estimates for On-site and Oftsite Disposal Alternatives 

As stated for the EM\VMF RifFS, Chapter 2 of this Rl/FS, Waste Volume Estimates and Waste 
Characterization, corresponds to the "nature and extent of contamination" discussion found in RifFS 
documents that addresses individual contaminated sites. While the EMWMF RifFS relied on estimates of 
waste volumes and characteristics based on a limited set of existing data for individual sites expected to 
be remediated, this Rl/FS uses information available for ORR CERCLA cleanup that has been conducted 
over the last decade, including characteristics of waste disposed and operational experience at the 
EMWMF. 
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The EMWMF Rl/FS provided an evaluation of baseline risk for the cleanup projects identified at that 
time. For the remediation projects that will generate candidate waste streams evaluated in this Rl/FS, 
Chapter 3, Evaluahon of Baseline Risk, lists the applicable existing CERCLA documents that contain risk 
evaluations and planned future remediation projects for which a CERCLA risk evaluation and decision 
document have yet to be completed. 

The remedial action objectives (RAOs) for alternatives evaluated in this RI/FS are specified in Chapter 4 
and remain the same as those established in the EMWMF RifFS. 

Chapter 5 of the Rl/FS, Technology Screening and Alternatives Assemb()l, is based largely on the general 
response actions, technology types, and process options that were presented in the EM\VMF Rl/FS, 
supplemented with new information and lessons learned from ORR cleanup actions and the EMWMF. 

Chapters 6 and 7 of the RifFS describe the alternatives and provide a detailed analysis of altematives, 
respectively. Chapter 8 provides references for supporting documents used and cited in the preparation of 
this report. 

Appendices A through G contain supporting data and information. 

Appendix A provides supporting waste volume and characterization data for Chapter 2, Waste Volume 
Estimates a/Ill Waste Characterization 

Appendix B, Waste Volume Reduction, contains an evaluation of different potential approaches for 
reducing the volume ofCERCLA waste to be disposed. 

Appendix C provides applicable information about the region, updated as appropriate, and the proposed 
EMDF site. The EtvlWMF RifFS is a reference for additional information about the regional 
environmental setting. 

Appendix D presents the methodology and results of risk assessments for the On-site and Off-site 
Disposal Alternatives. 

Appendix E provides a discussion and listing of applicable or relevant and appropriate requirements 
(ARARs) for the On-site and Off-site Disposal Alternatives. 

The EMWN1F RifFS contained preliminmy analytic Waste Acceptance Criteria (WAC) derived from a 
risk assessment model. The EMWMF WAC was later updated and approved in the WAC Attaimnent Plan 
(DOE 200 I b). Appendix F of this RifFS, On-site Disposal Facility Preliminm:)' Waste Acceptance 
Criteria, provides Preliminary WAC (PW A C) for the proposed EMDF developed using fate and transport 
analysis to meet applicable risk and dose criteria. The analysis provides the basis for demonstrating that 
waste disposed in a potential new disposal f.1cility would be protective and a viable disposal option for 
most CERCLA waste. 

Appendix G provides summary cost estimate information and supporting assumptions for the On-site and 
Off-site Disposal Alternatives. 
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2. WASTE VOLUJ\IIE ESTIJ\IIATES AND WASTE CHARACTERIZATION 

This section corresponds to the "nature and extent of contamination" discussion found in RifFS 
documents that address individual contaminated sites. It defines CERCLA waste and material types, 
presents a waste volume estimate for future CERCLA waste disposal, including generation rates, and 
provides information about waste characteristics of future CERCLA waste streams. The waste volumes 
and characterization are used as the basis for development and analysis of the On-site and Off-site 
Disposal Alternatives for this Rl!FS as shown in Table 2-1. 

The Rl/FS and a number of other CERCLA documents for the existing EM\VtvJF were prepared over a 
decade ago. The environmental cleanup program on the ORR has progressed in a number of ways since 
that time, including: 

• Approval of multiple CERCLA documents which delineate selected remedies for cleanup 
(e.g., RODs) and describe remedy implementation (e.g., Remedial Action Work Plans). 

• Development of project-specific waste generation forecasts. 

• Accumulation of operational experience and knowledge from waste disposal practices at the 
EMWMF, including: 

An approved \V AC and WAC attainment process 
Approved waste profiles with waste characterization data for CERCLA waste streams 

Annual Capacity Assurance Remedial Action Rep011s (CARARs) to predict disposal 
capacity needs 

The approach to waste volume estimates and waste characterization in this Rl!FS takes into account 
substantial additional information available for ORR CERCLA cleanup. However, tl1e specific volumes 
and composition of waste that will be generated from the implementation of future CERCLA actions 
cannot be fully defined at this time. Development of waste volume estimates and characterization for this 
RI!FS relics on reasonable assumptions for proposed future remedial actions, including assumptions to 
address uncertainties. This process consisted of the following general steps: 

Waste Volume Estimates 

• Developed Rl!FS waste volume estimates of future CERCLA waste on an individual project 
basis. 

Used existing waste generation forecast data as modified by best available information fl·om 
other planning and estimating efforts. 

• Developed projected waste generation schedules for the waste volume estimate on an individual 
project basis. 

Used information from current planning efforts to predict individual project sequencing 
within projected amwal funding constraints. 

Waste Characterization 

• Developed representative contaminant concentrations based on waste profile, volume, and weight 
data for waste disposed to date at the EM\Vl\'1F. 
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Rl/FS 
Alternative 

On-Site 
Disposal 

Off-site 
Disposal 

EMWMF 
WAC 

Table 2-1. RifFS Alternative Components Supported by Waste Volume Estimates and Waste Characterization 

Alternative Location in Items Determined By 
Component RI/FS Waste Volume Estimates 

Conceptual 
Chapter 6 Disposal capacity for new disposal facil ity 

Design 
Appendix G (Based on ··as-disposed" waste volume estimate) 

Cost Estimate 
When maximum EMWMF capacity is reached 
and operation of new disposal facility begins 

Chapter2 
(Based on "as-disposed·· waste volume estimate) 

Schedule 
Appendix G 

When capacity of cells in new disposal facil ity 
are reached (Based on "as-disposed" waste 
volume estimate) 

Risk (Natural 
Appendix D 

Phenomenon) 

Risk 
Number. waste type, and material type of waste 

(Transportation) 
Appendix D shipments (Based on "as-generated" waste 

volume estimate) 

Preliminary WAC 
Evaluation 

Appendix F 

Conceptual 
Chapter 6 

Number. w:J.Ste type. and material type of waste 
Design 

Appendix G 
shipments (Based on .. as-generated" waste 

Cost Estimate volume estimate) 

Risk 
Number. \vaste type. and material type of waste 

(Transportation) 
Appendix D shipments (Based on .. as-generated" waste 

volume estimate) 

Environmental ManJgcmcnt W:!Ste Management Facili ty 
W:!Stc Acceptanc.: Crit.:ria 
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Items Determined By 
Waste Characterization 

Waste contamination released by a tornado 
strike 

Waste contaminants in waste shipments 

• Preliminary WAC allows most 
future CERCLA waste to be 
disposed 

• Proposed conceptual design 
provides adequate assurance that 
disposed contaminants would pose 
acceptable risks 

Waste contaminants in waste shipments 



2.1 CERCLA WASTE DEFINITION 

Multiple waste and material types are expected to be encountered during future CERCLA actions. Wastes 
that are excluded from consideration in the Rl/FS evaluation are described below. Waste and material 
types evaluated in this RifFS are also described below. 

2.1.1 Exclusions 

Wastes generated on the ORR that are excluded from consideration in the RifFS because disposition will 
be addressed by other established programs or by the projects generating the waste include the following: 

• Waste generated by DOE activities that are not CERCLA clean-up actions (e.g., RCRA waste 
from ongoing operntions) is excluded because it is outside the scope of this RJ/FS. 

• Transuranic (TRU) waste is excluded because it will be treated on-site at the TRU Waste 
Processing Center for disposal at the Waste Isolation Pilot Plant. 

• Industrial/sanitary (nonregulated) waste is excluded because there arc less expensive options for 
disposal (i .e., ORR Landfills at Y -12). 

• Recycle/Reuse wastes are excluded because they will be retumed to useful services or recycled 
through commercial vendors. 

• No Path for Disposal Wastes, an anticipated small volume of waste with no currently defined path 
for disposal, are excluded from the RifFS wnste volume estimates but nre qualitatively addressed 
in Chnpter 7. 

2.1.2 Waste Types and Material Ty))CS 

For volume estimates to support the RIIFS, waste streams nre delineated by both waste types (regulatory 
classifications) nnd mnterinl types (wnste forms). Wnste types are LLW and mixed waste. Mixed wnste 
has components of radiologicnl and other regulnted waste such as RCRA haznrdous waste and TSCA 
regulated waste (e.g., LLW/RCRA, LL\V/TSCA). Material types may consist of various forms of soil and 
debris. Soil includes soil, sediment nnd sludge. Debris includes a mixture of various forms of construction 
and demolition debris, including, but not limited to, the following:: 

• Reinforced concrete, block, brick, and shield walls 

• Thick plate steel, structural steel, large piping, heavy tanks, and bridge cranes 

• Glove boxes, fume hoods, ventilation ductwork, small piping, and conduit 

• Insulation, floor tiles, siding materials, and tmnsite 

• Small buildings, smaU cooling towers, wood framing, and interior and exterior finishes 

• Asphalt shingles, low-slope built-up roofs, vapor barrier, insulation, roof vents, flashing, and felt 

• Containers, furniture, trash, and personal protective equipment (PPE) 

For the RJ/FS evaluation, material types are defined as either soil or debris with no further definition of 
soil or debris type. This npproach is consistent with many waste volume estimates for future pr~jects that 
delineate material types as soil or debris only. 

There is often a lower level of confidence in wnste type and material type volume estimates for future 
projects due to a lnck of characterization datn and because detailed planning has not yet occurred. More 
definitive estimates are made when a project receives funding. For example, the detcrminntion of whether 
the wnste type is a RCRA listed waste as identified in 40 Code of Federal Regulations (CFR) 261 
Subpart Dis part of waste characterization for disposition. Only n few, small volume solid waste streams 
(<6,000 yd3

) projected to contain RCRA "listed wastes" arc identified in the EM program Waste 
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Generation Forecast3 (WGF) and projected for off-site disposal. Future potential sources of listed waste 
on the ORR include soil contaminated with a listed groundwater plume (e.g., F039) that may be 
determined to require remediation. Further defmition of soil quantities requiring remediation and a 
determination of whether the soil contains listed waste would occur when project characterization funding 
is received. As discussed in Sect. 6.2.2 .7, if listed waste is to be disposed at the proposed new EMDF, 
design modifications for management of contact water would be required. 

2. 1.3 Wastes th<tt do not meet Disposal Facility WAC 

An evaluation of ORR CERCLA waste disposal practices since Fiscal Year (FY) 2002 shows that 
between I% and 4% of total CERCLA waste generated annually4 was packaged, shipped, and disposed at 
an approved off-site facility. The waste was shipped off-site because it did not meet the EMWMF WAC 
or because of other project-specific factors. As discussed in Sect. 2.3 and Appendix F, respectively: 

• The characteristics of future CERCLA waste generated are anticipated to be similar to CERCLA 
waste generated since EMWMF began operating in FY 2002. 

• PWAC at a new on-site disposal facility would allow most CERCLA waste to be disposed. 

Based on the evaluation of CERCLA disposal practices to date and assumptions about similarity in 
cunent and future CERCLA waste generation, approximately 3% of future total CERCLA waste 
generated waste generated annually is assumed for the RI/FS evaluation to be shipped for off-site disposal 
regardless of the disposal alternative (on-site or off-site). Because it is not a differentiator between the 
On-site and Off-site Disposal Alternatives, this small percentage of waste is excluded from the RI/FS 
waste volume estimate information presented below and is addressed qualitatively in the alternatives 
analysis (Chapter 7). 

The RifFS waste volume estimate information below includes only those waste volumes that are projected 
to meet on-site disposal facility WAC and be either: 

• Disposed at a new on-site CERCLA waste disposal facility under the On-site Disposal 
Altemative, or 

• Shipped for off-site disposal at an approved facility under the Off-site Disposal Alternative. 

2.2 RI/FS WASTE VOLUME ESTIMATES 

The waste volume estimates included in this RifFS are limited to future CERCLA waste that will be 
generated from facility D&D and environmental restoration activities on the ORR. Development of waste 
volume estimates for this Rl/FS relies on waste disposal practices and experiences on the ORR to date 
and reasonable assumptions about planned fuhtre D&D and remedial action activities. 

Similar to the definitions in the CARAR (DOE 20 12a) completed annually for the EMWMF based on 
WGFs, there arc two types of quantitative waste volume estimates used in this Rl/FS as described below: 

• "As-generated" waste volume estimate: 
An estimate of volume based upon excavated bulk volumes of soils, sediments, and 
demolished building debris that includes void space. 
As-generated volumes arc roughly equivalent to the volumes expected to be shipped 
(i.e. , used for Off-site Disposal Alternative). 
Includes higher amount of void space and has lower density than as-disposed volumes 
because "as-disposed" volumes reflect compaction of the waste in the landfill. 

1 \VGF download January 2012 
~Total excludes CERCLA waste disposed at ORR Landfills 
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The as-generated volume is used in project planning to determine the number of truckloads and associated 
cost and duration necessary to move wastes from the work site to the disposal facility (on-site or off-site). 

EM\VMF disposal experience has allowed for development of formulas that are used to determine the 
amount of landfill space required for a given volume of as-generated waste material. The CARAR uses 
these formulas, including density conversion f.1ctors, to estimate waste volume after compaction in the 
landfill . Estimates of compacted waste and required fill material are used to convert "as-generated" 
vohune to an "as-disposed" volume in order to predict future landfill space requirements. 

"As-disposed" waste volume estimate: 

An estimate of volumes of waste after disposal in the disposal facility , at which point debris 
wastes, waste suitable for use as fill, and clean fill have been mixed and processed to meet 
compaction and void space requirements (i.e., used for On-site Disposal Alternative). 
Physically equivalent to survey results taken quarterly to estimate disposal facility airspace 
utilized . 

IJ1cludes lower amount of void space than as-generated waste volume because it reflects 
compaction of the waste in the landfill. 

The as-disposed waste volume estimate is used to predict when the EWMMF capacity will be reached, a 
key factor in evaluating post-EM WMF disposal alternatives. The as-disposed waste volume estimate is 
also used as the basis for determining the required capacity of a new disposal facility for the On-site 
Disposal Alternative. 

As-generated and as-disposed waste volume estimates were developed for the RT/FS as described below. 

2.2.1 As-generated Waste Volume Estimate 

The base as-generated waste volume estimate was developed by using existing contractor WGF data5 and 
modifying it for use in the RI/FS as follows: 

• Waste to be disposed at facilities other than EMWMF was excluded from the total. 

• Forecasted volumes were modified for specific projects such as ARRA projects and other projects 
for which updated waste volume estimates were available. 

• The schedule for ORR cleanup projects and associated waste generation was revised based on an 
assumed $420M funding scenario6 for ORR cleanup projects from FY 2012 through FY 2043, 
with ORR CERCLA waste generation through FY 2042. 

The base as-generated waste volume estimate covers the FY 2012 through FY 2042 timeframe and does 
not include applied uncertainty. The annual estimate for base as-generated waste volumes ranges from 
about 10,000 yd.l per year to 178,000 yd.l per year as shown in Figure 2-1. Figure 2-1 also shows the as
generated waste volumes with 28% uncertaintr applied. The annual estimate for as-generated waste 
volumes with uncertainty ranges from 13,000 ycl· per year to 228,000 yd3 per year. 

5 \VGF download Jnnumy 2012 
6 The RVfS waste volume estimate is based on an approximation of project sequencing for a scenario that assumes funding of 

S420M in FY 2012, $421t-.'l in FY 2012 through FY 2018, and S421M es~:nlated nt 2.3% annually through tlu: end of th.: 
program (rY 2043). A rcbnsclining dlort of the EM progrnm in Oak Ridge is currently underway using the S420M l1utding 
scenario that will result inn finaliz~d projl!ct sequencing. 
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Figure 2-1. As-gcnernted Waste Volume Estimate 

Using the modified CARAR approach and assumptions about uncertainty to calculate the as-disposed 
volume described in Sect. 2.2.2, it is estimated that the EMWMF will be filled to capacity in FY 2020. 

The post-EMWMF (FY 2020 - FY 2042) portion of the as-generated waste volume estimate is used in the 
disposal alternatives as follows: 

• To calculate the as-disposed volume estimate used to predict: (I) the required disposal facility 
capacity needed for the On-site Disposal Alternative and (2) when individual cells of the new 
disposal facility would be filled. 

• To analyze waste shipments in the Off-site Disposal Alternative. 

A sumnwry of the post-EMWMF base as-generated waste volume estimate by material type and waste 
type is presented in Table 2-2. 
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Table 2-2. Post-El\1\Vi\JF Base As-generated Waste Volume Estimate (FY 2020- FY 2042) 

Wnste Type 

Mixed TOTAL by Mntcrinl 
%by 

Materinl Type LLW 
Type.(yd3) 

Material 
(incltules (LLW/RCRA, Type 

LLWffSCA) LL W/RCRA/TSCA) 

Debris 1,172,543 21,578 1,194,121 69.77% 

Debris/Classified 5,948 550 6,498 0.38% 

Soil 498,885 11 ,975 510,860 29.85% 

Total 1,677,376 34,103 1,711,479 

% by Waste Type 98.01 % 1.99% 

Table 2-3 presents the post-EM\VMF as-generated volume estimate with 28% uncertaint/ that is used as 
the basis of the Off-site Disposal Alternative. The 28% uncertainty included in the approximately 
2. 19M yd3 of waste shipped for off-site disposal shown in Table 2-3 is equivalent to the uncertainty 
amount used in the as-disposed waste volume estimate for the On-site Disposal Alternat ive. The 
simplified CARAR methodology described in Sect. 2.2.2 applies 28% uncertainty at the end of the 
as-disposed waste volume estimate calculation. 

Of the approximately 2.19M yd·1 of the as-generated waste volume estimate with 28% uncertainty shown 
in Table 2-3 , approximately 70% is material type debris and approximately 30% is soil. Less than I% of 
the as-generated waste volume estimated is classified debris waste which requires disposal at a DOE 
facility. Approximately 98% is waste type LLW or LLW/TSCA. 

Tahle 2-3. Post-Ei\1\VMF Base As-gem•rated Waste Volume Estimat(· (FY 2020- FY 2042) 

Wnstc Type 
TOTAL by 

l\laterinl Type LLW (includes 
Mixed Materinl1)•pe %by 

(LLW/RCRA, (yd3
) with 28% Material Type 

LLWffSCA) 
LLW/RCRAffSCA) Uncertainty 

Debris 1,500,61 9 27,6 15 1,528,234 69.77% 

Debris/Ciassilicd 7,6 12 704 8,317 0.38% 

Soil 638,472 15,326 653 ,797 29.85% 

Total 2,146,703 43,645 2,190,348 

% by Waste Type 98.01 % 1.99% 

Appendix A provides further detail about as-generated waste volume estimates by project and year. 

2.2.2 As-disposed Wllstc Volume Estimate 

The approach used to estimate as-disposed waste volumes followed a methodology similar to calculations 
used to predict as-disposed volumes in tbe CARAR prepared annually for the EMWMF. The capacity 
needed for disposal of future CERCLA waste depends on the as-generated waste volumes, the relative 
mix of debris waste and waste suitable for use as fill material, and volume reduction efforts. For debris 
and containeriLed wastes, material must be added to fill void spaces. The optimum fill material is 

7 Th.: nclllill a~sumcd um:o:rtn inly is 27.9798%; 28% is o rounded volue. 
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contaminated soil or soil-like material from a remediation project that can be mixed with the debris or be 
placed around or among containers. When contaminated fill is not available, clean fill must be used. 
Volume reduction methods that could potentially be implemented to reduce disposal capacity needs are 
evaluated in Appendix B. 

The CARAR utilizes density conversion factors that reflect compaction of waste in the landfill for many 
different waste material types to predict as-disposed waste volumes from as-generated waste volumes. 
A formal Monte Carlo uncertainty analysis program is performed for the CARAR annually and a 
calculated 95% upper confidence limit (UCL) uncertainty allowance is added to total waste (debris and 
soil waste) plus clean fill values to account for uncertainty in waste volume estimates and fill demand 
projections. The UCL-95 uncertainty allowance is applied to future volumes and a lower, overall 
uncertainty is calculated that takes into account both known as-disposed volumes (with no uncertainty) as 
well as future volumes with uncertainty allowance. The overall uncertainty reported in CARARs from 
2008 to 2012 (DOE 2008a, DOE 2009a, DOE 2010a, DOE 20lla, DOE 2012a) ranges from 
approximately 5% to 15%. The uncertainty increases with an increase in future volumes that are 
considered to have low confidence in volume values. 

Prediction of as-disposed volumes for the RifFS used a similar, simplified methodology as described 
below: 

• 

• 

Started with the base as-generated waste volume estimate developed for the Rl/FS described in 
Sect. 2.2 .I. 
Used simplifying assumption of two waste material types (soil or construction debris) and 
corresponding density conversion f.1ctors to calculate as-disposed volumes that reflect 
compaction of waste in the landfill. 

• Established soil demand prediction (volume of clean fill soil needed) using fill debris ratio for 
constmction debris and assuming waste soil that is generated in the same year as waste debris is 
used as fill. Excess waste fill occurs when more waste fill is generated than is needed for void 
space management. 

• Added an uncertainty allowance for future volumes of total waste (debris and soil waste) plus fill. 

As shown in Table 2-4, the projected disposal capacity need varies with the assumed percent uncertainty 
in fhture waste and fill volumes applied to the RI/FS as-disposed waste volume estimate. 

Table 2-4. Percent Uncertainty and Corresponding Projected Disposal Capacity Need 

Assumed% 
Overall% Projected Disposal EMDFCells 

Uncertainty in Future 
Volumes 

Uncertainty Capacity Need (M yd3) Needed 

0 0 1.7 Cells 1-4 

15 II 2.1 Cells 1-5 

28 20 2.5 Cells 1-6 

The assumed allowance of 28% uncertainty applied to the as-disposed waste volume estimate corresponds 
to an overall uncertainty of20% and a projected disposal capacity need of approximately 2.5M yd3

, which 
is the conceptual design capacity of the proposed EMDF site for the On-site Disposal Alternative. If the 
On-site Disposal Alternative is selected as the remedy, the capacity may be further maximized for 
efficiency and land utilization considering topographic and hydrogeologic featmes in detailed design. A 
phased construction of the landfill would allow adjustment of cell construction as needed to accommodate 
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potential lower waste voltU11es, (e.g., construction of Cells 5 and 6 could be eliminated if capacity is not 
needed). 

Figure 2-2 shows the cumulative CERCLA waste capacity demand estimate through FY 2042 based on a 
28% uncertninty allowance for future volumes. Figure 2-2 also shows the maximum capacity of EMWMF 
(2.18M yd·1) is estimated to be reached in FY 2020 based on 28% uncertainty in future volumes. Based on 
this estimate, the On-site Disposal Alternative assumes n new CERCLA waste disposal f.1cility is 
operational in FY 20208

• There is a small amount of excess waste fill in the as-dhposed waste estimate, 
but the amount is minimal (8,429 yd3

) and difficult to identify on the Figure 2-2 graph. The amount of 
excess waste fill depends on the mix of debris and waste soil volumes projected to be received in the FY. 
Table A-4 in Appendix A provides a breakdown by FY of the as-disposed waste estimate, including the 
amounts of excess waste fill projected each FY. 

8 For (lliiVOse s of the IUJr:S c\·aluation, opem tional slllrt-up of a new lacility is as~unu:d to begin when EMWMr: capacity is 
reached. However, in order to continue compliant disposal of CERCLA wash! materials on the ORR, the operational start-up 
of a new Ji~posa l lacility would actually be planned prior to the EMWMr: reaching maximum capa~:ity if tht: On-site 
Disposal Alternative i~ selected. 
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As shown in Table 2-5, the total CERCLA as-disposed waste volume estimate (including waste soil, 
debris, and clean fill) for FY 2012 through FY 2042 with 28% uncertainty is approximately 3.56M yd3

. 

At the end of FY 2011, Etvi\VMF had a remaining available capacity of 1.06M yd·1• The estimated 
post-EMWMF capacity needed of approximately 2.5M yd3 shown in Table 2-5 corresponds to the 
conceptual design capacity of the proposed EMDF. 

Tablr 2-5. Estim ate of CERCLA Wastr Disposal Capacity Nreded Post-EMWMF with 28% Uncertainty 

Totnl CERCLA As-disposed Waste Volume Estimnte FY12-FY42 (yctl) 
Totnllnclnding 

Uncerlninty Allownncc of 
28% 

Debris 85 1,367 

Soil 401,570 
3,562,810 

Clean Fill 1,530,948 
Total Waste and Clean Fill 2,783,884 

EMWMF Cnpacity 

EMWMF Total Capacity 2, 180,000 
EMWtvlF Used Capacity thm FYI I 1, 117, 190 1,062 ,810 
EMWMf Available Capacity 1,062,810 

Post-EMWMF Cnpncity Needed FY20-FY42 yd3 

Tota l CERCLA As·disposed Waste Voh11ne 
1,721,074 2,500,000 

Estimate less EMWMF Available Capacity 

Appendix A provides further detail by year about the as-disposed waste volume estimate with 28% 
uncertainty allowance in future volumes. 

In addition to uncertainty in future waste volume estimates, other factors such as funding, project 
sequencing, and contracting can impact project implementation plans and the Rl/FS waste vo lume 
estimates. For example, annual funding lower than the S420M funding scenario assumed (see Sect. 2.2. 1) 
could delay EMWMF reaching maximum capacity and the operational start of a new facility by a number 
of years. A higher funding scenario could result in EMWMF reaching capacity sooner. 

2.3 RI/FS WASTE CHARACTERIZATION 

This section discusses characterization of future generated CERCLA waste streams. Because detailed 
characterization data do not exist for many of the individual D&D and remediation projects, 
characterization of future waste streams is based on available data for waste disposed at the EMWMF to 
establish contaminants of potential concern (COPCs) and estimate contaminant concentrations. This 
methodology relics on the assumption that available data for waste disposed at the EMWMF 
approximately represent the waste characteristics of future waste streams. Use of characterization data for 
waste disposed at the ENIWMF is limited in the Rf/FS to serving as a basis for the transporta tion risk and 
natural phenomena risk calculations. 

The EMWMF waste characterization results were used to develop a derived data set of radionuclide 
contaminants as discussed in Sect. 2.3.1 below. The data set forms the basis for calculating transportation 
risk for the On- and Off-site Disposal Altematives, and risk associated with natural phenomena (wind
borne [tornadic] con tamination risk) for the On-site Disposal Alternati ve (see Table 2- 1 ). Risk 
calculations are discussed in Appendix D. Because chemical contaminants contribute relatively minimal 
transportat ion and natural phenomenon risk, relevant non-radiological contaminant information provided 
in this RI/FS is limited to a discussion of the anticipated chemical constituents in Sect. 2.3.2. 
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PWAC have been developed based on contaminant pathway analysis modeling for the proposed on-site 
disposal facility conceptual design. As shown in Table 2-1, the PW AC evaluation is used to determine the 
following: 

• 
• 

Does the PW AC allow most future CERCLA waste to be disposed? 

Does the proposed conceptual design provide adequate assurance that disposed contaminants 
would pose acceptable risks? 

The projection that waste characteristics of future waste will be similar to waste disposed to date at the 
EMWNlF is a key assumption in the analysis. 

2.3.1 Radionucli<lc Charactcl'ization 

The derived data set of radionuclide COPCs and estimated radionuclide contaminant concentrations are 
designed to provide a reasonable range of contaminant parameters for waste expected to be generated 
from future D&D and remedial action projects. The process used to develop the contaminant data set of 
mass-weighted average radionuclide concentrations for use in natural phenomenon risk and transportation 
risk evaluation consisted of the following steps: 

• Data collection 

• Data set development exceptions 

• Development of data set used for risk evaluation 

A sunm1my of the process is provided below. A more detailed description of the process steps and 
calculations is provided in Appendix A. 

2.3.1.1 Data Collection 

The data collection process is summarized as follows: 

I. Waste lots (WLs) for waste disfosed at the EMWMF were identified using a Waste 
Transportation Management System EMWMF Disposition Summary Report. 

2. Radionuclide COPC concentration data for identified WLs were obtained from a Waste 
Acceptance Criteria Forecast Analysis Capability System10 output report or waste profile data. 
The expected value concentrations of radionuclide COPCs reported in the individual waste WL 
data sets were identified. 

3. Net weight data for identified WLs were collected. 

2.3. 1.2 Development of Data Set for Risl< Evaluation 

A mass-weighted average concentration for each radionuclide was derived for use as input for the 
transportation risk and natural phenomenon risk evaluation as summarized below: 

I. Calculate the activity in pCi of each radiouuclide contaminant reported in each WL using the 
reported concentration of each radionuclide in the \VL and the net weight of all shipments for the 
WL. 

9 WTi\·IS is a web-based tool that provides a central source for manually compiling and printing shipping documents requirt>d for 
the transport of waste and materials generated by the EM contractor. 

10 Waste Accc:ptance Criteria Fore>:ast Analysis Capability System is the primary tool used to ensure: analytic WAC compliance 
at the EMWMf. 
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2. Calculate the average concentra tion in pCi/g for each mdionuclide contaminant in the \VL data 
set by summing the acti vities calculated above and dividing by the smn of net weights of all 
shipments for all WL in the data set with a reported value for the radionuclicle. 

The nwss-weighted average concentration in pCi/g calculated for each radionuclide contaminant shown in 
Table 2-6 forms the data set used for risk evaluation. 

Table 2-6. Data Set for Natural Phenomena nnd Trnnspor tation Risk Evnluntlon 

Isotope Mass Weighted Average (pCI/g) Isotope Mnss Weighted Average (pCilg) 

Ag-IIOm 4.76E-OI Np-237 2.91 E-OI 

Am-241 9.18E+OO Pb-2 10 2.50E+OO 

Am-243 5.77E-OI Pb-2 14 4.02E-O I 

Bi-2 14 3.89E-OI Pm-1 47 l.OOE+OI 

C-14 2.91E+O I Pu-238 5.69E+O I 

Cm-242 1.63E-01 Pu-2W 1. 17E+OI 

Cm-243 6.69E+OO Pu-240 1.74E+02 

Cm-244 1. 14E+04 Pu-241 2.01E+02 

Cm-245 1.39E-OI Pu-242 3.79E-0 1 

Cm-246 5.41 E+OO Pu-244 3.22E-02 

Cm-247 9.55E-03 Ra-226 9.10E-O I 

Co-57 1.4SE-O I Ra-228 7.95E-0 1 

Co-60 5.05E+02 Ru- 106 6.27E+04 

Cs- 134 2.4SE+04 Sr-90 9.73E+03 

Cs-137 5.83E+03 Tc-99 3.67E+O I 

Eu-152 6.43E+03 Th-228 4.27E-0 1 

Eu-154 4.85E+03 Th-229 4.00E-03 

Eu-155 1.41E+03 TIJ-230 1.55E+OO 

F-59 1.49E+OO Th-232 1.69E+OO 

H-3 1.9 1 E+02 U-232 1.65E+OO 

1-129 1.79E+OO U-233 8. 1.1E+OI 

K-40 4.2 1E+OO U-234 2.69E+02 

Kr-85 1.04E+02 U-235 1.63E+OI 

Mn-54 8.47E-O I U-236 1.1 4E+O I 

Nb-94 7.93E-02 U-238 1.60E+02 

Ni-59 4 .04E+O I Zn-65 1.46E+OO 

N i-63 1.05E+02 
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2.3.1.3 Data Collection and Data Set Development Exceptions 

Exceptions to the data collection and data set development process summarized above were made for 
WLs that were merged or split out from the original approved WL profile and therefore shipped under a 
different WL number. Details about the exceptions are provided in Appendix A. 

2.3.2 Chemical Characterization 

As stated previously, the chemical contaminants for future waste streams to be di sposed in the EMDF are 
assumed to be similar to those of waste disposed nt the EM\VMf. Becnuse chemical contnminants 
contribute relatively minimnl transportation and natural phenomenon risk, the chemical contaminant 
information provided in the RifFS is limited to information about contaminants anticipated to be present 
in future generated CERCLA waste. 

For on-site disposal of waste, the administrative \V AC for a potential disposal fhcility would require the 
RCRA hazardous waste that is disposed meet applicable land disposal restrictions (LDRs) .11 The nnalytic 
WAC identifies additional risk- and dose-based chemical limits for constituents which may be present in 
the waste disposed at the EMWMF (see Sect. 1.1 in Appendix F). Off-site waste shipments are required 
to meet the U.S. Department of Transportation (DOT) requirements. 

A complete list of the chemical constituents identified in the EMWMF WAC and the chemical 
constituents which have historically been found in the waste disposed at EM\VMF (BJC 2008) is 
provided in Table 2-7. 

11 ' llte purpose of LOR requirements is to reduce tht: toxicity nndlor the mobility of the hazardous constituents in the 
enviromnent. In p:nticulnr, LDRs are aimed at rcdtu:ing the likelihood that hazardous constituents will leach into groundwater 
and/or sur!:tct: water. Specific constituent levels (i.e., trentment standards) must be achieved before the h:llardous wa~te can 
be Ia nd disposed. 
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Table 2-7. Chemical Constituents 

Ch('mical CASN Chemical CASN 

( I, 1-Dimethylethyl)benzene 98-06-6 4-Chloro-3-Methy1p1leno1 59-50-7 

( 1-Methylpropyl)benzene 135-98-8 4-Methy1-2-Pentnnone (MlDK) 108- 10-1 

I, I, 1-Trichloroethane 71-55-6 4-methylphenol (p-cresol) 106-44-5 

I, 1-Dichloroethnne 75-34-3 Aeenaphthene 83-32-9 

I, 1-Dichloroethene (Dichloroethylene) 75-35-4 Acenaphthylene 208-96-8 

1,1 ,2-Trichloroethnne 79-00-5 Acetone 67-64-1 

1,1 ,2-Trich1oro- 1 ,2,2-Trillorocthane 76-13-1 Acetophenone 98-86-2 

1 ,2,4-Trich1orobenzene 120-82- 1 Aldrin 309-00-2 

1 ,2,4-Trimethy1benzene 95-63-6 Alpha-BHC 31 9-84-6 

1 ,2-Dichlorobenzene 95-50-1 nlphn-Chlonlnne 5103-7 1-9 

I ,2-Dimcthylbenzene 95-47-6 Aluminum 7429-90-5 

I ,2-Dichloroclhnne 107-06-2 Anthracene 120- 12-7 

1 ,2-Dichloroethcnc 156-59-2 Antimony 7440-36-0 

I ,3,5-Trimethylbenzene 108-67-8 Arsenic 7440-38-2 

1 ,3-Dich1orobcnzcne 54 1-73-1 Asbestos 1.132-2 1-4 

1 ,4-1Jich1orobenzenc 106-46-7 Barium 7440-39-3 

1-Methy1-4-( 1-rnethy1ethy1)bcnzene 99-87-6 13enzo( a)anlhracene 56-55-3 

2,3,4,6-Tctrach1oroplu:nol 58-90-2 Benzene 71-43-2 

2.3, 7,8-Tetrnchlorodibenzo-p-dioxin 1746-01-6 Benzenemcthanol I 00-51-6 

2,4-Dirneth ylphenol 105-67-9 Benzo(a)pyrene 50-32-8 

2,4-Dinitrophenol 5 1-28-5 13enzo(b)llurnnthene 205-99-2 

2,4 ,5-Trichlorophcnol 95-95-4 Benzo(g,h,i)pcrylene 19 1-24-2 

2-Uutnnone (also known as Methyl Ethyl Ketone) 78-93-3 Benzo(k)lluoranthenc 207-08-9 

2-Chlorophenol 95-57-8 Benzoic Acid 65-85-0 

2-Chloronaphthalcne 91-58-7 Beryllium 7440-41-7 

2-1-kxnnone 59 1-78-6 Beta-BHC .1 19-85-7 

2-Mct.hylnaphthalene 9 1-57-6 13is(2-ethylhexyl)phthnlnte 11 7-8 1-7 

2-mcthylphenol (a-cresol) 95-48-7 Boron 7440-42-8 

3-3'-Dichlorobenzidine 9 1-94-1 Butylbenzylphthalatc 85-68-7 

3-rnethylphenol (m-crcso1) I 08-39-4 Cad m i 11111 7440-4.1-9 

2-Nitroaui1ine (O-Nitroani1inc) IP-Nitroani line) 88-74-4 Calcium 7440-70-2 

4,4'-DDD 53-19-0 Carbazole 86-74-8 

4,4'-DDE 72-55-9 Carbon disullide 75- 15-0 

4,4'-DDT 50-29-3 Carbon tetrachloride 56-23-5 

4,6-Dinitro-2-methylpheno1 5.14-52- 1 Chlordane 57-74-9 

) 
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Table 2-7. C hemical Constituents (Continued) 

Chemical CASN Chemical CASN 

Chlorol>enzene 108-90-7 Magnesium 7439-95-4 

Chlorodhanc 75-00-3 Mnnganese 7439-96-5 

Chloroform 67-66-3 Mercury 7439-97-6 

Chromium 7440-47-3 Methoxychlor 72-43-5 

Chrysene 2 18-01-9 Methylcyclohcxane 108-87-2 

cis-! ,2-Dichlorocthene 156-59-2 Methylene Chloride 75-09-2 

Cobalt 7440-48-4 Molybdenum 7439-98-7 

Copper 7440-50-8 n-Nit roso-di-n-propylamine 62 1-64-7 

Cumene 98-82-8 Naphthalene 9 1-20-3 

Cyanide 57-1 2-5 Nickel 7440-02-0 

Ddta-BHC 319-86-8 
Polychlorinated biphenyl (PCD), 

1336-36-3 
Total 

Dibenz(a,h)anthracene 53-70-3 Pentachlorophenol 87-86-5 

Dil>enzofuran 132-64-9 Phennnthrene 85-01-8 

Dieldrin 60-57- 1 Phenol I 08-95-2 

Diethylphthalale 84-66-2 Potnssium 7440-09-7 

Di methylphthalate 131-11-3 Propylbenzenc I 03 -65-1 

Di-n-butyl phthalate 84-74-2 Pyrene 129-00-0 

Di-n-octylphthalate 11 7-84-0 Selenium 7782-49-2 

Endosullim I 959-98-8 Silver 7440-22-4 

Endosullim II 33213-65-9 Sodium 7440-2.1-5 

Endosulfan Sulfate 1031-07-8 Strontium 7440-24-6 

Eudrin 72-20-8 Tetrachloroethene (PCE) 127-18-4 

Endrin Aldehyde 7421-93-4 Thnllium 7440-28-0 

Ethyl benzene 100-41-4 Tin 7440-31-5 

Fluoranthene 206-44-0 Titanium 7440-32-6 

Fluorene 86-73-7 Toluene I 08-88-3 

gnmnHt-Chlordane 5 103-74-2 Trichloroethenc (TCE) 79-01-6 

1-leptm:hlor Epoxide I 024-57-3 Uranium 7440-6 1- 1 

Hexachlorobutndiene 87-68-3 Vanadium 7440-62-2 

IIydrogen lluoride (released fi·om UF6) 7664-39-3 Vinyl Chloride 75-01-4 

lndcno( I ,2,3-cd)Pyrene 193-39-5 Xylenes 1330-20-7 

Iron 7439-89-6 Zinc 7440-66-6 

lsophorone 78-59-1 Zirconium 7440-67-7 

Lead 7439-92-1 

Lithium 7439-93-2 

) 
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3. EVALUATION OF BASELINE RISK 

CERCLA requires that the No Action Alternative be considered as a baseline for comparison against 
action altematives. For a typical CERCLA evaluation, the No Action Alternative is based on the 
assumption that no cleanup actions or other measures are taken to mitigate existing or potential fuhtre 
impacts to human health or the environment posed by a site. For a typical No Action Alternative: 

• Current and future baseline risks are estimated to ( 1) determine whether remediation of a 
contaminated site is required and (2) evaluate risk reduction that would result from 
implementation of remedial actions. 

• Baseline Human Health Risk Assessments (BHHRAs) arc performed in accordance with EPA 
guidance to provide estimates for both carcinogenic (cancer) risk and systemic toxicity (non
carcinogenic effects) from contaminant exposure. 

• The receptor scenario (e.g., residential, industrial, or recreational use) is determined by 
considering cmTent and potential fitture land use. 

Unlike a Rl/FS for a typical remediation project, the purpose of this RifFS is not to evaluate altematives 
for cleaning up a contaminated site. The purpose of this Rl/FS is to evaluate alternatives for disposal of 
CERCLA waste generated from cleanup of various contaminated sites on the ORR and associated sites. 
Decisions about cleaning up those sites have already been made in existing CERCLA decision documents 
or will be made in future CERCLA decision documents. Remediation of the sites is expected to generate 
radiological and hazardous wastes that will requ ire disposal at an approved facility. 

Remediation projects for contaminated sites are cotmected to the evaluation of disposal alternatives in this 
RJ/FS only by the candidate waste streams to be generated that require disposal. The baseline risk 
evaluations for contaminated sites in existing and future CERCLA documents are otherwise separate and 
distinct from this CERCLA evaluation of disposal alternat ives for waste streams. Likewise, remedial 
actions to be conducted at contaminated sites are determined by CERCLA decisions that are separate 
from this RifFS evaluation. 

For the remediation projects that will generate candidate waste streams evaluated in this Rl/FS, Table 3-1 
contains a list of the applicable existing CERCLA documents that contain risk evaluations (including 
BHHRAs) and corresponding existing CERCLA decision documents. Future remediation projects for 
which a CERCLA risk evaluation and decision document have yet to be completed are also identified.t2 

Unlike the No Action Alternative for a typical Rl/FS which assumes no cleanup actions arc taken at a 
contaminated site, the No Action Alternative for this RifFS is based on the assumption that disposal of 
future waste streams from site cleanup would be addressed at the project-specific level. No coordinated 
ORR effort would be implemented to manage wastes generated by future CERCLA actions after 
EMWMF capacity is reached. Section 6.1 provides further discussion of the No Action Alternative. 

Although this RifFS does not present a typical evaluation of baseline risk of a contaminated site for the 
No Action Alternative, evaluations of transportation risk and nahtral phenomenon risk for the On-site 
Disposal Alternative and transportation risk for the Off-site Disposal Alternative arc provided in 
Appendix D. Appendix F provides PWAC for the proposed on-site disposal f.1cility based on contaminant 
pathway analysis modeling to meet risk and dose criteria. Chapter 7 provides a detailed analysis of 
alternatives according to CERCLA evaluation criteria and NEPA values. Evaluations in Chapter 7 of 
overall protection of human health and the environment (a CERCLA threshold criterion), short-term 

12 f or these fullan: rem.:diation projects, se lected remedies and candidate waste streams have been assumed for planning puqJOses 
only and do not preclude the outcome of a future CERCLA evaluation process. 
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effectiveness, and long-term effectiveness use risk assessment information from Appendix D and 
Appendix F. 
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Table 3-1. Risk Evaluation and Decision Documents for Remediation Projects 

Site Subproject Risk Evaluation Document Decision Document* Project 

Q Engineering Evaluation!Cosr Ana~vsisfor Action Memorandum for the 
~ 
Q the Decontamination and Decontamination and 
r- Decommissioning of the K-25 and K027 Decommissioning of the K-25 and K-"" K-27 Area 0&0 I 

Buildings at rhe East Tennessee 27 Buildings. East Tennessee v 
!::::: 
1/"; Technology Park. Oak Ridge. Tennessee Technology Park. Oak Ridge. N 

I (DOE/OR/OI-J917&D3) Tennessee (DO E!O RIO 1- I 988&02) ~ 

Q Central Neutralization facility 0&0 
=.Qo;l, Engineering Evaluation/Cost Ana~vsisfor Action Memorandum for the Centrifuge Facilities 0&0 c: <J 

·= ~ the K-25 Auxiliary Facilities Demolition Remaining Facilities Demolition EITP Main Plant Area Faci lities 0&0 
· - :I: Project Group II Buildings at Easr Project at East Tennessee Technology - .. E;E K-29 Area Faci lities 0&0 

ETTP <tl = Tennessee Technology Park. Oak Ridge. Park. Oak Rid..ze. Tennessee 
0:: <J 

Tennessee (DO£/ORIOI-1765&D4) (DOEIOR/01 -2049&02-R) Poplar Creek Facilities 0&0 
ci:: 

TSCA Incinerator 0&0 (Non BJC Scope) 

"' Final Sitewide Remedial Investigation and 
;;: Feas ibility Study for East Tennessee Rcc~o1rd of D1.:cision for Sit~: Wide 

Site Wide Remedial Action~ , 
~ Technology Park. Oak Ridge. Tennessee Remedial Actions 
en (DOE/OR/0 1-2279&03) 

Focused Feasibility Study .for Zone 2 Soils 
Record of Decision for Soil. Buried 

N Waste. and Subswface Structure 
~ and Buried Waste. East Tennessee 

Acrions in Zone 2. East Tennessee Zone 2 Remedial Actions 
0 Technology Park. Oak Ridge. Tennessee 
N 

(OOE/OR/0 1-2079&0 1 IR l) 
Technology Park. Oak Ridge. 
Tennessee (OOE!OR/01-2 161&02) 

....... Expcrim~o:m.al Ga~ Cooled Reactor 0&0 
> - Health Phy::;1cs Research Project Area D&D 6 
;.... \11\. Liquid Gaseous \A.ast~: Oper.ui0ns 0 &0 ~ MY R~:actors and Other Facilities 

ORNL > To Be Determined 
ROO MY Homog~o:ncous Reactor Exp..:rim~:nt D&D 

~ \1V Legacy \llaterial Dispos1tion ... -~ TRC Waste Proces~ing Complex 



Table 3-1. Risk Evaluation and Decision Documents for Remediation Projects (Continued) 

Site Subproject Risk Evaluation Document Decision Document* Project 

BV Chemical Development Lab Facilities D&D 

BV Isotope Area Facilities D&D 

BV Reactor Area Facilities D&D 

BV Tank Area Facilities D&D 
Record of Decisions for Jnrerim 

BV Remaining Slabs and Soils Actions in Bethel Valle-y. Oak Ridge. 
Tennessee (DOE/OR/0 1-1 862&04) ORNL Non-hydro fracture (HF) Well plugging and 

abandonment (P&A) 

ORNL Remaining Non-HF Well P&A 

BV Inactive Tanks and Pipelines 

BV Remaining Inactive Tanks and Pipelines 

..... Notice of Non-Significant Change to 
> the Record of Decision for Interim c::l Remedial Investigation/Feasibility Study Hot Storage Garden ._, 

Actions in Bethel Valley: Addition ..... for Bethel Valley Watershed at Oak Ridge 
ORNL ~ of Hot Storage Garden (3597) 

e: National Laboratory. Oak Ridge. 
(cont) > Tennessee. Volume I. Main Text 2026 Complex 

~ 

0:: 
(DOE/OR/0 1-1748&03) 

2528 Complex 
CQ 

3019 Ancillary Facilities D&D 

3019A D&D 

Notice of Non-Significant Change to 3525 Complex 
the Record of Decision for Interim 4501/4505 Building D&D 
Actions in Bethel Valley. Oak Ridge. 

5505 Building D&D Tennessee (IFDP and ARRA 
Buildings) 6010 Building D&D 

Central Stack Hot Cell Facilities Complex 

Fire Station Complex 

Low-Level Liquid Waste Facilities D&D 

ORNL Small Facilities D&D 
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Table 3-1. Risk Evaluation and Decision Documents for Remediation Projects (Continued) 

Site Subproject Risk Evaluation Document Decision Document* Project 

Process Waste Facilities D&D ..... 
Remedial investigation/Feasibility Study Notice of Non-Significant Change to ~ Remaining East BY Facilities 

~ ...-.. for Bethel Valley Watershed at Oak Ridge the Record of Decision for Interim 
ORNL - -, = National Laboratory. Oak Ridge. Actions in Bethel Valley. Oak Ridge. Southeast (SE) Contaminated Lab Complex (cont) <: c 

u ...:: ._. Tennessee. Volume /. Main Text Tennessee (IFDP and ARRA c:: SE Services Group Complex 
CQ (DOEJOR/01-1 748&D3) Buildings) 

Sewage Treatment Plant Complex D&D 

9206 Complex 

9206 Complex Legacy Material Disposition 
(LMD) 

9212 Complex 

9212 Complex LMD 
G Alpha-2 Complex c. 
c.. 
w Alpha-2 Complex LMD 
2. 
~ 

Alpha-3 Complex 
:; 
~ Alpha-3 Complex LMD u Engineering Evaluation/Cost Analysis for 

the Y-1 2 Facili1ies 
Action Memorandum for !he Y-12 Alpha-4 D&D = Facililies Deactivalion/Demolition 

Y-12 c Deactivation/Demolition Project. Oak 
Project. Oak Ridge. Tennessee Alpha-S Complex 

c. Ridge. Tennessee (DOE/OR/01-
~ 

2424&D2) 
(DOE/OR/01-2462&Dl ) Beta-1 Complex 

0 
c.. Beta- 1 Complex LMD .... 
"' = Beta-3 Complex LMD w 
u Beta-4 Complex 1::. 

5 Beta-4 Complex LMD 

Biology Complex 

Deactivation Only Complex (Beta-3 and 9731) 

Transition Facility D&D 

Y-12 EM Facilities D&D 
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Table 3-1. Risk Evaluation and Decision Documents for Remediation Projects (Continued) 

Site Subproject Risk Evaluation Document Decision Document* Project 

Record of Decision for Phase I 
Interim Source Control Actions in the 
Upper East Fork Poplar Creek UEFPC Sediments-Streambed & Lake Reality 

.... 
-.; Remedial investigation of the Upper East Characterization Area. Oak Ridge . 
t Fork Poplar Creek Characteri=ation Area Tennessee (DOEIO RIO 1-1951 &03) 
u at the Oak Ridge Y-1 2 Plant. Oak Ridge. 

§' 
Tennessee. Volume 1 (DOE/OR/01- Record of Decision for Phase i 
1641N1&02) interim Source Control Actions in the c. 

Upper East Fork Poplar Creek UEFPC Soils 81-1 0 Area Remediation ..,.: 
0 Characteri=ation Area. Oak Ridge. 

r.:.. 
Tennessee (OOE/OR/01-1951&03) ... 

"' <:: 
~ 

Record of Decision for Phase 11 Y-12 c; UEFPC Remaining Slabs and Soils 
(coot) c. interim Remedial Actions for c. Upper East Fork Poplar Creek Soil and 

:::l 
Scrapyard Focused Feasibility Study 

Contaminated Soils and Scrap_vard in 
Upper East Fork Poplar Creek. Oak 

(DO EIORJO 1-2083&02) 
Ridge. Tennessee(OOEIOR/0!- UEFPC Soils Remediation 
2229&03) 

;;.... 
Bear Cn.:.:k Valky Whit~ Wing Scrap ~ To B.: Determined BCV White Wing Scrap Yard Remediation 

;;;.. Yard Record of Decision 
.:=:. 
Cl; 

Remedial investigation of Bear Creek Record of Decision for the Phase i ~ u Valley at the Oak Ridge Y-1 2 Plant. Oak Activities in Bear Creek Vall'y at the 
BCV S-3 Ponds 

<: Ridge. Tennessee. Volume 1 Oak Ridge Y- 12 Plant. Oak Ridge. 
0; 

~ (DOE/OR/Ol-1455NI&D2) Tennessee (DOEIORJOI-1750&04) 

* R<.."d Text DenOte~ a Future CERCLA EvJiuation 
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4. REMEDIAL ACTION OBJECTIVES 

CERCLA guidance defines RAOs as "medium-specific or operable-unit specific goals for protecting 
human health and the enviromnent" (EPA 1988). According to the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP), ( 40 CFR 300.430[ e ][2][i]), RAOs should specify the 
media and contaminants of concem, potential exposure pathways, and remediation goals. The scope of 
this RifFS is limited to evaluating alternatives for the disposition of futme-generated CERCLA waste 
from ORR and associated sites after EMWMF capacity is reached. Because the actions being evaluated 
are designed to provide for the disposition of various waste types derived from a wide range of sources 
and activities, establishing specific cleanup goals is not appropriate. Instead, remediation goals for site 
cleanup at the pr~ject-specific level have already been made in existing CERCLA decision documents or 
will be made in future CERCLA decision documents. 

The four RAOs for alternatives evaluated in this RJ/FS remain the same as those established for the 
alternatives evaluated in the EMWMF RJ/FS. The first three RAOs are most directly applicable to 
evaluation of the protectiveness of a permanent waste disposal facility under the On-site Disposal 
Alternative: 

I. Prevent exposure to future-generated CERCLA waste that exceeds a human health risk of I x 10·5 

Excess Lifetime Cancer Risk (ELCR) or Hazard Index (HI) of I. 

2. Prevent ecological exposure to future-generated CERCLA waste. 

3. Prevent releases of future-generated CERCLA waste, or waste constituents, that exceed a human 
health risk of I x I o·5 ELCR or an HI of I, or ARARs for environmental media. 

Appendix C provides a description of the siting option in EBCV evaluated in this Rl/FS and siting options 
that were screened out from further evaluation. As shown in Figure C-1 in Appendix C, the proposed 
EMDF site is located in the BCV Watershed on the ORR in BCV Zone 3 area designated for future DOE 
controlled industrial usc in the BCV Phase I ROD (DOE 2000). This site will remain under DOE control 
within DOE ORR boundaries for the foreseeable future. 

As described in Chapter 3, under the No Action Alternative, no coordinated ORR effort would be 
implemented to manage waste generated by future CERCLA actions after EMWMF capacity is reached. 
The first three RAOs are not directly applicable to the No Action Alternative. Overall protectiveness of 
human health and the environment and risk reduction would have to be addressed by CERCLA decisions 
at the individual sites without the benefit of a comprehensive disposal strategy. 

Under the Off-site Disposal Alternative, waste is shipped for permanent disposal at existing permitted off
site facilities. As a result, the first three RAOs are not directly applicable to the Off-site Disposal 
Alternative because the permits for each individual off-site facility specify requirements to protect human 
health and the environment and minimize exposure risk. 

The fourth RAO is directly applicable to the On-site Disposal and Off-site Disposal Alternatives as well 
as the No Action Altcmative: 

4. Facilitate timely cleanup of ORR and associated facilities. 

Evaluation of disposal alternatives for waste under the CERCLA process in this Rl/FS will support DOE 
implementation of a recent Oak Ridge Site Specific Advisory Board (ORSSAB) recommendation 
(ORSSAB 20 II), including the following recommended actions: 

• Evaluate and propose disposal capacity necessary to support current EM scope and potential 
additional cleanup waste streams. 
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• Analyze and compare the lifecycle costs and impacts of off-site disposal of expected waste 
streams versus those of a second on-site disposal cell. 

• Reevaluate and update the original siting studies. 

This Rl/FS evaluation will also support the DOE strategic plan for reducing the ORR's cold war legacy 
footprint and disposi tioning resultant waste materials (DOE 20llc). 
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5. TECHNOLOGY SCREENING AND ALTERNATIVES ASSEIVIBLY 

Section 5.1 of this chapter identifies and screens technologies and process options and selects 
representative process options to support disposal of the candidate waste streams identified in Chapter 2. 
Section 5.2 assembles the representative process options into disposal altematives and evaluates their 
ability to meet RAOs. Chapters 6 and 7, respectively, describe and evaluate the selected disposal 
alternatives. 

5.1 IDENTIFICATION, SCREENING, AND SELECTION OF TECHNOLOGIES AND 
PROCESS OPTIONS 

RAOs are met through implementation of general response actions, which are intended to protect human 
and ecological receptors from exposure to contamination in sources or enviromnentalmedia. This section 
of the RI/FS is based on the general response actions, teclmology types, and process options that were 
presented in the EM\VN1F RI/FS. Applicable new information and lessons learned from constntction and 
operation of the EMWMF are presented and applied throughout the screening process as well. 

As specified in EPA Rl/FS guidance (EPA 1988), steps are taken to logically reduce the number of 
technology types and process options to be considered for alternatives analysis. In the initial screening 
step, each process option is evaluated to determine its technical applicability to the remediation site(s). In 
the following step, the retained process options for each general response action and technology type are 
evaluated based on effectiveness, implementabil ity, and relative cost to select final representative process 
options. Selection of representative process options for the development of alternatives does not eliminate 
other process options from future consideration. 

The following general response actions apply to development of waste disposal altcmativcs: 

• No action 

• On-site disposal 

• Off-site disposal 

• Waste packaging and transport 

• Institutional controls 

The process for developing and screening alternatives is presented ill the EPA RifFS guidance document 
(EPA 1988). Table 5-1 sunm1arizes this process as it was applied and presented in the EMWMF Rl/FS , 
where each process option was described and evaluated in detail. Process options that were screened from 
consideration as not being applicable to disposal of ORR CERCLA waste arc shaded in Table 5-1 . 
Applicable process options were then evaluated for effectiveness, implementability, and cost to select 
representative process options for each technology type within a general response action; results of the 
evaluation arc summarized under the discussion heading in the table. Process options that were found to 
be applicable, but were not retained as representative for development of remedial alternatives in the 
EMWMF Rl/FS due to effectiveness, implementability, and/or cost, are also shaded. In most cases, the 
nnalysis for this Rl/FS is consistent with the EMWMF RJ/FS; changes or updates to the nnalysis 
presented previously nrc noted in the discussion cohtnul in bold text. Following the table, Sect. 5.1.1 
through 5. 1.6 provide a discussion of the rcprescntntive process options that were selected in the 
EM\VMF RI/FS and retained for nlternative development in this Rl /FS as well. 
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Tallie 5-1. Technology Descriptions, Screening, Evaluations, and Selection of Representative Process O ptions 

G('llCI'lll 
T£'chnolo~· PI'OC('SS 

Response Typr Optlonu Drscl'iption Disrussion 
Actiou 

No action None No actions No additional actions 
Relain~d as rcpresenlnlil'e process option. 
Requir~d by the NCP. 

On-site New t:1cili1ies Below-grade 
Disposal of waste in silos, concrete ,·nullS, Eliminated. Few if any 'ingle parcels on 

dispo~a l fac ilities 
engineered cells, or other facilities placed ORR wilh adequate depth to groundwater. 
entirely below g.-ode. Cost is high. 

A sanitary or conslruction/demolition Eliminated. Not ~ppl icablc f<lr candidate 
Sanitary landfill 

landfill simi lar 10 engineered disposal 
waste streams. Existing on-site capacity 

f.1eili1y but with ll:wer isolation features 
al'ailahk for uncontaminated wa~te. 

incoq>oratcd into de,ign. 

Unlined A trench or excal'atiou with no bottom Eliminated. Unsuitable for LLW and 
trenches landfill liner and a simple \'egetatiw cowr. mixed wa~tcs. 

Large, reinforced. s tructumlly stable, multi-
celled ' lmclures des igned for containerized Applicable. Not re tained. No addition~ I 

Concrete \'aults waste. Allows for waste removal. Caps, 
protection over engineered disposal cell. 

(a bow gmdc) liners, and leachate rcmo\•a l systems can b~ 
larger land area needed. More cos tly. 

incorporated to mcel requirements for 
LL \V and mixed-waste dispo,al. 

Facility I hat is partially below gmd~ and 
uses natural amlman-mad~ mat~ rials in Applicabk. Re tained as rcprc, enlatin: 

Engineered embankment~. cap, and liners. Caps, liners, process option based on cquivaknt 
disposal lacilily and leachate removal system can be cftccti\'eness. superior implementability, 

inCOI]lOrated 10 meet ret(Uirements for and lower cost. 
LLW and mixed-waste disposal. 

Waste placed in concrete containers on a 
Applicable. Not retained. No additional 

concrete pad. Caps, liners . and leachate 
protection over engineered disposal cell. 

Tumulus fac ility remo\'al ,ystem can be incoq>orated to 
lmplementabilily ' omewhal more 

meet requirements for LLW and mixed-
ditlicult. Modcmtc CO>!. 

waste di>posal. 

Existing 
A Class II (IDEC). lined landfill 

Y-l 2 1ndustrial dc>ignat.:d to recti\'e industrial, Not applicable for candidate LLW and 
facili ties Landtlll V commerdal, and in>tilutional waste with mixed was!<: streams. 

lillie or no contaminatio n. 

Y-1 2 Class IV (TDEC). unlined landfi lls 
Constn•ctionl designed lo recei\'e demolition wastes with Not applicahle for candidate LLW and 
Demolition lillie contamination for remodeling. repair, mixed waste s treams. 
Landti lls VI/VII and construction. 

Interim Wa~tc Tumulu~ lacility at S\VSA 6 designed as a Eliminated . C losed untie•· the Melton 
~lanagemcnt disposal f.1cili1y for LLW g.:nemted at Valley Closur~ Projrrl nnd not 
Facility ORNL. available fo1· wn~te tli~posal. 

Storage in containers in exiMing buildings 
Appl icabl~ for limited waste volumes. 

Long·tcnn Retained as interim option for waste that 
storage 

until treatment or dispo;al capability is 
may not meet disposal f:tci lity WAC, 

a\'ailable. 
pending treatment and disposal options. 

Facllily is 1•artially below gmdr and usrs 
natu1·al nnd nuon-m ade mnt<•ria ls io 

E:\ IWM F 
emba nkments, rap, and liner>. Caps, Applicable. l' rojcctcd to be al rnparity 
lim•rs, and learha le remo,·al 'ystcm aud una,·ailnblc. 
inrorpontted lo mret rc<Juircmcnb for 
LLW and mixed-wn•lc d i,posal. 

) 
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Tahle ~-1. Technology Descriptions, Screening, Evaluations, and Selection of Repre.sentativ<.' 
Process Options (Continued) 

Geuel'lll 
Technology Process Rl'sponS(' 

Type Option1
•
2 Description Discussion 

Action 

Newoff.ORR 
An ~how- or below-ground engineered Eliminated. No known plan for a new 

on: site New tacilities 
engineered 

cell, concrete ,·au I!, or tumulus faci lity at tacility. Adequate!)• represented by 
disposal an on:sitc location designed to receive existing penni lied DOE and commercial 

facility 
LLW ami mixed w~stes. facilities . 

Commerdal LL \V disposal faci lity in Eliminated because present and future 
Exi•ting LLW Chem Nuclear a\·ailability is uncertain (state equity 
and mixed· Barnwell, South Carolina. 

issues). 
waste facilities Applicable for non-chm ifietl LLW anti 

EnergySolurions m lxetl wa• te. Treatment of LLW/RCRA 
Commercial LLW/mixcd waste tacility waste to meet LDRs 1\ a\·ailable at (fonnerly 
in Clil'e, Utah. · facility. Retained as reprcscntali\'e off. Envirocar<) 

site tlisposal op tion for non-cla,slfietl 
LLW antlmixetl waste. 

Applicable fo r chmifietl anti non-
DOE l\'NSS cla•sifi etl LLW antlmixetl wa ste that 
(fonnaly DOE di>posallacility ue~r Las Vegas, m eets LDR•. Retainetl as representatin 
Nev~d~ Test Nc\·ada . off-site dispo~a l option fol' classified aud 
Site) non-classified LL W Rllllmixed waste 

that m eets LDH treahnent stand;u·tls. 

Applicabk fl>r LLW di~posal ; CERCLA 

DOE Hanford DOE storageldisposal facility near ROD docs no t allow receipt of mixed 
waste from out-of-stale. Not retained 

Rcscrl'ation Richland Washington. 
h.:cmls~ of admini.stnuh-~ conc~n1s and 
lack of mixed waste disposal capability. 

US Ecology- Commercial LL\\' wa>te f.1cili ty near Applic~hle for LL W; howel'er. not 
Han lord Richland Was hington. ~pplicable for ORR waste streams. 

Applic~ble for LLW ~nd mixed waste, but 
Was te Control Commercial LLW/mixcd waste facility not yet rl\•ailable to accept waste from 
Specialists in Andrews, Texas Federal facilities. Not retained because 

unable to accept\\ astc ~I this tim~. 

Commercial RCRA-Hazardous and 
Existing WMI-Emelle TSCA waste disposal lacility in Emelle, 
RCRA(['SCA 1\labama. Eliminated because the facililie~ n.-e uo 
tadlitics longer· ou approved active TSDRF li~t 

US Ecology-
Commercial RCRA-Hazardous ~nd for ORR cleanup. Non-bazanlom 
TSC A was te disposal facility in 13caHy, HC RAf f SCA wa~le Is ;1 portion of the 13eaHy 
Nevada. small percentage of CERCLA wn>lc 

geuernted earb )'l•;u· tbnt doc• not meet 
Rollins Commcn:ial RCRA-Hazardous and the E:\JW~IF WAC. Tbe wa~te is not a 
Euvironmeotal TSCA waste disposal tl•cility in Deer dlfferentiator in t be Ou-site and Off-~ite 
Services Park, Texas. Uisposal Alteruatiws and h not 

included iu cand idnte waste stream> for 
Rollins Comm~rc ia l RC'RA-Hazardous and quanlilath·~ analysi• (see Sect. 2.1.3). 
Environmental TSCA waste di,posal faci lity in Clive, 
Ser\'ices Utah. 

Applicabl1• for non -ratlioactivc RCR ,\ 
a1ul TSCA waste. llowc\'Cr, non-
rsu.lloacth·~ RCRA and TSCA wnstc is a 

A li~t of appron tl arth·c commercial 
portion of the small pcr·ccntage of 

Otlte1· nhting 
faciliti es such as Clean Harbors' 

C£RC LA waste geuemtetl each yc:u· 
RC RAn'SCA 

facilitic• in UT and TX is maintained 
tbat docs not meet the Ei\IWi\IF WAC. 

facilitie~ The wstste is not a diffcreutiator· in t bc 
fur ORR cleanup. 

On-site and Off-site Ui•posal 
Alteruali\'es a111l is not included iu 
can<lidate waste stream~ for· 
quantitath·e analysis (sec Sect. 2. 1.3). 
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Table 5-1. Technology Descriptions, Screening, Evalua tions, and Selecfion of Represcntntlve 
Process Options (Cont inued) 

General 
Technology Process 

llcspomc 
Typc Option1

'
1 Dcscl'iption Discussion 

Action 

Applicable. CoSIS ar~ relatively high, but 
Wa~tc Packaging Small ciTcctivc and implemcntable for 
packaging containers accumulating small waste streams 
anc.l generated O\'Cr long p~riods. Not 
transport Small contain~rs such as dnnns, B-25 appropriate for containing large waste 

boxes, or Jah pack. can he used to streams o r bulk waste or debris. Retained 
accumulate, store, or tmnspm1 was te. in Ei\IWill f Rill 'S, butuot r et ained fot· 

this RiffS. Lnrg~ conlniners nn• 
retained in this IU/fS fo r all wn~te 
\lnams ns •·epreseutnth·e for 
compnm th·e analysts of allcrnnth·e\. 

l :uge containers >llch as roilo ffbins, 
Applicable. Retained for a ll waste 

l arge sea land con tainers, and /or inlennodal 
•I ream \ ns t·cpre•ruta lh·e for 

containers containers can contain bulk waste or small 
containc:rs. 

compa r:1th·c a na lysis of n llemalire\. 

Bulk containers >ttch a~ Supcrsacks can 
Applicable. Not retained because their us e 

Bulk cotllainers 
contain bulk, soil-like was te . 

i~ limited and they arc adequately 
represented by large containers. 

Tran>portation o f bulk or pacbg~d wn>t~ 
Eliminated . The llanford Reser.•ation i> 

f ran>port the only d ispo~a i f.1c ility obi~ to receive 
lo DOE ll:mfor.l R~servarion by b:•rge via 

barge >hipment>, ami more direct 
Barge Tennessee Rhw, l\li s~ i > sippi River, Gulf 

tran>portation methods are n1·ailablc. 
ofl\kxico. Panama Canal, Pacilic Cons!, 
Columbia Riwr. 

Hanfo rd is not selected a~ a represcntatil'c 
p rocess option. 

Applicahle for all on-site and ofl".s ite 
Transpo11ation of bulk waste on-sire in waste tr;mspm1ntion. Retai ned as 

Tm ck 
dump trucks, or packaged waste to on· representati\'e for a ll on-site 
and ofl'-s irc disposal facilities by narbcd transpo rtation. Rela inrd for orf-sile 
or other tmcks. h ·nn\porlalion of das~ificJI waste a nd 

for raillo t r uck l m tn fcr to 1\:-ISS. 

Applicable for o n:site waste 
transportation. Retained a~ rcprc.cntatil'c 
lor transporl o f LL \\' and mixed waqe o n: 
site to EnergySo/ut/om a nti i'/1\SS. Truck 

Transportation of bulk o r packaged waste 
to railtr:tu\fe~· is rcquh·cd at ETTP. 

Train 
to on:site d isposal f.1cilities by railroad. 

EncrgySolutiam has d irect rail >cn·icc 
aut! Ni'iSS cnu be acrrs1cd by m iug rnil 
to I ruck l ransfer facility in Klugman, 
AZ. \ Ybil (• wn1lc mu, l he h·nnsfcrretl 
fro m I ruck to trai n, lola! ro>ls ore less 
than long-di\ lanc(' lronlp or t h\' l r ur k. 

ln, titutionai Access and Physical 
Security fences, signs, butle r zones, and 

conlrols U ,!, e barriers 
other baJTicrs inslnlied around potentially 

restrictions 
contaminated :ueas to limit access. 

Usc o f security (e.g .. guards, surveillance, Applicable. Would b( used ll'ith other 
Admiuis1rati1·e badges for access) or institutional aclions. Readily implementable ami loll' 
controls and requirement• (e.g., 1raining, standard cost. All access and use restriclions nrc 
seeurit)• opcmting prucedurcs) to limit access lo retained to enhance th( reliability of on· 

contaminat..:d nr..:as. site disposa l action>. 

Covenanls and Res lrictions o n land u<e lly licensed 
d~ed agreemenls, regulatory 1>cnnits, code, 
restrielions zoning, >tipulations on property deeds. 
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Table 5-l. Technology Descriptions, Screening, Evaluations, and Selection of Represcnlntl\'e 
Process Options (Continued) 

Grnrrn l 
Trchnology Prort-ss 

Rrspoust' Dcsniptiou Discussion 
Action 

Type Option1•
2 

lnslillllion~l ~lainlenancc 
Surveillance Inspection of engineered and remedial 

control~ ~nd 
~nd actions and perlonnance of pre\'enliw and 

(continued) monilnring 
maintenance or corrective measures lo ensure propa Applica!Jic. Would improw reliabil ity of 
(S&~I) operation of engineered controls. on· site actions. Readily implcmcntable 

and moderate C<'S I. Maintenance and 
u~e of results from sampling and monitoring options retained lo enhance the 

Environmental char.oclcrizalion of media bdore, during, rdiabifily of On·Silc disposal actions. 
monitoring and al,er remediation lo predict and wrify 

en(cti\'cness of remedial actions. 

1 Process options thai arc NOT retained in the screening arc shaded. 
'BOLD TEXT indicates changes or updates lo the analysis presented in the EM WI< IF IU!FS (DOE 1998). 

5. 1.1 No Action 

The no action general response action is required by the NCP to serve as a baseline for comparison to 
action-based alternatives. The No Action Alternative is described further in Sect. 6. 1. 

5.1.2 On-site Disposal 

On-site disposal technology types considered include new facilities and existing facili ties. To be selected 
as n relevant process option through the initial screening step, the process must be able to accept 
cand idate waste streams - non-classified or classilied LLW and mixed solid waste types with RCRA 
and/or TSCA components. Additional screening (presented in tile EMWMF RUFS) considers 
effectiveness, implementability, and cost of the retained process options to narrow the selection(s) down 
to representative process option(s). Details of the analysis arc nvailable in the EM\VMF RIIFS and 
summarized and updated in Table 5-1. 

5.1.2.1 New Facilities 

Sanitary and unlined trench landlills were eliminated from consideration because they are not applicable 
or suitable for candidate waste streams. Below-grade facilities, concrete vaults, and tumulus facilities 
were all eliminated due· to higher costs, more difficult implementation, and/or physical limitations at the 
ORR. 

The final representative process option for on-site disposal, as concluded by the EMWMF RJ /FS analysis 
and conlirmcd in this Rl/FS, is the partially below grade engineered disposal facility . It was originally 
selected based on equivalent or superior effectiveness, relative ease of implementation, and reduced cost 
compared to other process options. The conclusion for this RI/FS remains the same. 

5.1.2.2 Existing Facilities 

With the except ion of the EMWMF, no extstmg f.1ci lities on the ORR have a WAC that allows for 
disposal of projected candidate waste streams. Most of these options were eliminated in the EMWMF 
RI/FS analysis. This Rl/FS eliminates all existing f.1cility options and is based on the projection that the 
EMWMF will be at capacity and therefore unavailable. 

As it was in the EMWMF Rf/FS, long-term storage is retained in this Rl/FS as an interim option for waste 
that may not meet disposal facility WAC, pending treatment and disposal options. 
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5.1.3 Off-site Disposal 

Evaluated off-site disposal technologies include new facilities, existing LL\V and mixed waste facilities, 
and existing RCRA/TSCA facilities. 

5.1.3.1 New Facilities 

Consideration of the use of a new off-ORR engineered facility would require a plan for a new facility to 
be at some level of development/implementation. Tbere is no such known plan for a new off-ORR 
engineered facility; therefore the option is eliminated in the initial screening as was the case in the 
EMWMF RifFS. 

5.1.3.2 Existing LL W and Mixed Waste Facilities 

LL \V and mixed waste disposal sites evaluated in the EM\VMF RVFS included Chcm Nuclear in 
Barnwell, SC; EnergySo!utions (formerly Envirocare) of Clive, UT; the DOE Nevada National Security 
Site (NNSS) facility near Las Vegas, NV (formerly the Nevada Test Site); the DOE Hanford Reservation 
ncar Richland, WA; and U.S. Ecology-Hanford. All these sites would be effective at isolating wastes that 
meet their respective \V AC. ORR wastes nrc currently being shipped to the EnergySo/utions and NNSS 
faciliti es, and shipment and disposal at these sites is readily implementable. All sites would incur high 
transportation/disposal costs as well as risk liabilities until waste reaches its destination . EnergySo!utions 
accepts mixed waste for disposal, with mixed-waste disposal fees higher than LLW fees. Chcm Nuclear, 
DOE Hanford, U.S. Ecology-Hanford, and a Waste Control Specialists (WCS) facility in Andrews, TX 
were eliminated from consideration as described in Table 5-1. Although not yet available to accept waste 
from Federal facilities, the \VCS facility in Texas is discussed as a potential process modification to the 
Off-site Disposal Alternative (see Sect. 6.3.3.8. 1 ). 

EnergySo/utions of Clive, UT was retained for disposa l of LL\V and mixed waste in the EMWl'vlf Rl/FS 
and remains a representative process option for this RVFS for non-clnssi tied LLW and mixed waste. 
Treatment of LL\V/RCRA waste to meet LDRs prior to disposal is available at the EnergySo!utions 
facility. The DOE l\fNSS facility near Las Vegas, NV was retained in the EMWMF RifFS for LLW 
disposal only as a process modification and not as a representative process option because of 
administrative concerns and lack of mixed waste disposal capacity. The NNSS facil ity is retained in this 
Rl/FS for non-classified and classi tied LLW and mixed waste disposal in this RifFS because of its 
expanded capabilities to accept mixed waste (LL\V/TSCA waste as well as LL\VIRCRA waste that meets 
LDR treatment standards). Treatment of LLW/RCRA waste prior to disposal is not ava ilable at NNSS. 

5.1.4 Existing RCRA/TSCA Facilities 

The Waste Management, Inc. (WMI)-Emelle (Emelle, AL), US Ecology-Beatty (Beatty, NV), Rollins 
Environmental Services (Deer Park , TX), and Rollins Environmental Services (Clive, UT) f.1cilities were 
idcntiticd as existing RCRA/TSCA lhcilities in the EMWMF RifFS and the WMI facility was retained for 
the EMWMF evaluation. All of the facilities are eliminated in this RifFS because the facilities are no 
longer on the approved active treatment , storage, disposal, and recycling facilities (TSDRFs) list for ORR 
cleanup. Non-hazardous RCRA/TSCA waste is a portion of the small percentage of CERCLA waste 
generated each year that does not meet the EMWMF WAC and is not a differentiator in the On-site and 
Off-site Disposal Altemativcs (would be shipped off-site in either alternative). Non-hazardous 
RCRA/TSCA waste and other waste that would not meet an on-site disposal f.1ci lity WAC are not 
included in candidate waste streams for quantitative analysis (see Sect. 2. 1.3). 

There are other existing RCRNTSCA facilities on the approved active TSDRF list for ORR cleanup such 
as Clean Harbors' facilities in Utah and Texas that are applicable for disposal of non-radioactive RCRA 
and TSCA waste. However, as stated above, non-radioactive RCRA and TSCA waste is a portion of the 
small percentage of CERCLA waste generated each year that does not meet the EMWM F WAC. The 
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waste is not a differentiator in the On-site and Off-site Disposal Alternatives and is not included in 
candidate waste streams for quantitative analysis. 

5.1.5 Waste Pacl<aging and Transport 

Packaging technologies are used to ensure safe contaimnent of waste during transport, storage, and/or 
disposal. Transport vehicles can be used in conjunction with packaging for relocation of waste to 
treatment and disposal facilities. Some transport vehicles can be equipped to provide containment without 
additional packaging. 

5. I .5.1 Pacl<aging 

Small containers (e.g., lab packs, B-12 and B-25 boxes, dnuns, and overpacks) are effective and 
implementable for specific candidate waste streams. They are typically disposed of with the waste rather 
than emptied and reused. They can be placed in large containers for ease of shipment. Small containers 
arc costly due to tbe need to replace, rather than reuse the containers. In the EMWMF Rl/FS the small 
containers process option was retained, but is not retained for this Rl/FS. Large containers are retained in 
this RifFS for all waste streams as representative for the purpose of comparative analysis of On-site and 
Off-site Disposal Alternatives. 

Usc of large containers (e.g., rolloff bins. sealand containers, intennodal containers) for bulk waste and 
oveqJacks containing small containers nre effective and implementable. Their use is commonly 
implemented on the ORR, and the variety of sizes and configurations provides for diverse loading and 
unloading scenarios. Large containers were retained in the EM\VMF Rl!FS and are retained in this RJ/FS. 

Bulk conta iners such as Supersacks are inexpensive, single-use containers typically disposed of with the 
waste. Large volumes of waste in bulk containers can be transported on-site by truck. Some bulk waste 
can be transported off-site by tmck or trnin, depending on the waste characteristics and the receiving 
facility's waste handling capabilities. Bulk waste containers can also be placed in large containers to 
minimize large container decontamination costs. As determined previously in the EMWMF RI/FS, bulk 
containers are not retained in this RI/FS because their use is limited and they are adequately represented 
by large containers. 

For this RifFS, the large container packaging process option is retained as representative for the purpose 
of comparative analysis of alternatives. 

5.1.5.2 Transport 

Truck transport is applicable, effective, and implementable for both local and long-distance waste 
transport. Cost for long-distance transport is high. This process option is retained as representative, as it 
was in the EM\VMF RJ/FS. 

Rail transport is viable for long-distance waste transport and is retained as it was previously. An existing 
transfer facility at ETTP can effectively accommodate transfer of containerized waste from truck to train 
for the expected waste volumes . EnergySo/utions in Utah is configured to receive rail shipments of LLW 
and mixed wastes. Transport by rail to NNSS in Nevada requires transfer of the waste from railcars to 
trucks at a transfer facility (Kingman, AZ assumed) for the last leg of the trip unless additional rail spurs 
are constructed to the disposal fhcility (outside of the scope of this RI/FS). The cost for rail transport, 
including the cost for transferring containers from tntck to train, would be lower than truck transport for 
very large waste volumes. 
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5.1.6 Institutional Controls 

As shown in Table 5-l, all institutional controls process options were retained in the EMWMF RifFS and 
nrc also representative in this RifFS to be used in conjunction with other actions to ensure adequate 
protectiveness. 

5.2 ASSEMBLY OF ALTERNATIVES AND ABILITY TO MEET RAOS 

The general response actions, technology types, and representative process options carried forward for 
alternative development are shown in Table 5-2 where they have been assembled into three disposal 
alternatives: the No-Action Alternative, the On-site Disposal Alternative, and the Off-site Disposal 
Alternative. This section describes the ability of the alternatives to meet RAOs. The nltematives presented 
in Table 5-2 are described in detail in Chapter 6 and fully evaluated in Chapter 7. 

As described in Chapter 4, the first three RAOs are most directly applicable to the On-site Disposal 
Alternative. The On-site Disposal Alternative is designed to meet the RAOs as follows: 

I . Prevent exposure to future-generated CERCLA waste that exceeds a human health risk of I x l o·5 

ELCR or HI of l. 
On-site Disposal Alternative. Construction and operation of a new on-site disposal facility for 
CERCLA waste would meet this RAO for waste meeting the facility's WAC, by providing 
adequate capacity at an engineered facility that isolates waste with appropriate containment 
features to preclude human contact. Waste not meeting the on-site disposal facility WAC would 
be shipped to appropriate off-site disposal f.1cilities or placed in interim storage with adequate 
waste isolation features and institutional controls pending the development of treatment or 
disposal capabili ties. Appropriate controls, including compliance with regulations and health and 
safety plans, would ensure that workers would not be exposed to the waste during handling, 
transport, or disposal operations. 

Isolation features at the on-site disposal f.1cility would be maintained after closure of the facility 
for an indefinite period. Such isolation would be verified by the regulat01y agencies responsible 
for ensuring proper design and compliance with long-term closure, monitoring, and maintenance 
requirements. The contailllnent afforded by the facility's design, as well as permanent restrictions 
(e.g., deed restrictions) on land and groundwater use, would ensure long-term protection of 
workers and the public. 
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General 
Response 

Action 

No action 

On-site 
disposal 

Off-site 
disposal 

Waste 
packaging and 
transport 

Institutional 
controls 

Table 5-2. Alternatives Assembly, RJ/FS for CERCLA Waste Disposal. Oak Ridge. TN 

Technology Type 

'one 

Representative 
Process Option 

No actions 

Engineered disposal 
New facilitio::s cell (partially below 

grade) 

Existing facilities Long-tenn stornge 

Existing LL W 
:md mixed waste 
faci li tie~ 

Packaging 

Transport 

Access and usc 
restrictions 

Maintenance and 
monitoring 

EncrgySolwions. 
Clive. Utah 

DOE NNSS 

Large containers 

Truck 

Train 

Physical barri.:rs 

Admini~"trative 

controls and security 

Surveillance and 
maintenance 

Environmental 
mon itoring 

No Action 
Alternative 

X 

O n-site 
Dispo~al 

Alternative 

X 

X 

X 

X 

X 

X 

X 

OfT-site 
Disposal 

Alternative 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Comments 

Required by NCP. No Action Alternative. 

Representative process option applicable only to on-site 
dispos:~l. 

Retained as interim option for waste that may not meet 
disposal facil ity WAC. pending treatment and disposal 
options. 

EnergySolulions and NNSS are used for off-site LL Wand 
mixed waste disposal. Both are appl icable for the Off-site 
Disposal Alternative. 

All types of waste packages can be used for on-site and 
off-site transport. The use of intermodal containers. 
commonly used at the ORR and disposal facilities. is 
assumed. 

Truck transport is used for all transport within ORR and 
for classified waste shipments to NNSS. Rail will be used 
for non-<:lassified waste for the Off-site Disposal 
Alternative with rail to truck transfer for shipments to 
NNSS. 

All institutional controls apply to both On-site and Off
site Disposal Alternatives. Institutional controls are 
required at off-site faci lities and costs are assumed to be 

t-------1-------; included in disposal fees. 

X X 
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2. Prevent ecological exposure to future-generated CERCLA waste. 

On-site Disposal Alternative. The isolation featmes of an on-site disposal facility would be 
designed to protect ecological receptors from contact with or exposure to the waste. Candidate 
wastes would be contained during transport, operations, and disposal to prevent exposure to 
ecological receptors. The On-site Disposal Alternative would meet this RAO. 

3. Prevent releases of future-generated CERCLA waste, or waste constituents, that exceed a human 
health risk of I xI o-5 ELCR or an HI of I, or ARARs for envir01unental media. 

On-site Disposal Altel'llative. This alternative would place most candidate wastes into an on-site 
engineered disposal cell, effectively isolating the wastes from the environment, minimizing 
release of contaminants, and reducing overall risk. By design, meeting the facili\Y WAC would 
ensure that the ELCR from wastes disposed of at the f.1cility would be < I x I o·-, and the total 
noncarcinogenic risk would have an HI of < I for future hypothetical residents living adjacent to 
the disposal facility. The On-site Disposal Alternative would meet this RAO. 

The fourth RAO is directly applicable to the On-site Disposal and Off-site Disposal Alternatives as well 
as the No Action Alternative: 

4. Facilitate timely cleanup of ORR and associated facilities. 

No-Action Alternative: This alternative docs not ensure the RAO to f.1cilitate timely cleanup of 
ORR sites is met. A centralized disposal facility on the ORR would not be constructed and there 
would be no coordinated ORR site-wide effort implemented to manage wastes generated by 
future CERCLA actions. Lack of a coordinated disposal option could result in increased 
management of waste in place and greater residual risk at individual sites. 

On-site Disposal Alternative: This alternative would meet this RAO by consolidating most 
candidate wastes fi·om dispersed areas into a single on-site disposal facility. The availability of 
this disposal option could encourage waste removal at individual sites and facilitate timely 
cleanup of ORR. If a waste disposal option were not available, the need to procure disposal 
services on a project-by-project basis could increase the time and cost required to complete 
remedial actions at individual sites. Timely cleanup of the ORR is in keeping with the DOE and 
public goal of releasing portions of the ORR for beneficial uses by allowing unrestricted or 
less-restricted release of some currently contaminated areas. 

Off-site Disposal Alternative: This alternative would meet this RAO by providing coordinated 
off-s ite disposal of candidate wastes. Similar to the On-site Disposal Alternative, the availability 
of disposal at off-site disposal facilities could encourage timely remediation and release of 
portions of ORR for beneficial use. 
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6. ALTER!~ATE DESCRIPTIONS 

This chapter provides detailed descriptions of the No Action Alternative and the On- and Off-site 
Disposal Alternatives for the candidate CERCLA waste streams identified in Chapter 2. The 
representative process options assembled in Chapter 5 have been used to develop conceptual designs and 
actions described in this chapter. 

6.1 NO ACTION ALTERNATIVE 

The No Action Alternative is considered in accordance with CERCLA and NEPA requirements to 
provide a baseline for comparison with other alternatives. For purposes of this RI/FS evaluation, the 
following assumptions are made for the No Action Alternative: 

• 

• 

• 

A comprehensive, site-wide strategy to address the disposal of waste resulting from any futme 
CERCLA remedial actions at ORR and associated waste generator sites after EMWMF capacity 
is reached would not be implemented. 

A centralized disposal facility would not be constructed on ORR to accommodate future 
generated CERCLA waste after EMWMF capacity is reached. 

Future waste streams from site cleanup that require disposal after El'vlWMF capacity is reached 
would be addressed at tile project-specific level. 

Unlike the No Action Alternative for a typical FS which assumes no cleanup actions are taken at a 
contaminated site, the No Action Alternative for this Rl/FS is based on the assumption that no 
coordinated ORR effort would be implemented to manage wastes generated by future CERCLA actions 
after EMWMF capacity is reached. Otherwise, no assumptions are made under this alternative regarding 
the implementation of remedial strategies or specific actions for the individual sites, or at the watershed or 
ORR program-wide level. No specific assumptions arc made as part of the No Action Alternative 
regarding future institlttional controls, either at the waste generator sites or at the ORR-wide level. 

Project-specific remedial decisions, including those conceming on-site, off-site, or in-situ waste disposal, 
would be made under tile No Action Alternative without the benefit of an ORR site wide disposal strategy 
or infrastntcture. Wh ile protective remedies would be implemented, the lack of a coordinated disposal 
program has potential cost and protectiveness impacts relative to the On-site Disposal Alternative and 
Off-site Disposal Alternative as discussed in Sect. 7.2.1 and Sect. 7.3 . 

6.2 ON-SITE DISPOSAL ALTERt'IATIVE 

The On-site Di sposal Alternative proposes consolidnted disposal of most future-generated CERCLA 
waste exceeding the capacity of tl1e existing EMWMF in a newly-constmcted, partially below-grade, 
engineered waste disposal facility (i.e., landfill) on ORR, referred to herein as the EMDF. Candidate 
wastes would include LLW and mixed waste with components of radiological and other regulated waste 
(LLW/RCRA, LLW/TSCA) as described in Chapter 2. Liquid wastes, TRU wastes, spent nuclear fuel , 
and sanitary wastes are not considered to be candidate waste streams for the EMDF. Uncontaminated or 
lightly contaminated waste generated during CERCLA remedial actions that can meet the \V AC of 
existing Y -12 industrial or constmction/demolition landfills are also not considered to be candidate waste 
streams for the EMDF. These wastes can be disposed of at the Y -12 Landfills regardless of the decision 
about on- or off-site disposal of CERCLA waste. Wastes not meeting the EMDF's WAC would be 
transported to off-site disposa l facilities or placed in interim storctge until treatment or disposal capacity 
becomes available. 
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This alternative only addresses disposition of CERCLA waste. It includes designing aud constructing the 
landfill, support facilities, and roadways; receiving waste that meets the facility's WAC; unloading and 
placing the waste into the landfill; surveying and decontaminating as needed any containers, equipment, 
or vehicles leaving the site; and managing the waste and the landfill during the constmction, operations, 
closure, and post-closure periods. 

Disposal facility elements that are critical to ensuring adequate long-term protection of human health and 
the environment include the location of the EMDF (Sect. 6.2.1 ), design of the fhcility's waste containment 
features (Sect. 6.2 .2), characteristics of the waste placed in the EMDF (Sect. 6.2.3), facility construction, 
operations, and monitoring (Sect. 6.2.4 tlu·ough 6.2.6), management of waste exceeding WAC 
(Sect. 6.2.7), and facility closure and post-closure care, including institutional controls (see Sect. 6.2.8 
and 6.2.9). 

6.2.1 EMDF Site 

A proposed site in EBCV near EMWMF is evaluated in this RifFS as part of the On-site Disposal 
Alternative for development of the EMDF. Figure 6-1 shows the location of the EMDF site relative to the 
ORR; the site plan for the EMDF is presented in Figure 6-2. The proposed EMDF site is located east of 
EMWMF on the ORR in the BCV Watershed. The proximity of the site to EMWMF offers advantages of 
sharing existing infrastructure (see Sect. 6.2.2.5). 

The EMDF site in EBCV is located in the Zone 3 area designated for ll.thtre DOE controlled industrial use 
in the BCV Phase I ROD (DOE 2000) as shown in Figure C-1 in Appendix C. Appendix C describes the 
screening process and selection of the EMDF site which will remain under DOE control within DOE 
ORR boundaries for the foreseeable future. The nearest residence to the proposed El'vlDF site is 0.84 mi. 
north, and is separated from the site by Pine Ridge. 

Constmction of a disposal facility at the EMDF site would require moving the 229 security boundaty for 
Y -12 as shown in Figme 6-2. This security bound my is designated pursuant to Section 229 of the Atomic 
Energy Act of 1954 as implemented by I 0 CFR 860. The purpose of this security boundary is to prevent 
the unauthorized introduction of weapons or dangerous materials into or upon Y -12. In order to revise this 
boundmy, DOE would publish a notice of revision in the Federal Register. 
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6.2.1.1 EMDF Site Characteristics 

The approximately 70-acre EMDF site is situated along the southern flank of Pine Ridge on undeveloped 
land immediately east of EMWMF. Based on process knowledge and a review of historical maps, the site 
is believed to be uncontaminated. The site is north of Bear Creek and is bounded by the Haul Road to the 
south, a rerouted location for Northern Tributary (NT-3) to the west (the proposed landfill would be 
constmcted over a portion of NT-3), the steep upper slope of Pine Ridge to the north, and NT-2 to the 
east. The site is heavily wooded; most of the trees are deciduous. The topography varies from moderate in 
the southern part to very steep along the northern portion where it meets Pine Ridge. The site is dissected 
by tributaries to Bear Creek and contains several deep ravines oriented in a generally north-south 
direction. The main channel of NT-3 crosses the central and western portions of the site in a 
southwesterly direction, and two small draws/ravines join the main channel just north of the Haul Road. 
Much of the flow in NT-3 and in the draws that drain into NT-3 is supported by springs and seeps. Two 
draws located in the southeastern portion of the site direct surface water to NT-2 in a southerly direction. 
The streams form a trellis drainage pattern typical of the Valley and Ridge Province of Termessee. The 
site topography and geology are further described and illustrated in Appendix C. 

From south to north, the EMDF site is underlain by bedrock of the Maryville Limestone, Rogersville 
Shale, Rutledge Limestone, Pumpkin Valley Shale, and Rome Formations of Cambrian age. The landfill 
footprint is underlain primarily by bedrock of the Maryville Limestone, Rogersville Shale, Rutledge 
Limestone, and Pumpkin Valley Shale Formations. The lower units of the Maryville Limestone form a 
series of knolls south of and parallel to Pine Ridge. The EMDF site soils are dominated by a thin mantle 
of alluvial and colluvial deposits and pedogenic soil underlain by saprolite and shales/siltstones of the 
previously mentioned formations. Pedogenic soil is formed in place by weathering and pedogenic 
alteration of the parent materials. Alluvial soil is soil that has been transported to its present location by 
running water. Shallow alluvial soil, generally less than 5-ft thick, but ranging up to about 10-ft thick near 
Bear Creek, may be present within the drainageways and along tributaries. Colluvial soil is soil that has 
been transported to its present location by gravity and includes slope wash at the base of slopes. 
Colluvium may be several feet thick at the base of some slopes. Typically, the depth to competent 
bedrock (i.e., as defined by auger refusal) varies from about I 0 to 50 ft below ground surface and 
increases from south to north. Also, the depth to weathered rock is typically shallower in the incised 
drainageways and deep ravines than in the adjacent higher ground. 

Groundwater exists under the site in matrix pores, fractures, and cavities. Flow occurs mainly in the 
fractures and cavities, and the overall direction of flow is south with the slope of the groundwater table. 
Based on the results of groundwater measurements made immediately east and west of the site in a 
similar topographic and geologic setting, the depth to groundwater varies from less than 3 ft below 
ground surf.1ce in the low areas along the tributaries in the southern portion of the site to more than 45 ft 
deep along the higher elevations of Pine Ridge. In the southern portion of the site groundwater has an 
upward gradient and discharges to the tributaries. The tributaries and draws that drain to the tributaries are 
nah1ral discharge areas for both shallow perched (stonnflow zone) groundwater and groundwater 
upwelling from bedrock. Shallow perched groundwater moves laterally down slope where it discharges as 
"wet weather" seeps along the base of Pine Ridge. Numerous seeps and springs have been mapped within 
the site, including three seeps and springs which "daylight" near the contact of the Rome and Pumpkin 
Valley Shale Formations, forming the headwaters ofNT-2 and NT-3. 

Several wetland areas occur along NT-2 and NT-3 within and bordering the EMDF site (see Figure C-17 
in Appendix C). A biologically sensitive wetland area designated as Reference Area (RA)-5 encompasses 
wetlands, known as the Temporary Quillwort Pond, on NT-3 immediately north of the Haul Road. There 
are no known federal- or state-listed threatened or endangered species in this area. The Tennessee Dace is 
a fish that is I is ted by Tennessee as being in-need-of-management. There are no known archeological or 
historical resources in or near the proposed EMDF site (DOE 1999; DuVall 1996; Fielder, et al. 1977). 
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Soil and groundwater contamination is present in several areas south of the site, including along NT-3 
south of the Haul Road. Contaminants originated from contaminated waste disposed at the Oil Land farm, 
Boneyard/Burnyard (BY/BY), Sanitmy Landfill I, and Hazardous Chemical Disposal Area (HCDA) 
(B&W 20 II ; DOE 1997). Soils at these sites have been removed or isolated, but groundwater has not 
been remediated. 
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6.2.2 EMDF Conceptual Design 

This section describes the conceptual design for an on-site EMDF. Note that this feasibility-level, 
conceptual design is used to provide a comparative analysis of the On-site Disposal Alternative siting 
option. If the On-site Disposal Alternative is the selected remedy in the ROD, the final design for the 
selected site may differ from this conceptual design and would require approval by regulat01y agencies. 
This conceptual design is based on the EMWMF design as described in the Remedial Design Report 
(RDR) for the EMWMF (DOE 200 I a), which has been approved by EPA and TDEC. With the exception 
of two hydrologic condition ARARs for which a waiver would be requested (see Sect. 3 in Appendix E), 
the design complies with ARARs and to-be-considered guidance identified for disposal of RCRA, TSCA, 
LL \V, and mixed waste. The subsequent sections describe common and site-specific features of the 
landfill and support facilities, as well as process modifications that could potentially improve the 
feasibility-level design . 

The primary design elements of the El'v!DF are described in the following order: 

• Remedial design 

• Early actions 

• Site development 

• Disposal facility 

• Support facilities 

• Conceptual design approach 

• Leachate/contact water treatment facility 

• Process modifications 

6.2.2.1 Remedial Design 

Remedial design would include preparation of RDRs, remedial design work plans, and application for 
requisite permits (if any). A f.1st-track design process may be used to expedite constmction, as was done 
for the EMWMF. The fast-track design process involves sequentially designing project elements and 
proceeding with their implementation while other clements are still being planned and designed. Use of 
this process would require cooperative design/approval effort by project integration, design, constmction, 
operations, and oversight contractors; DOE; and the regulators. 

6.2.2.2 Early Actions 

Certain remedial design acttvtttes would be performed early in the remedial design process. These 
activities are referred to as early actions and include: a baseline site topographic survey, wetlands 
delineation, field surveys to identify and map wetlands and threatened and endangered species, 
hydrogeological and geotechnical investigations, construction and upgrade of groundwater monitoring 
wells, and baseline groundwater monitoring. 

Baseline Site Topographic Survey: The EMDF site topography and surf.1ce features would be mapped 
using civil land surveying teclmiques. This information would be used to perform 
hydrogeological/geotechnical investigations, establish locations, elevations, and depths for new 
groundwater monitoring wells, map wetlands (in concert with a qualified wetlands delineator), and 
conduct landtill site design. 

Wetlands Delineation: A field wetlands delineation survey would be conducted by a qualified wetlands 
delineation speciali st along streams and other low-lying portions of the landfill site and other areas, such 
as existing roadways where construction would take place to determine the areal extent of wetlands. 
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Wetland boundaries would be mapped using civil land surveying techniques. Potential wetland impacts 
during early actions (e.g., hydrogeological and geoteclmical investigations), constmction, operations, 
and/or closure of the landfill would be evaluated. Wetland protection considerations would be 
incorporated into platming and implementation, including mitigation of adverse impacts. 

Field Surveys for Threatened and Endangered Species: Field surveys would be perfonned by 
qualified biologists as necessary to identify threatened and endangered species within areas of potential 
site disturbance prior to performing intrusive site activities such as clearing access for drilling equipment 
to perform hydrogeological and geotechnical investigations and construction clearing. 

Hydrogeological and Geotechnical Investigations: The EMDF footprint and surrounding land would be 
investigated to determine surface hydrological, hydrogeological and geotechnical conditions. Also, 
samples of soil, surface water, and groundwater would be collected and analyzed for potential 
contamination to establish baseline conditions. Geotechnical, surface hydrological, and hydrogeological 
data/information would be used to develop the facility structural design and develop the groundwater and 
surfhce water monitoring program. The geotechnical investigation would encompass landfill support 
facilities, roadways, and on-site spoil/borrow areas. Off-site borrow areas may also be explored and 
characterized. No previous hydrogeological or geotechnical explorations are known to have been 
performed within the EMDF footprint. The hydrogeological and geotechnical investigations may be 
performed concurrently or in multiple phases. 

Construct New Groundwater Monitoring Wells and Sut·face Water Weirs: As part of the 
hydrogeological investigation, new groundwater monitoring wells and surface water weirs would be 
constructed around and within the landfill footprint to determine baseline groundwater and surf.1ce water 
conditions, support WAC modeling efforts, and monitor groundwater levels and surface water flow 
during construction, operations, monitor post-closure of the landfill. and if necessary. be used in remedial 
treatment programs. Existing groundwater monitoring wells down gradient of the EMDF site would be 
used, where possible, and additional groundwater monitoring wells would be installed as needed. Boring 
and well logs, geophysical data, hydraulic conductivity data, and groundwater now data would be 
collected. 

Baseline Groundwater and Surface Water Monitoring: Groundwater levels would be monitored for 
one year, and surface water and groundwater quality parameters (specific conductivity, pH, dissolved 
oxygen) and contaminants (radionuclides, metals, volatile organic compounds, and polychlorinated 
biphenyls (PCBs) would be monitored quarterly for one year. Groundwater flow would be determined by 
down-hole measurements. Surface water now volume/rate would be monitored for at least one year. 
These activities would be performed before construction of the landfill to establish pre-disposal baseline 
conditions, support design, and support the performance assessment and WAC finalization. 

6.2.2.3 Site Development 

The following development actions would prepare the site for constmction of the EMDF: 

• Installing initial sediment and erosion controls for site development activities. Initial erosion and 
sediment controls (e.g., silt fence, check dams, etc.) and storm water control structures 
(e.g., culverts) would be among the first site development measures installed. Standard erosion 
and sediment controls would be installed per best management practices (BMPs) as construction 
proceeds. 

• Clearing and grubbing for site development activities. 

• Constructing access roads to the landfill site. 

• Extending power lines, water lines, phone lines, and other utilities to the landfill site from 
existing infrastmcture used for EMWMF (see Sect. 6.2.2.5). 
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• Preparing additional parking, laydown, and staging areas. 

• Preparing on-site spoil/borrow areas for future constmction activities. 
- A tempormy spoils area would be prepared near the landfill for temporary storage of 

materials excavated during clearing and grading that would be reused. Materials stored could 
include topsoil for establishing the vegetative cover on the landfill cap or restoring other 
areas and excavated soil that meets the specifications for stmctural fill used to build roadways 
or the clean-fill dike. The area could also be used to store materials such as soil used for daily 
cover or filling of void spaces during operation of the landfill. Since the landfill would be 
constructed in phases, tempormy spoils and staging areas may be established within the areas 
of future land lilt cells. 

A permanent spoils area would be established for disposable of excess or unsuitable cut 
materials (excavated to achieve design grade) that are not useable as fill during constmction, 
expansion, operation, or closure. Excess fill would be placed, graded, and the area would be 
restored for appropriate future uses after landfill closure. 

• Creating/expanding wetlands, as required, to mitigate impacts of the new proposed facility 
construction. 

• 
• 
• 

Relocating theY -12 229 security boundary and installing new f,'l.tard stations . 

Upgrading and installing a new weigh scale . 

Setting up constmction trailers . 

6.2.2.4 Disposal Facility 

Key elements of the disposal facility would include a clean-fill dike to laterally contain the waste, a 
multilayer base liner system with a double leachate collection/detection system to isolate the waste from 
groundwater, geologic buffer, and multilayer cover to reduce infiltration and isolate the waste from 
human and environmental receptors, and landfill gas collection and venting system. The engineered 
disposal facility design basis incoq)orates the following: 

• 
• 

• 

Attainment of RCRA, TSCA, and LL \V regulatory design criteria . 

Effective protection of human health and the environment through waste isolation for up to 
I ,000 years, to the extent reasonably achievable, and, in any case, for at least 200 years 
(DOE 0 458.1). 

Protection against animal and plant intrusion, and minimization of the potential for human 
intntsion. 

• Reduction of potential for incremental and total settlement, and slope failure under static and 
seismic conditions through proper design and waste placement techniques. 

Design components of the disposal facility are described in the following paragraphs. Cross-sections and 
details of the conceptual design for the EMDF are provided in Figmes 6-3 through 6-9. 

Clean-Fill Dil<e: A clean-fill dike would be constructed around the perimeter of the landfill in areas 
where there is insuO'icient excavation into the ground surface to provide lateral containment and stability 
to the waste (see Figure 6-3). The clean-fill dike would also protect against erosion, biointrusion, and 
inadvertent intrusion by humans or animals. The clean-fill dike would be constructed of suitable earthen 
materials. The inner slope of the dike would be covered by the liner system and possibly the geologic 
buffer. The top of the dike would anchor the liner components, tic into the cover system, and provide for 
drainage ditches and a perimeter access road. The outer slope would be armored with an 18-in. thick layer 
of durable rock riprap, to protect against erosion. It is anticipated the clean-fill dike would have typical 
side slopes of three horizontal to one vertical (3: I) or nutter, as determined by slope stability and erosion 
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analyses. In order to maximize the waste disposal capacity of the landfill, the conceptual design shows the 
outer slopes of the clean-fill dike steepened to 2: I in some areas to avoid encroachment on adjacent 
streams and wetlands. Side slopes steeper than 3: I would include a 20-ft thick rock buttress for added 
stability and erosion resistance (see Figure 6-4). The viability of steepening the side slopes of the clean
fill dike to 2: I would be further evaluated during the remedial design. Final design slopes for the clean-fill 
dike and details for rock buttress ing would depend on the results of slope stability and erosion analyses. 

Upgnldicnt Diversion Ditch with Shallow French Drain: A geomembrane-lined drainage ditch with 
underlying shallow French drain would be constructed along the upper (i.e., northern) side of the landfill 
to intercept and divert upgradient storm water and shallow groundwater away from the landfill 
(Figure 6-5). The geomembrane liner would prevent surf.1ce water infiltration and recharge of 
groundwater along the ditchline. The drainage ditch would be armored with durable rock riprap to prevent 
erosion. It is anticipated the French drain would extend about I 0 ft below the ground surface and would 
be comprised of durable gravel wrapped wi th a geotextile filter f.1bric. The French drain would collect 
uncontaminated groundwater which could be discharged to the ground surface along the down gradient 
side of the landfill. This would help lower the water table and minimize underflow towards the liner 
system. 

Liner System: The pmvose of this system is to prevent leachate from migrating out of the disposal unit 
and impact ing grOtmdwater. The liner system would be comprised of a double liner system with two 
leachate collection/detection and remova l systems. In accordance with RCRA requirements, the top 
(primary) liner would be" . .. constructed of materials (e.g., a geomembrane) to prevent the migration of 
hazardous constituents into such liner dming the active life and post-closure care period." The lower 
(secondary) component of the composite bottom liner wou ld be designed and constructed of materials to 
minimize the migration of hazardous constituents if a breach in the primmy liner component were to 
occur. 

6-10 



Finished Grade 

Final Cover System 

20-ft Wide Bench for Stability and Cap Access (Typ.) 

Ditch (Typ.) 

Liner System • 

Incised Portion of Underdrain System 

Blanket Portion of Underdrain System 

Clean-Fill Dike Varies Between 
Strucutral Fill and Existing Topography 
Cut Depending on Location 

Includes leachate collection & removal system and leak detection and removal system. 

An 18" thick layer of riprap armor would be used on 3:1 perimeter side slopes. 
2:1 side slopes would receive a 20-ft thick layer of riprap bunresssing. 

Figure 6-3. Typical Cross-section ofEMDF 
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The liner system would be comprised of multiple layers of synthetic and natural materials that would be 
compatible with the waste and resistant to degradation by chemical constituents expected to be present in 
the leachate. The layers of the liner system are depicted in Figures 6-6 and 6-7. The approximately 
5-ft thick (approximately 4-ft thick on side slopes) Liner system would be comprised of the following 
components from the bottom of waste downward: 

• 

• 

• 

• 

Protective Soil Layer - typically a 12-in. thick (minimum) layer of native soil capable of 
supporting truck and operating equipment traffic during initial waste placement operations. The 
primary purpose of this layer is to protect the underlying components of the liner system from 
damage during waste placement and for the life of the landfill. In addition, use of a protective soil 
layer with hydraulic conductivity Less than the leachate collection and removal system layer is 
desirable, since this allows contact water to pond temporarily above the leachate collection and 
removal system layer and be pumped off during landfill operations as it drains downward and 
into the leachate collection and removal system layer. The thickness and composition of this layer 
may be variable and must consider the physical nature of the waste to be placed immediately 
above it, waste placement procedures, and water management operations within the disposal cell. 
For instance, a thicker and harder protective soil layer would be required for bulky structural steel 
debris than for soil-like waste materials. 

Leachate Collection and Removal System - In order to enhance slope stability and 
constructability, the design components of the leachate collection and removal system would be 
somewhat different on the floor of the landfill than on the side slopes. 

Floor of Landfill 

Geotextile Separator Layer- nonwoven, needle-punched geotextile having a nominal mass 
per unit area of at least eight oz per yd2

, used as a separator between the protective soil layer 
and leachate collection drainage stone. 
• Leachate Collection Drainage Layer - 12-in. thick (minimum) layer of hard , durable, 

inert (non-limestone) granular material, preferably rounded to subrounded, and having a 
hydraulic conductivity greater than or equal to I x I o·2 em per second. Perforated high
density polyethylene (HOPE) pipes (i.e., leachate collection piping) would be installed in 
this layer to provide additional flow capacity. This layer would serve as the primary 
leachate collection and removal layer. 

• Geotextile Cushion Layer- nonwoven, needle-punched geotextile having a nominal mass 
per unit area of at least 16 oz per yd2

, used as a cushion over the underlying 
geomembrane. 

Side Slopes 

Geocomposite drainage layer, consisting of an HOPE geonet core with nonwoven, needle
punched geotextiles thermally bonded to both sides. This layer would slope to drain to lhe 
leachate collection drainage layer. 

Primary Geomembrane Liner - GO-mil thick HDPE geomembrane, textured on both sides to 
enhance sliding resistance. This layer would retard leachate migration out of the landfill and 
direct leachate into the primary leachate collection layer. 

Leak Detection and Removal System - geocomposite drainage layer consisting of an HDPE 
gconet core with nonwoven, needle-punched gcotextiles thermally bonded to both sides would 
serve as the leak detection layer. The geocomposite drainage layer would be selected to achieve a 
long-term design transmissivity greater than or equal to that for a 1-ft thick layer of granular 
material with sat11rated hydraulic conductivity of I x I o·2 em per second. The geocomposite 
drainage layer would be sloped to drain to perforated HOPE pipes (i.e., leak detection piping). 
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This layer would be used to detect and remove any leachate that may leak through the primal)' 
geomembrane liner. Little or no leachate would be expected to be captured by this system during 
the operation or post-closure periods. 

• Secondnty Geomembrane Liner- 60-mil thick HOPE geomembrane, textured on both sides to 
enlumce sliding resistance. This layer would provide secondary protection against leachate 
migrating out of the landfill and would direct leachate into the leak detection layer. 

• Compacted Clay Liner - 3-ft thick (minimum) layer of unamended, native clay soil or bentonite
amended soil compacted to produce an in-place hydraulic conductivity less than or equal to 
I xI o·7 em per second. This layer would further reduce the potential for leachate migrating out of 
the landfill. Compacted clay liner material would be selected on the basis of a borrow source 
assessment that would include performing a suite of geoteclmical laboratory tests as 
recommended by EPA ( 1993). The choice of whether to usc unamended nati ve clay soil or 
bentonite-amended soil for this layer would depend on the results of the borrow source 
assessment, availability of low-permeability (i.e., hydraulic conductivity ::; I x I o·7 em per second) 
unamended clay soil , and cost considerations. 

Geologic Buffer Layer: As discussed in Sect. 3 of Appendix E, it is anticipated that the depth to the 
historical high water table would be less than SO ft below the bottom of the landfill liner system. 
Therefore, a waiver from the TSCA SO-ft geologic buffer requirement (40 CFR 76 1.7S[b][3]) would be 
requested from the regulators based on "equi valent protectiveness". 

The EMDF concewual des i~n includes at least a. I O-ft thi~k geologic buffer between the landfill li~1er ~nd 
groundwater table ·. The thrckness of the geologtc buffer ts measured from the bottom of the landftlllmer 
to the top of the seasonal high water table of the uppermost unconfined a qui fer, or to the top of the 
formation of a confined aquifer. The geologic buffer would consist of the geologic formation (i.e., in s itu 
so il or rock) or an engineered stmcture (e.g., compacted native soil) meeting the following criteria: 

• At least I O-tt thick with saturated hydraulic conductivity ::; l.Ox I o·5 em per second, or 

• At least S-ft thick with saturated hydrau lic conductivity ::; l.Ox I o·6 em per second, or 

• Other equivalent or superior protection. 

The actual thickness and hydraulic conductivi ty of the geologic buffer would depend on subsurf.1ce 
conditions determined during the hydrogeological and geotechnical investigations for the EMDF. The 
geologic buffer could be comprised of compacted native soil or in-situ fine-grained native soil, saprolite, 
bedrock, or combinations of these geologic materials, depending on measured in sil1t hydraulic 
conductivity and layer thickness. 

The liner system would extend up the sides of the clean-fill dikes, which would be constmeted of 
stntcturally competent fill material. The dikes would surround the entire landfill, and intermediate dikes 
would be constructed in between cells. 

Facility Urulcrdrain : Landtill construction, operation, and long-term performance depend on 
maintaining the water table below the base of the landfill liner system. A lesson learned from the 
EM\VlVIF construction is that a landfill can be successfully constructed over a tributary in BCV. An 
unclerdrain is ncccssmy within the tributnty channel to provide a flow path for groundwater immediately 
be low the landfill and prevent upwelling, since tributaries arc natural discharge areas for groundwater. 

n llte EM\VM_F design compl ies with the TDEC solid wnste requiremc:nt lor a 10-li gt•ologic buiTcr (T[)EC 1200·1·7· 
.04[4)[a)[2]) per a ffiEC request. Consislt'nt with th is agreement. the conccpntal design for the proposed EMDF includes a 
I 0 ll geologic hufii:r. 
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An extensive underdrain system would be required beneath the landfill within the portion of NT-3 to be 
filled and beneath the landfill where there are located other draws/ravines containing springs and seeps. 
The intent of this underdrain system would be to intercept potentially upwelling groundwater and prevent 
it from rising up into the geologic buffer and liner system. The conceptual layout plan for the underdrain 
is shown in Figme 6-8. The underdrain system would extend from the spring and seep areas along the 
northern, upgradicnt side of the landfill to the perimeter of the clean-fill dike on the southem, down
gradient side of the landfill. In addition, underdrains would be constructed similarly within wet 
draws/ravines that drain to NT-2 and NT-3. Figure 6-9 shows a typical detail of an underdrain cross
section that could be used. The facility underdrain would be constructed either directly beneath the 
geologic buffer layer or under the structural fill layer that would then receive the geologic buffer layer, 
depending on where the underdrain section is located on the site. It is anticipated the underdrain would 
consist of permeable layers of durable, inert, siliceous cmshed stone or river gravel and sand wrapped 
with filter fabric along the base of the landfill. These backfilled existing channels would behave 
hydraulically as underdrains to allow shallow groundwater discharge preferably to surface water on the 
downgradient side of the landfill. The underdrain system would be designed to prevent clogging and 
would be sized to accommodate the flow rates of the intercepted groundwater, based on field 
measurements and groundwater modeling. 

The underdrain would be installed down into the native residual soil/weathered bedrock and would 
provide a lower pathway for groundwater movement than currently exists. The upgradient shallow French 
drain would intercept and divert shallow, perched groundwater (which flows down slope during storm 
events) around the landfill. Construction of the landfill would eliminate groundwater recharge within the 
footprint of the landfill. Consequently, these measures would collectively lower groundwater levels and 
reduce groundwater fluctuations beneath the landfill. 

The facility underdrain ensures the water table would not rise above the underdrain and into the geologic 
buffer. However, the underdrain system would act as a preferred migration pathway for contaminant 
movement under some conditions if a failure in the liner system occurred. While contaminant leachate 
could percolate into the groundwater system and migrate downgradient in the aquifer zone, some leachate 
would be captured in the underdrain system and discharge into surface water. Modeling results of long
term facility conditions show the proposed conceptual design, including the underdrain system, would be 
protective for a hypothetical receptor near the facility (see Appendix F). 

With groundwater monitoring at the discharge points for the underdrain, the underdrain could function as 
a tertiat)' leak detection and removal system. Thus, if a leak in the liner system occurred, collection and 
treatment of contaminated groundwater would be simplified. 

Leachate Collection and Transfer System: As previously stated, the perforated leachate collection and 
detection piping (sec Figure 6-7) would collect leachate draining from the waste. The perforated 
collection pipes would c01mect to solid double wall pipes that extend through the clean-fill perimeter 
dike. As was done for the EMWMF (DOE 200 Ia), redundant perforated collection pipes would be 
installed at slightly higher levels than the primary collection pipes to provide added factor of safety 
against clogging. The solid pipes would penetrate the liner, and would be sealed to the geosynthetic layers 
to prevent leakage through the penetration. Other featmes (e.g., antiseep collars, plastic waterstops in the 
dike sealed to the solid pipe) would be installed to further reduce the potential for leakage along the 
outside of the pipe. The solid double wall pipes from the collection system and detection system in each 
cell would cow1ect to manifolds that flow to temporary leachate storage tanks in route to the 
leachate/contact water treatment facility located adjacent to the landfill and described in Sect. 6.2.2.7. If 
necessary, lift stations and pumps would be used to assist in transferring leachate to the temporary storage 
tanks and treatment facility . Flow meters would be installed to measure the leachate volume from each 
collection and detection pipe dw·ing disposal activities, cap construction, and the long-term maintenance 
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period following capping and closure. Leachate generated from the landfill would be properly treated and 
disposed. 

Cover System: After support facilities are constructed and the liner and clean-fill dikes for each 
construction/disposal phase are completed, waste would be placed in the active cells as described in 
Sect. 6.2.5. After waste disposa l is complete, nn approximately 13-ft thick multilayer cover system 
(or cap) would be installed to prevent infiltration of precipitation into the waste. Note that some of the 
layers may be installed as an interim cover system to reduce the volume of leachate and contact water 
needing treatment. 

Interim Cover System: An interim cover system, nlso referred to as an interim cap (see Figure 6-6), 
would be installed when waste has been placed to the final design grade over a large enough area of the 
landfill to allow practical construction. The primary requirements of the interim cover system are to 
(I) minimize infiltration into the waste and, thus, the volume of leachate requiring treatment prior to 
instal lation of the final cover system, (2) contain waste aga inst wind dispersion, and (3) ensure no adverse 
impact to stability or other aspects of final cover performance. The design elements of the interim cover 
arc as follows, from the top of waste upward: 

• 

• 

• 

• 

Geotextile Cushion/Separator Layer - nonwoven, needle-punched geotextile having a nominal 
mass per unit area of at least I G oz per yd2 used as a cushion and separator layer over the 
underlying waste. 

Granular ContourNent Layer- 1-ft thick (minimum) layer of No. 57 stone which serves the dual 
function of contour fill layer and gas vent layer. This layer would provide a smooth, firm 
foundation for constmction of the overlying cover layers, as well as n highly pcnneable layer for 
collection and venting of landfill gases. 

Geotextile Separator Layer - nonwoven, needle-punched geotextile hnving a nominal mass per 
unit area of at least 8 oz per yd2

, used as a separator between the granular contour/vent layer and 
overlying temporary geomembrane lnyer (and permanent compacted clny layer). 

Temporary Geomembrane Layer - 30-mil thick polyvinyl chloride geomembrane. The 
geomembrane would be properly ballasted with sandbngs, tires, or similnr non-damaging objects 
of sufficient mass to prevent wind uplift. The geomembrane would include gas vent flaps 
(i.e., small djameter openings in the geomembrane with cover flaps) for venting landfill gas that 
accumulates within the underlying grnnular contour/vent layer. 

It is anticipated the geomembrane would be removed prior to construction of the final cover. The 
underlying layers would remain as part of the final cover system. 

Final Cover System: In accordance wi th RCRA requirements, the final cover system, also referred to as 
the final cap, would be designed and constructed to: 

• 
• 
• 

• 
• 

• 
• 

Minimize migration of liquids tlu·ough the closed landfill over the long-term . 

Promote effic ient drainage while minimi.dng erosion or abrasion of the cover . 

Control migration of gas generated by decomposition of organic materials and otJter chemical 
reactions occurring within the waste. 

Accommodate settling and subsidence to maintain the cover's integrity . 

Provide a permeability less than or equal to the permeability of any bottom-liner system or 
natural subsoil present. 

Resist inadvertent intrusion of humans, plants, and animals . 

Function with little maintenance . 
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The final cover would be sloped to facilitate runoff and would be placed over the waste and tic into the 
top of the clean-fill dike. It is anticipated the surface of the final cover system over the waste would be 
sloped at a grade of 2% to 5% and the sides would be sloped at a ratio of four horizontal to one vertical 
( 4: I) or natter. The conceptual design includes 20-ft wide horizontal benches spaced at maximum vertical 
intervals of 50 ft to reduce slope lengths, increase erosion resistance, and enhance slope stability. Achtal 
slopes may vary and would depend on slope stabili ty and erosion analyses performed during remedial 
design. The approximately 13-ft thick, multilayer final cover system would be comprised of the following 
layers from the top of waste upward: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Compacted Clay Layer - 1-ft thick (minimum) layer of unamended, native clay soil or amended 
soil compacted to produce an in-place hyd raulic conductivity less than or equal to I x I o·7 em per 
second. This layer, in conjunction with the overlying amended clay layer and geomembrane layer, 
would function as a composite hydraulic barrier to infiltration. Similar to the compacted clay liner 
for the liner system, compacted clay liner material would be selected on the basis of a borrow 
source assessment that would include performing a suite of geotechnical laboratory tests as 
recommended by EPA ( 1993). The choice of whether to use unamended native clay soil or 
bentonite-amended soil for this layer would depend on the results of the borrow source 
assessment, availability of low-permeability (i.e., hydraulic conductivity ~ I x 10"7 em per sec) 
unamended clay soil, and cost considerations. 

Amended Clay Layer - 1-ft thick (minimum) layer of native soil amended with bentonite and 
compacted to produce an in-place hydraulic conductivity less than or equal to I x I o·9 em per 
second. It is necessary to amend native soil with bentonite for this layer to achieve the very low 
design hydraulic conductivity value less than or equal to I x I o·9 em per second. 

Geomembrane Layer- 40-mil thick linear low-density polyethylene geomembrane, textured on 
both sides to enhance sliding resistance. 

Geotextile Cushion Layer - nonwoven, needle-punched geotextile having a nominal mass per 
unit area of at least 16 oz per yd2

, used as a cushion over the underlying geomembrane. 

Lateral Drainage Layer - 1-ft thick layer of hard, durable, free-draining, granular material 
(e.g. , size No. 57 cmshed limestone gravel) with sufficient transmissivity to drain tl1e cover 
system and satisfy the requirements of the infiltration analysis. 

Biointrusion Layer - 3-ft thick layer of free-draining, coarse granular material (i.e., 4-in. to 
12-in. diameter riprnp) sized to prevent burrowing animals and plant root systems from 
penetrating the cover system and reduce the likelihood of inadvertent intmsion by humans by 
increasing the difficulty of digging or drilling into the landfill. 

Geotextile Separator Layer - nonwoven, needle-punched geotextile having a nominal mass per 
unit area of at least 8 oz per yd2

, used as a separator between the granular filter layer and 
biointntsion layer. 

Granular Filter Layer - 12-in. thick layer of granular material graded to act as a filter layer to 
prevent clogging of the biointnrsion layer with soil from the overlying erosion control layer. The 
required gradation would depend on the particle size distributions of both the erosion control 
layer and biointrusion layer and would be calculated using standard soil filter design criteria once 
these properties have been established. 

Erosion Control Layer - 5-ft thick vegetated soil/rock matrix comprised of a mixture of crushed 
rock and native soil and constructed over the disposal facility to protect the underlying cover 
layers from the effects of frost penetration, and wind and water erosion. This layer would also 
provide a medium for growth of plant root systems and would include a surficial grass cover, 
with seed mix specially designed for this application. 
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The final cover system would tie into the top of the perimeter clean-fill dike. The drainage and overlying 
layers would discharge water into perimeter ditches that would carry nmoff away from the landfill. 

The overall effectiveness of the final cover system in reducing infiltration is a key long-term performance 
objective of the landfill. Cover technology is evolving and additional methods for reducing infiltration 
may be available at the time of final design. The overall goal is to reduce leachate generation through the 
reduction of infiltration. 

Landfill Gas Collection and Venting System: Wastes to be disposed of in the EMDF would include a 
small percentage of organic soils and biodegradable materials such as vegetation, trees, roots, and lumber 
which generate methane, carbon dioxide, and other gases during decomposition. If unvented, the 
accumulation of these gases beneath the landfill cover could reduce the stability of the cover system and 
create a potentially explosive environment. Thus, as a minimum, the landfill cover would include a 
passive gas collection and venting system to collect and remove gases that accumulate beneath the landfill 
cover. lt is anticipated that this system would be comprised of a gas vent layer consisting of free-draining 
crushed stone (e.g., No. 57 stone) wrapped with geotextile or a gcocomposite drainage layer and vented 
through the cover using HDPE pipe. In the conceptual design, this layer is referred to as the granular 
contour/vent layer. lt serves the dual purpose of providing a contouring fill and gas vent layer. The 
contouring fill establishes uniform contours upon which to constmct the overlying layers of the cover 
system. 

6.2.2.5 Support Facilities 

A brief description of support facilities for the EMDF is provided below. Site layouts depicting proposed 
locations of the primary support facilities relative to the landfill footprint and surrounding existing and 
future facilities are shown in Figures 6-2 and 6-10. Locating the EMDF immediately east of EMWMF 
offers advantages relative to sharing existing infrastructure for the EM\VMF and being in close-proximity 
to existing utilities. For the conceptual design, it is assumed the EMDF would utilize and upgrade, as 
nccessaty, the following support facilities and structures that are being used by the EMWMF: 

• 
• 
• 
• 
• 
• 
• 

Operations/support trailers, staging/laydown areas, stockpile area, and parking areas 
Leachate storage tanks 

Contact water tanks and basins 
Haul road 

Electrical , water, and communication utilities 

Weigh scale 

Guard shacks 

The following new support facilities would be constmcted: 

• 
• 
• 
• 
• 

Parking areas 

Laydown/storage/staging areas 
Material stockpile area 

Spoils areas (temporary and permanent) 

Guard shacks 

Land suitable for development of new support f.1cilities is very limited nenr the El'viDF site 
(sec Figure 6-1 0). The EMWMF landfill occupies the land to the west of NT-3. The slopes north of the 
EMDF are too steep for constmction of support facilities. Development east of the proposed EMDF 
would require crossing NT-2. Much of the land south of the existing haul road and south/southwest of the 
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proposed EDF is occupied by former waste disposal areas, existing EMWMF support fhcilities, and land 
planned for use by the Y-12 Uranium Processing Facility (UPF) Project (e.g., construction of a concrete 
batch plant, staging constntction materials/equipment, parking for UPF construction workers, and wetland 
expansion/creation areas to offset wetlands impacted by the planned extension of the existing haul road to 
the Y-12 plant.) The former waste disposal areas (e.g., Oil Landf.1rm, Sanitary Landfill, BY/BY, and 
HCDA) have soil or RCRA-type covers, which limit potential use of the sites. 

The plmmed haul road extension under the UPF project will impact wetland areas. In kind, in place 
mitigation of this loss is planned through expansion and/or creation of wetland acreage at several 
locations within the Bear Creek watershed (B&W 2010). The southern part of the proposed EMDF 
footprint will potentially impact three of these planned wetland expansion areas identified in the Aquatic 
Resources Alteration Permit (ARAP) issued in June 20 I 0 (TDEC 20 I 0). If the On-site Disposal 
Alternative is selected, coordination of EMDF activities with plmmed UPF project activities, including a 
modification to the ARAP, would be required. 

Earthwork spoil materials that can be reused in future landfill construction would be stored on-site, since 
construction of the landfill would be phnsed. Existing potable water/fire water, electrical, and 
communication lines used by EMWiviF are in close proximity to the proposed landfill footprint and could 
be extended as needed for the new facility or brought on-site from Bear Creek Road lines. Water from 
showers and toilet facilities would be temporarily stored in a collection tank prior to transport for 
treatment at an off-site sanitmy treatment facility. 

Waste operations would be conducted in the exclusion area, which would be assumed to be contaminated 
during operations. Any personnel, equipment, vehicles, or containers leaving the exclusion area would be 
monitored and, if necessat)' , decontamjnated. Clothing worn in the exclusion area would be washed or 
packaged for disposal. It is anticipated water from the clothes washers would drain to a storage tank for 
temporary storage prior to treatment nt a wastewater treatment facility. An enclosed decontamination 
facility with high-pressure water spray equipment, a collection sump, and pump would be avnilable to 
inspect and decontaminate vehicles , equipment, and containers. It is anticipated wastewater from 
decontamination operations would be pumped to a temporary storage tank. The wastewater would be 
properly treated at a wastewater treatment facility, or used for dust control in the exclusion area. 

An equipment storage, maintenance, and fueling area would be constmcted in the exclusion area for usc 
during operations. A waste staging area iuside the exclusion area would serve as a tcmporat)' storage area 
for incoming waste. This area would be used if the rate of incoming waste deliveries exceeds the rate of 
waste placement in the disposal facility, as could occur during inclement weather. A covered storage area 
would be included in the staging area. 

G-20 



• Along side slopes. geotextiles and leachate collection 
drainage layer are replaced with a geocomposite drainage layer. 

Figure 6-6. EMDF Liner and Cover Layers 
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Figure 6-8. EMDF Underdrain System Plan 

6-23 



Ck Incised Channel 

Blanket Drain Portion of Underdrain 

Width Varies to "Blanket" Wet Seep Areas 

18" Thick (Min.) Blanket Drain 
6" Thick (min.) Siliceous j 

CoocreteSood \ -·-·- __! -·-· 
~ · - · - · - · -·-·-·- · - · -·-~ · - · - · - · ~ · - · 

• I 

8 oz. (min.) Nonwoven 
Needle-Punched Geotextile 

12" Thick (min.) Siliceous 
No. 57 Stone -----' 

36" Thick (min.) Siliceous No. 3 Stone 
(Increase Depth as Required to 
Completely Fill Incised Channel) 

s· to 15' 

Incised Channel Portion of 
Underdrain System

Width Varies to Match Channel 
and Increases Down Grade 

Figure 6-9. Typical Underdrain System Detail 

6-24 

Construct Geologic Buffer 
or Structural Fill Above 
Underdrain System 

Undercut & Remove Existing Colluvial 
& Alluvial Soils to Hard (Soil Consistency 
Scale) Weathered Shale Residual Soil 
Prior to Constructing Underdrain 

<> ProlServe 
TYPICAL UNDERDRAIN 

SYSTEM DETAIL 



Legend: 

CJ ..-- .... ..•..... Landfill 

.__. CJ ............ Support Fac•ls~cs 

r - • ............ Spo•ls Areas 

--· •.........• UPF Area 

8Z} ... RCRACovcr 

w ············ Soli Cover 

SCALE 0" 
300' 

~ · - · - · -
EMWMF 

,.. - · 

Ncwl3nCfill 

-~~ I 

~· ""'' o> " 

·-----~ 

F S•te and S Figure 6-10. EMD . 

6-25 

~ {'; Sacllmenta:oon 
, B:ls.:n (Typ,) 

( 
r. __ ........ 

urrou d" n mg Facilities 



) 

) 

6.2.2.6 EMDF Conceptual Design Approach 

A conceptual final cover grading plan for the EMDF landfill in EBCV is showu in Fif,'l.lre 6-11; landfill 
cross-sections are depicted in Figure 6-12. The concept11al design for the EMDF would provide a disposal 
capacity 14 of approximately 2.5M yd3

• With this layout, the approximately 48-acre landfill footprint 
(computed to outside edge of grading for perimeter clean-fill dike) would be oriented in a roughly east
west direction. The landfill would be somewhat rounded in shape to enhance geomorphic stability and 
more closely model the natural topography. The approximate total area of development, including 
temporary construction activities, existing and new support facilities and spoils areas would be 
approximately 92 acres, of which approximately 60 to 70 acres would remain permanently committed 
(see Figures 6-2 and 6-1 0). The total area of distmbance at any point in time would be reduced by phased 
construction, reuse of construction spoil, implementation of BMPs, and other detailed design 
considerations. A new larger culvert would be constructed to cany NT-3 and runoff from the EMDF 
beneath the haul road. Sediment basins would be constructed in phases along the southern side of the 
landfill. Depending on the outcome of detailed storm water calculations preformed during remedial 
design, one or more sediment basins may be retained as permanent storm water detention basins. Also, 
considerat ion would be given to converting the sediment basins to wetlands. 

Vehicle access to the EMDF would be provided from the existing haul road. The landfill would share the 
existing access road and guard shack for the EMWNfF, located southwest of the EMDF. A secondaty 
access road would be constructed along the southern side of the EMDF to better accommodate concurrent 
construction and operations activities. As shown in Figure 6-2 and discussed in Sect. 6.2.2.5, existing and 
new support facilities would be located south of the existing haul road and south/southwest of the EMDF. 

Layout Approach: A number of factors were considered when selecting and laying out the conceptual 
design of the EMDF landfill, including its location in a historical waste management (brownfield) area, 
proximity to EM\VMF, and the area available to feasibly construct a facility (see Appendix C). The 
proposed EMDF footprint would be constructed over a portion of NT-3. The approach used to set the 
extents of the landfill waste and perimeter features was based on maximizing the capacity that could be 
achieved while minimizing impacts to existing features such as site infrastructure and natural resources. 
Layout constraints for the disposal facility are described below: 

• A 200-fl buffer between the waste and NT-2 was maintained and was set as the eastern constraint. 

• The southern constraint was set by the existing Haul Road and avoiding any impact to that road 
aud associated overhead high-voltage power line. Keeping the landfill footprint north of the 
existing haul road avoids shallower groundwater, Bear Creek noodplains, and existing buried 
hazardous waste located to the south. lt also avoids impact to areas designated for use by the 
planned UPF Project (see Figures 6-2 and 6- 1 0). 

• The western constraint was set by having an adequate drainage pathway between EMWl'vfF and 
the new disposal facility to manage any surface water nmoff around the two facilities, as this 
would become the rerouted location for NT-3 . Final grading of the new landfill would divert 
some of the nmoffthat previously discharged to NT-3 over to NT-2. 

• The northern constraint was set by the steep upper slopes of Pine Ridge which have typical slope 
ratios of two horizontal to one vertical (2: I) or steeper. Making cut slopes steeper than the natural 
slopes of Pine Ridge was avoided since it could cause the ridge slopes to become unstable. Also, 
it was necessary to somewhat match the existing slopes of Pine Ridge where the perimeter road 
and ditches tied into existing grade along the north side of the landfill. Using a flatter backslope 
was undesirable since it would create an excessively high cut slope that would not "daylight" 

11 lltc assumed allowance of 28% unccrlainty applied to waste vohum: estimates described in Chapler 2 corresponds tn a 
prujecleJ disposal capacity need of approximatdy 2.5i'vt yd3

• 
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until intersecting the crest of Pine Ridge. Another consideration for the north side of the landfill 
was to ensure the perimeter road that travels from the lower south side of the landfill up to the 
higher north side was not unreasonably steep. A maximum roadway grade of 8% was set to 
control this and also controlled how far up Pine Ridge the northern edge of the landfill could be 
positioned. 

Phased Construction Approach: The EMDF conceptual design allows the ability to construct the 
landfill in phases. The landfill would have six cells and construction of the landfill would be constmcted 
from west to east. This approach promotes using gravity drainage for piping systems and keeps 
brownfield areas consolidated if it is decided in the future that later phases of the landfill construction are 
not needed. 

It is anticipated each construction phase would build two cells of the landfill. Building over NT-3 would 
be an important consideration as part of the detailed design and phased constmction approach. The 
conceptual design assumes that the entire NT-3 underdrain system would be constructed as part of 
Phase l and part of the rough grading that would be required for Cells 3 & 4 (Phase 2) would be 
completed in Phase I to direct surface water runoff away from the newly constructed Cells l & 2 and 
towards the NT -2 drainage area. 

Predicting Seasonal High Groundwater Elevations: Since existing groundwater data for the new site is 
limited, a reasonable but conservative estimate for the seasonal groundwater level was developed in order 
to set the bottom of the proposed landfill. The EMDF landfill bottom was established to leave a I O-ft 
clearance between the bottom of the liner system and the estimated seasonal high groundwater elevations. 

The conceptual design of the bottom of the EMDF landfill is conservatively based on a potentiometric 
surf.1ce estimated from data obtained from The Y-12 Growuhrater Protection Program Location 
1nfomwtion Database (B&W 20 12). There are no known wells or boring data within the proposed EMDF 
footprint; however, there are wells and groundwater data in adjacent areas east and west of the site. 
Seasonal high groundwater contours were estimated based on maximum water elevations measured for 
wells near the site and elevations of existing seeps, springs, and tributaries near and within the site. The 
maximum groundwater elevations from The Y-12 Groundwater Protection Program Locaticm 
li{(ormation Database were plotted for the area around the proposed site. The locations of the existing 
drainageways within the proposed EMDF site were then noted and assumed to be where the groundwater 
table would either surface or be very shallow during seasonal high conditions. For the higher elevations of 
the proposed site, the seasonal high groundwater elevations were predicted by assuming they would be 
similar to nearby wells at the same ground surface elevation and in the same geologic fonnation. 

As described in Sect. 6.2.2.4, construction of the landfill with facility underdrains, an upgradient 
geomembrane-lined diversion ditch, and upgradient shallow French drain would cause the groundwater 
table to drop beneath the landfill. The conceptual design conservatively takes no credit for lowering of the 
water table afler constntction of the laudtlll. Thus, it is anticipated it may be possible to lower the bottom 
of the landfill after additional site-speci fie groundwater information is gathered and analyzed. 

Data Gaps ancl Uncertainties: As previously stated, there are no known wells or boring data within the 
proposed EMDF footprint. However, the areas immediately adjacent to the site have been well 
characterized. The conceptual design for the EMDF is based on groundwater, geologic, and geotechnical 
data obtained inunediately east and west of the EMDF site and in other locations in BCV in similar 
geology. These data are deemed sufficient for formulating a conceptual design for the EMDF and 
assessing the feasibility of constntcting a CERCLA disposal facility at the EMDF site. If the On-site 
Disposal Alternative is selected for implementation, site-specific characterization data would be gathered 
as an early action in support of detailed design. 

6-27 

) 



I 
6.2.2.7 Leachate/Contact Water Treatment Facility 

A water treatment facility is assumed to be constmctcd ncar the new landfill for treatment of leachate and 
contact water generated by the EMDF (see Figure 6-2). As defined in 40 CFR 260.10, leachate is any 
liquid, including any suspended components in the liquid, which has percolated through or drained from 
hazardous waste. Collection and transfer of leachate is described in Sect. 6.2.2.4. Leachate production is 
highly dependent on operational practices used to limit exposure of the waste to precipitation and weather 
conditions, with high volumes of leachate corresponding to periods of heavy rainfall. Leachate generation 
would be expected to increase as the volume of disposed waste increases and additional cells arc opened. 
After capping and closure of the landfill, leachate volumes would gradually decline because infiltration of 
precipitation into the waste would be virtually eliminated. Leachate stored within the waste would drain 
into the leachate collection system over time and be collected for treatment at a much lower rate. 

The portion of precipitation that falls within an open, active cell potentially coming in contact with the 
waste materials and collecting on the floor of the cell (referred to as "contact water") would be pumped 
out of the active cells and stored temporarily in lined basins located near the landfill. While in the basin, 
the contact water would be sampled and tested to determine whether it is contaminated. If the results of 
the analytical tests indicate the contact water is free of contamination, it would be released to the storm 
water detention basin. If contaminated, the contact water could not be released as storm water and would 
be transfened to the treatment f.1cility via a dedicated piping system. The treatment facility would be 
sized based on estimated generation rates of leachate and contact water for the EMDF, considering 
experience gained from the EMWMF and similar waste disposal facilities. Storm water runoff that does 
not come in contact with waste materials would be directed through ditches and culverts directly into the 
storm water detention basin and discharged without treatment. 

Treatment Facility Conceptual Design: For concephtnl design of the treatment facility, leachate 
characteristics were assumed to be similar to wastewater generated at EMWMF which contains low 
concentrations of metals such as copper, silver, and zinc; organic constituents such as PCBs; and 
radiological constituents such as uranium and strontium. 

Requirements for effluent water release must be maintained as low as reasonably achievable (ALARA) 
per TDEC 1200-02-11-.16 (see Table E-1 in Appendix E). Additionally, there is an effective dose 
equivalent limit to a public individual of I 00 mrem per year, from which Derived Concentration Standard 
limits (DOE 20 II d) for radionuclide concentrations in water arc determined . In the case of multiple 
contaminants, the sum of fractions must not exceed l.O. 

The conceptual design for the treatment facility includes unit operations for collection, chemical 
precipitation, clarification/filtration, ion exchange, and carbon adsorption. Chemical precipitation would 
include a series of tanks; a small flash mix tank for combining wastewater with chemical additives such 
as sodium hydroxide and other possible metal complcxing agents; a flocculation tank for mixing the 
chemically treated water with coagulants and flocculating agents; a clarilier for allowing the flocculated 
precipitates to settle by gravity; and a sludge holding tank for holding and concentrating the sludge, and 
providing feed to a dewatering system such as a lilter press. The clarilied wastewater would pass through 
filter units prior to ion-exchange treatment. The ion-exchange system may include several flow-through 
columns for removing strontium, uranium, or other radionuclides from the wastewater. Treated 
wastewater would be collected in a final effluent holding tank for final pH adjustment prior to discharge 
at a surface water outfall iu accordance with ARARs. 

It is assumed that secondary solid waste would be disposed of on-site at the EMDF until closure. After 
closure, secondary waste disposal is assumed to be at NNSS. Secondary wastes would include dewatered 
sludge from chemical precipitation and suspended solids removal used to treat metals; contaminant
loaded zeolite and strong-base anion and strong-acid cation ion-exchange media used to treat 
radionuclides, and spent granular activated carbon used to treat organic constituents. 
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After wastewater volumes arc reduced to the extent that it is no longer cost effective to operate and 
maintain the treatment f.1cility, the treatment facility would be demolished (assumed to be during year II 
after closure). \Vaste from D&D of the treatment plant that fails to meet the acceptance criteria for one of 
the on-site ORR Landfills would be disposed at an off-site disposal facility. Remaining leachate collected 
would be trucked by tanker to an appropriate facility on the ORR. 

6.2.2.8 Process Modifications 

Based on future engineering shtdies and additional data on subsurface conditions. waste types, and 
volumes, process modifications may be incorporated into the final design. Process modifications or 
teclmiques could be used to maximize effectiveness and efficiency of the EMDF. 

Process modifications that may be considered for the EMDF include geochemical inunobilization 
teclmologics designed to retard movement of contaminants, in-cell solid waste treatment, disposal of 
RCRA-Iisted waste, modification of the leachate/contact water treatment facility to allow treatment of 
additional contaminated water from a future Bear Creek Burial Grounds (BCBG) action, and volume 
reduction processing. The process modifications discussed in this section arc not included in the base 
conceptual design . Jf these enhancements are deemed to be beneficial and feasible, they could be added to 
the landfill design or operational procedures, as appropriate, to enhance the implementability, 
performance, or cost effectiveness of the project. 

Geochemical Immobilization: PWAC are presented in this Rl/FS based on conceptual facility design 
and assumed receptor exposure conditions (see Appendix F). For calculating the P\V AC, wastes are 
assumed conservatively to be disposed of throughout the waste layer without segregation. However, 
geochemical inunobilization of soluble waste radiological constituents with long half lives or other 
contaminants and an innovative waste placement strategy could enhance the performance of the landfill 
by reducing or limiting long-term migration of contaminants. 

Inunobilization technologies could be used to reduce solubility of uranium or other constituents in waste. 
Uranium immobilization technologies include: 

• 
• 

• 

Performing pretreatment of soluble uranium (U6+) to immobilize it as an insoluble mineral. 

Using Apatite JITM and zero valent iron as reactive barriers or geochemically reactive fill in the 
waste disposal layer. 

Placing pulverized concrete in the waste layer to maintain a higher pH and promote geochemical 
stability of uranium minerals. 

Waste to be immobilized could be disposed in one area in the landfill to reduce the area needed for 
application of geochemical immobilization teclmologies. Sustainable immobilization requires 
compatibility with the regional biogeochemistry. 

I n-ccll Waste Treatment: For some waste streams, it may be more efficient for treatment to meet LDRs 
or other WAC to be implemented at the on-site disposal facility. Jn the case of waste treated by grouting, 
weight and feasibi lity limitations are a consideration for moving treated waste from the generator site to 
the disposal l~1cility . Treatability st11dies and other quality assurance steps could be implemented to ensure 
effective waste treatment. 

Disposal of RCRA-Listed Waste: Contact water basins are provided to collect precipitation that falls 
within an open, active cell potentially coming in contact with the waste materials. This water is expected 
to be clean enough to discharge without treatment in most cases, and contamination is not expected to 
approach levels that would be considered hazardous under RCRA. If, however, RCRA listed waste is 
disposed at the EMDF, several design modifications would be required. These modifications would 
include double-walled contact water piping. The piping would be similar to piping proposed for 
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transporting leachate. Also, the design of contact water storage would need to be modified to meet RCRA 
requirements for secondary containment and leak detection. The existing contact water ponds and above
grade basins have single geomembrane liners. 

Modification of the Leachate/Contact Water Treatment Facility: Potential interim actions that could 
be implemented to reduce migration of contaminants from BCBG located west of the EMWMF are being 
considered, such as enhanced leachate collection, a component of the preferred alternative presented in 
the BCBG Proposed Plan (DOE 2008c). 

Given the proximity of the proposed EMDF to BCBG, the design, construction, and operation of a 
leachate/contact water treatment facility for the EMDF could potentially be modified to allow treatment 
of contaminated water from a future BCBG action. Potential modifications would include addition of lift 
stations and piping to transfer contaminated water from the BCBG to the leachate/contact water treatment 
facility, resizing the treatment facility components if necessary to acconunodate additional flow, and 
modifying treatment facility unit operations to accommodate BCBG contaminants that the EMDF facility 
is not designed to remove. 

Volume Reduction Processing: This modification involves the use of volume reduction (VR) equipment 
and other efforts such as recycling, additional waste segregation, and project sequencing to consetve 
EMDF disposal capacity. A study of potential VR options in Appendix B indicates a potential for 
significant disposal capacity and cost savings for the EMDF tlu·ough VR. 

Table 6-1 summarizes the potential benefits of VR activities for on-site disposal. Performing size
reduction of debris would significantly reduce the quantity of clean fill necessmy for placing the some 
types of debris, and would allow debris such as masomy and concrete to be used to replace clean Jill. 
Volume reduction equipment such as heavy duty mobile sluedders, concrete crushers, and shearing 
machines (like a supercompactor used previously at ETTP) could be deployed for on-site processing of 
wnste materials. Cost estimates in Appendix B indicate a cost of about $38M to deploy the equipment 
with possible savings in EMDF construction, operations, and transportation of up to $71.7M and a 
potential reduction in disposal capacity needs by up to two disposal cells (over 800,000 yd3 disposal 
capacity). It was also estimated that recycling of metals from heavy equipment and stntctural steel could 
result in millions in cost savings nnd conserving over 71 ,000 yd3 of EMDF disposal capacity. As 
described further in Appendix B, the recycling of demolition materials from radiological facilities remains 
a complex issue. 

Project sequencing involves the scheduling of building D&D efforts with contaminated soil removal 
projects such that the waste soil can be used as fill material during placement of waste debris at the 
EMDF. Waste soil would replace clean fill and conserve a substantial fraction of EMDF capacity. The 
projected volume of waste soil to be used to replace clean fill is equivalent to more than an entire disposal 
cell and equivalent to an avoided cost of about $65.4M. The planning of EMDF disposal capacity 
assumes that this effective sequencing of projects will occur. 

Waste segregation involves the separation of contaminated and uncontaminated D&D materials to ensure 
proper disposal. There are typically clean areas associated with contaminated facilities that could possibly 
be demolished in a manner that avoids comingling with materials from potentially contaminated zones, 
thus creating an opportunity for disposing of additional quantities of uncontaminated D&D materials at 
the ORR Landfill. Segregation of additional wastes to the ORR Landfill is beneficial clue to the lower 
construction costs associated with the liner and final cover systems. Additional efforts to segregate and 
selectively remove non-contaminated materials during D&D activities along with revision of the current 
authorized limits to allow disposal of wastes containing additional radionucliclcs at the ORR Landfill 
could consetve EMDF capacity and reduce disposal costs significantly. 
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Tahle 6-1. Summary ofVoh1me Reduction Brnefils 

Pnra metet· 
Activity 

Size Reduction Recycling SrcJnrncing Segregation 

Shredding, crushing, nnd 
Recycling of 

RVFS wnste volume 
shearing operations nrc 

25% of metal 
estimate nssumes virtunlly Debris is segregated 

Basi.~ deployed nt multiple 
debris (44, 76 1 

all wnste soil is used to nnd diverted to the 
sites as n progrnmmntic replnce clenn fi II ORR Landfill . 
elfort. tons) (492,836 yd3 ns-disposed) 

S5rv! for The cost of 

Cost of Mel hod $38M 
charactcrizatim1 

Negligible 
ndditional fneility 

nnd chnracteri zntion and 
lransportntion lield surveys 

Scenario A:$27.4M S9. 7M from snle S65.4M (cost avoided Reduced landfill 
Cosl Savings 

Scenario B: S71.7M 
and EMDF clean through assumed constmetion nnd 
fill savings sequencing) operations costs. 

E~IDF Capacity Scenario A: 504,973 yd3 

71 ,673 yd3 492,836 yd3 To be de term in eel 
Gained Scenr~rio B: 820,582 yd 1 

lnercnscd lm1<lfill 
density with ndditimwl 

Additionnl cr~pr~eity gr~in of 
Potential Drnelits 69,438 yd3

; lower 
equipment maintenance 
costs 

Assumes RI!FS waste volume ORR Landfill 

Additional Noles 
commerciul estimate soil demand is constmction costs arc 
value of SO. 15/lb based on success ful significantly lower 
for metals sequencing. than for H 11DF. 

The largest cost savings and capacity gain could be achieved with deployment of size reduction 
equipment on a multiple project or progranunatic basis; however, uncertainty f.1c1ors such as funding, 
project sequencing, and contracting could impact the ability to implement this approach. The EMDF 
concept11al design allows the ability to constmcl the landfill in phases such that cells could be built as 
needed . 

6.2.3 Waste Acceptance Criteria 

The characteristics of future CERCLA waste generated are anticipated to be similar to CERCLA waste 
generated since EM\VMF began operating in FY 2002. Appendix F describes modeling and calculations 
performed to develop a P\V AC for the EMDF that meets applicable risk and dose criteria. 

6.2.4 Construction Activities and Schedule 

Figure 6-9 shows the concephwl sequence of design, construction, operations, and closure actions. In 
practice, alternative construction sequencing could be implemented by the construction and operations 
contractor( s). 

Tile on-site disposal facility construction elements include those described in Sect. 6.2.2. Groundwater 
monitoring wells and surface water weirs would be installed as pari of the early actions to support 
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remedial design. Also, site development activities would be performed as a separate early phase of 
construction prior to constmction of the landfill. Site development activities would include constmcting 
access roads to the landfill site; preparing additional parking, laydown, spoil, and staging areas; 
creating/expanding wetlands as required; extending utilities to the landfill site; relocating the Y -12 229 
security boundary and installing new guard stations; clearing and grubbing for site development activities; 
installing initial sediment and erosion controls for site development activities; upgrading/installing a new 
weigh scale; and setting up construction trailers. Construction of the new on-site leachate/contact water 
treatment facility would be started during the same time period as the site development activities and 
would be completed prior to completion of the flrst phase of landfill cell construction. 

Subsequent to site development, the disposal cells would be constructed in phases consistent with waste 
generation schedules. The conceptl.tal schedule used to support the Rl/FS cost estimate assumes that the 
landfill would be constructed and operated in three phases. Phase I would include site preparation for 
construction of Cells I and 2; constmction of the NT -3 underdrain and part of the rough grading for 
Phase TI; and construction of the flrst two disposal cells, including clean-fill dike, perimeter road and 
ditches, upgradient shallow French drain, geologic buffer layer, liner system, leachate collection and 
detection systems and piping, and contact water piping. Waste disposal would begin after Phase I 
construction is completed. Phase II would include additional site preparation and construction of Cells 3 
and 4 which would be ready to accept waste after the Phase I cells have been filled. Interim caps over the 
Phase I cells would be installed during Phase 11 when Phase I disposal activities are completed. Phase Ill 
would include additional site preparation, construction of Cells 5 and 6, interim capping of Phase II cells, 
and interim capping of Cells 5 and 6 after the cells are ftlled. 

A large volume of clay-rich soil from a borrow area would be used for construction of the geologic 
buffer, compacted clay liner, and compacted clay layers of the final cover system. Due to the conservative 
estimate of the seasonal high groundwater table, the conceptl.tal design indicates that a large volume of 
structural fill will also be required from a borrow area. This is necessaty to raise the bottom of the waste 
to maintain the appropriate buffer between the waste and the groundwater table. This stmctural fill would 
be used for construction of clean-fill dikes, roadways, and placement of daily cover. Where available, 
excess cut from the landlill construction that was deemed suitable for reuse could be stockpiled onsite and 
reused as structural fill. For estimating purposes it was assumed that all structl.tral fill would be purchased 
from an offsite source, however, as part of the final design process, it would be appropriate to evaluate 
onsite borrow source areas. 

After completion of the three phases of constmction and disposal operations, the final cap would be 
installed. Support areas (e.g., the temporaty and permanent spoils areas) would be restored. 
Demobilization would include removal and disposal or reuse of unneeded support facilities and 
equipment. 

6.2.5 Operations and Waste Placement 

For the On-site Disposal Alternative, operations, including some persomtel and equipment, would likely 
transition from the existing operations contractor to the new EMDF operations contractor. Disposal 
operations would include waste receipt, inspection, and recordkeeping; unloading waste into the disposal 
cell, placing the waste properly in the working area, compacting waste, and filling void spaces; 
maintaining work face; surveying incoming and outgoing trucks and containers and decontaminating as 
needed; dust control; management of leachate and contact water; storm water management, etc. Facility 
maintenance would include providing daily cover over the emplaced waste, as required; maintaining 
roadways, buildings, equipment, utilities, and other facilities ; and leachate and contact water collection 
and treatment. Waste disposal operations would be similar to those at the EMWMF. 
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Leachate would be transferred to temporary storage tanks and coutnct water would be trnnsferrcd to lined 
basins as previously described. Filled or pnrtially filled tanks and basins would be sampled to determine 
contaminnnt concentrations. This would nllow modifYing flow through the trentment train; for exnmple, 
the chemical precipitation system could be bypassed if no metals are present, reducing the use of acidic 
nnd caustic chemical ndditives and the volume of secondmy waste generated. 

Wastewnter treatment operations would include managing flow from leachate storage tanks and contact 
wnter basins into the treatment facility; opernting and monitoring tbe treatment system; sampling and 
analyzing the cl)1uent ; disposing of spent treatment media (e.g., zeolite, ion exchange resins, granular 
activated carbon); and replacement of spent media as needed. 
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6.2.6 Engineering Controls, Construction Practices, and Mitigation Measures 

Appropriate engineering controls and construction practices would be implemented during construction, 
operation, closure, and post-closure care of the on-site disposal facility to minimize the potential for 
adverse effects. It is assumed the EMDF would be constructed and operated similarly to the EMWMF. 

Engineering controls, construction practices, and mitigation measures applicable to the EMDF would 
include: 

• 
• 

• 

• 

• 

• 

• 

• 

• 
• 

Preparing and implementing worker protection plnns . 

Implementing measures to protect nir quality, such ns wetting surfaces and using chemical dust 
suppressants and covers to control fugitive dust, and air quality monitoring to assess compliance 
with standards. 

Protecting nquntic and terrestrial habitat to the extent practical through appropriate design and 
during constmction, and restoring habitat, as needed , in consultation with appropriate state and 
federal agencies. 

Limiting the number of active working face of exposed waste in the landfill to prevent 
contamination releases to air and reduce leachate generation. 

Use of appropriate coustn1ction practices in all excavation and construction nrcns to control 
surface water runoff and to minimize erosion and transport of sed iment from exposed areas 
including: 

Berms to direct the flow of surface water 

Silt fences to minimize the amount of sediment leaving the area 
Straw, mulch, riprap, membranes, or temporary vegetation mats in exposed areas 

Storm water detention basin(s) nenr the perimeter of the site (and at borrow areas, if needed) 
to protect surface water 
Segregating runoff from contaminated areas and clean arens 
Clearing during autumn or winter to protect the nests of migratory birds during breeding 
season, to the extent practical 

Surface water, and groundwater monitoring before, during, and after facility construction and 
operation and implementing nppropria!e contingency plans if any adverse effects were detected. 

For on- or off-site disposal, transporting waste in closed containers or vehicles and providing 
contingency plans to address potential spills. 

Decontaminating and inspecting haul vehicles, construction vehicles, and containers before they 
leave any contaminated area. 

Grading, revegetnting, and restoring disturbed areas . 

Preparing and implementing long-term monitoring and maintenance plnns and, treatment facility 
operating plans, and contingency plans. 

Similar measures would be in place at off-site disposal facilities, and costs nrc assumed to be included in 
disposal fees. 

6.2.7 Mamtgcmcnt of Waste Exceeding \VAC 

Waste that exceeds the on-site disposal facility WAC would be shipped to an approved off-site facility for 
disposal. If no off-site fncility is identified that can accept the waste, the "no path for disposal" waste 
would be placed in interim storage pending the nvnilnbility of treatment or disposal capabilities. 
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6.2.8 Closure 

After completion of waste disposal, closure activities would include final capping (i .e., constmction of the 
final cover system). Contact water basins and other temporary support facilities would be removed and 
disposed of appropriately or plugged and abandoned in place, salvaging equipment and facilities to the 
extent practicable. Leachate tanks would be removed over time, and the leachate/contact water treatment 
facility would be decommissioned after rates of leachate generation diminish. The site would be restored 
to maximize beneficial reuse of the property in accordance with the designated land use. 

Deed restrictions would prohibit residential use of the property, constmction of any facility that could 
damage the final cover system, or installation of groundwater extraction wells for purposes other than 
monitoring and/or treatment. These deed restrictions would identify administrative controls neccssmy to 
protect the public and the integrity of the EMDF and would be attached to the deed description and filed 
with the appropriate local governmental authority. 

6.2.9 Post-Closure Care and Monitoring 

S&M and performance monitoring would be performed during operation and after Htcility closure. The 
remedial design and subsequent documentation based on as-built conditions would include facility
specific S&M and monitoring plans including disposal facility performance goals, long-term S&M 
requirements, and performance monitoring requirements. The plans would identify required monitoring, 
features to be inspected, inspection frequency, and performance requirements. S&M and monitoring 
would be performed for an indefinite period after facility closure. 

6.2.9.1 Surveillance and Maintenance 

Long-term S&i'v1 actions would be conducted to control erosion; repair cap settlement/subsidence/slope 
stability, repair nm-on and nm-off control system, including the upgradient geomembrane-lined diversion 
ditch with shallow French drain, prevent rodent infestation, and prevent tree and other deep-rooted plant 
growth on the final cover and side slopes. Long-term S&M would also include maintenance of 
monitoring wells, fences, signs, access roads, survey benclunarks; and leachate collection, storage, and 
transfer facilities, including treatment and disposal of leachate. 

The leachate/contact water treatment facility would be operated in accordance with an operations and 
maintenance plan prepared by the constmction/installation contractor(s) and equipment manufacturers. 
Effluent would be monitored as needed to ensure com pi iancc with discharge requirements. After 
wastewater volumes arc reduced to the extent that it is no longer cost effective to operate and maintain the 
treatment facility, it would be demolished and closed. 

6.2.9.2 Monitoring 

Landfill performance monitoring could be accomplished by (I) monitoring leachate from leachate 
collection and removal systems, (2) monitoring surface water in NT-2 and NT-3 at weirs on the upstream 
side of the Haul Road, (3) monitoring seepage emanating from the facility underdrain, and ( 4) 
groundwater monitoring. Details about operational and post-closure monitoring would be specified in 
future post-ROD CERCLA documents that require regulator approval. Available methodologies and 
technologies, such as real-time downhole sensors and well purging options for groundwater monitoring, 
would be considered and incorporated as appropriate. Determinations of whether to use high-flow or 
low-flow methods for well purging and sampling would be made with due consideration given to the 
potential for inducing contaminant flow from surrounding contaminated areas. Monitoring would support 
annual Remediation Effectiveness Reports and Five-year Reviews required by the FF A. 

Routine monitoring of the leachate detection and removal system would provide an initial warning of 
liner fhilure . Periodic monitoring of seepage emanating from the facility underdrain and surface water in 
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NT -2 and NT -3 would serve as an early indication of liner system failure. If a failure in the liner system 
occurred, while contaminant leachate could percolate into the groundwater system and migrate 
downgrndient in the aquifer zone, some leachate would be captured in the underdrain system and 
discharge into surface water. Also, natural groundwater flow paths are toward the tributaries, so that 
contaminants reaching shallow groundwater would enter the streams as base flow. 

Groundwater monitoring would take advantage of the bedrock joint systems believed to underlie NT -2 
and NT-3. As discussed in Appendix C, these joints help to direct groundwater flowing parallel to strike 
downgrndient and across stratigraphic boundaries towards the Maynardville Limestone drainage system. 
\Veils placed near the tributaries and screened in fractured rock could detect contaminants in the event of 
liner f.1ilure. Additionally, a well cluster placed at about the midpoint and on the downgradient side of the 
EMDF and screened in water-bearing fractures would act to monitor flow not captured by the tributaries 
and tributary joint system. One or two wells placed upgradieut would provide background water data. 
Wells would be monitored for water level and indicator parameters, such as specific conductivity or 
radioactivity. This arrangement of three wells placed downgradient of the EMDF, when combined with 
one or two up gradient wells, and with indicator parameter monitoring, would meet the substantive RCRA 
monitoring requirements of40 CFR 264.97 and 40 CFR 264.98. 

Groundwater and surface water monitoring results during facility operation and after facility closure 
would be statistically compared to baseline conditions established before disposal operations, to long
term trends, and to satisfy regulatory criteria. Decisions regarding the placement of monitoring wells 
would be made with consideration of contributions of contaminants from sources outside of the EMDF, 
such as the BY/BY, former Oil Landfarm, and S-3 Ponds. Use of low-flow well purging techniques for 
sampling could reduce the likelihood of inducing contaminant flow from neighboring areas. If baseline 
monitoring identifies contaminants in the EMDF area, these data would be used to identify contributions 
of contaminants from sources outside of the EMDF during operational and post-closure care. 

6.3 OFF-SITE DISPOSAL ALTERNATIVE 

This alternative would provide for the transportation of future CERCLA candidate waste streams off-site 
to approved disposal facilities and placement of the wastes in those facilities . The waste generator would 
be responsible for treatment required to meet the disposal facility 's \V AC, packaging of the wnste at the 
point of origin, and local transportntion. Wnstes not meeting the \V AC for any off-site facility would be 
plnced in interim storage until treatment or disposal capacity becomes available. 

DOE's policy is to trent, store, and in the cnse ofLLW, dispose of waste at the site where it is generated, 
if practical, or at another DOE facility if on-site capabilities are not practicnl and cost effective. For 
CERCLA actions that transfer wastes off-site, permits are required at the receiving facility. In general , the 
following conditions must be met to use an oiT-site receiving facility in accordance with the "Off-site 
Rule" at 40 CFR 300.440: 

• The proposed receiving facility must be operated in compliance with ntt applicable federal, stntc, 
nnd local regulations; there must be no relevant violations at or affecting the receiving facility. 

• There must be no relenses from the receiving unit and contmnination from prior releases at the 
receiving f.1cility must be addressed, as appropriate. 

These procedures require confirmation by the regional EPA office with jurisdiction over the chosen 
disposal facility that the facility is acceptable for the receipt ofCERCLA wastes. 
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6.3.1 Candidate Waste Streams 

Wastes requiring disposal include LL \V and mixed waste with components of radiological and other 
regulated waste (LLW/RCRA, LL\VffSCA). Table 6-2 lists the candidate waste stream volumes by waste 
type, material type, and off-site disposal facility for the Off-site Disposal Alternative. As described in 
Chapter 2, these volumes are based on the as-generated waste volume estimate from FY 2020 through 
FY 2042 with approximately 28% uncertainty applied. 

Table 6-2. Candidate Wnstc Stream As-gencrnted Volumes by Wnste Type, l\laterial Type, 
nrul Disposal Facility for Off-Site Disposal Altcrnntl\'c with 28% Uncertninty 

Off-site Disposnl Facility Waste Type Mnterial Type Volume (yd3) 

LLW Debris 1,500,618 
NNSS (Non-Classified) LL\V and 

Soil 638,472 
LLW/TSCA 

NNSS (Non-Classified) TOTAL 2,139,090 

NNSS (Classified) LL\V Debris 7,612 

NNSS (Classified, i\Iixed) LL\V Debris 705 

NNSS (Classified) TOTAL 8,317 

Debris 27,616 
EnergySolutious LL\V/RCRA 

Soil 15,326 

EnergySolutions TOTAL 42,942 

TOTAL 2,190,349 

6.3.2 Description of Representative Disposal Facilities 

As shown in Table 6-2, non-classified LLW and LLW/TSCA waste and classified LLW waste would be 
shipped to NNSS in Nye County, NV. LL\V/RCRA (mixed) waste would be shipped for treatment and 
disposal at EnergySo/utions, Clive, UT. The disposal f.1cilities are described in the subsections that 
follow. 

6.3.2.1 EncrgySolutimu, Clive 

EnergySo/utions is located in Clive, UT, approximately 75 mi west of Salt Lake City; the facility is 
licensed and permitted to receive the following waste types for disposal: 

• 
• 
• 
• 
• 
• 

Naturally occurring radioactive material/naturally accelerator-produced radioactive material 

Class A LL\V 

PCB radioactive waste 

Asbestos contaminated waste 

Mixed waste 

II e.(2) Byproduct materia l (i.e., uranium and thorium mill tailings) 
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EnergySolutions receives radioactive waste in all forms, including, but not limited to, soil, sludges, resins, 
large reactor components, dry active waste, and other radioactively contaminated debris. 

The fhcility is located in a remote Utah desert within a I 00 mi2 hazardous waste zone established by the 
state of Utah. The nearest population center is approximately 40 mi away. EnergySo/utiom offers a 
variety of mixed waste treatment processing options. 

6.3.2.1.1 EIU'J'!f.J'So/utiom JV;1ste Acceptill/Ce Oitedil 

As described in the WAC for EnergySo/utions (Energy Solutions 20 II), the facility is authorized to 
receive radioactive waste in the form of liquids and solids. Solid radioactive waste must contain less than 
I% free liquid by waste volume. Generators shipping solid waste must minimize free liquid to the 
maximum extent practicable. 

Soil must be greater than 70% by weight compactable material less than 3/4-in. particle size and I 00% 
compactable material less than 4 in. particle size. The maximum dry density of soil must be greater than 
70 pounds per fr' (dry weight basis). Soil may be mixed with debris composed of materials that are less 
than I 0 in. in at least one dimension and no longer than 12 ft in any dimension . Debris may include 
contaminated concrete, wood, bricks, paper, piping, rocks, glass, metal, slag, PPE, and other materials. 

Radioactive waste that contains greater than l% free liquid by waste volume (e.g., sludge, wastewater, 
evaporator bottoms, etc.) is solidified at EnergySo/utions' Treatment Facility prior to disposal. 
EnergySo/utions is also authorized to receive gaseous waste in accordance with Utah Administrative 
Code R313-15-I 008(2)(a)(viii). Gaseous waste must be packaged at an absolute pressure that does not 
exceed 1.5 atmospheres at a temperature of 20 degrees Celsius and the total activity of any container shall 
not exceed I 00 Cmies. 

The following waste types are prohibited from disposal at EnergySo/utions: 

• Sealed sources (e.g., instrument calibration check sources, smoke detectors, nuclear density 
gauges, etc.) 

• Radioactive waste which is classified as Class B, Class C, or Greater Than Class C waste 

• Solid waste containing unauthorized free liquids 

• Waste material that is readily capable of detonation, of explosive decomposition, reactive at 
normal pressure and ternperahtre, or reactive with water or air 

• Waste materials that contain or are capable of generating quantities of toxic gases, vapors, or 
fumes harmful to persons transporting, handling, or disposing of the waste 

• Waste materials that are pyrophoric (Pyrophoric materials contained in wastes must be treated , 
prepared, and packaged to be nonnanunable.) 

• Waste materials containing untreated biological, pathogenic, or infectious material including 
contaminated laboratory research animals 

The following Mixed Wastes arc not acceptable for treatment or disposal at EnergySo/utions: 

• 
• 

• 
• 
• 

Hazardous waste that is not also a radioactive waste 

Wastes that react violently or form explosive reactions with air or water (without written approval 
by EnergySo/utions) 

Pyrophoric wastes and materials (without written approval by EnergySvlutions) 

DOT Forbidden, Class l.l , Class 1.2 and Class 1.3 explosives 

Shock sensitive wastes and materials 
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• Compressed gas cylinders, unless they meet the definition of empty containers 

• Utah waste codes F999 and P999 

• Aerosol cans that are not punctured or depressurized 

6.3.2.1.2 JV;~ste Treatme11t 

Waste shipped to EnergySolutions for treatment or liquid solidification prior to disposal is managed at 
EnergySolutions' Treatment Facility. The Treatment Facility is designed for radioactive waste that 
requires treatment for RCRA constituents and for liquid radioactive wastes requiring solidificat ion prior 
to disposal. EnergySolutions' mixed waste treatment and solidification capabilities include: 

• Chemical Stabilization- Including oxidation, reduction, neutralization and deactivation 

• Amalgamation- For the treatment of elemental mercury 
• Macroencapsulation - For the treatment of radioactive lead solids, RCRA metal-containing 

batteries, and hazardous debris 

• Microencapsulation - To reduce the leachability of hazardous constituents in mixed wastes that 
are generally d1y, fine-grained materials such as ash, powders or salts 

• Liquid Solidification - For the solidification of radioactively contaminated liquids such as 
aqueous solutions, oils, antifreeze, etc., to fhcilitate land disposal. Mixed waste liquids can also be 
treated and solidified at the Treatment Facility 

• Vacuum Thermal Desorption (VTD) of Organic Constituents - For the thermal segregation of 
organic constituents from wastes including wastes with PCBs. Waste containing PCB liquids is 
also acceptable for VTD treatment 

• Debris Spray Washing - To remove contaminants from applicable hazardous debris 

6.3.2.1.3 EucrgySolutious JVustc P;~clmgiug 

EnergySolutions receives waste for disposal either in bulk or in non-bulk packages. The packaging used 
must be authorized for the specific material being shipped by the DOT Hazardous Materials Regulations 
(HMR). Each generator is responsible for ensuring that the packaging used meets the appropriate 
regulations. 

EnergySolutions receives various bulk packages, including gondola railcars with either hard-top lids or 
super-load wrappers, intennodals, sealands, cargo containers, roll-offs. etc. Bulk packages arc unloaded at 
EnergySolutions and then decontaminated, surveyed, and retumed. Non-bulk packages (disposal 
containers) include boxes, drums, super sacks, etc. The disposal container is generally disposed of with 
the waste contents and will not be returned to the generator. 

6.3.2.1.4 TnwsportutioJJ to EJJergySolutioJJJ 

EnergySolutions is capable of receiving both truck and rail shipments. The existing rail spur at the ETTP 
truck-to-rail fac ility is available for me for rail shipments. 

6.3.2.1S EJJergySo/uti01u DocumcJJfNfioll mu/ ClumtctcrizHfioll Rcquiremmf.f 

A waste profile record is required for disposal of wastes at EnergySolutions. The profile record provides 
information related to the following areas: 

• Generator and waste stream information - generator contact information, general overview of the 
type of waste, physical characteristics, transportation and packaging, identification of specific 
radionuclides, and the average and range of radionuclide concentrations 
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• Chemical and hazardous waste characteristics - chemical properties of waste relative to RCRA 
regulations 

• Special Nuclear Material (SNM) exemption - radiological information to evaluate waste 
containing SNM 

• PCB certification - information about the type of PCB waste included 

For waste streams requiring treatment (other than macrocncapsulation) or solidification, a preshipmcnt 
sample is required for a treatability and/or solidification study. 

6.3.2.2 NNSS 

The NNSS (formerly known as the Nevada Test Site), is located in Nyc County, NV, approximately 
65 mi northwest of Las Vegas, NV. The fhcility is licensed and permitted to receive the following waste 
types for disposal: 

• LLW 

• TRU waste 

• LLW containing PCBs 

• Pyrophoric waste that has been treated, prepared and packaged to be nonllammable 
• Radioactive sources 

• LLW containing asbestos 

• Radioactive animal carcasses (unless preserved with fonnaldehyde) 

• Bery IIi um waste 

• Classified waste 

NNSS receives waste in solid form. Wastes containing liquids or line particulates must be stabilized to 
minimize their presence to the maximum extent practicable. 

6.3.2.2.1 AWSS JJ'J1stc Acccpt;wce Criterht 

As described in the WAC for NNSS (DOE 20llb), the facility is authorized to receive LLW, mixed 
waste, or U.S. Department of Defense classified waste in solid form. Solid radioactive waste must contain 
less than I% free liquid by waste volume. Generators shipping solid waste must minimize free liquid to 
the maximum extent practicable. Liquid waste and waste containing free liquids should be processed to a 
solid form or packaged with sufficient sorbent material. Compressed gasses are not accepted for disposal 
at 1\'NSS. 

The following waste forms are prohibited from disposal at NNSS: 

• Hazardous waste regulated solely under RCRA 

• LL\V containing pathogens, infectious wastes, or other etiologic agents 

LLW containing chelating or complexing agents greater than I% (unless stabi li t.cd) 

• Waste containing un-reacted explosives 

6.3.2.2.2 JJ/;Ij'fC PackNgiJJg 

NNSS receives waste for disposal either in bulk or in non-bulk packages. The packaging used must be 
authorized for the specific material being shipped by the DOT HMR. Each generator is responsible for 
ensuring that the packaging used meets the appropriate regulations. 
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The preferred packngiug at NNSS for containers to be disposed are those that are easiest to handle and 
stack, although alternative packaging will be accepted with prior approval. Bulk packages that are 
requested to be returned to the generator nrc also accepted, as are bulk items with no packaging (i.e., large 
equipment and machinery). Bulk items with no packaging are evaluated on a case-by-case basis. 

NNSS has specific criteria for waste received in intermodals that are to be returned after emptying. 
lntermodals must use an inner liner with 18-mil thickness for debris and 12-mil thickness for soil. 
lntcrmodals may not weigh more than 44,000-lb gross weight and there must be an 18-in. clearance 
between the top of the waste and the bottom of the header brace near the door end of the container (this 
limits the waste volume within the intermodal to about 18 yd\ Only soil, gravel, concrete ntbble, scrap 
metal, and building rubble are acceptable for packaging nud delive1y in this manner. Debris items must 
not have a dimension greater than 3 ft in any direction. Soil must not contain debris or large rocks. 
Additional container design requirements, radiation dose, and radiological inventory limits also apply. 

6.3.2.2.3 Tramport11tio11 to NNSS 

NNSS is only capable of receiving truck shipments; however, a portion of the shipment can be made by 
rail to a transfer station in Kingman, AZ and then transferred to trucks for final delivery to NNSS. The 
existing rail spur at the ETTP is available for use for rail sh ipments. 

6.3.2.2.4 NNSS Documt'JJtation ;uul CIINnJctelizlltion Requirement~· 

All waste disposed of at l\INSS must be evaluated to ensure compliance with DOE Order 435.1, 
"Radioactive Waste Management". The generator is required to develop, implement, and maintain the 
following documents: 

• Quality Assurance Program Plan 

• NNSS WAC Implementation Crosswalk 

• Waste Profiles (summarize waste form, characterization data) 

• Certification Personnel- list identifying the site waste certification officials. 

NNSS may require that a split sample be collected from a waste stream based on the annual volume, the 
potential for finding hazardous components, or the scope/complexity of the sampling process for the 
waste stream. If required, samples arc collected by the generator uudcr the observation of NNSS 
personnel. 

6.3.3 Off-site Disposal Description 

figures 6-1 4 and 6-15 , respectively, show the off-site disposal activities and responsible entities for waste 
shipments to EncrgySo/urions and NNSS. Non-classified waste LLW and LLW/TSCA waste would be 
shipped by rail followed by truck transport to NNSS using a trnnsload f.1cility in Kingman, AZ. All 
classified waste LLW shipments to NNSS would be by truck transport. LLW/RCRA (mixed) waste would 
be shipped by rail for treatment and disposal at EnergySo/utions, Clive, UT. Appendix G contains the cost 
estimate and additional assumptions for the Off-site Disposal Alternative. 

The waste generator would be responsible for waste removal; waste characterization, preparation of waste 
profile and certification; waste segregation; treatment as necessary to meet disposal facility WAC, 
pnckngi11g; local waste transport; and interim storage, as required, for waste not meeting disposal facility 
WAC. 
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6.3.3.1 Characterization and treatment 

The waste generator would review all existing waste characterization information to determine 
compliance with the characterization requirements and the WAC of the designated disposal facility. 
Wastes with inadequate characterization data would be sampled and analyzed as necessary. The 'WAC 
documents for each of the off-site disposal facilities provides detailed information related to the required 
analyses for waste streams. 

6.3.3.2 Pacl<aging 

Packaging requirements for wastes originating at each generator site would be determined based on waste 
form (e.g., treated or untreated soil, debris, miscellaneous solids, personal protective equipment /trash, 
sediment/sludge), waste type (e.g., LLW, mixed waste), transp011ation mode, destination, and other 
considerations. Generators would be responsible for waste packaging. 

Intennodals are easy to load, are consistent for the projected waste streams, and , when sealed, can be 
loaded onto tmcks and transferred from trucks to railcars with case. Intcrmodals arc also commonly used 
at ORR and the disposal f.1cilities are familiar with their use. The intennodal containers would be 
dedicated to one or more DOE generator sites and would be recycled throughout the waste disposal 
process, unless used for LLWIRCRA waste being treated and disposed at EnergySo/utions or classified 
LLW waste disposal at NNSS. Intennodals used for LLW/RCRA waste treatment and disposal at 
EnergySolutions would be disposed of with the treated waste. Classified waste shipped to NNSS would 
also be disposed in non-returnable containers. 

6.3.3.3 Local transportation 

Local transportation methods would be determined at the waste generator site-specific level. There is little 
difference in local transportation costs between the On- and Off-site Disposal Alternatives because the 
average distance from the generator sites to either the on-site disposal fac ility or the truck-to-rail transfer 
facility at the ETTP would be similar. Local transportation is considered the responsibi lity of the 
generator, and costs are not evaluated in the detailed analysis. 

All waste containers would be loaded onto a truck at the generator site. The waste containers would be 
manifested and placarded appropriately before placement on the tmcks. LLW/RCRA waste would be 
transported to the truck-rail transfer facility at ETTP for rail shipments to EnergySolutions. Non-classified 
LL\V and LLW/TSCA waste would be transported to the truck-to-rail transfer facility at ETTP for rail 
shipment to Kingman, AZ and subsequent transfer to trucks for transport to NNSS. 
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6.3.3.4 Trucl<-to-rail transfer facility at ETTP 

Rail transportation of waste is assumed for all non-classified waste being shipped for off-site disposal. 
The existing tmck-to-rail waste transfer ft1cility at ETTP would facilitate the transfer and staging of waste 
containers from tmcks to railcars. No capital improvements would be required at ETTP to handle loaded 
intenuodal containers. Wastes in intermodal containers delivered by tmck from generator sites would be 
staged at an existing docking area and loaded onto ABC railcars on the rail spur next to the docking area 
using forklifts, access ramps, and overhead or mobile cranes. These railcars would be moved on this rail 
spur by a locomotive. When ready for shipment, one or more railcars would be transferred from the rail 
spur to the CSX system. 

Approximately 182,670 intermodal containers would be transported from the individual remedial sites to 
the rail transfer facility at ETTP. Each railcar would cany either six or eight intennodal containers 
resulting in 486 railcar loads to EnergySolutions in Clive, UT and 24,168 railcar loads to Kingman, AZ 
for tmck transfer to NNSS. 

It is assumed that DOE would lease dedicated railcars. Incoming intermodal containers could be staged 
directly on the cars until one or more cars could be transferred to the main line and shipped. This 
eliminates the need for constmction of additional staging facilities or payment of demurrage fees for 
holding time at ORR or the disposal facilities. 

6.3.3.5 Off-ORR transportat ion 

All LLW/RCRA (mixed) waste would be transp011ed in intermodal containers by rail and disposed at the 
EnergySolutiuns facility in Clive, UT. The assumed rail route to Energy Solutions (see Figures 6-16 and 
6-17) involves tfu·ee major railroads (CSX, Indiana Harbor Belt [IHB] Railroad, nnd Burlington Northern 
Santn Fe [BNSF] Railway) and is approximately 2,290 mi (3,686 km) long. The shipment would be 
originated by CSX railroad, the rail service provider at ETTP. From ETTP the route continues on the 
CSX mnin line north into Corbin, KY, through southern Ohio, north through Indiana, and into Illinois 
near Chicago. Here the cargo transfers to the IHB rail line for I 6 mi and then transfers to the BNSF line at 
La Grange, IL. The route continues west through Illinois and crosses into Iowa at Burlington. The route 
continues through Lincoln, NE; Denver, CO; and Grand Junction, CO before arriving in Clive, UT. Based 
on 486 railcar loads to EnergySo/utions, approximately l.l M railcar mi ( 1.8M railcar km) would be 
traveled between Oak Ridge, TN and Clive, UT. The total number of actual train loads would depend on 
the number of railcars per train. 
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For non-classified LL\V and LLW/TSCA waste, this RifFS assumes rail sllipment to a transfer facility at 
Kingman, AZ. The assumed rail route to Kingman, AZ (see Figures 6-16 and 6-17) involves tlu·ee major 
railroads (CSX, Union Pacific, and BNSF) and is approximately 2,402 mi (3,866 km) long. The shipment 
would be originated by CSX railroad, the rail service provider at ETTP. From ETTP the route continues 
on the CSX main line west through Tennessee into Memphis. In Memphis the cargo transfers to the 
Union Pacific line and continues west through Little Rock, AR, Dallas, TX, El Paso, TX, and Phoenix, 
AZ. In Phoenix the cargo transfers to the BNSF line and continues north through Flagstaff, AZ before 
arriving in Kingman, AZ. Based on 24,168 railcar loads to Kingman, AZ, approximately 58M railcar mi 
(93.5M railcar km) would be traveled between Oak Ridge, TN and Kingman, AZ. The total number of 
actual train loads would depend on the number of railcars per train. 

At Kingman, AZ, intermodals would be transferred from railcars to trucks for the trip to NNSS in Nye 
County, NV. The assumed truck route from Kingman, AZ to NNSS (see Figure 6-17) is approximately 
21 4 mi (343 km) long. Based on 110,880 truckloads, approximately 23,728,320 truck mi (38,202,595 
truck km) would be traveled between Kingman, AZ and NNSS. On the return trip, trucks would cany 
empty intennodals back to Kingman, AZ for transfer to railcars and the return trip to Oak Ridge, TN. 

A 40-day round trip is assumed for rail transportation to Clive, UT or Kingman , AZ. The lease fee would 
be paid monthly. The number of railcars leased would change as the rate of waste generation changed. 

For classified LL \V waste, truck transportation is assumed for the trip from Oak Ridge, TN to NNSS. 
There are various approved routes for shipments of classified waste. A representative route approximately 
2,056 mi (3,309 km) long was used for purposes of the Rl/FS analysis. Based on 378 truckloads, 
approximately 777,168 truck mi (1,251,240 truck km) would be traveled between Oak Ridge, TN and 
NNSS. 

From Oak Ridge, TN the intermodals would be loaded onto tmcks and the trucks routed to Nashville, TN. 
From Nashville the truck would proceed thru West Memphis, AR, and Oklahoma City, OK. After passing 
thnt Oklahoma City the truck would pass thru Vega, TX, Kingman, AZ and then arrive at Amargosa 
Valley, NV. 

6.3.3.6 Disposal 

Both the EnergySo!utions and NNSS facilities are familiar with and equipped for the unloading of 
intennodal waste containers. The intcm10dal containers would be transferred to the f.1cility's dedicated 
trucks/equipment, taken into the appropriate disposal cell, and emptied per approved procedures. The 
waste would be placed in the facility according to approved procedures. Empty containers for LLW and 
LL\V/TSCA waste shipped to NNSS would be smveyed nt the disposal facility for release and retltrn to 
ORR. It is assumed for purposes of this RI/FS that no decontanlination of the contniners would be 
required prior to their return. LL \V !RCRA waste shipped to EnergySo/utions for treatment/disposal as 
well as classified LLW shipped to NNSS for disposal would be packaged in purchased (non-returnable) 
intennodal containers. 

Table 6-2 provides the estimated volumes that would be disposed at EnergySo!utions and NNSS. There is 
currently no disposal fee chnrged to DOE sites for waste disposal at 1\TNSS, however, DOE costs for 
NNSS disposal are accounted for through applying a rate of $14.5 1 per ydJ for estimating purposes 
(1\TNSA 2008). In general, disposal fees at EnergySolutions depend on the classification of the waste 
(e.g., LL\V or mixed waste), the type of the waste (e.g. , soil, debris, etc.) and packaging. Mixed 
LL W /RCRA waste is assumed to undergo trentment to meet LDRs at Energy Solutions prior to disposal. 
Mixed waste treatment by macroencapsulaton is assumed for purposes of the RifFS. 

6-51 

) 



) 

6.3.3. 7 Management of waste exceeding off-site disposal WAC 

All waste disposed of under the Off-site Disposal Alternative would be required to satisfy the appropriate 
facility WAC. For wastes not meeting the designated facility's WAC or regulatoty requirements regarding 
transportation or land disposal, the generator would be responsible for appropriate treatment in order to 
render the waste acceptable at an off-site disposal facility 

If an off-site facility is not identified that can accept a certain waste stream even with treatment, that 
waste stream would require interim storage until treatment or disposal capacity is identified ancVor 
becomes available. 

As discussed in Sect. 2.1.3, the expected volumes of waste exceeding WAC or shipped off-site for other 
project-specific factors are small and are comparable for both the On- and Off-site Disposal Alternatives. 

6.3.3.8 Process modifications 

Process modifications could be used to maximize effectiveness and efficiency of off-site disposal. Process 
modifications that may be considered include disposal at a WCS facility in Texas, transportation by 
gondola, volume reduction prior to off-site shipment for disposal, and transportation by truck. If deemed 
beneficial and feasible, these process modifications could be incorporated into the Off-site Disposal 
Altemative. 

6.3.3.9.1 DiJpos/11111 JJICS 

\VCS is a waste processing and disposal company that operates a permitted I ,338-acre treatment, storage 
and disposal facility near Andrews, TX. WCS offers management of radioactive waste, hazardous waste, 
and mixed waste. Evaluation of WCS disposal alternatives utilizing a disposal fee that is comparable to 
EnergySolutions indicates highway transportation by tmck could be a lower cost option than rail transport 
to NNSS. This assumes that the Federal disposal site at WCS is opened and bulk transport of debris and 
soil is allowed with non-containerized disposal. Non-containerized disposal at WCS is currently not 
allowed and will require approval of a license amendment. 

WCS capabilities include: 

• 
• 
• 

Treatment 

Storage 

Repack ing/conso I idat ion 

• 
• 

Decontamination and free release of materials 

Disposal 

WCS can accept mixed Class A, B, and C LLW and has a separate Federal Waste Disposal (FWD) 
facility with a current capacity of 964,000 yd·1• Operation of the FWD facility is expected to begin in 
2012. 

WCS is licensed and permitted to perform treatment of mixed waste and RCRA/TSCA materials, 
including the following treatment technologies: 

• Chemical oxidation, reduction, neutralization, and deactivation 

• Macro- and micro- encapsulation 

• Stabilization and solidification 

• Treatment of water-reactive materials 

6-52 



Within the FWD, waste may be delivered in containerized or bulk form. Only bulk soil and containerized 
waste is acceptable in the F\VD at the present time. License amendments are in progress to gain approval 
for acceptance of non-containerized bulk debris. Containerized waste materials such as debris must fit 
into a concrete canister known as the Modular Concrete Canister (MCC). Cylindrical MCCs are 6 fi, 8 in. 
diameter with a height of 9 ft, 2 in. Typically 14, 55-gal dnnns fit in a cylindrical MCC. Rectangular 
MCCs are 9 ft, 6 in. long x 7 ft, 8 in. wide x 9 ft, 2 in. tall. Typically four B-25 boxes fit in a rectangular 
MCC. There are other limitations on Federal waste at the present time, but license amendments are in 
progress to allow additional waste types and compositions. General requirements for containerized waste 
include the following: 

• Class A, B, or C. 

• Depleted Uranium (DU) - Containerized waste streams containing DU in concentrations < I 0,000 
pCi/gram are authorized. 

• License Amendment currently under review with the Texas Commission on Enviromnental 
Quality' to allow acceptance of any depleted uranium, except for uranium hexafluoride. 

• Free liquids - must pass Paint Filter Liquids Test, S\V-846, Method 9095; no visible free liquids 
arc allowed in bulk waste shipments; containerized waste packages must have < I% fi·ee liquids. 

• Mixed LL W is acceptable. 
- F020, F021, F022, F023, F026 and F027 (Dioxins & Furans) prohibited. 

LOR notification requiTed. 

• TSCA regulated waste at FWF. 
Containerized LL Wand mixed LL \V containing asbestos. 
Request for TSCA authorization to accept PCBs submillcd to EPA. 

• Non-containerized bulk waste (soil only) . 
Class A only. 

Less than I 00 mR per hour at 30 em. 
- Contains isotopes with half-lives less than 35 years. 

Transportation by highway only. 
DU and TRU isotopes not allowed. 

Soil must be <1% debris per container. 

• Bulk Debris (Debris & Rubble) for In-Cell Constmcted Enclosure (when license amendment is 
approved). 

Class A only. 

Meets RCRA definition of debris and also includes monoliths (concrete-like forms generated 
by stabilization of waste). 

- Dose rate of waste < I 00 mR per hour at 30 em. 
Each container >50% debris. 
Average organic content <5% for the entire waste. 

The f.1cility is accessible by rail or highway and has on-site rail and truck off-loading capabilities. The 
distance from the ORO to Andrews, TX is approximately 1,177 miles compared to about I ,862 for 
EnergySolutivns and about 2,085 to NNSS. Consequently, transportation costs are expected to be lower 
for \VCS. Disposal fcc information is not yet available for the \VCS Federal waste shipments. If disposal 
rates are comparable to EnergySolutiom, WCS overall off-site disposal costs would be competitive with 
other off-site f.1cilities. 
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6.3.3.8.2 Tr;wsport;ltiou by goJI(/o/;t 

Currently not feasible, but possible with infrastructure upgrades, the lowest cost form of transportation of 
CERCLA waste to off-site disposal facilities is likely to be by rail using gondola carriers. Standard 
gondolas have a volume capacity of about I 00 yd3 and supergondolas have a volume capacity of about 
230 yd3

. This form of transportation would require constmction of a trans load station at the ETTP capable 
of loading gondolas from dump tmcks. NNSS is not accessible by rail and transload stations near NNSS 
are not equipped for unloading loose debris or soil from gondolas to highway transport containers. WCS 
can also receive waste by rail, but currently does not have the capability to unload gondolas. Only 
EnergySo!utions at present has the capability to receive and unload gondolas for placement of the waste. 
The volume of waste per gondola may be limited by the bulk density of the waste material as the weight 
capacity for botl1 is about llO tons. 

6.3.3.8.3 Volume reduction pdor to of'l:sifL• tli.fp05';J/ 

VR of demolition materials through the use of size reduction equipment would substantially increase bulk 
density of the waste and reduce the number of off-site shipments. The cost effectiveness of size reduction 
would depend upon the type of material, quantity of material, and contamination levels, as well as the 
ability to deploy VR equipment on a progranunatic basis. 

As-generated materials that have a relatively high bulk density such as concrete and masonry may not be 
cost effective to cmsh further because the truckload quantity would be limited by weight rather than 
volume. However, larger quantities of low-density materials could be shipped per truckload by 
size-reducing, increasing the bulk density, and increasing the quantity and weight shipped per truckload. 

Heavy duty shredders, cmshers, and shears are available and can be mobilized to the demolition site for 
VR processing of demolition debris of all kinds. For vety heavy equipment and structmal steel, shearing 
machines such as a supercompactor could be deployed although large machines such as this are 
stationary. Mobile shears nrc available, but typically not as effective for heavy steel. 

If contamination levels are low enough to justify open-air processing, VR could be performed without the 
need of costly airborne containment systems. The cost of VR increases significantly when enclosure 
facilities, ventilation systems, administrative controls, and PPE are necessaty for radiation safety. 

VR machinery is expensive to own and to operate, therefore, cost effectiveness is increased when larger 
volumes of materials are available for processing. VR machines, therefore, are more Likely to be deployed 
for larger buildings that have a significant fraction of light voluminous debris or large equipment with a 
high void fraction to process. For smaller buildings, VR efforts would be limited to what can be 
performed using excavator supplementmy tools such as shears and crushers. 

Appendix B describes a plan that would limit the deployment of VR equipment to large demolition 
projects located at ORNL, ETTP, and Y - 12. Deployment of this equipment is estimated to cost about 
$38M to allow VR processing for about 936,736 yd3 of material. This assumes that VR is deployed on a 
programmatic basis such that the same machines or facilities are used for multiple demolition projects. 
Uncertainty fhctors such as funding, project sequencing, and contracting could impact the ability to 
implement this approach. 

Materials that would benefit the most from VR include those with lower bulk densities that would allow 
transportation and disposal of additional mass per tmck or railcar. These materials include equipment 
with large void fraction, large diameter ductwork and pipe, structmal steel, light framing, siding, small 
tanks, asphalt shingles and other roofing materials, containers, furniture, trash, and wood. Decreasing the 
void fraction of these materials could reduce the number of shipments required for a given mass by a 
large margin. The avoided shipping volume would be expected to be more than 318,439 yd3 which is 
equivalent to an avoided cost of $252M in 2012 dollars. The unit cost for off-site disposal decreases from 
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$909.50 to $640.84 per yd3 when VR process ing is deployed on a programmatic basis. See Appendix B 
for additional infom1ation about the feasibility and cost effectiveness of deploying VR equipment for 
ofT-site disposal. 

6.3.3.8.4 Tnmspor/Nfiou by Truck 

Preliminary cost analysis indicates that cost savings by using rail shipment versus tntck shipment would 
be approximately II %. However, truck transportation to NNSS and/or EncrgySolutions may be more 
favorable than rail in some cases (e.g. , small projects where there is not enough material to justify rai l 
shipments). Off-site waste shipment by truck provides a more direct mode of transport and more 
flexibility than rail and can be more economical depending on the project. 
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7. DETAILED ANALYSIS OF ALTERNATIVES 

This chapter provides detailed analysis of the No Action Alternative and the On- and Off-site Disposal 
Alternatives described in Chapter 6. Relevant information is presented and assessed to provide the basis 
for identifying the preferred alternative in the proposed plan and the selected remedy in the ROD. 

The detailed analysis consists of individual and comparative analyses. Building on the technology 
screening, alternative development, and detailed alternative descriptions, the individual analysis provides 
an in-depth evaluation of each alternative against the CERCLA threshold and primary balancing criteria 
identified in the National Oil and Hazardous Substances Pollution Contingency Plan ( 40 CFR 300.430). 
Following the individual analysis, the comparative analysis highlights the key advantages, disadvantages, 
and tradeoffs among the alternatives. NEPA values are incorporated into both the individual and 
comparative phases of the alternative analysis. 

The CERCLA modifying criteria (state agency requirements and community acceptance) are not 
addressed in the detailed analysis because these criteria rely on stakeholder participation and feedback to 
the proposed plan. The proposed plan, which documents the evaluation of remedial alternatives and 
presents the preferred alternative, will be issued for public review and comment subsequent to regulatory 
agency concurrence. Public comments on the proposed plan and any other components of the 
Administrative Record will be addressed in the ROD. 

7.1 EVALUATION CRITERIA 

CERCLA defines an approach that must be used to evaluate and compare the alternatives. This approach 
involves nine evaluation criteria to facilitate a comparison of the relative performance of the alternatives 
and provide a way to identify their advantages and disadvantages. The nine criteria are divided into tlu·ee 
categories- threshold criteria, balancing criteria, and modifying criteria. 

Threshold Criteria: The two Threshold Criteria are minimum requirements that each alternative must 
meet in order to be eligible for selection in the ROD. 

• Overall protection of human health and the environment 

• Compliance with ARARs 

Primary Balancing Criteria: The five Primary Balancing Criteria represent the primary technical, cost, 
institutional, and risk f.1ctors that form the basis of the evaluation nnd verify thnt the nlternative is 
realistic. 

• Long-term effectiveness and permnnence 

• Shoti-term effectiveness 

• Reduction of contaminant toxicity, mobility, nne! volume tlu·ough trentment 

• Implementability 

• Cost 

The nbility of alternntives to meet these criteria is evnluated in sufficient detnil to enable decision makers 
to understand the significant aspects of each alternative nne! any uncertainties nssociated with the 
evaluation. 
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Modifying Criteria: The viability of the preferred alternative is evaluated on the basis of two modi !)ring 
criteria: 

• State acceptance 

• Community acceptance. 

Alternatives are not evaluated against the modifying criteria in this RifFS . Modifying criteria will be 
addressed in the ROD based on stakeholder participation and feedback on the preferred alternative 
identified in the proposed plan. 

In addition to these evaluation criteria prescribed under CERCLA, DOE policy directs that the substantive 
elements of analysis required under NEPA should be incorporated, to the extent practicable, into 
CERCLA decision documents (DOE 1994 and DOE 2010b). Elements common to both CERCLA and 
NEPA include protectiveness, long-term effectiveness and permanence, short-term effectiveness, and 
cost. Additional NEPA values are addressed for each alternative as described in Sect. 7 .1.1 0. 

7.1.1 Ovcn-111 Protection of Human Health and the Environment 

This evaluation criterion assesses each alteruative's ability to achieve and maintain adequate protection of 
human health and the environment in accordance with RAOs. All alternatives except the No Action 
Alternative must satisfy this criterion. 

The scope of this criterion is broad and reflects other evaluation criteria, especially long-term 
effectiveness and permanence and short-term effectiveness. This criterion addresses how site risks 
associated with each pathway would be eliminated, reduced, or mitigated through treatment, engineering 
controls, or institutional controls. It also evaluates impacts to the site resulting from implementation of the 
remedial action. 

7.1.2 Compliance with ARARs and To Be Considered Guidance 

Appendix E presents a listing of ARARs and to be considered (TBC) guidance for the actions that would 
be taken to implement the On-site and Off-site Disposal Alternatives. This criterion addresses compliance 
with federal and state enviromnental requirements and facility siting requirements that are either legally 
applicable or relevant and appropriate. fn certain cases, reh'l.tlatory standards may not exist that address 
the proposed action or the contaminants of potential concern. In such cases, non-promulgated advisories, 
criteria, or guidance developed by the EPA, other federal agencies, or states can be designated as potential 
requirements TBC. Other requirements that do not fall within EPA-established criteria for ARARs 
include DOE Orders that pertain only to DOE facilities. Substantive requirements of DOE Orders serve as 
TBC requirements that, when specifically incorporated in a CERCLA ROD, become enforceable. 

7.1.3 Long-term Effel·tiveness and Pennanencc 

The long-term effectiveness and permanence criterion considers the degree to which the altemativc 
provides sufficient engineering, operational, and institutional controls; the reliability of these controls to 
maintain exposures to human and environmental receptors within protective levels; and the uncertainties 
associated with the alternative over the long-term. Long-term environmental impacts evaluated include 
transportation impacts, air quality, wetland and aquatic resources, surface water resources, and 
groundwater resources. 

7.1.4 Short-term Effectiveness 

Short-term effectiveness provides a means of evaluating the effects on human health aud the environment 
at the site posed by the constmction and implementation of the altemative. Potential impacts arc 
examined, as well as appropriate mitigation measures for maintaining protectiveness for the community, 
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workers, environmental receptors, and potentially sensitive resources. Short-term environmental impacts 
evaluated include transportation impacts, air quality, wetland and aquatic resources, surface water 
resources, groundwater resources, threatened and endangered species, historical and cultural resources, 
noise, visual impacts, and duration of the alternative. 

7.1 .5 Reduction of Toxicity, Mobility, or Volume by Treatment 

This criterion considers the extent to which alternatives can effectively and permanently fix, transform, or 
reduce the volume of waste materials and contaminated media. The evaluation also considers the amount 
of material treated; the magnitude, significance, and irreversibility of the given reduction; and the nature 
and quantity of treatment residuals. 

7.1.6 lmplementability 

lmplementability refers to the technical and administrative feasibility of implementing the altemativc. 
Administrative feasibility addresses the need for coordination with other offices and agencies, including 
the ability to obtain pennits and regulatory agency approvals. Technical feasibility considers difficulties 
and uncertainties associated with constmction and operation of a given technology; the reliability of the 
technology; the case of undertaking additional future remedial actions; the ability to monitor effectiveness 
of remedial action; and the potential risk of exposure from an undetected release. Evaluation of the 
availability of services and materials includes consideration of the availability of necessary facilities, 
equipment, technologies, and specialists, and the effect of reasonable deviations on implementability. 

7.1.7 Costs 

Cost estimates developed to support the detailed analysis arc based on feasibility-level scoping and arc 
intended to aid in comparisons between alternatives. EPA guidance states that these estimates should have 
an accuracy of +50% to -30% (EPA 2000). The cost estimates for this Rl/FS arc based on the conceptual 
design and assumptions provided in the detai led alternative descriptions in Chapter 6 and Appendix G. 
No direct costs are associated with the No Action Alternative. The cumulative disposal costs from 
cleanup of individual sites under the No Action Alternative cannot be accurately estimated because they 
depend on independent actions at individual sites. Therefore, these costs arc addressed qualitatively. For 
the On-and Off-site Disposal Alternatives, the following costs are addressed: 

• Capital costs (direct and indirect) 

• Operations costs, including long-term monitoring and maintenance costs 

Capi tal costs are those expendjtures required to initiate and perform a remedial action, mainly design and 
construction costs. Capital costs consist of direct and indirect costs. Direct costs include design and 
constntction (e.g., material, labor, and equipment), service equipment, buildings, and utilities. Indirect 
costs are mark-ups for fixed-price construction to cover expenses incurred by the subcontractor as 
described in Appendix G. 

Operations costs include (I) long-distance transportation costs and fees paid to off-site disposal facilities 
and (2) waste handling and placement, facility maintenance, and monitoring during On-site Disposal 
Operations, as well as (3) costs for long-term monitoring and maintenance activities that would occur 
after closure of the on-site disposal facility. S&M costs for off-site disposal are assumed to be included in 
the disposal fees paid to the off-site facilities. 

Present worth costs for the alternatives were calculated based on EPA guidance (EPA 2000) using a real 
discount rate of 2.0% according to the Office of Management and Budget (OMB) Circular No. A-94 
(OMB 20 12). The present worth costs are based on discounting costs given in 2012 dollars over the 
period of activity as determined by the project schedule. 
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7 .1.8 State acceptance 

State ncceptnnce of nlternntives will be evnlunted in the proposed plnn issued for public comment. 
Feedback received on the preferred nlternntive identified in the proposed plnn will be documented in the 
ROD. Therefore, this criterion is not considered in this RI/FS. 

7.1.9 Conununity acceptance 

Community acceptance of nlternatives will be evaluated in the proposed plan issued for public comment. 
Feedback received on the preferred alternative identi lied in the proposed plan will be documented in the 
ROD. Therefore, thi s criterion is not considered in this Rl/FS. 

7.1 .10 NEPA Considerations 

DOE policy (DOE 1994 and DOE 20 IOc) directs that CERCLA documents will incorporate NEPA 
values, such as analysis of cumulntive, ecologicnl, and socioeconomic impacts, to the extent practicnble. 
This process provides decision makers with a wider range of enviromnental and socioeconomic concerns 
than those specifically addressed under CERCLA. While this RI/FS iJ1corporates NEPA values 
throughout, the evaluation of alternatives that follows highlights values that are not speci fically included 
in the CERCLA criteria: socioeconomic impacts, land use, envirorunental justice, irreversible/ 
irretrievable conunitmcnt of resources, nnd cumulative impacts. 

7.2 INDIVIDUAL ANALYSIS OF ALTERNATIVES 

7.2.1 No Action Altemative Analysis 

Evaluation of the No Action Alternative is required under CERCLA and NEPA to provide a basis for 
comparison with action alternatives. The No Action Alternative for this RI/FS assumes that no 
comprehensive strategy to address the disposal of wnste resulting from any future CERCLA remedial 
actions at ORR would be identified or implemented. Under the No Action Alternntive each CERCLA 
remedial action would be required to individually address the disposition of waste generated. Uncertainty 
about these future actions prevents specific identification of the impacts of no action. Efficiencies of 
consolidation and economics of sca le would not be realized under the No Action Alternative. 

7 .2.1 .1 Overall Protection of Human Health and the Environment (No Action) 

Overall protection of human health nnd the environment would depend on the actions ultimately taken at 
individunl sites. Risk reduction would have to be addressed by CERCLA decisions at the individunl si tes 
without the benefit of a comprehensive disposal strategy. The effectiveness of these controls at multiple 
sites would depend on local site condition s, the effectiveness of engineered controls enhancing local 
conditions, continued maintenance and monitoring, nnd security measures. Land use restrictions would be 
required at any sites where waste would be len in place, whether the waste was trented, eontnined, or 
disposed of in situ. The fnilure of these measures would increase human and ecologicnl risks. 

7.2.1.2 ComJlliancc with ARARs (No Action) 

Compliance with ARARs applies only to actions taken under CERCLA authority. No ARARs apply to 
the No Action Alternative which assumes no comprehensive disposal strategy for future waste generated 
by CERCLA actions. ARARs for remedial actions at individual sites that wi ll generate future wnste 
would be specified by separate CERCLA documents. 

Under the No Action Alternative there could be a future increase in the amount of stored waste because of 
a lnck of readily available disposal cnpacity. Extended or indefinite waste storage could result in DOE 
being out of compliance with rcgulat01y requirements and agreements. 
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7.2.1.3 Long-term Effectiveness and Permanence (No Action) 

There would be uo direct long-term adverse environmental effects under the No Action Alternative 
because no construction or operations activities would take place to implement a comprehensive waste 
disposal strategy. Long-term effectiveness and permanence would be determined in CERCLA actions at 
individual sites. While individual actions at ORR could result in independent disposal capabilities that 
adequately prevent releases or exposure, the extent to which RAOs could be met would vmy among sites. 
This alternative may not support timely cleanup or release of portions of ORR for beneficial use. 

7.2.1.4 Short-term Effectiveness (No Action) 

Similar to long-term effectiveness, there would be no direct short-term adverse environmental effects 
under the No Action Alternative because no activities to implement ORR-wide waste disposal would take 
place. Short-term effectiveness would be determined in CERCLA actions at individual sites. 

7.2.1.5 Reduction of Contaminant Toxicity, Mobility, and Volume by Treatment (No Action) 

Reductions of toxicity, mobility, or volume would be determined in CERCLA actions at individual sites. 
If the lack of a coordinated disposal program under the No Action Alternative were to cause more waste 
to be managed in place, limitations on treatment activities could result in a lower overall degree of 
reduction in toxicity, mobility, and volume of contaminated media. 

7.2.1.6 lmplementability (No Action) 

No implementation would be required for this alternative. Activities associated with a comprehensive 
strategy for either on-site or off-site disposal of waste across pr~jects would not be implemented. 

7.2.1.7 Cost (No Action) 

There would be no cost directly associated with implementing the No Action Alternative; however, 
analysis and implementation of disposal options on a site-by-site basis could result in high cumulative 
cost over time because of the lack of economies of scale and the need to procure disposal services on a 
project basis. Conversely, if the lack of a comprehensive disposal program resulted in most of the waste 
being managed in place, remediation costs at the individual sites and overall disposal costs could be 
lower. 

7.2.1.8 NEPA Considerations (No Action) 

There would be no direct NEPA considerations under the No Action Alternative because no construction 
or operations activities would take place to implement a comprehensive waste disposal strategy. NEPA 
considerations would be determined in CERCLA actions at individual si tes without the benefit of a 
coordinated disposal capacity. This could indirectly result in more wastes being managed in place, limited 
reuse of some land, and greater residual risk. 

7.2.2 On-site Disposal Alternative Analysis 

The On-site Disposal Alternative proposes consolidated disposal of most futltre-generated CERCLA 
waste exceeding the capacity of the existing EMWMF in a newly-constmcted, partially below-grade, 
engineered waste disposal facility (i.e., landfill) on ORR, referred to herein as the EMDF. Wastes not 
meeting the EMDF WAC would be transported to off-site disposal facilities or placed in interim storage 
until treatment or disposal capacity becomes available. Sect. 6.2 gives a detailed description of this 
alternative. The On-site Disposal Alternative evaluates a proposed EMDF site in EBCV adjacent to the 
existing EMWMF. 
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7.2.2.1 Overall Protection of Human Health and the Environment (On-site) 

The On-site Disposal Alternative would meet risk-based RAOs and protect human health and the 
environment by consolidating most future generated CERCLA waste exceeding the capacity of the 
existing EMWMF fi·om the cleanup of ORR and associated sites into an engineered waste disposal 
facility, isolating the wastes from the environment. Additional protection would be provided indirectly by 
treatment of waste to meet the EMDF WAC. Placement of wastes into the EMDF would result in an 
overall net reduction of risks associated with environmental contamination at ORR and associated sites. 

A new on-site waste disposal facility would be designed to control releases to groundwater, soils surface 
water, and air, and to prevent inadvertent intrusion into the waste. The facility would be designed such 
that components would be operational and effective throughout operations and the postclosure periods, 
and contaimnent would remain effective for 1,000 years to the extent practicable. Protection following 
closure also would be maintained by active instil1ltional and engineering controls (including physical 
restrictions, groundwater use restrictions, monitoring, and maintenance) and permanent restrictions on 
land use (e.g., deed restrictions). 

Monitoring of potential migration pathways would allow evaluation of the effectiveness of waste 
containment and would provide advance warning of any releases so that appropriate mitigative measures 
could be taken. If the presence of on-site disposal capacity encouraged removal of waste from individual 
CERCLA sites, enviromnental benefits could result at those sites depending on eventual land use. 
Environmental impacts at the EMDF site would result from clearing, gradiug, construction, and 
operations conducted witl1in the area designated as an Oak Ridge Environmental Research Park 
(ORERP). The ORERP is on 20,000 acres and encompasses the majority of the ORR (see Sect. 1.2. I of 
Appendix C). Approximately half of the proposed EMDF site is located within the ORERP. Flora and 
fauna would be impacted by the permanent commitment of land to the disposal facility. 

Certain waste streams may not meet the WAC for either the On-site EMDF or existing off-site disposal 
facilities . This waste, expected to be a relatively small volume, would be stored at compliant facilities 
with sufficient engineering controls and oversight to minimize the potential for exposure or release. 

Human-health and environmental risks from transport of waste, disposal activities, and storage would be 
maintained ALARA through compliance with ARARs, DOE Orders, and health and safety plans. Risk 
would be minimized through selection of appropriate transport routes, compliance with DOT 
requirements, and adherence to project-specific transportation safety, spill prevention, and cleanup plans. 
These activities would minimize the likelihood of an accident as well as the severity of a release should 
an accident occur, maintaining exposures ALARA. See Sect. 7.2.2.4 for a discussion of transportation risk 
for the On-site Disposal Alternative. 

7.2.2.2 Compliance with ARARs (On-site) 

The On-site Disposal Alternative would comply with chemical-, location-, and action-specific ARARs 
and pertinent TBC guidance, including DOE Orders, with the exception of two hydrologic conditions 
ARARs for which a waiver would be requested (see Sect. 7.2.2.2 .3 below and Sect. 3 in Appendix E). 
Waste treatment is not included as part of this alternative. Waste generators at remediation sites would be 
responsible for treating wastes, if required, to ensure that wastes meet on-site EMDF WAC. 

7.2.2.2.1 Clwnicni-Jpedlic ARARs 

Chemical-specilic ARARs and TBC guidauce provide health- or risk-based concentration or discharge 
limitations in various environmental media (i.e., surface water, groundwater, soil, aud air) for specilic 
hazardous substances, pollutants, or contaminants. Because no specific sites or media would be remediatcd 
under this action, no chemical-specilic ARARs for contaminant cleanup levels would apply. Chemical
specific ARARs and TBC !:,'l.tidance that address radiation protection would apply to this altemative. 
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Radiation protection standards that limit exposure of the public and limit the release of radionuclides into 
the environment are presented in Appendix E. The EMDF would meet these standards tlu·ough control 
measures detailed in Sect. 6.2. 

7.2.2.2.2 Lociltion-spcdlic ARARs 

Location-specific ARARs and TBC guidnnce estnblish restnct1ons on permissible concentrntions of 
hazardous substances or requirements for how activities will be conducted to minimize damage to special 
or sensitive locations (e.g. , wetlands, floodplains, criticnl habitnts, historic districts, streams). TDEC 
substnntive requirements for Aquatic Resource Alterntion Permits would be triggered by construction of n 
road crossing n streambed, wetlnnds or stream alterntion, or dredging. Construction of the EMDF would 
require modification of NT-3 (i.e., constmction over n portion of NT-3 and rerouting n portion of the 
strenm), site improvements, nnd potential construction of new bridges or culverts thnt would impact 
existing wetlands. Actual design considerations would determine whether and to what extent aquatic 
impacts would occur. In addition, I 0 CFR I 022 requires thnt the effects of any actions taken in wetlands 
or a noodplnin be considered and avoided wherever possible. If the On-site Disposnl Altemntive is chosen 
as the preferred nlternative for CERCLA waste disposal, wetlands and stream assessments would be 
completed as necessmy and results would be incorporated into plnnning nnd implementation, including 
mitigntion of adverse impacts. There nrc currently no identified federal- or state-listed species in the 
proposed ErviDF site area. Should any of these species be identified in the aren, consideration of the 
requirements of endangered, threntened, or rare species ARARs would be triggered before initiation of the 
action . 

7.2.2.2.J Action-.fpecific ARAR.f 

Action-specific ARARs for on-si te disposal address construction, operntion, closure, and post-closure 
care of the EMDF. The On-site Disposnl Alternntive, as described in this Rl/FS, invokes CERCLA 
provisions for exemption from permitting requi rements, although DOE could choose to permit the 
facility. The variety of wastes disposed of onsite under this altemntive wou ld trigger requirements for 
RCRA-hazardous waste, rndiological wnste, and TSCA waste. No set of regulations is specifically 
tnilored to the combinntion of waste forms, types, and constin1ents anticipated in these wastes. Action
specific ARARs include siting criteria and design components for a disposal facility appropriate to the 
EMDF, based on the overriding priori ty to dispose of wnstes in a manner protective of human health nnd 
the environment over both the long- and short-te1m. These ARARs include substnntive requirements 
drawn from RCRA, TSCA, TDEC, and Nuclear Regulntmy Commission (NRC) regulations. 

Facility design would also incorpornte TSCA requirements for a chemical landfill to accommodate wastes 
containing polychlorinntcd biphenyls at concentrations :=: 50 ppm. Most TSCA requirements parallel those 
of RCRA. However, TSCA has a hydrogeologic requirement that the bottom of the lnndfill liner system 
be located 50 ft above the historical high water table (40 CFR 761.75(B][3]) for which a waiver would be 
requested. Implementation of more stringent RCRA requirements would meet or exceed the 
protectiveness of the TSCA requirement. 

A waiver would also be requested from the TDEC requirement that restricts building a LLW disposnl unit 
over any point where groundwater dischnrges to the ground surf.1ce (TDEC 1200-2- 11-. 17[ I ][h]). The 
concept1wl design includes an extensive underdrnin system, shallow upgrndient French drnin, and 
upgrndicnt geomembrnne-lined diversion ditch, and n lnudfi ll liner composed of multiple impermeable 
layers, which are designed to mitigate the hydrologic conditions at the site. 

\.Vaivers from the TSCA and TDEC hydrologic conditions requirements would be requested on the basis 
of demonstrated equivalent or superior protectiveness of the design. The EPA Region IV administrntor 
and other representatives of the FF A parties would be consulted with respect to these requests. 
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Other action-specific ARARs address management of stormwater runoff, fugitive dust emissions, 
wastewater treatment facility operation and discharge, waste management, facility closure, and 
postclosure maintenance and monitoring. These requirements would all be met. Appendix E contains a 
more detailed discussion of ARARs for this alternative. 

7.2.2.3 Long-term Effectiveness and Pennanencc (On-site) 

For the On-site Disposal Alternative, the long-term period is considered to begin when all candidate waste 
has been disposed of or stored and the EMDF has been closed. Final capping and closure activities for 
this altemative are projected to be complete in FY 2046. Under this alternative, access to the EMDF 
would continue to be restricted. This evaluation does not address CERCLA remedial activities, waste or 
residuals that would be left in place at remediation sites, noucandidate waste streams, or any treatment 
residuals from on-ORR processing of waste to meet WAC. 

Under this altemative, most future CERCLA waste, treated as appropriate, would be placed in an on-site 
engineered waste disposal facility designed to isolate waste from the environment and significantly 
reduce the possibility of intmsion or the migration of contaminants away from the facility, representing an 
overall collective decrease in residual risk. By design, meeting the facility WAC would ensure that the 
total ELCR from the EMDF would be less than I x 1 o·5 and the total noncarcinogenic risk ill value would 
be less than one to a hypothetical future resident receptor living adjacent to the facility (see Appendix F) 
for a I ,000 year compliance period. Waste not meeting the EMDF WAC would be either shipped to off
site disposal facilities or stored by the generator pending availability of treatment or disposal options. The 
magnitude of residual risk for off-site disposal facilities is further addressed in Sect. 7.2.3.3. 

The On-site Disposal Alternative uses proven technologies to protect human health and the environment 
and meet risk-based RAOs. Reliance on proven technologies reduces uncertainty associated with this 
altemative. The on-site disposal facility and support facilities under this alternative incorporate tlu·ee 
types of controls to ensure protectiveness: engineered controls, S&M, and institutional controls. 

Engineered controls would be built into the EMDF and support facilities to prevent exposure to 
contaminants and to prevent, detect, and mitigate contaminant releases. The geomembrane liners of the 
landfill liner system would control releases of leachate to groundwater for their design life, which is at 
least 200 years. The leachate collection and removal system above the primary liner and the leak 
detection and removal system below the primary liner would be effective for the period of active 
instit11tional controls. The secondary liner and geologic buffer would provide control of leachate release; 
these controls would last at least for their design live and probably for several thousand years. The 
long-term rate of leachate release is controlled by the infiltration rate of the robust final cover system. The 
landfill final cover system would prevent airbome releases and direct contact with or exposure to the 
waste. The thickness of the final cover system (approximately 13 ft) and the presence of the biointrusion 
layer would discourage inadvertent penetration by humans and would prevent or minimize damage from 
burrowing animals and tree roots for hundreds of years. The landfill, including the liner system, leachate 
collection/detection and removal systems, clean-fill dikes, waste, and final cover system would be 
designed to remain stable under expected environmental conditions, including possible erosion and 
earthquakes, for the foreseeable future. Because sinkhole development presents challenges to long-term 
landfill integrity, site-selection criteria preclude constmction of the EMDF over a rock unit susceptible to 
extensive karst development and collapse. Aside from intentional human dishtrbance or major global 
climate changes, no other credible scenarios for exposing human or ecological receptors to the waste have 
been identified. 

Institutional controls would prevent access to the El'viDF and usc of local groundwnter. Active 
institutional controls would continue for an indefinite period aud land use (e.g., deed) restrictions would 
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be permanent. S&M of the facilities and monitoring to determine the effectiveness of the primary controls 
would continue for the period of active institutional controls. 

Long-term environmental effects are those impacts that may occur following closure of the EMDF. 
Cleared land over the EMDF would represent a long-term loss of forest habitat. The spoils area would be 
planted with native vegetation after closure and, if not needed for other purposes, would be allowed to 
revert to forest. The support facility areas could be revegetated or allowed to revert to natural cover. 
Wildlife species displaced by the construction and operation activities would, to some degree, begin to 
reoccupy these areas again following closure. The species mix may be different than originally present. 
Birds and small mammals in the surrounding area may re-colonize and forage in the disturbed area as the 
vegetative cover develops. Large mammals would continue to be excluded from the area by the access 
control fence. Because active institutional controls would continue indefinitely, trees would be prevented 
from growing on the EMDF cap, but would probably be allowed to grow between the fence line and the 
EMDF, providing a small area of relatively isolated forest habitat. Should institutional controls lapse, the 
landfill area would eventually progress toward an upland forest and animals would reoccupy this small 
area. The biointrusion layer would discourage growth of deep-rooted trees, but would not prevent their 
establishment over the long-term. Plant uptake of contaminants could become an exposure pathway if 
roots penetrate the cap, but these contaminants would be unlikely to impact biotic resources. The cap 
integrity could be degraded by uprooting of trees, possibly exposing waste that might impact fauna 
through contaminant release. 

Other long-term environmental effects for the On-site Disposal Alternative are addressed in the 
paragraphs that follow. 

Transportation Impacts: The increased traffic from construction, operation, and closure of the EMDF 
would cease after closure. Long-term environmental effects associated with transportation required to 
maintain institutional controls and monitoring would be negligible. 

Air Quality Impacts: Air emissions from constntction, operation, and closure of the EMDF would cease 
upon completion of the final cap. No long-term impacts to air quality would be expected. 

Wetland and Aquatic Resource Impacts: Impacts to aquatic resources in the vicinity of the disturbed 
area at the EMDF candidate site, primarily the upper reaches of NT-3 and at least one draw/ravine that 
flows into NT-2, would be permanent and irreversible because the landfill would be constntcted over 
them. Neither of these areas of water flow nor the wetlands along them are known to harbor tlu·eatened or 
endangered species. Impacts to the lower reaches of NT-2 and NT-3 and Bear Creek would significantly 
decrease following closure of the EMDF, and long-term effects are not expected to be signjflcant. 
Sediment detention basins would be removed and site restoration could include wetland or aquatic 
resource mitigation through restoration or replacement. Surface water would be routed around the waste 
cell and the impervious cap and vegetative cover would be maintained indefinitely, slightly increasing the 
volume of runoff water from the inm1ediate area but preventing sediment loading of adjacent streams. 
Should institutional controls lapse, erosion of the landfill would likely be minimal because of the 
relatively gentle slopes (4 : I side slope and 5% top slope), the riprap erosion protection on the sides, and 
the vegetative cover on the top. Aquatic resources near the site could be impacted by future contaminant 
releases from the EMDF to surface water, should such releases occur. 

Surface Water Resource Impacts: The on-site EMDF would be designed, constntcted, and maintained 
to prevent releases that could adversely affect surface water quality. The landfill is designed to resist 
erosion with minimal maintenance, and only extensive erosion would breach contaimnent. The area is 
geomorphically stable, and extensive erosion so severe that it would breach the containment systems is 
unlikely. Contaminant releases to groundwater from leachate migrating from the EMDF in the long-term 
could also eventually impact surface water quality (sec Appendix F for modeling results). 
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Groundwater Resource Impacts: Design, construction, and maintenance of the EfvlDF would prevent or 
minimize contaminant releases to groundwater. These control elements include a multilayer cap to 
minimize infiltration and biointrusion; a liner that includes synthetic and clay barriers, and a geologic 
buffer; and institutional controls that would include monitoring and groundwater use restrictions. If 
releases were detected during the period of active institutional controls, mitigative measures would be 
implemented to protect human health and the environment. Results of modeling long-term impacts to 
groundwater resulting from contaminants migrating from the EMDF are provided in Appendix F. PWAC 
analysis indicates that exposures would be acceptable at the hypothetical receptor location downgrndient 
of the proposed EMDF site. 

7 .2.2.4 Short-term Effectiveness (On-site) 

For the On-site Disposal Alternative, the sbort-tenn period is considered to include pre-construction 
investigations, construction, operation and closure of the EMDF. Operation of the on-site EMDF is 
expected to continue approximately 23 years through FY 2042 with closure activities completed in 
FY 2046. This evaluation docs not address CERCLA remedial activities, waste or residuals that would be 
left in place at remediation sites, non-candidate waste streams, or any treatment residuals from on-ORR 
processing of waste to meet EMDF WAC. 

Potential risk to the public could result from transportation of hazardous and radioactive waste, operation 
of the on-site disposal facility, and wind-bome dispersion of contaminants. Risk to the public from waste 
handling and disposal activities at ORR would be low because of the robust and conservative protective 
systems supporting all phases of operation. Public access would be restricted at on- and off-site disposal 
facilities and at all waste generation, packaging, and handling sites. Selection of appropriate transport 
routes, compliance with DOT packaging and other requirements, and adherence to project-spcci fie 
transportation safety and spill prevention, control, and countermeasures (SPCC) plans would minimize 
the likelihood of an accident and the severity of a release should an accident occur. 

All waste handling and packaging activities would occur within controlled areas at remediation sites at 
Y -12, ORNL, ETTP, or at the on-site EMDF. SPCC plans would be prepared and implemented to address 
any accidents. High-hazard wastes would be managed with additional institutional and physical 
safe~:,•uards. All packaging and handling activities would be conducted by trained personnel following 
approved health and safety plans in accordance with DOE, DOT, state, and Occupational Safety and 
Health Administration (OSHA) requirements. A dedicated haul road would be used for transport of waste 
to the EMDF. Risks to the public from waste handling and packaging activities would be extremely low. 

Transportation risks to individuals and the public in direct or indirect contact with the waste during travel 
were eva luated based on guidance given in A Resource Handbook 011 DOE 1i·ansportation Risk 
Assessment (DOE 2002). Assessment of the risk was completed using the industry-recognized 
RADTRAN and RJSKIND models. Additional risks, due to pre-operation (construction) activities and 
during operation (a catastrophic event) were analyzed for the On-site Disposal Alternative. A detailed 
discussion of the calculations and results is provided in Appendix D. 

A single route transportation analysis was completed for the On-site Disposal Alternative. Individual 
receptors (maximum exposed individuals [MEisJ) and collective populations were considered as 
receptors. Modeling of radiation exposure during routine and accident scenarios, for ME!s, resulted in an 
estimated excess cancer risk (f.1tal and non-fatal) ranging from 5.61 x I 0-4 to 1.22x I o·2; a collective 
population risk (analyzed for a driver, off-link (.persons along or near the route], and handlers) resulted in 
an estimated excess cancer risk (fatal and non-fatal) ranging from 2.93 x I o·8 to 1.44x I o·'. Even though it 
is assumed that the majority of on-site travel will occur on a dedicated Haul Road, there would be people 
li ving and working within the zone of consideration for the risk model and tbus off-link was considered in 
the on-site analysis. Vehicular risk (risk associated with travel/vehicles) due to emissions nnd accidents, 
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resulted in an estimated 0.93 total incidents of illness, trauma, or fhtality. While these results appear to be 
high, they account for cumulative risk, for transporting and handling hundreds of thousands of shipments 
of waste. On a per-shipment basis, the cancer risks due to exposure range in order of magnih1de from 
I 0"13 to I o-7 and vehicular risk from I 0"9 to I o·6. The exact excess cancer risk value depends on the 
receptor being evaluated. Appendix D provides detailed analysis. 

Pre-operational risks for an on-site facility result from fugitive dust emissions. EPA research has shown 
thot particulate emissions from open sources such os unpoved roods, borrow areas, spoil orcas, general 
grubbing, and landfill construction can contribute significantly to ambient air particulate matter (PM) 
concentrntions and thus pose a risk to the local population. Regarding activities considered in the 
constmction of an on-site disposal facility, the limit of interest is PM 10 (particles with a mean 
aerodynamic diameter greater thon 2.5 ~tm and less than or equal to I 0 f.un). A limit of 150 ~tg/m3 for the 
24-hour averaged PM10 has been established by the EPA. Evaluations using an EPA model and applying 
control efficiencies to emission rates for some octivities resulted in worst case PM 10 values of between 
I 02 and 144 ~tg/m3 for all activities. See Appendix D for detailed information regarding this evaluation. 

The catastrophic event anolyzed for on-site operation of a disposal facility was a tornado. In the east 
Tennessee a reo, the probability of a tornado strike is estimated at 4.26x I o·5 per year (FEMA 2009, 
NOAA 20 11). Although a low probability is associated with this nat11ral phenomenon, the consequences 
of such on event could be high. An estimate of the human health risk posed by o tornado striking the on
site disposal facility and releasing contamination was made using the RESRAD computer code 
(ANL 2001) . An aggregate risk fhctor of 3.7l x t0·7 was determined, taking into account the facility 
operational lifecycle and the tornado probability . Appendix D provides detailed information for this 
assessment. 

The primmy risks to workers for the On-site Disposal Alternative would result from construction and 
waste handling, transportation, ond disposal activities. These activities would be conducted by trained 
personnel in accordance with ARARs, OSHA and DOT regulations, DOE requirements, approved health 
and safety plans, and ALARA principles. Risk from exposure during disposal activities would be 
generally limited because the waste would meet the EtviDF WAC. Worker exposure would be further 
minimized by compliance with DOT and DOE waste pockoging, transport, ond handling requirements; 
the use of shielding and personal protective equipment; limits on driver work schedules; and other 
operational restrictions, such as spacing and distancing, to ensure tbat radiotion doses to workers arc kept 
ALARA. The overall risk to workers for this alternative is low. 

It is assumed that waste would be disposed of in the same year it is generated. The potential for short-term 
envirownental effects would be posed primarily by constmction activities, spills during transportation ond 
handling of wastes, operational releases, and closure octivities. Short-term environmental impacts would 
be minimized by use ofBMPs including engineered and administrative controls. 

Land clearing, construction, and operations would cause the direct loss of small animals, and reduce the 
loco! habitat for larger mammals. Noise, fugitive dust, and forest clearing on and adjacent to the proposed 
EMDF would impact nearby habitats. Large mommols would be excluded from construction areos by 
access control fences. Small animols and birds feeding or living in the construction areo would be driven 
out by constmction activities. Other sho11-term environmcntol effects for the On-site Disposol Alternative 
are addressed in the following subsections. Short-term effects for off-site disposol or stornge of condidate 
wostc not meeting disposol f.1cility WAC would be as discussed for the OfT-site Disposal Alternative in 
Sect. 7.2.3.4. 

Transportation Impacts: The short-term environmental risk from transportation would arise primarily 
from the potential for spills during waste shipment and impocts to air quolity resulting fi·om commuter, 
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construction, and operations traffic. Adverse environmental effects in the event of a spill during waste 
transport would be minimal because 

• Wastes would not be in liquid form. 

• Waste volumes per sltipment would be small. 

• Contaminant concentrations would be low for most waste streams. 

• Waste would be properly packaged. 

• The waste shipments would occur solely on non-public roads. 

• SPCC plans would be quickly implemented if a spill occurred. 

Air Quality Impacts: Potential short-term impacts to air quality would result from exhaust emissions and 
the generation of particulate matter duri11g pre-constmction investigations, construction, operation, and 
closure of the on-site disposal facility. Vehicular exhaust emissions would include volatile organic 
compounds from unburned hydrocarbons, carbon monoxide, sulfur dioxide, and nitrogen dioxide. 
A greater potential for short-term impacts to air quality would result from the increase in generation of 
fugitive dust by earth-moving activities and traffic on unpaved surf.1ces (sec Appendix D). 

Wetland and Aquatic Resource Impacts: A number of areas on the ORR have been identified as 
Natural Areas (NAs), Aquatic NAs (ANA), RAs, Aquatic RAs, Special Management Zones, 
Conservation Easement Areas, Cooperative Management Areas, Habitat Areas (HAs), and Potential HAs. 
As shown in Figure C-17 in Appendix C, the largest wetlands in or near the candidate site are on NT -3 
and are included in RA-5 (Baranski 2009). RAs arc defi ned as primarily terrestrial areas that contain 
special habitats or features and that also may serve as reference or control areas for research, monitoring, 
remediation, or characterization activities. RA-5, the Quillwort Tempormy Pond, encompasses the largest 
wetlands on NT-3 and two of its draws/ravines north of the Haul Road (Baranski 2009). The Quillwort 
Tempormy Pond is so named for the occurrence of a species of quillwort (lsvetes carvlinimw). This 
species is not currently a federal- or state-listed sensi tive species. Wetlands along draws/ravines that feed 
into NT-3, including much of RA-5, and a short draw/ravine west of NT-2 would be impacted by 
construction. A small emergent wetland occurs farther upstream on NT-3 from RA-5. Rosensteel and 
Trettin ( 1993) classified this wetland, but did not document the presence of any sensitive species. 

Bear Creek is designated as ANA-2. The ANA designation is given to aquatic areas that contain listed 
species, in this case the Tennessee dace (PiwxilliiS tenncssensis), listed by the state as being in need of 
management. The eastern reaches of Bear Creek (ANA-2) were found by Southworth, et al. ( 1992) to be 
highly impacted by contaminants from the various waste management facilities in the area, and that 
aquatic species diversity and populations in the area were considerably reduced as compared to the lower 
reaches of Bear Creek. 

Appropriate nmoff and siltation controls would be implemented at the EtviDF site to minimize impacts to 
wetlands or streams outside the construction area during construction and operation. Prior to the start of 
the on-site action, a field wetlands delineation survey would be conducted as necessary along streams and 
other low-lying portions of the landfill site and adjacent areas, such as existing roadways and work 
support areas where constmction would ta ke place, to determine the areal extent of wetlands. Wetland 
boundaries would be mapped using civil land surveying techniques, the results of which would be 
incorporated in planning and implementation, including mitigation of adverse impacts. 

Construction, operation, and closure of the on-site EMDF would be expected to have some short-term 
impacts on aquatic flora and fauna, potentially including the Tennessee dace, a Tennessee-l isted in need 
or management species. Erosion and runoff controls included in the EtviDF design would largely protect 
aquatic resources from iucreased turbidity and siltation. Sediment, dust, oil, diesel fuel, gasoline, 
antifreeze, and other chemicals from construction activities and equipment cou ld potentially be released 
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to the aquatic environment but would be minimized by mitigative controls such as spill controls and 
clean-up. Constmction or expansion of bridges or culverts across tributaries would also disturb the 
aquatic environment. While fish, including Tennessee dace, would tend to avoid disll.ll'bed areas, 
dismption and reduction of the aquatic environment may stress or possibly temporarily reduce fish 
populations in nearby segments of Bear Creek and its affected tributaries. 

Surface Water Resource Impacts. Potential short-term impacts to NT-3 and, to a lesser extent, NT-2 
would be substantial, and would include channel modifications, re-direction of flows, increased scour, 
possible increases in storm !low, and increases in sediment load downstream from the construction area, 
as well as potential for spills to release contaminants (e.g., fuel spills). Impacts to Bear Creek would be 
confined to increased sedimentation because no construction is expected to be required on the stream. 
The EMDF would be designed, constmcted, and maintained to prevent releases that could adversely 
affect surface water quality. Land clearing and construction activities would expose vmying areas 
depending on the site selected, the ultimate size of the EMDF, phased construction implementation, and 
other detailed design considerations. 

Surface water mnoff from uncontaminated areas of the waste cell would be controlled by a run-on/run-off 
diversion and collection system that includes stormwater/sediment detention basins. These basins would 
prevent increased sediment discharge to the streams and control discharge during storms. A perimeter 
ditch and French drain system would be constructed around the landfill to prevent surface run-on and re
direct water to the sediment basins before release to local streams. These basins would provide secondary 
containment for any fuel or oil spills that are not adequately contained at the spill site. 

Potentially contaminated runoff from the EMDF, water used for decontamination, water from the leachate 
detection/collection system, and other wastewater generated during the operational period would be 
collected and treated at the wastewater treatment facility to be constructed at the EMDF or transpot1ed to 
the appropriate treatment facility, as required. The potential for impact to surface water resources from 
the migration of contaminants from the EMDF in groundwater would be exceedingly low because of 
engineered and active controls, as discussed previously in Sect. 7.2.2.3. Little or no overall short-term 
impacts to surface water resources would be expected from implementation of this alternative, with the 
exception of direct impacts to any water courses or wetlands displaced or eliminated by construction. 

Groundwater Resource Impacts: Groundwater resources could potentially be degraded in the short
term by contaminant releases from the surface or EMDF. Potential contaminant sources include 
construction materials (e.g. , concrete and asphalt), spills of oil and diesel fuel, releases from 
transportation or waste handling accidents, and accidental releases of leachate from the EMDF or 
treatment facility. Compliance with an approved erosion and sedimentation control plan and an SPCC 
plan would mitigate potential impacts from surface spills. Clean-up actions taken to mitigate spills or 
remove contaminated soils would reduce the source of contamination during the constmction phase. 
Engineered controls and active controls, including the leachate collection system, would drastically 
reduce the potential for impact to groundwater resources that could result from contaminant migration 
from the EMDF. 

Locali zed, small-scale reduction in average water table elevation may occm as a result of decreased 
infiltration caused by more rapid run-off, which could in tum lead to an increase in the number and 
duration of zero-flow periods in nearby streams. This impact may be mitigated by groundwater inflow 
from surrounding areas, as well as the release of waters collected in retention basins. Implementation of 
this altemative would result in few or no overall short-term impacts to groundwater resources. 

Threatened and Endangered Species Impacts: Tennessee Wildlife Resources Conunission 
Proclamation 94-16 prohibits destruction of the habitat of a state-listed species. There arc currently no 
identified federal- or state-listed species in the proposed El'viDF construction area. A field survey of the 
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EtviDF constmction site would be performed as necessmy to identify threatened and endangered species 
within areas of potential site disturbance before constmction begins. If these species were found , plans to 
mitigate adverse impacts would be developed and implemented in compliance with endangered, 
threatened, or rare species ARARs listed in Table E-2 of Appendix E. 

Construction of the EMDF would impact wetlands on a draw/ravine to the west of NT-2 and along the 
main channel and a western draw/ravine of NT -3. These wetlands are not currently known to harbor any 
federal- or state-listed threatened and endangered species, or sensitive species listed as in need of 
management by the state. The Tetmessee dace is a species of fish that has been listed as in need of 
management by the state that may be found in the lower reaches ofNT-2 and NT-3 during the wet season. 
Impacts to the Tennessee dace from stream alterations would likely be small because the fish could 
migrate to unaffected areas in Bear Creek. 

Historical and Cultural Resource Im1Jacts: There are no known significant historical or archaeological 
resources within, or in the vicinity of, the concept11al design footprint of the EMDF or its support 
facilities. Two home sites once occupied areas adjacent to the junction of NT-3 with Bear Creek, well 
away from the proposed EMDF site. Little or nothing remains of these home sites except for scattered 
bricks and dimension stone and no relocation or salvage is anticipated to be needed. No impacts to 
cultural resources would be expected from construction and operation of the proposed EMDF, and 
mitigative actions arc not expected to be necessmy. 

Noise lmJlacts : There would be a short-term increase in noise levels during construction, operation, and 
closure of the EMDF from sources such as earth-moving equipment, material handling equipment, waste 
transport vehicles, conunuter traffic, and general human activity. Earth-moving and material handling 
equipment include bulldozers, scrapers, hydraulic excavators, and front-end loaders. Trucks used to 
transport wastes to the EMDF from ORR would usc a dedicated haul road and avoid publicly accessible 
routes. The increase in noise at the EMDF may dist11rb wildlife in the immediate area and cause animals 
to avoid the area, especially during periods of high noise levels . While it is assumed for purposes of this 
RifFS that constmction and operation activities would be conducted only eight hours per day during the 
daytime, acrual construction activities could follow a different pattern. The impact of increased noise 
levels from facility constmction and operation would be local, with little or no impact expected at the 
ORR boundmy. 

Visual lmJlacts: Constmction and operation activities at the proposed EMDF would be visible from 
BCV Road, western parts of theY -12 plant, Chestnut Ridge, and Pine Ridge. Because BCV Road is not a 
public thoroughfare and Chestnut Ridge and Pine Ridge are restricted within the ORR boundruy and 
accessible only by dirt road or by foot, there should be no short-term visual impacts to the public. 

Duration of the On-site Disposal Altemativc: As shown in Figure 6-13 in Chapter 6, the total duration 
of the alternative (over which short-term effectiveness is evaluated) is approximately 30 years, consisting 
of early actions and design beginning in FY 20 13 and FY 2014, respectively, followed by facility 
constmction. Waste disposal operations are estimated to begin in FY 2020 for approximately 23 years 
until FY 2042 when facility closure activities would begin. Facility closure activities would end in 
FY 2046. The post-closure period after FY 2046 is addressed in the long-term effectiveness evaluation in 
Sect. 7.2.2.3. 

7.2.2.5 Reduction of Contaminant Toxicity, Mobility, and Volume hy Treatment (On-site) 

Except for treatment as necessary to meet the EMDF WAC, the On-site Disposal Alternative does not 
establish waste treatment requirements. Waste generators would be required to treat wastes as needed to 
meet the EMDF \VAC before on-site disposal which could reduce the toxicity, mobility, or volume of 
waste depending on the waste chnractcristics and treatment applied; however, these waste generator 
actions are excluded from the scope of the On-site Disposal Altemative. For portions of waste disposed of 
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off-site, treatment would similarly be applied as needed before shipment or at the receiving facilities. The 
On-site Disposal Alternative would reduce the mobility of contaminants through isolation of waste in the 
EMDF. 

7.2.2.6 Implcmcntability (On-site) 

Implementation of the On-site Disposal Alternative would involve meeting administrative and technical 
requirements for waste handling, packaging, and transport and construction, operation, closure, and post
closure monitoring of an on-site EMDF. For the volume of waste not meeting the EMDF \VAC, handling, 
transport; and off-site transportation and disposal or interim storage would be required. All of the 
proposed actions would be performed using standard construction equipment and techniques. Similar 
construction and operation has been successful at the EMWMF. Construction and operation of the on-site 
EMDF, including an on-site wastewater treatment facility and other support facilities, would involve no 
unusual or unprecedented conditions or teclmologies. 

While administratively feasible, implementation of the On-site Disposal Alternative would present 
administrative challenges. Two areas of uncertainty relative to administrative feasibility are: 

• Agreement among FF A parties to select the alternative and site a new disposal f.1cility on the 
ORR. 

• Availability of sufficient funds for both constntction of the on-site EMDF and environmental 
remediation of ORR and associated CERCLA sites anticipated to generate waste. 

The FF A provides a specific framework for discussion and resolution of CERCLA issues among DOE, 
TDEC, and EPA. This forum supports long-term coordination among FFA parties. 

DOE 0 435.1 (formerly DOE 0 5820.2A) requires that a performance assessment be used to demonstrate 
the performance objectives in the Order for disposal of radioactive wastes are met. For CERCLA sites, it 
is DOE policy to use the CERCLA process to demonstrate attainment of these human health and 
environmental protection performance objectives. 

Construction of a disposal facility at the El'viDF site would require moving the 229 security boundary for 
Y-12. The proposed location of the EMDF is just inside the 229 security boundaty at the west end of the 
plant. In order to revise this boundmy, DOE would publish a notice of revision in the Federal Register. 
The required steps to move the security boundmy have been accomplished in the past and are 
implementable for the new disposal f.1cility. 

The southern part of the proposed EMDF footprint would potentially impact three planned wetland 
expansion areas identified in the ARAP issued in support of the UPF construction project. If the On-site 
Disposal Alternative is selected, coordination of EMDF activities with planned UPF project activities, 
including a modification to the ARAP, would be required and are implementable. 

All constntction related activities would be conducted on-site and would not require permits; however, 
any substantive provisions of any pennits (e.g., ARAP) that would be required would be considered 
ARARs. The EMDF would be designed to meet all substantive requirements for a RCRA hazardous 
waste landfill and a TSCA chemical waste landfill (except for the 50-0 buffer requirement for which a 
waiver would be requested as described in Appendix E). NRC licensing would not be required because 
DOE is exempt from NRC licensing requirements; however the EMDF would be designed to meet 
substantive NRC LLW landfill requirements per TDEC implementing regulations at Rules of the TDEC 
1200-2-11 et seq. that are identified as ARARs with one exception. A waiver from the requirement that 
the hydrogeologic unit used for disposal shall not discharge grou ndwater to the surface within the 
disposal site would be requested as described in Appendix E. 
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The small volume of waste not meeting the on-site disposal facility WAC would be shipped off-site to 
approved facilities or stored on-site at compliant facilities pending identification of treatment and disposal 
options. The administrative feasibility of off-site disposal, including the issue of state equity, is discussed 
in greater detail in Sect. 7.2.3.6. 

The technology currently available for disposal, treatment, transportation, storage, and supporting 
activities is proven and reliable for most waste projected to be generated at ORR and associated CERCLA 
sites, resulting in a low degree of uncertainty for the implementation of this alternative. This alternative 
could reasonably be implemented without schedule delays resulting from technical complications. 

Hazardous waste landfill technology is the key component of the On-site Disposal Alternative. Many 
similar landfills, including the EMWMF, have been constructed and are operating today, demonstrating 
their viability. Construction and operation of the EMDF would involve no unusual or unprecedented 
conditions or technologies. 

Future remedial actions at the EMDF should not be required because of waste treatment by generators as 
necessmy to meet the disposal facility WAC, the protectiveness provided by implementation of the 
disposal facility WAC (see Appendix F), and the high level of isolation provided by the engineered 
landfill. Only limited additional actions would be possible once the landfill is capped because of the 
relative permanence and massive nature of the disposal facility. Additional actions would be wan·anted 
only if major deviations from the expected performance of the landfill feat1.1res occurred. For example, 
remedial actions would be triggered by releases of leachate to groundwater or erosion of the cap and 
exposure of the waste to the environment. 

All release pathways at the EMDF would be monitored tlu·ough leachate collection, leachate detection 
monitoring, surface water and groundwater monitoring, and physical inspection of external EMDF 
conditions. Should releases to groundwater go undetected, groundwater in the immediate vicinity of the 
EMDF could be contaminated and minor releases to Bear Creek could occm. The actual risk of exposure 
from such a release would be low. 

Services and materials required for EMDF construction, off-site disposal, treatment, storage, and 
supporting operations would be available for implementation of this alternative. The EMDF would be 
designed and constructed to accommodate the projected waste volume. Construction would involve the 
use of standard equipment, trades, and materials. Many companies have successfully constructed disposal 
facilities and multiple bids could be expected for procurements necessary to develop the EMDF. 
Treatment services such as solidification and stabilization arc available at both ORR and off-site disposal 
facilities. Permitted off-site disposal facilities are available with sufficient capacity to treat and dispose of 
the waste volume that exceeds on-site disposal facility WAC. Implementability of off-site disposal is 
further addressed in Sect. 7 .2.3.6. Interim compliant storage for waste not meeting the WAC for the 
EMDF or off-site facilities can be reliably achieved. 

This alternative is implementablc. The administrative structures required for implementation arc largely 
in place; the required technology is proven, and services and materials required to implement the action, 
including an adequate body of vendors, arc available. 

7.2.2.7 Cost (On-site) 

Estimated total project cost for the On-site Disposal Alternative at the proposed EMDF site in EBCV is 
$708M (20 12 dollars) and $499M (present worth). The cost estimate is based on a conceptual design that 
yields an approximale landfill waste disposal capacity (i.e., air space volume) of2.5Mt5 yd3

. 

The estimated total project cost of $708M in 2012 dollars correlates to: 

l l TI1e E1VI Df conceptual design of 2.5M yd~ includ~s approximately 28% uncertainty (sec C hapter 2 and App~ndix A). 
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An estimated cost of $283 per unit volume of waste disposal capacity for the EMDF in 2012 
dollars (£708M divided by 2.5M yd3 disposal capacity= $283 per yd3 disposal capacity). 

Au estimated cost of £323 per unit volume of as-generated waste for the EMDF in 2012 dollars 
($708M divided by 2.19M1 yd3 as-generated waste= $323 per yd3 as-generated waste). 

The cost estimates were prepared using the methodology described in Sect. 7.1.7 and the teclmical scope 
and assumptions for the proposed EMDF site are described in Chapter 6. Appendix G provides ft1rther 
description of the total project costs and assumptions for the candidate site. 

7 .2.2.8 NEPA Considerations (On-site) 

Socioeconomic Impacts: The short-term socioeconomic impact associated with the workforce required 
for construction, operation, and closure of the EMDF would be small. The workforce would vary with 
project phases and would likely be drawn from the local labor market, resulting in minimal influx of 
workers to the area. If local waste disposal capacity provided by the EMDF encourages more cleanup of 
individual sites, additional workers could be needed to support implementation of remedial actions at 
individual sites. The numbers of additional workers needed for remediation would be variable and most 
likely drawn from the local labor force. 

There would be no long-term socioeconomic impacts associated with the On-site Disposal Alternative 
since the small workforce required to construct, operate and close the EMDF would no longer be required 
after closure activities cease. The post-closure care activities to be implemented would require a minimal 
workforce. 

Land Usc Impacts: The candidate site lies partially within the ORERP, which includes industrial areas, 
NAs, ANAs, RAs, field research areas, and other areas designated for their unique natural attributes. 
Construction and operation of the EMDF would require clearing land within the ORERP that could result 
in short-term effects on ANA-2 and adjacent activities such as research, and would impact most of RA-5 
which is situated on NT-3. Use ofORERP land for a disposal facility would represent a trade-off between 
the current use of the land for forest and usc of the land for waste disposal. To minimize impacts during 
construction, roads and utility corridors would be located in existing rights-of-way wherever possible. 
Areas not immediately required for construction of the EMDF would be seeded to minimize erosion. 
Potential impacts to ORERP environmental resources would be minimized by the buffer provided by the 
restricted area around the f.1cility and by usc of BMPs, including sediment and storm water controls 
during landfill operation. 

The proposed EtviDF site, while forested and undeveloped, is adjacent to a brownfield area where the 
existing EMWN1F and former waste disposal sites are located. Any future development in that area would 
be influenced by the presence of EMDF and other disposal f.1cilities. In addition to its co-location with a 
brownfield area, other advantages for the proposed EMDF site include the lack of public access and 
visibility and the presence of existing infrastructure. Location of the EMDF at this site maintains the 
waste disposal facilities in an area that is already monitored. 

BCV was divided into tlu·ee zones in the BCV Phase r ROD (DOE 2000) for the purposes of establishing 
and evaluating performance standards in terms of resulting land and resource uses and residential risks 
following remediation (see Figure C-1 in Appendix C). The EBCV site is located in Zone 3, with an 
agreed upon future land use goal of "controlled industrial use" stated in the BCV Phase I ROD. 
Constmction of a disposal facility at the EBCV site should not require a change to the BCV Phase I ROD 
to revise designated future land use for areas impacted by EMDF constmction. The proposed EMDF site 
would remain under DOE control within DOE ORR boundaries for the foreseeable future. 

16 lltc ns-g.:ncmtcd wasle volume includes approximalely 28% uncerlainly (set: Chaplcr 2 and Appendix A). 
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The approximate areas impacted by the EMDF at the proposed site aud corresponding concepntal design 
capacity are sununarized in Table 7-1. The area impacted during construction, operations, and final 
closure is the approximate area which may be cleared or otherwise impacted by construction and 
operations (e.g., landfill, perimeter roads, parking areas, temporary construction staging areas, sediment 
detention basins, spoils areas, etc.). Instil1ltional controls would restrict access to impacted areas during 
construction, operations, and closure. Phased construction, reuse of constmction spoil, implementation of 
BMPs, and other detailed design considerations would likely reduce the total area impacted. 

Tablr 7-1. EMDF Area oflmpact and Permanent Committed Area for the EBCV Site 

Description EBCV 

Approximate total area impacted during constmction, operations, and linal closure 92 acres 

Approximate area permanently committed after closure 60 to 70 acres 

Approximate landlill disposal capacity 2.5M yd3 

After the landfill is closed, the area requiring permanent conunitment would be reduced to an area slightly 
greater than that of the landfill footprint with allowance for monitoring and maintenance and security. The 
landfill footprint corresponds to the area of the landfill, including perimeter ditches and clean-fill dikes. 
The landfill footprint would be kept permanently cleared of trees, representing long-term impact on the 
direct use of that land. 

Environmental Justice Impacts: No environmental justice impacts have been identified for this 
alternative. The Scarboro community is the only formally identified enviromnental justice community 
near the ORR, and is not anticipated to be impacted by construction, operation or closure of the On-site 
Disposal Alternative. 

Irreversible/irretrievable Commitment of Resources Impacts: Flora and fauna requiring forest habitat 
would be impacted by the permanent commitment of land to the EMDF (see Table 7-1 ). Additionally, one 
draw/ravine of NT-2 and the upper reaches of NT-3, including springs, seeps, and wetlands associated 
with each, would be permanently impacted. Transportation, construction, operation, closure, and long
term institutional controls for the EMDF would require an irreversible and irretrievable commitment of 
fuel and other nonrenewable ener&'Y resources; geologic resources such as gravel, rock, and borrow soil; 
and manufactured landfill components (e. g., synthetic liner material). There are no known economic 
geologic materials in or near the candidate site that would be irreversibly affected. 

Cumulative Impacts: Construction of the EMDF would not result in any significant cumulative impacts 
to the environment if BMPs, including engineering and administrative controls, arc used. Incremental 
impacts to air quality, traflic, and noise levels from construction and operation of the on-site disposal 
facility and from transportation of waste would not significantly alter existing or future conditions, 
although impacts would be noticeable to site workers. Groundwater would no! be used for constlllction or 
operation of the EMDF. Only minor quantities of potable water would be used for dust control and other 
purposes and would not impact on- or off-site users. 

Cumulative effects on ecological resources in the short-term depend largely on actual impacts !o the area 
associated with the site. Construction of the E1v1DF would disturb forested areas in EBCV and result in a 
net toss of forested area. The EMWMF as welt as old waste disposal facilities are located in EBCV, 
adjacent to the proposed EMDF site. Environmental impacts from the old waste disposal areas that were 
not constructed and operated by today's environmental standards are already present, as shown by the 
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decreased health of the upper portions of Bear Creek. Construction of the EMDF in EBCV could 
contribute to the cumulative degradation of Bear Creek. 

The evaluation of cumulative impacts for the On-site Disposal Alternative assumes that future activities at 
ORNL and Y -12 facilities continue at current levels throughout the constmction, operation, and closure 
period of the EMDF. Existing non-DOE industrial fhcilities located adjacent to ORR are assumed to 
continue operations at their current levels . 

The primary long-term cumulative impacts on ORR for this alternative would result from the commitment 
of land within the permanent institutional control boundary, and the potential benefit that local waste 
disposal capacity may impart to the overall cleanup of ORR and resulting land use. The loss of potential 
wildlife habitat or futme land use at the EMDF may be at least partially offset by the cleanup and release 
of individual CERCLA sites. Removal of contamination and waste from these sites may result in positive 
long-term environmental effects by reducing the potential for exposure to and migration of contaminants, 
although short-term impacts would be expected. The potential for contaminant releases from waste 
isolated in the EMDF would be less than the cumulative potential for releases from uncontained waste 
sources at multiple CERCLA sites. As a result of cleanup, habitat quality and biodiversity are expected to 
improve over time at these sites. 

While cost, risk, and impacts arc estimated in this RI/FS, the perpenwl controls required for hosting an 
additional LLW-mixed waste disposal facility on the ORR must be considered in the evaluation of 
cumulative impacts. The presence of a new disposal facility requires resources for long-term monitoring 
and maintenance over the long term. However, the co-location of the EMDF with the EMWMF and 
fonner waste management sites (i.e., BCBG, BY!BY, Oil Landf.1rm, etc.) in one area aggregates the post
closure care and monitoring efforts. 

The potential for long-term cumulative impacts at the off-site disposal f.1cilities from the presence of 
ORR wastes that cannot rneet the EMDF WAC are expected to be minimal. These wastes would represent 
a small portion of the total waste inventory, and the receiving facilities are designed, licensed or 
permitted, monitored, and maintained to ensme reliable waste containment and minimize long-term 
environmental effects. 

7.2.3 Off-site Disposal Alternative Analysis 

The Off-site Disposal Altemative involves transporting wastes generated at ORR to licensed or permitted 
off-site disposal facilities, and disposal of the waste in those facilities. Waste that does not meet the off
site disposal facility WAC would be placed in compliant storage pending the availability of treatment or 
disposal options. A detailed description of the Off-site Disposal Alternative is provided in Sect. 6.3. 

7.2.3.1 Overall Protection of Human Health and the Environment (Off-site) 

The Off-site Disposal Alternative would protect human health and the environment by removing wastes 
generated at ORR CERCLA sites, transporting them off-site, and isolating them from the environment by 
disposal in engineered facilities. Implementation of this alternative would prevent access to contaminated 
media and reduce the overall potential for releases from multiple sites on the ORR. Remediation of ORR 
and associated sites could result in human health or environmental benefits, depending on the evenntal 
land use of these sites. 

Human health and the enviromnent would be protected in the vicinity of the receiving facilities by 
disposing of contaminated material appropriately. Operation of these facilities is not likely to result in 
exposure to waste or releases to the environment because the facilities arc designed, licensed, monitored, 
and maintained to ensure reliable waste containment. The addition of CERCLA waste from ORR to these 
facilities would result in a negligible increase in risk above that resulting from disposal of other wastes at 
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the facilities. The EnergySa/u/ia11s and NNSS f.1cilitics arc located in isolated, arid environments with few 
receptors. 

Certain waste streams may not meet the WAC for existing off-site disposal f.1cilitics. This waste, 
projected to be a small volume, would be stored at ORR facilities with sufficient engineering controls and 
oversight to minimize the potential for exposure or release. 

Worker risks from exposure during handling and preparation for transportation would be maintained to 
A LARA levels and comply with DOE Orders through implementation of engineering controls and health 
and safety plans. The increased risk to transportation workers and the community from moving the waste 
within ORR and off-site would be minimized by compliance with DOT requirements. The considerable 
transportation distances required for off-site disposal would result in an increased potential for accidents 
that could result in injuries, fatalities, or contaminant releases. Transportation risks from both vehicular 
accidents and exposure to contaminants arc detailed in Sect. 7.2.3.4. 

7.2.3.2 Compliance with ARARs (Off-Site) 

The actions included in the scope of the Off-site Disposal Alternative would comply with all ARARs and 
TBC guidance (identified in Appendix E). There are relatively few ARARs for this alternative because 
there are no chemical- or location-specific ARARs after waste is removed from the ORR and associated 
sites. Chemical- and location-specific ARARs, as well as action-specific ARARs associated with removal 
and treatment of wastes, would be developed as part of individual site-specific remedial evaluations. 

ARARs for this alternative are limited to requirements associated with transportation of waste. These 
requirements include shipping, packaging, labeling, record keeping, manifesting, and reporting 
requirements under DOT and RCRA regulations (49 CFR 171-174 and 177, 40 CFR 262 and 263), Rules 
of the TDEC 1200-1-11-.03 and .04, and DOE Orders 435.1 and 460.1 C. DOE requirements to 
characterize and certify wastes before transport off-site would be triggered. Because DOE Order 435.1 
specifics a preference for on-site disposal of LLW, shipment to a commercial disposal facility would 
require an exemption on a per project basis. Similar exemptions have been routinely approved since DOE 
began using commercial disposal capacity in 1992. 

The off-site facilities used for thjs alternative would be appropriately licensed and qualified in accordance 
with 40 CFR 300.440; the waste would be required to meet the receiving facilities' WAC. Once wastes 
were transferred from ORR, both administrative and substantive regulatory provisions would need to be 
met. Accordingly, requirements for permitting, recordkccping, assessments, and/or other nonsubstantive 
elements would be triggered. Administrative and substantive regulatory requirements would be met 
through the facility's license or permit requirements and not as ARARs for this alternative after the waste 
is accepted by the facility. The owner/operator of the receiving f.1cility would be responsible for all of its 
financial, operating, and closure requirements, including long-term S&M. 

7.2.3.3 Long-term Effectiveness and Permanence (Off-site) 

For the Off-site Disposal Alternative, the long-term period is considered to begin when all candidate 
waste has been disposed of off-site or placed in appropriate storage facilities . This evaluation docs not 
address remedial activities, CERCLA waste or residuals that would be left in place at CERCLA 
remediation sites, noncandidate waste streams, or any treatment residuals from waste processing required 
to meet WAC. 

No residual risk would remain at ORR from candidate waste streams after the waste has been disposed 
off-site. The waste would be placed in off-site engineered disposal facilities designed to isolate waste 
from the environment, significantly reducing the possibility of intrusion or the migration of contaminants 
away from the facility. For the portion of waste requiring treatment to meet facility WAC prior to 
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disposal, the potential for contaminant mobility would be further reduced. The receiving facilities would 
be responsible for monitoring and maintenance to ensure the effectiveness of waste isolation. In the case 
of LLW/RCRA waste shipped to EnergySo/utious, the facility has waste treatment capabilities and the 
WAC allows for receipt of untreated waste. It is assumed for the On-site Disposal Alternative that the 
EnergySolutious facility would provide treatment of the waste prior to disposal to reduce the potential for 
contaminant mobility. Acceptable risk levels would be achieved by compliance with existing licenses or 
permits and regulat01y requirements. 

The EnergySo/utious facility and NNSS are both located in an arid environment, isolated from population 
centers. Low long-tenn risk to human health results from their remote location, ve1y low precipitation, 
and greater depth to groundwater. The EnergySo/utions and NNSS facilities use conventional, durable 
designs and materials to effectively isolate the waste. The arid climate at both facilities contributes to the 
long-term reliability of engineered features by minimizing infiltration. The engineered and natural 
features at these facilities are expected to provide adequate and reliable safeguards over the long term. 

Under the Off-site Disposal Alternative, waste would be placed in licensed or permitted engineered 
disposal facilities that have been receiving wastes for a number of years and have operated in compliance 
with their permits and federal, state, and local regulations. Accordingly, reliance on specialized or 
unproven designs or procedmes is not necessmy to protect human health and the environment over the 
long term. Reliance on proven technologies minimizes uncertainty associated with this alternative. 

For pu!])Oses of this evaluation, long-term enviromnental effects arc those impacts that may be evident 
following receipt of the last shipment of waste off-site. Any potential envirolllllental effects associated 
with transportation, including air emissions and accidental releases, would cease after this period. No 
long-term impacts to air quality, surlhce water, biota, wetlands, and aquatic or visual resources are 
anticipated at ORR or the vicinity from implementation of this altcmative. 

Potential long-term environmental effects at the off-site disposal facilities from the presence of ORR 
wastes are expected to be minimal; these wastes would represent a relatively small portion of the total 
waste inventory, and the receiving facilities are designed to minimize long-term environmental effects. 
No long-term impacts to air quality are expected at the receiving facilities from the inclusion of ORR 
waste because air emissions from vehicular use and constmction activities for long-tenn monitoring and 
maintenance of the off-site facilities would not be increased. 

7.2.3.4 Short-term Effectiveness (Off-site) 

Short-term effectiveness for the Off-site Disposal Alternative is evaluated for the period beginning with 
the generation of CERCLA waste at ORR remedial sites and ending with disposal of all candidate waste 
streams at the receiving facilities. This evaluation does not address removal activities, CERCLA waste or 
residuals that would be left in place at individual units being remediated, or the risk associated with these 
elements. 

As discussed in Sect. 7.2.2.4, risk to the public from waste handling activities at ORR would be extremely 
low. Public access would be restricted at waste generation, packaging, and handling sites, and activities 
would be governed by appropriate regulations and conducted by trained personnel. Risks at the receiving 
facilities would be controlled by compliance with permit requirements; access restrictions during disposal 
operations would minimize any impact to the community. For the Off-site Disposal Alternative, potential 
risk to the public would result from shipment of hazardous and radioactive waste. 

The primmy risks to workers for the Off-site Disposal Alternative would result from waste handling, 
waste transportation, and disposal activities. These activities would be conducted by trained personnel in 
accordance with ARARs, OSHA, and DOT regulations, DOE requirements, approved health and safety 
plans, and ALARA principles. Radiation exposure would be minimized by compliance with DOT 
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regulations and DOE requirements for waste packaging, as well as the use of shielding and limits ou 
driver work schedules. Risk from disposal activities at the receiving facilities would be minimized by 
compliance with their permit requirements. The overnll risk to workers for this alternative is low. 

Trnnsportation risks to individuals and the public in direct or indirect contact with the waste during 
transport of tbe waste for off-site disposal were evaluated based on guidance given in A Resource 
Handbook 0 11 DOE Transportation Risk Assessment (DOE 2002). Assessment of the risk was completed 
using the indus!Iy-recognized RADTRAN and RlSKJND models. A detailed discussion of the 
calculations and results is provided in Appendix D. 

For the transportation risk ana lysis, several routes were evaluated: a route for classified waste that travels 
by tmck to the NNSS for disposal; a route for mixed (LLWIRCRA) waste that would be transported by 
truck from the generating site to the local ETTP rail system, then by rail from the ETTP rai l yard to 
EnergySolutions in Clive, UT for disposal. And a third route that LL\V and LLW/TSCA waste would 
travel: from the generating site to the ETTP ra il system, from the ETTP rail system to a transfer facility in 
Kingman, AZ where it would be transferred to tntck to make the final travel to the NNSS for disposal. 
Individual receptors (MEis) and collective populations were considered as receptors. Modeling of 
radiation exposure during routine and accident scenarios, for METs, resulted in an estimated excess cancer 
risk (fatal and non-fatal) ranging from I.06x I o·3 to 7.53x 10·2: a collective population risk (analyzed for 
workers, on-link [persons sharing the road], nnd off-link [persons along the route]) resulted in an 
estimated excess cancer risk (fatal and non-fatal) ranging from 1.58x l o·4 to 3.0 I x 10·1• Vehicular risk (risk 
associated with travel/vehicles) due to emissions and accidents, resulted in an estimate of 25.3 total 
incidents of illness, trauma, or death. These resu lts account for cumulative risk for transport and handling 
hundreds of thousands of waste shipments. On a per-shipment basis, both the estimated excess cancer 
risks due to exposure and the estimated vehicular risk range in order of magnitude from 10·9 to I o·5. The 
exact excess cancer risk value depends on the receptor being evaluated. Appendix D provides detailed 
analysis. 

A comparative analysis was performed to assess risk of tmck transport versus rail transport. The ORR to 
NNSS route was explored as an example. If all waste transported to NNSS via the ORR to Kingman, AZ 
to NNSS route were transported entirely by truck to NNSS, the overnll (routine and accident) MET and 
collective population risks due to radiation exposure would increase by a f.1ctor of about 10. 
Vehicle-related risk of fatalities (fi·om emissions and accidents) increases approximately 5-fold going 
from rail to truck transport, and non-fatal accident risk increases by a f.1ctor of more than I 0. Details of 
the analysis are provided in Appendix D. 

Duration of the Off-site Disposal Alternative: For the OtT-site Disposal Alternative, waste disposal 
operat ions arc estimated to begin in FY 2020 afier EMWMF reaches maximum capacity and continue 
through FY 2042, a duration of approximately 23 years. 

7.2.3.5 Reduction of Contaminant Toxicity, Mobility, and Volume by Treatment (Off-site) 

Although the Off-site Disposa l Alternative does not directly establish waste treatment requirements, 
wastes would be treated as needed to meet WAC before shipment and/or at the receiving faci lity. Waste 
treatment prior to shipment would remain the responsibility of the waste generator and could reduce the 
toxicity, mobility, ancVor volu me of waste, depending on the treatment applied. In the case of 
LLW /RCRA waste shipped to EnergySolutions, the f.1cility has waste treatment capabi li ties and theW AC 
allows for receipt of untreated waste. lt is assumed for the Off-site Disposal Alternative that the 
EncrgySo/utions receiving facility would provide treatment of the waste prior to disposal to reduce the 
potential for contaminant mobility. Transportation and disposal actions considered in this alternative 
would have no effect on toxicity or mobility through treatment. 
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7.2.3.6 llllJ)Icmentability (Off-site) 

This alternative is implemcntable. Off-site disposal would entail meeting administrative and technical 
requirements to coordinate the transportation and off-site disposal of waste and the continued availability 
of off-site disposal capacity. Implementation of this alternative would require compliance with state and 
federal regulations; compliance with licensing, permitting, and DOE administrative requirements. 

Review of state and federal regulations (addressed in Sect. 7.2.3.2 aud Appendix E) indicates that there 
arc no provisions that would prohibit shipment of waste derived from ORR sites to the receiving facilities. 
These facilities are appropriately licensed or permitted and would be qualified prior to shipment per 
40 CFR 300.440. Administrative and substantive regulat01y requirements for handling and disposing of 
waste would be met through compliance with the facili ties' permit requiremeuts. Shipment of waste from 
ORR remedial sites would require an exemption from the DOE Order 435.1 preference for on-site 
disposal. Similar exemptions have been routinely approved since DOE began using commercial disposal 
capacity in 1992. Shipment of waste from ORR would also have to take into consideration the prohibition 
of transporting radioactive waste through the Las Vegas Metropolitan Area, Hoover Dam, and North 
Las Vegas. 

Agreements between and among states for tile shipment and disposal of waste involve the issue of state 
equity, that is, the balance of benefits associated witll activities that generate waste and the burden of 
resulting life-cycle waste management. The regulatory and administrative viabi lity of off-site waste 
transportation and disposal is indicated by past and current operations. Previous ORR shipments to 
EnergySo/utions and NNSS demonstrate that sustained waste shipment to these facilities is feasible. The 
states of Utah and Nevada have historically agreed to the transport and disposal of DOE wastes. 
Therefore, it is likely that these states would not object to continued operations. The administrative 
feasibility of this alternative could be challenged by f11ture changes in the states' acceptance of waste 
transport and disposal; however, the likelihood is considered minimal. 

Wastes that exceed the off-site disposal f.1cilities' WAC would require compliant storage pending the 
availability of treatment teclmologies or disposal options. For waste generated for which no treatment or 
disposal options could be identified, extended or indefinite waste storage could result in DOE being out of 
compliance with parameters for the treatment and storage of hazardous or radioactive materials 
established in Section 105 of the Federal Facility Compliance Act of 1992 and the ORR mixed waste Site 
Treatment Plan (EPA 1992, TDEC 2008). 

The technical feasibility of the Off-site Disposal Alternative depends directly on the implementability of 
waste transportation, disposal, and supporting activities. Technical feasibility indirectly depends on the 
implementability of treatment, storage, and other waste generator activities. The implementability of the 
technologies currently available for these components arc proven and reliable for most waste projected to 
be generated at ORR, resulting in a low degree of uncertainty for the implementation of this alternative. It 
is expected that this alternative could be implemented without schedule delays resulting from technical 
complications. A technical uncertainty relative to this alternative is the availability of treatment and 
disposal options for waste exceeding the off-site facilities' WAC. However, as discussed in Chapter 2, the 
volume of waste generated with no currently defined path for disposal is anticipated to be small. 

Future remedial actions at the receiving facilities should not be required because of waste treatment and 
the high level of isolation provided by the engineered facilities. Only limited additional aclions would be 
possible, but difficull to implement, because of the relative permanence and massive nature of the 
disposal f.1cililies. Additional aclions would be warranted only if major deviations fi·om expected 
performance of the disposal f.1cili1ies occurred. Site conditions are well known al the receiving facilities 
and potential migration pathways are monitored to detect any contaminant releases and evaluate the 
effectiveness of waste confinement. 
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Services and materials required for waste transportation, treatment, storage, and disposal for 
implementation of the Off-site Disposal Altemativc, would be readily available. Rail and truck 
transportation have been used to ship ORR waste in the past. Waste management facilities and setvices 
arc available at ORR, including the administrative infrastructure to support comprehensive waste 
handling and storage operations. 

The EnergySo/utions and NNSS facilities arc permitted to treat and dispose of most waste types, forms, 
and quantities expected to be generated by the remediation of ORR, and both facilities currently accept 
comparable waste. Waste disposal services would be required for approximately 23 years at both 
facilities. Although considered minimal, some uncertainty exists about whether the services currently 
provided by EuergySolutions (a commercial, non-DOE facility), and, to a lesser extent, by NNSS would 
be available for the duration of this alternative. Disposal capability would be assessed throughout the 
implementation of the altcmative to determine the viability of continued cost-effective, reliable, and sa fe 
off-site waste disposal. 

7.2.3.7 Cost (Off-site) 

Estimated total project cost for the Off-site Disposal Alternative is $1.992 billion (B) (20 12 dollars) and 
$1.4088 (present worth). The cost estimate is based on the estimating methodology described in 
Sect. 7 .I. 7 and the technical scope and assumptions described in Chapter 6. 

The estimated total project cost of $1.9928 in 2012 dollars correlates to au estimated cost of $9 10 per unit 
volume of as-generated waste in 2012 dollars ($ 1.992B/2. 19M17 yd3 as-generated waste = $9 10 per yd3 

as-generated waste). 

Fuel surcharges that may be incurred durin'g transportation of the waste to off-site disposal facilities are 
not included in the estimate. Also, rail transportation, which is approximately II % less expensive than 
truck transport, is assumed for all shipments (with the exception of classified waste shipments to NNSS). 

Appendix G provides a detailed description of the total project cost and assumptions. 

7.2.3.8 NEPA Considerations (Off-site) 

Socioeconomic impacts: The short-term socioeconomic impacts associated with waste handling, 
transportation, and disposal activities for the Off-site Disposal Alternative would be minimal. This 
alternative would require minimal additional manpower resources at ORR. Outside contractors rather than 
local manpower would likely transport wastes to off-site disposal facilities. No new local facilities would 
be constructed. Because the receiving facilities arc already operating, the manpower required to support 
the f.-1cilities' infrastructme is already in place. The incremental increase of waste from ORR could 
increase short-term manpower needs at these facilities. 

Potential short and long-term socioeconomic benefits could be realized from the release or reuse of land 
resulting from the remediation of ORR and associated CERCLA sites. There would be no direct 
long-term socioeconomic impacts _to ORR and the vicinity from activities associated with off-site 
transportation of waste under this alternative. 

Land Usc Tmpacts: Disposal of ORR waste at the receiving facilities would have no short or long-term 
laud use impacts in the vicinity of those fc1cilities. These fc1cilities are already operating and are 
committed for the long-term to waste disposal and supporting operations. The incremental increase of 
waste to these f.1cilities from ORR would not affect the existing long-term land use commitment and 
would have little or no effect on the workforce required for operation and maintenance. No changes in 
local population or nearby industrial or commercial operations would be expected. 

17 The as·go:ncratcd wa~l.: volume includts appruximmcly 28% uncertainty (sec Chapter 2 and Appendix A). 
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Environmental Justice Impacts: No environmental justice impacts have been identified for this 
alternative. The Scarboro community is the only formally identified environmental justice conununity 
near the ORR, and is not anticipated to be impacted by off-site disposal of waste. 

lrreversil>le/irretl'icvablc Commitment of Resources Impacts: Implementation of the Off-site 
Disposal Alternative would require the irreversible and irretrievable commitment of land and geologic 
materials (e.g., gravel and borrow material) and nomenewable energy resources at the disposal sites; 
however, land at the receiving facilities is already dedicated to waste disposal, and the addition of ORR 
waste would not alter that level of commitment. There would be no long-term commitment of land at 
ORR or the vicinity. 

Waste packaging, handling, and transportation activities would require an irreversible and inetrievable 
commitment of fuel and other nonrenewable energy resources. Intennodal containers for classified waste 
shipment to NNSS and LL\VIRCRA waste shipment to EnergySo/utions would be irretrievably 
committed; other containers would be reused. 

Cumulative Impacts: Implementing the Off-site Disposal Alternative would not result in any significant 
cumulative impacts to the environment. Incremental impacts to air quality, traffic, and noise levels from 
waste transportation would not noticeably alter existing or future conditions. Any potential environmental 
effects from these factors, as well as the potential for accidental releases, would cease after the shipment 
and off-site disposal of all waste. 

No direct long-term impacts to air quality, surface water, biota, wetlands, aquatic, or visual resources arc 
anticipated at ORR or the vicinity from the implementation of this alternative. Residual risk would be 
reduced or eliminated at ORR and associated si tes that are remediated. Removal of contamination and 
waste from these sites and disposal at an off-site facility could result in positive long-term environmental 
effects by reducing the potential for exposure to and migration of contaminants. Habitat quality and 
biodiversity may improve over time at these si tes, depending on future land use decisions. 

The potential for long-tenn cumulative impacts at the off-site disposal facilities from the presence of 
ORR wastes is expected to be minimal. These wastes would represent a relatively small po11ion of the 
total waste inventory, and the receiving facilities are designed, licensed or permitted, monitored, and 
maintained to ensure reliable waste containment and minimize long-term environmental effects. 

7.3 COMPARATIVE ANALYSIS OF ALTERNATIVES 

This comparative analysis evaluates the relative ability of the three alternatives to accommodate disposal 
of future generated CERCLA waste with respect to the evaluation criteria described in Sect. 7. J and 
RAOs described in Chapter 4. The purpose of the comparative analysis is to identify the advantages and 
disadvantages of each alternative re lati ve to the others and to identify the tradeoffs to be made in selecting 
the preferred alternative. 

Table 7-2 summarizes the differences among the alternatives. The No Action Alternative may not be 
supportive of timely remediation of ORR sites due to lack of a coordinated disposal strategy and could 
result in actions that arc less protective and less costly than either of the action alternatives. The On-site 
Disposal Alternative would be less costly than the Off-site Disposal Alternative, but an additional area of 
would have to be permanently dedicated to waste disposal, resulting in impacts on future land use and the 
environment. The Off-site Disposal Alternative could isolate the wastes more effectively long term than 
the On-site Disposal Alternative due to the arid climate, but long-distance waste transportation in the 
short-term could result in more accidents, causing injuries or fatalities. 
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Table 7-2. Comparative Analysis Summary for Disposal of ORR CERCLA Waste 

Evaluation criterion No Action Alternative On-site Disposal Alternative Off-site Disposal Alternative 

Overall protection of If more wastes were managed Protective because of waste being disposed in a Protective because of waste being disposed in a 
human health and the in place. protection would landfill designed for site-specific conditions. landfill designed for site-specific conditions. 
environment depend on long-term More protective in the short term because of More protective than the On-site Disposal 

institutional controls at decreased transportation risks. Alternative in preventing releases on the ORR 
multiple sites. because waste is permanently removed. Less 

protective in the short term because of increased 
transport:ltion risks. 

Compliance with No action: therefore. no Would comply with all but two ARARs and Would comply with all ARARs and pertinent 
ARARs ARARs apply. ARARs for pertinent TBC guidance. CERCLA waivers TBC guidance. Facility compliance with 

remedial actions at individual would be requested for two hydrologic licenses and permits would be determined prior 
sites are specified in separate condition ARARs on the basis of equivalent to transport. 
CERCLA documents. The protectiveness provided by landfill design. 
potential exists for increased 
interim waste storage at 
individual waste sites. 

Long-term effectiveness May not meet the RAO to Provides effective long-term protectiveness. Provides highly effective long-term protection 
and permanence facilitate timely cleanup of Waste disposed must meet receiving facility for waste meeting the facility WAC. Land use at 

ORR and associated WAC developed based on risk criteria. EnergySolutions and NNSS is already dedicated 
facilities. Protectiveness at the EMDF could potentially to waste disposal. ORR waste volume represents 

diminish more rapidly than for off-site disposal a relatively small portion of the total waste 
at EnergySo!utions orNNSS. both ofwhich are inventory. The off-site facility locations in an 
located in areas with more arid climates and arid environment reduces the likelihood of 
lower water tables than the ORR. Permanent contaminant migration and fewer receptors exist 
loss of wildlife habitat or future land use at the in the vicinity of Energy Solutions and NNSS 
EMDF location may be at least partially offset than near the ORR. 
by the cleanup and release of individual ORR 
remediation sites. 
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Table 7-2. Comparative Analysis Summary for Disposal of ORR CERCLA Waste (Continued) 

Evaluation criterion No Action Alternative On-site Disposal Alternative Off-site Disposal Alternative 

Short-term effectiveness If more wastes were managed in Risks to workers and the public at Risks to workers and the public at remediation 
place because no coordinated remediation sites and disposal facilities sites and disposal facilities would be similar for 
disposal option is available. less would be similar for the On- or Off-site the On- or Off-site Disposal Alternative. 
aggressive actions at remediation Disposal Alternative. Some adverse Transportation risks would be greater than for 
sites would cause fewer adverse environmental efTects would result from the On-site Disposal Alternative. Only minor. 
short-term effects. May not meet construction and operation of the EMDF incremental environmental effects would occur 
the RAO to facilitate timely but would be controlled or mitigated per at the existing off-site facilities. 
cleanup of ORR and associated regulatory requirements and engineering 
facilities. practice. Environmental impacts and 

permanent loss of forest habitat and 
wetland would result from siting the 
EMDF at EBCY. 

Reduction of toxicity. Reductions of toxicity. mobility. Mobility of contaminants would be Mobility of contaminants would be reduced 
mobility. or volume through or volume would be determined reduced through isolation of waste in the through isolation of waste at the off-site disposal 
treatment in individual CERCLA actions. EMDF. Any ex situ treatment to meet facilities. Any ex situ treatment to meet the 

If more wastes were managed in the faci lity WAC could reduce toxicity. disposal facility WAC could reduce toxicity. 
place because no coordinated mobility. or volume. mobility. or volume. 
disposal option is available. less 
reduction in toxicity or mobility 
may result. 

Implementability No implementation required. Administrative requirements would be Administrative and technical requirements are 
extensive but are considered achievable. implementable. Disposal of waste at commercial 
Services and materials required for and DOE facilities relies on continued 
design, construction, and operation of availability of off-site disposal capacity. Future 
the landfill arc readily available. as are changes in the states' acceptance of waste 
qualified personnel. specialists. and transport and disposal are not likely. but could 
vendors. Construction would involve the challenge implementation of the alternative. The 
use of standard construction equipment, On-site Disposal Alternative provides a greater 
trades. and materials. level of ccnainty than the Off-site Disposal 

Alternative that long-term disposal capacity 
would be available. 
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Table 7-2. Comparative Analysis Summary for Disposal of ORR CERCLA Waste (Continued) 

Evaluation criterion No Action Alternative On-site Disposal Alternative Off-site Disposal Alternative 

Cost No direct cost: however. Estimated total project cost is S708M Estimated total project cost is $1. 992B 
efficiencies of consolidation and (20 I 2 dollars) and $499M (present (2012 dollars) and $1.4088 (present worth). 
economics of scale would not be worth). Cost per yd3 as-generated waste is $910 
realized. Cost per yd:; as-generated waste is $323 (20 12 dollars) 

(2012 dollars) 

NEPA Considerations If more wastes were managed in Cleanup of remediation sites and Cleanup of remediation sites could have a 
place because no coordinated disposal in an on-site facility could cumulative benctit on the ORR. Potential 
disposal option is available. result in a cumulative net benetlt. While socioeconomic benefits from job creation. 
limited reuse of some land and there arc short-term environmental cleanup and reuse could be greater than for no 
greater residual risk at individual impacts associated with construction and action but would be less than for the On-site 
sites could result. operation of the EMDF. benefits. Disposal Alternative. Incremental environmental 

especially socioeconomic benefits, could impacts due to waste transport would be 
be greater than for the Off-site Disposal minimal. Disposal of ORO waste at off-site 
or No Action Alternatives if the On-site facilities would have minor or no adverse 
Disposal Alternative encouraged more cumulative effects at the disposal sites since 
aggressive remediation at individual those sites already exist. receive waste from 
sites. other facilities, and would not require expansion. 
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7.3.1 Overall Protection of Human Health and the Environment 

The No Action Alternative could be least protective if the lack of a coordinated disposal program resulted 
in an increased reliance on management of waste in place at CERCLA remediation sites. 

Selection of either the On- or Off-site Disposal Alternative could encourage more waste removal at 
remediation sites. If the presence of on-site disposal capacity encouraged removal of waste from 
individual CERCLA sites, environmental benefits could result at those sites depending on eventual land 
use. The Off-site Disposal Alternative would be more effect ive in preventing potential future releases on 
the ORR because most of the CERCLA waste would be disposed of in off-site permitted facilities. 

Both the On-site and Off-site Disposal Alternatives would be protective of human health and the 
enviromncnt. The On-site Disposal Alternative would be protective primarily through design and 
constmction to required specifications and compliance with the WAC established for a new on-site 
CERCLA waste disposal facility . The Off-site Disposal Altemative would be protective through 
compliance with the \VAC for each of the off-site existing permitted facilities. 

Waste removal would require local and long-distance transport of waste, treatment of some waste 
streams, and waste handling and placement at the disposal facilities. These intensive actions would 
increase the probability of normal industrial or transportation accidents. Because of the greater volumes 
of waste shipped over long distances, transportation risks would increase for the Off-site Disposal 
Altemative. 

7.3.2 Comtlliance with ARARs 

No ARARs or TBC guidance are directly associated with the No Action Alternative; however, lack of a 
coordinated disposal program may make it more difficult for CERCLA actions at individual remediation 
sites to comply with some regulato1y requirements. The potential for increased interim waste storage 
exists under the No Action Alternative. ARARs would be developed for each site-specific CERCLA 
action. On- and Off-site Disposal Alternatives would support individual CERCLA actions and meet most 
of the ARARs, with the exceptions noted below. 

Certain waste streams may not meet the WAC for either the on-site EMDF or existing off-site disposal 
facilities. This waste, expected to be a relatively small volume, would be stored at compliant facilities 
with sufficient engineering controls and oversight to minimize the potential for exposure or release. 

The On-site Disposal Altemative would be designed to meet all ARARs and TBC guidance with the 
exception of the TSCA hydrologic requirement that specifies a buffer of at least 50 ft above the historical 
high water table and TDEC hydrologic requirement to not have any groundwater to surf.1ce discharge 
points within the disposal unit footprint. An "equivalent protectiveness" waiver of these ARARs would be 
requested as described in Appendix E. 

The Off-site Disposal Alternative would comply with all ARARs and TBC guidance, which are limited to 
requirements associated with transportation of waste. Compliance of the disposal f.1cilities with their 
licenses and permits would be determined prior to transport in accordance with the CERCLA Off-site 
Rule. 

7.3.3 Long-term Effectiveness and Permanence 

Bothe on-site and off-site disposal would be effective and permanent in the long-term. The Off-site 
Disposal Alternative offers the greatest level of long-term protectiveness because the climate and 
hydrogeology offer the highest potential for permanence of containment. The No Action Alternative 
would likely be less protective if more wastes were managed in place at individual CERCLA sites rather 
than being consolidated in an engineered landfill. The No Action Alternative and the lack of a 
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coordinated disposal capacity may not optimally meet the RAO to facilitate timely cleanup of ORR and 
associated sites. 

Preventing exposure to the contaminants placed in the EMDF over the long term depends on success of 
the facility's waste containment features, characteristics of waste placed in the EMDF, and institutional 
controls. The multilayer cover system would be designed to decrease migration of liquids, minimize 
erosion, acconunodate settling and subsidence, and prevent burrowing animals and plant root systems 
from penetrating the cover system and reduce the likelihood of inadvertent intrusion by humans by 
increasing the difficulty of digging or drilling into the landfill. Institutional controls would restrict access 
to the site and prohibit actions that could penetrate the cover and expose the waste. Barring extraordinary 
efforts to penetrate the cover, it should remain effective for hundreds to thousands of years. While the 
cover remains in place, migration of contaminants into groundwater and surface water is the only credible 
pathway for exposure. PW AC analysis indicates that exposures would be acceptable at the hypothetical 
receptor location downgradient of the proposed EMDF site (see Appendix F). 

The Off-site Disposal Alternative also relics on engineering and institutional controls at the off-site 
disposal facilities to prevent inadvertent intrusion, including engineered barriers to intrusion and waste 
migration . Off-site disposal of waste at EnergySo/utions and NNSS in the long-term may be more reliable 
at preventing exposure than on-site disposal on the ORR. EnergySolutions and NNSS are in an arid 
environment that reduces the likelihood of contaminant migration or exposure via groundwater or surface 
water pathways. Fewer receptors exist in the vicinity of EnergySo/utions and NNSS than on the ORR. 

Long-term effects at the proposed EivtDF site would consist of impacts to biota and habitat, primarily by 
the loss of forest cover and stream and wetland impacts. 

7.3.4 Short-term Effectiveness 

Short-term effectiveness includes protection of the community and workers during remedial action, 
short-term environmental effects, and the duration of remedial activities. For purposes of this RI/FS, the 
short-term period lasts through closure of the EMDF but docs not include the subsequent period of 
institutional controls. 

On-site disposal presents the greatest challenges to the Oak Ridge area during remediation. Construction 
and operation of the EMDF would present more local risk and impact to human health and the 
enviromnent than off-site disposal, which does not involve new construction. Off-site disposal would 
generate few local impacts other than possibly encouraging cleanup of individual sites, and only 
incremental and minor impacts at the receiving disposal facility. Off-site disposal would result in 
additional risk from long-distance transportation. 

Under all the alternatives evaluated, risks to workers and the community from actions at the remediation 
sites and disposal facilities would be controlled to acceptable levels through compliance with regulatory 
requirements and health and safety plans. These risks would be similar and would be comparable to risk 
for industrial operations. The No Action Altemative would present no specific short-term risks or benefits 
to the community or workers other than those associated with individual actions at individual sites and 
off-site disposal. Less-intensive remedial actions may be implemented at some remediation sites under the 
No Action Alternative. If so, the replacement of excavation, treatment, transport, and disposal actions 
with in situ containment or treatment options would reduce the likelihood of adverse short-term effects on 
the community and workers. For sites undergoing removal, short-term effectiveness would be equivalent 
under all alternatives. The level of activity and resulting probability of exposure to contamination or 
industrial accidents at waste generation sites, treatment facilities , and disposal facilities would be similar. 

For the On-site and Off-site Disposal Alternatives, the most significant risks to the public would result 
from waste transportation. Potential risks result from exposure to gamma radiation during routine 
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(accident fl·ee) transportation, ft·om exposure to radionuclides during accidents, and from physical trauma 
or illness associated with vehicular accidents and emissions, regardless of the waste being carried. 
Table 7-3 contains a summary of the calculated risks for the On-site and Off-site Disposal Alternatives, 
for all shipments. As seen in the table, off-site transportation carries a much higher risk than on-site 
transportation, due to the public roads and railroads travelled and the long distances involved. On-site 
transport carries a considerably lower risk due to the short travel distances and the non-public routes that 
would be followed . A breakdown of the risks for the individual routes travelled, accident versus routine 
travel, and fatal/non-fhtal statistics is provided in Appendix D. 

Table 7-3. Comparison of Risk Factors fo1· On-site and Off-site Disposal Alternatives, All Shipments 

On-site DiSilOsal Alternative Off-site Dispos11l Altel·native 

Receptor 
Radiological V ehicle-relatcd Radiologicnl Vehiclc-relntcd 
Risk Range Risk Risk Range Risk 

Maximum Exposed Individuals 5.6 1 x w·~ to I.OGx I 0'3 to 
1.22x 10'1 7.53 x 10'2 

0.93 25.3 

Collective Population 2.93 X J0'8 tO 1.58x fO-t to 
J.44 X 10' 1 3.01 X 10·l 

Short-term environmental effects would be least for the No Action Alternative, minimal for the Off-site 
Disposal Alternative, and greatest for the On-site Disposa l Alternative. For the No Action Alternative, no 
specific enviromnental impacts other than those associated with individual actions would be expected. 
Environmental effects could result from a spill during transport and handling for the Off-site Disposal 
Alternative, but there is a low risk of a spill and only minor adverse effects are likely to result. Vehicles 
along the transportation corridor would cause an inconsequential increase in pollution and noise levels. 
The additional environmental effects at the receiving off-site disposal facilities would be negligible over 
and above those caused by current and continuing operation of the faci lities. 

Constn1ction and operation of the EMDF would cause local short-tenn environmental effects typically 
associated with a large construction project. Sensitive human receptors (e.g., residence, church, school) 
would not be impacted because of the proposed EMDF site distance from these receptors. Disturbance to 
terrestrial resources would be expected, with land usc resulting in temporary losses of habitat; dcstmction 
of small , limited-range animals; and displacement of wildlife adjacent to the construction areas. The 
potentially sensitive HA at the EMDF site that would be impacted includes a portion of the NT-3 stream 
and wetlands. 

Other potential short-term effects from EMDF construction and operation include the probable slight 
degradation of surfhce waters by increased sediment and runoff in NT-2 and NT-3 at the EBCV site. 
Aquatic resources, including the Tetu1essee dace, may be somewhat impacted in Bear Creek. Additional 
assessments of effects on protected and sensi tive resources, if present, would be performed as necessaty 
and mitigative measures would be identified and implemented in consultation with the appropriate state or 
federal agencies. 

Lack of a coordinated disposal capacity may hinder remediation. As a result, the No Action Alternative 
may not meet the RAO to support timely cleanup of ORR and associated sites. 

The duration of remedial activities for lhe No Action Altemative would depend on CERCLA actions 
selected for the individual remediation sites. The duration of disposal activities for the On- and Off-site 
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Disposal Alternatives would be similar based on generation schedules at the remediation sites described 
in Chapter 2 and Appendix A. 

7.3.5 Reduction of Toxicity, MoiJility, or Volume through Treatment 

Although the disposal alternatives evaluated do not directly establish waste treatment requirements, 
wastes would be treated as needed to meet WAC either before shipment or at the receiving facility 
(the EnergySo/utions facility has treatment capabilities). Waste treatment prior to shipment would remain 
the responsibility of the waste generator. Waste treatment by the generator or at the receiving facility 
could reduce the toxicity, mobility, and/or volume of waste, depending on the treatment applied. For the 
No Action Alternative, if more wastes are managed in place because of the lack of n coordinated disposal 
option, containment or in situ treatment technologies could be less effective in reducing toxicity or 
mobility than the ex situ treatment technologies that would be used for removal and disposal options. 

7.3.6 JmplcmcntniJility 

All three alternatives considered are implementnble. All are administratively feasible, although not 
without substantial effort. Both on-and off-site disposal are technically feasible, although the on-site 
component presents greater technical challenges. Services and materials for either the On- or Off-site 
Disposal Alternative are readily available. 

Development of an on-site EMDF would require cooperation with and support from federal and state 
reg11latoty agencies and must include public involvement. Administrative feasibility of disposal activities 
for the No Action Alternative would be considered under CERCLA decisions for individual sites. For the 
Off-site Disposal Alternative, existing agreements with state agencies for interstate shipment of waste, 
and with the states of Utah and Nevada for disposal of wastes nrc likely to continue. A DOE exemption 
from the requirement to dispose of LL \V at the generation site or at another DOE site could be readily 
obtained. 

For both the On- and Off-site Disposal Alternatives, wastes that do not meet the \V AC for any disposal 
facility would be stored in compliant facilities , and could meet the administrative requirements for 
storage. 

Technical implementnbility of waste disposal for the No Action Alternative would be considered under 
CERCLA decisions for individual sites. The teclmicnl components of the On· and Off-site Disposal 
Alternatives would be straightforward to implement using existing and readily available technologies. 
Once the wastes are disposed of on· or off-site, the need for additional actions in the future would be 
extremely unlikely. The main difference between the On- and Off-site Disposal Alternatives is the 
requirement for construction of the EMDF versus the long-distance transport requirements for 
off-site disposal. Both are readily implementnble, but const111ction of the EMDF is more complex. 

Services and materials needed for construction and operation of the EMDF or for shipment and disposal 
of waste under the Off-site Disposal Alternative are readily available. Disposal capacity is available for 
waste that would not meet on-site facility WAC under the On-site Disposal Alternative and would require 
off-site disposal, and storage capacity would be available for waste not meeting any facility's WAC. 
Disposa l capacity is currently available at the representative off-site disposal f.1cilities and is anticipated 
to continue to be available. The availability of services and materials does not apply to the No Action 
Alternative. Services and materials needed for waste disposal would be determined in CERCLA actions at 
individual sites without the benefit of a comprehensive strategy. 

Because of state equity issues, it is possible that public concerns regarding shipments outside of 
Tennessee could affect the availability of off-site disposa l facilities. Uncertainty about continued 
availability of the off-site disposal capacity is considered minimal at both representative facilities , NNSS 

7-32 

) 

) 



) 

) 

(a DOE facility) and EnergySolutions (a non-DOE, commercial facility). However, given the 30 years of 
anticipated CERCLA waste generation, the On-site Disposal Alternative provides a greater level of 
certainty than the Off-site Disposal Alternative that long-term disposal capacity would be available at the 
time wastes are generated. 

7.3.7 Cost 

Specific disposal costs cmmot be estimated for the No Action Alternative. Disposal costs would depend 
on the individual actions taken at the CERCLA remediation sites. If lack of a coordinated disposal 
program under the No Action Alternative encourages management of wastes in place at individual 
CERCLA sites, rather than removal and disposal, disposal costs would be avoided. If on- or off-site 
disposal is selected, the removal, ex situ treatment, and local transport portion of alternatives requiring 
disposal may be more costly than in situ remedial actions at a remediation site. For those CERCLA sites 
that select removal and disposal without the benefit of a coordinated ORR-wide disposal program, 
transport costs and disposal fees could be higher due to procuring disposal services on a project basis and 
lack of economies of scale. 

The projected cost for the Off-site Disposal Alternative is approximately 2.8 times that of the On-site 
Disposa l Altemative. Estimated total project cost for the On-site Disposal Alternative at the proposed 
EMDF site in EBCV is $708M (20 12 dollars) and $499M (present worth). For the Off-site Disposal 
Alternative, the estimated total project cost is $1.992B (20 12 dollars) and $ 1.408B (present worth). 

These estimated total pr~ject costs in 2012 dollars correlate to an estimated $323per yd3 as-generated 
waste (2012 dollars) for the On-site Disposa l Alternative and an estimated cost of 910 per yd3 

as-generated waste (20 12 dollars) for the Off-site Disposal Alternative, with the same assumed 
uncertainty of28% in waste volumes for each alternative. 

Fuel surcharges that may be incurred during transportation of the waste to off-site disposal facilities are 
not included in the Off-site Disposal Alternative cost estimate. Also, rail transportation, which is 
approximately II % less expensive than truck transport, is assumed for the majority of shipments. 
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7.3.8 NEPA Considerations 

Land use within the permanent institutional control boundmy of all alternatives would be restricted . Other 
areas used during constmction and operations of on-site facilities could be released for other uses after 
facility closure. 

If the On- or Off-site Disposal Alternatives encourage more thorough remediation of CERCLA 
environmental restoration sites than under the No Action Alternative, reduction or elimination of 
restrictions at those sites could have a positive effect on socioeconomics and land use. The effects of 
implementing the No Action Alternative would depend on decisions at individual sites, but could result in 
less release and less beneficial reuse of the individual sites if more waste is managed in place because of 
the lack of coordinated disposal capacity. Multiple si tes could be more difficult to manage and less 
reliable than institutional and engineered controls at disposal facilities where large volumes of wastes are 
consolidated. 

Implementation of the Off-site Disposal Alternative would have only a minor socioeconomic impact. The 
Off-site Disposal Altcmative could encourage remediation at generator sites, but socioeconomic impacts 
associated with waste handling, packaging, and transport would be minimal. Only a slight incremental 
increase in the workforce at the off:.site disposal facilities would be needed to accommodate 
ORR-generated wastes. 

On-site disposal would likely have the greatest effect on socioeconomics and land use. The construction 
and disposal actions for the On-site Disposal Alternative would increase the number ofjobs locally, but 
the maximum increase would not be significant relative to the total current workforce. Loss of land use at 
the disposal site could be partially offset by reductions in restrictions at the remediation sites, but it is 
possible that the same improvements in land use opportunities at generator sites could occur under the No 
Action and Off-site Disposal Altematives without the conunitmcnt of additional land on ORR. The 
proposed si te location adjacent to existing waste disposal sites minimizes the potential impact of the 
presence of a new facility on future use of the area. To some extent, differences in cost between on- and 
off-site disposal could impact decisions and remediation progress at individual sites. 

The primmy adverse environmental effect of the On-site Disposal Alternative at the EMDF site would 
result from the permanent commitment of the EMDF area for waste management, replacement of 
woodland habitat with grass and shrub habitat, and loss of sensitive stream and wetland habitat. The 
commitment of land area may be offset in part by cleanup and release of some of the ORR remediation 
sites. Any cumulative impact in the forested areas near the proposed EMDF site or on future land use is 
anticipated to be minimal. 

The inunediate area surrounding the EBCV si te is currently unpopulated. The nearest residential area is 
approximately 0.84 mi north of the EBCV site. 

Cumulative effects of the Off-site Disposal Alternative would be caused by increased traffic along the 
transportation corridor. The short-and long-term effects at the disposal facilities would be minor as 
described for the On-site Disposal Alternative. If the cleanup and release of remediation sites is 
encouraged by this action, environmental benefits at ORR could result. 

Cleanup actions at rcmcdiatiou sites could be similar for all alternatives. Off-site disposal would provide a 
greater cumulative benefit because the On-site Disposal Alternative would permanently alter the proposed 
EMDF location. The cost differential between the On-site and Off-site Disposal Alternatives is 
substantially in f..wor of on-site disposal and could encourage greater cleanup of individual ORR remedial 
sites. 
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7.3.9 Summary of Differentiating Criteria 

The No Action Alternative may not support the RAO of facilitating the timely cleanup or release of 
portions of ORR and associated facilities for beneficial use. The success of the No Action Altemative in 
meeting the other RAOs would depend on the individual decisions made for each CERCLA remediation 
site. Overall remediation and disposal costs and local socioeconomic benefits could be lower if less 
aggressive remedial actions result from the lack of a coordinated disposal program. By virt11e of 
compliance with the CERCLA process, cleanup actions would be protective, but if increased management 
of waste in place and long-term restrictions on land usc resulted from no action, long-term effectiveness 
could be reduced. The need to coordinate and implement disposal services on a project-by-project basis 
could increase the time and cost required to complete remedial actions at individual sites. 

For most of the CERCLA and NEPA evaluation criteria, the differences between on-and off-site disposal 
are minor. These two alternatives are differentiated by five key criteria, (I) long-term effectiveness, 
(2) short-term transportation risk, (3) availability of services and materials, (4) land use, and (5) cost. 

Long-term Effectiveness: Both the On-site and Off-site Disposal Alternatives would be considered 
protective long term of human health and the environment by disposal of waste in a landfill designed for 
sitc-speci fie conditions. Off-site disposal at EnergySo/utions and NNSS may be more effective long term 
in preventing exposure to or migration of contamination because of the climatic and geologic conditions. 
Fewer receptors exist in the vicinity of Enerf:,•ySo/utions and NNSS than near the ORR. The Off-site 
Disposal Alternative would be more effective in preventing future releases on the ORR because CERCLA 
waste would be disposed in off-site facilities. 

Short-term Transportation Risk: Risk associated with local transport of waste to either the on-site 
disposal facility or the truck-to-rail transfer facility at ETTP for subsequent off-site shipment would be 
the same for both alternatives. For the Off-site Disposal Alternative, there would be additional 
radiological risk aud vehicle-related risk due to transportation of the waste to off-site locations. Waste 
may be transported off-site by rail , truck, or a combination. Comparative analysis of risk incurred by 
these scenarios demonstrates that rail transport results in a significantly lower health risk overall to MEis 
and collective populations than does truck transportation of the waste, both from radiation exposure risk 
and vehicular accideut risk. 

Availability of Services and Materials: Currently services and materials needed for pre-constmction 
investigations, construction and operation of the On-site Disposal Alternative and transpOI1ation and 
disposal capacity for the Off-site Disposal Altcmative arc available. No impediments to continued 
operatiou for the Ou-site Disposal Altemative are likely to arise. State equity issues and reliance on off
site facilities introduce an element of uncertainty into the continuing viability of off-site disposal during 
the anticipated operational period. Because CERCLA waste generation on the ORR is likely to continue 
for 30 years, on-site disposal would provide much greater certainty that sufficient disposal capacity is 
actually available at the time the wastes are generated. 

Land Use: Construction of the EMDF would result in significant environmental impacts, mainly arising 
from rerouting a portion of a tributary and permanent loss of wetlands and forested habitat. The proposed 
EMDF site, while forested and undeveloped, is adjacent to a brownfield area where the existing EM\VMF 
and former waste disposal sites are located. Land use at the on-site EMDF would be restricted in 
perpet11ity. Land at off-site facilities is already committed to waste disposal. 

Cost: The estimated project cost for the Off-site Disposal Alternative ($1.992B [20 12 dollars 1 or $l.408B 
[present worth]) is approximately 2.8 times the estimated project cost of the On-site Disposal Alternative 
($708M [20 12 dollars] or $499M f present worth]). 
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1. INTRODUCTION 

This Appendix presents further detail about the waste volume esti.mates, estimated waste generation 
schedu les, and waste characterization data that are used as the basis for the Remedial Investigation/ 
Feasibility Study (RI/FS) altemative development and evaluation. 

1.1 "AS-GENERATED" WASTE VOLUME ESTIMATE 

As described in Chapter 2, the "as-generated" waste volume estimate was used to predict "as-disposed" 
waste volumes for the On-site Disposal Alternative and as the basis for waste shipment analysis in the 
Off-site Disposal Alternative. 

Figure A-1 and Figme A-2 present the base as-generated waste volume estimate for Fiscal Year 
(FY) 2012- FY 2042 by material type and by waste type, respectively. The base as-generated waste volume 
estimate includes no applied uncertainty. Table A-1 shows the base as-generated waste volume estimate for 
FY 2012 - FY 2042 by material type, waste type, and year. 

Table A-2 provides the total base as-generated waste volume estimate for FY 2012 - FY 2042 by project, 
material type, and waste type, with subtotals for the following timefrnmes: 

• FY 2012 - FY 2020 (FY 2020 is the estimated year when the Environmental Management Waste 
Management Facility [EMWMF] reaches maximum capacity based on a 28% uncertainty 
allowance 1 added to the as-disposed volume estimate as described below and in Sect. 2.2.2 of the 
RifFS. 

• FY 2020 - FY 2042 (estimated time(rame for operation of new Environmental Management 
Disposal Facility [EMDF) under the On-site Disposal Altemative and for waste shipments under 
the Off-site Disposal AJternative). 

Table A-3 provides the as-generated volume estimate (FY 2020 - FY 2042) with 28% uncertainty 1 that is 
the basis for the waste shipments for the Off-site Disposal Alternative. Approximately 2.19 million 
(M) total yd3 of waste would be shipped for off-site disposal under this alternative. The uncertainty amount 
applied is equivalent to that used in the as-disposed wastes volume estimate for the On-site Disposal 
Alternative. 

1.2 "AS-DISPOSED" WASTE VOLUME ESTIMATE 

Prediction of"as-disposed" waste volumes for the RI/FS used a methodology described in Sect. 2.2.2 of the 
RJ/FS that started wi th the "as-generated" waste volume estimate. 

Table A-4 shows the "as-disposed" waste volume estimate per year through FY 2042 and delineates the 
volume estimate by debris, waste used as fill , clean fill, and a 28% uncertainty allowance added to total 
waste plus clean fill. Based on the as-disposed waste volume estimate, the On-site Disposal Alternative 
assumes maximum capacity of EMWMF (2 .1 RM yd3

) is reached and a new Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) waste disposal f.1cility becomes 
operational in FY 2020. Table A-4 also shows the estimated dates when new disposal facility cells begin 
operation and reach capacity, when CERCLA waste disposal is complete, and when disposal facility 
closure begins. 

1 The nclunl applied um:ertainty is 27.9798%; 28% is a rounded value. 
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1.3 WASTE CHARACTERIZATION DATA 

The waste characterization results are in the form of a derived data set for radionuclide contaminants. The 
data set forms the basis for calculating transportation risk for the On- and Off-site Disposal Alternatives, 
and risk associated with natural phenomena (wind-borne [tomadic] contamination risk) for the On-site 
Disposal Alternative. 

1.3.1 Radionuclide Characterization 

A contaminant data set of mass-weighted average radionuclide concentrations was developed for usc in 
evaluation of natural phenomena risk and transportat ion risk . The process used to develop the data set 
consisted of the following steps described in Sect. 1.3 .1.1 through Sect. 1.3 .1.3: 

• Data collection 

• Data set development exceptions 

• Development of data set to be used for risk evaluation 

A description of the process steps and calculations is provided below. 

1.3.1.1 Data Collection 

The data collection process is described below. 

I) Identified waste lots (WLs) for waste disposed at EMWMF. Using a Waste Transportation 
Management System2 (\VTMS) EMWMF Disposition Sun1111ary Report, a list of 134 WLs were 
identified. 

2) Collected radionuclide contaminants of potential concern (COPCs) and expected value 3 

concentration data for identified WLs. 4 The expected concentration value used for each 
radionuclide COPC is listed in Table A-5. Data were obtained from the following sources: 

a) The Waste Acceptance Criteria Forecast Analysis Capability Systems (W ACF ACs)5 output 
report for the identified WL. WACFACs output reports contain values for COPCs that have a 
numerical limit in the EMWMF analytic Waste Acceptance Criteria (WAC). These reports do 
not contain values for COPCs that have an unlimited EM\VMF analytic WAC (e.g., Cs-137). In 
order to obtain concentration data for Cs-137 and other COPCs that are predominantly present 
in the Oak Ridge National Laboratory (ORNL) waste streams but have an unlimited EMWMF 
analytic WAC, data sources described in (b) and (c) below were used to obtain ORNL expected 
value concentration data. 

b) The auditable safety analysis-derived \V AC section of the waste profile for the identified WL. 

c) Sununary statistics from WL profiles. 

2 WTMS is n web-based tool tlwt pro\'idcs a central source for manually compiling and printing shipping documents required for 
the transport of waste and materials generated by the EM contractor. 

3 Symbolized by E(x) in waste lot sumnu1ry statistics. 

~ Some radiomu.:lide data values wen: reported as radionuclide concentration values tor rodionuclide pairs (e.g., Cm-243/244, 
Cm-245/246, Pu-239/240, Ru-1 06/Rh-1 06. U-23.1/2.14 , and U-235/2.!6). The rndionuclidc concentration values for 
Cm-243/244 wcr.: assigned to Cm-243, Cm-245/246 were a~signed to Cm-245, Pu-239/240 were assigned to Pu-239, 
Ru-1 06/Rh-1 06 were as~ igned to Ru-106. U-23J/234 were as~igncd to U-234 , and U-235/236 were assigned to U-2.l 5. 

5 
WACfi\Cs is the primary tool used to ensure analytic \V AC compliance a t the EMWMF. 
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3) Collected net weight data for identified WLs. As-disposed net weight data were obtained from the 
WTMS EMWMF Disposition Summary Report. Net weight data for each identified WL are shown 
in Table A-5. 

1.3.1.2 Data Set Development Exceptions 

Exceptions to the process were made for the following WLs that were merged or split out from the original 
approved WL profile and therefore shipped under a different WL number. These WLs are: 

• WL #6.998 is a commingled WL that includes wastes from WL # 6.49, 6.50, 6.51 , 6.52, 6.53, 6.54, 
6.55, 6.56, 6.57. 

• WL #6.999 is a cotmningled WL that includes wastes from WL # 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 
6.45, 6.46, 6.47 and 6.48. 

• WL #149.1 1 was shipped as WL #149.4. 

• WL #200.999 is a commingled WL that includes wastes from WL # 200.0 I, 200.02, and 200.04. 

For these WLs: 

• In Step 3 of Data Collection (see Sect. 1.3.1.1 above), the as-disposed volwnes from the 2012 
Capacity Assurance Remedial Action Report (DOE 20 12) and reported radionuclide COPC 
concentrations for each individual WL were used to calculate a volume-weighted average 
concentration for each radionuclide COPC. The value was substituted as the concentration value 
C(i in Step l in Sect. 1.3.1.3 below for the commingled/shipped WLj, where Cii = concentration of 
radionuclide contaminant i in pCilg, for WLj. 

1.3.1.3 Development of Data Set for Natural Phenomena and Trans1Jortation Risk Evaluation 

The steps and assumptions to develop the data set for natural phenomenon and transportation risk 
evaluation (provided in Appendix D) are summarized below: 

I) Calculate the activity in pCi of each radionuclide with a reported value in each individual WL data 
set. 

Activityii= Cii * Weighlj* 453.6 glib 

where: 

Activityii = Activity ofradionuclide i in pCi, for WLj 

Weighlj=Nct weight in lb for WLj (all shipments) 

2) Calculate the total activity in the data set for each radionuclide i. 

Activity; = Vctivityii 

where: 

Activity;= Total activity in pCi, for radionuclidc i, summed for all WLsj = I tom with a reported 
value for radionuclide i. 

3) Calculate the average concentration in pCilg for each radionuclide present in the WL data set. 

C; =Activity;/ [(Weight,0 1*(453.6 g/lb)] and Weight,0 , = L Weighlj 
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where: 

Weightror = Total net weight in lb, summed for all WLsj = flo min the data set with a reported 
value for radionuclide i 

C; = Average concentration of radionuclide i in the data set (all WLs with a reported value for 
radionuclidc i) 

The calculation spreadsheet of mass-weighted average concentrations for radionuclide COPCs is provided 
in Table A-6. 
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Waste Type 

LLW (inrhules LLW/TSCA) 

l\llxed (LLWIRCRAHSCA) 

TOTAL 

Waste Type 

LLW (Includes LLW/TSCA) 

Mixed (LLW/RCRA/TSCA) 

TOTAL 

Wnste Type 

LLW (Includes LLWHSCA) 

Mixed (LLW/RCRA/TSCA) 

TOTAL 

LLW = low-le,·e l (radio.1ctivc) wru;te 
RCRJ\ = Resource Cons.:rvation and Recovery Act of 1976 
TSCA = Toxic Substance Contro(,\ ct of 1976 

l\ I ateria I '_l)'pe 

Debris 

Debris Clnssified 

Soil 

Soil C lassified 

TOTAL 

Debris 

Debris Classified 

Soil 

TOTAL 

Material T)'J)e 

Debris 

Debris Classified 

Soil 

Soil Classified 

TOTAL 

Debris 

Debris Classified 

Soil 

TOTAL 

Material Type 

Debris 

Debris Classified 

Soil 

Soil Classified 

TOTAL 
Debris 

Debris Classified 

Soil 

TOTAL 

Table A-I. Uase As-generated Waste Volume Estimate (FY 2012-FY 2042) 

As-generated Wnste Volume Estimate (yd3
) 

FY2012 FY2013 FY2014 FY2015 FY2016 FY2017 

65,963 54,494 !!4,1 36 8 1,739 58,482 13,647 

2,241 2,781 2,904 1, 166 314 

500 

2,992 

71,696 57,275 87,040 82,905 58,796 13,647 

354 200 200 

354 200 200 

72,050 57,475 87,240 82,905 58,796 13,647 

As-generated Waste Volume Estimate (yd3
) 

FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 

81,429 85,689 123,867 39,428 36,454 36,647 

3,942 500 

2 1,851 20,479 4,634 149 86 

107,221 106,668 128,501 39,576 36,540 36,647 

5 39 39 39 23 

5 39 39 39 23 

107,226 106,707 128,540 39,615 36,563 36,647 

As-generated Waste Volume Estimate (yd3
) 

FY2034 FY2035 FY2036 FY2037 FY2038 FY2039 

81,116 70,687 65,954 45,055 16,602 33,415 

24,613 95,8 16 76,964 28,319 30,698 38,805 

105 729 166 503 142918 73,374 47,300 72 220 

263 I 1,712 
263 11,712 

105,992 178,215 142,918 73,374 47,300 72,220 
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FY2018 FY2019 FY2020 FY2021 FY2022 

48,769 63,634 44,961 46,064 5 1,324 

1,506 

45,990 9,924 20,436 

48,769 63,634 90,951 55,988 73,266 

2,459 19,574 13,449 10,044 

64 508 342 261 

2,523 20,082 13,791 10,304 

51,292 83,716 104,743 66,292 73,266 

FY2029 FY2030 FY2031 FY2032 FY2033 

33,000 60,845 68,093 51,01 8 46,358 

2,923 13,599 16, 164 11 ,399 

33,000 63,768 81,692 67,182 57,757 

33,000 63,768 81,692 67,182 57,757 

FY2040 FY2041 FY2042 
Total 

FY12-FY42 
25,524 25,558 10,339 I ,650,291 

15,354 

30,456 12,622 506,426 

2,992 
55 980 38,180 10 339 2,175 063 

46,424 

1, 175 

11 ,975 
59 574 

55,980 38,180 10,339 2,234,637 



Table A-2. Base As-generated Waste Volume Estimate by Project (FY 201 2- FY 2042) 

LLW and LLWffSCA (yd) 
Mixed- LLWIRCRA and 

Work Breakdown 
LLW/RCRArrSCA (yd) 

Total Total 
Total All 

Structure Project Material Type 
EMWMF EMDF 

(FY12-42) 

FY12-20 FY20-42 Tota l F Y1 2-20 FY20-42 Total (yd3) 

(EMWMF) (EMDF) LLW (EMWMF) (EMDF) Mixed 

2026 Complex Debris 10.012 10.012 10,012 10.012 
2528 Complex Debris 484 484 484 484 
3019 Ancillary Facilities 

Debris 783 783 783 783 D&D 
3019A D&D Debris 61,891 61.891 61.891 61,891 
3525 Complex Debris 7,659 7.659 7,659 7.659 
9206 Complex Debris 13,856 13,856 13,856 13.856 
9212 Complex Debris I 03.770 103.770 103.770 103,770 
Alpha Buildings Legacy 

Debris 34.254 34.254 34.254 34.254 Material Disposition 
Alpha-2 Complex Debris 50,952 50.952 50,952 50,952 
Alpha-3 Complex Debris 24.892 24.892 24,892 24.892 

Alpha-4- D&D 
Debris 18.836 16.600 35.436 24.051 2 1.195 45.246 42.887 37,795 80,682 
Debris/Classified 625 550 1.175 625 550 1.175 

Alpha-S Complex Debris 42.994 79.629 122.623 42.994 79.629 122,623 
Balance of Facilities D&D Debris 25.115 25.1 15 25. 115 25,11 5 
BCY S-3 Ponds Soil 1.094 1.094 1.094 1.094 

BCY White Wing Scrap Debris 10.017 10.017 10.017 10.017 
Yard Remediation Soil 62.506 62.506 62,506 62,506 

Beta4 LMD 
Debris 741 741 741 741 
Debris/Classified 1.3 15 1.315 1.315 1,315 

Beta Buildings Legacy Debris 3,793 18,706 22,499 3.793 18.706 22.499 
Material Disposition 
Beta- ! Complex Debris 40.460 40.460 40.460 40.460 
Beta-4 Complex Debris 71.994 71.994 7 1.994 71,994 

Debris 29.088 29,088 29,088 29,088 
Biology Complex 

Soil 5,069 5.069 5,069 5,069 
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Table A-2. Base As-generated Waste Volume Estimate by Project (FY 2012- FY 2042) (Continued) 

LLW and LLWffSCA (yd3) 
Mixed- LLWIRCRA and 

Work Breakdown LL W IRCRArrSCA (yd3) 
Total Total 

Total All 

Structure Project Material Type 
EMWMF EMDF 

(FY12-42) 

FY12-20 FY20-42 Total FY12-20 FY20-42 Total (yd3) 

(EMWMF) (EMDF) LLW (EMWMF) (EMDF) Mixed 

Bldg 3026 C&D Hot Cell Debris 2,742 2.742 2.742 2,742 
Building 3038 D&D Debris 1.248 1.248 1.248 1,248 
BV Chemical Development 

Debris 1.189 1.189 1,189 1.189 Lab Facilities D&D 
BV Groundwater Treatment 

Debris 4.466 4.466 4.466 4.466 Facilities D&D 
BV Inactive Tanks & Debris 405 405 405 405 
Pipelines Soil 158 158 158 158 
BV Isotope Area Facilities 

Debris 6.102 6.102 6.102 6,102 D&D 
BV Reactor Area Facilities Debris 7.076 7.076 144 144 7.220 7.220 
D&D Soil 552 552 552 552 
BY Remaining Inactive 

Debris 23.446 23.446 23.446 23,446 Tanks and Pipeline 
BY Remaining Slabs and Debris 30.024 30.024 30,024 30,024 
Soils Soil 46,660 46,660 46,660 46.660 
BY Tank Area Facilities Debris 3,433 3~433 3.433 3.433 
D&D Soil 182 182 182 182 
Central Neutralization Debris 5.743 5.743 5,743 5,743 
Facility Closure D&D 
Central Stack Hot Cell 

Debris 10.268 10268 10.268 10,268 Facilities Complex 

Centrifuge Facilities D&D 
Debris 27,229 27.229 27,229 27.229 
Debris/Classified 5,398 5.398 5,398 5.398 

Deactivation Only Complex 
Debris 7256 7.256 7.256 7,256 

(Beta-3 & 97) 
East Bethel Valley Complex Debris 71.315 71.315 71.315 71.315 

EGCRD&D Debris 45,811 45,811 45,811 45.811 

Fire Station Complex Debris 812 812 812 812 
General Maintenance 

Debris 166 166 166 166 
Facilities Complex 
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Table A-2. Base As-generated Waste Volume Estimate by Project (FY 2012- FY 2042) (Continued) 

LLW and LLWfTSCA (yd) 
Mixed- LLWIRCRA and 
LLW /RCRAfTSCA (yd) Total All 

Work Breakdown 
Material Type 

Total Total 
(FY12-42) Structure Project EMWMF EMDF 

FY12-20 FY20-42 Total FY12-20 FY20-42 Total (yd3) 

(EMWMF) (EMDF) LLW (EMWMF) (EMDF) Mixed 

Hot Storage Garden Debris 190 190 190 190 
HPRR Area D&D Debris 2.553 2.553 2.553 2,553 

K- 1037 Facil ity D&D 
Debris 35,960 35.960 35.960 35,960 
Debris/Classified 500 500 500 500 

K-1 065 Operations and "No 
Path 10 Disposition" Waste Debris 10.853 10.853 10.853 10.853 
(ETTP) 
K-1 070-B Burial Grounds SoiUClassified 2.992 2.992 2.992 2,992 

K-25 Facil ity D&D (ETTP) 
Debris 154.874 154.874 154,874 154,874 

Debris/Classified 7,947 7,947 7 .947 7,947 

K-27 Facility D&D (ETTP) Debris 111.914 111.914 111 ,914 111.914 

K-3 1 Facility D&D Debris 85.338 85.338 85,338 85.,338 

K-33 Building Demo Debris 34.982 34 ,982 34.982 34,982 

LLL W Facilities D&D Debris 1.773 1.773 1.773 1,773 

Melton Valley LGWO D&D Debris 7.859 7.859 7,859 7.859 
MY Homogeneous Reactor 

Debris 725 725 725 725 
Experiment D&D 
MY Legacy Material 

Debris 104 104 104 104 
Disposition 
Newly Generated 
LL W/MLL W and Additional Debris 7 7 7 7 
Waste -PBS 42 
NW Quad Soils and Debris 8.572 8.572 8,572 8.572 
Sediments 
ORNL Non-HF Well P&A Debris 10 10 10 10 
ORNL Remaining Non-HF 

Debris 14 14 14 14 
Well P&A 
ORN L Small Facilities Debris 1.462 1,462 1,462 1,462 
Complex 

ORNL Small Facilities D&D Debris 1.129 1,129 1.129 1.129 
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Table A-2. Base As-generated Waste Volume Estimate by Project (FY 2012- FY 2042) (Continued) 

LLW and LLW!fSCA (yd~) Mixed- LLW/RCRA and 

Work Breakdown 
LL W /RCRArrSCA (yd3

) 
Total Total Total AU 

Structure Project 
Material Type 

EMWMF EMDF 
(FY12-42) 

FY12-20 FY20-42 Total FY12-20 FY20-42 Total (ydl) 

(EMWMF) (EMDF) LLW (EMWMF) (EMDF) Mixed 

ORNL Soils & Sediments 
Debris 2.055 :t0 55 2,055 2,055 
Soil 76.561 76.561 76.561 76.561 

ORNL Surveillance & 
Maintenance I Debris 1.236 1.236 1.236 1,236 
Environmental Monitoring 
OSY Soil Remediation Soil 500 500 500 500 

Poplar Creek Facility D&D 
Debris 27.986 27.986 27,986 27,986 
Debris/Classified 50 50 50 50 

Process Facilities Legacy 
Debris 11.515 I 1.515 11.515 11,515 

Material DiSQ<>sition 
Process Wastewater Systems 

Debris 295 295 295 295 
Project 
RTBF Program - Storage Debris/Classified 144 144 144 144 
SE Contaminated Lab 

Debris 91 91 91 91 
Collll>_lex 
SE Services Group Complex Debris 112 112 I 12 112 
Sewage Treatment Plant 

Debris 73 73 73 73 
ComplcxD&D 
Southeast Lab Complex Debris 638 638 304 304 942 942 
Transition Facility D&D Debris 8.001 8,001 8.001 8,001 
TRU Waste Processing 

Debris 3.106 3.106 3,106 3,106 
Complex 
TSCA Incinerator D&D Debris 5,385 5,385 5.385 5,385 

lJEFPC Remaining Slabs Debris 1.2 12 155.690 156,902 1.212 155,690 156.902 
and Soils Soil 2.1 36 274.504 276,640 2.136 274.504 276.640 
UEFPC Sediments -

Soil 11.975 11.975 11 ,975 11,975 
Streambed & Lake Reality 

UEFPC Soils 81-10 Area Debris 41 239 280 41 239 280 
Remediation Soil 4,905 28,445 33.350 4.905 28,445 33,350 

UEFPC Soils Remediation Soil 3,154 3.154 3.154 3,154 
Y -1 2 EM Facilities D&D Debris 3.000 3,000 3,000 3,000 
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Table A-2. Base As-generated Waste Volume Estimate by Project (FY 2012- FY 2042) (Continued) 

LLW and LLWffSCA (yd~ Mixed- LLWIRCRA and 

Work Breakdown 
LLWIRCRA!TSCA (yd3) 

Total Total 
Total All 

St ructure Project 
Material Type 

EMWMF EMDF 
(FY12-42) 

FY12-20 FY20-42 Total FY12-20 FY20-42 Total (yd3) 

(EMWMF) (EMDF) LLW (EMWMF) (EMDF) Mixed 

Y-12 Salvage Yard Debris ISO ISO ISO 150 
Y-12 Surveillance & 
Maintenance I Debris 450 450 450 450 
Environmental Monitorin!! 
Zone 2 Final Remedial Debris 30.000 30.000 30,000 30,000 Actions 

Zone 2 Remedial Actions Debris 9.500 16.670 26.170 9,500 16,670 26,170 

TOTAL VOLUME 497,687 1.677,376 2,175,063 25,471 34,103 59,574 523,158 1,711,479 2,234,637 

LL W ~ low-level (r:~dioactive) waste: RCRA = Rcsourc.: Conservation and Recovery Act of 1976: TSCA =Toxic Substance Control Act of 1976 

A-12 



I 
\ 

Waste Type Material Type 

Debris 

Debris Classified 

LLW (includes LLW/TSCA) Soil 

Soil Classified 

TOTAL 

Debris 

Mixed (LLW/RCRA/TSCA) 
Debris Classified 

Soil 

TOTAL 

TOTAL 

28% Uncertainty 

Total with UCL 

Waste Type Material Type 

Debris 

Debris Classified 

LLW (includes LLW/TSCA) Soil 

Soil Classified 

TOTAL 

Debris 

Mixed (LLW/RCRA/TSCA) 
Debris Classified 

Soil 

TOTAL 

TOTAL 

28% Uncertainty 

Total wllh UCL 

LL \V ~ low· level (radionctiv~) waste 
RCR1\ ~ R('sourcc CotlS('rvation and Recovery Act of 1976 
TSCA = Toxic Subswncc Control Act of 1976 
UCL = upper confidence level 

TaiJie A-3. As-generated Waste Volume Estimate (FY 2020-FY 2042) with Uncertainty 

As-gene•·ated Waste Volume Estimate (yd3
) 

FY2020 (EMDF) FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 

38,077 46,064 51,324 81,429 85,689 123,867 39,428 

1,506 3,942 500 

38,949 9,924 20,436 21,851 20,479 4,634 149 

77,026 55,988 73,266 107,221 106,668 128,501 39,576 

11,390 10,044 5 39 39 39 

290 261 

11,680 10,304 5 39 39 39 

88,706 66,292 73,266 107,226 I 06,707 128,540 39,615 

24,820 18,548 20,500 30,002 29,856 35,965 11,084 

113,526 84,841 93,766 137,228 136,564 164,505 50,699 

As-generated Waste Volume Estimate (yd·') 

FY2032 FY2033 FY2034 FY2035 FY2036 FY2037 FY2038 

51,018 46,358 81,116 70,687 65,954 45,055 16,602 

16,164 11,399 24,613 95,816 76,964 28,319 30,698 

67,182 57,757 105,729 166,503 142,918 73,374 47,300 

263 11,712 

263 11,712 

67,182 57,757 105,992 178,215 142,918 73,374 47,300 

18,797 16,160 29,656 49,864 39,988 20,530 13,234 

85,979 73,917 135,649 228,079 182,906 93,904 60,534 

A-13 

FY2027 FY2028 FY2029 FY2030 FY2031 

36,454 36,647 33,000 60,845 68,093 

86 2,923 13,599 

36,540 36,647 33,000 63,768 8.1,692 

23 

23 

36,563 36,647 33,000 63,768 81,692 

10,230 10,254 9,233 17,842 22,857 

46,793 46,901 42,233 81,610 104,549 

FY2039 FY2040 FY204J FY2042 Total FY20-FY42 

33,415 25,524 25,558 10,339 992,586 

5,948 

38,805 30,456 12,622 466,200 

0 

72,220 55,980 38,180 10,339 1,677,376 

21,578 

551 

11,975 

34,103 

72,220 55,980 38,180 10,339 1,711,479 

20,207 15,663 10,683 2,893 478,868 

92,427 71,643 48,863 13,232 2,190,348 



Total As-Disposed (CY) Tht·u2011 FY2012 
Deb tis 369,072 34,069 
Waste used as fill 366 966 2 689 
Excess waste fill 0 
Clean Fill 381,152 74,306 
Total waste plus fill I 117 190 Ill 064 
28% Uncettamty Allowance (Total 
Waste+ Clean Fill) 0 31,075 
Total with uncertainty 1,117,190 142,139 
Cumul:~tive On-site Waste Dispos:~l 1,117,190 1,259,329 

Total As-Disposed (CY) FY2027 FY2028 
Debris 18,126 18,211 
Waste used as fill 67 0 
Excess waste fill 0 0 
Clean Fill 40,899 41,157 
Total waste plus till 59,092 59,368 
28% Uncettainty Allowance (Total 
Waste+ Clean Fill) 16,534 16,611 
Total with uncertainty 75,626 75,979 
Cumulative On-site Waste Disposal 3,279,680 3,355,660 

EMWMF = Enviromnen~,1l Management Waste J'v[rutagement Facility 
EMDF= Envirorunental Mrutgement Disposal Facility 

*Denotes FY2020 Volwnes designated for EMWMF 
**Denotes FY2020 Volumes designated for EMDF 

FY2013 FY10J4 
28,561 43,352 

0 0 
0 0 

64,548 97,976 
93,110 141 ,329 

26052 39 544 
119,161 180,872 

1,378,491 1,559,363 

FY2029 FY2030 
16,399 30,236 

0 2 251 
0 0 

37,061 66,082 
53 460 98,569 

14 958 27 579 
68,418 126,148 

3,424,078 3,550,226 

Table A-4. As-dispos<'d Waste Volume Estimate 

FY2015 FY2016 
41 ,198 29,218 

0 0 
0 0 

93,108 66,032 
1311,306 95 250 

37 579 26 651 
171,885 121,900 

1,731,248 1,853,148 

FY2031 FY2032 
33,838 25,353 
10 473 12 449 

0 0 
66,000 44,847 

110,3 11 82 649 

30 865 23 125 
141,176 105,774 

3 691,402 3 797,176 

FY2017 FY2018 FY2019 
6,782 25,489 41,601 

0 0 0 
0 0 0 

15,327 57,604 94,019 
22, 108 83 093 135 620 

6,186 23 249 37,946 
28,294 106,342 173,566 

1,881,442 1,987,784 2,161,350 

FY2033 FY034 FY2035 
23,037 40,309 35,126 
8,779 19 159 79,386 

0 0 3,431 
43,284 71,940 0 
75 100 131408 117 943 

21 013 36,768 33 000 
96,113 168,176 150,944 

3,893,289 4,061,465 4 212,409 

t 
FY 2034: New Disposal Facility
Cells 3 and 4 Full, Cells 5 and 6 

Start Operations 

A- 14 

FY2020A 
4,470 
5 423 

4,679 
14 572 

4 077 
18,650 

2,180,000 

FY2036 
32,775 
59,276 

0 
14,795 

106 846 

29 895 
136,742 

4 349,150 

FY2020U FY2021 FY2022 
24,726 28,011 26,253 
29,998 7,644 15 739 

0 0 
25,883 55,661 43,593 
80 607 91316 85 585 

22,554 25,550 23 947 
103,161 116,866 109,532 

2,283,161 2,400,027 2,509,559 

t 
FY 2020: New Disposal Facility
Cells 1 :~nd 2 Start Opet·ations 

FY2037 FY2038 FY2039 
22,389 8,250 16,605 
21 ,811 18 645 29,887 

0 4 998 0 
28,790 0 7,640 
72 990 31,893 54 132 

20 422 8,924 15,146 
93,412 40,817 69,278 

4,442 562 4,483,379 4 552 658 

FY2023 
42,426 
16 829 

0 
79,054 

138 309 

38 698 
177,007 

2,686,566 

FY2040 
12,684 
23 457 

0 
5,208 

41 349 

11 ,569 
52,918 

4,605,576 

FY2024 FY2025 FY2026 
42,849 61,573 19,612 
15 773 3 569 114 

0 0 0 
81,067 135,585 44,209 

139,689 200 727 63 936 

39,085 56,163 17 889 
178,774 256,890 81,825 

2,865,340 3,122,230 3,204,054 

t 
FY 2025: New Disposal F:~cility
Cells 1 and 2 Full, Cells 3 and 4 

Start Operations 

FY2041 FY2042 Total 
12,701 5,138 1,220,439 
9,721 0 760 107 

0 0 8 429 
18,982 11,611 1,912,100 
41 ,404 16 749 3,901 074 

11 585 4 686 778 925 
52,988 21,436 4,680,000 

4,658,564 4,680,000 

t 
FY 2042: End CERCLA W:~ste 
Disposal, Begin Facility Closure 

( 
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Tnblc A-5. llarllonuclidc C oncentration Da ta Set 

• U11 its i11 pCil g 

Site Wnste Lot WL Nmnc Net Weight (g) Ag-llOm Am-241 Am -243 lli-214 C-14 Cm-242 C m-243 Cm-244 Cm-245 Cm-246 Cm-247 
Y-12 1.0 BYBYRA 8.66E+ IO I. SOE-01 
ORNL 2.0 1 S\VSA 4 Remedial Action HIP-IRA 2.22E+IO 2.18E+Ol 2. 10E+OO 
ETTP 3.00 K-1070-A RA 2.59E+ IO 2.00E-Ol 
ETTP 4.02 P\VR K- 1085-401 RA 5.93E+07 
ETTP 4.03 Blair Quarry Soils 1.35E+IO 
ETTP 4.05 K-7 10 2.80E+08 
ETTP 4.06 K- 1 085 Old Firehouse Bum Area Drum Burial Site, Area 6 Soils 1.51E+07 3.08E-Ol 
ETTP 4.08 Duct Island Soil Mounds 1.47E+08 3.20E-Ol 
ETTP 4. 11 K-7 11/K-766 Debris and Soils 5.37E+08 
ETTP 4.12 K-770 Scrap Yard Soils 8.81E+ JO 
ETTP 4. 14 K-1093 Scrap Yard Debris 6.63E+08 4.42E-OI 2.3 1E+OO 
ETTP 6.0 1 K25 :H1.1A-l DD R2 3.41E+09 7.75E-02 
ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E+08 8.45E-02 
ETTP 6.03 K25 HMA-2 DD Rev 2 1.91E+08 4.23E-Ol 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Ivfaterials Abatement 5.90E+07 5.28E-02 
ETTP 6.06 K-25 Bldg Area 6 PERRI 2.13E+08 
ETTP 6. 12 K-25 B ldg Non-Purge Ext. Transite 6.80E+08 2.35E-02 
ETTP 6.13 K-25 Bldg Area 5.1 PER RO 1.36E+08 
ETTP 6.14 K- 1232 Tank Fann Miscellaneous Debris RO 7.86E+07 
ETTP 6.16 K-60 1 Mise Debris 1.07E+09 
ETTP 6.17 Building K- 1 030 Debris 9.11 E+08 1.79E-Ol 
ETTP 6. 18 Building K- 1 024 Debris 8.51E+08 1.20E-O l 7.98E+OO 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92E+09 3.17E-O l 
ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 6.60E-Ol 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 
ETTP 6.3 1 K-25 Building Northwest Bridge 5.25E+08 
ETTP 6.41 K-25 West Side Compressors Group I R l 6. 11E+09 
ETTP 6.42 K-25 West Side Converters Group I R1 1.02E+09 
ETTP 6.43 K-25 West Side Converters Group I R l 3.49E+09 
ETTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 
ETTP 6.60 K-25 West Wing Post Mined Low-Risk Compressors 8.48E+07 
ETTP 6.998 Cominglcd waste lot that inlcudes \VL's 6.49-6.57 4.63E+JO 4.33E-03 
ETTP 6.999 Comingled waste lot that includes \VL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ 11 
ETTP 8.02 Building K-33 Concrete Pedestal 1.14E+ IO 
ETTP 8.05 BNFL Compressor Blades 5.89E+08 2.01E-02 
ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.61E+09 1.61E-01 
ETTP 8.08 K-33 Concrete Floor Scabb1e 2.27E+09 4.93E+OO 
ETTP 8. 11 Non-PG/Non-Fissi1e Components 2.66E+08 1.67E-01 
ORNL 10.0 1 Old Hydrofracture Faci lity Remediation Wastes (Containers) 7.04E+08 3.52E+02 8.95E+01 
ETTP 14.01 K-1303 Building Debris 1.92E+09 
ETTP 14.02 K-1 302 Building Debris 3.06E+08 5.00E-02 
ETTP 14.03 K- 1413 Building Debris l.IOE+09 1.50E-O l 
ETTP 14.04 K-1 303 Metal Debris 1.61E+08 
ETTP 14.05 K-1 300 Stack Debris 1.97E+08 2.00E-02 
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T a ble A-5. Radionuclidc C oncentration Data Set (Continu ed) 

Site Waste Lot WL Name Net Wright (g) Ag-JlOm Am-241 Am-243 lli-2 14 C-14 Cm-242 Cm-243 Cm-244 C m-245 Cm-246 Cm-247 
'U11its i11 pCilg ( 

ETTP 14.06 K- 1413 Process Piping and Equipment 7.78E+07 I.OOE-02 

ETTP 14.07 Ol'erhead Fluorine Pipelines and K- 130 1/K- 1407 Metal Debris 2.60E+07 I.OOE-02 

ETTP 14.08 K-1 301, K- 1405, and K- 1407 Asbestos 9.08E+06 1.75E+OO 

ETTP 14.11 K-1420 Equipment and Building Debris 5.28E+09 

ETTP 14.14 K-1 401/K-723 R4 2.43E+10 8.67E-02 

ETTP 14. 15 K- 1420 Calciner 5.32E+07 6.74E-01 

ETTP 14. 16 Main Plant D&D Housekeeping RO 1.53E+07 

ETTP 14.17 UF6 Cylinders Wooden Saddles 2.88E+OS 

ETTP 14.21 K- 1066-G Scrap, Debris and Abandoned Equipment 5.12E+08 

Offsite 24.0 ACAPRA 3.87E+IO 

Offs ite 24.0 1 ACAPDebris 2.46E+06 

Offsite 24.02 ACAP Soil 1.30E+09 

ETTP 30.01 ETTPODRSMI R l 2.07E+09 

ETTP 30.02 ETTP ODCD 8.38E+08 

ETTP 30.03 ETTPODRSM5 6.00E+07 

ETTP 30.06 ETTP OD DA\V R l 1.18E+09 

ETTP 30.07 OD VRR-1 1.60E+09 8.60E-02 

ETTP 30.08 OD VRR-2 4.81E+08 4.82E+01 6.02E+OO 

ETTP 30.09 ETTP OD DAW-2 R l 2.19E+OS 

ETTP 30.10 ETTP OD DA W-3 1.78E+08 4.79E+02 

Offsite 30. 12 DWI 901 Stored Soi ls 1.83E+08 5.13E-01 

ETTP 30. 13 ETTP Outdoor Solids 3.53E+08 1.35E-01 

ETTP 62.0 1 Poplar Creek Process Facil ities Building Debris and ~·liscellaneous tvfaterials 6.46E+07 4.02E-01 

ETTP 62.04 K-4 13 Building Debris and Process Equipment 7.17E+OS 
( 

ETTP 62.05 K-1231 and K-1233 Demolition Debris 1.68E+09 

ETTP 65.01 K-770 Scrap Yard 4.16E+10 

ETTP 65.02 K-770 14 Series Piles 9.56E+OS 

ETTP 65.03 K -770 B-25 Boxes 8.81E+08 1.32E+OO 

ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess Material Project 2.86E+06 

ETTP 66.04 K-1064 Peninsula Area 1.31E+08 5.35E-OI 

ETTP 66.06 K-1025 Buildings Structural Wood 3.40E+07 

ETTP 66.07 DBOS Building Debris and i'vlisc Materia ls R2 9.78E+09 2.45E+OO 

ETTP 73.01 Centrifuge Equipment U 8.57E+07 

ETTP 73.02 Centrifuge Equipment C 9.73E+07 

ORNL 80.01 HFIR Impoundments 8.49E+09 1.32E+01 6.77E+OO 

ORNL 80.02 HRE Pond Sediments 6.88E+09 

ORNL 81.01 T IIT2 R4 HFIR Tanks Debris R5 I.OIE+09 5.33E+0 1 8. 19E-01 

ORNL 8 1.02 22-Trench Debris & Secondary Waste 8.24E+06 1.82E+OO 

ORNL 84.01 GAAT RA Waste R3 1.22E+09 6.9 1E+01 1.21E+OI 

ORNL 84.02 ITRA Waste R l 3. 15E+OS 2.39E+02 8.56E+OO 8.97E-02 1.28E+02 1.83E+04 2.57E+OO 5.43E+OO 2.68E-05 

ORNL 84.03 WI-A B l2 Box Soil 3. 18E+08 9.98E+02 9.75E+OO 

ORNL 84.04 W I-A B I2Box Soil- I 1.79E+08 3.94E+03 1.23E+Ol 

ORNL 84.05 RASW Inactive Tanks Secondary Equipment 1.81E+06 3.41 E+OI 5.44E-03 

ORNL 84.06 HIC- 1 FF A Inacti1•e Tanks 4.56E+06 8.47E+02 6.46E+OO 7.28E-02 9.74E+Ol 4.58E+04 1.93E+OO 4.23E+OO 2.09E-05 

ORNL 87.01 SIOU Bricks 6.26E+09 2.84E+02 3.23E+02 
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TaiJie A-5. Radionuclidc Concent ration Data Set (Continu ed) 

'Units in pCilg 
Site Waste Lot \VL Name N<'t Weight (g) Ag-110m Am-241 Am-243 lli-214 C-14 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 

ORNL 87.02 SJOU Debris R2 1.008+09 2.89E+OI 3.27E+O I 

ORNL 89.01 MSRE Remedial Action 4.69E+07 4. 12E+O I 

ORNL 102.01 13uilding 3026 Debris and Mise Material 8.53E+08 2.00E+OO 

ORNL 11 1.01 Melton Va lley Weir Cleanout and Bank Stabilization Project 6.63E+08 8.57E-100 7.798+00 

Y-12 114.01 Jack Case Center Contaminated Force !\'fain 1.96E+07 
Offsite 145.0 1 David Witherspoon, Inc. 90 1 Site- Candora Soil 1.34E+ IO 2.63E-OI 7.57E+OO 

Off site 145.02 DW1 901 Scrap Metal and Debris R2 1.81E+09 
Offsitc 145.03 DWI 901 Site Building and .lvfiscellaneous Debris 4.~8+08 1.788-01 7.40E+OO 

Offsi tc 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+ IO 3.89E-OI 
Offs ite 146.01 DWI 1630 Soi l and Incidental Debris R6 1.35E+ I I 2.808+00 
Offsite 146.02 DWT 1630 Site: Drums and Drum Soils 4.96E+08 2.80E+OO 

OIU\lL 149.0 1 NHF D&D 4.64E+09 6.67E+OI 3.298+00 

ORNL 149.02 NHF Well P&A Debris R2 5.988+07 I.OOE+03 1.1 2E+O I 

ORNL 149.03 HRE Ancillary Facilit ies 1.16E+08 
ORNL 149.04 HRE Waste 8vapomtor System and Sampling Station Waste R2 2. 12E-108 5.30E-02 

ORNL 149.06 NHF Well P&A Primary Waste 5.94E+07 6.1SE+OO 2.77E-OI 

ORNL 149.07 NHF Process 2.90E+07 1.698 +03 1.39E+02 
ORNL 149.09 7841 Scrnp Yard Debris and Equipment 1.20E+09 7.408+02 6.12E-OI 4.50E+OO 1.63E-O I 9.44E+03 

ORNL 149.10 MV Tanks 454 and 455 9.9 1E+06 2.4 1E+03 1.78E-03 

OIU\lL 155.01 K-1070-B Buria l Grow1d Remediation 1. 128+11 1.08E+OO 
ETTP 155.02 DOS Lab Facilities Miscellaneous Wastes 1.83E+09 2.47E+OO 

ETTP 155.03 BOS Lab Area Soil 1.568+08 1.31E+OO 
ETTP 155.04 BOS Lab Area Acid Pits and Piping 1.52E+08 I. ISE-01 
ETTP 155.05 K-1 0 15-A Laundry Pit 1.33E-108 
ETTP 157.0 1 K-29 Building D&D 3.63E+ IO 6.51E-02 
ORNL 164.0 1 Hot Storage Garden Rl 3.12E+07 3.76E+OO 
ORNL 167.01 Epicor U Lysimeters, MV Soils & Sediments 7.738+08 6.59E+OO 1.90E-OI 

ORNL 200.03 Facilities 3504, 3508, 3541, 3550 and 3592 Building Debris and Mise Material 5.098+07 
OIU"\JL 200.999 Com ingled \Va~te Lot that includes Waste Lots 200. 1, 2001.2 and 200.4 2.76E+09 1.27E-1 01 6.198+00 

OIU\lL 201.01 Miscellaneous Materials from Buildings 2001, 2019 and 2024 9.078+06 3.17E-O I 3.95E-OI 3.738+00 

ORNL 201.02 Building 2000 Structure and Contents 1.198+09 3.47E-01 4.35E-O l 2.27E+OO 

ORNL 201.03 Slabs - Drains, Pipes and Slabs 5.588+09 1.328-01 1.458-01 3.89E-O I 1.60E+OO 7.00E-02 4.008-03 4.008-03 

ORNL 203.01 Buildings 2011, 2017 and 3044 6.348+08 
ORNL 207.01 3026 Hot Cells 2.478+08 4.768-01 1. 838-01 1.108 +00 1.408-01 7.00E-02 1.478-01 

Y-12 301.01 Capability Unit29 Legacy Materia l Bldg 9201-5 1.05E+08 
Y- 12 30 1.02 Legacy Material from Building 920 1-5 4.98E+07 
Y- 12 301.04 Legacy Material from Building 9201-5 First and Third F loor Bery llium Areas 1.10E+09 
Y-12 303.01 Old Salvage Yard Piles SY-HI (Areas 1 and 2) 7.39E+09 
Y-12 303.02 Old Salvage Yard SY -H I Area I Pile, Rev 1 1.41E+09 
Y-12 304.01 Bui lding 921 1 D&D 9.048+09 1.34E+01 

Y- 12 304.02 Building 9769 D&D 1.86E+09 1.63E-Ol 
ETTP 401.01 K-33 Building Debris and Mise Material 2.00E+11 
8TTP 997.01 Main Plant LRILC Buildings 2.528+09 8.77E-02 
8TTP 997.02 K-1035 Demol ition Debris 5.~8+09 
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Tni.Jie A-5. Rnd lonuclidc Conccntrnlion Ollta Set (Continued) 

II 
Silr Waslr Lot WLNnmr Net Wl'lght (g) Co-57 Co-60 Cs-134 Cs-137 Eu-152 Eu-154 Eu-155 F-59 H-J 1-129 K-40 

•u its ;, pCilg ( 

Y- 12 1.0 BYBYRA 8.66E+10 
ORNL 2.01 S\VSA 4 Remedial Action IHP-1 RA 2.22E+ 10 5.31E+OI 2.10E+CX> 
ETTP 3.00 K- 1070-A RA 2.59E+ IO 
8TTP 4.02 P\VR. K-1085-401 RA 5.938+07 
ETTP 4.03 Blair Quarry Soils 1.35E+IO 
ETTP 4.05 K-710 2.80E+08 
8TTP 4.06 K-1 085 Old Firehouse Bum Area Dnun Burial Site, Area 6 Soils l.51E+07 
8TTP 4.08 Duct Island Soil Mounds 1.47E+08 
ETTP 4.11 K-711/K-766 Debris and Soils 5.37E+08 
ETTP 4.1 2 K-770 Scrap Yard Soils 8.8 1E+10 
8TTP 4.14 K-1093 Scrap Yard Debris 6.63E+08 2.95E+01 
ETTP 6.01 K25 HMA-1 DDR.2 3.41E+09 
ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E+08 
ETTP 6.03 K25 H1viA-2 DD Rev 2 l.91E+08 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous tvfaterin ls Abatement 5.90E+07 
ETTP 6.06 K-25 Bldg Area 6 PER R l 2.13E+08 
8TTP 6. 12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 
ETTP 6.13 K-25 Bldg Area 5.1 PER R.O 1.36E+08 
ETTP 6.14 K-1 232 Tank Fam1 lvliscellaneous Debris RO 7.86E+07 
ETTP 6.16 K-601 Mise Debris 1.07E+09 
ETTP 6. 17 Building K-1 030 Debris 9.118+08 
ETTP 6.18 Building K- 1024 Debris 8.5 1E+08 
ETTP 6. 19 K-25/K-27 Bldg Struc Debris 1.928+09 
ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 
ETTP 6.31 K-25 Building Northwest Bridge 5.25E+08 
ETTP 6.41 K-25 \Vest Side Compressors Group I R l 6. 11 E+09 
ETTP 6.42 K-25 \Vest Side Converters Group I Rl 1.02E+09 
ETTP 6.43 K-25 \Vest Side Converters Group I Rl 3.49E+09 
8TTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 
ETTP 6.60 K-25 West Wing Post Nlined Low-Risk Compressors 8.48E+07 
ETTP 6.998 Comingled waste lot that inlcudes \VL's 6.49-6.57 4.638+10 
8TTP 6.999 Comingled waste lot that includes WL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ II 
ETTP 8.02 Building K-33 Concrete Pedestal l.I4E+IO 
ETTP 8.05 BNFL Compressor Blades 5.89£+08 
ETTP 8.07 BNFL K-3 1 Concrete Pedestal Waste Lot 4.618+09 
ETTP 8.08 K-33 Concrete F loor Scabble 2.27E+09 
ETTP 8.11 Non-PG/Non-Fissile Components 2.66E+08 
ORNL 10.01 Old Hydrofmcture Facility Remediation Wastes (Containers) 7.04E+08 7.45E+OO 1.53E-02 
ETTP 14.01 K-1303 Building Debris 1.92E+09 
ETTP 14.02 K- 1302 Building Debris 3.06E+08 
ETTP 14.03 K-1413 Building Debris l.IOE+09 
ETTP 14.04 K-1303 Metal Debris 1.61E+08 
ETTP 14.05 K-1 300 Stack Debris 1.97£+08 
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Table A-5. Radionuclidc Concentrn t ion Da ta Set (Continued) 

•units in pCilg 
Site Wnste Lot W L Na mr Nrt Weight (g) Co-57 Co-60 Cs-134 Cs-137 Eu-152 Eu-154 Eu-155 F-59 H-3 I-129 K-40 

ETTP 14.06 K- 14 13 Process Piping and Equipment 7.78E+07 
ETTP 14.07 Overhead Fluorine Pipelines and K-1 301/K- 1407 lvfetal Debris 2.60E+07 
ETTP 14.08 K- 1301, K-1 405, and K- 1407 Asb.:stos 9.08E+06 
ETTP 14.11 K- 1420 Equipment and Building Debris 5.28E+09 
ETTP 14. 14 K-1401/K-723 R4 2.43E+ IO 
ETTP 14. 15 K- 1420 Calciner 5.32E+07 
ETTP 14. 16 ~.fain Plant D&D Housekeeping RO 1.53E+07 
ETTP 14.1 7 UF6 Cylinders Wooden Saddles 2.88E+08 
ETTP 14.21 K-1 066-G Scrap, Debris and Abandoned Equipment 5. 12E+08 
Offsite 24.0 ACAPRA 3.87E+ IO 
Off site 24.0 1 ACAPDebris 2.46E+06 
Off site 24.02 ACAP Soil 1.30E+09 
ETTP 30.0 1 ETTPOD RSMI R l 2.07E+09 
ETTP 30.02 ETTPODCD 8.38E+08 
ETTP 30.03 ETTPODRSM5 6.00E+07 
ETTP 30.06 ETTP OD DA \V R l 1.18E+09 
ETTP 30.07 ODVRR-1 1.60E+09 4.58E+OO 
ETTP 30.08 ODVR.R-2 4.81E+OS 2.23E+02 
ETTP 30.09 ETTP OD DAW-2 R l 2. 19E+OS 
ETTP 30.10 ETTP OD DA W -3 1.78E+OS 4.50E-03 
Offsite 30. 12 D\VI 901 Stored Soils l .SJE+OS 
ETTP 30.1 3 ETTP Outdoor Solids 3.53E+OS 

( ETTP 62.01 Poplar Creek Process Facilities Building Debris and "N!iscellaneou5 Materials 6.46E+07 
\ ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 

ETTP 62.05 K- 1231 and K- 1233 Demolition Debris 1.6SE+09 
ETTP 65.01 K-770 Scrap Yard 4.1 6E+ IO 
ETTP 65.02 K-770 14 Series Piles 9.56E+OS 
ETTP 65.03 K-770 B-25 Boxes 8.81E+OS 6.33E-O I 
ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess ~!erial Project 2.86E+06 
ETTP 66.04 K- 1064 Peninsula Area 1.31E+08 
ETTP 66.06 K-1 025 Buildings Structural Wood 3.40E+07 
ETTP 66.07 DBOS Building Debris and Mise Materials R2 9.78E+09 
ETTP 73.01 Centrifuge Equipment U 8.57E+07 
ETTP 73.02 Centrifuge Equipment C 9.73E+07 
ORNL 80.0 1 HFIR Impoundments 8.49E+09 6.98E+02 

ORNL 80.02 HRE Pond Sedim ents 6.88E+09 
ORNL 81.01 Tlff2 R4 HFJR Tanks Debris R5 l.OIE+09 1.22E-02 5.26E-05 
ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 
ORNL 84.01 GAAT RA Waste R3 1.22E+09 1.80E-01 7.7 1E-04 
ORNL 84.02 ITRA Waste R l 3.1 5E+08 1.82E+02 1.98E+03 7.08E+02 5.51E+02 1.35E+03 1.02E-02 1.49E-05 
ORNL 84.03 W I-A B 12 Box Soil 3. 18E+OS 
ORNL 84.04 \VI-A Bl2 Box Soil- I 1.79E+08 
ORNL 84.05 RASW Inactive Tanks Secondary Equipment l.S IE+06 5.94E-04 7.89E-07 
ORNL 84.06 HlC-1 FFA Inactive Tanks 4.56E+06 l. SSE+OO 8.93E+03 2.98E+Ol 6.64E+OO 8.93E+OO 7.95E-03 1.05E-05 
ORNL 87.01 SIOU Bricks 6.26E+09 
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Table A-5. Radlonuclidc Concentration Data Set (Continued) 

Site Wrtstr Lot WLNnmr Net Weight (g) Co-57 Co-60 Cs-134 Cs-137 Eu-152 Eu-15.J Eu-155 F-59 H-3 1-129 K-40 
•units ;, pCilg ( 

ORNL 87.02 SIOU Debris R2 I.OOE+09 

ORNL 89.01 ~vlSRE Remedial Action 4.69E+07 3.78E+03 9.46E-02 

ORNL 102.01 Building 3026 Debris and Mise JvJaterial 8.53E+OS 2.67E+OO 

ORNL 111.01 tvlelton Valley Weir Cleanout and Bank Stabilization Project 6.63E+08 6.57E+03 3.83E+03 6JJ6E+02 

Y-12 114.01 Jack Case Center Contaminated Force Main 1.96E+07 
Off site 145.01 David Witherspoon, Inc. 901 Site- Candora Soil 1.34E+IO 

Off site 145.02 D\VI 901 Scrap Metal and Debris R2 1.81E+09 

Off site 145.03 DVII 901 Site Building and tvliscellaneous Debris 4.90E+OS 

O!Tsite 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+IO 

Offsite 146.01 DWI 1630 Soil and Incidental Debris R6 1.35E+II 

Off site 146.02 D\VJ 1630 Site: Dnuns and Drum Soils 4.96E+08 

ORNL 149.01 NHFD&D 4.64E+09 

ORNL 149.02 NHF Well P&A Debris R2 5.98E+07 5.14E+OO 4.36E-02 

ORNL 149.03 HRE Ancillary Facilities 1.16E+08 4.36E-01 

ORNL 149.04 HRE Waste Evaporator System and Sampling Station Waste R2 2.12E+08 6. 16E+OO 1.69E+04 1.68E+OO 5.73E-03 

OR.NL 149.06 NHF Well P&A Primary Waste 5.94E+07 1.95E-04 1.69E-05 

ORNL 149.07 NHF Process 2.90E+07 2.07E-OI 8.85E-03 

ORNL 149.09 7841 Scrap Yard Debris and Equipment 1.20E+09 2.94E+02 2.48E+04 4.03E+04 4.57E+04 3.46E+04 9.44E+03 6.47E+OU 1.04E-02 

ORNL 149.10 t...JV Tanks 454 and 455 9.91E+06 3.42E-02 4.06E+OI 

ORNL 155.01 K- 1 070-B Burial Ground Remediation 1.12E+I I 

ETTP 155.02 BOS Lab Facilities Miscdlaneous Wastes 1.83E+09 

ETTP 155.03 BOS Lab Area Soil 1.56E+OS 

ETTP 155.04 BOS Lab Area Acid Pits and Piping 1.52E+08 ( 
ETTP 155.05 K-1015-A Laundry Pit 1.33E+OS 

ETTP 157.01 K-29 Building D&D 3.63E+IO 

ORNL 164.01 Hot Storage Garden R I 3.12E+07 4.93E+OO 2.39E+04 1.46E+OO 9.70E+OO 

ORNL 167.01 Epicor II Lysimeters, MY Soils & Sediments 7.73E+08 3.90E+03 

ORNL 200.03 Facilities 3504, 3508, 3541, 3550 and 3592 Building Debris and Mise Material 5.09E+07 

ORNL 200.999 Comingled Waste Lot that includes Waste Lots 200. 1, 2001.2 and 200.4 2.76E+09 

ORNL 201.01 Miscellaneous :t-.•laterials from Buildings 200 I, 2019 and 2024 9.07E+06 1.26E-Ol 4.81E-OI 6.16E-OI 6.44E-OI 2.70E-OI 9.23E-01 1.60E+OO 

ORNL 201.02 Building 2000 Stmcture and Contents 1.19E+09 1.11E-Ol 1.23E+OO 5.10E-OI 5.27E-OI 2.28E-01 5.16E-OI 1.40E+OO 

ORNL 201.03 Slabs - Drains, Pipes and Slabs 5.58E+09 7.30E-02 7.30E-02 2.13E-01 2.42E-O l I.ISE-01 3.42E+OO 2.28E+OO 4.78E+OO 

ORNL 203.01 Buildings 2011,201 7 and 3044 6.34E+08 6.28E+01 

ORNL 207.01 3026 Hot Cells 2.47E+OS 1.48E-01 1.92E+01 6.04E+OO l.OSE+OO 1.33E+OO 1.49E+OO 3.32E+02 1.51E+OO 

Y-12 301.01 Capability Unit 29 Legacy Material Bldg 9201-5 1.05E+OS 

Y-12 301.02 Legacy Material from Building 9201 -5 4.98E+07 

Y-12 301.04 Legacy Material from Building 9201-5 First and Third Floor Beryllium Areas I.I OE+09 
Y-1 2 303.01 Old Salvage Yard Piles SY-ill (Areas I and 2) 7.39E+09 

Y-12 303.02 Old Salvage Yard SY-H l Area I Pi le, Rev I 1.41E+09 

Y-12 304.01 Building 921 1 D&D 9.04E+09 3.37E+OI 

Y-12 304.02 Building 9769 D&D 1.86E+09 I.SIE+OO 

ETTP 40 1.01 K-33 Building Debris and lvtisc Material 2.00E+ l1 

ETTP 997.01 Main Plant LRILC Buildings 2.52E+09 

ETTP 997.02 K- 1 035 Demolition Debris 5.90E+09 

A-20 



Table A-5. Radion uclide Conccnlralion Uala Set (Con tinued) 

( •units in pCilg 
Sile Wnsfe Lof WL Nnmr Nrf Wright (g) Kr-85 l\J n-54 Nb-94 Nl-59 Nl-63 Np-2J7 Pb-210 Pb-2 14 P m-147 Pu-2J8 J>u-239 

Y-12 1.0 BYDY RA 8.66E+IO 3.55E-Ol l .OOE-01 
OR.l'\!L 2.01 S\VSJ\ 4 Remedial Action IIIP-1 RA 2.22E+IO 7.60E-Ol 5.61E+Ol 
ETTP 3.00 K-1070-A RA 2.59E+ JO 1.95E-Ol J.OOE-01 
ETTP 4.02 P\VR K- 1085-401 RA 5.93E+07 
ETTP 4.03 Blair Quarry Soils 1 . 35E~ 10 6.23E-Ol 4.35E-02 
ETTP 4.05 K-7 10 2.80E+08 6.26E-02 6.00E-02 
ETTP 4.06 K- 1085 Old Firehouse Bum Are:1 Dmm Burial Site, Are:1 6 Soils 1.51 E+07 1.06E-Ol 
ETTP 4.08 Duct Island Soil Mounds 1.47E+08 4.50E-Ol 1.37E+OO 
ETTP 4. 11 K-711/K-766 Debris and Soils 5.37E+08 
ETTP 4. 12 K-770 Scrap Yard Soils 8.8JE+IO 
ETTP 4.14 K- 1093 Scrap Yard Debris 6.63E~ 08 

ETTP 6.01 K25 HMA-1 DD R2 3.41E+09 1.32E-Ol 2.79E-02 
ETTP 6.02 K27 Unit:; 1-7 ACM R2 (ARRA) 3.87E+08 1.62E-Ol 5.67E-02 
ETTP 6.03 K25 IDvlA-2 DD Rev 2 1.91E+08 5.38E-Ol 4.22E-OJ 

ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 4.80E-02 5.87E-02 
ETTP 6.06 K-25 Bldg Area 6 PERRI 2.13E+08 3.63E-Ol 
ETTP 6.12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 1.60E-02 l .OOE-02 
ETTP 6.13 K-25 Bldg Area 5.1 PERRO 1.36E+08 8.90E-Ol 5.62E-02 
ETTP 6.14 K- 1232 Tank Fam1 tvliscellaneous Debris RO 7.86E+07 
ETTP 6.16 K-601 tvlisc D~bris 1.07£+09 
ETTP 6. 17 Building K-1 030 Debris 9.JI E+08 1.71 E-01 
ETTP 6.18 Dui I ding K-1 024 Debris 8.5 JE+08 1.40E-Ol 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92E+09 2.96E-O I 2.92E-Ol 
ETTP 6.27 K-25/K-27 El"viR Debris Material (K-27 ARRA) 2.74E+09 I. 71 E-01 2.74E+OO 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 
ETTP 6.31 K-25 Building Northwest Bridge 5.25E+08 
ETTP 6.41 K-25 \Vest Side Compressors Group I Rl 6.JJ E+09 
ETTP 6.42 K-25 \Vest Side Converters Group I R I 1.02E+09 
ETTP 6.43 K-25 \Vest Side Converters Group I Rl 3.498+09 
ETTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 2.58E-Ol 
ETTP 6.60 K-25 \Vest Wing Post Mined Low-Risk Compn:ssors 8.48E+07 
ETTP 6.998 Comingled waste lol lhat inlcudes \VL's 6.49-6.57 4.63E+ IO 1.28E-OI 7.2JE-03 
ETTP 6.999 Cominglcd waste lot that includes \VL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ IJ 
ETTP 8.02 Building K-33 Concrete Pedestal 1.14E+ IO 2.33E-Ol 

ETTP 8.05 BNFL Compressor Blades 5.89E+08 3.91E-Ol 8.43E-02 
ETTP 8.07 BNFL K-31 Concrete Pedesta l Waste Lot 4.61£+09 1.32E-02 3.20E-02 
ETTP 8.08 K-33 Concrete Floor Scabblc 2.27E~ 09 6.83E-02 2.52E+OO 
ETTP 8. 11 Non-PG/Non-Fissile Components 2.66E~08 3.83E-01 8.33£-02 
ORNL 10.01 Old Hydrofmcture Facility Remediation Wastes (Containers) 7.04£+08 1.49E+OO 1.05E+Ol 
ETTP 14.01 K-1303 Building Debris J.92E+09 6.00E-02 
ETTP 14.02 K-1302 Building Debris 3.06E+08 4.00E-02 4.00E-02 
ETTP 14.03 K-1413 Building Debris I.J OE+09 3.00E-02 8.00E-02 
ETTP 14.04 K-1303 Metal Debris 1.6JE+08 6.00E-02 
ETTP 14.05 K-1 300 Stack Debris 1.97E+08 1.60E-Ol 5.00E-02 
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TniJir A-5. Rndionuclidc Conccntmtion O:tht Set (Continued) 

•U11ils i11 pCilg 
Site Wnste Lot WL Name Net Weight (g) K•·-85 1\•ln-54 l'.'b-9-t Ni-59 Ni-63 Np-237 Pb-210 Pb-214 Pm-147 J>u-238 Pu-239 

ETTP 14.06 K-14 13 Process Piping and Equipment 7.7SE+07 9.00E-02 4.30E-01 

ETTP 14.07 Overhead Fluorine Pipelines and K-1301/K-1407 tv[etal Debris 2.60E+07 
ETTP 14.08 K-1301, K-1405, and K- 1407 Asbestos 9.0SE+06 1.62E+OO 4.40E-01 

ETTP 14.11 K-1420 Equipment and Building Debris 5.2SE+09 
ETTP 14.14 K-140 1/K-723 R4 2.43E+IO 2.26E-OI 3.93E-02 

ETTP 14.15 K- 1420 Calciner 5.32E+07 9.67E+OO 6.71E+OO 

ETTP 14.16 Main Plant D&D Housekeepi11g RO 1.53E+07 
ETTP 14.17 UF6 Cylinders Wooden SadcUes 2.88E+08 
ETTP 14.21 K-1 066-G Scrap, Debris and Abandoned Equipment 5.12E+OS 1.63E-OI 

Offsitc 24.0 /\CAPRA 3.87E+IO 
Offsite 24.01 ACAP Debris 2.46E+06 
Offsite 24.02 ACAPSoil 1.30E+09 
ETTP 30.01 ETTP OD RSMI Rl 2.07E+09 1.96E+OO S.OIE-01 

ETTP 30.02 ETTPOD CD 8.38E+08 6.41E+OO 

ETTP 30.03 ETTPODRSM5 600E+07 2.80E-02 3.00E-03 

ETTP 30.06 ETTP OD DA\V Rl 1.18E+09 2.75E-OI 
ETTP 30.07 ODVRR-1 1.608+09 6.80E-OI 

8TTP 30.08 OD VR.R-2 4.81E+08 1.13E+Ol 2.29E+OO 

ETTP 30.09 ETTPOD DA\V-2 Rl 2.19E+08 1.35E-OI 
ETTP 30.10 ETTPODDA\V-3 1.78E+08 1.68E-02 4.94E~ 01 

Off.~ite 30.12 DWI 901 Stored Soils 1.83E+08 1.17E+02 
ETTP 30.13 ETTP Outdoor Solids 3.53E+08 2.20E-02 1.22E-02 

ETTP 62.01 Poplar Creek Process Facil ities Building Debris nndlvliscellaneous Materials 6.46E+07 6.80E-02 
ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 2.43E-02 

ETTP 62.05 K-1231 and K-1233 Demolition Debris 1.68E+09 6.29E-02 

ETTP 65.01 K-770 Scrap Yard 4.16E+IO 
ETTP 65.02 K-770 14 Series Piles 9.56E+08 
ETTP 65.03 K -770 B-25 Boxes 8.81E+08 3.74E-OI 

ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess lvfaterial Project 2.86E+06 
ETTP 66.04 K-1 064 Peninsula Area 1.31E+08 7.44E+OO 2.71E-OI 
ETTP 66.06 K- 1 025 Buildings Structural Wood 3.40E+07 
ETTP 66.07 DBOS Building Debris and Mise Materials R2 9.78E+09 1.45E-OI 1.17E+OO 

ETTP 73.01 Centrifuge Equipment U 8.57E+07 
ETTP 73.02 Centrifuge Equipment C 9.73E+07 
ORNL 80.01 HFIR Impoundment<; 8.49E+09 4.19E+OO 

ORNL 80.02 HRE Pond Sediments 6.88E+09 
ORNL 81.01 Tlff2 R4 HFIR Tanks Debris R5 I.OIE+09 1.43E-02 3.28E+O I 

ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 2.00E-OI 

ORNL 84.01 GAAT RA Waste R3 1.22E+09 2. 12E-OI 4.54E+OI 

ORNL 84.02 ITRA Waste R I 3.15E+08 2.33E-02 6.62E+02 1.18E+02 

ORNL 84.03 WI-A Bl2 Box Soil 3.18E+08 6.16E+OO 1.038+03 

ORNL 84.04 \VI-A Bl2 Box Soil-! 1.79E+08 1.318+01 4.05E+03 

ORNL 84.05 RAS\V Inactive Tanks Secondary Equipment 1.81E+06 1.54E-03 3.99E+OI 

ORNL 84.06 HIC-1 FFA Inactive Tnnks 4.56E+06 2.06E-02 1.24E+04 1.05E+03 

ORNL 87.01 SIOU Bricks 6.26E+09 1.42E+OO 6.93E+02 
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Table A-5. Radionuclide Concentration Oa l:1 Set (Continued) 

( 'Uuits i11 pCilg 
Site Wnste Lot WLNmne Net Weight (g) Kr -85 M n-54 Nb-94 Ni-59 Ni-63 Np-237 Pb-210 Pb-214 Pm-147 Pu-238 Pu-239 

ORNL 87.02 SIOU D.:bris R2 I.OOE+09 1.45E-Ol 8.95E+OI 
ORNL 89.01 MSRE Remedial Action 4.69E+07 5.52E-Ol 1.1 7E+02 
ORNL 102.01 Building 3026 D.:bris and ~v!isc lvlaterial 8.53E+08 
ORl\TL 111.01 ~~lc: lton Valley Weir Cleanout and Bank Stabilization Project 6.63E+08 9.50E-Ol 4.24E+OO 
Y-12 I 14.01 Jack Case Center Contaminated Force Main i .%E·107 2.51E-Ol 1.1 4E-O I 
Offsite 145.01 Dnvid Witherspoon, Inc. 901 Site- Candom Soil 1. 34E+ IO 1.32E+OO 
Offsitc 145.02 D\Vl 901 Scrap tvlcta l and Debris R2 1. 81E+09 9.82E-02 
Offsite 145.03 D\Vl 901 Site Building and MiscellanemL~ D.:bris 4.90E+08 9.00E-02 3.21E-O I 
Offsite 145.04 D<ll' id Witherspoon, Inc. 901 Site Soil 7.29E+ IO 8.48E-02 1.74E+OO 
Offsite 146.01 D\VT 1630 Soil and Incidental Debris R6 1.35E1 Il 8.48E-02 1.91E-OI 
Offsite 146.02 D\VI 1630 Site: Dmms and Dnun Soils 4.96E+08 8.48E-02 1.91E-Ol 
ORNL 149.01 NHFD&D 4.64E+09 3.25E+02 
OR.t"\TL 149.02 NHF Well P&A Debris R2 5.98E+07 4.25E+OO 
ORNL 149.03 HRE Anci llary Fncilities 1.16E+08 1.79E-OI 
ORNL 149.04 HRE Waste Evaporator System and Sampling Stntion Waste R2 2.12E+08 5.10E+OO 3.34E+OO 
OR.t"\TL 149.06 NHF Well P&A Primary Waste 5.94E+07 4.70E-03 1.35E+OO 
ORNL 149.07 NHF Process 2.90E+07 2.43E+OO 1.34E+03 
ORNL 149.09 7841 Scrap Ynrd Debris and Equipment 1.20E+09 1.26E+02 5.43E-OI 2.31E+02 1.41 E+02 
ORNL 149.10 MV Tnnks 454 and 455 9.91E+06 1.07E-OI 1.39E+03 
ORNL 155.01 K- I 070-B Burial Ground Remc:diation 1.1 2E+ I I 
ETTP 155.02 BOS Lab Facilities Miscellaneous Wastes 1.83E+09 1.17E+OO 
ETTP 155.03 BOS Lab Aren Soil 1.56E+08 l. l4E-01 1.52E+OO 
ETTP 155.04 BOS Lab Area Acid Pits and Piping J.52E+08 
ETTP 155.05 K-1015-A Lnw1dry Pit 1.33E+08 
ETTP 157.01 K-29 Bui lding D&D 3.63E+10 6.73E-02 3.93E-02 
ORNL 164.01 Hot Storage Garden R I 3.1 2E+07 l .35E+02 3.06E+OO 1.63E1 OJ 
ORNL 167.01 Epicor II Lysimeters, MV Soi ls & Sediments 7.73E+08 4.66E+OO 
OR.t"\TL 200.o3 Facilities 3504, 3508, 354 I, 3550 and 3592 Building Debris and Mise Material 5.09E+07 1.56E+OO 
ORNL 200.999 Comingled Waste Lot that includes Waste Lots 200.1, 200 1.2 nnd 200.4 2.76E+09 9.12E+O l 
ORNL 201.01 Miscellaneous Mnterinls from Buildings 2001, 2019 and 2024 9.07E+06 1.08E-Ol 3.70E-Ol 2.62E-OI 3.13E-Ol 
ORNL 20 1.02 Building 2000 Structure and Contents 1.19E+09 4.01 E-Ol 2.96E-Ol 4.57E-Ol 
ORNL 201.03 Slabs - Drains, Pipes and Slabs 5.58E+09 6.20E-02 l.28E-Ol 1.76E+OO 4.02E-Ol 1. 13E-Ol 1.26E-Ol 
ORNL 203.01 Buildings 2011 ,2017 and 3044 6.34E+08 
ORNL 207.01 3026 Hot Cells 2.47E+08 1.04E+02 8.47E-Ol 4.69E-Ol 4.04E+Ol 6.23E+OO 3.74E-Ol J.OOE+Ol 1.07E-Ol 4.65E-Ol 
Y- 12 301.01 Capability Unit 29 Legacy Materia l Bldg 920 J-5 1.05E+08 
Y-1 2 301.02 Legacy Material from Building 9201-5 4.98E+07 
Y-12 301.04 Legacy Material from Building 9201-5 First and Third Floor Beryllium Areas l.JOE+09 
Y-12 303.01 Old Salvage Yard Piles SY -HI (Areas J and 2) 7.39E+09 
Y- 12 303.02 Old Salvage Yard SY-Hl Area I Pile, Rev 1 1.41E+09 
Y- 12 304.01 Building 9211 D&D 9.04E+09 2.15E-Ol 1.81E-Ol 
Y-12 304.02 Building 9769 D&D 1.86E+09 
ETTP 401.01 K-33 Building Debris and Mise Material 2.00E+ l l 2.28E-Ol 
ETTP 997.01 Main Plant LRILC Buildings 2.528+09 2.16E-Ol 4.21E-02 
ETTP 997.02 K-1035 Demolition Debris 5.90E+09 
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Ta ble A-5. Rndionuclidc Concentration Dahl Sci (Continu ed ) 

SUe Waslr Lot WLNamr Nrt Wright (g) 
•units in pCilg 

P u-240 Pu-241 Pu-242 Pu-244 Rn-226 Rn-228 Uu-106 S•·-90 Tc-99 Th-228 Th-229 
Y- 12 1.0 BYBY .RA 8.66E+IO 2. 13E~O I 
ORNL 2.01 S\VSA 4 Remedial Action IHP-1 RJ\ 2.22E+IO 2. 83E~OO 
ETTP 3.00 K-1070-A RA 2.59E+IO 6.34E+OO 
ETTP 4.02 P\VR K-1 085-401 RJ\ 5.93E+07 
ETTP 4.03 Blair Quarry Soils 1.35E+IO 1.29E+OO 
ETTP 4.05 K-710 2.80E+08 7.71E+OO 
ETTP 4.06 K-1 085 Old Firehouse Bum Area Dnun Burial Site, Area 6 Soils l.51E+07 
ETTP 4.08 Duct Island Soil Mounds 1.47E+08 
ETTP 4.11 K-711 /K-766 Debris and Soils 5.37E+08 l.48E+OO 
ETTP 4.12 K-770 Scrap Yard Soils 8.81E+IO 1.08E+02 
ETTP 4. 14 K-1093 Scrap Yard Debris 6.63E+08 2.57E+Ol 
ETTP 6.01 K25 liMA-I DD R2 3.41 E+09 1.22E+OI 
ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E+08 2.85E+OI 
ETTP 6.03 K25 HMA-2 DD Rev 2 1.91E+08 1.64E+02 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 1.92E+02 
ETTP 6.06 K-25 Bldg Area 6 PERRI 2.13E+08 6.65E+Ol 
ETTP 6.12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 3.67E+OO 
ETTP 6. 13 K-25 Bldg Area 5.1 PERRO 1.36E+08 2.89E+OO 
ETTP 6.14 K-1232 Tank Fam1 Miscellaneous Debris RO 7.86E+07 8.48E-Ol 
ETTP 6. 16 K-601 Mise Debris 1.07E+09 1.08E+Ol 
ETTP 6.17 Building K -I 030 Debris 9.11E+08 l .66E+OO 
ETTP 6. 18 Building K-1 024 Debris 8.51E+08 7.37E-Ol 
ETTP 6.1 9 K-25/K-27 Bldg Struc Debris 1.92E+09 1.87E+O l 
ETTP 6.27 K-25/K-27 mviR Debris lvfaterinl (K-27 ARRA) 2.74E+09 1.23E+Ol 
ETTP 6.28 K-25 Lead Based Pnin Debris 5.54E+08 2.03E+OO 
ETTP 6.31 K-25 Building Northwest Bridge 5.25E+08 
ETTP 6.41 K-25 \Vest Side Compressors Group I R l 6. IIE+09 
ETTP 6.42 K-25 West Side Converters Group I R I 1.02E+09 
ETTP 6.43 K-25 West Side Converters Group I R l 3.49E+09 
ETTP 6.58 K25 East !lnd North Low-Risk Converters 3JJ3E+09 1.20E+02 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 2.88E+02 
ETTP 6.60 K-25 \Vest Wing Post Mined Low-Risk Compressors 8.48E+07 
ETTP 6.998 Comingled waste lot that inlcudcs \VL's 6.49-6.57 4.63E+ IO 1.45E+02 
ETTP 6.999 Comingled waste lot that includes \VL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ l l 
ETTP 8.02 Building K-33 Concrete Pedestal 1.14E+l0 2.17E+OO 
ETTP 8.05 BNFL Compressor Blades 5.89E+08 9.30E+Ol 
ETTP 8.07 BNFL K-31 Concrete Pedes!!ll Waste Lot 4.61E+09 3.92E+OO 
ETTP 8.08 K-33 Concrete Floor Scabblc 2.27E+09 7.35E+OO 
ETTP 8.11 Non-PG!Non-Fissile Components 2.66E+08 4.75E+Ol 
ORNL 10.01 Old Hydrofracturc F11cility Remediation Wastes (Containers) 7.04E+08 3.31E+OO 
ETTP 14.01 K-I 303 Building Debris 1.92E+09 4.92E+OO 
ETTP 14.02 K- I 302 Building Debris 3.06E+08 1.44E+OO 
ETTP 14.03 K- 141 3 Building Debris l.I OE+09 1.29E+OJ 
ETTP 14.04 K-1303 Metal Debris 1.61E+08 
ETTP 14.05 K- 1300 Stack Debris 1.97E+08 4.79E+OO 
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T able A-5. Rndionuclidc Concentration Data Set (Conlinucd) 

•units in pCilg 

Site W;~ste Lot WLName Net Weight (g) P u-240 Pu-241 Pu-242 Pu-244 Ra-226 Ra-228 Ru-106 S•·-90 Tc-99 T h-228 T h-229 

ETTP 14.06 K- 14 13 Process Piping and Equipment 7.78E+07 6.38E+OI 

ETTP 14.07 0 1•erhead F luorine Pipelines and K-130 1/K-1 4071vletnl Debris 2.60E+07 3.50E-01 

ETTP 14.08 K- 1301, K-1405, nnd K-1407 Asbestos 9.08E+06 I.OIE+O I 

ETTP 14. 11 K- 1420 Equipment nnd Bui lding Debris 5.28E+09 4.89E+OJ 

ETTP 14.1 4 K- 1401/K-723 R4 2.43E+ IO 1.28E+OI 

ETTP 14. 15 K- 1420 Calciner 5.32E+07 3.75E+02 

ETTP 14.16 Main Plnnt D&D Housekeeping RO 1. 53E+07 
ETTP 14.17 ill'6 Cylinders Wooden Saddles 2.88E+08 

ETTP 14.21 K-1066-G Scrap, Debris and Abandoned Equipment 5. 12E+08 3.44E+OO 

Offsite 24.0 ACAPRA 3.87E+IO 
Offsite 24.01 ACAP Debris 2.46E+06 
Off site 24.o2 ACAPSoil 1.30E+09 
ETTP 30.0 1 ETTPODRSMI R l 2.07E+09 1.98E+OO 

ETTP 30.02 ETTPODCD 8.38E+08 3.00E+OI 

ETTP 30.03 ETTPODRSM5 6.00E+07 1.71 E-01 

ETTP 30.06 ETTP ODDAWR I 1.1 8E+09 3.82E+O I 

ETTP 30.07 OD VRR- 1 1.60E+09 2.86E+OI 

ETTP 30.08 OD VRR-2 4.81E+08 6.56E+02 

ETTP 30.09 ETTP OD DAW-2 Rl 2. 19E+08 4.83E+02 

ETTP 30.10 ETTP OD DA\V-3 1.78E+08 1.08E+OI 2.65E+OI 

Off.~i te 30.12 DWI 901 Stored Soils 1. 83E+OS 1.83E+OO 1.29E+02 

ETTP 30. 13 ETTP Outdoor Solids 3.53E+08 2.98E+O I 

ETTP 62.0 1 Poplar Creek Process Facilities Building Debris and lvfiscellaneous lvL'lterials 6.46E+07 1.38E-01 2.50E+OO 

ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 3.22E+OO 

ETTP 62.05 K- 123 1 and K- 1233 Demolition Debris 1.68E+09 5.97E+OO 

ETTP 65.01 K-770 Scrap Yard 4. 16E+ IO 1.79E+OI 

ETTP 65.02 K-770 14 Series Piles 9.56E+08 4.85E+O I 

ETTP 65.03 K-770 B-25 Boxes 8.8 1E+08 7.98E+O l 

ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess Material Project 2.86E+06 

ETTP 66.04 K-1064 Peninsula Area 1.31E+08 8.27E-Ol 

ETTP 66.06 K-1025 Buildings Structmal Wood 3.40E+07 
ETTP 66.07 DBOS Building Debris and Mise Materials R2 9.78E+09 1.12E+02 

ETTP 73.01 Centrifuge Equipment U 8.57E+07 6.33E+OO 

ETTP 73.02 Centrifuge Equipment C 9.73E+07 6.33E+OO 

ORNL 80.01 HFIR Impoundments 8.49E+09 
ORNL 80.02 HRE Pond Sediments 6.88E+09 

ORNL 8 1.01 TI/T2 R4 HFIR Tanks Debris R5 I.OIE+09 6.43E-01 

ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 
ORNL 84.01 GAAT RA Waste R3 1.22E+09 4.77E+OO 9.51E+OO 

ORNL 84.02 ITRA Waste R I 3. 15E+08 4. 15E+02 5.98E+O I 7.90E-02 1.63E-08 8.26E+03 1.02E-02 

ORt'\IL 84.03 W I-A B12 Box Soil 3.18E+08 5.54E+02 1.90E+OO 

ORNL 84.04 \V I-A BJ2 Box Soil-! 1.79E+08 2. 18E+03 3.07E+OO 

ORNL 84.05 RASW Inact ive Tanks Secondary Equipment 1.81E+06 I.I IE+02 1.07E-02 

ORNL 84.06 HIC- 1 FFA Inactive Tanks 4.56E+06 5.69E+02 4.67E+O I 6.40E-02 1.30E-08 2.75E+03 1.44E-OI 

ORNL 87.01 SIOU Bricks 6.26E+09 1.31E+02 5.64E+OO 
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Table A-5. Radionuclldc Conccnlralion Data Set (Conlinucd) 

•units in pCilg 

Silc Waslc Lol WLNamc Ncl Wcighl (g) Pu-240 Pu-241 Pu-242 Pu-244 Ra-226 Ra-228 Ru-106 S•·-90 Tc-99 Th-228 Th-229 

0Rt"\1L 87.02 SlOU Debris R2 I.OOE+-09 5.63E-O I 
ORNL 89.01 MSRE R.:m.:dial Action 4.69E+07 4.51E+O I 3.80E+02 
ORNL 102.01 Building 3026 Debris and Mise lvlaterial 8.53E+08 7.44E+OO 
ORNL Ill. OJ Mellon Valley Weir Clcanout and Bank Stabilization Project 6.63E+08 2.25E+Ol 9.45E-OI 
Y- 12 11 4.01 Jack Case Center Contaminated Force Main 1.96E+07 6.14E+OI 
Off site 145.01 David Witherspoon, Inc. 90 I Site- Candora Soil 1.34E+IO 2.58E+OO 
Off.<;ite 145.02 0\.VI 901 Scrap Metal and Debris R2 1.81E+09 3.61E+OO 
Off site 145.03 D\VI 901 Site Building and Miscellaneous Debris 4.90E+08 1.60E+OO 
Off.'iite 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+IO 1.60E+OO 
Offsite 146.01 0\VT 1630 Soil and Incidental Debris R6 l.35E+II 3.43E+OO 
Offsite 146.02 D\VJ 1630 Site: Drums and Dnun Soils 4.96E+08 3.43E+OO 
ORNL 149.01 NHFD&D 4.64E+09 1.87E+OO 
ORl\TL 149.02 NHF Well P&A Debris R2 5.98E+07 1.62E-04 
ORNL 149.03 HRE Ancillary Faci lities 1.16E+08 7.07E-01 3.50E-01 
ORNL 149.04 HRE Wastc Evaporator System and Sampling Station Waste R2 2 12E+08 1.52E+03 6.50E-02 
ORNL 149.06 NHF \Veil P&A Primary Waste 5.94E+07 1.31E+OO 1.05E-OI 
ORNL 149.07 NHF Process 2.90E+07 8.53E+O I 1.53E+02 
ORNL 149.09 7841 Scrap Yard Debris and Equipment 1 20E+09 1.21E+03 4.59E-OI 4.08E-02 6.27E+04 7.52E+04 2.06E+02 
ORNL 149. 10 MV Tanks 454 and 455 9.91E+06 1.06E+03 5.82E-02 
ORNL 155.01 K-1070-B Burial Ground Remediation 1.1 2E+II 1.37E+OI 
ETTP 155.02 BOS Lab Facilities lvliscellaneous Wastes 1.83E+09 1.18E+01 
ETTP 155.03 DOS Lab Area Soil 1.56E+OS 3.33E+OO 
ETTP 155.04 DOS Lab Area Acid Pits and Piping 1.52E+08 7.31E+OO 

I 

ETTP 155.05 K-1015-A Laundry Pit l.33E+OS I 
ETTP 157.01 K-29 Building D&D 3.63E+l0 3.00E+02 

ORNL 164.01 Hot Storage Garden Rl 3. 12E+07 1.82E+OO 1.50E+03 
ORNL 167.01 Epicor ll Lysimeters, MV Soils & Sediments 7.73E+OS 
ORNL 200.03 Facilities 3504, 3508, 3541 , 3550 and 3592 Building Debris and Mise Material 5.09E+07 4.35E+OO 
ORNL 200.999 Comingled Waste Lot that includes Wastc Lots 200. 1, 2001.2 and 200.4 2.76E+09 I.ISE+Ol 
ORI'\J"L 201.01 Miscellaneous Materials from Buildings 2001, 2019 and 2024 9.07E+06 3.48E-Ol 3.57E+OO 1.27E+OO 6.07E-OI 
ORNL 201.02 Building 2000 Structure and Contents 1.19E+09 9.87E-01 5.25E-01 1.61 E+OO 5.75E-Ol 
ORNL 201.03 Slabs- Drains, Pipes and Slabs 5.58E+09 2.54E-OI 8.94E-Ol 7.89E-OI 6.53E-OI 4.46E+OO 3.35E-01 4.00E-03 

ORNL 203.01 Buildings 2011 , 2017 ancl3044 6.34E+08 1.68E+OO 
ORNL 207.01 3026 Hot Cells 2.47E+OS 2. 19E+OI 1.40E+02 5.51E+OO 
Y- 12 301.01 Capability Unit 29 Legacy Material Bldg 9201-5 1.05E+OS 
Y-12 301.02 Legacy Material from Building 9201-5 4.98E+07 
Y-12 301.04 Legacy Material from Building 9201-5 First and Third Floor Beryllium Areas I.IOE+-09 
Y-1 2 303.01 Old Salvage Yard Piles SY-HI (Areas I and 2) 7.39E+09 
Y- 12 303.02 Old Salvage Yard SY -HI Area I Pile, Rev I 1.41 E+09 
Y-12 304.01 Building 92 11 D&D 9.04E+09 1.67E+OO 
Y-1 2 304.02 Building 9769 D&D 1.86E+09 3. 15E+OO 
ETTP 401.01 K-33 Building Debris and Mise Material 2.00E+II 8.53E+OO 
ETTP 997.01 Main Plant LR/LC Buildings 2.52E+09 1.30E+O I 
ETTP 997.02 K-1 035 Demolition Debris 5.90E+09 

A-26 



Tallie A-5. lladionuclhlc Concentration Data Set (Continued) 

•units in pCilg 
Site \\'nste Lot \VL Nnme Net Weight (g) Th-230 Th-232 U-232 U-233 U-234 U-235 U-236 U-238 Zn-65 

Y-1 2 1.0 BYBY RA 8.66E+ l 0 4.70E+02 l.97E+Ol 7.38E+OO 7. 78E+02 

ORNL 2.0 1 S\VSA 4 Remedial Action IHP- 1 RA 2.22E+ l 0 l.44E+Ol 2.32E+OO l.40E-Ol 5.51E+OO 

ETTP 3.00 K-1070-ARA 2.59E+ IO 3.26E+02 9.79E+OO 5.71E+OO 1.98E+02 
ETTP 4.02 P\VR.K-1 085-401 RA 5.93E+07 
ETTP 4.03 Blair Quarry Soils l.35E+ l0 l.31 E+Ol 9.22E-01 4.65E+OO 

ETTP 4.05 K-710 2.80E+08 l.l9E+O I 4.57E-OI 9.97E+OO 
ETTP 4.06 K-1085 O ld Firehouse Burn Area Drum Burial Site, Area 6 Soils l.5 1E+07 9.83E+OI 4.73E+OO 2.60E+02 

ETTP 4.08 Duct Island Soil Mounds 1.47E+08 2.85E+02 1.45E+O l 7.32E+O I 
ETTP 4.11 K-711/K-766 Debris and Soils 5.37E+08 8.39E-01 3.67E-OI 3.5 1E+OO 

ETTP 4.12 K-770 Scrap Yard Soils 8.8 1E+ l 0 2.95E+O l 3 .44E+OO 2.50E+O I 
ETTP 4.14 K- 1093 Scrap Ynrd Debris 6.63E+08 8.00E+OO 4.1 2E-OI 3.62E+OO 

ETTP 6.01 K25 HMA-1 DD R2 3.41E+09 4.43E+OI 2.82E+OO l.28E-01 4.67E+O I 

ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E+08 l.08E+O I 6.78E-OI 3 .68E-OI 9.71E+OO 

ETTP 6.03 K25 HMA-2 DD Rev 2 l.9 1E+08 1.46E+02 2. 14E+O I l.l 5E-Ol l.OIE+02 

ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 3.63E+OO 2.96E-OI 2.54E-O l 2.96E+OO 

ETTP 6.06 K-25 Bldg Area 6 PER Rl 2. 13E+08 5. 15E+02 2.24E+O l 3 .46E+OO l.87E+O l 
ETTP 6. 12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 4.87E+Ol 2.52E+OO 4.70E-Ol l.37E+OO 
ETTP 6.13 K-25 Bldg Area 5.1 PERRO 1.36E+08 6.74E~02 2.34E+Ol 2.19E+OO 2. 11E+OO 
ETTP 6.14 K- 1232 Tank Farm Miscellaneous Debris RO 7.86E+07 1.08E+01 l.11E+OO l.14E+O l 
ETTP 6. 16 K-601 :tvlisc Debris 1.07E+09 l.87E+O l 1.03E+OO 5.20E+OO 

ETTP 6.17 Building K- 1030 Debris 9.11E+08 6.93E-Ol l.88E-Ol 1.41E+OO 

ETTP 6.18 Building K- 1 024 Debris 8.51E+08 7.43E-O l 1.36E-OI 6.76E-O I 
ETTP 6.19 K-25/K-27 Blug Struc Debris l. 92E+09 5.38E+02 2.61E+0 1 7.47E-Ol 5.44E+OI 
ETTP 6.27 K-25/K-27 EMR Debris Mnterial (K -27 AR.RA) 2.74E+09 2.21E+OO 5.44E+OI 

ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 2 .1 5E+OO 1.38E+OO 1.28E+OO 
ETTP 6.3 1 K-25 Building Northwest Bridge 5.25E+08 8.20E-Ol 3.53E-O I 

ETTP 6.41 K-25 West Side Compressors Group 1 Rl 6. 11E+09 3.26E+03 l. 31E+02 l.49E+OI 
ETTP 6.42 K-25 West S ide Converters Group I Rl l.02E+09 3.52E+03 l.79E+02 2.38E+O I 
ETTP 6.43 K-25 West Side Converters Group I Rl 3.49E+09 1.26E+03 6.33E+Ol 5.38E+OO 
ETTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 8.92E+02 4.76E+Ol 2.64E+O l 
ETTP 6.59 Building K-25 Enst Wing and North End Low-Risk Compressors 2.08E+09 2.95E+03 1.59E+02 8.38E+O l 

ETTP 6.60 K-25 \Vest Wing Post ~vlined Low-Risk Compressors 8.48E+07 2.84E+03 1.44E+02 1.80E+OI 

ETTP 6.998 Comingled waste lot that inlcudes VlL's 6.49-6.57 4.63E+ IO 1.41E+03 9. 13E+O I l.26E+OI 5.49E+O l 

ETTP 6.999 Comingled waste lot that includes WL's 6 .32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 l.66E+ll 1.57E+02 1.23E+Ol 2.44E+OI 

ETTP 8.02 Bui lding K-33 Concrete Pedestal l.l4E+ IO 2. 17E+OO I.OSE-01 1.08E-02 2.17E+OO 

ETTP 8.05 BNFL Compressor Blades 5.89E+08 l.05E+02 5.45E+OO l.75E+02 

ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.61E+09 7.08E-O l 7.40E-02 8.42E-O l 
ETTP 8.08 K-33 Concrete Floor Scnbble 2.27E+09 7.27E-OI 4.33E+OO 
ETTP 8. 11 Non-PG/Non-Fissile Components 2.66E+08 6.44E+OO 4.47E+OO 4.52E+O I 

ORNL 10.01 Old Hydrofracture Facility Remediation Wnstes (Containers) 7.04E+08 1.22E+02 4.03E+OO 7.05E-06 2.58E+02 
ETTP 14.01 K- 1303 Building Debris 1.92E+09 2.43E+OO 7.00E-02 3 .25E+O I 1.73E+OO 
ETTP 14.02 K-1302 Building Debris 3.06E+08 l.61E+OI 8.00E-OI 3.30E-OI 3.50E+OO 
ETTP 14.03 K-1413 Building Debris l.l0E+09 6.40E+OO S.QOE-01 7.31E+OO 9.60E+OO 

ETTP 14.04 K-1303 Meta l Debris 1.61E+08 2.00E-02 l.OOE-02 
ETTP 14.05 K-1300 Stack Debris 1.97E+08 4.46E+02 2.25E+OI 9.29E+OO 1.02E+02 
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Tahlc A-5. Radionuclidc Concrntration Data Set (Continued) 

•units in pCi/g 
Site Wnstc Lot \VL Nnmc Nrt Weight (g) Th-230 Th-232 U-232 U-233 U-234 U-235 U-236 U-238 Zn-65 

ETTP 14.06 K-1413 Process Piping and Equipment 7.78E+07 1.04E+02 1.06E+O I 4.85E+OO 3.42E+02 
ETTP 14.07 Overhead Fluorine Pipelines and K-1 301/K-1 407 Metal Debris 2.60E+07 5.50E-0 1 8.00E-02 5.00E-02 5.30E-OI 
ETTP 14.08 K- 1301, K- 1405, and K- 1407 Asbestos 9.08E+06 5.63E+OI 3.30E ~OO 5.29E+OO 4.62E+01 
ETTP 14.11 K-1420 Equipment and Building Debris 5.28E+09 4. 18E+OI 5.51E+OO 7.26E+OO 
ETTP 14. 14 K- 140 1/K-723 R4 2.43E+ 10 1.82E+01 1.42E+OO 1.71E+01 
ETTP 14. 15 K- 1420 Calciner 5.32E+07 5.70E+03 3.56E+02 2.65E+03 
ETTP 14.16 Main Plant D&D I Jousekecping RO 1.53E+07 2.72E-OI 5.34E-02 2.56E-OI 
ETTP 14. 17 UF6 Cylinders Wooden Saddles 2.88E+08 l.OSE-01 3.04E-01 
ETTP 14.2 1 K- 1 066-G Scrap, Debris and Abandoned Equipment 5. 12E+08 2.74E+OO 2.45E-01 7.33E+OO 
Offsite 24.0 ACAPRA 3.87E+10 2.09E+OI 2.10E+OO 2.3 1E+OI 
Offsite 24.0 1 ACAP Debris 2.46E+06 4.89E+02 2.76E+OI 5.9 1E+02 
Off.<site 24.02 ACAPSoil 1.30E+09 5.37E-03 3.10E-04 5.5 1E-03 
ETTP 30.01 ETTP OD RSM1 R1 2.07E+09 1.47E+02 4. 18E+OO 3.67E-Ol 5.95E+O I 
ETTP 30.02 ETTP ODCD 8.38E+08 2.72E+02 1.87E+01 4.07E+OO 1.47E+02 
ETTP 30.03 ETTPODRSM5 6.00E+07 3.33E+01 6.08E-Ol 1.98E-O I 2.98E+01 
ETTP 30.06 ETTP OD DAW R1 1.1 8E+09 3.47E+02 2.26E+O l 5.06E+01 2.15E+02 
ETTP 30.07 ODVRR-1 l.60E+09 1.83E+02 7.37E+OO 2.58E+02 
ETTP 30.08 ODVRR-2 4.8 1E+08 1.56E+03 6.40E+OI 2.78E+03 
ETTP 30.09 ETTP OD DA\V-2 R1 2. 19E+08 3.55E+03 1.16E+02 l.37E+Ol 1.63E+03 
ETTP 30.10 ETTP OD DA\V-3 1.78E+08 l.IOE+01 1.40E+02 7.99E+OO 6.35E-01 1.68E+02 
Offsite 30. 12 D\Vl 901 Stored Soils 1.83E+08 5.37E ~02 3.26E+OI 7.35E+OO 7.29E+02 
ETTP 30.13 ETTP Outdoor Solids 3.53E+08 4.60E-! OI 2.61E+OO 7.63E-0 1 1.96E+02 
ETTP 62.0 1 Poplar Creek Process Faci lities Building Debris and Miscellaneous Materials 6.46E+0 7 3.09E-! OI 1.71E+OO 1.99E+OI 

I 
{ 

ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 5.97E+OO 2.01E+OO 2.87E+OO 
ETTP 62.05 K- 1231 and K- 1233 Demolition Debris 1.68E+09 4.82E+OO 2.12E-Ol 4.47E-01 
ETTP 65.01 K-770 Scrap Yard 4. 16E+ 10 6.00E-02 1.07E+OO 2.00E-02 1. 82E+OI 
ETTP 65.02 K -770 14 Series Piles 9.56E+08 1.27E-01 1.32E+OO 2.22E+O l 
ETTP 65.03 K -770B-25 Boxes 8.8 1E+08 2.50E+02 l.45E+Ol l.09E+O I 2.57E+01 
ETTP 66.0 1 KAFaD Group I Buildings K-724 and K-725 Excess Materia l Project 2.86E+06 5.92E-O I 6.90E-02 7.49E-01 
ETTP 66.04 K- 1064 Peninsula Area 1.31E+08 2.69E+02 1.47E+01 l.l 9E+OI 1.08E+02 
ETTP 66.06 K- 1025 Buildings Structural Wood 3.40E+07 7.95E+OO 4.46E-O l 6.04E+OO 
ETTP 66.07 DBOS Building Debris a nd .Mise lviateria ls R2 9.78E+09 5.42E+02 l.SIE+Ol 4.59E+02 
ETTP 73.0 1 Centrifuge Equipment U 8.57E+07 1.05E+03 6.14E+Ol 2.38E+01 5.24E+02 
ETTP 73.02 Centrifuge Equipment C 9.73E+07 1.05E+03 6.14E+OI 2.38E+O l 5.24E+02 
ORNL 80.01 HFIR lmpmmdments 8.49E+09 1.84E+OO l.IOE+OO 
ORNL 80.02 HRE Pond Sediments 6.88E+09 2. IOE+OO 1.20E+OO 
ORNL 81.01 TI/T2 R4 HFJR Tanks Debris R5 I.OIE+09 3.08E-OI 2.69E-OI 4.24E-03 4.71 E-02 5.24E-01 
ORNL 81.02 22-Trench Debris & Secondary vVaste 8.24E+06 l.IIE+OO 1.25E-OI 8.22E-OI 
ORNL 84.01 GAAT RA Waste R3 1.22E+09 7.53E+OO 4.99E+OO 2.33E-Ol 1.03E-02 5.3 1E+OO 
ORNL 84.02 ITRA Waste R! 3. 15E+08 6. 12E-02 1. 12E+OO 1.38E-07 4.17E-08 1.94E-02 
ORNL 84.03 WI-A Bl2 Box Soil 3. 18E+08 3.17E+02 1.19E+OO 4.82E-Ol 3.83E+OO 
ORNL 84.04 WI -A B l2 Box Soil-! 1.79E+08 4.07E+02 4.66E+OO 1.92E+OO 6.96E+OO 
ORNL 84.05 RASW Inactive Tanks Secondary Equipment 1.81E+06 8.17E-03 3.77E-01 7.45E-09 4.72E-09 1.1 8E-03 
ORNL 84.06 HIC- 1 FFA Inactive Tanks 4.56E+06 l.I OE-01 5.06E+OO 1.00E-07 6.32E-08 1.57E-02 
ORNL 87.01 SIOUBricks 6.26E+09 8.2 1E+O l 4.05E+OO 2.44E+OO 4.63E+Ol 
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Table A-5. Radionuclidc Concentra tion Dala Sci (Conlinucd) 

'Units in pCilg 

Wnste Lot W LN11me Net Weight (g) Th-230 

87.02 SIOU Debris R2 I.OOE+09 
89.01 MSRE Remedial Action 4.69E+07 
102.01 Building 3026 Debris nnd Mise Material 8.53E+08 
111.01 lvJelton Valley Weir Cleanout and Bank Stabilization Project 6.63E+08 5.90E-OI 
11 4.01 Jack Case Center Contaminated Force lvfain 1.96E+07 
145.01 David Witherspoon, inc. 901 Site- Candora Soil 1.34E+IO 
145.02 DWI 901 Scmp Metal and Debris R2 1.81E+09 
145.03 DWI 90 I Site Building and 1vliscellaneous Debris 4.90E+08 
145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+ IO 
146.0 1 D\VI 1630 Soil and Incidental Debris R6 1.35E+ II 
146.02 DWI 1630 Site: Dnuns and Drum Soils 4.96E-1 08 
149.01 NHFD&D 4.64E-1 09 

149.02 NHF V/ell P&A Debris R2 5.98E+07 
149.03 HRE Ancillary Facilities 1.16E+08 5.42E-OI 
149.04 HRE Waste Evaporator System and Sampling Station Waste R2 2.12E-108 
149.06 NHF Well P&A Primary Waste 5.94E+07 
149.07 NHFProcess 2.90E+07 
149.09 7841 Scrap Yard Debris and Equipment 1.20E+09 8.52E+OO 
149.10 MV Tanks 454 and 455 9.91E+06 
155.01 K-1 070-8 Burial Ground Remediat ion 1.12E+I I 
155.02 BOS Lab Facilities Misce llaneous Wastes 1.83E+09 
155.03 BOS Lab Area Soil 1.56E+08 
155.04 80S Lab Area Acid Pits llnd Piping 1.52E+08 
155.05 K-1015-A Laundry Pit 1.33E+08 
157.0 1 K-29 Building D&D 3.63E+IO 
164.01 Hot Storage Garden RI 3.12E+07 3.16E+OO 
167.01 Epicor II Lysimeters, l'viV Soi L~ & Sediments 7.73E+08 
200.03 Facilities 3504, 3508, 354 1, 3550 and 3592 Building Debri.'> llnd Mise Material 5.09E+07 

200.999 Comingled Waste Lot that includes Waste Lots 200.1, 2001.2 and 200.4 2.76E+09 
201.0 1 Miscellaneous Materials from Buildings 200 I, 2019 and 2024 9.01E+06 8.21E-OI 
201.02 Building 2000 Structure and Contents 1. 19E+09 7.48E-OJ 
201.03 Slabs - Drains, Pipes and Slabs 5.58E+09 3.96E-OI 
203.0 1 Buildings 2011 , 2017 and 3044 6.34E+08 
207.01 3026 Hot Cells 2.47E+08 6.78E-OI 
301.01 Capabil ity Unit 29 Legacy Material Bldg 9201-5 1.05E+08 
301.02 Legacy ~vfaterial from Buildi11g 9201-5 4.98E+07 
301.04 Legacy Material from Building 9201-5 First and Third Floor Bery ll ium Areas I.I OE+09 
303.0 1 Old Salvage Yard Pi les SY-HI (Areas I and 2) 7.39E+09 
303.02 Old Salvage Yard SY-H I Area I Pile, Rev I 1.41E+09 
304.01 Building 921 1 D&D 9.04E+09 
304.02 Building 9769 D&D 1.86E+09 
401.01 K-33 Building Debris and tvfisc Material 2.00E+ll 
997.01 Ma i11 Plant LR/LC Buildings 2.52E+09 
997.02 K-1035 Demolition Debris 5.90E+09 
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Th-232 U-232 U-233 U-234 U-235 U-236 U-238 Z n-65 

8.21E+OO 4.25E-OI 2.90E-OI 4.36E+OO 
3.09E+03 1.77E+02 2.IIE-02 2.47E-02 7.61E-03 

6.13E-Ol 5.18E-O l 
7.60E-OI 1.94E+OO 2.67E+OO 

2.40E+02 8.07E+OO 3.68E+OO 5.4 1E+O I 

2.48E+02 1.93E+O l 6 .27E+OO 2.4 1E+02 

7.07E+OO 3.56E-OI 7.83E+OO 

2.00E+O I J.ISE+OO 6.08E-OI 1.72E+OI 

1.27E+02 4.86E+OO 1.65E+OO 6.26E+O I 

4.20E+02 6.07E+OO 2.81E+OI 4.1IE+02 
4.20E+02 6.07E-100 2.8 JE+OI 4.11E+02 

5.05E+OO 4.36E+OI 

2.45E-OI 3.15E-O I 3.28E-O I 

1.69E-04 3.01E+OI 8. 15E-Ol 3.2 1E-OI 2.57E-02 
3.44E+OO 4.71E-02 9.55E-04 1.55E-09 1.32E-02 
2.09E+02 1.96E+OI 3.43E-OI 9.63E+OO 

l.II E+OI 1.65E+OO 8. 17E+02 1.34E+OI 1.1 9E+OO 1.08E+OO 1.30E+02 

1.42E+OO 9.47E-OI 1.15E-03 1.01E-02 2.47E-02 
5.30E-102 6.01E+OI 2.60E+02 
2.21E+02 1. 33E+OI 2.44E+02 

8.39E+OO 4.12E-OI 6.48E+OO 
6.98E+OO 4.24E-Ol 1.61E+OO 
9.80E+OO 6.28E-Ol 1.77E+OO 

8.44E+OI 4.58E+OO 1.99E+Ol 

6.95E-OI 1.21E+OI 3.62E+OO 1.28E+OI 

4.58E+OO 2. 14E-OI 7.00E-02 2.91E-OI 

4.66E+OO 4.61E-OI 
3.03E+02 1.29E+OO 1.19E+OI 

1.98E-OI 5.24E-O I 3.99E-OI 4.52E-OI 

2.09E-OI 5.58E-O I 3.97E-OI 4.48E-OI 

2.50E-OI 1.57E+OI 6.54E+OO 1.09E-OI 1.08E-OI 1.25E+OO 
9.03E+OO 4.37E-OI 5.66E-OJ 

4.17E-OI 2.74E+OO 1.96E-OI 4.23E-OI 1.46E+OO 
2. II E+O l 1.64E-02 2.19E-OI 6.60E-O I 

4.59E-02 2.67E-OI 
1.70E+OO 8.80E-OI 1.35E+02 

l.I OE+OO 1.55E+02 8.72E+OO 4.32E+OO 6.72E+02 

1.03E+04 6.23E+02 1. 45E+02 8.07E+03 

9.65E+O I 3.56E+OO 5.12E+OJ 

3.27E+OI 2.71 E+OO 2.5 1E+OJ 

8. 17E+OO 3.99E-OI 5.88E+OO 

1.8 IE+O I 1.42E+OO 1.7IE+OJ 
1.38E+OO 5.36E-OI 1.28E+OO 



Table A-6. i\lass W<'ightrd Average Data Set (Natural Phrnomcnon and T ransportation Risl<) 

Site Waste Lot WLName Nt't Weight (g) Units Ag-1 t Om Am-241 Am-243 Di-214 C-14 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 

Y-12 1.0 I3YBY RA 8.66E+IO pCi 1.56E+ IO 
ORNL 2.01 SWSA 4 Remedial Action li!P- 1 RA 2.22E+IO pCi 4.84E+I l 4.66E+IO 
ETTP 3.00 K-1070-A RA 2.59E+ IO pCi 5.17E+09 
ETTP 4.02 P\VRK-1085-401 RA 5.93E+07 pCi 
ETTP 4.03 Blair Quarry SoiL~ 1.35E+IO pCi 
ETTP 4.05 K-710 2.80E+08 pCi 
ETTP 4.06 K-1 085 Old Firehouse Burn Area Drum Burial Site, Area 6 Soils 1.51E+07 pCi 4.66E+06 
ETTP 4.08 Duct Island Soil Mmmds 1.47E+08 pCi 4.69E+07 
ETTP 4.11 K-711/K-766 Debris and Soils 5.37E+08 pCi 

ETTP 4.12 K-770 Scrap Yard Soils 8.81E+JO pCi 
ETTP 4.14 K-1093 Scrap Yard Debris 6.63E+08 pCi 2.93E+08 1.53E+09 
ETTP 6.01 K25 HMA-1 DD R2 3.41E+09 pCi 2.64E+08 
ETTP 6.02 K27 Units I-7 ACM R2 (ARRA) 3.87E+08 pCi 3.27E+07 
ETTP 6.03 K25 H.MA-2 DD Rev 2 1.91E+08 pCi 8.07E+07 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 pCi 3.12E+06 
ETTP 6.06 K-25 Bldg Area 6 PER Rl 2.13E+08 pCi 
ElTP 6.12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 pCi 1.60E+07 
EITP 6.13 K-25 Bldg Area 5. 1 PER RO 1.36E+08 pCi 
ETTP 6.14 K- 1232 Tank Fann Nfiscellaneous Debris RO 7.86E+07 pCi 
ElTP 6.16 K-601 Nfisc Debris 1.07E+09 pCi 
ElTP 6.17 Building K-1 030 Debris 9. 11E+08 pCi 1.63E+08 
ETTP 6.18 Building K-1 024 Debris 8.51E+08 pCi 1.02E+08 6.79E+09 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92E+09 pCi 6.10E+08 ( 
ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 pCi 1.81E+09 
ElTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 pCi 
ETTP 6.31 K-25 Building Northwest Bridge 5.25E+08 pCi 

ETTP 6.4 1 K-25 West Side Compressors Group I Rl 6. 11 E+09 pCi 

ElTP 6.42 K-25 \Vest Side Converters Group I Rl 1.02E+09 pCi 
ETTP 6.43 K-25 \Vest Side Converters Group I R l 3.49E+09 pCi 

ETTP 6.58 K25 East fmd North Low-Risk Converters 3.03E+09 pCi 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 pCi 
ETTP 6.60 K-25 \Vest Wing Post Mined Low-Risk Compressors 8.48E+07 pCi 

ETTP 6.998 Cominglcd waste lot that inlcudes \VL's 6.49-6.57 4.63E+IO pCi 2.00E+08 
ETTP 6.999 Comingled waste lot that includes \VL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ II pCi 
ETTP 8.02 Building K-33 Concrete Pedestal 1.14E+IO pCi 

EITP 8.05 BNFL Compressor Blades 5.89E+08 pCi 1.18E+07 
ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.61E+09 pCi 7.43E+08 
ETTP 8.08 K-33 Concrete Floor Scabble 2.27E+09 pCi 1. 12E+ IO 

A-30 



Tnbl~ A-6. Mnss Weighted Aver age Data Set (Natura l Phenomenon and TransJlor ta tion llisk) (Continued) 

Sit~ Waste Lot WLName Net Weight (g) Units Ag-110m Am-241 Am-243 01-214 C-14 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 

ETTP 8. 1 I Non-PG/Non-Fissi le Components 2.66E+08 pCi 4.43E+07 
ORNL 10.01 Old Hydrofracture Facility Remedi;~tion \V;~stes (Containers) 7.04E+08 pCi 2.48E+ II 6.30E+IO 
ETTP 14.01 K- I 303 Building Debris 1.92E+09 pCi 
ETTP 14.02 K-1302 Building Debris 3.06E+08 pCi 1.53E+07 
ETTP 14.03 K-I 413 Building Debris 1.10E+09 pCi 1.65E+08 
ETTP 14.04 K-1303 Metal Debris 1.61E+08 pCi 
ETTP 14.05 K- 1300 Stack Debris 1.97E+08 pCi 3.95E+06 
ETTP 14.06 K-1413 Process Piping and Equipment 7.78E+07 pCi 7.78E+05 
ETTP 14.07 Overhead Fluorine Pipelines and K-1301/K-1407 Metal Debris 2.60E+07 pCi 2.60E+05 
ETTP 14.08 K- 1301, K- 1405, and K-1407 Asbestos 9.08E+06 pCi 1.59E+07 
ETTP 14. II K- I 420 Equipment and Building Debris 5.28E+09 pCi 
ETTP 14.14 K- 1401/K-723 R4 2.43E+ 10 pCi 2.11 E+09 
ETTP 14.15 K-1420 Calciner 5.32E+07 pCi 3.59E+07 
ETTP 14.16 Main Plant D&D Housekeeping RO 1.53E+07 pCi 
ETTP 14.17 UF6 Cylinders Wooden Saddles 2.88E+08 pCi 
ETTP 14.21 K-1066-G Scrap, Debris and Abandoned Equipment 5.12E+08 pCi 
Off site 24.0 ACAPRA 3.87E+IO pCi 
Offsite 24.01 ACAP Debris 2.46E+06 pCi 
Offsite 24.02 ACAP Soil 1.30E+09 pCi 
ETTP 30.01 ETTP OD RSMl R 1 2.07E+09 pCi 
ETTP 30.02 ETTPODCD 8.38E+08 pCi 
ETTP 30.03 ETTPODRSM5 6.00E+07 pCi 
ETTP 30.06 ETTPOD DA\V R1 1.18E+09 pCi 
ETTP 30.07 OD VRR.-1 1.60E+09 pCi 1.37E+08 
ETTP 30.08 OD VRR.-2 4.81E+08 pCi 2.32E+l0 2.90E+09 
ETTP 30.09 ETTP OD DA\V-2 R. l 2.19E+08 pCi 
ETTP 30.10 ETTP OD DA \V -3 1.78E+08 pCi 8.55E+l0 
Offsite 30.12 D\VI 901 Stored Soils 1.83E+08 pCi 9.37E+07 
ETTP 30.13 ETTP Outdoor Solids 3.53E+08 pCi 4.77E+07 
ETTP 62.01 Poplar Creek Process Facilities Building Debris and Miscellaneous Materials 6.46E+07 pCi 2.60E+07 
ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 pCi 
ETTP 62.05 K-1231 and K-1 233 Demolition Debris 1.68E+09 pCi 
ETTP 65.01 K-770 Scrap Yard 4.16E+JO pCi 
ETTP 65.02 K-770 14 Series Piles 9.56E+08 pCi 
ETTP 65.03 K-770 B-25 Boxes 8.81E+08 pCi 1.16E+09 
ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess lvfaterial Project 2.86E+06 pCi 
ETTP 66.04 K-1064 Peninsula Area 1.3 1E+08 pCi 7.03E+07 
ETTP 66.06 K-1025 Buildings Stmctural Wood 3.40E+07 pCi 
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Table A-6. Mass Weighted Average Data Set (Natural Phenomenon and Transportation Risl<) (Continued) 

Site Wnstc Lot WLNamc Net Weight (g) Units Ag-lJOm Am-241 Am-243 Bi-2U C-14 Cm-242 Cm-243 Cm-244 Cm-245 Cm-246 Cm-247 

ETTP 66.07 DBOS Building Debris and ivlisc 1vfaterials R2 9.78E+09 pCi 2.40E+ IO 
ETTP 73.01 Centrifuge Equipment U 8.57E+07 pCi 
ETTP 73.02 Centrifuge Equipment C 9.73E+07 pCi 
ORNL 80.01 HFIR Impoundments 8.49E+09 pCi 1.128+11 5.74E+ IO 
ORNL 80.02 HRE Pond Sediments 6.88E+09 pCi 
ORNL 81.01 TI/T2 R4 HFffi Tanks Debris R5 I.O IE+09 pCi 5.37E+IO 8.25E+08 
ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 pCi 1.50E+07 
ORNL 84.01 GAAT RA Vlaste R3 1.22E+09 pCi 8.40E+IO 1.47E+JO 
ORNL 84.02 ITRA Waste Rl 3.15E+08 pCi 7.52E+IO 2.69E+09 2.828+07 4.03E+IO 5.76E+l2 8.08E+08 1.71E+09 8.43E+03 
ORNL 84.03 WI -A 8 12 Box Soil 3.18E+08 pCi 3.18E+ll 3.10E·t09 
ORNL 84.04 \VI-A 812 Box Soil- I 1.79E+08 pCi 7.08E+ll 2.21E+09 
ORNL 84.05 RASW Inactive Tanks Secondary Equipm ent 1.81E+06 pCi 6. 19E+07 9.87E+03 
ORNL 84.06 HIC-1 FFA Inactive Tanks 4.56E+06 pCi 3.86E+09 2.95E+07 3.32E+05 4.44E+08 2.09E+ IJ 8.8 JE+06 1.93E+07 9.54E+O l 
ORNL 87.01 SIOUBricks 6.26E+09 pCi 1.78E+ l2 2.02E+J2 
ORNL 87.02 SIOU Debris R2 I.OOE+09 pCi 2.90E+ JO 3.28E+ JO 
ORNL 89.01 MSRE Remedial Action 4.69E~07 pCi 1.93E+09 
ORNL 102.01 Building 3026 Debris and Msc }ifaterial 8.53E+08 pCi 1.71E+09 
ORNL 111.01 Melton Valley Weir Cleanout and Bank Stabilization Project 6.63E+08 pCi 5.68E+09 5.17E+09 
Y-12 114.01 Jack Case Center Contaminated Force Main 1.96E+07 pCi 
Offsite 145.01 David Witherspoon, Inc. 901 Site- Candora Soil 1.34E+ IO pCi 3.52E+09 I.OIE+ ll 
Off.'lite 145.02 DWI 901 Scrap Metal and Debris R2 1.8JE+09 pCi 
OITsite 145.03 DW1901 Site Building and Miscellaneou~ Debris 4.90E+08 pCi 8.73E+07 3.628+09 
OITsite 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+ JO pCi 2.84E+ IO 
OITsite 146.01 DWT 1630 Soil and Incidental Debris R6 1.35E+1 1 pCi 3.78E+l1 
OITsite 146.02 D\VI 1630 Site : Drums and Dnun Soils 4.96E+08 pCi 1.39E+09 
ORNL 149.01 NH.FD&D 4.64E+09 pCi 3.10E+I l 1.53E+10 
ORNL 149.02 NH.F Well P&A Debris R2 5.98E+07 pCi 5.98E+ JO 6.70E+08 
ORNL 149.03 HRE Ancillary Facilities 1.16E+08 pCi 
ORNL 149.04 HRE Waste Evaporator System and Sampling Station Waste R2 2.12E+08 pCi 1.12E+07 
ORNL 149.06 NHF Well P&A Primal)' Waste 5.94E+07 pCi 3.67E+08 1.64E+07 
ORNL 149.07 NHF Process 2.90E+07 pCi 4.90E+IO 4.03E+09 
ORNL 149.09 7841 Scrap Yard Debris and Equipment 1.20E+09 pCi 8.86E+ll 7.33E+08 5.39E+09 1.95E+08 1.13E+l3 
ORNL 149.10 MV Tanks 454 and 455 9.91E+06 pCi 2.39E+ IO 1.76E+04 
ORNL 155.01 K- 1070-B Burial Ground Remediation 1.1 2E+ II pCi 1.21E+ II 
ETTP 155.02 80S Lab Facilities Miscellaneous Wastes 1.83E+09 pCi 4.51E+09 
ETTP 155.03 8 0S LAb Area Soil 1.56E+08 pCi 2.04E+08 
ETTP 155.04 80S Lab Area Acid Pits and Piping 1.52E+08 pCi 1.79E+07 
ETTP 155.05 K-101 5-A Lmmdry Pit 1.33E+08 pCi 
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Tnblc A-6. i\lnss Wcighlcd Average Dala Sci (Nalurall'hcnomcnon ami Tra nsporlalion nisk) (Conlinucd) 

S ite \\'n, le Lot \\'1, Nnmt' Nrt W t' ighl (g) Unit< ,\g-11 0111 Am-U l Am -243 lli-2 14 C - 14 Cm-242 C m -243 C m-2-U C m-245 C m-246 C m-2-t7 

bf I J> 157.0 1 1-:-29 Bu1lding JJ&JJ 3.6.~1; 1 1 0 p< 'i 2.J JE I()<J 

O RNJ. 1 r.-1.«11 ll l>t St<uug<· c •• htnl~n R I .l. I2Eifl7 p< 'I 1. 171H OX 

ORNL 16 7.0 1 E111COI II J.ys im~l~rs, M \1 Snils & ScJimc nL~ 7.73E+08 pCI 5.091\109 J..Jm~os 

O RNJ. 2CX),O,l Fucihti~s .lSO~. J 5o l), 35~ I, 3550 und 3592 Uuildmg I >d >ris nnd /\ lise /\ liot.·n ul 5 ,C)<)!;H I7 Jl<'l 
Olu'JL 20U.999 Coming iNI \\'as t<l Lot tha t incluJ,·s \\'nst<l Lots 200. 1. 2tl01 . .2 nml 200.-1 2 .76E I IJ9 Jl(. ' / 3.5 1J.i I )CJ 1.7 1E I IU 

Oi~NI . 201.01 r-liscdhoncuu.~ r. hot~riab fn>m Uuildings ::!001, :::019 umi 21J24 9.07E II)(, pCI 2 . ~XE I i)(, 3.5!!11 IC io J 3!1E ic)7 

llRN L 201.02 Dui lding 2000 Stmcturc and Cmltcnts I 19EH.I') JIC 'i 4. 1JI.i+Ol; S. l llliH)l) 2.71JEt 09 

ORN L 20 1.03 Sinh~ - r>rnin~. Pip~s nnJ Slnhs 5.58E 109 pCi 7. 3613<08 8.09E+U8 2. 17E109 8.9211<09 3.90E<OS 2.2JE 101 2.2JE •07 
lllWL 20J .CJI Duildings 2011. 2017 and JO+l 6.3-IE+CJX f l( ·; 

OR.'ll. 207.01 3026 l int < 'ells 2.47E t 08 pCi 1.1 8E t08 ·1.53E t0 7 2.72E t0 l! 3.·16E t 0 7 1.73l.l 10 7 J .6-1E t0 7 

Y- 12 JO l.tll Capa bility Unit 29 J.~gucy 1\ lat~ ria l l.:lldg 920 1-5 I c15E t (l~ p<.'l 
Y- 12 JOI.02 f.~gacy ~ latcri:1 l from R uiltling 9201-5 <1 9RKt n7 p( 'I 

Y- 12 JO l.0 -1 Legner 1\ lntcrin l from Uuilding 9 20 1-5 J'ir:;t a nd Third Floor lk ryllium 1\r,•as l.l OE t C)') (.ICt 

Y- 12 J OJ.Il l O ld S:oh-agl) Y:ml Pi le~ S Y -Ill (i\r~ns 1 and 2) 7.39H~ 09 pCI 
Y- 12 303.02 llltl Sall·ng¢ YnrJ :SY-111 ;\r~n 1 Pile. Kcv 1 1 4 1EtcJ9 f 'CI 
Y- 12 30-W l Ruild ing 9211 D.I::D ~W-lE t O'J p<..'i 1.2 1Et II 

Y- 12 30402 Duild ing 9769 D& D 1 XoE H19 p< ' l .l.CHE+Ill': 

ETTP 40 1.0 1 1-:-.l.l Bu ilding r>cho is nnd /\lise 1\ b ta inl 2.00E+ l l pCi 
ETTP 997.0 1 Main l'lomt J.IULC Buoldings ~ 5~Etc~) JX'i 2 2 1 E tO~ 

ETT P 9'J7.CJ:! K- IOJ5 l k molition D~bris 5.901\ tc)') JiC,'/ 

1.291-:+12 p C/ t .t i!E+OR !(.91!F.+ I2 -t7RE+09 2. 17E+0<) 2.!(5~~+12 1.9!(1-:+0R 4. 11 F.+IO t.7J E+ U R.51E+OR 1.7JE+09 5.871-:+07 

s: 2 .471.!:+08 6.521.-:+11 8.291!:+09 S.SSE+ O'J H.74 E+ JO 1.20E~ 09 6. 141.!:+09 l.S2 E+09 6. 1-IE+OIJ 3. 191.!:+08 6. 1 -1 1~+0!1 

pCi R 4.76£.01 9. 18E+OO 5.77£.01 J .89E-Ol 2.91E+ Ol 1.63 E·01 6.69E+OO l.l4E+04 I.J9E· OI 5.411!:+00 9.551•>03 
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Tn blc A-6. i\lnss Weighted Averngc Dntn Set (Nntnrnl Phenomenonnnd T nHtSJJortation Risk) (Continued) 

Sit<' Wast<' Lot WLNnm<' N<'t Wright (g) Units Co-57 Co-60 Cs-134 Cs-137 Eu-152 Eu-154 E u-155 F-59 H-3 1-129 K-40 

Y-12 1.0 BYB Y RA 8.66E+IO pCi 
ORNL 2.01 S\VSA 4 Remedial ActionlHP-1 Ri\ 2.22E+ IO pCi 1. 18E+l2 4.66E+IO 
ETTP 3.00 K-1070-A RA 2.59E+ IO pCi 
ETTP 4.02 P\VR K-1085-401 RA 5.93E+07 pCi 
ETTP 4.03 Blair Quarry SoiL~ 1.35E+IO pCi 
ETTP 4.05 K-710 2.80E+08 pCi 
ETTP 4.06 K-1 085 Old Firehouse Burn Area Drum Burial Site, Area 6 Soils 1.51E+07 pCi 
ETTP 4.08 Duct Island Soil tvfow1ds 1.47E+08 pCi 
ETl'P 4.11 K-711/K-766 Debris and Soils 5.37E+08 pCi 
ETTP 4.12 K-770 Scmp Yard Soils 8.81E+10 pCi 
ETTP 4.14 K-1093 Scrap Yard Debris 6.63E+08 pCi 1.95E+IO 
ETTP 6.01 K25 HMA-1 DD R2 3.4 1E+09 pCi 
ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E+08 pCi 
ETTP 6.03 K25 HMA-2 DD Rev 2 1.91E+08 pCi 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 pCi 
ETTP 6.06 K-25 Bldg Area 6 PER Rl 2.13E+08 pCi 
ETTP 6.12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 pCi 
ETTP 6. 13 K-25 Bldg Area 5.1 PER RO 1.36E+08 pCi 
ETTP 6. 14 K-1232 Tank Fann Miscellaneous Debris RO 7.86E+07 pCi 
ETTP 6. 16 K-601 Mise Debris 1.07E+09 pCi 
ETTP 6. 17 Building K-1 030 Debris 9.11 E+08 pCi 
ETTP 6.18 Building K-1 024 Debris 8.51 E+08 pCi 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92E+09 pCi 

I 

\ 
ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 pCi 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 pCi 
ETTP 6.31 K-25 Building Northwest Bridge 5.25E+08 pCi 
ETTP 6.41 K-25 \Vest Side Compressors Group I Rl 6.11 E+09 pCi 
ETTP 6.42 K-25 West Side Converters Group I R l 1.02E+09 pCi 
ETTP 6.43 K-25 West Side Converters Group I R l 3.49E+09 pCi 
ETTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 pCi 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 pCi 
ETTP 6.60 K-25 West Wing Post Mined Low-Risk Compressors 8.48E+07 pCi 
ETTP 6.998 Comingled waste lot that inlcudes \VL's 6.49-6.57 4.63E+ IO pCi 
ETTP 6.999 Comingled waste lot that includes WL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+Il pCi 
ETTP 8.02 Bui ldiJ1g K-33 Concrete Pedestal 1.14E+ IO pCi 
ETTP 8.05 BNFL Compressor Blades 5.89E+08 pCi 
ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.6 1E+09 pCi 
ETTP 8.08 K-33 Concrete Floor Scabble 2.27E+09 pCi 
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( 
Table A-6. i\lnss Weighted Average Dntn Set (Natural Phenomenon and Transportation Ris l<) (Continued) 

Site Waste Lot WL Nam r Nrt Wright (g) Units Co-57 Co-60 Cs-134 Cs-137 Eu-152 Eu-154 Eu-155 F-59 H-3 I-129 K-40 

ETTP 8. 11 Non-PG/Non-Fissi le Components 2.66E+08 pCi 
ORJ."\IL 10.01 Old Hydrofracture Facility Remediation Wastes (Containers) 7.04E+08 pCi 5.25E+09 1.08E+07 
ETTP 14.01 K-1303 Building Debris 1.92E+09 pCi 
ETTP 14.02 K-1302 Building Debris 3.06E+08 pCi 
ETTP 14.03 K- I 413 Building Debris 1.10E+09 pCi 
ETTP 14.04 K-1303 M-:tal Debris 1.61E+08 pCi 

ETTP 14.05 K-1 300 Stack Debris 1.97E+08 pCi 
ETTP 14.06 K-1413 Process Piping and Equipment 7.78E+07 pCi 
ETTP 14.07 Overhead Fluorine Pipelines and K-1 30 lfK- 1407 Metal Debris 2.60E+07 pCi 
ETTP 14.08 K- 1301, K-1 405, and K- 1407 Asbestos 9.08E+06 pCi 
ETTP 14.1 1 K-1 420 Equipment and Building Debris 5.28E+09 pCi 
ETTP 14.14 K-1 401fK-723 R4 2.43E+IO pCi 

ETTP 14.15 K-1420 Calciner 5.32E+07 pCi 
ETTP 14.16 1vfain Plant D&D Housekeeping RO 1.53E+07 pCi 
ETTP 14.17 UF6 Cylinders Wooden Saddles 2.88E+08 pCi 
ETTP 14.21 K-1066-G Scrap, Debris and Abandoned Equipment 5.12E+08 pCi 
Offsite 24.0 ACAPRA 3.87E+IO pCi 
Off site 24.01 ACAPDebris 2.46E+06 pCi 
Off site 24.02 ACAP Soil 1.30E+09 pCi 
ETTP 30.01 ETTP OD RSi'vfl R I 2.07E+09 pCi 
ETTP 30.02 ETTPODCD 8.38E+08 pCi 
ETTP 30.03 ETTP OD RS"tvl 5 6.00E+07 pCi 
ETTP 30.06 ETTP OD DA W R1 1.1 8E+09 pCi 

ETTP 30.07 OD VRR-1 1.60E+09 pCi 7.32E+09 
ETTP 30.08 OD VRR-2 4.81E+08 pCi 1.07E+11 
ETTP 30.09 ETTPODDAW-2Rl 2. 19E+08 pCi 
ETTP 30. 10 ETTP OD DAW-3 1.78E+08 pCi 8.03E+05 
Offsite 30. 12 D\VI 901 Stored Soils 1.83E+08 pCi 
ETTP 30.13 ETTP Outdoor Solids 3.53E+08 pCi 
ETTP 62.01 Poplar Creek Process Facilities Building Debris and Miscellaneous t·ifaterials 6.46E+07 pCi 
ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 pCi 
ETTP 62.05 K-1231 andK-1233 Demolition Debris 1.68E+09 pCi 

ETTP 65.01 K-770 Scrap Yard 4.16E+ IO pCi 
ETTP 65.02 K-770 14 Series Pi les 9.56E+08 pCi 
ETTP 65.03 K-770 B-25 Boxes 8.81E+08 pCi 5.57E+08 
ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess Materia l Project 2.86E+06 pCi 
ETTP 66.04 K-1064 Peninsula Area 1.31E+08 pCi 
ETTP 66.06 K-1025 Buildings Stmctural Wood 3.40E+07 pCi 
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Table A-6. I\ lass We ighted Average Data Set (Natu ra l Phenomenon a nd Transporta tion Risl<) (Cont inued) 
( 

Site Waste Lot WLName Net Weight (g) Units Co-57 Co-60 Cs-134 Cs-137 Eu-152 Eu- 154 Eu-155 F-59 H-3 [-129 K-40 

ETTP 66.07 DBOS Building Debris and tvlisc Materials R2 9.78E+09 pCi 

ETTP 73.01 Centrifuge Equipment U 8.57E+07 pCi 

ETTP 73.02 Centrifuge Equipment C 9.73E+07 pCi 

ORNL 80.01 HFIR Impoundments 8.49E+09 pCi 5.92E+I2 

ORNL 80.02 HRE Pond Sediments 6.88E+09 pCi 

ORNL 81.01 T l/T2 R4 HFIR Tanks Debris R5 I.O IE+09 pCi 1.23E+07 5.30E+04 

ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 pCi 

ORNL 84.01 GAAT RA Waste R3 1.22E+09 pCi 2.19E+08 9.38E+05 
ORNL 84.02 ITRA Waste R I 3.15E+08 pCi 5.72E+IO 6.23E+l l 2.23E+Il 1.73E+ll 4.25E+ l l 3.21E+06 4.69E+03 

ORNL 84.03 \V I-A B12 Box Soil 3.18E+08 pCi 

ORNL 84.04 WI-A B12 Box Soil- I 1.79E+08 pCi 

ORNL 84.05 RAS\V Inactive Tanks Secondary Equipment 1.81E+06 pCi 1.08E+03 1.43E+OO 

ORNL 84.06 HIC-1 FFA Inactive Tanks 4.56E+06 pCi 8.58E+06 4.07E+IO 1.36E+08 3.03E+07 4.07E+07 3.63E+04 4.79E+OI 

ORNL 87.01 SIOUBricks 6.26E+09 pCi 

ORNL 87.02 SIOU Debris R2 l .OOE+09 pCi 

ORNL 89.01 ~viSRE Remedial Action 4.69E+07 pCi 1.77E+l l 4.44E+06 
ORNL 102.01 Building 3026 Debris and lvlisc Material 8.53E+08 pCi 2.28E+09 
ORNL 111.01 }..'felton Valley Weir Clennout and Bank Stabilization Project 6.63E+08 pCi 4.36E+l2 2.54E+l2 4.02E+l l 

Y- 12 114.01 Jack Case Center Contaminated Force Main 1.96E+07 pCi 

Offsite 145.01 David Witherspoon, Inc. 901 Site- Candora Soil 1.34E+l0 pCi 

Off.<;itc 145.02 DWI 901 Scrap Metal and Debris R2 1.81E+09 pCi 

OfTsite 145.03 D\;lfl 901 Site Building and Miscellnneous Debris 4.90E+08 pCi 

Offsite 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+IO pCi 

Offsite 146.01 DWI 1630 Soil and Incidental Debris R6 1.35E+l l pCi 

Offsitc 146.02 D\Vl 1630 Site: Drums and Drwn Soils 4.96E+08 pCi 

ORNL 149.01 NHFD&D 4.64E+09 pCi 

ORNL 149.02 NT-IF Well P&A Debris R2 5.98E+07 pCi 3.08E+08 2.61E+06 

ORNL 149.03 HRE Ancillary Facilities 1.16E+08 pCi 5.06E+07 
ORNL 149.04 I-IRE Waste Evaporator System and Sampling Stnt ion Waste R2 2.12E+08 pCi 1.31E+09 3.59E+12 3.56E+08 1.22E+06 

ORNL 149.06 NHF Well P&A Primary \.Vaste 5.94E+07 pCi 1. 16E+04 I.OOE+03 

ORNL 149.07 NT-IF Process 2.90E+07 pCi 6.01E+06 2.57E+05 

ORNL 149.09 7841 Scrap Yard Debris and Equipment 1.20E+09 pCi 3.52E+ll 2.97E+l3 4.82E+l3 5.47E+13 4.14E+l3 1. 13E+l3 7.74E+09 1.24E+07 

ORNL 149.10 MV Tanks 454 and 455 9.91E+06 pCi 3.39E+05 4.03E+08 

ORNL 155.01 K-1 070-B Burial Ground Remediation 1.12E+ ll pCi 

ETTP 155.02 BOS Lab Facilities .Miscellaneous Wastes 1.83E+09 pCi 

ETTP 155.D3 BOS Lab Arc!a Soil 1.56E+08 pCi 

ETTP 155.04 BOS Lab Area Acid Pits and Piping 1.52E+08 pCi 

ETTP 155.05 K-1015-A Laundry Pit 1.33E+08 pCi 
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Table A-6. i\lnss Weighted Average Dntn Set (Natural Phenomenon and Trans11ortation Risl<) (Continued) 

( 

Site \V>lStc Lot \VL Nmnl' Net Wdght (g) Units Co-57 Co-60 Cs-13-J Cs-137 E u-152 E u-15-J Eu-155 F-59 H-3 J-129 K-.JO 

ETTP 157.0 1 K-29 Building D&D 3.63E+IO pCi 
OR.t'\JL 164.01 Hot Storage Garden R I 3. 12E+07 pCi 1 .54E~08 7.46E+ I1 4.56E t 07 3.03E+08 
ORNL 167.0 1 Epicor II Lysimctcrs, !VfV Soils & Sedim ents 7.73E+08 pCi 3.01E+I2 
ORNL 200.03 Facilities 3504, 3508,3541, 3550 and 3592 Building Debris and Mise lvfaterial 5.09E ~07 pCi 
ORNL 200.999 Cominglcd Waste Lot that includ<.'s Waste Lots 200. 1, 2001.2 and 200.4 2.76E I 09 p Ci 
ORNL 20 1.0 1 lvliscellaneous lvlatcrials from Buildings 200 !, 2019 and 2024 9.07E+06 pCi 1.14E ~06 4.36E+06 5.59E+06 5.84E~06 2.45Et06 8.37E-106 1.45E+07 
ORNL 201.02 Building 2000 Structure and Contents 1.1 9E~09 p Ci 1.32E+08 1.46E+09 6.07E+08 6.27E+08 2.71E-1 08 6. 14E+08 1.67E+09 
ORNL 201.03 Slabs- Drains, Pipes and Slabs 5.58E+09 pCi 4.07E~OS 4.07E+08 1. 19E+09 1.3SE+09 6.58E~OS 1.9 1E+I n 1.27E+10 2.67E+ 10 
ORNL 203.01 Buildings 20 11 , 20 17 and 3044 6.34E+OS pCi 3.98E+10 
ORNL 207.01 3026 ITo! Ce lls 2.47E+08 pCI 3.66E-107 4.75E-109 1.49E+09 2.67E+OS 3 .29E~OS 3.68E+08 8.21E+ IO 3.73E+OS 
Y-12 301.0 1 Capability Unit 29 L<.'gacy Materinl Bldg 9201-5 1.05E+08 pC i 
Y-12 301.02 Legacy Jvlatcrinl from Building 9201-5 4.98E+07 pCi 
Y-12 30 1.04 Legacy :tvfa tcrinl from Building 9201-5 First and Third Floor Beryllium J\reas I.I OE+09 pCi 
Y- 12 303.01 Old Sah•age Ynrd Piles SY-HJ (Arens I and 2) 7.39E+09 pCi 
Y- 12 303.02 Old Salvage Yard SY-H I Area I Pile, Rev I 1.41E+09 pCi 
Y- 12 304.0 1 Building 921 1 D&D 9.0~E+09 pC I 3 .05E-1 ll 
Y- 12 304.02 Building 9769 D&D 1.86E+09 pC i 3.36E-1 09 
ETTP 40 1.0 1 K-33 Building Debris and IVlisc lvfntcrinl 2.00E+ ll pCi 
ETTP 997.01 lvfnin Plant LRILC Buildings 2.52E-109 pCi 
ETTP 997.02 K- 1035 Demolition Debris 5.90E+09 pCi 

t .2 9E+12 p Ci 3.66E+07 4.77E+12 2.97E+13 5.58E+13 5.49E+I3 .J.16E+13 1.17E+13 3.68E+08 1.13E+13 6.07E+10 2.86E+10 

g 2.47E+08 9.45E+09 1.20E+09 9.56E+09 8.54E+09 8.57E+09 8.29E+09 2A7E+08 5.91E+l0 J.40E+ l0 6.81E+09 

p Ci/g IARE-01 5.05E+02 2.48E+04 5.83E+OJ 6.43E+OJ 4.85E+OJ lAlE+OJ 1.49E+OO l.9tE+02 1.79E+OO 4.21E+OO 
( 

\ 

A-37 



Tnblc A-6. l\lnss Weighted Averngc Data Set (Natural Phenomenon and Transportation llisl<) (Continued) 

Silc Waste Lot WLNnmc Net Weight (g) Units Kr-85 Mn-54 Nb-94 Ni-59 Ni-63 Np-237 Pb-210 Pb-214 Pm-147 Pu-238 Pu-239 ( 
Y-12 1.0 BYBY RA 8.66E+ IO pCi 3.08E+IO 8.66E+09 
ORNL 2.01 SWSA 4 Remedial Action IHP-1 RA 2.22E+ 10 pCi 1.69E+IO 1.25E+I2 
ETTP 3.00 K- 1070-A RA 2.59E+ IO pCi 5.04E+09 2.59E+09 

ETTP 4.02 P\VR K- 1085-401 RA 5.93E+07 pCi 
ETTP 4.03 Blair Quarry Soils 1.35E+IO pCi 8.42E+09 5.88E+08 
ETTP 4.05 K-7 10 2.80£+08 pCi 1.75E+07 1.68E+07 
ETTP 4.06 K-1 085 Old Firehouse Burn Area Dnun Burial Site, Area 6 Soils 1.51E+07 pCi 1.60E+06 
ETTP 4.08 Duct Island Soil Mounds 1.47E+08 pCi 6.60E+07 2.01E+08 
ETTP 4.11 K-711 /K-766 Debris and Soils 5.37£+08 pCi 
ETTP 4.12 K-770 Scrap Yard Soils 8.81E+IO pCi 
ETTP 4.14 K-1 093 Scrap Yard Debris 6.63E+08 pCi 
ETTP 6.0 1 K25 HMA-1 DDR2 3.41E+09 pCi 4.49E+08 9.50E+07 

ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E+08 pCi 6.26E+07 2. 19E+07 
ETTP 6.03 K25 HMA-2 DD Rev 2 1.9IE+08 pCi 1.03£+08 8.04E+07 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 pCi 2.83E+06 3.47E+06 
ETTP 6.06 K-25 Bldg Area 6 PER Rl 2.13£+08 pCi 7.72£+07 
ETTP 6.12 K-25 Bldg Non-Purge Ext. Trans ite 6.80£+08 pCi 1.09£+07 6.82E+06 
EITP 6. 13 K-25 Bldg Area 5. 1 PERRO 1.36E+08 pCi 1.2 1£+08 7.62£+06 
ETTP 6. 14 K-1232 Tank Fann t-.'1iscellaneous Debris RO 7.86E+07 pCi 
ETTP 6.16 K-601 Mise Debris 1.07E+09 pCi 
ETTP 6.17 Buildu1g K- 1 030 Debris 9. 11 E+08 pCi 1.56E+OS 
ETTP 6.1 8 Building K- 1 024 Debris 8.5 1E+08 pCi 1.19E+08 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92£+09 pCi 5.68£+08 5.6 1£+08 ( 
ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 pCi 4.69E+08 7.50£+09 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 pCi 
ETTP 6.3 1 K-25 Building Northwest Bridge 5.25E+08 pCi 
ETTP 6.41 K-25 West Side Compressors Group I R l 6. 11 E+09 pCi 
ETTP 6.42 K-25 \Vest Side Converters Group I R I 1.02£+09 pCi 
ETTP 6.43 K-25 \Vest Side Converters Group I R I 3.49E+09 pCi 
ETTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 pCi 
ETTP 6.59 Buildu1g K-25 East Wing and North End Low-Risk Compressors 2.08E+09 pCi 5.36E+08 
ETTP 6.60 K-25 \Vest Wmg Post tvlined Low-Risk Compressors 8.48£+07 pCi 
EITP 6.998 Comingled waste lot that inlcudes \:VL's 6.49-6.57 4.63E+IO pCi 5.91E+09 3.34E+08 
ETTP 6.999 Comingled waste lot that includes \VL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ II pCi 
ETTP 8.02 Buildmg K-33 Concrete Pedestal 1.14E+IO pCi 2.65E+09 
ETTP 8.05 BNFL Compressor Blades 5.89£+08 pCi 2.30£+08 4.97E+07 
ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.61E+09 pCi 6.07E+07 1.47E+08 
ETTP 8.08 K-33 Concrete Floor Scabble 2.27E+09 pCi 1.55E+08 5.73E+09 
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( 
Ta ble A-6. i\Juss Weighted Aver age Data Set (Natural Phenome non and Transportation Risk) (Continued) 

Site Waste Lot \VL Name Net Weight (g) Units Kt·-85 Mn-54 Nb-94 Nl-59 Ni-63 Np-237 Pb-2 10 Pb-214 P m-147 Pu-238 P u-239 

ETTP 8. 11 Non-PG/Non-Fissile Components 2.66E+OS pCi 1.02E+OS 2.22E+07 
ORNL 10.01 Old Hydrofracture Facility Remediation Wastes (Containers) 7.04E+OS pCi 1.05E+09 7.37E+09 
ETTP 14.01 K-1303 Building Debris 1.92E+09 pCi 1.15E+OS 
ETTP 14.02 K-1302 Building Debris 3.06E+08 pCi 1.22E+07 1.22E+07 
ETTP 14.03 K-1 413 Building Debris 1.10E+09 pCi 3.30E+07 8.80E+07 
ETTP 14.04 K- 1303 Metal Debris 1.6 1E+08 pCi 9.64E+06 
ETTP 14.05 K-1300 Stack Debris 1.97E+08 pCi 3.16E+07 9.86E+06 
ETTP 14.06 K-1413 Process Piping and Equipment 7.78E+07 pCi 7.00E+06 3.35E+07 
ETTP 14.07 Overhead Fluorine Pipelines and K-1301/K-1 407 Metal Debris 2.60E+07 pCi 
ETTP 14.08 K-1 301, K- 1405, and K- 1407 Asbestos 9.08E+06 pCi 1.47E+07 3.99E+06 
ETTP 14.11 K-1 420 Equipment and Building Debris 5.28E+09 pCi 
ETTP 14.14 K-1401/K-723 R4 2.43E+ 10 pCi 5.50E+09 9.55E+08 
ETTP 14.15 K-1420 Calciner 5.32E+07 pCi 5. 15E+08 3.57E+08 
ETTP 14.16 Main Plant D&D Housekeeping RO 1.53E+07 pCi 
ETTP 14. 17 UF6 Cylinders Wooden Saddles 2.SSE+OS pCi 
ETIP 14.21 K-1 066-G Scrap, Debris and Abandoned Equipment 5.12E+08 pCi 8.36E+07 
Offsite 24.0 ACAPRA 3.87E+ IO pCi 
Off site 24.01 ACAPDebris 2.46E+06 pCi 
Offsite 24.02 ACAPSoil 1.30E+09 pCi 
ETIP 30.01 ETTP OD RSM1 R 1 2.07E+09 pCi 4.06E+09 1.66E+09 
ETTP 30.02 ETTPODCD 8.3SE+08 pCi 5.37E+09 
ETTP 30.03 ETTP ODRSM5 6.00E+07 pCi 1.6SE+06 1.8UE+05 
ETTP 30.06 ETTP OD DA W R I I.ISE+09 pCi 3.24E+08 
ETTP 30.07 OD VRR-1 1.60E+09 pCi 1.09E+09 
ETTP 30.08 OD VRR-2 4.S IE+08 pCi 5.46E+09 I.I OE+09 
ETTP 30.09 ETTP OD DAW-2 R1 2.19E+08 pCi 2.95E+07 
ETTP 30. 10 ETTP ODDAW-3 1.7SE+08 pCi 3.00E+06 8.82E+09 
Offsi te 30.12 DWI 901 Stored Soils 1.83E+OS pCi 2. 14E+10 
ETTP 30. 13 ETTP Outdoor Solids 3.53E+08 pCi 7.77E+06 4.3 1E+06 
ETTP 62.01 Poplar Creek Process Facilities Building Debris and ~vl iscellaneous Materials 6.46E+07 pCi 4.39E+06 
ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 pCi l.74E+07 
ETTP 62.05 K-1231 and K-1 233 Demolition Debris 1.68E+09 pCi 1.06E+08 
ETTP 65.01 K-770 Scrap Yard 4.16E+IO pCi 
ETTP 65.02 K-770 14 Series Piles 9.56E+08 pCi 
ETTP 65.03 K-770 B-25 Boxes 8.S IE+08 pCi 3.29E+08 
ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess Material Project 2.86E+06 pCi 
ETTP 66.04 K-1 064 Peninsula Area 1.3JE+08 pCi 9.78E+08 3.56E+07 
ETTP 66.06 K-1025 Buildings Structural Wood 3.40E+07 pCi 
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Ta ble A-6. i\lass Wdghted Average Data Set (Natuml Phenomenon and Transportation Risk) (Continued) 

Silc Wnste Lot WLName Net Weight (g) Units Kr-85 M n-54 Nb-94 Ni-59 Ni-63 

ETTP 66.07 DBOS Building Debris and Mise lv!aterials R2 9.78E+09 pCi 

ETTP 73.01 Centrifuge Equipment U 8.57E+07 pCi 

ETTP 73.02 Centrifuge Equipment C 9.73E+07 pCi 

ORNL 80.01 HFIR Impoundments 8.49E+09 pCi 

ORNL 80.02 HRE Pond Sediments 6.88E+09 pCi 

ORNL 81.01 Tl /T2 R4 HFIR Tanks Debris R5 l.OIE+09 pCi 

ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 pCi 

ORNL 84.01 GAAT RA Waste R3 1.22E+09 pCi 

ORNL 84.02 ITRA Waste R I 3.1 5E+08 pCi 

ORl\TL 84.03 WI -A Bl2 Box Soil 3. 18E+08 pCi 

ORNL 84.04 WI-A B12 Box Soil-1 1.79E+08 pCi 

ORNL 84.05 RAS\V Inactive Tanks Secondary Equipment 1.81E+06 pCi 

ORNL 84.06 HIC-1 FFA Inactive Tanks 4.56E+06 pCi 

ORNL 87.01 SIOUBricks 6.26E+09 pCi 

ORNL 87.02 srou Debris R2 l.OOE+09 pCi 

ORNL 89.01 MSRE Remedial Action 4.69E+07 pCi 

ORNL 102.01 Building 3026 Debris and tvlisc Material 8.53E+08 pCi 

ORNL 111.01 t-.•!elton Valley Weir Cleanout and Bank Stabilization Project 6.63E+08 pCi 

Y-1 2 114.01 Jack Case Center Contaminated Force Main 1.96E+07 pCi 

Offsitc 145.01 David Witherspoon, Inc. 901 Site- Candora Soil 1.34E+IO pCi 

Off.~ite 145.02 DWI 901 Scrap Metal and Debris R2 1.81E+09 pCi 

on:~ite 145.03 DWI 901 Site Building and Miscellaneous Debris 4.90E+08 pCi 

OfTsite 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+ IO pCi 

Offsite 146.01 DWI 1630 Soil and Incidental Debris R6 1.35E+11 pCi 

Offsi te 146.02 DWI 1630 Site: Drum s and Dnun Soilc; 4.96E+08 pCi 

ORNL 149.01 NHFD&D 4.64E+09 pCi 

ORNL 149.02 NHF Well P&A Debris R2 5.98E+07 pCi 

ORNL 149.03 Hill Ancillary Facilities 1.16E+08 pCi 

ORNL 149.04 I-IRE Waste Evaporator System and Sampling Station Waste R2 2. 12E+08 pCi 

ORNL 149.06 NHF Well P&A Primary Waste 5.94E+07 pCi 

ORNL 149.07 NHF Process 2.90E+07 pCi 

ORNL 149.09 7841 Scrap Yard Debris and Equipment 1.20E+09 pCi 1.51E+ ll 

ORNL 149. 10 MV Tanks 454 and 455 9.9 1E+06 pCi 

ORNL 155.01 K-1070-B Burial Ground Remediation 1.1 2E+ ll pCi 

ETTP 155.02 BOS Lab Facilities Miscellaneous Wastes l.S3E+09 pCi 

ETTP 155.03 BOS Lab Area Soil 1.56E+08 pCi 

ETTP 155.04 BOS Lab Area Acid Pits and Piping 1.52E+OS pCi 

ETTP 155.05 K- I 0 15-A Laundry Pit 1.33E+OS pCi 
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Np-237 Pb-210 Pb-214 Pm-147 ]>u-238 

1.42E+09 

1.45E+07 

2.58E+08 

7.33E+06 2.08E+ll 

1.96E+09 

2.34E+09 

2.79E+03 

9.40E+04 5.66E+IO 

8.89E+09 

1.45E+08 

2.59E+07 

6.30E+08 

4.92E+06 

4.41E+07 

6. 18E+09 

1.1 5E+IO 

4.21E+07 

2.54E+08 
2.08E+07 
1.08E+09 

2.79E+05 
7.05E+07 

6.50E+08 2.77E+11 

1.06E+06 

1.78E+07 

Pu-239 

1.1 4E+I O 

3.56E+IO 

3.31E+IO 

1.65E+06 

5.52E+IO 
3.71 E+IO 

3.28E+ll 
7.26E+ll 

7.24E+07 

4.79E+09 
4.34E+ I2 

8.98E+IO 

5.48E+09 

2.8 1E+09 

2.23E+06 
1.77E+ IO 

1.78E+08 
1.57E+08 

1.27E+ll 

2.58E+ IO 

9.48E+07 

1.51E+ I2 

7.07E+08 

8.01E+07 

3.89E+ IO 
l.69E+ ll 

1.38E+IO 

2.14E+09 

2.37E+OS 

( 

I 
\ 



Tnblc A-6. l\lnss Weighted A vcr nge Dal:1 Sci (Natu ra l Phenomenon and T ransportation Risk) (Continued) 

Slit Wnstt Lot WLNnmt Nrt Wright (g) linUs Kr-8~ Mn-54 Nb-94 Nl-59 NI·GJ Np-2J7 l'b -210 Pb-214 Pm-147 r>u-238 l'u-239 

El fl' l.'i7.01 ..: -29 Ouilcling n&n .H >.lEi lll p< 't 2 4.'iE ill<) I ·l.lli i C ~) 

ORNL 164.01 II <~ Sh>mg<) I iaod,·n I{ I J . I2E 107 Jl( '/ 4.2 1 E 11)9 9. ~31': I 07 5.09E108 
ORNL 167.01 Epic<>r fll .)'sim~krs, l\ IV Soils S: s,·dim~nl:i 7.7JE I ()N pCI J 60E ill9 
ORNI. 2(~ 1.0] Fuccl itk~ .lS0-1, .3508, 3541, 3550 nnd 3592 Ouild1ng f),•bri5 nnd l\ li-;c l\ l nt~o iol 5 1)<)1: 1117 p('/ 7 9-llii07 
OR.NI. 2110.991) C'om in)ll~d Wu~tc Lot trnt includes \VcL' te Lots 200. 1, 2001.2und 200.4 276E 109 pCI 2 52E1 I I 
ORNL 201.01 l\lis<·dluncous l\fatainls from Duildings 2001, 20 19 Hml 2024 9.07E ll){i pC I 9.8UE 1115 3.36E ttXi 2.38E106 2.R-ll.i l06 
()f{NI. 201 02 Building 21KK1 Structure nnll <'<mtcnts I l9Eiil9 p('/ 4 771\ tOX .l521illlS 5 4-lEi iiX 
OR.NL 20 UH Slabs • Drnins, Pipes unll Slubs 5.581"1 1 ()<) pC/ 3.46E ION 7 l·lE1 118 9 N2EIO<J 224E I(J9 (i .11111108 70JE108 

OR.NL 203.01 Duildin)l.~ 2011.2017 und J0-14 6.34Er08 pCI 
OR NI. 207.0 1 311~(> Hot Cell~ 2 47EHIS p<'l 257H III :u mwcs l . l6E+OS 9.99EIIl') l..'i4EH ~) 9.2~EW7 2.4 7l>i ()<) 2 65lii ll7 I 15J;+UX 
Y- 12 301.01 f'>tpability Unit 29 L.:gacy 1\.lataiul Dldg 9:o i -.S 1 .05~ 1 08 pCI 
\'- 12 31)1.02 l,,•ga~y Mnt.:riul from IJuilding 9201-5 4.9~Et07 p('/ 

Y- 12 301.0~ l..:gacy t-. lnt.:rinl from Building 9211 1·5 Fir>; and 'I hirJ Floor Beryllium 1\r.:a.~ I.IU£>+09 pC/ 
Y-12 30.l01 Old S-11\'ug.: Yard Pi I.:< SY -Ill (J\w!S I ond 2) 7.J9E•09 p('/ 

Y-12 .ltHIJ2 Old S:l ll'ag<~ \'onl SY-111 1~n I Pik. Rei' I I 411\Hl<) fK 'i 
Y- 12 304.01 Building 9211 I>&D 9.04E109 p('i 1.94E cO<J 1.64E109 
Y-12 ]CJ4.02 Du1ltling 9769 D.~D l.XC.IH119 p( '/ 

li I II' 4fJ I.fJI K-.U IJuilding ))..•bri~ nnd l\ltsc l\ fnt~rin l 211(11l1 ll p<"i 4 SSE r iO 
ETTP 99701 l\ lain Plant LRfl.( ' Buildings 25:Et ft9 pC I 5 4-IE t ll~ 1.06E 11)8 
liTTI' <)<)7.02 K-1035 D(molit i<' ll D~bri~ 5 Y11Et fl9 fK ., 

1.29E+ I2 p Ci 2 .~7E+IO 2.091-:+0H 4.6JE+OH 9.99E+O') 1.!'2Kt ll 1.!'5E+II 1 .~0 1-:+ 10 2.241':+09 2.471':+09 !'A4E+I I 9. 1HE+ I2 

If 2.47E+OR 2A7E+08 5.83E+O'J 2A7E+OH 1.-U E+O\I 5.J-IE+11 5.61E+09 5.58E+09 2.-17E+08 9.56E+09 7.1H E+tt 
p(.'Vg 1.04Ei 02 H.47F:..OI 7.9Jio:..02 4.041<:+01 1.05E t02 2.91 1•:.01 2.!'01-:+00 -I.CJ2 E-01 1.00~:+01 5.691·:~ 01 1.171<: •01 
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Table A-6. i\Jass Weighted Avrrage Data Set (Natural l'hrnomenon and Transportation Risk) (Continued) 

Sltr Wastr Lot WL Namr Nrt Wright (g) Units Pu-240 Pu-241 Pu-242 Pu-244 Ra-226 Ra-228 Ru-106 Sr-90 Tc-99 Th-228 Th-229 
Y-12 1.0 BYBY RA 8.66E+IO pCi 1.85E+I2 
ORNL 2.01 SWSA 4 Remedial Action THP- I RA 2.22E+IO pCi 6.28E+IO 
ETTP 3.00 K-1070-A RA 2.59E+ 10 pCi 1.64E+II 
ETTP 4.02 PWR K-1085-401 RA 5.93E+07 pCi 
ETTP 4.03 Blair Quarry Soil<; 1.35E+l0 pCi 1.74E+l0 
ETTP 4.05 K-710 2.80E+08 pCi 2. 16E+09 
ETTP 4.06 K-1085 Old Firehouse Burn Area Dnun Burial Site, Area 6 Soi ls 1.51E+07 pCi 
ETTP 4.08 Duct Island Soillvlounds 1.47E+08 pCi 
ETTP 4.11 K-711/K-766 Debris and Soils 5.37E-l08 pCi 7.95E~08 
ETTP 4.12 K-770 Scmp Yard Soils 8.81E+l0 pCi 9.51E+I2 
ETTP 4. 14 K-1093 Scrap Yard Debris 6.63E+08 pCi 1.71E+l0 
ETTP 6.01 K25 HMA-1 DD R2 3.41E+09 pCi 4.15E+IO 
ETTP 6.02 K27 Units 1-7 ACM R2 (ARRA) 3.87E-l08 pCi l.I OE+IO 
ETTP 6.03 K25 HMA-2 DD Rev 2 1.91E+08 pCi 3.13E+l0 
EHP 6.04 K-27 Units 402-8 & 402-9 Hazardous Materials Abatement 5.90E+07 pCi 1.13E+l0 
EITP 6.06 K-25 Bldg Area 6 PER Rl 2.13E+08 pCi 1.41E+IO 
ETTP 6. 12 K-25 Bldg Non-Purge Ext. Transite 6.80E+08 pCi 2.50E+09 
EITP 6.13 K-25 Bldg Area 5. 1 PER RO 1.36E+08 pCi 3.92E+08 
ETTP 6.14 K-1232 Tank Fann Miscellaneous Debris RO 7.86E+07 pCi 6.67E+07 
ETTP 6.16 K-601 ~vlisc Debris 1.07E+09 pCi 1.16E+IO 
ETTP 6.17 Building K-1030 Debris 9.11E+08 pCi 1.51E+09 
ETTP 6.18 Building K-1 024 Debris 8.51E+08 pCi 6.27E+08 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92E+09 pCi 3.60E+IO 
ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 pCi 3.38E+IO 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 pCi 1.13E+09 
ETTP 6.3 1 K-25 Building Northwest Bridge 5.25E+08 pCi 
EITP 6.41 K-25 West Side Compressors Group I Rl 6.1 1E+09 pCi 
ETTP 6.42 K-25 West Side Converters Group I Rl 1.02E+09 pCi 
ETTP 6.43 K-25 West Side Converters Group I R I 3.49E+09 pCi 
ETIP 6.58 K25 East and North Low-Risk Converters 3.03E+09 pCi 3.63E+l l 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 pCi 5.98E+II 
ETTP 6.60 K-25 West Wing Post Mined Low-Risk Compressors 8.48E+07 pCi 
E'ITP 6.998 Comingled waste lot that inlcudes WL's 6.49-6.57 4.63E+ IO pCi 6.69E+I2 
ETTP 6.999 Comingled waste lot that includes \VL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ II pCi 
ETTP 8.02 Building K-33 Concrete Pedestal 1.14E+IO pCi 2.46E+IO 
ETTP 8.05 BNFL Compressor Blades 5.89E+08 pCi 5.48E+IO 
ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.61E+09 pCi 1.81E+IO 
ETTP 8.08 K-33 Concrete Floor Scabble 2.27E+09 pCi 1.67E+IO 

( 

( 
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Table A-6. ~ lass Weighted A \'Cr age Oa t a Sci (Natu ra l l'hcnomcnon and Transportation Risk) (Conl in ned) 

( 
Sil<' Wasl<' Lot WLNam<' N<'l Wright (g) Units J>u-240 Pu-241 Pu-242 Pu-244 Rn-226 Ra-228 Ru-106 S•·-90 Tc-99 Th-228 Th-229 

ETTP 8.11 Non-PG/Non-Fissi le Components 2.66E+08 pCi 1.26E+IO 
ORNL 10.01 Old Hydrofracture Faci li ty Remediation Wastes (Containo:rs) 7.04E+08 pCi 2.33E; 09 
ETTP 14.01 K-1303 Building Debris 1.92E+09 pCi 9.42E+09 
ETTP 14.02 K-1302 Building Debris 3.06E+08 pCi 4.40E+08 
ETTP 14.03 K-14 13 Building Debris 1.10E+09 pCi 1.41E+IO 
ETTP 14.04 K-1303 Metal Debris 1.61E+08 pCi 

ETTP 14.05 K-1300 Stack Debris 1.97E+08 pCi 9.4.SE+08 
ETTP 14.06 K-1413 Process Piping and Equipment 7.78E+07 pCi 4.96E+09 
ETTP 14.07 Overhead Fluorine Pipelines and K-1301/K-1407 Metal Debris 2.60E+07 pCi 9.09E+06 
ETTP 14.08 K-1301 , K-1405, and K-1407 Asbestos 9.08E+06 pCi 9.14E+07 
ETTP 14.11 K-1 420 Equipment nnd Building Debris 5.28E+09 pCi 2.58E+I I 
ETTP 14.14 K-1401/K-723 R4 2.43E+ IO pCi 3.11E+II 
ETTP 14.15 K-1420 Calciner 5.32E+07 pCi 1.99E+IO 
ETTP 14.16 tv!ain Plant D&D Housekeeping RO 1.53E+07 pCi 

ETTP 14.17 UF6 Cylinders Wooden Saddles 2.88E+08 pCi 

ETTP 14.21 K-1 066-G Scrap, Debris and Abandoned Equipment 5.12E+08 pCi 1.76E+09 
Off site 24.0 ACAPRA 3.87E+IO pCi 
Offsitc 24.01 ACAPDebris 2.46E+06 pCi 

Offsite 24.02 ACAPSoil 1.30E+09 pCi 
ETTP 30.01 ETTP OD RStvii R I 2.07E+09 pCi 4.10E+09 
ETTP 30.02 ETTPOD CD 8.38E+08 pCi 2.52E+10 
ETTP 30.03 ETTP OD RStvJ 5 6.00E+07 pCi 1.03E+07 
ETTP 30.06 ETTP OD DA\V RI 1.18E+09 pCi 4.50E+10 
ETTP 30.07 OD VRR.-1 1.60E+09 pCi 4.57E+IO 
ETTP 30.08 OD VRR.-2 4.81E+08 pCi 3.16E+I1 
ETTP 30.09 ETTPODDA\V-2 Rl 2.19E+08 pCi 1.06E+II 
ETTP 30.10 ETTP OD DA\V-3 1.78E+08 pCi 1.94E+09 4.73E+09 
Offsitc 30. 12 D\VI 901 Stored Soils 1.83E+08 pCi 3.34E+08 2.36E+l0 
ETTP 30.13 ETTP Outdoor Solids 3.53E+08 pCi 1.05E+10 
ETTP 62.01 Poplnr Creek Process Facilities Building Debris and .Miscellaneous Materials 6.46E+07 pCI 8.9IE+06 1.61E+08 
ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 pCi 2.31E+09 
ETTP 62.05 K-1231 and K-1233 Demolition Debris 1.68E+09 pCi I.OOE+IO 
ETTP 65.01 K-770 Scrap Yard 4.16E+l0 pCi 7.43E+II 
ETTP 65.02 K-770 14 Series Piles 9.56E+08 pCi 4.64E+IO 
ETTP 65.03 K-770 B-25 Boxes 8.81E+08 pCi 7.03E+IO 
ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess Material Project 2.86E+06 pCi 

ETTP 66.04 K-1064 Peninsula Area 1.31E+08 pCi 1.09E+08 
ETTP 66.06 K-1025 Building.<> Stntctural Wood 3.40E+07 pCi 
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Table A-6. Mass Weighted Average Data Set (Natural Phenomenon and Transportation Risl<) (Continued) 

Sile Wnste Lot WLName Net Weight (g) Units Pu-240 Pu-241 Pu-242 Pu-244 Rn-226 Rn-228 Ru-106 S•·-90 Tc-99 Th-228 Th-229 
( 

ETTP 66.07 DBOS Building Debris and Mise tvlaterials R2 9.78E+09 pCi J.IOE+I2 
ETTP 73.01 Centrifuge Equipment U 8.57E+07 pCi 5.42E+08 
ETTP 73.02 Centrifuge Equipment C 9.73E+07 pCi 6.16E+08 
ORNL 80.01 HFIR Impoundments 8.49E+09 pCi 
ORNL 80.02 I-IRE Pond Sediments 6.88E+09 pCi 
ORNL 81.01 TI /T2 R4 HFffi Tanks Debris R5 l.OIE+09 pCi 6.48E+08 
ORNL 81.02 22-Trench Debris & Secondary Waste 8.24E+06 pCi 
ORNL 84.01 GAAT RA Waste R3 1.22E+09 pCi 5.80E+09 1.16E110 
ORNL 84.02 ITRA Waste Rl 3.15E+08 pCi 1.31E+l I 1.88E+IO 2.49E+07 5.13E+OO 2.60E+12 3.21E+06 
ORNL 84.03 WI-A Bl2 Box Soil 3.18E+08 pCi 1.76E+II 6.06E+08 
ORNL 84.04 \VI-A Bl2 Box Soil-! 1.79E+08 pCi 3.9JE+J I 5.51E+08 
ORNL 84.05 RAS\V Inactive Tanks Secondary Equipment 1.81E+06 pCi 2.01E+08 1.94E+04 
ORNL 84.06 HIC-1 FFA Inactive Tanks 4.56E+06 pCi 2.60E+09 2.13E+08 2.92E+05 5.93E-02 1.25E+l0 6.57E+OS 
ORNL 87.01 SIOUBricks 6.26E+09 pCi 8.19E+Il 3.53E+l0 
ORNL 87.02 SIOU Debris R2 l .OOE+09 pCi 5.65E+08 
ORNL 89.01 MSRE Remedial Action 4.69E+07 pCi 2. 12E+09 1.79E+IO 
ORNL 102.01 Building 3026 Debris and ~vlisc Material 8.53E+08 pCi 6.35E+09 
ORNL 111.01 l\1felton Valley Weir Cleanout and Bank Stabilization Project 6.63E+08 pCi 1.49E+IO 6.27E+08 
Y-12 11 4.01 Jack Case Center Contaminated Force Main 1.96E+07 pCi 1.20E+09 
Offsite 145.01 David Witherspoon, Inc. 901 Site- Candora Soil 1.34E+l0 pCi 3.46E+l0 
QIT.<;ite 145.02 DWI 901 Scrap Metal and Debris R2 1.81E+09 pCi 6.54E+09 
O!Tsite 145.03 DWI 901 Site Building and 1vliscellaneous Debris 4.90E+08 pCi 7.83E+08 
Offsite 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+ l0 pCi 1.17E+ll ( 
Offsitc 146.01 DWJ 1630 Soil and Incidental Debris R6 1.35E+ll pCi 4.64E+ll 
O!Tsite 146.02 DWI 1630 Site : Drums and Dnun Soils 4.96E+08 pCi 1.70E+09 
ORNL 149.01 NHFD&D 4.64E+09 pCi 8.68E+09 
ORNL 149.02 NHF Well P&A Debris R2 5.98E+07 pCi 9.70E+03 
ORNL 149.03 HRE Ancillary Facilities 1.16E+08 pCi 8.20E+07 4.06E+07 
ORNL 149.04 I-IRE Waste Evaporator System and Sampling Station Waste R2 2.12E+08 pCi 3.22E+ll 1.38E+07 
ORNL 149.06 NHF Well P&A Primary Waste 5.94E+07 pCi 7.78E+07 6.23E+06 
ORNL 149.07 NHF Process 2.90E+07 pCi 2.47E+09 4.44E+09 
ORNL 149.09 7841 Scrap Yard Debris and Equipment 1.20E+09 pCi 1.45E+I2 5.49E+08 4.88E+07 7.51E+ I3 9.00E+l3 2.47E+II 
ORNL 149.10 MY Tanks 454 and 455 9.91E+06 pCi 1.05E+IO 5.76E+05 
ORNL 155.01 K-1 070-B Burial Ground Remediation 1.12E+ll pCi 1.53E+I2 
EITP 155.02 BOS Lab Facilities Miscellaneous Wastes 1.83E+09 pCi 2.15E+l0 
ETTP 155.03 BOS Lab Area Soil 1.56E+08 pCi 5.19E+08 
ETTP 155.04 BOS Lab Area Acid Pits and Piping 1.52E+08 pCi 1.11E+09 
EITP 155.05 K-1 0 15-A La\mclry Pit 1.338+08 pCi 
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Tnhle A-6. 1\ lnss Weighted Average Data Sci (Natu r:~ l Pheno menon and TnmsrJortation Risk) (Continued) 

( 

Sileo W:u1co Lot WLNnmco Ntt Wright (g) Unlh l'u-240 l'u-2-11 Pn-242 l'u-244 l~u-226 Ha-228 Ru-106 Sr-90 T <"-99 Th-228 T h-22!1 
lrl 1"1' 157.01 1-: -29 0 111kling DS:D .l.6.lli t Ill p<.'l I.091ii u 
ORNl. 16-1.01 I lot Storng" ( lnrd~n R I 3.12E t 07 pCI 5.68E 10 7 4.67E t IU 
ORNL 167.01 Epicor II Lysimdcrs. ~vi V Soils S: S~<lim~nlli 7.73E t08 pC i 
ORNI. 200.0.3 Fnciliti,•s 350-1, 3508, 3:>41, 3550 oml3592 Building D~l>r i s nnd Mise Mat.-riul ~.l l\ll it l\7 p(.'/ 2.221i tON 
OIU'Jl. 2()().999 Comingk d \Vast.: Lot tha t indu<l(s Waste Lots 200. I, 2tXJI .2 uml :::00.4 2 761\ 109 pC I .l.26E t Ill 
OIQ'TI, :!OI.UI 1\ liscdlun..:mrs 1\ lHl~riu ls from Duil<ling,s ~00 1. 20 19 aml .2024 9.07E ll)(i p(:l 3.1CiE 106 3.2-lE 1tt7 1. 1511 107 5.51 E H)(J 
ORNI. 201.02 Bui ltl ing 21!1MJ Structur..: nml Cont..:nts I 191i ttYJ p('i 1.1 Xli-t tl\1 6 2.:\liW !; I 92H-t09 6 N~li+OX 

ORt--.'1~ 201.0] Slul>s • Dra ill$, Pip.:s nn<l Slabs s 5l!fl109 pC I I -12E I09 -l 99l\II~J -l.-l iJE t09 J .(..tE I C.I') 2 -19E I Ill I l!7E t09 2 23E t07 
ORNL 203.01 nuiilhng< 20 1 I. 201 7 and J IJ-14 6.J-1E t08 pC I 1.0 7E 109 
ORNI. 21)7.01 ] 026 11ot ('.:lis 2.47H-t OS pCi 5 421\-Hl<J ] .461i+lll l .](oli-Hl'J 
Y- 12 301.01 Cnpability l1nit 29 Lcgucy Mll tcri~l 131dg 920 1-.S 1.05E t08 pCI 
Y-12 30 1.02 L,•gacy 1\ l at~rial fwm iJmlding 9201-5 4.9SE-t 0 7 pC I 
Y- 12 301.0-1 l.cg~cr 1\ latcrial from Building \1201-5 First and Tlurd Floor B..:ry llium Arc:~.~ 1.101\ f()<) p(:i 
Y-12 303.01 01<1 So l\'og~ Ynr<l Pr ies SY-111 (i\r.-as l nnd 2) 7.39E t09 pC I 
Y-12 .W.l112 Old S:l ll·og,~ Yortl SY-111 /m·a I Pile, Rc,· I I 41 Ei ll') p<.'l 
Y-1 2 30-1.01 Buikhng 92 11 I )&D 9.04E t09 p(:l 1.5 1E t l0 
Y- 12 30-1.02 Dullding 9769 D&D I.N61i II~) JX'i 5 N5E-H19 
E ll'l' -10 1.()1 1-:-33 13llll<l ing IRI>t is and 1\ (jsc l\ latcrinl ~ .I X ll i ~ I I JK 'I I 711!+1:! 
ETTP 997.01 1\lninl'lunl LR/1.{; Bui ldings 2 52E t O'J pCi -' 271\ l lll 
ET I'I' 997.02 K- I 035 [)..•mol it it11l Debris 5.9\lli I()<) JK.'I 

1.291-:+12 pCi 1.~ 1-:+12 1.47~:+ 12 5.751\+0H 4.HHE+07 6.17E+O'J 4..161-:+0'J 7.!111-:+IJ 9.J OE+JJ J .HUE+IJ J .2Jio:+U9 2.23 1-:-+117 

1: 8.87E+09 7.3 41-:+0<J 1.52£+09 1.521-:+09 6.78E+09 5.611-:+09 1.20£+09 9.56E+09 1.04E+I2 7.~6E+09 5.58E+09 
pCVg I. 74~:+02 2.01E+lt2 3.791•:-0I J.2H:-112 9.10E-Ol 7.9s~:-ol 6.27K+ll4 9.7JE+(U J .67J-:+OI 4.271-:-01 ·tOIIE·UJ 
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Tab le A-6. ~lass Weighted Average Da ta Set (Natura l Phenomenon and Transpor tation Risk) (Continued) 

Sitr Waste Lot WLName Net Weight (g) Units T h-230 Th-232 U-232 U-233 U-234 U-235 U-236 U-238 Zn-65 

Y-1 2 1.0 BYBY RA 8.66E+ IO pCi 4.07E+I3 1.71E+l2 6.39E+I I 6.74E+l3 
ORNL 2.01 S\VSA 4 Remedial Action rHP-1 RA 2.22E+ IO pCi 3.20E+I I 5.15E+IO 3.11E+09 1.22E+I I 
ETTP 3.00 K-1070-A RA 2.59E+ IO pCi 8.42E+l2 2.53E+ll 1.48E+I I 5. 12E+I 2 

ETTP 4.02 PWR K-1 085-401 RA 5.93E+07 pCi 
ETTP 4.03 Blair Quarry Soils 1.35E+ IO pCi 1.77E+ll 1.25E+IO 6.28E+IO 
ETTP 4.05 K-71 0 2.80E+08 pCi 3.33E+09 1.28E+08 2.79E+09 
ETTP 4.06 K-1 085 Old Firehouse Burn Area Drum Burial Site, Area 6 Soils 1.51E+07 pCi 1.49E+09 7.16E+07 3.94E+09 
ETTP 4.08 Duct Island Soil :tv!ounds 1.47E+08 pCi 4.18E+IO 2.13E+09 1.07E+JO 
ETTP 4.1 I K-71 1/K-766 Debris and Soils 5.37E+08 pCi 4.51E+08 1.97E+08 t.89E+09 
ETTP 4.12 K-770 Scrap YArd Soils 8.81E+IO pCi 2.60E+l2 3.03E+ I I 2.20E+I2 
ETTP 4.14 K-1093 Scrap Yard Debris 6.63E+08 pCi 5.30E+09 2.73E+08 2.40E+09 
ETTP 6.01 K25 HMA-1 DD R2 3.41E+09 pCi 1.51E+l l 9.60E+09 4.36E+08 1.59E+I I 

ETTP 6.02 K27 Units 1-7 AClvf R2 (ARRA) 3.87E+08 pCi 4. 19E+09 2.63E+08 1.43E+08 3.76E+09 
ETTP 6.03 K25 l-IMA-2 DD Rev 2 1.9JE+08 pCi 2.78E+IO 4.09E+09 2. 19E+07 1.93E+IO 
ETTP 6.04 K-27 Units 402-8 & 402-9 Hazardous 1vlaterials Abatement 5.90E+07 pCi 2.14E+08 t.75E+07 1.50E+07 1.75E+08 
ETTP 6.06 K-25 Bldg Area 6 PER Rl 2.13E+08 pCi I. JOE+ I I 4.77E+09 7.37E+08 3.97E+09 
ETTP 6.12 K-25 Bldg Non-Purge Ext. Tmnsite 6.80E+08 pCi 3.31E+IO 1.71E+09 3.20E+08 9.35E+08 
ETTP 6.13 K-25 Bldg Area 5. I PER RO 1.36E+08 pCi 9.15E+IO 3.18E+09 2.97E+08 2.87E+OS 
ETTP 6.14 K-1232 Tank Fann Miscellaneous Debris RO 7.86E+07 pCi 8.46E+08 8.69E+07 8.97E+08 
ETTP 6. 16 K-601 Mise Debris 1.07E+09 pCi 2.00E+ IO l . IOE+09 5.56E+09 
ETTP 6.17 Building K-1030 Debris 9.1 IE+OS pCi 6.31E+08 1.71E+08 1.28E+09 
ETTP 6.18 Building K-1024 Debris 8.51E+08 pCi 6.32E+08 1.16E+08 5.75E+08 
ETTP 6.19 K-25/K-27 Bldg Struc Debris 1.92E+09 pCi 1.03E+J2 5.01E+IO 1.44E+09 1.05E+I I 

ETTP 6.27 K-25/K-27 EMR Debris Material (K-27 ARRA) 2.74E+09 pCi 6.05E+09 1.49E+I I 
ETTP 6.28 K-25 Lead Based Pain Debris 5.54E+08 pCi 1.19E+{l9 7.63E+08 7. JOE+08 
ETTP 6.31 K-25 Building Northwest Bridge 5.25E+08 pCi 4.30E+OS 1.85E+OS 
ETTP 6.41 K-25 West Side Compressors Group I R l 6.IIE+09 pCi 1.99E+ l3 8.03E+II 9.08E+IO 
ETTP 6.42 K-25 West Side Converters Group I Rl 1.02E+09 pCi 3.60E+I2 1.83E+II 2.44E+IO 
ETTP 6.43 K-25 West Side Converters Group I R l 3.49E+09 pCi 4.39E+I2 2.21E+I l 1.88E+IO 

ETTP 6.58 K25 East and North Low-Risk Converters 3.03E+09 pCi 2.70E+I2 1.44E+II 8.00E+IO 
ETTP 6.59 Building K-25 East Wing and North End Low-Risk Compressors 2.08E+09 pCi 6.14E+I2 3.30E+ll 1.74E+ll 
ETTP 6.60 K-25 \Vest Wing Post Mined Low-Risk Compressors 8.48E+07 pCi 2.4 1E+l l 1.22E+IO 1.52E+09 
ETTP 6.998 Cominglcd WAste Jot that inlcudcs WL's 6.49-6.57 4.63E+ IO pCi 6.54E+J3 4.23E+I2 5.82E+I I 2.54E+l 2 
ETTP 6.999 Com ingled waste lot that includes WL's 6.32, 6.33, 6.34, 6.35, 6.38, 6.39, 6.45, 6.46, 6.47, 6.48 1.66E+ I l pCi 2.62E+I3 2.05E+I2 4.06E+l2 
ETTP 8.02 Building K-33 Concrete PedestAl 1.14E+ IO pCi 2.46E+IO 1.23E+09 1.23E+08 2.46E+IO 
ETTP 8.05 BNFL Compressor Blades 5.89E+08 pCi 6.18E+IO 3.21 E+09 1.03E+I I 
ETTP 8.07 BNFL K-31 Concrete Pedestal Waste Lot 4.61E+09 pCi 3.26E+09 3.41E+08 3.88E+09 
ETTP 8.08 K-33 Concrete Floor Scabble 2.27E+09 pCi 1.65E+09 9.85E+09 
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Tnblc A-6. Mass We ighted Average Data Set (Natura ll1 henomenon a nd T rans )Jortation R isk) (Continued) 

( Sile Waste Lot WLNnme Net Weight (g) Units T h-230 T h-232 U-232 U-233 U-234 U-235 U-236 U-238 Zn-65 

ETTP 8. 11 Non-PG/Non-Fissile Component<; 2.66E+08 pCi 1.71E+09 1.19E+09 1.20E+ IO 

ORNL 10.01 Old Hydrofracture Facility Remediation Wastes (Containers) 7.04E+08 pCi 8.57E+ IO 2.84E+09 4.96E+03 1 . 82E~ II 

ETTP 14.01 K- 1303 Building Debris 1.92E+09 pCi 4.65E+09 1.34E+08 6.22E+IO 3.3 1E+09 

ETTP 14.02 K-1302 Building Debris 3.06E+08 pCi 4.91E+09 2.45E+08 I.OIE+08 1.07E+09 
ETTP 14.03 K- 1413 Building Debris I.IOE+09 pCi 7.04E+09 5.50E+08 8.04E+09 1.06E+ IO 

ETTP 14.04 K-1303 Metal Debris 1.61E+08 pCi 3.2 1E+06 1.61E+06 

ETTP 14.05 K-1300 Stack Debris 1.97E+08 pCi 8.81E+ IO 4.44E+09 1.83E+09 2.02E+IO 

ETTP 14.06 K-14 13 Process Piping and Equipment 7.78E+07 pCi 8.09E+09 8.22E+08 3.77E+08 2.66E+IO 

ETTP 14.07 0 1•erhead Fluorine Pipelines and K-1301/K- 1407 Metal Debris 2 .60E+07 pCi 1.43E+07 2.08E+06 1.30E·106 1.38E+07 

ETTP 14.08 K-130 I, K- 1405, and K-1407 A'ibestos 9.08E+06 pCi 5.11E+OS 3.00E+07 4.80E+07 4. 19E+08 

ETTP 14.11 K- 1420 Equipment and Building Debris 5.28E+09 pCi 2.21E+II 2.91E+IO 3.83E+IO 

ETTP 14.14 K-1401/K-723 R4 2.43E+IO pCi 4.42E+I I 3.45E+IO 4.16E+ II 

ETTP 14.15 K- 1420 Calciner 5.32E+07 pCi 3.03E+II 1.90E+IO 1.41E+ I I 

ETTP 14. 16 Main Plant D&D Housekeeping RO 1.53E+07 pCi 4.16E+06 8.14E+05 3.91E+06 

ETTP 14. 17 UF6 Cylinders Wooden Saddles 2.88E+08 pCi 3.13E+07 8.78E+07 

ETTP 14.2 1 K-1 066-G Scrap, Debris and Abandoned Equipment 5.12E+08 pCi 1.40E+09 1.25E+08 3.75E+09 

Offsite 24.0 ACAPRA 3.87E+ IO pCi 8.08E+II 8.13E+IO 8.94E+l l 
Off site 24.01 ACAPDebris 2.46E+06 pCi 1.20E+09 6.79E+07 1.45E+09 

Off site 24.02 ACAPSoi l 1.30E+09 pCi 6.99E+06 4.03E+05 7. 17E+06 

ETTP 30.01 ETTPOD RSMI Rl 2.07E+09 pCi 3.04E+I I 8.65E+09 7.59E+08 1.23E+ II 

ETTP 30.02 ETTPODCD 8.38E+08 pCi 2.28E+II 1.57E+IO 3.41E+09 1.23E+II 

ETTP 30.03 ETTPODRSM5 6.00E+07 pCi 2.00E+09 3.65E+07 1.19E+07 1.79E+09 

ETTP 30.06 ETTP OD DA W R I 1.18E+09 pCi 4.09E+ I I 2.66E+ IO 5.96E+IO 2.53E+ II 
( 

ETTP 30.07 ODVR.R-1 1.60E+09 pCi 2.92E+ I l 1.18E+ IO 4. 11E+II 

ETTP 30.08 ODVRR-2 4.8 1E+08 pCi 7.49E+ll 3.08E+IO 1.34E+ I2 

ETTP 30.09 ETTP OD DA\V-2 R l 2.19E+08 pCi 7.77E+ II 2.53E+IO 3.01E+09 3.57E+I I 

ETTP 30.10 ETTPODDAW-3 1.78E+08 pCi 1.96E+09 2.50E+IO 1.43E+09 1.13E+08 3.01E+ IO 

Offsite 30.12 D\VJ 901 Stored Soils 1.83E+08 pCi 9.81E+IO 5.95E+09 1.34E+09 1.33E+ll 

ETTP 30. 13 ETTP Outdoor Solids 3.53E+08 pCi 1.63E+IO 9.22E+08 2.70E+08 6.93E+ IO 

ETTP 62.0 1 Poplar Creek Process Facilities Building Debris and lv1iscellaneous Materials 6.46E+07 pCi 2.00E+09 1.1 OE+08 1.29E+09 

ETTP 62.04 K-413 Building Debris and Process Equipment 7.17E+08 pCi 4.28E+09 1.44E+09 2.06E+09 
ETTP 62.05 K- 1231 and K-1233 Demolition Debris 1.68E+09 pCi 8.09E+09 3.56E+08 7.50E+08 

ETTP 65.01 K-770 Scrnp Yard 4.16E+ IO pCi 2.50E+09 4.45E+IO 8.33E+08 7.58E+II 

ETTP 65.02 K-770 14 Series Pi les 9.56E+08 pCi 1.21E+08 1.26E+09 2.12E+ IO 

ETTP 65.03 K-770 B-25 Boxes 8.81E+08 pCi 2.20E+ I I 1.28E+IO 9.60E+09 2.26E+IO 

ETTP 66.01 KAFaD Group I Buildings K-724 and K-725 Excess Material Project 2.86E+06 pCi 1.69E+06 1.97E+05 2. 14E+06 

ETTP 66.04 K-1064 Peninsula Area 1.3 1E+08 pCi 3.54E+10 1.93E+09 1.56E+09 1.42E+IO 

ETTP 66.06 K- 1025 Buildings Structural Wood 3.40E+07 pCi 2.70E+08 1.51E+07 2.05E+08 
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Table A-6. Mass Weighled Average Dala Sci (Nalural Phenomenon and Tr ansportalion Rlsl<) (Continued) 

Slle Wasle Lol WLNnme Nrl Wrighl (g) Units Th-230 Th-232 U-232 U-233 U-234 U-235 U-236 U-238 Zn-65 
ETTP 66.07 DBOS Building Debris and Mise Materials R2 9.78E+09 pCi 5.30E+I2 1.77E+I I 4.49E+l2 
ETTP 73.01 Centrifuge Equipment U 8.57E+07 pCi 9.00E+IO 5.26E+09 2.04E~ 09 4.49E+IO 
ETTP 73.02 Centrifuge Equipment C 9.73E+07 pCi 1.02E+ I I 5.97E-t09 2.32E+09 5. 10E+IO 
ORI'\JL 80.01 HFIR Impoundments 8.49E+09 pCi 1.56E+IO 9.33E;09 
ORNL 80.02 HRE Pond Sedim ents 6.88E+09 pCi 1.44E+IO 8.25E+09 
ORNL 81.01 TI /T2 R4 HFIR Tanks Debris R5 I.OIE+09 pCi 3. IOE+08 2.71 E+08 4.27E+06 4.74E+07 5.28E+08 
ORNL 81.02 22-Trcnch Debris & Secondary Waste 8.24E+06 pCi 9. 14E+06 1.03E+06 6.77E+06 
Olli'\JL 84.01 GAAT RA V,TasteR3 1.22E+09 pCi 9.16E+09 6.07E+09 2.83E+08 1.25E+07 6.46E+09 
ORNL 84.02 ITRA Waste Rl 3.15E+08 pCi 1.93E+07 3.52E+08 4.34E+01 1.31E+OI 6.10E+06 
ORNL 84.03 WI-A Bl2 Box Soil 3.18E+08 pCi I.OIE+I I 3.80E-t08 1.53E+08 1.22E+09 
OR.J'\JL 84.04 WI-A Bl2 Box Soil- I 1.79E+08 pCi 7.31 E+IO 8.36E+08 3.45E+08 1.25E+09 
ORNL 84.05 RASW Inactive Tanks Secondary Equipment 1.81E+06 pCi 1.48E+04 6.84E+05 1.35E-02 8.56E-03 2. 14E+03 
ORNL 84.06 T-nC-1 FFA Inactive Tanks 4.56E+06 pCi 5.02E~ 05 2.31E+07 4.56E-OI 2.88E-OI 7.16E+04 
ORNL 87.01 SJOU Bricks 6.26E+09 pCi 5.14E+ II 2.54E+ IO 1.53E+IO 2.90E+II 
ORNL 87.02 SIOU DebrisR2 1.00E+09 pCi 8.23E+09 4.26E+08 2.91E+08 4.37E+09 
ORNL 89.01 MSRE Remedial Action 4.69E+07 pCi 1.45E+I1 8.29E+09 9.88E+05 1.16E+06 3.57E+05 
ORNL 102.01 Building 3026 Debris and Mise Material 8.53E+08 pCi 5.23E+08 4.42E+08 
ORNL II 1.01 Melton Valley \Veir Clcanout and Bank Stabi lization Project 6.63E+08 pCi 3.91E+08 5.04E+08 1.29E+09 1.77E+09 
Y-1 2 I 14.01 Jack Case Center Contaminated Force lvfain 1.96E+07 pCi 4.70E+09 1.58E+08 7.21E+07 1.06E+09 
Offsite 145.Ql David Witherspoon, Inc. 901 Site- Condom Soil 1.34E+ IO pCi 3.32E+I2 2.58E+ II 8.40E+10 3.23E+I2 
Off.':>ite 145.02 D\VJ 901 Scrap Metal and Debris R2 1.81E+09 pCi 1.28E+IO 6.45E+08 1.42E+l0 
Offsite 145.03 DW1 901 Site Building and Miscellaneous Debris 4.90E+08 pCi 9.79E+09 5.78E+08 2.98E+08 8.42E+09 
Offsitc 145.04 David Witherspoon, Inc. 901 Site Soil 7.29E+ 10 pCi 9.26E+I2 3.54E+l I 1.20E+I I 4.57E+I 2 ( 
Offsite 146.01 DWI 1630 Soil and Incidental Debris R6 1.35E+ I I pCi 5.68E+I3 8.20E+I I 3.80E+I2 5.56E+I3 
Offsite 146.02 DWI I 630 Site: Dnm1s and Dnun Soils 4.96E+08 pCi 2.09E+ I I 3.01E+09 1.40E+10 2.04E+11 
ORNL 149.01 NHFD&D 4.64E+09 pCi 2.35E+IO 2.02E+Il 
ORNL 149.02 NHF Well P&A Debris R2 5.98E+07 pCi 
ORNL 149.03 HRE Ancillary Facilities 1.16E+08 pCi 6.29E+07 2.84E+07 3.65E+07 3.80E+07 
ORNL 149.04 HRE Waste Evaporator System and Sampling Station Waste R2 2.12E+08 pCi 3.58E+04 6.38E+09 1.73E+08 6.81E+07 5.45E+06 
ORNL 149.06 NHF Well P&A Primary Waste 5.94E+07 pCi 2.04E+08 2.80E+06 5.67E+04 9.20E-02 7.84E+05 
ORNL 149.07 NHFProcess 2.90E+07 pCi 6.06E+09 5.69E+08 9.95E+06 2.79E+08 
ORNL 149.09 784 I Scrap Yard Debris and Equipment 1.20E+09 pCi 1.02E+ IO 1.33E+IO 1.98E+09 9.78E+II 1.60E+IO 1.42E+09 1.29E+09 1.56E+I I 
ORNL 149.10 MV Tar1ks 454 and 455 9.91E+06 pCi 1.41E+07 9.38E+06 1.13E+04 I.OOE+05 2.44E+05 
ORNL 155.01 K-1070-B Burial Ground Remediation 1.1 2E+I I pCi 5.93E+13 6.73E+ I2 2.91E+I3 
ETTP 155.02 BOS Lab Facilities Miscellaneous Wastes 1.83E+09 pCi 4.04E+11 2.43E+10 4.46E+1 I 
ETTP 155.03 BOS Lab Area Soil 1.56E+08 pCi 1.31E+09 6.43E+07 l.OIE+09 
ETTP 155.04 BOS Lab Area Acid Pits and Piping 1.52E+08 pCi 1.06E+09 6.45E+07 2.45E+08 
ETTP 155.05 K-1015-A Laundry Pit 1.33E+08 pCi 1.30E+09 8.34E+07 2.35E+08 
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T nble A-6. i\Jass Weighted Average Data Set (Natural Phenomenon a nd Transportation r~isl<) (Continued) 

( ') 

SUe Wnstt Lot WL Nnme Nrt Wright (g) Unlh Th-2JO Th-2J l U-2Jl li-2JJ U-2J 4 li-2JS U-2.16 U-2J8 Zn-65 
h il l' 157.111 f.: -29 Duil<ling D.~D :U d l\1 10 p('i 3 07E+I2 I ME1 11 7.211\-1 11 
ORNI. I<H.OI 11 !11 Sh•rugt: OarJ~n I{ I 3.121! 11)7 pCt 9.86E t07 2.17E t07 3.7SEtOS I. U E108 4.01.tE 10ll 
ClRNL 167.01 Epin>J II Ly~im~krs,l\ IV Soils S:. S.:Jim~nl~ 7 73E t0l\ pCI J. 5-l E t i ~J I 65Et OS 5.41 Et C17 2 25E t ll~ 

ORNI. 211(.).03 Fnc i li lk~ 350-l, 3508,354 1, 355() nnd 359213uilding D~br i~ ond Mi'>C )\ !nt~ria l .'i.IJ\11! 11)7 p('f 2 .. l7E111X 2 35EW7 
ORNL 200.999 Cumingk•J \V~k l.~tl tl lltl incluJ,·s \Vu; lc Lois 200. 1, 2{))1.2 und 2fl0.4 2 76E t09 pCI 8371!1 11 3 56EI 09 3 29f.li i1J 

ORNL 201.0 1 1\ l isl·d lan~ous 1\ luk riuls from Building< 2001, 2019 and 2024 9.07f.l l()(i pCI 7...15[;106 1.81JE t116 4.75EIII6 J.62E tOG -l IUEI()(J 
OR NI. 20 1.112 Building 21KKI Slmctutc nnd C<lllt<'nl~ 11 9HW9 p('l X.9 1l iWX 2.491i-111X 1\.6-li\WX 4 7J EIOX ~ :BE IIlX 
ClRNl. 201.03 Slabs - Dntins, Pip~s uml Slabs 5 58E HI9 JICI 2 21EI09 I 39Etll9 ~ 76Et l(l J .65E I IO 6 111\E IOX 6 02EI08 6 97fi l(l') 

ORNL 203.01 13tuldings 2011, 2017nnd 311-l-l 6 .. l 4E t08 pCi 5. 72Ll 11)9 2.77E108 J 59E •08 
ORNI. 2fl7.111 J02611ot Cel ls ~.47E+II~ p('i I 6XE·H1X l.ll.lli~OX C. 7XE·HIS -l X5E~ 117 I .O.~E I IIX 3 6 I Ii Il lS 

Y-12 30 1.01 Cup~bi l ity llnil 29 Ll'gacy 1\lal,•rinl l31dg 9201-5 l.(t5Et 08 pC i 2.22E 109 1.72E tO<i 2 JOEt07 69-1E t07 
Y- 12 301.02 L,•gucy Malaial frnm Dmlding 92111-5 4.98E1 07 pCI 2 28E1 O<i I .~ .lEI07 

Y-12 JO I.Cl-1 l.~gncy llfntainl from Building '>2111 -5 Fin-1 nnd Third Floor llcryllium i\ r~ns 1.10Et09 pCI I.S7EH)<) 9.67E+OS lASE• II 
Y-12 303.01 Old Sulvug.: Yard Pi k s SY-111 (i\mt~ l und 2) 7 39E~ 09 pCi 8.13E+09 1.14E+ I2 G-14E+IO 3 . 1 9E~ 10 -1 96Ell ~ 
Y- 12 30.l\(! Old Snll•ng<l Yord SY-111 Ar~a I Ptk. Rev I 1.41Eill') p<.'i 1.-lf>E+U S.XIEI II 2 ll.'i EII I 11 41\1 1.1 
Y-12 30-tOJ Butlding 9211 D&D 9.04E t09 }JCI S.72E1II J .2.:?E 110 -1.63Et ll 
Y-1 2 3114 02 Ullll<ling 9769 D&D Ui61~HI'J p<'i 6.1JNii tlU 5 1131\i lt<) -l.Mtli I Ill 
l il I I' 4111.1)1 f.:-.33 Buil<ling O.•bris ond 1\lisc Mntl'liol 2 OOiit II JX 'i 1.6JEt I ~ 7 97H I IO 1.1!1E112 
ETTP 997.01 1\ lnm l'lnnt LKII.C Uui ldings 2 52E I(l') pCi -1 56E t l0 35SE I(l9 -13 1Et l0 
liTJ'I' 997 112 f.: -1035 [k molil ion ~bris 59111\1119 p('i K I5E IO<J .l l (ofiill9 7 ;'i (of\-1 1~) 

1.2'JE+I2 pCI 1.401<:+10 1.561<:+10 1.9HI•:+tl'J t.411E+12 3.45~:+ 14 2.04E+IJ 5.HI E+I2 2.05E+I4 3.61t<:+OH 

J: !.1.03 1~+09 9.HE+O<J t.20E+O<J 1.79E+IO 1.2ME+12 1.2SE+Il 5.10E+II 1.29E+12 2.4 711:+08 

p<:i'g 1.55Kt0() 1.69E+tl0 1.651<:+00 H. IJE+OI 2.69E+Ol 1.63E+OI 1.1 4E-t0 1 1.601<:+02 1.461(+()0 
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1. INTRODUCTION 

The Remedial Investigation/Feasibility Study (RifFS) for the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) disposal facility evaluates altematives that will 
address disposal of CERCLA waste generated on the Oak Ridge Reservation (ORR). Alternatives being 
considered are the (I) No Action Alternative, (2) On-site Disposal Alternative, and (3) Off-site Disposal 
Alternative. 

Under the No Action Alternative, disposal of future waste streams from site cleanup would be addressed 
at the project-specific level. No coordinated ORR effort would be implemented to manage wastes 
generated by future CERCLA actions after Environmental Management Waste Management Facility 
(EMWMF) capacity is reached. For the On-site Disposal Alternative, consolidated disposal of most 
future-generated CERCLA waste exceeding the capacity of the existing EMWMF would be in a newly
constructed facility on the ORR, referred to as the Environmental Management Disposal Facility 
(EMDF). The Off-site Disposal Alternative would provide for the transportation of future CERCLA 
candidate waste streams off-site to approved disposal facilities and placement of the wastes in those 
facilities. 

This Appendix evaluates volume reduction (VR) options that could reduce capacity needed and costs for 
waste disposal. Information is presented in the following sections: 

• 2 Purpose and Scope 

• 3 Approach 

• 4 Waste Materials 

• 5 VR Methods and Benefits 

• 6 Previous VR Evaluations 

• 7 Lessons Learned 

• 8 Summary 

Section 9 provides conclusions and recommendations. References are listed in Sect. 10. Attachment A 
provides vendor data used in the evaluation. Attachment 8 contains details about the VR processing cost 
estimate. 

2. PURPOSE AND SCOPE 

The purpose of this Append ix is primarily to review and assess different approaches for reducing the 
volume of the CERCLA waste to be disposed in a new EMDF or off-si te disposal facilities and to 
estimate the potential cost savings. The study evaluates physical treatment methods for size-reducing 
demolition debris and reducing the associated clean fill (soil) demand necessary to occupy the debris void 
space when placed for disposal at the EMDF. Clean fill occupies a large fraction of the EMDF disposal 
capacity and constitutes a major fraction of the facility cost. Size reduction increases the bulk density of 
the materials making off-site disposal less expensive by allowing transportation of more material per 
shipping container. The study also evaluates recycling possibilities, enhanced segregation of waste, and 
modified project sequencing to make more efficient use of landfill capacity. 

The physical treatment methods evaluated were limited to those that arc typically used for commercial 
construction and demolition (C&D) projects or at recycling facilities by private industry. The issues 
associated with recycling materials from the United States (U.S.) Department of Energy (DOE) nuclear 
facilities are discussed and the potential benefits explored. Improved segregation of waste materials 

8-1 



involves additional waste characterization to verify that the wastes meet the criteria for disposal at the 
ORR Landfill, saving disposal capacity at the EMDF. The possibility and potential benefits of project 
sequencing are examined, whereby projects are scheduled in order to make optimal use of waste soil as 
fill material during placement of debris. The sh1dy utilizes the waste volume estimates in Chapter 2 and 
Appendix A of this Rl/FS and information from the EMWMF Capacity Assurance Remedial Action 
Reports (CARAR) (DOE 2004, DOE 2011 a, and DOE 20 12a) to determine waste volumes, waste types, 
and clean fill requirements. 

To determine the cost effectiveness of the options, the estimated cost of VR activities is compared to the 
anticipated cost of EMDF disposal in terms of dollars per cubic yard for on-site disposal at a proposed 
facility in East Bear Creek Valley. VR costs are also compared with the cost of off-site disposal for 
equivalent volumes of waste. Recommendations are made regarding VR approaches based on the 
comparison with estimated EtviDF and off-site disposal costs along with appropriate qualifying 
statements that apply to the conditions. Assumptions are presented where uncertainties exist due to lack of 
information or inability to predict flth1re conditions. 

3. APPROACH 

Evaluation of VR methods was performed through literah1re reviews, reliable internet sources, budgetmy 
cost information from commercial vendors, interviews with VR equipment operations personnel, and 
information from previous estimates. Applicability and timeliness of the information for current economic 
conditions was considered. 

The study utilized estimated waste volumes and waste material types from several representative 
buildings that are scheduled for deactivation and decommissioning (D&D) in the future at Oak Ridge 
National Laboratory (ORNL) and the Y -12 National Security Complex (Y -12). These f.1cilities also 
represent a significant fraction of the fuh1re D&D work load. This information was used to detennine an 
overall breakdown of waste types to apply against the total estimated volume of CERCLA waste. 
Information from CA RAR reports was used to estimate the benefits of VR in terms of reduced clean fi II 
required to isolate and fill voids in the wastes. 

Information from the Rl/FS waste volume estimate were reviewed to determine that future D&D and 
remedial action (RA) projects are projected to be sequenced such that virtually all RA soil waste can be 
used for filling the voids lefi by demolition waste materials and not become "excess waste fill." In order 
to eliminate excess fill and minimize the quantity of clean fill required, the ratio of soil to debris 
generated in a particular time period should be at a level that ensures that all of the waste soil is utilized to 
fill the void space created by placement of debris in the landfill. Sequencing of planned projects in the 
Rl/FS waste volume estimate arc based on assumptions such as funding, prioritization, and contracting 
that can be uncertain and subject to change. 

Both recycling and enhanced segregation activities would require more intensive characterization efforts 
to verify that waste materials are clean enough for free-release or to meet the ORR Landfill acceptance 
criteria . This approach may also involve additional pre-demolition hazard analysis efforts to downgrade 
the facility hazard category from a "Nuclear" or "Radiological" facility to a non-radiological, industrial 
facility. Recycling also carries the risk of accidentally releasing contaminated materials iuto the 
commercial market place and unintentionally exposing the public to radiation. Preventing this type of 
occurrence is critically important. The cost of recycling includes the cost of segregating, characterizing, 
and transporting off-site to a local recycling facility. 

The cost effectiveness of physical VR options was evaluated by comparing the cost of implementing the 
VR method to the cost of on-site or off-site disposal of tmprocessed material. Physical VR costs typically 
include capital, construction, operations, maintenance, repairs, energy (e.g., fttel, electricity), and 
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overhead allowance. The On-site Disposal Altemativc cost estimate developed for the EMDF and the 
Off-site Disposal Alternative cost estimate (see summary in Appendix G of this Rl/FS) were used to 
determine potential on-site disposal cost savings for VR scenarios. VR benefits include reduced 
transportation costs and reduced constmction and operating costs for the on-site disposal facility. 

4. WASTE MATERIALS 

The buildings selected for this evaluation arc representative of the types of contamination present and the 
variety of waste that will be generated during building demolition. A breakdown of material types and 
quantities available for several facilities fi·om ORNL and Y-12 Buildings based on cost estimates for 
D&D activities was used. 

Table B-1 is a listing of projected waste streams from each representative building by material type. The 
values in the table arc in tenns of as-generated volumes; that is, they include estimated void space 
dependent upon the type of material. The waste materials from all the buildings were summed to provide 
a representative percentage by waste type for materials to be disposed. As described in Sect. 5.2.1, the 
representative fractional quantities given in this table were applied against the projected as-generated 
waste volume estimate for debris from Appendix A to determine the total quantity of material that would 
benefit from VR. 

A large fraction of the waste generated by building demolition is amenable to VR. Only items that are 
highly contaminated and hazardous materials such as lead brick and asbestos-containing materials (ACM) 
do not lend themselves easily to VR measures. Materials that are highly contaminated with radioactive 
constituents, mercltly, or beryllium would require complex and costly contaitunent facilities and safety 
systems for VR processing. These materials will likely be addressed prior to facility demolition using 
existing infrastructure and localized contaitunent. Lead brick and sheet will be separated for either 
recycling as shield materials or transported to an off-site treatment facility for macroencapsulation and 
disposal. These materials do not comprise a significant fraction of the total EMDF capacity, nor are they 
in a voluminous form that would show significant benefit by compacting. ACM cannot be size reduced by 
shredding or compaction due to the hazards of spreading and dispersing airborne asbestos particles. ACM 
can be vitrified if necessary; however, vitrification processing is very expensive and would not be a cost 
effective VR option. 

Concrete rubble including reinforced concrete, block , and brick masonry can be crushed. Light steel 
materials such as ventilation duct, conduit, thin-walled pipe, and sheet metal siding can be shredded as 
well as siding, nooring, wood materials, and roof materials. Shredder and crusher controls may be 
adjusted for sizes in a range that allows for elimination of void space while maximizing output and ease 
of transport and handling. Cmshers are typically designed to produce a range of product size distributions. 
If they arc equipped with screens, concrete can be processed to meet specific material specifications for 
recycle as aggregate for construction base material or to be mixed with new concrete. 

Compactors for light materials typically operate using a hydraulic press to compress materials at 2,000 psi 
in a confined area or bale that conforms to a shape and size that is suitable for transportation and disposal. 
It is most beneficial for light, soft materials with a large void fraction such as plastic containers or 
sanitmy refuse. 

For heavy gauge metal materials (structural steel, large diameter, thick walled piping, process vessels, and 
equipment items that have a large void fraction) shearing machines such as those used in shipyards and 
metal recycling facilities may be used. The three building pr~ject (BNFL 200 I) performed at the East 
Tennessee Technology Park (ETTP) in 200 I successfully used a "supcrcompactor" shearing machine to 
size-reduce large equipment items for recycle and disposal. 
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Table B-1. Waste Streams for Representative Buildings by Material Type 

ORNL Facilities Y-12 Facilities 

Total Fraction 
\Vaste Stream Description 4501 & 9201-4 9201-5 9204-4 

9207 Volume ofTotlll 

4505 
7600 Isotopes 

Alpha-4 Alpha-S Beta-4 
Biology 9212 (yd1 (%) 

(yd~) 
(yd3) (.vd·') 

(yd1 (yctl} (yet') Complex (yd~ 
(yctl} 

Asbestos containing 
Insulation.. floor tiles 457 47 266 310 550 550 2.041 355 4.576 0.99% 

materials 

Transite Transite 8 165 0 148 265 120 0 146 853 0.18% 

Lead Brick$. she<!t 0 0 94 0 0 2 0 96 0.02% 

Thick walled steel. glove 
Equipment boxes. hoods.. heavy-walled 3.234 2.334 1.028 5.279 25.736 5.030 2.609 39.609 84.859 18.28% 

equipment. cranes 

Heavy ~"tee! Pipe. tanks. structural steel 1.174 7.584 1.314 14.215 31.972 32.489 3.793 21.074 113.616 24.48% 

Concrete and Reinforced concrete. block. 
16.363 34.380 437 27.688 46.298 26.741 17.118 27.122 196.147 42.26% 

masonry brick. shield walls 

Small build ings. cooling 

Demolition. general towers. structural framing. 
0 0 0 0 11.609 14.212 0 6.749 32.570 7.02% 

interior and exterior 
finishes. floors. wood 

Light gauge metals Air ductwork. <2" pipe. 
770 860 599 1.432 3.565 2.501 97 4.154 13.979 3.01% 

and siding siding. panels 

Asphalt shingles.. lo\'.-slope 
Roofing materials bui ll-up roofs. vapor barrier. 

703 440 342 2.808 2.630 1.619 3.296 4.511 16.349 3.52% 
(asphalt) insulation. roofvents. 

flashing. felt 

Legacy material Containers. furniture. trash 0 0 27 838 0 0 0 48 913 0.20% 

Packaged for 
L<!gacy containerized waste 0 0 84 0 0 0 0 0 84 0.02% EMWMF 

Off-site disposal 
Mixed waste designated for 

0 0 53 0 0 0 0 0 53 0.01% 
off-site disposal 

Total 22,709 45.811 4.245 52.720 122.624 83.262 28.956 103.770 464.129 1.0 

• Rows highlight.:<! in green are m:ucrials amenable to VR processing. and account for 98.8"/o of the total. 
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5. VOLUME REDUCTION METHODS AND BENEFITS 

The following provides a description of the YR approaches evaluated in this report. Advantages and 
disadvantages are discussed along with cost data collected from various sources. The discussion considers 
types of techniques/technologies available to perform size reduction, the cost of implementing, and the 
magnitude of VR that can be potentially achieved. This information is used to determine the cost of YR 
and the amount of landfill space that could be gained or the number of waste shipments that could be 
avoided. Using EMDF cost information from the On-site Disposal Alternative, the impact of YR to 
various cost clements associated with construction, operations, and maintenance was estimated. In 
addition, the cost of transporting and disposing of debris at an off-site f.1cility was evaluated to determine 
potential benefits ofYR for the Off-site Disposal Alternative. 

5.1 SIZE REDUCTION EQUIPMENT 

Conunercially available size reduction equipment is capable of reducing the size and void space 
associated with bulk demolition materials. This equipment is most often used at constmction sites and 
commercial recycling facilities across the country. Many models are available in the form of stationary or 
mobile units that can be deployed at the demolition site. Local deployment at the demolition site takes 
advantage of additional cost savings associated with transportation from the demolition site to the 
disposal area. Rising fuel costs will continue to increase the cost of transportation and make localized VR 
alternatives more attractive. 

Equipment used to size-reduce debris materials includes cmshers, shredders, compactors, and shears. This 
equipment could be deployed at the demolition site and are capable of processing capacities sufficiently 
large so as not significantly impact the demolition schedule. Demolition equipment such as excavators 
with cutting and crushing attachments is normally used to size-reduce materials to meet the requirements 
for transportation and placement in the landfill. The same equipment and size requirements are expected 
to be acceptable for preparing the materials for feed hoppers used for cmshers or shredders. These 
machines can be equipped with conveyors to move the processed materials to a waste container or 
collection area. Excavators with various boom altachments may be used to manage the product. 

5.1.1 Shredders 

Shredder design depends on the application. Demolition debris shredders arc typically low-speed, 
high-torque machines that utilize dual shaft counter-rotating, custom-designed cutter blades that interlace 
in a way that optimizes shearing, tenring, nnd impact forces (Figure B-1 ). The design of the cutters 
depends on the application. New designs hnve been developed that minimize repair costs through simple 
nnd speedy replncement of cutter components or the entire cutter/shaft assembly. Electrically driven 
stntionmy units generally cost less to operate, but nre more prone to jamming situations nnd more likely to 
incur mechanical damage if unacceptable materials enter the feed. On-site track-mounted mobile units can 
be equipped with conveyors nnd magnets to separate metnls for possible recycle. They can be controlled 
remotely by the excavator operator who provides feed material for the unit. Maintennnce requirements 
include routine filter and lubrication of the drive system and also sharpening (hard-facing) of the cutters. 
Hard-facing requires about I 6 Ins per month assuming 40 Ius per week operating time. Operational 
availability is typically 75% for the diesel driven units and about 90% for stationary electric units. 
Attachment A includes selected data sheets and vendor inquiry data for vendor equipment. 

Most equipment vendors claim size reduction by up to 80% for C&D debris materials. A manual 
developed by DOE in 1988 to provide guidance in selection of low-level (radioactive) waste (LL W) VR 
teclmologies (DOE 1988) indicates that waste density for a simulated mixture of LLW increased from 
13 to 30.8 lbs per ft3 using a standard compaction device which translates to a VR of 58%. When the 
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waste was shredded prior to compaction, the density increased from 13 to 80.3 lbs per fi3, equivalent to an 
84% decrease in volume. The increase in density from 30.8 to 80.3 lbs per fi3 indicates about a 60% 
decrease in volume realized by shredding alone. An additional study performed at Columbia University 
(CU-2009) indicated that slu·edding increases the bulk density of municipal solid waste by two or three 
times, resulting in reduced transportation costs. 

Figure B-1. Shredder Cutter Assembly (SSl Shredding Systems, Inc.) 

S.1.2 Crushers 

Impact crushers are generally used for concrete and mbble that don't contain large quantities of metals. 
Two types arc commonly used at demolition sites. The first involves a spimting rotor with "blow-bars" 
that initially impact the material propelling it against one of several rigid impact or "wear" plates 
(Figure B-2). The material bounces between the blow bars and wear plates until it reaches a size that 
allows it to pass through the machine to the conveyor. The second type uses spinning "swing-hammers" 
that initially impact the material and propel it against breaking plates that direct the material back into the 
hammers until it reaches a size that can pass through the preset gap between the hammers and the plates. 

Mobile crusher units are readily available on road-ready frames that include a fifth wheel for tractor 
hauling. Once on site, the units include support legs that allow the unit to be leveled and stabilized for 
immediate operations. The machines can be equipped with conveyors and magnets to separate metals for 
possible recycle. They can be contJolled remotely by the excavator operator who provides feed material 
for the unit. Maintenance requirements include routine filter and lubrication of the drive system and also 
maintaining the crusher mechanism. In the case of the spimting rotor impactor, this involves periodic 
replacement of blow-bars and the stationary wear plates. Eagle Crusher Company machines use wear 
plates that can be rotated to increase run time and reduce maintenance costs. Blow-bars (about $3,300 per 
set) usually require replacement after processing about 20,000 tons of materia l. Wear plates (about $ 1,500 
for a group of six) arc rotated or replaced every 80,000 tons of material. Replacement of blow-bars 
requires about four Ju·s for two operators and replacement of wear plates requires about one hr for two 
operators. Operational availability is typically 80% for diesel driven units. Attachment A includes 
selected data sheets for vendor equipment. 
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5.1.3 Compac.tors 

OISCIIAIWE 

Figure B-2. Rotary lmpnct Crusher Components 
(Striker Crushing nnd Screening Co.) 

Slationary 
\\'e:tr pi;H~s 

R<ltating 
hlo\\' bars 

Compactors operate using a hydraulic press to compress materials in a confined area that conforms to a 
shape and size that is suitable for transportation and disposal. Compactors are typically used for light 
voluminous materials (wood, paper, plastic, light-gauge metals). Drum compactors arc commonly used to 
crush empty waste drums that were used to store and transport LLW. Personal protective equipment 
(PPE) and dry active waste (DA W), such as mop heads and wipes used in decontamination activities, can 
become a significant fraction of the waste volume unless VR methods are employed. A typical approach 
involves the use of empty waste drums as containers for PPE and using a compactor to process the 
PPE-filled drums. The rigid stmctme of the compacted drum provides a strong envelope to prevent PPE 
from re-expanding after compaction. Compacted 55-gal drums can be over packed in 85-gal drums with 
very little void space. PPE is typically bagged and placed in B-25 boxes with very little compaction. At 
the EMWMF, B-25 boxes arc placed in the landfill in a sealed condition, whereby the void space within 
the box could not be filled and would replace landfill capacity with air. Using a compactor for PPE in 
drums would reduce this void space by about 80%, or about six 113 per dnnn. Industrial refuse compactors 
are available that arc designed to compact large volumes of light materials into a cubical bale 
configuration. The shape and size of the resultant compressed form from a compactor could meet landfill 
size requiJements and significant savings in transportation costs would be expected. Void space 
evaluation would be required to determine the acceptability of the compressed bail waste form. 

The large shearing machine deployed at the K-33 building at ETTP is referred to as a "supercompactor," 
but the product is actual ly heavy gauge steel components that have been sheared into smaller pieces. The 
compaction component refers to the feed box that bends and molds the heavy steel into a shape that can 
be indexed into the cutting device. This machine is addressed in the next section. 
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5.1.4 Sheal'ing Machines 

British Nuclear Fuels Limited (BNFL) used a HatTis Model BHS 2205-30 Shear designed for size
reducing scrap metal from shipyards and steel mills (otherwise known as the supercompactor) to process 
large equipment removed from the K-33 building at the ETTP (BNFL 200 I). The size-reduced metal was 
either to be recycled or shipped to Envirocare in Utah (now EnergySo!utions) or the Nevada Test Site 
(now the Nevada National Security Site [NNSS]). BNFL said the project saved $100 million (M) in 
disposal costs (Platts 2004) . It is presumed that most of the cost savings derived from reduced 
transportation costs and disposal fees. The K-33 shear was capable of cutting solid metal components up 
to 10 inches thick. A photo of a BHS Shear by Harris is shown in Figure B-3. The $13M facility 
(supercompactor and containment facility) was used for approximately three years to process 70,000 tons 
of material. K-33 equipment was initially disassembled and hand-cut into sections tJtat were small enough 
to fit into the charge box of the I ,400 horsepower supercompactor. In the charge box, the materials are 
compressed using a "tuck and roll" device into 26-ft long laminate sections that were indexed lengthwise 
into the shear for cutting into 1 0-inch lengths to meet debris dimensional requirements for NNSS. 
Discussions with former BNFL operations supervisors indicated the typical net weight of the sheared 
material loaded into a 25 ft3 intcrmodal container was 52,500 lb giving a bulk density of 2,100 lb per yd3

. 

This is triple the bulk density normally experienced for large equipment disposed at the EMWMF (per 
CARAR density data). The compressed and sheared sections were collected in containers for shipment. 
The K-33 operation required a crew of 20 to operate, including those conducting primary size reduction 
operations, radiation protection personnel, equipment operators, and supervision. Assuming total 
pers01mel costs of $8.7M, and maintenance costs of $150,000, the approximate cost of VR for this 
operation was about $330 per yd3

• Costs would be much lower if the processing equipment was mobile 
and did not require ventilation containment, however, a significant fraction of the equipment is 1 ikely to 
have been involved in radiological operations and/or utilized hazardous materials in the process. 

Stntcturalmaterials, including heavy steel stmctural supports and platforms are also a significant fraction 
of demolition materials, as shown in Table B-1 . These materials are far less likely to be contaminated; 
therefore, a mobile compactor/shear could be deployed at much lower capital and operating costs to 
process structural materials into smaller volumes for EMDF disposal. This approach is worthy of 
additional consideration for VR for large quantities of non-contaminated heavy-gauge metals. 

Recent characterization data for a large Y-12 fhcility (DOE 2012b) indicates widespread mercury and 
beryllium (Be) contamination that would curtail the use ofVR methods beyond what is necessary to meet 
the disposal facility Waste Acceptance Criteria (WAC). It would not be feasible or safe to remove this 
equipment from the building for a shearing operation due to the size of the equipment and potential for 
spread of contamination. A likely approach would involve in-place decontamination or contaminant 
fixation, disassembly, packaging, and removing equipment from the building for disposal prior to 
building demolition. The site-wide estimated quantity of heavy equipment and structural materials that 
would be amenable for VR processing is reduced substantially to account for this heavily contaminated 
equipment. 
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Figure B-3. BSH Shear by Harris 

5.2 EVALUATION OF PHYSICAL VOLUME REDUCTION METHODS 

Size reduction processing reduces disposal and tnmspo11ation costs by increasing the density of the 
debris, which conserves landfill space and allows more material to be loaded per truck at the D&D site. 
With continually increasing fuel costs, reducing transportation is becoming a more significant cost 
benefit, especially for the distances required in the Off-site Disposal Alternative. Additionally, decreasing 
the number of transport loads decreases roadway duration and the associated risk from traffic accidents. 
For EMDF disposal, the principal benefit ofVR is the reduction in the quantity of fill material required to 
fill the void spaces within the material being placed in the disposal cell and the corresponding reduction 
in needed landfill capacity. The quantity of clean fill used is based on the volume and type of waste 
received. Once the waste has been placed in the cell with fill material, the heavy equipment (bull dozers) 
used to place the material is also used to compact the waste mix by rolling over the materials. This section 
analyzes potential VR benefits for the On-site Disposal Alternative. 

Simi lnr to the definitions in the CARAR (DOE 2012a) completed nnnually for the EMWMF based on 
Waste Generation Forecasts (WGFs), there are two types of quantitative waste volume estimates used in 
this Rl/FS as described below: 

• "As-generated" waste volume estimate: 

An estimate of volume based upon excavated bulk volumes of soils, sediments, and 
demolished building debris that includes void space 
As-generated volumes are roughly equivalent to the volumes expected to be shipped 
(i.e., used for Off-site Disposal Altemative) 
Includes higher amount of void space and has lower density than as-disposed volumes 
because "as-disposed" volumes reflect compaction of the waste in the landfil l 

The as-generated volume is used in project planning to determine the number of truckloads and associated 
cost and duration necessary to move wastes from the work site to the disposal facility (on-site or off-site). 
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• "As-disposed" waste volume estimate: 

An estimate of volumes of waste after disposal in the disposal f.1cility, at which point debris 
wastes, waste suitable for use as fill, and clean fill have been mixed and processed to meet 
compaction and void space requirements (i.e., used for On-site Disposal Alternative). 

Physically equivalent to survey results taken quarterly to estimate disposal facility airspace 
utilized. 

- Includes lower amount of void space than as-generated waste volume because it reflects 
compaction of the waste in the landfill. 

The as-disposed waste volume estimate is used as the basis for determining the required capacity of a new 
disposal facility for the On-site Disposal Alternative. See Chapter 2 of this RI/FS for additional 
information about as-generated and as-disposed waste volume estimates developed for the RifFS. 

Soil used as fill typically has an as-generated void fraction of about 25% and general construction debris 
has an as-generated void fraction of about 50%. Landfill capacity is referred to in terms of as-disposed 
volume, while WGF information is typically reported in terms of as-generated volume. To evaluate VR 
approaches, it was first necessary to determine the projected amount of as-generated debris that could be 
processed. Based on this quantity, VR equipment can be sized and the full impact of processing can be 
determined. 

5.2.1 Waste Volume Amenable to Volume Reduction Processing 

As shown in Table B-1, about 98% of D&D debris materials arc amenable to size reduction by shredding, 
crushing, or shearing. The 200 l Waste Management Program Plan (WMPP) (DOE 2001 a) predicted that 
more than half of the debris generated in Y -12 D&D projects would be volume-reducible. The 
as-generated waste volume estimate data shown in Table A-2 of Appendix A was used to develop the 
total as-generated volume of debris that is amenable to VR processing shown in Table B-2. Table A-2 in 
Appendix A includes a listing of the buildings at all three ORR sites that will undergo D&D from the 
present date until completion of the work scope in the year 2042. The list includes yearly waste volumes 
and waste types for each of the facilities or facility groupings. This listing was reviewed and pared down 
to include only those t:1cilities that will produce LLW debris (not soil) during the time that the EMDF is 
in service (2020 - 2042). This grouping was further pared down by removing all projects that produce 
less than 3,000 yd3 of debris. Then an approximate uncertainty of 28% was applied to the as-generated 
volumes for consistency with the evaluations in the On-site and Off-site Disposal Alternatives (see 
Sect 2.2.1 of Chapter 2 of this RI/FS). 

The total volume of debris from this pared list (Table B-2 with applied uncertainty provides the total 
estimated as-generated volume from facility demolition for VR processing, I ,405,030 yd3

, shown as 
"Material l" in Table B-3. The values shown in the "Fraction of Total" column in Table B-3 are carried 
forward from the last coltum1 in Table B-1 for materials amenable to V R processing. These fraction of 
total values are used to calculate the waste stream volumes shown in the "Material I" column of 
Table B-3. It was further assumed that approximately 75% of this debris would undergo processing due to 
logistical limitations and that only 30% of the Y- 12 heavy equipment would be processed due to the 
presence of elevated radiological, mercllly, or beryllium contamination. After applying these factors, the 
final estimated volume for VR processing is 936,736 yd3

, shown as Material 2 in Table B-3. 
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T able ll- 2. Projects nnd Debris Volumes fo r Vll Procrssing 

Si te Proj ect T ille 
Volume 2020 to 

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 203 1 2032 2033 2034 2035 2036 2037 2038 2039 2040 204 1 2042 
(VII"' ) El\IDF 

ORNL 2026 Complex 10,012 3,907 4,079 2,026 

ORNL 
13 V Reactor Area 

7,076 250 1,9 11 1,904 1,904 1, 107 
facilities D&D 

ORNL 
13V Isotope Area 

6,102 394 3, 145 2,563 
facil ities D&D 

ORNL 
Central Stack Hot Cell 

10,268 58 2. 139 3,857 2,520 1,694 
Facilities Complex 

ORNL 3525 Complex 7,659 44 5, 134 2,48 1 

ORNL 
East Bethel Valley 

71,3.15 136 3,553 13 14 ,402 26,210 22,564 4.437 
Complex 

ORNL EGCR D&D 45,811 42 5,827 4,384 25,2 19 10,339 

ORNL 3019A D&D 6l,89.1 18 1 3 17 3, 106 12,253 12,204 12,253 12,253 9,324 

ORNL 
BV Remaining Slabs 

30,024 683 2,048 1,992 2,1 23 3,909 11 ,407 7,862 
and Soils 

Total O RN L 0 394 3, 145 2,8 13 2,092 2,279 7,285 20,8 14 19,858 16,428 12,253 9,324 0 0 696 20,357 28,202 28,766 10,414 17,234 12,246 25,2 19 10,339 

Y-1 2 Alpha-2 Complex 50,952 3,759 7,706 10,654 15,656 13, 177 

Y- 12 Alpha-3 Complex 24,892 6 71 5,324 13,028 5,869 

Y-1 2 Alpha-4 - D&D 16,600 8,742 7,858 

Y- 12 Alphn-5 Complex 79,629 22,633 32,928 24,068 

Alpha Buildings 
Y- 12 Legacy Material 34,254 2,479 11 ,063 9,520 6,388 4,804 

Disposition 

Y- 12 Octa-l Complex 40,460 1,1 55 9,822 29,483 

) Y- 12 Bcta-4 Complex 0 

Y-1 2 
BetH Buildings Legacy 

18,706 2,3 17 4, 143 7,023 5,223 
Material Disposition 

Y- 12 Biology Complex 26,944 10,883 12,062 3,18 1 818 

Y-12 9206 Complex 13,!156 1,843 7,51 8 4,495 

Y-1 2 92 12 Complex 103,770 2,513 15,490 12,1 52 12,200 15,409 3 1,096 14,9 10 

Y-1 2 
Transition Facility 

8,001 2,088 3,047 2,392 474 
D&D 

Y-1 2 
Y- 12 EM Facilities 

3,000 507 2, 189 304 
D&D 
Process Facil ities 

Y- 12 Legacy Material 11 ,515 4,087 5,291 2,1 37 
Disposition 

Y-1 2 
UEFPC Remaining 

155,690 6,702 4,884 11 ,548 12,32 1 10,935 2,5 19 497 6,426 8,828 6,378 12,636 25,339 32,493 14, 183 
S labs and Soils 

Totn l Y- 12 38,077 45,670 35,616 12,32 1 13,4 14 19,986 18,954 15,548 14,293 14,25 1 47,434 54,509 46,257 45,929 79,084 40,249 32,493 14, 183 0 0 0 0 0 

ETTP 
K-25 Facility D&D 

0 (En'P) 

ETTP 
Poplar Creek Facility 

27,9!16 7,765 18,462 1,759 
D&D 

ETTP 
K-27 Facility D&D 

0 
(ETTP) 

El T P K-3 1 Facility D&D 85,338 85,338 
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Tnble 11-2. l'rojects and Del.lris Volumes for Vll Processing (Continued) 

SUe Project T ille 
Volume 2020 to 

202 1 2022 2023 2024 2025 2026 2027 2028 2029 2030 203 1 2032 2033 2034 2035 2036 2037 2038 2039 20-10 20-1 1 2042 (nt·'> EM DF 

ETTP K-1037 Facility D&D 35,960 35,960 

ETTI> Central Neutralization 
5,743 5,743 

Faci lity Closure D&D 

ETTP 
TSCA Incinerator 

5,385 5,385 
D&D 

E'rrP Centri fuge Faci lities 
27,229 7,599 19,630 

D&D 

E'I1'P 
Balance of Faci lities 

25,115 24, 167 948 
D&D 

ETTP 
Zone 2 Remedial 

16,670 3,555 1,560 4,050 4,224 3,189 92 
Actions 

ETrP 
Zone 2 Final Remedial 

30,000 10,000 10,000 10,000 
Actions 
K-1065 Operations 

E·rn> nnd "No Path to 
0 Disposition" Waste 

(ETrP) 

Total ETrP 0 0 11, 154 64,251 69,420 101,321 13, 189 92 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Totnl Volume 1,097,853 38,077 46,064 49,915 79,385 84,926 123,586 39,428 36,454 34,151 30,679 59,687 63,833 46,257 45,929 79,780 60,607 60,695 42,9-19 10,414 17,234 12,246 25,219 10,339 

Total Volume with 28% 
1,405,030 48,731 58,952 63,881 101,597 108,688 158,165 50,460 46,654 43,706 39,263 76,387 81,693 59,200 58,780 102,103 77,564 77,678 54,967 13,328 22,056 15,672 32,275 13,232 

Unct•rtnlnty 
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Table B-3. Estimatccl EMDF Capacity Gain ed for Scenarios A and B 

) Material I: As-G Fraction Bulk Fract ion 
Material 2: As-G As-D volume Clean fill for Clean fill required for 

Processing Void Fraction As-G Volume of 
Waste Stream Densil~· Volume for for Material 2, Mater ia l! Clean Fill Basis fra ction of Ma terial I. Not After Processing, Material 2 After volume , yd3 of Total* (lb/ yd' ) 

Processed Processing, yd3 yd·' without VR, yd3 Proccsse11 (CF-1 ), yd3 Option 
% VR, yd3 

Equipmenl: large machine Clean !i ll rat io is 9.58 for 
tools, large electric motors, 260,081 0. 19 680 0.3 78,024 4,720 150,736 as-disposed equipment 105,515 Shear 45 39,0 12 

process vessels (soil : debris) 
Clean fi ll ratio is 6.63 for 

Structurnl steel, piping 348,217 0.25 1,040 0.75 26 1,1 63 24,165 2 13,614 as-disposed metals (soil : 53,404 Shear 45 130,58 1 
debris) 

Concrete and masonry: Clean fill ratio is 1.25 for 
Reintorced concrete, block, 60 1,160 0.43 2,600 0.75 450,870 360,696 60 1,160 as-disposed light concrete 150,290 Crusher 5 360,696 (D) 

brick, shield walls (so il : concrete) 
Small structures: small 

Clean fill ratio is 2.26 for cooling towers, structural 99,822 0.07 1 1,620 0.75 74,867 37,433 11 2,799 as-disposed construct ion 28,200 Shredder 10 44,920 fl·mning, interior and exterior 
debris (soil : debris) fi nishes, wood 

Metal (light gauge): Air Clean fi ll ratio is 2.26 for 
ductwork, <2" pipe, s iding, 42,844 0.030 1,040 0.75 32, 133 16,067 48,4 14 as-disposed construction 12, 103 Shredder 10 19,280 

panels debris (so il : debris) 

Roofing materials: Shingles, 
No clean fill required, self-built-up roofs, vapor bmTicr, 50,1 07 0.036 1,520 0.75 37,580 18,790 0 

filling 0 Shredder 10 22,548 
insulation, roof vents, flashing 

Legacy material: Containers, Clean fill ratio is 2.26 for 
2,798 0.002 640 0.75 2,098 1,049 2,826 as-disposed construction 706 Shredder 10 1,259 fumiture, trash, wood 

debris (soil : debris) 

Total 1,405,030 1.000 936,736 462,920 1,129,549 (A) 350,219 618,297 

• From Table B· l 
.. Total with uncertainty from Tahlc 13·2 
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Ta ble 0-3. Estimated El\IDF Capacity Gained for Scenarios A and 0 (Continued) 

Scennrio A Scenario 0 

Waste Strenm Cl('an Fill Ratio Clean Fill Volume Clean Fill Rallo for Clean Fill for 
for VR l\laterial 2, Total clean fil l, yd3 Total Clean Fill, 

for VR l\latcrinl 2 ydJ (CF- 1 +CF-2) Oasis VR l\latcrial 2 VR l\latcrial 2, yd3 (CF-I+CF-3) Oasis 
(soil: debris) (CF-2) (soil : debris) yd·1(CF-3) 

Shearing reduces volume of equipment by 

Equipment 2.26 10,668 116,183 
Shearing reduces volume of equipment by 50% and 

2.26 10,668 11 6, 183 
50% and reduces CARAR clean ti ll 

reduces CARA R clean fi ll requ irement to what is requirement to what is required for 
requ ired lor construction debris, 2.26. construction debris, 2.26. 

Shearing reduces vo lu me of heavy steel by 
Structura l steel, 2.26 54,612 108,015 

Shearing reduces volume of heavy steel by 50% and 2.26 54,6 12 108,0 15 50% and reduces CARAR clean ti ll 
piping reduces CARAR clean fi ll requirement to what is requirement to what is required for 

required for constntction debris, 2.26. construction debris, 2.26. 

Reduces volume by 20%. 50% of material is self- Reduces volume by 20%. I 00% of material is 
Concrete and 0.78 225,435 375,725 ti ll ing. Clean fill rat io is 50% ofthe CARAR 0.78 0 150,290 self-ti lling. No clean fi ll required. 50% of 
masonry requi rement or 0. 78 (soil: debris). 25% of cmshed crushed concrete replaces clean fi II lor other 

concrete replaces clean fi ll for other debris. debris. 
Reduces volume by 40%. 50% of material is self fi lling Reduces volume by 40%. 50% of material is 

Small structures 1.1 3 50,760 78,959 so clean fi ll ratio is reduced to 50% of the CA RAR 1.1 3 50,760 78,959 self fi lling so clean fi ll ratio equals 50% of 
requirement for debris, or 1.13. CARAR requirement , or 1.13. 
Reduces volume by 40%. 50% of material is self fi ll ing Reduces volume by 40%. 50% of material is 

Metal (light gauge) 1.1 3 21,786 33,890 so clean fill ratio is reduced to 50% of the CARAR 1. 13 21,786 33,890 self fill ing so clean fi ll ratio is reduced to 50% 
requirement for debris, or 1. 13. of the CARAR requirement, or 1.1 3. 

Roofing materials 0.00 0 0 0.00 0 0 
Reduces volume by 40%. No clean fi ll 

Reduces volume by 40%. No clean fi ll requi red. required. 
Reduces volume by 40%. Ratio of clean till to 

Legncy material 2.02 1,27 1 1,978 Reduces volume by 40%. Rntio of clean fi ll to size- 2.02 1,27 1 1,978 size-reduced material is the same as CARAR 
reduced material is the same as CARAR value of2.02. value of2.02. 

Total 364,532 714,751(8) Total clean fi ll required for Scenario A 139,097 489,316(C) Total clean fill required for Scenario B 

414,798 EMDF capacity gained if crushed concrete is 50% self-
fi ll ing (A - B), yd3 640,234 EMDF capacity gained if crushed concrete is 

I 00% self-fi lling (A - C), yd3 

90, 174 Volume of crushed concrete used to replace clean fi ll at 
25% (D X 0.25), yd3 180,348 Volume of crushed concrete used to replace 

clean fi ll at 50% (D x 0.5), yd3 

Total EMDF capacity gained if all crushed 

504,973 
Total EMDF capacity gained if 50% ofcmshed 820,582 

concrete is self-fil ling (no clean fi ll required) 
concrete is self-fi ll ing and 25% of crushed concrete and 50% of crushed concrete replaces clean 
replaces clean fi II. fil l. 
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5.2.2 Estimated Ei\IDF Capacity Increase 

When placing bulky waste materials such as building debris in a landfill, it is necessary to fill the voids 
within/between the waste with soil, soil-like waste materials, or other engineered fill materials 
(e.g., flowable fill) in order to reduce settlement of the waste and ensure the long term stability of the final 
cap placed on the landfill. In addition, the soil and soil-like waste materials must be properly compacted. 
Previous experience gained from operating the EMWMF indicates a soil-to-debris ratio greater than I: l is 
required to fill voids in bulky building debris (DOE 2004 and 20 II a). Additional clean (uncontaminated) 
soil fill is required for operational purposes (e.g., to construct dump ramps and the planned clean layer 
within the middle of the cell) (DOE 20 II a). Because of shortfalls in contaminated soils and soil-like 
waste materials, EMWMF operations has purchased clean soil from off-site borrow sources to fill void 
spaces in the landfill (DOE 20 II a). Use of clean soil to fill void spaces is an inefficient and costly usc of 
valuable landfill air space. Size reduction of certain waste materials, such as bulky building debris, can 
significantly reduce or even eliminate the volume of clean soil fill required for a particular waste stream 
(DOE 2003 and 2004). 

Two scenarios have been developed for evaluating disposal cell capacity usage and cost savings to be 
realized through VR of waste. Both scenarios assume that the amount of debris processed is less than the 
amount considered amenable to VR, as described in Sect. 5.2.1 of this appendix. The difference in the 
scenarios involves the amount of clean fill required for concrete debris versus crushed concrete and also 
the amount of crushed concrete that may be used to replace clean fill material that would otherwise be 
required for placement of debris and equipment items. 

Of the debris amenable to VR, 43% is composed of concrete rubble as shown in Table B-3. The table 
sununarizes the estimated reduction in clean fill requirement with the usc of various size-reduction 
equipment. The density information used to develop the CARAR estimates indicates an as-generated void 
fraction of 25% for concrete, 50% void fraction for general construction debris, and over 90% void 
fraction for equipment and metals. It is assumed that shredding, crushing, and shearing operations will 
reduce the void volumes of concrete, debris, and equipment to 5%, lO%, and 45%, respectively. Revised 
clean fill requirement is determined for size-reduced debris and for debris that is not processed. Since the 
particle sizes will be much smaller for size-reduced material, it is assumed that a frnction of the material 
is self-filling and does not require additional clean fill material. In Scenario A, it is assumed that 50% of 
the processed material (concrete or debris) will be self-filling, thus clean fill requirement is reduced by 
half of the value given in the 20 II CARAR. Based on the group of facilities analyzed, the quantity of 
concrete debris is almost half to the total quantity of other debris generated. Consequently, cmshed 
concrete could be used to satisfy the clean fill requirement for a substantial amount of other debris 
(equipment, heavy structural materials, etc.). D&D material shipments to the landfill could possibly be 
arranged so that some of the crushed concrete might be used to replace clean fill . In Scenario A, it is 
assumed that 25% of the crushed concrete (90, 174 yd3

) will be used to replace clean-fill material. For 
roofing materials, the 2011 CARAR indicates these materials are self-filling and no clean fill is required. 
This is likewise assumed for shredded roofing materials. For shredded legacy materials such ns trash, 
furniture, and wood, the clean fill ratio for volume-reduced materials was assumed to be the same as the 
value of 2JJ2 used in CARAR calculations. For equipment and metals, VR processing is not expected to 
eli minnie more than 50% of the as-generated void space. Consequently, fill material will still be necessary 
to occupy void space in the material, although the fill requirement will be lower. In the case of Scenarios 
A and 8 , it was assumed that the fill requirement for equipment and metals would be reduced to an 
amount that would normally be required for as-generated construction debris (2.26: I ratio, soil:waste). 
The total clean fill requirement is determined for as-generated, unprocessed materials and for 
size-reduced materials with the difference being the reduced quantity of clean fill required and the 
equivalent "freed up" EMDF capacity. In Scenario A, the EMDF capacity gained through VR is 
504,973 yd3

. 
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The operational settings of cmshing equipment can be adjusted to produce a range of product particle 
sizes. Adjusting the settings to produce a product with 90% of the material being smaller than one inch 
would only reduce the maximum processing capacity of the machine from 150 to 125 tons per hr, and a 
higher fraction of the crushed concrete could be used as fill material. It wns assumed the processing rate 
would be limited by the speed that materinl could be fed to the cmshing unit using an excavator and 
cmshing to a smaller particle size would not impact the production rate or delay the operating schedule. 
The cost analysis for cmsher operation assumed a processing rate of 50 tons per hr. At this rate, the 
par1icle size could be reduced to one inch or less and would be self-filling such that clean fill would not 
be required. For Scenario B, it is assumed that the cmshed concrete is I 00% self-filling, eliminating all 
clean fill required for concrete and giving a total EMDF capacity gain of 640,234 yd3

• It is also assumed 
that a larger fraction of the crushed concrete, 50% or 180,348 yd3

, would be used to replace clean fill. 
This increases the capacity gain to 820,582 yd3

. 

5.2.3 Cost of Volume Reduction Processing 

The cost of shredding and cmshing D&D materials was determined by obtaining budgetary vendor quotes 
for appropriately-sized equipment and estimating engineering, construction, and operating costs based on 
manufacturer recommendations and typical DOE project requirements. Based on a review of the number, 
location, and schedule of D&D projects, it was assumed that multiple deployments of VR systems would 
be necessary. The estimate includes the assumption that one mobile shredder, two mobile concrete 
crushers, one stationmy shear, one mobile shear, and five excavators would be procured. The mobile 
crusher and shredder units take advantage of the savings in transportation costs and require little effort to 
move to the site or relocate while on the site. The mobile shear is much heavier and would require more 
effort to disassemble and transport. The weight of the unit would require rental of an 80-ton crane, a 
concrete foundation, and about eight weeks to relocate. It is assumed that the stationary shear (also called 
a "supercompactor") would be installed at the Y -12 plant and would include an enclosure for 
contamination control. Only LLW debris would be processed in this facility. The facility would be 
located in close proximity to the lnrgcr planned demolition projects such as Alpha-4, Alpha-5 , and Beta-4. 
The VR machines would be equipped with conveyors to move the processed material to a staging pile 
next to the unit. A dedicated excavator would be provided for each machine to place debris feed into the 
feed box, to fill 10-yd3 transport tmcks with processed material for transport to the EMDF, or to fill 
25-yd3 intermodal containers for off-site transport. A !50-horsepower excavator with a 7 .5-ton lifiing 
capacity was assumed to support VR operations. Of the total quantity of material to be processed by the 
two shears, it was determined based on Table B-2 that 54% of the material would be generated at the 
Y -1 2 site and would be processed by the stationaty shear. The remaining 46% was assumed to be 
processed by the mobile shear. 

Compaction of PPE/DA W in dnm1s was also evaluated based on projected quant ities of PPE/DA W 
documented in the 20 II CARAR. It was assumed that four dnnn cmshers would be deployed and these 
could be easily moved between sites or projects as necessa1y. 

Density information from the 20 II CARAR was used to determine the approximate weight of material to 
be processed through the VR equipment. The preferred processing rate wns determined based on the 
average quantities of debris generated per year and also on maintaining a rensonable processing duration 
for a large facility D& D project. For a large facility such as 920 1-5 (Aipha-5) at Y-12, a crusher operating 
at 60 tons per hr would complete the processing of all concrete and masonry in about 18 weeks. The 
crusher assumed for this operation has a maximum throughput of 150 tons per hr, but was assumed to be 
slowed to about 50 tons per hr when processing reinforced concrete. For the shredding operation, the 
average debris generatiou is about 4,000 tons per year, but the Alpha-5 project wi ll generate about 
6,700 tons in less than a year. A shredder operating at I 0 tons per hr will process all the Alpha-5 debris in 
about 17 weeks. The slu·edder assumed for this operation has a processing capacity of 25 tons per hr. but 
it was assumed this rate would be reduced due to a high fraction of light voluminous debris mixed with 
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small amounts of concrete. Both shears selected for this work have processing capacities of up to 40 tons 
per hr, though the actual production rate for the K-33 supcrcompactor project was about 16 tons per hr. 
The expected annual average generation rate of about 6, I 00 tons of heavy steel could be processed in less 
than 10 weeks at this rate. A large project such as the K-31 Facility D&D (Table B-2) with more than 
85,000 tons of debris (approximately 43% heavy steel) would require full-time operation of the shear for 
most of the year. 

The operating life of the equipment was investigated to determine if equipment replacement would be 
necessmy at some point in the 23 years of CERCLA waste generation. Based on manufacturer 
discussions, these systems can be expected to operate for the duration of the 23-ycar time period of waste 
generation evaluated in the On-site and OIT-site Disposal Alternatives if maintained properly. The major 
mechanical components impacting the waste material can be sharpened or replaced, hydraulic pumps can 
be replaced, and the drive engines can be overhauled if necessaty. These maintenance costs are included 
in the VR cost estimate. 

Tables I through 8 in Attachment B provide a breakdown and summary of costs for procurement and 
operation of the shredder, cntshers, shears, and excavators. The costs include the capital cost of the unit 
with associated engineering and procurement costs; transportation and setup; facility enclosure 
(if required), labor to operate the machines based on the approximate number of lu·s required to process 
the identified quantity of material from Table B-3; maintenance costs; and fuel. Overhead at 30% was 
applied to capital, setup, operating, and maintenance costs. Costs are based on current year 2012 costs 
without escalation. The total cost of equipment and operations for VR is about $38M, or about $40.52 per 
yd3 of material processed (Attachment B, Table 8). As shown in Table 7, the processing cost for VR 
equipment varies from about $6.63 to $121.14 per yd·1 depending upon the material and process machine 
being used. For Scenario A (Attachment B, Table 8), the processing cost is about $75 per yd3 for the 
504,973 yd3 gained. In Scenario B where all of the cmshed concrete is self-filling and half is used to 
replace clean fill, the cost of VR per EMDF capacity gained drops to $46 per yd·1• 

With the exception of the enclosed shear (i.e., supercompactor) at Y -12, these evaluations assume the 
materials are not contaminated with radiological or hazardous materials. As such, control of airborne 
releases is not necessnty beyond normal dust control measures tlu·ough general area misting with water. If 
materials are contaminated, containment facilities with ventilation controls would be necessnty. Radiation 
Protection personnel would be needed to monitor facilities and personnel for contamination. Operating 
costs would also be impacted by the use of PPE and the associated loss in worker productivity. The vast 
majority of ORR D&D projects have involved open-air demolition without containment systems. In some 
cases, selective removal or stabilization of highly contaminated sections of the buildi11gs has been 
necessnty prior to demolition. Radiation monitoring and dust suppression were sufficient to control 
contamination releases. With or without VR equipment, contamination controls significantly increase the 
cost D&D activities. 

5.2.4 Impact of Volume Reduction on On-site Transportation Costs 

Transportation cost savings arc calculated from the number of trips to the EMDF that would not be 
needed based on the reduced volume from implementing these technologies. lt was based on an assumed 
cost of $220 per trip1 and an average load of I 0 yd3

• 

The total estimated as-generated quantity of waste that would be VR processed is 936,736 yell. From 
Table B-3, the difference between the total volume of debris before and after VR processing is 318,439 
yell, which is equivalent to the quantity that would not require transportation. At $220 per I 0 yd3 load, 
transportation cost savings are about $7M. 

1 Transportntion cost bas is: $250/Jay for the tmek, $350/day lor the driver. $7/hr for fud , with nnm•cmg.: of 3 loads delivered to 
the EM\VM F o r ORR Landfills per tmck per day. 
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5.2.5 Impact of Volume Reduction on EMDF Construction and Operations Costs 

This section describes the approach used to detenuine the potential cost savings associated with EMDF 
construction activities when VR technology is used to size-reduce concrete and debris. The revised 
construction cost was compared to the estimated cost in Appendix G for constmction of a 2.5M yd3 

facility, a capacity sufficient to receive the projected waste volumes over a 23-year operating lifetime 
including approximately 28% uncertainty. The disposal fhcility would be constmcted in three phases. 
Each phase would include the construction of two disposal cells; the entire facility would include six 
cells. 

VR Scenario A results in a net capacity gain of 504,973 yd3 for the EMDF (Table 8-3). This is estimated 
to be a 20% reduction in disposal capacity required. Scenario 8 results in a net capacity gain of 
820,582 yd3

, which is equivalent to about a 33% reduction in required disposal capacity. The EMDF is 
likely to be constructed over time using a phased approach that includes two disposal cells ( 416,667 yd3 

average size each) per phase. With a total of three constmction phases (six cells), VR activities could 
impact the need for cells that are in the later phases of constmction. For a rough-order-of-magnitude 
estimate of VR cost benefits for Scenario A, constmction cost elements associated with Phase Ill 
( constmction of Cells 5 and 6) were revised to reflect lower costs due to elimination of Cell 6. The 
avoided cost for Cell G was obtained by summing the estimated Cell 6 construction costs, interim capping 
costs, and 1/6!1' of the final cap and closure costs for the entire facility. Costs that remain unchanged 
include remedial design, base topographic surveys, geotechnical testing and geological investigations, 
construction and operation of leachate/contact water treatment system, Phase I and Phase II design and 
construction, Phase liT design, and long-term surveillance and maintenance. These cost elements are not 
likely to change significantly if the EMDF capacity is reduced by the equivalent of one cell. With a 20% 
reduced EMDF capacity for Scenario A, operating costs would be expected to be slightly lower, although 
the duration of operations would not chnnge. It wns nssumcd that total operating costs for the EMDF 
would be reduced by I 0% due to reduced starling requirements (not including the cost of security). 
Table 8-4 summnrizes the EMDF construction cost benefits for both Scenarios. Under Scenario A, the net 
avoided EMDF construction and operating costs minus the cost ofVR are a total of $27,401,291. 

The capacity gain for Scenario B allows for the elimination of the entire Phase nr construction effort. As 
in Scennrio A, the remnining cost elements associated with surveys, testing, design, and the leachate 
treatment facility will remain unchanged. With a 33% reduced EMDF capacity for Scenario 8, operating 
costs were assumed to be reduced by 15% due to reduced staffing requirements (not including the cost of 
secmity). As shown in Table B-4, the net avoided EMDF construction and operating costs minus the cost 
of VR for Scenario 8 are a total of $71,663,628. 

5.2.6 Cost Effectiveness of Volume Reduction Processing 

Based on the cstimnted cost of VR processing nnd the reduced costs of EMDF constmction and 
operations, the data favors the deployment of VR processing equipment. For an investment of $38M for 
VR processing, the likely cost reduction is about $65.4M for a net savings of $27.4M. (based on 
Scenario A, sec Table 8-4). Under Scenario 8, the estimated net savings is about $71.7M. 

As shown in Attachment 8 , Table 7, the cost of VR processing varies with the type of debris and 
equipment used for processing. The concrete and mnsoury crushing operation costs the least, followed by 
shredding of light debris, then the shearing operations which cost the most by far to deploy. The cost of 
deploying both shearing machines is $27.4M and the EMDF capacity gained through reduced clean fill 
requirement is about 140,152 yd3 (see Table 8-3 , "Clean fill for Material I without VR" for equipment 
and heavy steel [150,736 + 213,614 J minus 'Totnl clean fill required" Scenario A for equipment and 
heavy steel following VR processing [ 11 6,1 83 + I 08,0 15]). This is equivalent to a cost per unit volume 
disposal capacity of about $195 per yd.\ ($27.4M+I40,152 yd3

) for the shearing operation which is greater 
than the estimated cost of EMDF operations at $128 per yd3 of disposal capacity (Table 8-4 total 
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operations of $323,348,338+2,500,000 yd\ However, the additional EMDF capacity gain through the 
shearing operation allows the avoidance of constmction costs for EMDF Cell 6 at $27.4M (Scenario A). 
In contrast to the shearing operation, the combined cost of deploying the slu·eddcr and crushers is only 
about $8M (see Appendix B, Table 7) including the cost of three excavators. By deploying the shredder 
and crushers, the EMDF capacity gained is over 274,000 yd3 determined by summing the Table B-3 clean 
fill required for as-generated debris ("Clean fill for Material I without VR" for concrete and light debris) 
and subtracting the sum of the clean fill required for VR processed material ("Total clean fill required" 
for concrete and light debris) for Scenario A. The equivalent cost per unit volume for capacity gained in 
this case is $29.20 per yd3 ($8M+274,000 yd·1) which is far less than the cost of EMDF waste placement 
at $128 per yd3

• 

5.2. 7 PPE Compaction Benefits 

Compaction of PPE/DA Win drums does not require significant space, labor, or facility support. The cost 
of a new drum cn1sher is about $15,000 and drums filled with PPE/DA W can be crushed to 20% of the 
initial size in minutes. The typical approach for managing PPE/DA W involves manual placement of 
collection bags in B-25 disposal boxes for landfill placement. The material, transportation, and clean fill 
requirements for disposing in B-25 boxes is about $473 per yd3 assuming a B-25 box costs $1,500. If PPE 
were crushed in 55-gal dnnns and five cmshed dnuns nrc over-packed in an 85-gal dnnn for disposal, the 
cost would be about $260 per yd3

. This assumes four drum cmshers are deployed at a cost of $60,000. 
Container costs would be about $ 160 per over-pack and $30 per dnun for refurbished drums. The 
additional labor costs for crushing were assumed to be $10 per dnun. This is a net savings of $213 per yd) 
of as-generated PPE/DAW. The 20 II CARAR identifies a projected PPE/DA W quantity of 8,713 yd3 

from 20 12 through 2033, most of which is generated during the Alpha-4 D&D and the K-25 Area D&D 
projects. Total savings by crushing and over packing PPE drums would be $1.8M. If, however, the 
PPE/DA W were packaged in 55-gal drums instead of B-25 containers, packaging costs would be greatly 
reduced and it would not be cost effective to compact the drums due to the additional equipment and 
handling costs. The capacity gained by compacting PPE includes the smaller as-disposed volume and 
reduced clean fill requirement. The as-disposed volume of the projected 8,713 yd3 would be about 
4,357 yd3 based on CARAR density data. Assuming six 55-gal dmms of PPE are compacted and 
over-packed in an 85-gal dmm, the as-generated volume for the original 8, 713 yd3 would be 2,550 yd3

. 

Using CARAR clean fill requirements of 1.35 (soil:dcbis) for both cases, the total capacity requirement 
for the original 8, 713 yd3 PPE volume with clean fill would be 16,380 yd3

. For the compacted PPE, the 
capacity requirement would be 6,069 yd3 giving a net capacity increase of I 0,312 yd3

• 

5.2.8 Landfill Compaction Benefits 

When large, coarse debris materials are placed in a disposal cell, void space is left in the waste despite the 
usc of fill materials and compaction efforts. When the materials are shredded or crushed, the density of 
the landfilled materials increases. Studies al municipal landfills where size-reduct ion equipment is being 
used have indicated increased landfill capacity of 15 to 30% ~CU-2009) . The as-disposed volume for the 
material that is VR processed would be about 462,920 yd (Table B-3). If the landfilled density is 
increased by 15% for this debris, the capacity gain would be about 69,438 yd3

, or 16% of a complete cell. 

Compactors that roll over and compress the debris in the landfi lls arc subject to significant maintenance 
and repair issues from the tangle of metals and other materials that can jam in the treads and other moving 
parts of the machines. If these materials are shredded, the amount of wear and tear on compactor 
equipment is expected to decline with a corresponding decrease in maintenance costs. 
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T able B-4. Est imate of EMDF Construct ion and O pentions Savings for Volume Reduction Scenarios A and B 

EMDF Construct ion and Operations 

Work Element Cost 

Remedial Design $5.727.300 

Early Actions $3.480.293 

Site Development $5.955.093 

Leachate/CW Treatment $16.600.000 

Phase L Cells 1&2 $63,826.646 

Phase II. Cells 3&4. Oversight $2.622.813 

Phase II. Cells 3&4 $24.342,490 

Interim Cap. Cells 1&2 $2.1 65.046 

Engineering for Cells 5&6 $1.914,712 

Phase Ill. Cells 5&6. Oversight $2.402.283 

Phase III. Cells 5&6 $29. 190,688 

Interim Cap. Cells 3&4 $2.002.933 

interim Cap. Cells 5&6 $1.703.839 

Final Cap and Closure $58.1 25,721 

Disposal Operations $320.232.000 

Leachate/CW Treatment Ops $25.300.000 

Cell Security Operations $83,685.555 

Long Term Monitoring $38.867.482 

Project Management $20,311.832 

Overhead so 
Contingency so 
Total $708.456.726 

Capacity Increase Value Through VR 

Parameter 

EMDF Total Capacity. yd3 

Operating cost per yd3 of disposal capacity 

Average Volume per Cell, yd3 

Total Cost ofVR 

Scenario A Capacity Gain, yd3 

Scenario B Capacity Gain, yd3 

Scenario A cost reductions: 

On-Site Transportation Savings (Sect.. 52.4) 

Construction ofCcll61 

Operations: 

Total Cost Avoided 

Net Cost Avoided (minus cost ofVR) 

Sce.nario B cost reductions: 

On-Site Transportation Savings (Sect 5.2.4) 

Construction of Phase Ill 

Operations" 

Total Cost A voided 

Net Cost Avoided (minus cost ofVR) 

1Not including engineering. considered sunk cost 

:Assume 10% reduction for 20% reduction in EM DF copocity 

3 Assume 15% reduction fur 33% reduction in EMDF c:~pocity 
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Value 

2.500.000 

$128.09 

416.667 

$37.957.934 

504,973 

820,582 

$7.000.000 

$26.336.025 

$32.023..200 

$65,359,225 

$27.401,291 

$7,000,000 

$54.586.762 

$48,034.800 

$109.621.562 

$71.663.628 



5.3 RECYCLING 

5.3.1 Regulatory Climate 

The U.S. Environmental Protection Agency (EPA) is raising awareness and promoting C&D debris 
recycling through many initiatives and programs that provide information, incentives, research funding, 
and guidance to resolve technical issues and increase nationwide recycling of C&D materials. Many 
states, including Tennessee, have adopted these principals and encourage C&D recycling efforts. In some 
states and cities, where landfill space is limited, regulations have been adopted that require recycling of 
C&D materials. California Law AB 939 requires recycling of 50% of waste materials of all types and 
many cities, such as San Francisco, mandate the recycling of all C&D materials in order to conserve 
limited landfill space. New Jersey municipalities must meet the State Recycling Mandate which requires 
all C&D waste to be recycled. 

There are several examples that document DOE's efforts to recycle D&D materials. During demolition of 
a 149,987 ft2 building at Lawrence Livermore National Laboratory (LLNL) in 2007, 89% of demolished 
materials were either recycled or reused (LLNL 2008). This included I ,665 tons of metals, 7,399 tons of 
concrete and 14,580 gals of dielectric fluid . Recycling reportedly reduced the project cost by II %. Since 
2002, LLNL has recycled or reused 32,075 tons of asphalt/concrete. more than 5,000 tons of metal, 
673 lbs of freon, and 20 I yd3 of wood. A DOE Inspector General audit report reviewing ORNL 's waste 
diversion effort reported that in 20 II , ORNL successfu lly diverted over 5,100 of 9,500 metric tons of 
solid waste through recycling and reuse (DOE 20 12c). At Los Alamos National Laboratory (LANL), 
more than 136 tons of metal saved from demolished buildings were recycled during demolition projects 
under the American Recovery and Reinvestment Act of 2009 (LANL 2009). This was largely due efforts 
by heavy equipment operators to gut the buildings before they came down. Some I 06 tons of metal came 
from one large building alone, 16 tons more than the original estimate. LANL's demolition program 
director is quoted as saying, "Recycling metal from a demolition project reduces costs and cuts the 
amount of waste that goes to a landfill. We put a lot of effort into getting metal separated from the debris 
and making sure it isn't contaminated so it can be recycled." 

The majority of the facilities identified for D&D in Oak Ridge were used for nuclear energy research and 
development and thus are categorized under DOE-STD-1027-92 as Nuclear or Radiological facilities. In 
2000, DOE placed a moratorium on the recycling of volumetrically contaminated metals and a suspension 
on the recycling of metals located within Radiological facilities. This moratorium seeks to prevent publk 
exposure to radiation above background resulting from recycling/reuse of contaminated DOE material in 
consumer products. The moratorium will continue until the U.S. Nuclear Regulatory Commission (NRC) 
establishes a set of national standards regarding allowable contamination levels in recycled steel. The 
moratorium docs allow for reuse of demolition materials for specific purposes by DOE-authorized nuclear 
facilities, the commercial nuclear industry, and NRC licensees authorized to possess the material. 
Restricting recycled materials usage to sites and facilities owned by DOE is a potential, albeit limited 
alternative. 

In 2005, the NRC completed an exhaustive study and proposed mle: Radiological Criteria for Controlling 
the Disposition of Solid Materials, RIN 3150-AH 18 (NRC 2005a). The rule is an effort by the NRC to 
develop a basis to support decisions on rules that would set specific requirements on controlling releases 
of solid materials from NRC licensed nuclear facilities . The materials include metals, concrete, soils, 
equipment, fumiture, etc., which are present at licensed nuclear facilities during routine operations. 
Historically, these materials have been released on a case-by-case basis, without a consistent approach for 
clearance surveys. The report provides information about measuring residual radioactivity in materials 
that are to be cleared, including guidance about designing, performing, and documenting radiological 
surveys to address the need for survey consistency. The mle was disapproved in 2005, although not for 
technical reasons. but rather to defer the rulemaking until additional resources are available (NRC 2005b). 
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One option to consider when planning D&D work for nuclear facilities would be to selectively remove 
materials from contaminated zones first , then re-characterize the f.1cility and perform an additional hazard 
screening to downgrade the facility to the "Other Industrial" category. This would allow for unrestricted 
recycle of demolition materials. However, the cost of characterization and hazard analysis reduces the 
cost effectiveness of this approach. A manual that provides guidance for survey and assessment of 
materials and equipment for release, Multi-Agency Radiation Survey and Assessment of Materials and 
Equipment Manual was developed by DOE, the U.S. Department of Defense, the EPA, and the NRC 
(DOE 2009a). The manual currently refers to the release criteria given in DOE Order 5400.5, Radiation 
Protection of the Public and the Environment (DOE 1993), later replaced by DOE Order 458.1 
(DOE 20llb) though the new order refers to DOE 5400.5 for the release criteria. The release criteria 
requires survey of I 00% of the surface of the material being evaluated for release, wh ich is a labor 
intensive and costly effort. 

In 1999, American National Standards Institute (ANSI)/Health Physics Society (HPS) Nl3.12 Swface 
and Volume Radioactivity Standards for Clearance (ANSI-1999) was issued to provide a technically 
sound basis for release of solid materials containing trace levels of activity. However, the standard was 
not fully adopted by U.S. Federal agencies because the teclmical basis was considered inadequate to be 
applied on a broad basis. The International Atomic Energy Agency (IAEA) published RS-G-1.7, 
Application of the Concepts of Exclusion, Exemption and Clearance, along with Derivation of Activity 
Concentration Values for Exclusion, Exemption and Clearance (IAEA-2004). An ongoing effort has been 
initiated to revise ANSJJHPS N 13.12 to complement the guidance provided in the JAEA publications and 
become the new basis for the DOE Order 458.1 release criteria. The recycling of demolition materials 
from radiological facilities remains a complex issue that is not fully resolved, but should continue to be 
evaluated on a case-by-case basis. 

5.3.2 Recycling Potential 

The two materials that would be most beneficial to recycle would be concrete and metals. Concrete can be 
recycled to usc as aggregate for new concrete or for base material or roads or new facilities . Demolition 
of concrete that is cleared for release could be crushed and screened on site, or could be transported to a 
recycling facility where cmshing and screening could be performed. If the material were cmshed and 
screened to meet aggregate specifications, the commercial value would be about $4.4 1 per ton in 
Tennessee, roughly equal to about $7.17 per yd3 (USGS 20 II ). The cntshcd material would have to be 
moved to a location where the public could access it , so transportation costs would apply, as well as the 
cost of creating and maintaining a storage area for the material. The cost of crushing the material alone at 
about $6.63 per yd3 (Attachment B, Table 7) is nearly equal to the conunercial value, not including the 
additional cost of screening and losses from fines that pass tluough the screens. In addition, the material 
would no longer be available to replace clean fill at the EMDF or be used as base fill for other in-house 
DOE construction projects. The cost of processing and loss of other beneficial uses of crushed concrete 
appear to outweigh the commercial value of the product in this case, so recycling for commercial use is 
not recommended. 

Recycling metals is a potential option for demolition materials. Metal recyc lers in Tennessee purchase 
steel materials at about $0.10 per lb. The U.S. market value for steel beams is about $0.32 per lb and the 
value of shredded scrap metal is about $0.07 per lb according to RecyclelnMe.com, a worldwide scrap 
metal trading web site. According to Table B-3, the quantity of metallic waste (equipment, heavy stee l, 
and light gauge metals) available for VR processing and potent ial recycle is about 179,042 tons. If 25% 
(44 ,76 1 tons) ofthe total quantity of metal is recycled at an average of$0. 15 per lb, the commercial value 
is about $13.41\11. Recycling will require that the material is free of contamination. Consequently, 
exhaustive characterization activities would be necessary to certify that the metals are clean unless it can 
be proven based on process knowledge that the equipment did not handle radiological or hazardous 
materia ls. 
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Bechtel Jacobs Company LLC (BJC) developed a cost estimate for additional contamination surveys that 
would be required for free-release of metals from D&D projects (BJC 2004). The approach is based on 
DOE 5400.5 requirements and includes radiation control technician support, PPE, survey instruments, 
and scanning operations. The estimated cost is $32 per yd3 of recycled material. From the CARAR 
density data, the bulk density of as-generated metal debris is I ,044 lb per yd3

. Using this density, the cost 
for additional survey requirements is about $0.03 per lb. Transporting the metals to a local recycler would 
cost in the range of $0.02 to $0.03 per lb based on a cost of $220 per I 0 yd3 transported. The total for 
additional surveys and transportation would be about $5M for 44,761 tons of material. After deducting 
this from the potential commercial value ($13.4M}, the balance would be about $8.4M gained tlu·ough 
commercial sale. 

EMDF capacity gains are realized from metal recycling including the as-disposed volume that would have 
been required for the metals and the required clean-1111. For the 44,761 tons of metal estimated for recycle, 
the clean lill required if disposed at the EMDF would be approximately 60,436 yd3 based on CARAR 
requirements. The as-disposed volume would be 25% of the Table B-3. "As-D volume for Material 2" for 
equipment and structural steel, or 11,238 yd3

• Adding this volume to the clean fill requirement gives a 
total capacity gain of 71,673 yd3

• For this quantity of material, it is assumed that incremental EMDF 
construction and operating cost savings would not be significant. Assuming the value of clean fill is the 
same as the cost of transporting at $220 per I 0 yd3

, the cost savings would be $1.3M. The stun of the 
potential commercial value and clean fill savings is $9.7M for metnl recycling. 

Metal melt provides another opportunity to recycle contaminnted metals. This technology is nvailable at 
the EnergySolutivns Bear Creek fhcility in Oak Ridge at a (FY 20 II cost of approximately $3 per lb. An 
induction furnace is used to melt the material before being poured into blocked forms for controlled reuse, 
usually in high-energy accelerator facilities nround the world. To date, this process hns not been utilized 
by DOE facilities becnuse of the relatively high cost compared to disposnl, especinlly if the fncility has its 
own lnnd disposal fncility. 

5.4 PROJECT SEQUENCING 

Project sequencing refers to a scheduling nppronch employed to use contnminated or clean waste soil 
from RA prqjects in place of clean lill for filling the debris voids in the EMDF. The required cnpacity for 
the EMDF was estimated based on the Rl/FS waste volume estimate from the time when the EMWMF 
tills to capacity in FY2020 through FY2042 (see Chapter 2). The estimnte from Appendix A, Table A-4 
indicates an ns-disposed volume of waste soil of 492,836 yd3 including approximately 28% uncertainty 
will be generated in that time frame along with 763,683 yd 1 of debris. The quantity of clean fill needed 
for this qunntity of debris is approximately I ,205,945 yd3 nssuming all of the waste soil is used to replnce 
clean fill mnterial. Current predictions for clean fill demnnd provided in the 20 II CARAR and in 
Appendix A of this RifFS indicate that 98% of the waste soil is used to replace clean fill that would 
otherwise be needed for placement of the debris. 

Sequencing of planned projects in the CARAR and RJ/FS waste volume estimate are based on 
nssumptions such as funding, prioritizntion, and contracting that can be uncertain and subject to change. 
As a result, the sequence of future projects identified in current plans may not be the actual sequence at 
the time of implementation. 

Sequencing projects in a way that makes use of waste soil as fill material can result in cost benefits and 
reduce the disposal capacity needed. In cnses where there nre scheduling difficulties that interfere with the 
ability to utilize waste soi l effectively, placement of waste soi l in the landfill could be delayed until debris 
is placed in the landfill and waste soil cnn be used to fill the debris voids and replace clean lill. In current 
EMWMF operations, space within the operating disposal cells is used to stockpi le excess quantities of 
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waste soil that can be utilized as debris is delivered for placement. Operating personnel report that the usc 
of waste soil to replace clean fill is routinely pcrfonned. 

The total as-disposed volume of waste soil at 492,836 yd3 is slightly greater than the volume of a 
complete disposal cell; therefore, the consequence of not sequencing disposal of any waste soil with 
debris disposal would be equivalent to construction and operational cost of an addjtional cell, or roughly 
$65.4M as indicated in Table B-4 for VR Scenario A. 

5.5 IMPROVED SEGREGATION 

Waste segregation is an important element of waste minimization that is emphasized in plmming of all 
DOE D&D projects. Significant effort and funding is provided for initial characterization of nuclear 
facilities in order to provide health and safety information for worker protection, to determine the disposal 
path for waste materials of all types, to identify areas that are not contaminated and have not been 
exposed to radiological materials, to separate highly contaminated materials that require costly treatment 
and disposal options, and to develop waste lot information for disposal. Improved segregation involves 
the additional effort required to separate clean from contaminated materials in order to divert a greater 
volume of clean materials to the ORR Landfill. When waste generation forecasts arc developed, facility 
type and characterization data is used to determine waste disposition. D&D materials for facilities that are 
classified "other industrial" are assumed to be acceptable for the ORR Landtill. In most cases D&D 
materials from facilities that are classified as "nuclear" or "radiological" are assumed to be disposed at the 
EMWMF. However, there are typically clean areas associated with contaminated facilities that could 
possibly be demolished in a manner that avoids comingling with materials from potentially contaminated 
zones, thus creating an opportunity for disposing at the ORR Landfill. 

An Industrial Landfill V expansion that provided an additional 384,500 yd3 of disposal capacity was 
completed with American Recove1y and Reinvestment Act of 2009 funding in 20 II . The need for the 
expansion was identified based on analysis of WGF projections. Capacity at the ORR Landfills is now 
sufficient for the near term and will be monitored for future capacity needs. Additional areas of expansion 
in Industrial Landfill V and Lndustrial Landfill VII that are part of the permitted landfills will be 
developed/built as capacity is needed. 

Both construction and operating costs for the ORR Landfill are lower than CERCLA disposal facility 
costs and overall disposal costs would be reduced by segregating more waste material to the ORR 
Landfills which use Class II and Class IV design as defined by the Tem1essee Department of Environment 
and Conservation (TDEC) Division of Solid and Hazardous Waste Management. Design of the CERCLA 
landfill requires a much deeper liner and capping system with additional geomembrane layers, an 
additional biointmsion layer, and an additional leachate leak detection system. These requirements would 
more than double the construction costs of the CERCLA landfill compared to ORR Landfills. 

DOE and TDEC have established criteria for disposal of non-hazardous wastes containing low levels of 
residual radioactive materials at the ORR Landfill operation comprised of Industrial Landfill V and 
Construction/Demolition Landfill VII. Operation of these landfills for disposal of non-hazardous, 
non-radioactive waste is permitted by the TDEC Division of Solid Waste. DOE, in cooperation with 
TDEC, developed site-specific authorized limits for disposal of wastes meeting derived volumetric 
concentration limits for specified radionuclides, and these authorized limits have been successfully 
implemented 
since 2003. 

DOE and its contractors are currently developing documentation for revision of the current authorized 
limits to allow disposal of wastes containing additional radionuclides for which volumetric concentration 
limits have not been previously approved, and also to develop site-specific authorized limits for surf.1ce 
contaminated wastes. The WAC and operating practices at the landfills previously have precluded 
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disposal of wastes containing surface contamination in excess of the criteria for unrestricted release, 
whereas such restrictions are not necessary for protection of worker and public health and safety or the 
environment. In some cases, wastes expected to contain only low levels of radioactive materials that 
otherwise would be acceptable for disposal at the landfills have been identified for disposal at EMWMF 
because the costs for surface contamination surveys required by the landfill operating procedures have 
been determined to be prohibitive. DOE and its contractors are currently evaluating the landfill 
acceptance criteria and operational procedures to determine if additional wastes can be safely and cost 
effectively managed at these facilities in compliance with current DOE requirements. 

5.6 VOLUME REDUCTION AND OFF-SITE DISPOSAL 

The Off-site Disposal Alternative would provide for the transpot1ation of future CERCLA candidate 
waste streams to one or more approved off-site disposal facilities and placement of the wastes in those 
facilities. The use of VR equipment to size-reduce and increase the bulk density of demolition debris 
would increase the quantity of material per shipment and reduce the total number of off-site shipments. 
The Off-site Disposal Alternative is described in Chapter 6 and costs are provided in Appendix G. This 
information was used as a basis for determining the economic benefit of various VR approaches. 

Under the Off-site Disposal Alternative, all non-classi fied LL\V and LLW/Toxic Substance Control Act 
of 1976 waste and classified LLW waste (comprising the majority of the total waste volume evaluated 
under the Off-site Disposal Alternative as described in Chapter 2) would be shipped to NNSS in Nyc 
County, NV. The remaining 3% of LLW/RCRA waste would be shipped to EnergySolutions in 
Clive, UT. For purposes ofthis VR comparison, shipment ofLLW debris to NNSS is assumed. 

Transportation for the off-site disposal estimate assumes that LL W debris would be transported by 
intennodal container to the truck-to-rail transfer facility at ETTP for rail shipment to Kingman, AZ and 
subsequent transfer to trncks for transport to NNSS. It is assumed that DOE would tense dedicated 
rnilcnrs. incoming intermodal containers could be staged directly on the cars until one or more cars could 
be trnnsferred to the main line and shipped. 

The capacity of an intennodal container is assumed to be a maximum of 36,000 lb or II yd3 and a single 
railcar is assumed to cany eight intermodal containers. Transportation cost for one railcar from the ETIP 
to Kingman, AZ is $25,440 in 20 12 dollars (or $3,180 per intermodal container). The cost of unloading 
the intcrmodal containers from the railcar and transporting by truck from Kingman to the NNSS is about 
$ 1,370 per intermodal container. The intennodal containers are taken into the appropriate disposal cell, 
and emptied per approved procedures. Empty containers would be surveyed at the disposal facility for 
release and retum to ORR. 

The cost effectiveness of size reduction would depend upon the type and quantity of material to be 
shipped off site. As-generated materials that have a relatively high bulk density such as concrete and 
masollly may not be as cost effective to crush further because the truckload quantity would be limited by 
weight rnther than volume. However, larger quantities of low-density materials could be shipped per 
truckload by size-reducing, increasing the bulk density, and increasing the quantity and weight shipped 
per truckload. These materials include equipment with large void fraction, large diameter ductwork and 
pipe, structural steel , light framing, sid ing, small tanks, asphalt shingles nnd other roofing materials, 
containers, furniture, trash, and wood. An analysis was performed to dctenninc those materials that would 
benefit from VR processing prior to off-site disposal. Table B-5 sunm1arizes the nnalysis. The materials 
and quantities to be processed by VR (Table B-3) were evaluated to estimate the additional quantities that 
could be loaded per intermoda l assuming a maximum volume of II yd3 and mnximum net weight of 
36,000 lb per intermodal. Afier detcnnining the total additional weight of material that could be shipped 
per intermodal, bulk density information was used to determine the equivalent volume in terms of as-
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generated material. The cost per unit volume for Off-site Disposal was applied to the avoided shipment 
volume determine the final cost value. 

The results indicate that decreasing the void fraction of these materials could reduce the number of 
shipments required for a given mass by a large margin. The avoided shipping volume would be expected 
to be more than 318,000 yd3 which is equivalent to an avoided cost of over $251M in 2012 dollars (after 
subtracting the VR processing costs). This reduces the unit costs for off-site shipment from $909.50 
per yd3 to $640.84 per yd3

, or nearly 30%. 

Comparing on-site and off-site unit costs indicates a substantial difference in favor of on-site disposal. 
The unit rate for on-site disposal was determined by dividing the total cost of the EMDF at $708,456,726 
(from Table B-4) by the total as-generated volume of debris and soil 2,194,348 from Appendix A, Table 
A-3, resulting in a unit cost of about $323 per yd3

. However, this constitutes an average rate and some 
materials are more costly to dispose of than others. To determine the cost of disposal for a particular 
waste type, the unit cost of EMDF air space must be determined and applied to the as-disposed waste 
volume and clean fill required. The unit cost of air space is given by the total EI\IDF cost divided by the 
total as-disposed air space of 2,500,000 yd3 giving $283.38 per yd3

. Table B-6 applies this unit cost to the 
as-disposed volume of waste types with clean requirements. Unit costs are higher for materials that 
occupy more landfill air space due to higher ratios of as-disposed to as-generated volumes and significant 
clean fill requirements. 

A similar evaluation was performed to determine on-site disposal costs by waste type including VR 
processing. The VR conditions defined in Table B-3 for both Scenarios A and B were used in the 
evaluation and the cost per tmit of EMDF air space was determined by dividing the reduced EMDF cost 
by the reduced landfill capacity required as a consequence of VR processing. The estimated Scenario A 
cost savings, $27,40 1,291, subtracted from the initial EMDF cost, $708,456,726, gives $681,055,435. For 
Scenario B, the new reduced cost is $636,793,098. When these revised costs are divided by the reduced 
capacity values (2,083,333 yd3 for Scenario A and I ,666,667 yd3 for Scenario B), the unit values of 
EMDF air space are $326.91 per yd3 for Scenario A and $382.08 per yd3 for Scenario B. These air space 
values are somewhat higher than the initial air space value of $323 per yd3

, mainly because it was 
conservatively assumed that the cost of many work elements (remedial design , early actions, leachate 
treatment, cell security operations, long term monitoring, and project management) would not change as a 
consequence of VR processing, and also due to the cost of YR. The revised EMDF unit cost was applied 
to the estimated as-disposed volumes for the various waste types after VR processing with the revised 
clean fill requirements. The unit cost for each waste type was determined by dividing the original 
as-generated volume by the total cost of air space for each waste type as shown in Table B-7. 

Similarly, the cost of off-site disposal varies by waste type. To determine transportation costs by waste 
type, the cost data used in Appendix G was applied to the waste types given in Table B-5 and the cost per 
unit volume determined both with and without VR processing. In this case, the volume transported per 
intcrmodal containers was determined based on waste density and maximized for each waste type to 
minimize packaging costs and the number of shipments. Table B-8 provides a summary of unit costs 
in $/yd3 as-generated material by waste type for off-site disposal. Materials with higher density and lower 
void volume exhibit higher off-site disposal costs because shipments are weight limited and lesser 
volumes can be transported per shipment. Table B-9 provides a summary of the unit costs in $/yd3 

as-generated material for both on-site and off-site disposal with and without VR processing. In almost all 
cases, off-site disposal costs are significantly higher than on-site disposal. The exception is legacy 
material due to its lower initial bulk density and the ability to transport greater quantities per trip after VR 
processing. The results indicate that waste management strategies that attempt to conserve EI\IDF 
capacity through off-site disposal arc unlikely to be cost effective. 
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Tnblc ll- S. Eslimal<.• of VR Cost Ucnclil for Off-site Disposal Allcrnnlivc 

Volume Uulk Ncl wl. Per Ncl wl. J>cr 
As-G bulk As-G Volume 

Weigh I, After Size-
Size 

Density lnlermodnl 
lulcnnodal Addilionnl wt. 

Addilional we. Equivalent As-GOff-site 
Description Density for Processing*, Reduclion Conlainer with Per lntennodal, Disposal Volume 

(lb/yd3
) ydl Tuns llcdncing Oasis After VR Container wilh II yd3 VR lh Overnll, lh A voided, yd3 

mat'l, yd-' (lb/yd3
) II yd·' As-G mnt'l 

mnl'l 

Thick wailed steel, large machine tools, 
680 78,024 26,528 39,012 

50% size 
1,360 7,480 14,960 7,4RO 26,528,309 39,012 

large electric motors, process vessels reduction 

>2" pipe, structural steel, crane structures 1,040 26 1, 163 135,805 130,58 1 50% size 
2,080 11 ,440 22,880 11 ,440 135,804,637 130,58 1 reduction 

Reinforced concrete, concrete block, 
2,600 450,870 586,13 1 360,696 

20% size 
3,250 28,600 35,750 7,150 234,452,532 90, 174 

brick, shield walls reduction 

Small buildings, small cooling towers, 
40% size 

structurnl framing, interior and exterior 1,620 74,867 60,642 44,920 reduction 2,700 17,820 29,700 11,880 48,5 13,5 14 29,947 
finishes, nooring, wooden slructures 

Ventilation duel, lighl framing, < 2 inch 
1,040 32, 133 16,709 19,280 

40% size 
1,733 11 ,440 19,067 7,627 13,367,386 12,853 

pipe, siding, small ranks reducrion 

Asphalt shingles, low-slope built-up 40% size 
roofs, vapor barrier, insulation, roof vents, 1,520 37,580 28,561 22,548 reduction 2,533 16,720 27,867 11,147 22,848,878 15,032 

nashing, felt 

Containers, furnilure, trash, wood 640 2,098 671 1,259 
40% size 

1,067 7,040 11,733 4,693 537,1 26 839 reduction 

Tolals: 936,736 855,048 618,297 482,052,383 3 18,439 

) * f-rom Material 2 in Table 13-3 
Off-site Disposal Cost per yd3 (20 12 

$909.50 
••Assumes 36,000 maximum net weight per intcrmodal. dollars) 

Off-site Disposal Savings, 20 12 dollars $289,620,2 14 

Total VR Costs for Malerials $37,957,934 

Net transportation costs avoided: $251 ,662,280 
OtT-site Disposal Cost per yd3 wilh VR 
(20 12 dollars) $640.84 
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Table~- On-site Disposal Cost by Waste Type without Volume Reduction 

Clean fill 
As-disposed \ 'OI. 

CostofEMDF 
As-G vol., As-D required airspace for Cost per yd3 of Description yd3 vol .. yd3 for As-G 

Basis for waste and 
waste and As-G material 

vol .. yd3 clean fill. yd3 

clean fill 

Thick walled steeL large machine 
Clean fill ratio is 

tools. large electric motors. 260.081 15.734 150.736 
9.58 for as-disposed 

128.787 $36.495.894 $140.32 
process vessels 

equipment (soil: 
debris) 

>2" pipe. strucrural steeL crane 
Clean fill ratio is 

348.217 32.219 213.614 6.63 for as-disposed 192.430 $54.531381 $156.60 structures 
metals (soil: debris) 

Clean fill ratio is 
Reinforced concrete. concrete 

601.160 480.928 601.160 
1.25 for as-disposed 

93 1.799 $264.055.573 $439.24 
block. brick. shield walls dense concrete (soil: 

concrete) 

Small buildings, small cooling Clean fill ratio is 
towers. structural framing. 

99.822 49,911 112.799 
2.26 for as-disposed 

134.510 $38.11 7,864 $381.86 
interior and exterior finishes. construction debris 
flooring. wooden structures (soil: debris) 

Clean fill ratio is 
Ventilation duct, light framing.< 

42.844 21.422 48.414 
2.26 for as-disposed 

57.733 $1 6,360,403 $381 .86 
2 inch pipe. siding. small tanks construction debris 

(soil: debris) 

Asphalt shingles. low-slope built-
No clean fill 

up roofs. vapor barrier. insulation. 50.107 25.054 0 
required. self-filling 

25.054 $7.099.755 $141.69 
roof vents. flashing. felt 

Clean fill ratio is 

Containers. furniture. trash. wood 2.798 1.399 2.826 
2.26 for as-disposed 

3.518 $996.910 $356.35 
construction debris 

(soil: debris) 

Totals 1.405.030 626.668 1.129.549 1.473.830 
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Table ll- 7. On-site Disposnl Cost by Waste Type with Volume Reduction 

Scenario A Scenario 0 

As-C vol. for As-r> vol. for As-C vol. not As-D vol. for Vlland 
lnitinl As-C mntcrial not Clenn lill lor As-D vol. of VR Vll and EM Dl' Clean fill for 

Oescri1>l ion vol., yd3 VR processing, VR processed VR lli'Ocessed, Vll nnd non- and non-V Il Cost of EI\J OF disposnl cost VR and non- As-0 vol. of VR Cost of EMOF 
yd·' material., yd·' yd·' Vllproccssed, 

VR nmlcrlal, nutterlal with air SIUlCe per yd~ of As-G V R material, and non-VR EM IJI' air disposal cost 
ydJ 

ydJ clenn fill, yd3 Material ydJ material with SI>II Ce per yd·' of As-
clean fill ydJ C 1\Jatcrinl 

Thick walled steel , 
large machine tools, 260,08 1 78,024 4,720 182,057 11,014 116, 183 
lnrge elect ric motors, 

131,918 $43, 124.788 £ 165.81 116, 183 13 1,918 £50,402,592 $193 .80 

process vessels 

>2" pipe, structural 348,217 261, 163 24,1 65 87,054 8,055 108,0 15 
steel , crane structures 

140,235 £45,843,683 £131.65 108,0 15 140,235 £53,580,332 $ 153.87 

Reinforced concrete, 
60 1, 160 450,870 360,696 I 50,290 120,232 285,55 1 766,479 $250,567,1 92 $4 16.8 1 -30,058 450,870 s 172,266,639 $286.56 concrete block, brick, 

shield walls. 

Small buildings, small 
cooling towers, 
structural li-mning, 99,822 74,867 37,433 24,956 12,478 78,959 128,870 $42, 128,540 $422.04 78,959 128,870 $49,238,2 16 $493.26 
interior and exterior 
fin ishes, llo01·ing, 
wooden structures 

Venti lation duct, light 
42,844 32,133 16,067 10,7 11 5,356 33,890 framing, < 2 inch pipe, 55,312 $ 18,08 1,808 $422.04 33,890 55,312 $21, 133,32 1 $493.26 

siding, small tanks 
Asphalt shingles, low-
slope built-up roofs, 
vapor bnrrier, 50, 107 37,580 18,790 12,527 6,263 0 25,054 $8,190, 186 $163.45 0 25,054 £9,572,374 $ 191.04 
insulation, roof vents, 
llnshing, felt 

Contniners, furniture, 2,798 2,098 1,049 699 350 1,978 
trash, wood 

3,377 $ 1,1 03,839 $394.58 1,978 3,377 $1,290, 124 $461.1 7 

Total Volumes 1,405,030 936,736 462,920 468,294 163,747 624,577 1,251,244 308,968 935,635 
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Table ll-8. Off-site Uisposal Cost IJy Waste Type, with and without Volume Reduction 

VR 

Waste Density, As- Net Volume 
Net Volume Number of Number of Packaging Number Total Transport Total Disposal Processing Total VR, Cost per 

Waste Type G (lb/yd.l) Shii>Jied (yd3
) 

per Container intermodal containers 
Cost 

of round-
Cost Cost 

Cost/yd3 of transport, and yd·' of As-G 
(yd'') trips purchased trillS As-G disposal cost material 

Material 

Without VR Processing 

Thick walled steel, large machine tools, 
680 78,024 18 4,335 42 $2,865,415 542 $19,727,007 $30,567,635 NA $53,160,056 $68 1.33 large electric motors, Qrocess vessels 

>2" pipe, structural steel, crane structures 1,040 26 1, 163 18 14,509 139 $9,581 '125 1,814 $66,025,548 $ 102,3 15,736 NA $177,922,410 $681.27 

Reinforced concrete, concrete block, brick, 
2,600 450,870 7.2 62,621 597 $4 1 ,333,621 7,828 $284,934,910 $ 176,637,439 NA $502,905,971 Sl ,1 15.4 1 shield walls 

Small buildings, small cooling towers, 
structural framing, interior and exterior 1,620 74,867 11.5 6,510 63 $4,302,980 8 14 $29,627,043 $29,330,462 NA $63,260,485 $844.98 
finishes, flooring, wooden structures 
Ventilation duct, light framing, < 2 inch 

1,040 32,133 18 1,785 18 S I, 184,505 224 $8,144,249 s 12,588,800 NA $2 1,9 17,554 $682.09 pipe, siding, small tanks 
Asphalt shingles, low-slope built-up roofs, 
vapor bmTier, insulation, roof vents, 1,520 37,580 12.3 3,055 30 $2,022,190 382 s 13,903,863 $ 14,722,870 NA $30,648,923 $8 15.56 
flashing, felt 

Containers, li1miture, trash, wood 640 2,098 18 11 7 2 $82,538 15 $54 1,292 $821,991 NA Sl ,445,821 $689.09 

With VR Processing 

Thick walled steel, large machine tools, 
1,360 39,0 12 13.8 2,827 27 $1 ,866,283 354 $12,878,7 12 s 15,283,817 87.93 $36,889,502 $472.79 large electric motors, process vessels 

>2" pipe, structural steel, crane stmctures 2,080 130,581 9 14,509 139 $9,581, 125 1,8 14 $66,025,548 S51, 157,868 87.93 $149,728,584 $573.32 

Reinforced concrete, concrete block, brick, 
3,250 360,696 5.8 62,189 593 $41,049,300 7,774 $282,969,491 $141,309,951 11.8 $470,649,0 12 $1,043.87 shield walls 

Small buildings, small cooling towers, 
structural framing, interior and exterior 2,700 44,920 6.9 6,510 63 $4,302,980 814 $29,627,043 s 17,598,277 19.18 $52,964,240 $707.45 
finishes, flooring, wooden structures 
Ventilation duct, light framing, < 2 inch 

1,733 19,280 10.8 1,785 18 $1,184,505 224 $8,144,249 $7,553,280 19.18 s 17,498,348 $544.56 pipe, siding, small tanks 
Asphalt shingles, low-slope built-up roofs, 
vapor barrier, insulation, roof vents, 2,533 22,548 7.4 3,047 30 $2,017,235 381 $13,867, 111 $8,833,722 19.18 $25,438,860 $676.92 
flashing, felt 

Containers, fimtiture, trash, wood 1,067 1,259 17.5 72 I $49,462 9 $327,513 $493,195 19.18 $910,4 12 $433.91 
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Tnhlc B-9. Summnry of Unit Costs"' for On-site and Off-site Disposal with and without Volume Reduction 

On-site Disposal Off-site Disposal 

Description 
Unit costs Unit costs with Unit costs with Unit costs Unit costs 

without VR VR, Scenario A VR, Scenario 8 without VR with VR 

Thick walled steel, large 
machine tools, large electric $ 140.:12 $165.81 $193.80 $681.33 $472.79 

motors, process vessels 

>2" pipe, s tmctural steel, 
cmne stmcturcs 

$ 156.60 $ 131.65 $153.87 $68 1.27 $573.32 

Re inlo rced concrete, concrete $4:19.24 $4 16.8 1 $286.56 $1, 11 5.41 $ 1,043.87 
block, brick, shie ld walls 
Small bui ldings, small 
cooling towers, s tructura l 
framing, interior and exterior $:18 1.86 $422.04 $49:1 .26 $844.98 $707.45 
finishes, llooring, wooden 
s tmcturcs 

Ventilation duct, light 
fmming, < 2 inch pipe, $38 1.86 $422.04 $493 .26 $682.09 $544.56 

siding, small tanks 

Asphalt shingles, low-slope 
built-up roofs, vapor barrier, $ 141.69 $ 16:1.45 $ 19 1.04 $815. 56 $676.92 
insulation, roof vents, 
!lashing, felt 

Containers, fumiture, trash, 
wood 

$356.35 $394.58 $461.17 $689.09 $4:13.9 1 

•Unit Costs arc in S'yd1 as· generated material 

) 
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6. PREVIOUS VOLUME REDUCTION EVALUATIONS 

DOE publ ished the Remedial Design Report for the Disposal of Oak Ridge Resen•ation Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 Waste , Oak Ridge, Tetmessce in 
January 200 I (DOE 200 I b). In August 200 I, DOE published the Waste Management Program Plan for 
Oak Ridge Reserl'Otion Comprehensive Environmental Response, Compensation, and Liability Act -
Genemted Waste (DOE 200 I b). At the time the WMPP was written, it was believed that current and 
future expansion capacity of the EMWMF would accommodate forecasted disposal volumes. However, 
the WMPP indicated that further emphasis to reduce the volume of debris waste may be necessmy to 
achieve an appropriate operating soil-to-debris ratio. Specifically, the WMPP recommended physical size 
reduction treatment and segregation of clean materials to the ORR Landfill be considered. As a best 
management practice, it was reconunended that clean debris not be disposed at EMWMF because it takes 
up expensive disposal space and may require additional clean soi l to achieve an appropriate soil-to-debris 
ratio. Also, the volume of contaminated/slightly contaminated soil disposed at EMWMF should be 
maximized to reduce the demand for clean soil fill. 

Subsequent to the first load of waste being disposed at EMWMF during May 2002, DOE published the 
Comprehensiw Waste Disposition Plan for the DOE Oak Ridge Reservation in March 2003 (DOE 2003 ). 
By this time, it was realized that the EM\VMF did not have adequate capacity to accommodate the 
projected CERCLA waste volumes and the EMWMF has since been expanded. 

In 2004, BJC conducted a VR study focused on the approximately 350,000 yd3 ("as-generated volume" 
basis) of metal and demolition debris waste streams generated from decontamination and 
decommissioning of the eight largest buildings at ETTP and from the ETTP Scrap Metal Project 
(BJC 2004). It also evaluated the current baseline to see if there were additional opportunities for waste 
segregation. The study did not consider VR of concrete and masomy debris materials. The study was 
intended to replace the need for individual projects to assess the appropriateness of implementing VR 
technologies. Two size-reduction technologies were evaluated, including shredding and compacting. It 
was concluded that, at most, 100,000 yd3 of capacity could be gained by applying size-reduction 
technologies to the targeted waste streams. The size reduction technologies were evaluated against a cost 
savings of $37 per yd3 for transportation and $20 per yd3 associated with EMWMF expansion costs. At 
the time the study was performed, it was believed that I 00,000 yd3 would reduce the landfill height and 
would not affect the landfill footprint; hence, the cost savings were operations related with no benefit 
from lower construction costs. The study concluded tlwt it was not cost-effective to size reduce the waste 
or perform additional characterization sampling required to further segregate the waste based on 
contamination level. 

Since opening of the EMWMF in 2002, waste VR methods, segregation, and recycling of CERCLA 
wastes, have been implemented on a limited project basis. The limited implementation of waste VR 
technologies may be due to cost competition among bidders of individual projects and the added expense 
of deploying size reduction equipment for individual pr~jects that generate relatively small volumes of 
waste. Cost savings and other benefits could be realized by implementation of waste VR across projects. 
Uncertainty f.1ctors such as funding, project sequencing, and contracting that could impact practical 
implementation of a multiple project approach are a significant consideration. 
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7. LESSONS LEARNED 

Discussions were held with former employees from the Weldon Spring Site RA Project (WSSRAP) and 
the Fernald Environmental Management Project (FEMP) sites who were involved with the design and 
operations of the disposal facilities at each site. Each site constmcted on-site disposal f.1cilities for 
disposal of the vast majority of remediation waste and demolition debris generated by the closure of the 
sites. While VR was not the primary focus of either site, actions were taken which contributed to tangible 
reductions in the size of the final disposal facility. 

At WSSRAP, a 1.48M yd3 capacity disposal facility was constmcted and operated. The facility was used 
to dispose of demolition rubble from the on-site buildings, contaminated soils, and other wastes originally 
generated from site operations. Operations of the facility were based on strategic waste placement in the 
cell. Wastes were transported to the landfill by dump truck and then placed in pre-determined positions. 
Prior to loading in the transport vehicles, all debris had to meet size restrictions, so shearing attachments 
for excavators were used to cut the material to proper size. This was primarily performed to maximize 
transport efficiency but had the additional benefit of size reduction for the cell, minimizing void spaces 
that would need to be filled. Flowable grout was used to fill those void spaces that remained. 
Additionally, some pulverization of the foundation concrete was performed, also to primarily maximize 
transport efficiency but also resulting in reduction of waste volume placed in the cell. 

The FEMP constructed an on-site disposal f.1cility with a capacity of over 2.9M yd3 for disposal of the 
vast majority of remediation waste, including demolition debris, generated by the closure of the former 
Feed Materials Production Center. The WAC for the facility included size limitations for the debris being 
placed in the cell. As at WSSRAP, operations of the facility were based on strategic waste placement. The 
need for clean fill was minimized by balancing soil and debris place1nent; sequencing of D&D and soil 
remediation projects was essential to maintaining this balance. Early stages of the RAs focused almost 
exclusively on soil remediation; this caused most of the first cell to be filled with waste soil since D&D 
had not yet begun. Upon realization of this disparity, new sequencing was initiated to assure that the 
proper balance was kept. Additionally, Fernald did implement concrete crushing actions, especially on 
building foundations/slabs. This cmshed concrete was used in lieu of soil as filler material and in the 
construction of the liner. 

A strong recommendation from former site personnel was to size reduce debris at the demolition site prior 
to transport to and placement in the disposal cell. This could be accomplished with mechanical VR 
equipment at the demolition site location. The major lesson learned was that balancing soil and debris to 
minimize clean fill is the best opportunity to conserve landfill capacity. 

At ETTP, excavators with crusher and shearing attachments are routinely used to size-reduce materials to 
meet the EiviWMF acceptance criteria and to reduce transportation costs. It was also recognized that 
crushed concrete could be used as !ill material at the EMWMF to reduce clean fill requirements. 
However, the concrete-based fill material had an unwanted consequence of leaching unacceptable 
quantities of chromium-G (Cr+6) into contact water and leachate collected on site. Additional treatment 
units were introduced in the EMWMF contact water system to reduce the Cr+G ions to Cr+ 3 that 
precipitates and alleviates the environmental issue. Jn addition, landfill operations procedures were 
modified to require the cmshed concrete be mixed or layered with soil to inhibit Cr+6 leaching. 

Excavator attachments for size-reduction are used routinely for D&D projects, however, the primmy 
purpose of the excavators is for building demolition and could not be used cost effectively for VR 
processing alone. As described previously, excavators would be required to support VR operations by 
size-reducing as necessary for placement in VR equipment feed hoppers. 
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8. SUMMARY 

VR approaches and the potential benefits, based on this study, are summarized in Table B-6. The largest 
payback and EMDF capacity gain could be achieved with deployment of size reduction equipment on a 
multiple prqject or programmatic basis. Projections indicate that the volume of concrete and mortar debris 
is a large fraction of total debris volumes and can be used to reduce the demand and cost of clean fill. 
Based on the predicted waste volumes, EMDF capacity gains from size-reduction operations could 
potentially reduce disposal capacity needs by up to two disposal cells (over 800,000 yd\ As shown in the 
estimated cost of the stationary shear operation, the cost of VR processing increases substantially if the 
debris is contaminated to a level that requires an enclosure and contamination control measures. It is 
assumed in this case that only the equipment and heavy steel from demolition of Y -12 facilities would 
require enclosed facilities for YR. To date, most of the D&D projects executed on the ORR have been 
performed as open-air demolitions. 

If funds are commilted to additional characterization efforts, cost and capacity gains from recycling and 
segregating more material to the ORR Landfill are also significant. Once the NRC and DOE have 
established a sound teclmical basis for survey and release solid materials associated with radiological 
facility activity, recycling efforts should focus on recovery and recycle of metals. Segregation of 
additional wastes to the ORR Landfill is beneficial due to the lower construction costs associated with the 
liner and final cover systems. Additional efforts to segregate and selectively remove non-contaminated 
materials during D&D activities along with revision of the current authorized limits to allow disposal of 
wastes containing additional radionuclides at the ORR Landfill could conserve EMDF capacity and 
reduce disposal costs significantly. 

The benefits of project sequencing are apparent from experience at other DOE sites and therefore arc 
inherent in the existing plan for the EMDF. If waste soil is not used as fill material for void space within 
debris material, additional disposal space beyond the EMDF design capacity may be needed. The EMDF 
approach for waste placement must include space allowance for stockpiling waste soil for use as fill 
material to avoid the cost and capacity loss from the usc of excessive amounts of clean fill. 

VR approaches discussed could be cost effective when applied to the Off-site Disposal Alternative 
addressed in this RI/FS. The cost of transportation and off-site disposal exceeds the cost of VR 
processing. Consequently, increasing the bulk density of debris translates directly to a lesser number of 
costly off-site shipments and lower disposal fees for the off-site facilities. 
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Tab!(' B-10. Summary of Volume R"duction Benefits for the EMDF 

Volume Reduction Approach 
Parameter 

Size Reduction Recycling Compaction Sequencing Segregation 

Shredding, cmshing, 
Rl/FS waste volume 
estimate assumes 

and shearing 
Recycling of25% Dnnn compactor virtually nil waste 

Debris is 

Basis 
operations are 

of metal debris used for PPE and soil is used to replace segregated and 
deployed at multiple (44,761 tons) DAW clean fi ll 

diverted to the 
sites as a 

(492,836 yd3 as-
ORR Landfil l. 

programmatic effort. 
disposed) 

SSM for 
$60,000 capital; The cost of 

Cost of method S37.96M characterization 
S260/yd3 

Negligible 
additional facility 

mnterials and chnracterization 
and trnnsportation labor nnd field surveys 

Scenario A:S27.4M 
S9.7M li·01n sale $65.4M (cost Reduced land fill 

Cost savings Scenario I3: S7 1.7M 
and EMDF clenn Sl.8 M avoided through constntction and 
fi ll savings assumed sequencing) operations costs. 

Scenario A: 504,973 
El\IDF capacity yd) 

71,673 yd3 10,3 12 yd.l 492,836 yd3 To be determined 
gained Scenario B: 820,582 

yell 

Increased lmtdti ll 
density with 

Addilional additional capacitf 
potential benefits gain of 69,438 yd ; 

lower equipment 
maintenance costs 

Assumes 
Compnres Rl/FS waste volume ORR landfi ll 

commercial value 
packaging PPE in estimate soil demand constmdion costs 

Additional notes 
of SO.IS/Ib for 

B-25 box to is based on arc sign ifica ntly 

metals 
compaction and successful lower than for 
over-packing sequencing. EMDF. 

) 
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9. CONCLUSIONS AND RECOMMENDATION 

This study indicates substantial benefits are possible if VR efforts are pursued. The pay backs are greatest 
if the overall EMDF capacity gained is equivalent to at least one disposal cell or 416,667 yd3

• If VR is 
performed in combination with efforts to characterize, recycle, and segregate a moderate amount of 
material, EMDF capacity gains could reach the equivalent of two full cells. 

Uncertainty factors such as ftmding, pr~ject sequencing, and contracting could impact the ability to 
implement VR on multiple projects. Potential ways to address the logistics of multiple project 
implementations include: 

• Contract incentives for VR 

• Including VR requirement in WAC of the new EMDF 

• Deploying one VR contractor for multiple projects 

Incorporating VR efiorts (size reduction, recycling, enhanced characterization, and sequencing efforts) in 
project planning and practical field implementation could result in significant cost savings and reduced 
need for disposal capacity. 
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ATTACHMENT A 

VENDOR INQUIRY FORMS AND DATA 

Attachment A to Appendix 8 
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Vendor: SSI Shredding Systems, Wilsonville, Oregon (www.ssiworld.com) 

Equipment Model: PRI-MAX 6000 Primary Reducer and the PRJ-MAX 770 

Applicat ion: Demolition debris including wood, siding, thin gauge metal (up to Y..-inch), roofing, shingles, !lashing, 
conduit sheet metal ductwork with a small fraction of concrete materials 

' ' ) 

Material preparation 
requirements: 

Processing capacity: 

Power 

Maintenance requirements: 

Number of operators: 

Climate limitations: 

Support equipment: 

Budgetmy cost of 
equipment : 

Cost of m:~jor overhaul: 

Typical downt ime%: 

Spncc required: 

Fuel consumption and 
electrical requirements: 

Other: 

Limited by size of hopper only; 224" L x 94"\V x 43" H; 13 .1 yd·1• 

60- 150 tons per hr (I 0-40 tons per hr for the PRI-MAX 770). 

700 HP diesel mobile unit (250 HP for J>RI-MAX 770). 

500 HP electric stat ionary unit. 

Stationary electric uni ts cost about £ I per ton to maintain, including routine 
maintenance, checkouts, hard-f.1cing of cullers, and periodic shaH and cross member 
replacements. Hard-fac ing is usually perlonned once per month and requires two 
mainlemmce operators for two days (32 hrs). 

The operator who loads the Iced can operate the machine remotely, plus whatever 
support is needed to move processed materials away from the machine; estimate 1.25 
operators. 

None 

Excavator dedicated to loading the shredder; conveyor and magnet for separating 
metals: S 150K. 

S 1.2M for complete system (shredder, drive, conveyor, and magnet) on tracks that 
move the equipment along with the progress of the demolition. Recommend having a 
spare shall/culler assembly on hand at $80,000 and I 0 sets of cross members (cutter 
tnble) at $12,000 (lo r 10). For n smaller model, the PRJ-MAX 770, the co~t would 
be $325,000. The cost of cutters nnd cross members would be 50% lower than 
those used for the 6000 model. 

Replacement or rework of shaft; $80K, plus replacement of cross mcmbcrs S 12K; 
required every 2 yenrs if routine hnrd-fncing is perlonned. Assume shaft replacement 
lakes two operntors two days (snme ns bard-lacing). 

Stationary electricn lly driven units are less maintennnee intensive and experience 
about I 0% downtime. Mobile diesel powered unit 's experiences about 25% downtime. 

Feed hopper 224" L x 94"\V x 43" II , plus conveyor and drive engine. 

S 16/hr electric at 7 cents per kW -hr. 

I R gnl!hr diesel fuel or $72/ltr at $4/gnl dicsel. 

Recommends using n concrete cmshcr instead of(or in nudition to) the PRI-M AX if 
the totnl Ji·nction of concrete and masomy is over I 0% of the totnl. Recommended 
Eagle cmsher mam1lac turcr. 
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Vendor: Slu·ed-Tech Corporation, Cambridge Ontario, Canada (www.shred-tech.com) 

Equipment Model: Shred Tech STSOO Transportable Shredder 

Application: Tmck tires, magnesium castings, municipal/industrial waste, pallets, wood waste, copper and steel wire 
d bl I . an ca e, scrap a ummum, etc. 

Material preparation 
requirements: 

Processing capacity: 

Power 

Maintenance requirements: 

Number of operators: 

Climate limitations: 

Support equipment: 

Budgel!lry cost of 
cquipmcnl: 

Cost of major overhaul: 

Typical downtime %: 

Space required: 

Fuel consumption and 
electrical requirements: 

Limited by size of hopper only; 11 5" L x 69"\V x 40" D. 

6-20 tons per hr depending on material. 

500 HP diesel mobile unit. 

Routine cutter maintenance is usually performed once per month and requires two 
maintenance operntors for two days (32 hrs). 

Estimate 1.25 operators. 

None 

Conveyor included in price. Separate excavator would be used to load Iced. 

S I ,032,640 for shredder, drive, and conveyor. 

Replacement or rework of shafi ; assume S40K, 

Mobile diesel powered unit 's experiences about 25% downtime. 

60 n X 8.5 Jl for feed hopper p(US COnVeyor and driVe engine. 

Estimate 12 gal/hr diesel fuel or $48/hr at $4/gal diesel. 
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Vendor: Eagle Cntsher, Galion, Ohio 

Equipment Model: UltraMax I 000-15CV 

A r r •Pil tea 10n: D rr emo 1 1011 concrc c an db. k .• , . f, I I I nc \VI 1 rem orcemen s ee 

Material preparation 
requirements: 

Processing capacity: 

Power 

Maintenance requirements: 

Number of operators: 

Climate I imitations: 

Support equipment: 

Budgetary cost of 
equipment: 

Lease option 

Cost of major overhaul: 

Typical downtime %: 

Space required: 

Fuel consumption and 
electrical requirements: 

Operating cost: 

Other: 

Reduce to 24" cube using excavator. 

Up to 160 tons/hr. 

375 HP with power upgrade to allow the addition of conveyor and screens. 

Routine oil and filter change-outs for drive engine; rotation of wear plates. 

0.5 FTE operator (same operator who leeds with ~:xcavator) . 

None 

Conveyor, screens (if needed to produce a sp~:cilic size material). 

$456,400 (mobile unit including conveyor, magnetic separator, and 175 HP auxiliary 
generator). 

$25,000 per month plus conveyor for $2000 per month. 

Blow bars and wear plates require rotation or replacement periodically. Blow bars 
typically require replacement after every 20,000 tons of processed materia l. Blow bars 
cost $3,300 per set. Wear plates may require rotation or replacement every 80,000 tons 
of material processed. Wear plates cost between $ 100 and $400 each. There arc many 
wear plates, but only about 6 require replacement. Takes about 4 Ju·s to replace blow 
bars, and about I hr to replace or rotate wenr plates. 

80% availability. 

620 111 with conveyor. 

About I 0 gal/hr diesel fltcl. 

$ 1.85 per ton if operated at high production rate (240,000 tons per year); $4 per ton 
when operated by feeding with an excavator. (Includes lite! , maintenance, periodic 
replacement of blow bars and wear plates, and cost of capital). 

Open-circuit allows for product ion of material that docs not have to meet a p<~rlicular 
specific<1tion, <1llows for 90% within <1 pnrticular size range. Closed-circuit opemtion 
produces material within a specified size range using screens. 

Unique teature by Eagle includes uniformly designed wcm plates that can be rotated to 
provide unilonn wearing and extended life. 
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Vendor: Rubble Master 

Equipment Model: R1vll00 (Cmsher) 

A r •PP ICatiOil: D cmo 1t1on concrete ru bbl " ( b e Wit 1 re ar 

Material preparation 
requirements: 

Cost of repairs: 

Number of operators: 

Climate limitations: 

Support equipment: 

Budgetary cost of 
equipment: 

Maintenance requirements: 

Typica l downtime %: 

Space required: 

Cost of operating: 

Fuel consumption nnd 
electricnl requirements: 

Other: 

Reduce size of concrete to 12 - 16 inches to reduce bridging and downtime for 
repositioning. Reduce rebm length to 6 ll ofless. 

Major overhauls start allcr I 000 hrs; you can add $ 0.15 per ton thereafter. 

For example : I 00 tons per Iu· x $ 0.15 pert on x 800 hrs per year= S 12,000.00. 

I FTE Operator and a Mechanic one day per week 

None 

Includes conveyor. 

$500,000 for new machine, used machine at 300 hrs for $460,000. 

Lubrication, grease, minor; air tillers; periodic oil change; etc . 

8% (2 out of 12 Ius); possibly 500- I 000 Ius operations before major overhaul 
needed. 

3o n x 8 n. 

Operating cost for an RM60 is $ 0.20, RM70 is S 0.30, RM80 is S 0.40 and a RM I 00 
is S 0.50 per ton, this includes fuel, wear, oi l, lifters nnd grease. 

5-(i gaVhr diesel, no electrical requirements. 

U.S. distributer: IIMI. 

Attachment A to Appendix B 
5 

) 



) 

Vendor: Harris (equipment company) 

Equipment Model: BSH-30-2225-B Shear 

ApplicatiOn: K-33 Project Supercompactor; stze reducmg 1eavy gauge meta and eqUipment 
Feed preparation Used hand-held plasma cutters and air-arc (arc gouge) cutters to prepare 
requirements: materials for 26' feed box. This was the slow step of the process. The shear 

operators spent a lot of time in stand-by waiting for material to process. Air
arc cutters were much faster than the plasma cutters, but were much louder due 
to the use of compressed air, and also emitted a large shower of sparks during 
operation. This was acceptable for cutting converter vessels because sparks 
were contained within the vessel. Feed box was 26 ft long and throat width 

Maintenance 
requirements: 

Number of operators: 

Installation: 

Support equipment: 

was 5 ft. allowing cut width of 2-5 ft. Longer boxes arc available, up to 40 ft. 
Rotating and replacing knife blades and greasing the equipment and support 
systems occupied 6 personnel in two 12-hr shifts, once per month. There are 
three blades with four cutting edges each. Each blade is about 6 inches thick 
and weighs 900 lb. Three sets of blades are replaced per year at about $10K 
per set (total $30K/yr). The largest maintenance cost was in replacing 
hydraulic fluid pumps due in part to the use of a low flash point fluid (Quinter 
Lubric 822 by Quaker State). There are seven pumps total and they had to be 
replaced twice during the operation at about $15K each (total $21 OK). The 
fluid cost was $20/gal + $6/gal for disposal of contaminated fluid . The fluid 
has to be replaced twice (5 ,000 gal ea. total cost $130K). The type ofpump 
used (piston pump) was used in order to provide a slightly increased cutting 
power for the unit. For a slightly lower power requirement, vane pumps could 
have been used and would have been less expensive to operate. The normally 
used fluid AW46 hydraulic fluid costs about $5/gal. Fluid replacement is 
usually no more frequent than once every 2 years. It can be filtered and re-used 
in the unit for up to I 0 years. 
To operate the shear requires on person at the controls, one person to provide 
feed, and 3 persons to manage the product which involves moving the 
intermodals into place, distributing the product in the intermodal, and 
managing the filled intermodal. Intermodals were frequently punctured during 
loading due to the size, weight, and shape of the metal pieces. The intermodals 
were placed on a stand after filling and patched as necessary. Placing flat 
sheets of metal (waste material) in the bottom of the intermodals prior to 
loading helped reduce punctures. 
About 6 months required to assemble the shear (with a lot of down time due to 
DOE work process). Total weight of all components was about 550-600 tons 
with several components weighing I 00 to 125 tons, others from 35 to 95 tons 
each; about 7 or 8 main components. Unit was assembled by C. Reed Davis. 
Track hoes used to rake/distribute material within intennodals. Intermodals did 
not have full-open lids, making it difficult to distribute material in tile 
container. System included 4 air-cooled oil coolers mounted on roof about 85 
ft above the shear. 
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Budgetary cost of 
equipment: 

Typical downtime %: 

Fuel consumption and 
electrical requirements: 

Other: 

Vendor: Harris (equipment company), continued 

$6,800,000 

25% 

Electricity costs equivalent to about 1,660 horsepower {7) 200 HP main 
motors; (I) 100 HP pilot motor, (4) 25 HP cooler pump motors, (4) 15 HP 
cooler fan motors. 
Mobile units are now available, manuf.1ctmed overseas called Eco Techna. 
Available in diesel or electric powered. Energy Solutions has a machine at their 
facility in Kingston. Cutting power is about 500 to 700 tons compared to 2225 
tons for the K-33 unit. Would not be capable of handling the materials 
processes in the K-33 project. Mobile units are not powerful enough to handle 
the materials processed at K-33. 

Mobile units have a 2 ft throat that would limit ability to fold material. Not 
enough power to fold to get through throat. Much more prep work to feed the 
cutter. Length limit for feed box is 22 ft. long, some smaller, 15-22 fi range. 
Probably could not fold machining equipment such as drill presses, lathes, 
mills, etc. Cast iron for these machines would break and not cut. 

Mobile units typically weigh 80,000 lb or more and are limited to thickness of 
1.5 to 2 inches (without folding). Ton per hr rating should be considered a very 
high end maximum as it is typically limited by the speed required to prepare 
materials for the feed box. For adequate power, recommend 1,100 lb stationary 
machines arc available that can be moved, but would probably require 60 days 
to move in the DOE environment. They require a solid concrete foundation, 
but no piers. Most are diesel powered. Had trouble using these machines for 
cutting aluminum and copper. Aluminum would gall and foul machine moving 
parts and cause them to stick. 
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ATTACHMENT B 

VOLUME REDUCTION PROCESSING COST ESTIMATE 
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Table I. Basis for Size Reduction Cost Estimate 

Basis for Estimate 

Volume (yd3
) Weight (tons) Description 

1,405,030 1, 193,120 Total debris amenable to volume reduction processing, yd3 

Quantity for Proccssin~ 

146,678 106,584 Total for shredding 

450,870 586,191 Totr~l for cmshing 

183,161 87,660 Total for stationary shearing operation r~t Y-12 (54% oftotr~l) 

156,026 74,673 Total for mobile shearing operations (46% oftotr~l) 

936,736 855,048 Overall total for processing 

Table 2. Cost Data for Shredder Opcmtion 

Pam meter 

Manufacturer 

l'vlodel 

Capacity 

Capital Cost 

Transportation and Set11p 

Labor Description 

Labor Cost 

Availability 

Operating hrs 

f-uel 

Maintenance: Hard-facing of 
cutters nnd routine checkout. 

l'vlajor overhaul 

Engineering 

Indirect Costs 

Procurement 

Shredder Summary Infonnntion 

Data Basis 

SSI Shredders 

PRJ-MAX 770 

25 Tons/hr mr~x Br~sed on vendor estimated capacity for C&D waste. 

$325,000 E-mail quote from SSI. 

$20,500 
Assume SSK to transport; SSI tech support for one week 
at S I 00/hr with airfare and per diem ($1 ,500). 

I Operator Operator of the shredder. 

$799,377 $60/hr (operating hrs +downtime). 

75% SSI 

10,658 I 0 tons per hr. 

$277, 117 
6.5 gal/In· diesel 11tel or $26/hr at $4/gal diesel (based on 
direct scaling Jl·mn 700 HP to 250 HP diesel). 

Hard-facing is usually performed once per month and 
requires two maintenance operators for two days (32 s 150,549 hrs); oil/filter change requiring 2 operators for 2 hrs 
every 200 hrs + 1/2 hr/day checkout. 

At full-time operat ions (2000 hr/yr), replacement or 
rework of shan; S40K, plus replacement of cross 
members SSK; required every 2 years if routine hard-

$ 179,600 fltcing is performed. At 4884 hrs total, assume 
overhauled three times during the life of the equipment. 
Assume labor is the same as hard-facing requirement. 
This also includes $35,000 for a major engine overhaul. 

Specillcation development , sizing, capabilities, 
s 10,000 operating lcaturcs; a~sume I 00 hrs at $1 00/hr. 

28% of capital, setup, fuel , maintetwnce, and overhaul 
$285,830 costs. 

Procurement documents, QA inspections, vendor 
$7,500 quali lie at ions, etc.; assume l 00 hrs at $75/hr. 
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Pnramctcr 

Mnnufncturer 

Model 

Capacity 

Capita l Cost (2 units) 

Tronsporlntion nnd Setup 

Labor Description 

Labor Cost 

A vailahility 

Opemling hrs 

Fuel 

Maintcnnncc: Changing oil 
nnd fi llc::rs; rotnlion of wear 
plates. 

Major overhaul 

Engineering 

Indirect Costs 

Procurement 

Table 3. Cost Data for Crusher Operation 

Crusher Summnry Information 

Datn Bnsis 

Eagle Cmsher 

UllmMax 1 000-ISCV 

Product particle size would be 85-90% < 2 inch. Capacity 
ISO tons per hr would be 125 tons/hr lor product size < I inch. 

$9 12,800 Quote from Eagle Cmsher. 

Assume SSK to transp011; Eagle Cntsher tech support lo r 
$22,000 one week at $ 1 00/hr with airfare and per diem ($1,500). 

I Operator Operator of the crusher. 

879, 197 $60/hr (operating hrs + downtime). 

75% Eagle Cmsher 

11 ,723 50 tons per lu'. 

$468,905 I 0 gnllhr diesel fitel or $40/hr nl $4/gal diesel. 

Rotntion of wear plates every 80,000 tons of material 
procc::ssed, requires two mnintenance operators for 4 hrs (8 

$50,356 hrs) + oil!lilter change requiring 2 operators for 2 hrs 
every 200 hrs + 112 hr/day checkout. 

Blow bars typically require replncemenl alter evc::ry 20,000 
tons of processed material. Blow bars cost SJ)OO per set. 
Wear plates may require rotation or replacement every 
80,000 tons of material processed. Wear plates cost 

$ 155,890 between S I 00 and $400 each. There arc many wear plates, 
but only about 6 require replacement. Takes about 4 hrs to 
replace blow bars, and about I hr to replace or rotate wear 
plates. Also includes SJS,OOO for a major engine overhaul. 

Specification development, sizing, capabi lit ies, operating 
$ 10,000 features; assume I 00 hrs at $1 00/hr. 

$482,685 28% of capital, setup, fuel, maintenance, and overhaul 
costs. 

$7,500 
Procurement documents, QA inspections, vendor 
qualifications, etc.; assume I 00 ltrs at $75/hr. 
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Parameter 

Manufacturer 

Model 

Capacity 

Capital Cost (5 units) 

Transportation and Setup 

Labor Description 

Labor Cost 

Avnilability 

Operating hrs 

Fuel 

Maintenance: Changing oil and 
fillers; inspections 

Major overhauls 

Engineering 

Indirec t Costs 

Procurement 

Table 4. Cost Data for Excavator Operation 

Excavator Summa•·y Informa tion 

Data Basis 

Volvo 

20 10 VOLVO ECR235C 

7.5 ton 

Source o f cost info rmation: McAllister Equipment 
Company,. Anticipate needing five excavators at 

$ 1,0 17,500 $203,500 each over the course of the operation. 

Assume $5 K to transport; Volvo tech support lor one 

$52,500 week at S I 00/ltr with airtare nnd per diem ($ I ,500) for 
two units. 

This excavator operator loads cmshed concrete and 

1 Operator 
shredded debris into transport tmcks. There are 
dedicated operators in charge of mnning the crusher 
and shredder. 

2, 157,398 $60/hr (operating lu-s+downtime). 

90% Engineering judgment. 

J2,688 Combined [us for shredder and ems her. 

5 gal/Ju· diesel fitel or $20/hr at $4/gal diesel for !50 
$653,757 II P diesel engine. 

$ 134,8J7 
Oil/filler change requiring 2 operators lo r 2 hrs every 
200 hrs + 1/2 lu'/day checkout. 

$200,000 Five major engine overhauls. 

S2,000 
Specification development , sizing, capabilities, 
operating features; assume 20 lu·s at $ 1 00/Ju. 

$617,578 
30% of capital , setup, fuel, maintenance, and overhaul 
costs. 

Procurement documents, Quality Assurance 
$ 1,500 inspect ions, vendor qualifications, etc.; assume 20 hrs 

at $75/hr. 
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Panuneter 

Manufacturer 

Model 

Rated Capacity 

Capital Cost 

Transportation and Setup 

Lnbor Description 

Labor Cost 

Availability 

Operating Hours 

Utility Costs 

Maintenance 

Enclosure 

Engineering 

Indirect Costs 

Procurement 

Table 5. Cost Datu for Stationary Shear Opc.-ation 

Stationary Shcm· Sunun11ry lnfonn11tion 

Dntn Basis 

Han· is 

BHS-30-1123-13 
30 Tons/hr max (2.75 cuts 15.75 tons per hr based on K-33 shear performance 

per minute at rated (Harris contact) 
thickness) 

$6,850,000 Quote from Harris 

$478,720 
Per HmTis contact, 6 months to assemble lor K-33 
project; assume 6 personnel ond lease of crane. 

One supervisor, one operator for the shear, two 
operators to work with the excavator operator to 

8 personnel manage the feed and product, one maintenance 
technician, one facility manager, and two radiation 
protection technicians. 

$3,562,049 $60/hr (operating hrs + downtime) 

75% Per Hanis contact 

5,566 15.75 tons per hr based on K-33 shear perlonnanee 

$1,011 ,384 
I ,600 l-IP total lor electric motors of shear in addition 
to utility requirements for the containment enclosure 

Rotating and replacing knife blades and greasing the 
equipment and support systems occupies 6 personnel 
in two 12-hr shills, once per month. Three sets of 

$400,51 2 blades are replaced per year at about SIOK per set 
(total $301</yr). Replacing hydraulic lluid (5,000 gal 
per change) every 2 years using A W46 hydraulic fluid 
costs at $5/gal = $12.51</yr. 

This enclosure is designed for contamination control 
$5,033,053 for materials suspected to be rad contaminated at low-

level criteria. The facility cannot ncceplmixed waste. 

$1,236,177 Assume I 0% of total conslntct ion costs. 

$3,609,040 30% of capital, setup, power, and maintenance costs 

Procmement documents, QA inspections, vendor 
$7,500 qualifications, etc.; assume 100 lu·s at $75/hr 
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Pa nuuctcr 

Manufacturer 

Model 

Rated Capacity 

Capital Cost 

Transportation and Setup 

Labor Description 

Labor Cost 

Availability 

Operating hrs 

Electric ity 

Maintenance 

foundntion pnds 

Engineering 

Indirect Costs 

Procurement 

) 

Table 6. Cost Data for Mobile Shear Operation. 

Mobile Shenr Summary Information 

D ata Basis 

Hanis 

GS-11-E-4 SIBIL 

15-40 tons/hr 
15 .75 tons per hr based ou K-33 shear pcrformauce 
(Hanis contact) 

$1,800,000 Budget quote from Han·is 

Assume $5K to deliver; Hanis tech support tor 60 
days at S 100/hr with airfare and per diem($ I ,500). 

$ 1,027,800 
Three operating personnel required in addition to 
Han·is rep. System relocation would occur three times, 
60 days per move, and require the lease of a 80 ton 
crane. 
One supe1visor, one operator lor the shear, two 

4 personnel 
operators to work with the excavator operator to 
manage and package the product. 

$ 1,422,346 $60/hr (operating lu·s +downtime) 

75% Per Han·is contact 

4,74 1 15.75 tons per hr based on K-33 shear perlonuancc 

$ 151 ,300 
1,600 HP total lor electric motors 

Rotating and replacing kn ife blades and greasing the 
equipment and support systems occupied 4 personnel 
in two 12-hr shifis, once per month. Three sets of 

$234 ,036 blades are replaced per year at about $7K per set (tota l 
$2 1 K/yr). Replacing hydraulic lluid (3,700 gal per 
change) every 2 years using A W46 hydraulic lluid 
costs at $5/ga l = $9.25K/yr. It can be filtered andre-
used in the unit lor up to 10 years if necessnry. 
It is nssumcd that the materia ls processed by this shenr 
are primarily non-contaminated st111ctural steel and 

$60,000 
other hcnvy-walled materia ls. Assume three equipment 
pnds at $20tn2 based on PWS project zeolite system 
loundation with overhead and contingency. Assume 
I ,000 ft2 per pad. 

$215,700 Assume I 0% of total constmdion costs. 

$963 ,941 JO% of capital , setup, power, and mnintenancc costs 

Procurement documents, QA inspections, vendor 
$7,500 qualilications, etc.; assume I 00 hrs at $75/hr 
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Table 7. Compiled Cost Data fo1· Size Reduction Operations 

VR Processing Costs 

Cost Element Shredder Crushers (2) Stationary Shear Mobile Shenr Excnvators (5) 

Equipment $325,000 $9 12,800 $6,850,000 $ 1,800,000 

Transportation and Setup $20,500 $21,000 478,720 $ 1,027,800 

Lnbor $799,377 $879, 197 3,562,049 $ 1,422,346 

Fuel $277,117 $468,905 1,011,384 $ 151,300 

Malntcnnnce $330,149 $206,245 400,512 $234,036 

Fncillty NA NA $5,033,053 $60,000 

Engineering $ 10,000 $10,000 1,236,177 $2 15,700 

Indirect Costs $285,830 $4 82,685 \609,040 $963,94 1 

Procurement $7,500 $7,500 7,500 $7,500 

Total cost $2,055,474 $2,988,333 $2 1,566,330 $5,882,623 

Cost pc1· hr, Including 
$ 193 $255 $3,875 $ 1,24 1 

capital 

Yd3 processed 146,678 450,870 183,161 156,026 

Cost/yd3 $ 14.01 $6.63 $ 121.14 $37.70 

Table 8. Summary Volume and Cost Data for VR Operations. 

Item Volume, yd3 

Tolal capilal cosls, including equipmenl, selup, 
facilily, engineering, and procurcmenl cosls 

Tolal operaling cosls 

lndirecl cosls 

Tolal VR cosls 

Volume of debris processed, yd3 936,736 

EMDF capacily ga ined for Scenario A, yd3 504,973 

EMDF capacily gained ll>r Scenario 13, yd 1 820,582 
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Cost 

$ 19,11 0,25 1 

$ 12,888,610 

$5,959,074 

$37,957,934 

$40.52/yd3 

$75.17/ yd3 

$46.26/ yd3 

$ 1,017,500 

$52,500 

$2, 157,398 

$653,757 

$334,837 

NA 

$2,000 

$6 17,578 

$7,500 

$4,843,070 

$ 148 

936,736 

$5.17 
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1. SITE DESCRIPTION 

This Appendix to the Remedial Investigation/Feasibility Study (Rl/FS) describes the regional and detailed 
envirotunental setting of the proposed site for a new disposal facility for waste generated by 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) actions 
on the United States (U.S.) Department of Energy (DOE) Oak Ridge Reservation (ORR). The RifFS 
evaluates alternatives for disposing of most future CERCLA waste expected to be generated during 
enviromnental restoration of the ORR after the existing Environmental Management Waste Management 
Facility (EMWMF) reaches capacity. 

The site description includes regional and site-specific information about geography and physiography, 
land use and demographics, transportation, climate and air quality, geology, soils, hydrogeology, surface 
water, ecologic resources, and historical and cultural resources. The pllllJOSe of this Appendix is to 
provide information regarding the site screening and selection process and to document conditions at the 
proposed Environmental Management Disposal Facility (EMDF) site. 

1.1 REGIONAL GEOGRAPHY AND PHYSIOGRAPHY 

East Tennessee is located in the central portion of the Southem Appalachian physiographic region. The 
region's distinctive terrain is naturally divided into three internally complex physiographic subregions 
based on differences in geology, ecolo&'Y and biodiversity, and a wide range of local climates and soils. 
The ORR is located in the western portion of the Valley and Ridge Physiographic Province, which is 
characterized by a series of parallel narrow, elongated ridges and valleys that follow a northeast-to
southwest trend (Hatcher ct al. 1992). The Valley and Ridge Physiographic Province developed on thick, 
folded and thrust-faulted beds of sedimentmy rock deposited during the Paleozoic era. Thntst faults and 
the long axes of the tilted beds associated with thntst faults control the shapes and orientations of a series 
of long, narrow parallel ridges and intervening valleys. Ten major imbricate tlmtst faults, in which thrust 
sheets overlap somewhat like roof shingles, have been mapped in East Tennessee. Two of these thmst 
sheets, defined by the Copper Ridge and Whiteoak Mountain tlmtst £1ults, traverse the ORR (Lemizski 
2000; Hatcher, et al. 1992). The axes of the ridge-and-valley terrain within the ORR lie approximately 
along an east-northeast- west-southwest axis (G0-240°). Bedrock at the ORR consists of interbedded 
fractured weathered shale and limestone, resulting in significant vertical and horizontal heterogeneity. 
The differing degrees of resistance to erosion of the shales. sandstones, and carbonate rocks that comprise 
the regional bedrock help to determine local relief. Limestone units are extensively weathered to massive 
clay lenses with dispersed residual nodules of limestone bedrock. The more resistant shale has weathered 
to an extensively fractured residuum (saprolite) containing highly interconnected fracture networks. 

There are six continuous ridges and one short ridge on the ORR. From not1h to south the ridges are 
Blackoak, East Fork, a short unnamed ridge, Pine, Chestnut, Haw, and Copper ridges. These ridges are 
separated by (in the same order) East Fork Valley, two unnamed valleys, Bear Creek Valley (BCV), 
Bethel Valley, and Melton Valley. The ground elevations within the ORR ranges from a low of 750 11 
above mean sea level (MSL) along the Clinch River to a high of over I ,300ft MSL on Copper Ridge. The 
topographic relief between valley floors and ridge crests is generally on the order of 300 to 350 11. 

1.2 REGIONAL LAND USE AND DEMOGRAPHICS 

The ORR currently occupies 33,542 acres in Anderson and Roane Counties. The laud on the ORR is used 
for multiple purposes to meet DOE's mission goals and objectives, and approximately one-third of the 
land ( ll ,300 acres) is intensively developed (ORNL 2002) as the East Tennessee Technology Park 
(ETTP), Oak Ridge National Laboratory (ORNL), and the Y -12 National Security Complex (Y -12). Land 
uses near, but outside, the ORR, arc predominantly rural, with agricultural and forest land dominating, 
and urban, mainly represented by the City of Oak Ridge. The residential areas of the city of Oak Ridge 
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that abut the ORR are primarily along the northem and eastern boundaries of the reservation. Some Roane 
County residents have homes adjacent to the westem boundary of the ORR. The Clinch River forms a 
boundmy between Knox County, Loudon County, and portions of Roane County. 

1.2.1 Laud Usc 

Uses of the land area surrounding the developed DOE facilities include safety, security, and emergency 
planning; research and education; cleanup and remediation; environmental regulat01y monitoring; wildlife 
management; biosolids land application; protection of cultural and historic resources; wildland fire 
prevention; land-stewardship activi ties; use and maintenance of reservation infrastmcture; and activities 
in public areas (DOE 2008a). The largest mixed use is biological and ecological research in the Oak 
Ridge Environmental Research Park (ORERP), which encompasses 20,000 acres, the majority of the 
ORR (DOE 20 II a). The ORERP, established in 1980, is used by the nation's scientific community as an 
outdoor laboratory for environmental science research on the impact of human activities on the eastern 
deciduous forest ecosystem. 

BCV is approximately I 0 miles long and extends west from the eastern end of the Y -1 2 industrial area to 
the Clinch River. The BCV Watershed extends from the divide between BCV and Upper East Fork Poplar 
Creek (UEFPC) west to the Bear Creek water gap tlu·ough Pine Ridge. The water gap begins 
approximately where Bear Creek tums northward at State Route (SR) 58/95. 

The BCV Phase I Record of Decision (ROD) (DOE 2000) divides BCV into three zones for the purposes 
of establishing and evaluating performance standards for each zone in terms of resulting land and 
resource uses and residential risks following remediation, as shown in Figure C-1 The proposed EMDF 
site is located in Zone 3, which is a historical waste management area and has designated future land use 
classification of"Controlled Industrial Usc" in the BCV Phase I ROD. 

The candidate site is adjacent to existing waste disposal facilities and the operational area of Y -1 2, and 
will remain under DOE control and within DOE ORR boundaries for the foreseeable fitture. No change in 
the anticipated land use classification is expected to be required if the EMDF is constructed at this site. 

1.2.2 Demographics 

The five counties uearest to the proposed EMDF candidate site, Anderson, Knox, Loudon, Morgan, and 
Ronne, have a total 20 10 census population of 632,079, and over 286,000 housing units. Table C-1 
summarizes basic demographic data for the five-county area. 
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Table C- 1. Total 2010 Populat ion In Five Nearest Counties 

County Population Housing Units 

Anderson 75,129 34,7 17 

Knox 432,226 194,949 

Loudon 48,556 2 1,725 

Morgan 2 1,987 8,920 

Roane 54 ,181 25,716 

TOTALS 632,079 286,027 

Source: U.S. Census Bur.:au, 2010 Census 

Oak Rjdge, the nearest city, has a population of 29,330 (20 I 0 census); of these, 3,059 reside in 
Roane County with the remaining 26,27 1 residing in Anderson County. The proposed EMDF si te lies in 
Roane County census tract 980 I, which has no residential population. Populations of adjoining census 
tracts are provided in Table C-2. Counties and nearby census tracts in vicinity of the proposed EMDF arc 
shown in Figure C-2. 

Table C-2. Population Data for Adjacent Census Tn1ets in 2010 Census 

County Tmct 2010 Population 
% of Population 2010 Total 2010 Occupied 

Under Age 17 Housing Units Housing Units 

201 3,111 22.7 1,794 1,546 

202.0 1 3,670 
Anderson 

21.2 i,691 1,535 

202.02 4,507 i8.9 2,215 2,025 

9801 0 0 0 0 

Roane 980 1 0 0 0 0 

59.06 
Knox 

1,671 23 .8 644 6 17 

59.07 2,970 25.7 1,267 1,153 

Sourct>: U.S. Census Bureau, 2010 Census 
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Figure C-2. Oak Ridge Reservation and Nearby Census Tracts in Vicinity of the Proposed EMDF 
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The number of employees involved in DOE-Oak Ridge Office (ORO) work during 2009 was 13,621. This 
total includes both Federal and contractor employees. The 2009 payroll was $1,067,919,527. 

Employees reside iu over 20 counties, as shown in Figure C-3. Knox, Anderson, and Roane counties 
together hold about 82% of these employees. The top five counties account for 89% of employees and 
92% of the 2009 DOE payroll. Data for the top five counties are provided in Table C-3. 

Tennessee counties 
having I 0 or more ORO 
employees 

Figure C -3. Tennessee Cuunties in Which 10 or More ORO E mployees Li\'ed During 2009 

Table C-3. DOE-ORO Employees and Payroll for the Top Five Counties 

County 2009 Employees 2009 P11yroll 

Knox 5,437 $467,457,10 1 

Anderson 3,357 $259,963 ,826 

Ronne 2,318 S I 63,056,092 

Loudon 706 $53,004,744 

Blount 434 $33.794,209 

Sour,·e : htt p://11 1111 .oakridgc.duc.!!m•/Extcr rrnl/l.irrkCiick.a\px'!liletic:kct 
IW l'l ll u9sDA%3D&tahid 18<J&mid- 746 

1.3 TRANSPORTATION 

The proposed EMDF site bas access via Bear Creek Road to SRs 58 and 95, which connect to I-40 within 
4.5 mi . Note, however, that all waste movement on the ORR for the On-site Disposal Alternative would 
be on non-public controlled-access haul roads constructed specifically for transporting wastes to the 
disposal site. 

1.4 CLIMATE AND AIR QUALITY 

Abundant climate data arc available from the National Oceanic and Atmospheric Administration station 
in Oak Ridge, as well as from ORNL, which operates seven meteorological towers scattered over the 
ORR. 
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1.4.1 Climate 

The Oak Ridge area climate may be broadly classified as humid subtropical (Pan· and Hughes 2006). The 
region receives a surplus of precipitation relative to the calculated amount of evapotranspiration that is 
normally experienced throughout the year. The region experiences warm to hot summers and cool 
winters. 

Annual precipitation averages 52.6 in. water-equivalent, with an average of I 0.4 in. snow 
(hllp://www.orn l.gov/- das/wcb/Normals/30YRNorm.pd0 per year. The wet season occurs from 
November to May, and there is a short dry season from August through October. 

The ORNL Meteorological Program compiles 30-year average and 63-year record temperature aud 
precipitation data. The 30-year average maximum daily temperatures range from a low of 46.9°F in 
January to 88.5°F in July, and the mean annual maximum temperature is 69.6°F 
(http://www.oml.gov/-das/wcb/ Normals/30YRNonn.pd0. The 30-year average minimum temperatures 
vat)' from 28°F in January to 67 .5°F in July (http://www.oml.gov/-das/web/ Normals/30Y RNorm.pdO. 
The mean annual temperah1re is 58.5°F. 

Wind direction is slightly bimodal. The dominant wind direction is from the southwest and winds from 
the northeast form the secondaty wind direction . Figure C-4 provides an amwal wind rose for the Y -12 
West Tower for 10m above ground level; the wind roses from 15m and 60 mare very similar. The Y-12 
West Tower is approximately 0.8 mi northwest of the proposed EMDF site. In essence, the prim my wind 
directions parallel the ridges. 

'l'tl .... , _ .. ....,.. ,.,. -.-:w _ .,._ '' 
• ..,...._...,. m .. wiol, tt r"AU 1." ,'+'1 
O<ll•b-1:- ·tlh 

- ~~ 
~- 0~~·~ 

oo 4~ au 114 ,,. ,_1 ... rt~'~ 

Source: http://11 \\ W .(l i nl.gnv/ da ~lw.:h/pagc7.din 

Figure C-4. Representative Winll Rose Diagram for the Y-12 West Meteorology Tower in 2010 

1.4.2 Air Quality 

The U.S. Environmental Protection Agency (EPA) Office of Air Quality Planning and Standards set 
National Ambient Air Quality Standards (NAAQS) for six criteria pollutants: carbon monoxide (CO), 
carbon dioxide (C01), nitrogen dioxide (N01), sulfur dioxide (S01), ozone (03) , particulate matter with 
aerodynamic diameter less than or equal to 2.5 ~tm (PM2 s), particulate matter with an aerodynamic 
diameter less than or equal to I 0 ~nn in diameter (PM 10) , and lead (Pb). Areas that meet NAAQS limits 
arc classified as attainment areas, while areas that exceed NAAQS for a particular pollutant arc classified 
as nonattainmcnt areas for that pollutant. On March 12, 2008, the EPA promulgated the new ozone 
standard of0.075 parts per million. 
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The ORR located in Anderson and Ronne Counties is part of the Eastern Tennessee-Southwestern 
Virginia Interstate Air Quality Control Region (40 CFR 81.57). The EPA has designated Anderson 
County an 8-hr ozone and PM2.5 non-attninment area. Air quality in the greater Knoxville and Oak Ridge 
area is in attainment for all other criteria pollutants, as defined by NAAQS. 

2. CANDIDATE SITE SCREENING 

The 13 candidate si tes considered for this RJ/FS screening evaluation were selected utilizing previous 
data and information collected during a 1996 DOE site screening study (DOE 1996), the Environmental 
Management Waste Management Facility Rl/FS (DOE 1998) and the 2008 ORR Planning document 
(DOE 2008a). The screening process consisted of candidate site identification, development of screening 
criteria to evaluate the candidate sites, and application of the criteria based on data and information 
gathered during the screening process. The methodology was designed to eliminate sites obviously not 
meeting project requirements early in the process in order to focus more detailed evaluation on only the 
more viable si tes. 

A 1996 DOE site-screening study evaluated 35 sites on the DOE ORR as potential sites for an on-site 
disposal facility (DOE 1996). The EMWMF RifFS pared the original 35 candidate sites down to three 
sites that were carried forward as potentially suitable, including the East BCV (EBCV) (where the 
existing EMWMF is located), West BCV (\VBCV), and White Wing Scrap Yard (\V\VSY) sites 
(DOE 1998). The 13 candidate sites considered for this RifFS screening evaluation include some of the 
sites identified in the 1996 siting study as well as other possible favorable locations. The 2008 ORR 
planning document helped identify potential conflicts in land-use priorities between various DOE mission 
goals and objectives, specifically delineating long term research areas and protected land areas. Table C-4 
lists the 13 candidate sites and indicates the basis for thei r consideration. The site locations are identified 
by number on Figure C-5. 

Screening of the 13 candidate sites was conducted as an iterative process by applying criteria developed 
on the basis of facility design assumptions, available area, topography, regulatory drivers, and other siting 
considerations, including land usc. Table C-5 identifies and briefly describes the preliminary siting 
criteria the candidate si tes were screened against. Use of prqjected waste volumes in conjunction with 
design requirements and assumptions resulted in a minimum threshold requirement for a landfill footprint 
area of 60-70 acres. Topographic constraints on siting were reviewed to determine the suitability of 
candidate sites for disposal facility development. Considered in this evaluation were degree of slope and 
geomorphologic indications of si te stability and soil lbickness. The presence of surf.1cc water features, 
such as streams and wetlands, were a consideration. Candidate sites that presented critical 
construction/engineering obstacles were deferred from further consideration in the preliminmy screening 
phase. The "discussion" column in the table identifies those candidate sites retained, identifies the option 
designs that arc derived from an updated or modified design of another listed option, and why candidnte 
sites were eliminated from further consideration 
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Table C-4. Candidate Sites Identified for the RifFS Screening E \•aluation 

Cnndidntc Site 
. 

Basis for Considemtion 

(I) East IlCV-Option I Adjacent to EMWMF, avoids tributaries 

(2) East DCV -Option 2 
Adjacent to EMWMF, combines Bear Creek Burial Ground (BCBG) 
remedy component with EMDF siting 

(3) East BCV -Option 3 Adjacent to EM\VNlF 

( 4) East BCV -Option 4 Adjacent to EM\VNIF 

(5) East BCV -Option 5 Adjacent to EM\VtvlF 

(6) East BCV -Option 6 
Two separate disposal cells (6a & b), adjacent to EMWMF on west 
and cast, avoids tributaries 

(7) East BCV -Option 7 Two sep<trate disposal cells (7a & b), avoids tributaries 

(8) WBCV Previous waste disposal facility siting study 

(9) WWSY 
Previous waste disposal facility siting study; Adjacent to or sun·otmdcd 
by_ contmninatcd area Waste Area Grouping (\VAG) II 

( I 0) Ches tnut Ridge, east of 
Poss ible favorable location 

Spallation Neutron Source (SNS) 

( II ) West-Central Chestnut Ridge Previous waste disposa l facility sit ing study 

( 12) East Chestnut Ridge 
Previous waste disposal facility siting study; Fanny Knob area , hill 
slope, avoids tributaries 

( 13) Former Breeder Reactor area Possible favorable location 

'Numhcrs in par(nth(S(S correspond to the ar.:as shown on Figure C'-5. 

) 
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Table C-5. Preliminary Screening of Candidate Sites 

Preliminary Screening Criteria 

Candidate site 
Insufficient Unfavorable 

Surface 
Karst 

Discussion 

Area Topography 
Water 

Features Impacts 

(I) East BCV-Option 1 X 
Site eliminated due to unfavorable topography and 
excessive cut and fill. 

(2) East BCV -Option 2 X Carried forward to secondary screening, see Table C-6 

(3) East BCV-Option 3 X Site eliminated. Crosses headwaters of two tributaries 
(NT-2 and NT-3). 

( 4) East BCV -Option 4 X Carried forward to secondary screening, see Table C-6. 

Moditied version of Option 3 design (crosses NT-3 but 
(5) East BCV -Option 5 X avoids direct impacts to NT-2). Carried forward to 

secondary screenioa, see Table C-6 
A modified version of Option 4 design with an additional 

(6) East BCV-Option 6 separate cell to the east. Carried forward to secondary 
screenino, see Table C-6. 

(7) East BCV -Option 7 Carried fonvard to secondary screening, see Table C-6. 

(8) WBCV Carried forward to secondary screening, see Table C-6. 

(9)WWSY Carried forward to secondary screening. see Table C-6. 

(I 0) Chestnut Ridge X X Carried forward to secondary screening, see Table C-6. 

(11) West-Central Chestnut 
X X 

Lack of suitable area for development due to proximity of 
Ridge SNS. Karst features arc present. 

( 12) East Chestnut Ridge X X 
Lack of suitable area for development due to site 
configuration and natural and anthropogenic features. 

( 13) Former Breeder Reactor 
X Carried fonvard to secondary screening, see Table C-6. 

Area 
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The preliminary screening phase reduced the original 13 candidate sites to 9 for further evaluation. The 
remaining candidate sites were evaluated in a second screening phase against a set of modifying criteria. 
As shown in Table C-6, the modifying criteria used for the secondary screening phase were location and 
access, site contamination, buffer zones, land use, and disposal capacity. Modifying criteria were 
designed to defer sites from further consideration only when either multiple criteria combined to render a 
site unf.worable for development or there were particularly significant issues associated with a single 
criterion. These criteria generally represent concems that would need to be addressed for areas carried 
forward as final candidate sites, rather than a basis for elimination. The "discussion" colunm in Table C-6 
identifies the candidate site retained and notes why other sites are eliminated from further consideration. 

Geologic Buffer: Requirements for geologic buffers underlying landfills of the Tew1cssee Department of 
EnviroiUnent and Conservation Waste Management System were not used as a basis to defer candidate 
sites from further evaluation because these buffers can be engineered if they are not naturally occurTing, 
or "equivalent or superior protection" may be employed. The Toxic Substance Control Act of 1976 
geologic buffer requirement was not used as a threshold criterion because, although a buffer of such 
thickness may not reasonably be constnrcted, a waiver of this requirement is considered to be achievable 
on the basis of the design-achieving equivalent protection. Strict application of this requirement in the 
screening phase of the process would result in premature elimination of otherwise viable locations. 

Bear Creek Burial Grounds Remedy Component: Candidate Site Option #2 shown on Figure C-5 
combines a Bear Creek Burial Grounds (BCBG) remedy component with siting of the proposed landfill. 
Constnrction of a new landfill tmder Candidate Site Option #2 would require excavat ion of buried waste 
and residual contaminated soils from several BCBG units including A-North, A-17, and ORP-2 
(see Figure C-6) and would impact a portion of Northern Tributmy (NT)-6. Excavated waste would be 
placed in the new landfill and/or disposed oiTsite. As shown in Table C-6, Candidate Site Option #2 was 
eliminated from further consideration because the presence of buried waste and site contamination present 
sigt1ificant challenges to landfill constnrction. The challenges include concerns about excavation, 
treatment, and disposal of BCBG buried waste and high cost of implementation. 
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Candidate Site Option #2 would be inconsistent with the preferred alternative of hydrologic isolation 
identified in the Proposed Plan for BCBG (DOE 2008b). The preferred altemative (see Figure C-6) 
includes construction of multilayer engineer caps for all previously uncapped BCBG disposal units plus 
one previously capped unit (BCBG C-West), constmction of upgradient stonntlow trenches to intercept 
and dive11 shallow groundwater and surface water run-on, and constmction of downgradient collection 
trenches. Remedial alternatives considered in the BCBG Proposed Plan included partial excavation and 
excavation of the BCBG. Following a CERCLA criteria evaluation, these alternatives were not identified 
as the preferred alternative. While approval and implementation of a BCBG ROD has been deferred, 
potential interim actions that could be implemented to reduce migration of contaminants from BCBG are 
being considered, such as enhanced leachate collection, a component of the preferred alternative 
presented in the BCBG Proposed Plan. 

An on-site treatment f.1cility for treatment of contact water and leachate from the proposed landlill is 
included in the On-site Disposal Alternative (see Sect. 6.2.2. 7 of this Rl/FS). A potential modification to 
the design, construction, and operation of the proposed on-site treatment facility to allow treatment of 
contaminated water from a future BCBG action is described in Sect. 6.2.2.8 of this Rl/FS. A future 
BCBG action would be determined as a separate CERCLA action. 

The secondary screening phase reduced the remaining nine candidate sites to one final candidate site, 
Candidate Site Option #5, that is evaluated as the proposed site for the On-site Disposa l Alternative and 
described in the following section. 

3. PROPOSED ENVIRONlVIENTAL MANAGEMENT DISPOSAL 
FACILITY SITE DESCRIPTION 

The proposed EMDF site location and setting, site geology, groundwater, surface water hydrology, 
conceptual flow model, ecological setting, and cultural resources are described below. 

3.1 LOCATION AND SETTl!'lG 

The proposed EMDF site is located in EBCV adjacent to and east of the existing EM\VMF. East BCV is a 
historical waste management area that contains several closed land disposa l facilities, in addition to the 
currently operating EM\VMF. The proposed EMDF site is on the lower south-facing slopes of Pine Ridge 
and north of Bear Creek and will permanently occupy 60 to 70 acres. 

The site is situated on undeveloped land between NT-3 and NT-2, with the Haul Road marking the 
approximate south boundary, and the north boundmy being on the flank of Pine Ridge. The site is 
approximately I, 100 ft north of Bear Creek at the nearest point. The ctment position of the Y -1 2 security 
boundmy "blue line" is roughly coincident with the west edge of the conceptual EMDF footprint (see 
Figure 6-2 in Chapter 6 of this Rl/FS). 
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Table C--6. Secondary Screening of Cand idate Sites 

Secondary Screening C riteria 

Candidate Site Location 
Site Buffer Land Disposal Discussion 

and 
Access 

Contamination Zones Use Capacity 

Site eliminated. Presence of buried waste and site 
(2) East BCV -Option 2 X X contamination present significant challenges to facility 

construction. 

(4) East BCV-Option 4 X X 
Site eliminated. Concern about adequate disposal capacity 
and shallow groundwater table south of the Haul Road. 

Pr oposed candidate s ite. Site is located in BCV 
(5) East BCV-Option 5 Watershed Zone 3 designated for future controlled 

industrial use. 
Site eliminated. Concern about adequate disposal capacity. 

(6) East BCV-Option 6 X X Two separate cells increase design, construction. and 
operations cost 
Site eliminated. Adequate disposal capacity could 
potentially be achieved using two separate cells. Separate 

(7) East BCV -Option 7 X X X 
cells increase design. construction. and operations cost. 
Site is located in BCV Watershed Zone 2 designated for 
future recreational land usc (short-term) and unrestricted 
land usc (lon!!.-tcrm). 

(8) WBCV X X 
Site eliminated. Site is located in BCV Watershed Zone I 
designated for future unrestricted land use. 

(9) WWSY X X 
Site eliminated. Site is located in an area designated for 
future unrestricted land use. 

(10) Chestnut Ridge X 
Site eJjminatcd. Located in the Walker Branch Watershed 
Research area. a long-term ecological research area. 

Site eliminated. Concern about proximity to the Clinch 
(13) Former Breeder Reactor area X X X River. Site is located on karst bedrock and outside the 

DOE-ORR boundary. 
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J.l.l Current And Former Land Usc 

As stated in Sect. 2 of this appendix, the proposed EMDF site is located in BCV Watershed Zone 3, 
designated for futme controlled industrial use. The proposed EMDF site is heavily wooded and shows 
little indication of anthropogenic alterations. There are no current operations at the site. 

Review of the U.S. Geographic Services (USGS) 7.5-minute quadrangle maps for the Bethel Valley 
Quadrangle for 1935, 1941, 1953, 1968, 1989, and 1998, shown in Figure C-7, indicate that much of the 
site has been wooded throughout the period. The 1935 map shows a rectilinear clearing that extended up 
the nank of Pine Ridge near NT-3, the tuming northwest parallel to the ridge crest until it joined with a 
large cleared area east of NT -2 . Two presumably residential or farm stmctures are south of the site near 
Bear Creek. Other than drives from Bear Creek Road to the structmes, no roads or !Tails are shown for the 
area. By 194 I, much of the rectilinear cleared area bad become forested, although the large cleared area 
east of NT-2 had expanded across NT-2. The core wooded area remained wooded throughout the entire 
period. 

By 1953, the rectilinear clearing was entirely wooded, as was much of the open area east of NT -2. The 
flatter areas nearer to Bear Creek remained open, and the stmcturcs were no longer evident. (DuVall and 
Souza [ 1996] indicate that there was little remaining indication of a structure at one of these sites wheu 
they surveyed it in the 1990s). Reforestation of the area continued, so that by I 968, the entire candidate 
area was again covered, except for two power line rights of way. The forested area has remained 
essentially constant since 1968. except that the north trending power line track disappeared. Based on this 
review, it appears that much of the candidate site remained forested from I 968 to I 998, except for some 
apparent agricultural clearing. It does not appear from map reviews that any industrial activities beyond 
iustallation and maintenance of a power line occurred in the area of the proposed EMDF site. 

Figure C-7. Historical Map Progression for the Cnndidntc Site 

3.1.2 Local Demographics 

The nearest resident is approximately 0.84 mi north of the proposed EMDF site, and a larger residential 
subdivision is about 1.1 mi to the northwest. Figure C-8 shows these residential locations. 
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Figure C-8. Di~tance to Nearest Residents from the Proposed EMDF 

3.2 SITE GEOLOGY 

The proposed EMDF site topography and geomorphology, stratigraphy, and geologic structure arc 
discussed below. 

3.2.1 Topography and Geomorphology 

This discussion of site topography and geomorvhology are based primarily on Lietzke, et al. ( 1988), who 
reported on an intensive investigation of the WBCV site for the Low-Level Waste Disposal Development 
and Demonstration Program. Additional geologic data and intervretations for the EBCV disposal area are 
from Bechtel National, Inc. (BNI) ( 1984) and the BCV RI (DOE 1997). The WBCV and EMDF sites 
share common geology, hydrologic and geomorphic history, and hydrogeology, such that the Lietzke et 
al. ( 1988) findings, wllile differing in specifics, can be generally applied to the proposed EMDF si te. 

The proposed EMDF site, like the WBCV site, is on the south flank of Pine Ridge. Pine Ridge is 
underlain by the Rome Formation and lower units of the Conasauga Group, and has a vel)' steep scarp 
(north-facing) slope, and a concave, very steep (- 30° or 1 :2) to moderately steep (< 15° or I :4) dip 
(south-f.1cing) slope, and saw-tooth crest line. The dip slope is broken by a series of lower elevation 
knolls formed on harder rock units in the lower Maryville Limestone. 

The geomorphic histmy of BCV is characterized by slow structural uplift, downward erosion, and 
sedimentation of colluvium and alluvium that extends for millions of years. Though the genera l landforms 
of East Tennessee have remained relatively constant for millions of years, the present-day land surf.1cc 
has been affected by changes caused by human activity (farming and associated erosion) and changes 
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related to the dramatic climate fluctuatious of the Pleistocene Epoch. These fluctuations, and the advent 
of fanning in Anderson County sometime after about 1795, resul!ed in periods of increased erosion and 
deposition (Leitzke, et al 1988). 

The current geomorphic surface is stable. Slopes on the south flank of Pine Ridge arc concave. Upper 
slopes feature sharp interfluves separated by deep, steep-sided ravines and zero-order and first order 
stream valleys organized in a trellis pattem with typical dip slopes. Valleys coalesce and open on lower 
slopes to form broad bowl-shaped valleys drained by first and second-order streams. Streams are 
moderately incised at the apparent boundary between the Rogersville Shale and the Maryvi lle Limestone. 
There is no visible evidence of recent mass movement in the area. There are no indications of sink-holes 
or other surface features related to karst tenain. 

A discontinuous subsidiary ridge, apparently supported by resistant beds in the Maryville Limestone, 
parallels the main spine of Pine Ridge. This subsidiary ridge exhibits the same features as the main ridge. 

Extensive colluvium was noted along the base of Pine Ridge at the \VBCV site, and can be expected also 
to be present at the EMDF site. Alluvium is not expected to be a major component of surficial materials 
along the uorth tributaries. 

3.2.2 Stratigraphy 

The site is underlain by rock units of the Middle Cambrian Conasauga Group, consisting primarily of 
moderately to steeply dipping, weakly resistant calcareous shales, mudstones, siltstones and limestones. 
The Conasauga Group is overlain by the Knox Group and underlain by the Rome Formation. Figures C-9 
and C-1 0 provide a geologic map and representative cross-section for the site, respectively. 

Unless otherwise noted, the material presented iu the following sections about stratigraphy has been 
adapted from Hatcher, et a!. ( 1992), Lemizski (2000), Lietzke, et al. ( 1988), and the BCV Rl (DOE 1997). 

3.2.2.1 Rome Formation 

The Rome Formation underlies the Pumpki11 Valley Shale and forms the crest of Piue Ridge. The lower 
Rome Formation is dominantly variegated maroon to yellow-brown or green micaceous fissile shale with 
thin interbeds of gray clayey limestones and dolomites. 

The upper units of the Rome Fonnation consist of interbedded maroon sandstone, siltstone, and shale. A 
dolomite bed , present on the Copper Creek thrust sheet and elsewhere in East Tennessee, is not present on 
the White Oak Mountain tlmtst sheet tillderlying the proposed EMDF site. The upper Rome Formation is 
characterized by greenish-gray, yellow-brown, and olive-green sandstones, interbedded with maroon 
medium grained quartzose sandstones and siltstones. Glauconite occurs occasionally, and ripple bedding, 
cross-bedding, biotmbation, fl aser bedding, and mud cracks suggest deposition in relatively shallow 
waters. Shale interbeds are variegated olive green, light brown, and maroon, and are thin-bedded. Massive 
dolomite units with interbedded dolomitic sandstones also occur within the Rome Formation. The 
boundary of the Rome Formation with the overlying Pumpkin Valley Shale is marked at the top of the 
uppermost massive to laminar gray-green sandstone in the Rome Formation. 
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3.2.2.2 Conasauga Group 

The Conasauga Group in BCV consists of the Pumpkin Valley Shale, Rutledge Limestone, Rogersville 
Shale, Mmyville Limestone, Nolichucky Shale, and Maynardville Limestone (Lemizski 2000; Hatcher, 
et al., 1992). 

3.2.2.2.1 Pumpkin V111ley Slwle 

The Pumpkin Valley Shale is a 295 to 360 ft (90 to 109 m) thick maroon, red-brown, to gray mudstone 
and shale interbedded with siltstone. Glauconite is common to abundant throughout, and biottu·bation is 
pronounced in some beds. The lower Pumpkin Valley Shale is composed of maroon-brown to gray and 
gray-green thin-bedded to massive highly bioturbated siltstone and mudstone. Glauconite is abundant in 
the bioturbated layers. 

The upper Pumpkin Valley Shale is composed of reddish-brown, reddish-gray, and gray mudstone and 
shale interbedded with siltstone. Siltstone layers contain abundant glauconite, and is locally cross-bedded. 

3.2.2.2.2 Rutledge Lime.ftone 

In the vicinity of the ORR, the Rutledge is a dominantly clastic with limestone interbeds varying in 
thickness from 70 ft to 160 ft (21 to 48 m). The base is marked by three limestone beds separated by 
maroon shale and mudstone approximately 20 ft (6 m) thick. The remaining thickness of the Rutledge 
consists of light gray micritic to coarsely ctystalline thin to medium bedded limestone interbedded with 
dark gray and maroon shales. Limestone beds are bioturbated and non-fossiliferous. Individual beds range 
from 2 to 5 ft (0.6 to 1.5 m) thick. The upper contact with the Rogersville Shale is abrupt. 

3.2.2.2.3 Rogersville Slw/c 

The Rogersville Shale is a massive to vety thinly bedded mudstone with siltstone interbeds. It varies from 
70 to about 120 f\ (21 to 36 m) in thickness on the ORR. The lower part dark gray mudstone with some 
maroon shale in the lower part. Siltstone interbeds are glauconitic, gray to gray-green, wavy to lenticular, 
and exhibit cross-bedding. Siltstone textures fine upwards in graded bedding sequences, and the bases of 
siltstone layers may show erosional scour marks and biottu·bation. According to Hatcher, et al. (1992), a 
I to 2 ft glauconitic limestone bed may be present in the lower Rogersville Shale. 

The upper Rogersville is composed of maroon shale containing thin(< I in. thick) partings of wavy, light 
gray siltstone or clayey limestone lenses. These are often associated with glauconite laminae. The top of 
the Rogersville is marked by reddish, thick-bedded to massive 3 to 6 ft (I -2m) thick mudstone. 

3.2.2.2.4 Jl1myJ'illc Limc'stone 

The Maryville Limestone on the ORR is informally subdivided into upper and lower units, and its total 
thickness ranges from 3 10 to 520 ft (95 to 158 m). Lee and Ketelle (1989) report that the Maryville 
Formation at the West Bear Creek Valley st11dy site is 430 ft thick (down-hole depth, uncorrected for 
structural dip). The lower unit consists of calcareous mudstones with thjn, even to wavy interbeds of 
calcareous siltstones and oolitic or peloidal calcarenites that occur in I to 2-in thick upward-coarsening 
cycles, with mudstones at the base and oolitic beds at the top. Glauconjte is present near the tops of some 
thin limestone beds (Lee and Ketelle 1989). Upward coarsening sequences are highly variable, and the 
oolitic cap may be missing from individual sequences. Individual beds witllin the coarsening upward 
sequences may exhibit upward-lining textures; the top of the sequence often terminates abruptly. The 
lower unit contains several limestone beds ranging from 20 to 40 ft (6 to 12 m) thick. The lower tmit of 
the Maryville Limestone underlies a discontinuous subsidiary ridge on the south flank of Pine Ridge. 
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The upper unit of the l'vlaryville Limestone contains abundant intraclastic flat limestone pebble 
conglomerate beds. Beds are medium gray and range from thinly bedded to medium bedded. lntraclastic 
conglomerates are separated by beds of siltstone, mudstone, and shale. Siltstones are gray to gray-green, 
locally calcareous, and thinly bedded to laminated. Mudstones and shales are dark gray to black, locally 
calcareous, and thin to medium bedded. 

Thin maroon shales occur in both the lowermost and uppermost section of the Maryville Limestone, 
suggesting gradational transitions. The contact between the Maryville and Nolichucky is gradational, 
recognized by increased shale and decreased limestone beds. The Mmyville Limestone contains more 
shale than the Nolichucky Shale in EBCV. 

Maryville bedrock weathers to form a strongly weathered saprolite with translocated clay layers and iron 
and manganese staining. Differential weathering leads to formation of an irregular bedrock surface. Logs 
of borings drilled into the Maryville Formation presented in MACTEC (2003, boring H-2) and BNI 
( 1984, wells GW-24, -25, -27, -31, -32, -33, and -38) indicate that weathered Maryville saprolite extends 
from 25 to over 50 ft below grade. A review of these logs suggests that the average depth to competent 
bedrock is in the 28 to 32 ft range. However, the l'vi.ACTEC (2003) H-2 boring log noted severe 
weathering in some Maryville Formation shale beds at depths of 66 to 79 ft below grade, while limestone 
and calcareous shale beds above and below this zone were unweathered. Figure C- 1 I shows bedrock 
topography in tbe EBCV area. 

3.2.1.1S Nolic/mc/~J' Shale 

The Nolichudty Shale is dominantly a dark gray to black fissile massive shale with substantial 
interbedded carbonates, mainly dolomite and limestones. Intraclastic carbonates are common in the lower 
Nolichucky. The middle portion of the Nolichucky contains oolitic packstone and grainstone. The upper 
Nolichucky Shale grades from oo litic limestones to mudstones, to fossiliferous and peloidal packstones 
and wackstoncs and gray calcareous shales. Individual beds arc sharply delineated, and in the mudstones, 
exhibit soft-sediment deformation features. Algal structures are also present in the upper Nolichucky 
Shale. The contact between the Nolichucky Shale and Maryville Formation is gradational. The clay 
fraction of Nolichucky shales is dominated by illite clay, with lesser amounts of chlorite and kaolinite 
(Dreisc, 2002). 

Fractures arc the dominant macropores in the saprolite (Driese 200 I). Two sets of fractures, one parallel 
to bedding and the second normal to bedding, arc present in the saprolite. Illuviated pedogenic clays 
commonly partially to completely fill the fractures. Iron-manganese deposits arc also co1mnon fracture 
filling materials in the Nolichucky saprolite. Some fractures contain illuviated sand to pebble sized 
fillings deposited by water moving downward through the saprolite (Dreise 200 I. Most of the fracture 
fi lling clays and iron-manganese coatings occur in the interval between I and 3 ft below grade, which 
corresponds to a zone of low hydraulic conductivity. 

Nolichucky Sha le saprolite is brown to olive, acidic, and has a relatively low iron and carbonate content. 
Saprolite extends to considerable depth due to water penetration along joints and fractures . ln contrast 
with unweathered Nolichucky clays, saprolite clays arc dominantly smectite-chlorite and venniculite; this 
difference is the result ofpedogcnctic remineralization (Driese, ct al. 2001). Depth to competent bedrock 
is highly variable and gradational, but appears to range from 5 ft to over 50 ft. Numerous boriug logs note 
that the shnle becomes increasingly harder and shows less weathering wit11 depth. 
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3.1.2.2.6 M;~J'JIIInlville Limt'Jtouc 

The Maynardville Limestone is a thin-bedded to massive limestone, non-cherty and dolomitic in the 
upper beds, and containing a few shale partings. Hatcher, ct al (1992) indicates that thickness varies from 
260 fl (79 m) to 415 ft (127 m), while the 1996 siting st11dy (DOE 1996) indicates a thickness of 328 fl 
(I 00 m) to 360 ft (II 0 m) for the East Bear Creek area. The Maynardvi lie Limestone is subdivided into a 
basal unit, the Low Hollow Member, and an upper unit, the Chances Branch Member. 

The Low Hollow Member is characterized by evenly thin-bedded to massive fine to medium grained 
dolomitic calcarenite with interbeds of oolitic calcarenite and intermittent shale partings. The massive 
lower beds of the Low Hollow Member contain abundant stylolites, while oolitic beds are more conunon 
near the top of the sequence. 

The Chances Branch Member consists of thin- to medium-bedded tan to light gray dolomite, thin-bedded 
dolomitic calcarenite and micrite, and oolitic calcarenite. The top of the Chances Branch Member is 
marked by thin- to thick-bedded dolomite and dolomitic calcirudite with evidence of bioturbation. 

Residuum formed on the Maynardville is saprolitic (i.e., retains sedimentary and structmal features, such 
as beds and fractures), deeply weathered (>5 IV 1.5m to competent rock) and clay-rich near the 
Maynardville - Nolichucky contact, but thill11er (± 3 fl/lm to competent rock) near Bear Creek due to 
erosion. Pinnacles and ledges nrc common within the weathered Maynardville residuum. Soils developed 
on Maynardville parent materials exhibit a strongly marked, sticky B1 (clay) horizon. 

3.2.2.3 Knox Group 

The Knox Group is the principal aquifer system on the ORR, and consists of five dolomite fonnations. 
Only the Copper Ridge Dolomite, the basal unit of the Knox Group, is described here because it fom1s the 
south side of BCV. 

The Upper Cambrian Copper Ridge Dolomite is 800 to 1,100 ft (250 to 350 m) thick and consists of 
massively bedded cherty dolomite characterized by brownish-gray medium to coarsely crystalline 
dark-brownish gray dolomite that has a petroleum-like odor ou freshly exposed surfaces. The upper 
portion of the Copper Ridge Dolomite is medium to light grey, becomes more fine-grained and more 
thick-bedded. Nodular, bedded, and oolitic chert (a type of quartz) become increasingly common in the 
upper Copper Ridge, as do thin siliceous sandstone beds. 

3.2.3 Geologic Structure 

The EMDF candidate site is located in the upper plate of the Whiteoak Mountain thrust f.·mlt, au imbricate 
fault with surface traces surfacing on the northeast side of Pine Ridge in Gamble Valley and McNew 
Hollow, as shown in Figure C-1 0. The Whiteoak Mountain Thrust was formed during the Taconic 
Orogeny 245 to 470 million years ago (middle to late Paleozoic Period). 

Lee and Ketelle ( 1989) observed that small and intermediate-scale structural features, such as drag folds 
and high angle shears are ubiquitous in Conasauga Group units. Deformational features were well 
developed in the heterogeneous thin to medium bedded units in the Nolichucky and Maryville 
Formations, and least well developed in the more homogeneous units, such as the Rogersville, Rutledge, 
and Pumpkin Valley Fonnations. 

Lee nne! Ketellc ( 1989) were able to correlate one deformational zone in several wells in the WBCV area. 
This feature is characterized by extensive drag folds, gouge and shear fractures in the upper Maryville 
Limestone and lower Nolichucky Shale. The geometry of these features suggest they are boudinage, a 
stmctmal feature that relates to rock extension (Fossen 20 I 0). 
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Thrust f.1ults result in repetitive sequences of strata, so that many Conasuaga Group units, for example, 
appear in Melton aud Bear Creek Valleys, and again in Poplar Creek Valley northwest of Blackoak 
Ridge. Bedding plane orientations measured in Rome Group exposures on Pine Ridge near the EMDF site 
strike approximately N55°E and dip to the southeast. Dip angles in the vicinity of the proposed EMDF 
range from 33 o to 62 o , averaging about46° , as measured in outcrops ou Piue Ridge (Lemiszski 2000). 

Smaller high-angle reverse and normal faults and extensive fracture systems may be associated with the 
stress adjustments that result from more or less brittle rock sliding over other rock. Rothschild, et al. 
( 1984) noted that tear faults oriented perpendicular to regional thntst faults were identified in Conasauga 
Group rocks near the Hydrofi·acturc Facility in Melton Valley. Rothschild, ct al. ( 1984) also indicated that 
four possible tear faults had been located at Solid Waste Storage Area 7 in Melton Valley. Lemizski 
( 1995) mapped several relatively short normal (tensional) and thrust (compressional) faults associated 
with folding at the ETTP site. Dreier and Koerber ( 1990) and King and Haase ( 1987) identified cross
cutting tear faults in Bear Creek Valley and Pine Ridge based on ridge crest offsets and subsurface data. 
Many of these ridge offsets are coincident with valleys on the flank of Pine Ridge, and King and Haase 
(1987) show a possible fault crossing through the proposed EMDF site, apparently on the basis of 
lineation of ridge off-sets. Evidence of faulting observed in bedrock cores includes slickensides, striations 
created by rocks sliding against rocks, that was noted in cores from the Maryville and Nolichucky 
Formation shales in the main plant area (MACTEC 2003) and from the BCBG area (BNI 1984). A 
number of core logs describe brecciated and gouge zones (BNI 1984 ), indicating possible fault zones. 
Hatcher, et al. ( 1992) interpreted these ridge-crest offsets as indications of folding related to detached 
blocks (horses) underlying the thrust sheet. Lee and Ketelle ( 1989) expressly examined the possibility that 
a tear fault controlled the location of NT-15 at the WBCV site by evaluating core and boring data and 
trenching through saprolite at the Maryville Limestone - Rogersville Shale contact. They found no 
evidence of a tear fault or other high-angle fault at that location, and concluded that the location ofNT-15 
and other streams on the flank of Pine Ridge is related to regional joints or fi·actures. No confirmed 
high-angle faults arc mapped in the BCV. Moore (1988) noted the presence of a few high angle faults 
near ORNL, but tentatively concluded that " .. . groundwater conduits can occur along and ncar faults . . 
. but that such features are uncommon and may be rare." 

There is no evidence of active, seismically capable faults in the Valley and Ridge physiographic province 
or within the rocks under where the ORR is located. As defined in I 0 CFR I 00, Appendix A, a 
seismically capable fault is one that has had movement at or near the ground surface at least once within 
the past 35,000 years, or recurrent movement within the past 500,000 years. The nearest capable faults arc 
approximately 300 mi northwest in the New Madrid (Reelfoot Rift) Fault Zone (DOE 20lla). Historical 
earthquakes occurring in the Valley and Ridge are not attributable to fault structures in underlying 
sedimentary rocks, but rather occur at depth in basement rock. 

The multiple episodes of tectonism and structural deformation in the Valley and Ridge have resulted in 
the formation complex systems of fractmes (Hatcher, et al., 1992) in ORR bedrock. A fracture, or joint, is 
any essentially planar parting or discontinuity in rock, and occm in all of the lithologies found on the 
ORR. Fractures arc distinguished from faults in that little or no actual movement occurs on fractures. 
Bedrock under the ORR typically has very low effective matrix porosity, and for this reason , fractures are 
of primaty importance in groundwater occmrence and movement, as will be discussed in more detail in 
the fo llowing sections. 

The fracture systems on the ORR are the result of multiple tectonic events, stress relief resulting from 
erosional removal of rocks reducing vertical compression ou underlying rocks, and from lithology 
discontinuities across bedding planes. Two orthogonal sets plus a set parallel to bedding planes, 
illustrated in the top diagram of Figure C-12, arc common throughout the ORR. 
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Two Fracture Sets 

Flgur<· C-12. Increasing Complexity Atltlctl hy 
l\lultlplc Fracture Sets 

One major fractme set consists of bedding planes 
which dip to the southeast and strike northeast to 
southwest. Two additional sets are more or less vertical 
and trend northwest to southeast, parallel to strike, and 
northwest to southeast, parallel to dip. Other fracture 
systems that have been documented on the ORR trend 
east northeast to west southwest (Lemizski l99S; BNI 
1984) or north-south and north-northwest (Moore and 
Toran 1992). Lee and Ketellc ( 1989) noted that 
fracturing is ubiquitous throughout Conasauga Group 
rocks at the WBCV site, reporting two major fracture 
orientations. One set trends northwest to southeast, with 
dips in the I 0° to 30° range to the east. The second set 
exhibits highly variable orientation, but trends roughly 
north-south and dips so to S0° to the west. Bedding 
planes are oriented n011hcast to southwest with dips 
ranging from 10° to - 70° to the southeast. Sledz and 
Huff ( 1981) and Rothschild, et at. ( 1984) also noted 
that fracture systems in the Conasauga Group in Bear 
Creek Valley were more complex than those in Melton 
Valley, reflecting multiple phases of deformation. 
Rothschild, et al. ( 1984) suggests that a north - south 
fracture set, possibly related to shear forces, is common 
to Conasauga rocks in both Bear Creek and Melton 
Valley. 

Regional fracture systems formed by large-scale 
regional deformational stresses may be over-printed with smaller-scale local fracture systems related to 
folds and faults, which add complexity to the fracture systems. In some areas three and even four 
orthogonal fracture sets may be present, together with bedding planes, as illustrated in the lower two 
diagrams of Figure C-12. 

Moore and Young (1992) used subsurface flow meters to determine fracture density and conductivity in 
Bethel and Bear Creek Valleys. Their data show that fractures > 1.2 m long occur mainly within the upper 
6.1 m of the saturated zone, whereas fhctures < 1.2 m long occur both near the water table and at deeper 
levels. The shorter fractures (6S% of the total) have dips of 4S0 to 82° and probably transmit water chjefly 
toward cross-cutting tributary streams. The longer fractures (3S% of the total) have dips of >82° and 
probably transmit groundwater downslope toward main-valley streams. The thickness of bedrock matrix 
intervals in the flow meter su1veys show tltat orthogonal fracture spacing is about O.IS - 0.73 m and the 
steeply dipping fractures apparently have the closest spacings. Further, they corroborate the notion that 
the most conductive zone is near the water table. 

Fractures may terminate at changes in lithology (e.g., at bedding planes), changes in bed thickness, at 
intersections between different fracture systems, nnd other discontinuities (e.g., stylolites in carbonates or 
fault planes, or by simply ending. Orthogonal terminntions may be at acute angles or nearly 
perpendicular. The combination of two orthogonal sets of fractures and bedding plane fractures break the 
host rock into rectilinear blocks (Lemizski 199S; Solomon et al. 1992). Additional over-printed fracture 
sets reduce overall block size and shape. 
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3.3 GROUNDWATER 

All geologic units underlying the ORR are water-bearing to some degree, although the ability of some 
u11its to produce water at useful rates is poor. The Knox Group has been termed an aquifer because it is 
capable of sustaining the high production rates needed for residential, farm, and industrial usc. The 
Maynardville Limestone is often lumped with the Knox Group aquifer (Hatcher, et al. 1992) because it 
can sustain useful production rates. Brahana, et al. ( 1986) note that the Knox Group is the most important 
aquifer in East Tennessee. 

The remaining geologic units under the ORR have been termed aquitards, meaning that they contain 
water, but have less capacity for transmitting water than do aquifers. This is not to say that groundwater 
does not exist in these units, but that these units do not yield water in the quantities normally needed for 
most water production wells. However, DeBuchananne and Richardson ( 1956) and Brahana, et al. (1986) 
note that these aquitards are tapped for residential and other uses throughout East Temtessee, and that 
units of the Conasauga Group commonly yield from several gallons per minute (gpm) to as much as 
200 gpm from cavities. 

3.3.1 Aquifer Characteristics 

Groundwater occurs in three types of pores on the ORR: rock matrix, fractures, and cavities or conduits. 
Porosity is defined as void space in an otherwise solid material, in this case, rock. The volume of pore 
space is generally given as a percent of the bulk rock. Pores can contain water or gases, and if 
interconnected with other pores, can transmit fluids under the influence of gravity or induced pressure. 
Effective porosity is a measure, as a percent of the bulk rock, of how well the pores arc intercotmected. 
Rock with high porosity but low effective porosity transmit fluids poorly. 

Worthington (2007), among others, points out that in carbonate aquifers, matrix pores provide long-term 
storage of water (and contaminants), but little flow; condtdts provide rapid flow but little storage, and 
fractures provide both storage and flow. 

3.3.1.1 Matrix 

Matrix porosity is composed of small voids in the rock that may or may not be well enough 
interconnected to allow water to flow. Matrix porosity is generally an original feature of sedimentary 
rocks, but can be modified by post-depositional physical and chemical changes. There are conflicting 
interpretation regarding the ability of matrix pores to contribute to flow, and most indicate that they do 
not contribute significantly to flow. However, their ability to absorb and release contaminants make them 
both reservoirs and sources in contaminated environments. 

Matrix porosity of the soil and residuum over Conasauga Group rock units ranges from 30% to 50%, 
typical of clayey materials (Driese, et at. 20()1 ; Solomon, et al. 1992, Moore 1988). Moore ( 1988, 1989) 
indicates that specific yield, the amount of water that will drain under gravity alone, is only about I 0%, 
but further states that effective porosity is only 0.2%. Conversely, Dorch, et al. (1996) reported effective 
porosity ranged from 26.8% to 39% for weathered Nolichucky Shale saprolite, and that the proportion of 
effective porosity decreased with depth, in tandem with a decrease in the degree of weathering. 

Much of the effective porosity in very shallow soil and residuum is due to outside influences, for 
example, plant roots and animal or insect burrows. These large aperture pores, termed mcsopores, 
compose only about 0.2 % of the soil volume, but account for over 90% of flow in the storm-flow zone 
(Solomon, et al. 1992; Moore 1989). 

Moore and Toran (1996) note that data from the Joy-1 core hole indicates that total porosity in 
unweathered bedrock is unrelated to depth . Goldstrand, et al. ( 1995) documents matrix porosities in the 
Maynardville Limestone ranging from 0.1% to as high as 7% where diagenetic processes dissolved 
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gypsum and anhydrite nodules and replaced of dolomite with calcite. Some vuggy and fenestral porosity 
was associated with stromatolites. Goldstrnnd, et a!. ( 1995) reported that matrix porosity decreased with 
depth. 

Worthington and Ford (2009) found that matrix porosity in selected carbonate rocks varied from 
- I% to - 40%, but associated hydraulic conductivity ranged from I o·~ to I o·•• m/s (I o·2 - I o·9 culls). 

3.3.1.2 Fractures 

The majority of groundwater flow on the ORR occurs in fractures (Solomon et al. 1992; Moore 1988). 
Overall, fracture spacing and density was found to be highly complex and anisotropic, because some 
frnctme sets and orientations are more well developed than others. Sledz and Huff ( 1981) auemptcd, 
without success, to use linear regression to find relationships between fracture length, density, lithology, 
and bed thickness. Resulls indicated little correlation between the parameters evaluated. They found 
fracture densities in the Pumpkin Valley Shale in BCV as high as 100 to 200 fractures per meter in some 
Conasauga Group rocks. The mean range of frachtre density in siltstones of 6 to 45 frnchtres per meter, 
and 12 to 28 fractures per meter in shales. They also noted that Conasauga Group shales exhibit greater 
frachtre densities in thinner lamina, but in siltstones the density of frachtres decreased as bed thickness 
increased. Moore and Toran ( 1992) reported an average orthogonal frachtrc spacing of 13.75 in (35 em). 
Lee and Ketelle (1989) reported numerous and ubiquitous frachtres in cores from the \VBCV site, noting 
that fracture density is higher in the Mmyville and Nolichucky Formations than in the rest of the 
Conasauga Group. 

Frnchtres may propagate over long distances, pm1icularly along bedding planes or in massively bedded 
rocks, but are more typically on the order of a few inches to a few feet long (Dreier, et al. 1993; Moore 
1988; Sledz and Huff 1981 ). Sledz and Huff ( 1981) reported that mean joint length in Pumpkin Valley 
shales was nearly constant at 4. 7 in . ( 12 em); in siltstones fracrure length varied I in to 30 in. (2 em to 
76 em). Further, fracture length increased in thinner beds and lamina of shales, and fracture length 
increased as bed thickness increased in sillstones. Lemizski (1995) and Dreier, et a!. ( 1993) noted that 
bedding plane fractures tend to be much longer and wider than orthogonal fractures. 

Aperture is a critical measure of a fracture's ability to conduct water. Moore and Toran (1992) give a 
geometric mean fracture aperture of 0.005 in. (0.12 mm) for ORR rock units, nnd since porosity is the 
ratio of aperture to spacing (35 mm), porosity averages about 0.34%. Bedding plane fractw·es tend to be 
wider and more open that the vertical fractures (Lemizski 1995; Solomon, et al. 1992). Sledz and Huff 
( 1981) indicated that, for the Pumpkin Valley Shale, apertures in outcrop and in unweathered bedrock 
ranged between 0.005 in. and 0.28 in. (0.1 nun and 0. 7 nun). They further observed that joints in 
competent rock were much narrower than those in saprolite. Lemizski ( 1995) indicated that fracture 
aperture did not necessarily correlate with other fracture dimensions, such as length. 

Moore and Young ( 1992) conducted flow meter studies on isolated lengths of wells to examine frncture 
density and behavior. They report higher frnchtre height and density, and wider aperhtre, in the top 10 ft 
of the sahtrated zone with lower height and density, and narrower apertures, in deeper Lones. 

In carbonates, such as dolomite and especially limestones, frachtres are typically solution-widened, and 
this dissolution process often forms cavity systems near the base of the carbonate bed (Lemizski 1995). 
Worthington & Ford (2009) found that for fractures in carbonates, porosity varied from 0.00 I% to I%, 
but hydraulic conductivity varied from I 00 cnlls to 0.0 I cm/s. Thickly bedded limestones having a more 
homogeneous lithology arc most susceptible to this process (Lemjzski 1995; Solomon, et al, 1992; 
Moore 1988). Cnvities are discussed in greater detail below. 

Fracture width in saprolite is increased relative to bedrock clue to weathering (Driese, et al. 200 I; Dorsch 
and Katsube 1996). For example, Driese, et al. (200 I) report that fracture aperhtre in sandstone saprolite 
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ranges from 0.005 mm to 0.5 mm, but in shale and siltstone saprolite the range is 0.005 nun to 1.5 mm, 
and in limestone saprolite the range is 0.005 mm to 2.0 nun. White & White (2005) modeled a three pore 
system (matrix, fracture, and conduit) and found that while the largest portion of flow in karstic aquifers 
occurs in conduits, the maio portion of storage is in fractures. Further, they found that fracture aperture is 
more important than fracture spacing, and that fractures will dominate flow if apertures approach I em or 
if gradient is very low so that no preferred pathway develops. 

Fractures are often partially to completely filled with mineral deposits, including calcite, pyrite, and 
coatings of iron and manganese (DOE 1997; Lee and Ketelle 1989; BNI 1984). Driese, et al. (2001) 
document extensive filling in saprolite fractures at the base of the soil zone due to translocated clays. 
These clays and associated iron and manganese deposits choke the fractures, forming a leaky seal 
between the storm-flow zone and the deeper vadose zone. Logs of wells cored as part of the assessment of 
the BCBG (BNI 1984) clearly indicate the presence of open, partially-filled, and filled fractures in 
Conasauga Group rocks. These fillings are fonned by minerals crystallizing from solution in waters 
moving through the fracture. Fracture fillings reduce the aperture and therefore, the ability of the fracture 
to store and conduct water. Lemizski ( 1995) found that the apertures of filled and open fractures were 
essentially the same, suggesting that fracture fillings had been dissolved from the open fractures. 

3.3.1 .3 Cavities 

Cavities in bedrock are formed by chemical solution and mechanical abrasion. Enlargement of fractures 
begins with slow dissolution of carbonate rock by acidic meteoritic water penetrating from the surface 
and longitudinally along fractures. Dissolution is most rapid near the point where acidic water first 
contacts the rock, and slows considerably, but does not entirely cease, as the water infiltrates deeper into 
the rock (Worthington and Ford 2009). 

Turbulent flow begins once openings are enlarged above some critical size (Solomon, et al. 1992; 
Moore 1988). Mechanical abrasion by entrained sand and silt then increases the rate of cavity 
enlargement and remove at least part of the resulting detritus. Any remaining detritus accumulates at the 
boLtom of the cavity and partially protects this rock surface against further erosion. While dissolution does 
not stop, abrasion by particulates entrained in tmbulent flow becomes the main force in developing larger 
cavities. Deposition of detrital materials, such as clays, may protect the cavity floor from abrasion and 
thus force upward extension of the opening, resulting iJ1 an oval cross-section. However, the cross
sectional area of a cavity may change considerably from one location to another as a result of local 
differences in rock resistance to dissolution or abrasion; the largest cavities typically occur in the purest 
and most massive beds (Moore 1988). Borehole logs in Conasauga Group units record numerous cavities 
that are lilled or partially filled with soft sedi mcnt. As Moore ( 1988) points out, a cavity may be filled at 
one point, but open at another. Moore ( 1988) reports that detected Conasauga cavities range from about 
0.1 ft (0.03 m) to a maximum of 18 ft (5.9 m), with a mean of about 1.5 ft (0.51 m). Moore ( 1988) also 
estimated the vertical height of cavities as a fraction of borehole length is 0.0 12, which is close to the 
porosity values given by Worthington & Ford (2009), who found that cavities occupied < 1.2% of bulk 
rock volume. Further, fracture porosity was reported to be in the range of 0. 1% to 0.0 I% of bulk rock 
volume. 

According to Moore ( 1988) cavities in the Conasauga Group have been reported only in the Maryville 
Limestone, Nolichucky Shale, and Maynardville Limestone, all of which contain limestone beds. More 
than one cavity was present in 46% of wells that intercepted cavities iJ1 the Conasauga Group. However, 
the data set is likely biased towards the Maynardville Limestone. A few of these have been reported to 
exhibit high velocity groundwater flow. Moore ( 1988) and Solomon et al. ( 1992) suggest that a relatively 
small number of wells actually intersect cavities, but Shevnell, ct al. ( 1995) stated that cavities in the 
Maynardville Limestone " .. . were intersected in numerous wells in all pickets ... " and further noted that 
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the GW-705A & 8 borehole encountered numerous cavities and had to be abandoned because the 
borehole collapsed. 

A number of reports (Shevncll, et at. I 995; Solomon et at. 1992, Moore 1988) on ORR hydrogeology 
note that most cavities develop at relatively shallow depths, and that the number of cavities decreases 
with depth. Moore (1988) statistically evaluated 170 wells containing cavities, and determined that the 
geometric mean depth for Conasauga Group cavities is 25 ft (8 .3 m), and the maximum depth is over 
215 ft (71 m). Therefore, it is possible that flow occurs in deeper conduit systems, or tiers, in the 
Maynardville Limestone, that may have developed in response to base level. Pre-Watts Bar base level in 
the Clinch River at the west end of 8CV and at Poplar Creek is approximately 7 I 0 ft above mean sea 
level. Estimates of phreatic flow depth based on equations presented in Worthington ( 1991) suggest that 
flow, and therefore cavities/conduits, could occur to depths of over 450 ft ( 150 m). The known depths of 
cavities in the Conasauga Group are within this range. 

Shcvnell, et al. (I 995) established five "pickets" or lines of wells across (roughly perpendicular to strike) 
the Maynardville Limestone from the WBCV site on the west to the east end of Y -12. They then injected 
distilled water into one well and measured responses in the other wells in the picket. Two pickets, 8 and 
C, were located in EBCV and each picket had multiple wells that exhibited immediate response to 
injected water, both in water level rise (pressure) and in temperature and specific conductivity. Spring 
SS-4, which is on strike relative to the injection well for Picket 8, also showed immediate response to 
injection. This indicates very rapid movement of water. Drainage in several wells was also rapid, 
indicating pure conduit flow, while others showed a slower drainage indicating that fracture flow may be 
dominant in those wells. Flow among picket wells was across the stratigraphic grain of the Maynardville 
Limestone: however, pickets did not extend into the Nolichucky Shale. 

Shevnell, et al. (1995) concluded the significant conduit development occurs at shallow depths in the 
Maynardville Limestone, and the conduits are well interconnected. Conduits appear to have a stacked and 
anastomosing pattern that allows for local flow directions to change in response to changes in the water 
table elevation, so that underflow conduits handle baseflow, and overflow conduits fill and flow during 
high water periods. Conduits also are connected to surface waters. However, at the valley scale, the 
dominant flow direction in the Maynardville Limestone is to the west along strike. Responses in wells at 
different depths in several of the pickets indicate hydrologic communication in the down-dip direction, 
perhaps along bedding planes. 

Soil pipes nrc a special case of cavity that form in clay soils as a result of mechanical erosion along 
subsurface zones of weakness. Soil piping can occur anywhere in the lower portion of the soil colunm, 
but nrc more generally found at the soil-bedrock interface. Moore ( 1988) and 8NI ( 1984) noted the 
presence of soil piping in Conasauga Group regolith, particularly at the base of the regolith. A small 
cavity was reported in weathered shale and sandstone while drilling the borehole for GW -46 (8NJ 1984). 
This may be evidence for soil piping. 

3.3.2 Hydraulic Conductivity and Results of Tracer Tests 

Various methods have been used to estimate the rate of flow in ORR aquifers. Hydraulic conductivity is a 
measure of how well water can move through a given rock area, and with water table gradient, can be 
used to estimate flow velocity. Tracer tests offer one means of direct groundwater flow rate measurement, 
although they require either a large number of sampling points, or knowledge of or good predictions of 
flow patterns. 

3.3.2.1 Range of Hydraulic Conductivity 

Hydraulic conductivity is difficult to measure in fi·actmed or knrstic aquifers, and its significance as a 
measure of gross hydraulic behavior is arguable. Hydraulic conductivity is measured in a variety of ways, 
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most of which involve artificially stressing the aquifer by suddenly raising or lowering the water table, or 
by pumping, and measuring the response over time. Calculations are made on the basis of the recovery 
rate, and assumptions as to aquifer thickness, homogeneity and isotropy, and whether the aquifer is 
confined or unconfined, and other assumptions. These methods work reasonably well in aquifers 
characterized by homogeneous isotropic matrix porosity, but do not fare so well in fractured or karst 
applications. Assumptions regarding isotropy, aquifer thickness, and confinement are not reasonable in 
fractured or karstic systems. 

Although matrix porosity may be large for some lithologies, permeability in the clastic and carbonate 
rocks underlying BCV tends to be vety small, because effective porosity is vety small. White and White 
(2005) tabulate matrix hydraulic conductivities ranging from 104 em/sec for granular limestones in the 
Floridan Aquifer to 1 o·8 em/sec for dolomites in Ontario. On the ORR, hydraulic conductivities range 
from I o·9 em/sec in deep wells to essentially infinite in large open cavities. Hydraulic conductivity varies 
by lithology, degree of weathering, and depth . Tables C-7 and C-8 summarize hydraulic conductivity data 
from several sources and compare the values to those used in preliminary waste acceptance criteria 
(WAC) modeling described in Appendix F. 

Bedrock hydraulic conductivity tends to be higher in a more pure limestone like the Maynardville 
Limestone, and lower in shalcy units, such as the Maryville Limestone. Excluding the Maynardville 
Limestone, hydraulic conductivity in the Conasauga Group regolith and bedrock generally ranges 
between 10·3 to 10·5cm/s. Conductivity tends to be slightly higher in the Nolichucky, Maryville, and 
Pumpkin Valley formations than in the Rutledge Limestone and Rogersville Shale. 

Moore and Young (1992) calculated the eiTective porosity, specific yield, hydraulic conductivity, and 
transmissivity of the permeable fractures from a combination of borehole flowmeter surveys and injection 
and pumping tests. The geometric mean of transmissivity for permeable fractures is 9.7x 10·5 cm/s, and 
the geometric mean of hydraulic conductivity is J.4x I o-' cm/s. Average hydraulic conductivity and 
transmissivity are nearly the same between depths of 7 to 55 ft (2.1 - 17 m), but probably arc smaller at 
deeper levels. For a fracture spacing of 3 in. to 30 in. (0.15 - 0. 73 m), the specific yield of a permeable 
interval is likely to be in the range 9.2x 10"5 to 7.5x 10"4 (specific yield is dimensionless). Within 20 ft 
(6 m) of the water table, average specific yield is probably in the upper half of this range because more 
fractures occur at these levels. At deeper levels, some fractures arc closely spaced, but the average 
specific yield may be in the lower half of the calculated range. Saprolite conductivity has a wider range, 
from 10·2 to I o-s cm./s, than bedrock, and this has been attributed to an increase in fracture width due to 
weathering and demineralization (Dricsc, et al. 200 I ; Dorsch and Katsube 1996; Moore 1989). 

Hydraulic conductivity in Conasauga Group rocks is strongly anisotropic, with higher conductivity in the 
strike parallel direction than in the down-dip direction or across beds. Anisotropy is the result of 
differences in fracture orientation, propagation and development. Some estimates of the degree of 
difference are presented in Table C-9. Anisotropy is expressed in the tendency of tracers and contaminant 
plumes to elongate in the direction of strike. Drawdown cones observed during pump tests also show 
strong elongation. Qualitatively, the relationship of strike-parallel, dip-parallel, and cross-strata hydraulic 
conductivity is Kstrik~ >> Kd,p > Kcr0,,.,tmta on a whole-rock basis. 

As noted above, use of single point hydraulic conductivity data to characterize fractures and karstic 
aquifers is problematic. Sara ( 1994, p. 6-4 - 6-5) states that: 

"fijhe hydraulic conductivity ofthe.fracture ,\ystem of the rock mass as a whole is almost 
always of more interest than the ability of a single ji-acture to transmit water, for the 
typical scale of a facility assessment. The hydraulic conductivity cannot be estimated, of 
course, unless the mass of rock is sufficiently large. Tl1e hydraulic conductivity of the 
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mass as a whole depends 0 11 the collective hydraulic col/ductiFify ofeach oftheJi·acfures 
of an illfercolllleclillg system . .. " 

In other words, it is not the hydraulic conductivities measured in individual wells or stmtigmphic zones, 
but the average hydraulic conductivity of the whole-rock mass, or continuum, that determine groundwater 
flux. Freeze and Cherry ( 1979, p. 73) state that this continuum approach is" . . . valid as long as fracture 
spacing is sufficiently dense that the fractured medium nets in a hydraulically similar fashion to granular 
porous media." Freeze and Cherry ( 1979) further state that flow in an elementmy representative volume 
of fractured rock can be analyzed using standard Darcian porous-media methods with anisotropy. 
Shapiro (2003) agrees, stating that the bulk rock properties control flow at large and small scales, and that 
highly conductive fractures exert influence primarily at smaller scales. Worthington (2003, p. 30), in 
reference to modeling, states that "The simplest and most commonly-used approach has been to assume 
that fractures may be locally important, but that fracture density is great enough that the aquifer can be 
treated as an equivalent porous medium, and modeled using a package such as MODFLO\V." This is the 
approach taken in preliminary \V AC modeling for the EMDF presented in Appendix F. 
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Table C-7. Mean Hyd raulic Conductivity by Formation Compared to Preliminary WAC Model Input 

Connell and Bailey (1989) Summary Data from Preliminary WAC Model 

Stratigraphic Unit Regolith Unweathered Rock Geometric Mean Hydraulic Conductivity (cm/s) 

N 
Hydraulic 

N 
Hydraulic Dip d irection Strike direction Vertical 

Conductivity( cm/s) Conductivity (cm/s) (Kx) (Ky) Direction (K,) 

Maynardville Limestone 5 2.22E-05 - 4.8E-02 13 1.09E-05 - 2.48E-02 6.7 1 E-06 5.64E-05 6.7 1 E-06 
Nolichucky Shale 24 1.3 1 E-05 - 1.1 SE-03 45 1.62E-07- 2.80E-03 8.44E-07 735E-06 8.44E-07 
Maryville Limestone 15 1.06E-05 -7.34E-04 33 1.59E-07 - 7.34E-04 

Rogersville Shale & Rutledge 
1.83E-05- 9.88E-05 

4.52E-07 3.94E-06 4.52E-07 
Limestone 

5 20 1.62E-07 - 1.94E-04 

PumQ_kin Vall~ Shale 4 1.55E-05 - 4. 13E-04 26 1.62E-07- 2.96E-04 5.02E-07 4.37E-06 5.02E-07 

Rome Formation - - 13 2.89E-06- 2.60E-03 7.06E-07 6.14E-06 7.06E-07 

Deep Bedrock. undifferentiated - - 5 7.06E-09- 4.94E-08 - - -

Table C-8. Summary Hydraulic Conductivity Data by Depth in Conasauga Formation Rocks at the WBCV Site Compared to 
Preliminary WAC Modell nput 

Golder Associates ( 1989, p. 12) Prel iminary WAC Model 

Depth Range (ft) Kx (Ko;D) K, (Kstrike) Kz (Kven) Model Kx (Ko,D) K. (Kstrikc) K. (Kven) 

(cm/s) (cm/s) (cm/s) Layers 
Thickness (ft) 

(cm/s) (cm/s) (cm/s) 

Shallow 0-50 ft 1.0E-04 2.0E-04 I.OE-06 I - 3 I 0-25 (variable) 4.61E-05 2.30E-04 4.61E-05 

4-8 20 2.07E-06 2.07E-05 2.07E-06 
Intermediate 50 - 300ft 2.0E-05 4.0E-05 2.0E-07 

9 150 7.37E-07 7.37E-06 7.37E-07 

10 200 2.02E-07 2.02E-06 2.02E-07 
Deep >300 ft 2.0E-06 4 .0E-06 2.0E-08 

11 300 1.99E-08 1.99E-07 1.99E-08 

1 Geometric mean of 40. 36. and 20 values. respectively 
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Table C-9. Hydraulic Anisotropy in the Conasauga Formations 

Ratio of Strike-Parallel 
to Dip-Parallel Test Method Analytic Method Reference 

Hydraulic Conductivity 

2:1 Gringarten & Witherspoon Fractured 
Pumping tests at depths of3 m and 33 m Aquifer Solution 

Lee et a!. 1992 in Maryville Limestone. BCY 
38:1 Papadopulos Infinite Aquifer Solution 

Pump test in Conasauga Group, Melton Gringarten & Witherspoon Fractured 4:1 and Bear Creek Valleys Aquifer Solution 
Davis et a l. 1984* 

5: l 
Pump test in Conasauga Group Gringarten & Witherspoon Fractured 

Smith and Vaughn 1985* Aquifer Solution 

3:1 
Model Calibration; Conasauga Group. 

Numerical model Geraghty and Miller 1990* 
VEFPC 

30:1 NaCl tracer test Papadopulos infinite Aquifer Solution Lozier et al. 1986* 

5:1 
Nitrate plume and head modeling. 

Numerical model Tang. et a l. 2010 Conasauga Group. BCY 

• Sources cited by Lee. ct al. 1992. Full bibliographic citations for Lee. et at. I 992 :md Tang . .:tat. 20 I 0 are provided in the References to this Appendix. 
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3.3.2.2 Results of Tracer Tests 

Tracer tests are conducted by introducing a unique tracer (dye, chemical, radionuclide, or particulates) 
into an aquifer and monitoring possible flow paths or discharge points to determine if and when the tracer 
first arrives, when the peak concentration occurs, and how long it takes the tracer to recede. Tracer tests 
are commonly used in fractured and karstic aquifers because they are strongly anisotropic and flow paths 
are difficult to determine. A number of tracer tests have been conducted in Conasauga Group units on the 
ORR, and the results of several are briefly summarized below. Not all of these tests were in BCV, but all 
are illustrative of Conasauga Group tracer flow characteristics. 

Goldstrand and Haas ( 1994) reported on two tracer tests conducted in the Maynardville Limestone in 
UEFPC during low-flow and high-flow conditions. The tests simply noted whether the dye appeared at a 
monitoring station, and did not address first or peak arrival. The initial test, conducted in July - October 
1990, used fluorescein dye injected into a well screened in the Maynardville Limestone on the south
central side of the main Y -12 plant. Eight of the 39 springs, surface water si tes, and wells that were 
monitored had confirmed detections of dye, while four others had possible detections. Most of the sites 
where dye was detected were in UEFPC Valley, Scarborough Valley, or in a small stream on the south 
flank of Chestnut Ridge. Two possible detections occurred in EBCV near the BCBG area. Calculated first 
arrival times ranged from 36 to 843 ftlday. 

The second test used the same injection well, but only monitored 35 wells, surface water sites, and 
springs. Well GW-734, at the eastern edge of tbe Y -12 plant site in UEFPC Valley, has a large cavity in 
the Maynardville Limestone, was therefore added to the monitoring program. The test used multiple dyes 
and was conducted from March to August, 1992. Results of the second test were equivocal because 
detections were only slightly above detection limits in most cases, and there were some 
naturally-occurring fluorescent compounds that may have interfered with dye detection. The dyes arrived 
at different times, and were not always detected together - possibly due to different sorption 
characteristics. Estimates of groundwater flow velocities from the second test ranged from 14 to 
1,000 ftlday for tile Calcofluor White dye and from 47 to 1,314 ftlday for the Rhodamine WT. 

Lee, et at, ( 1989) conducted dye tracer tests at the \VBCV site using Rhodamine WT dye injected in a 
shallow well screened in weathered Matyville Limestone in April J 988, and observation wells were 
monitored biweekly through June 1989. Observation wells and piezometers were screened in weathered 
shale and in unweathered bedrock. Fifteen falling head tests, seven in the vadose zone and eight in the 
bedrock, and 12 straddle packer tests were conducted to determine hydraulic conductivity. Hydraulic 
conductivities ranged from 9.0x I o·4 to 1.94x I o·6 cnlls. Mean hydraulic conductivity is 4.56x I o·5 cm/s for 
saprolite and 6. 72x I o·5 cm/s for bedrock; the di ffcrence is not considered significant. Hydraulic 
conductivity results for limestone and shale were essentially tile same. 

Tracer movement was found to be predominantly strike-parallel and not simply in the direction of 
steepest gradient. The near-field tracer plume was long and narrow, while the distal end bifurcated. The 
dye remained in the saprolite and was not detected in bedrock, possibly because the vertical hydraulic 
head in the test area was upward . The rate of tracer movement was initially vcty rapid (6 to 8 ftlday) then 
declined to a more steady-state value of less than 0.5 ft/day. This may have been related to declining 
water table elevations. The long, narrow plume and initial high movement rate is inteq)t·eted as being due 
to migration in a high-conductivity conduit, followed by migration in lower-conductivity frachtres. 

Initial reports of tracer shtdies at the WBCV site and a site in Melton Valley using dissolved neon and 
helium were reported by Sanford ct at. ( 1996) and Sanford and Solomon ( 1998). Gases were injected into 
Matyville Limestone saprolite. Important findings from these two tracer tests arc that solute tracer plumes 
tend to develop along strike, with little transverse dispersion; and solute transport rates are strongly 
influenced by matrix diffusion. In both tracer tests, transport rates, for a given relative concentration 
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contour decreased with time and distance from the injection well, and the low concentration "front" of the 
plumes tended to migrate at rates hundreds of times faster than the high concentration region. Both of 
these types of behavior indicate a high degree of longitudinal dispersion, which is typical of systems in 
which matrix diffusion is dominant. 

Webster ( 1996) conducted tracer st11dies using tritium in Conasauga Group rocks at Waste Area 
Groupings (WAGs) 4 and 6 from 1977 through 1982. Both sites are on Conasauga Group bedrock, 
mainly the Pumpkin Valley and Nolichucky Shales. Observation wells were evenly spaced around a circle 
12 ft from the injection well, and screened at a depth of roughly 30 ft in the saprolite regolith. Water table 
elevations at WAG 4 were typically 15 to I 6.5 ft below grade, and at \VAG 6, 23 to 26 ft below grade. 
lnitialmeasurements detected tritium in all of the observation wells, and the wells with the highest tritium 
concentrations were directly down-gradient and strike-normal relative to the injection well. 
Concentrations at the three downgradient wells increased to a maximum 5 to 14 months after injection 
and the maximum concentration remained roughly the same or declined slightly over the duration of the 
project. Over time, the initial elongate plumes at each site widened and became more circular, and the 
center of tracer mass moved slightly down-gradient and widened over time. Matrix diffusion retarded 
tracer movement by uptake in small blind fractures and pores, and maintained high tracer concentrations 
by diffusing back into the flowing groundwater in fractures over time. 

McKay, et al. (2000) conducted tracer test in Maryville Limestone saprolite at the \VBCV site using 
colloidal tracers (latex microsphcres and three bacteriophages). Colloidal tracers were introduced into a 
21-ft deep well in shale saprolite under normal groundwater gradient and samples were collected from 
multiple wells downslope, nonnal to strike. All tracers were detected at distances of up to 45 ft, and two 
of the tracers were found in all downgradient wells. Tracers arrived rapidly as a distinct pulse, followed 
by one to six days of high concentrations, then a rapid decline. Flow rates calculated from arrival times 
ranged from 15 to over 650 ftlday. Two of the bacteriophages tracers were detected in a few wells up to 
fi ve months after i1~jection, indicating retention of colloids in matrix pores and small fractures. 

Results of tracer tests provide substantial insight into water movement as well as contaminant transport 
processes. First arrival velocities from as low as 6 ft/day to as hjgh as I ,314 ft/day have been observed in 
tests conducted in the groundwater zone of Conasauga Group units, but peak concentrations took much 
longer to arrive. Solomon et al. (1992) also noted that peak concentrations arrived considerably later than 
the first arrival. The orders-of-magnitude difference between first and peak concentration arrival 
velocities indicates that the peak mTival is retarded by longitudinal dispersion and uptake in matrix pores 
and fine fractures. Solomon et al. ( 1992) suggests that the relatively short distances used in many tracer 
tests underestimate the effects of longitudinal dispersion. It is not the arrival time, but the peak 
concentration, that is of interest, since this represents the greatest risk. Contaminant peak concentrations 
arc used to determine the preliminary \VAC provided in Appendix F. 

3.3.3 Groundwntcr Flow 

Groundwater occ111Tence and flow under the ORR has been divided iuto unsaturated, saturated, and 
aquiclude zones (Solomon, et al. 1992; Moore and Toran 1992). 

3.3.3.1 Unsatuntted Zone 

The unsaturated zone is subdivided into the storm !low zone and the vadose zone. 

3.3.3.1.1 Storm-Flow Zone 

Precipitation falling on the land surface is distributed in one of four ways: by direct evaporation and 
transpiration by vegetation (evapotranspiration), as run-off to streams, by infiltration to groundwater, or 
by storage in the soil or bedrock. The largest portion of precipitation is temporarily stored in the soil or 
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depressions (puddles) and released to the atmosphere by evapotranspiration (direct evaporation and 
transpiration by vegetation). A smaller portion, on the order of l 0% of infiltrating water (Driese, et al. 
200 l; Moore 1988, 1989) passes through the vadose zone to be stored in soil or saprolite, or to eventually 
reach the water table. The second largest portion of precipitation is lost via mn-off, most of which flows 
through the storm-flow zone. 

Because little or no overland flow occurs in forested areas except during very heavy rains, a large 
propo11ion of rain entering the soil is conducted down-gradient via the storm-flow zone to discharge to 
strean1s or temporary springs. This has been found to be true even in karst terrains in semi-arid 
environments (Wilcox, et al. 2008). The storm-flow zone flows only in response to rain, and flow ceases 
in a matter of hours or days. The stonn-llow zone is more pronounced on ridge crests and side-slopes, but 
merges with the water table near streams. The storm-flow zone is a temporaty perched water table, 
typically 3 to l 0 ft (I - 3 m) deep, characterized by generally high organic content, roots and root 
channels, and bioturbation by worms and small fauna. A study by Driese, et a!. (200 I) demonstrated that 
the base of the storm-flow zone is marked by a low-permeability layer of accumulated clays and mineral 
deposits. 

The position and drainage area of the storm-flow zone is an important consideration in landfill design, 
because storm-flow must be intercepted and diverted around the disposal cell in order to limit erosion of 
the cover and infiltration into the buried waste. This is typically accomplished through the use of 
upgradient French Drains and diversion ditches. Many previous Resource Conservation and Recovery Act 
of 1976 (RCRA) type covers at ORR were ineffective because storm-flow was not intercepted effectively 
and continued to cause saturation or "bath t11b effect" in waste trenches due to water underflowing the 
caps (Melroy, et al. 1986). Construction of the EMDF would remove the storm-flow zone beneath the 
landfill footprint and divert shallow storm-flow around the EMDF using a relatively impervious, 
geomembrane-lined surface ditch in combination with French drain, both constmcted on the upgradicnt 
side of the landfill. 

J.J.J.J.2 V;uloJe Zone 

The vadose zone is defined as the region of soil or bedrock in which water pressure is negative, meaning 
that capillarity will hold water in storage until saturation is reached. The vadose zone is the region of 
water table flux (rise and fall) that exists between the storm-flow zone and the saturated zone everywhere 
in the ORR except near peretmial streams, where saturated conditions may intersect the storm-flow zone. 
The vadose zone is typically <GO ft (20m) thick beneath Pine Ridge (Solomon, et al. 1992). Water in the 
vadose zone migrates vertically to the water table or is taken up by plant roots and transpired (Solomon, 
et al. 1992; Moore 1988; Moore and Toran 1992). Flow in the vadose zone is episodic when it occurs, and 
requires sufficient water to overcome the effects of capillarity and to fill empty pores. Flow occurs in 
fractures and matrix pores in saprolite as pathways. The lower boundai)' of the vadose zone is the 
capillary fringe, a thin zone of near-saturation in fmc-grained regolith created by capillary rise of water 
from the saturated zone beneath. 

3.3.3.2 Saturated Zone 

The saturated zone includes shallow, intermediate, and deep flow zones; the majority of groundwater flow 
occurs within the shallow zone. The boundaries between these levels occur at different levels in different 
parts of the ORR (Moore and Toran 1992) and their placement is conunonly based on groundwater 
chemical compositions. Hydrogeochemical processes involving exchange of cations on clays and other 
minerals result in a change from calcium bicarbonate (Ca-HCO_~) to sodium bicarbonate (Na-HCOJ) and 
ultimately to a sodium chloride (Na-CI) type water at depth. These geochemical zones reflect 
groundwater residence times and reduction of water flux with depth. Figure C-13 illustrates this 
conceptual model. 
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Figure C-13. Conceptual Model of Groundwater Zones in BCV 
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3.3.3.2.1 S!Jallow Aquiter Zo11e 

The saturated zone begins at the water table, which begins at the base of the capillaty fringe and extends 
to depths of 75 to 100 ft (Solomon, et a!. 1992). The water table is commonly found at or near the 
bedrock-regolith boundary. According to Solomon, et al. (1992), most fluctuation and flow occurs in the 
upper 3 to 15 ft of the saturated zone because of the density of open fractures and, in carbonate 
lithologies, the presence of cavities. Moore ( 1988) indicates that hydraulic conductivities in this zone are 
one to two orders of magnitude higher than in underlying bedrock. 

The water table is 3 to 6 ft ( < 1-2 m) deep near perennial stream channels but may be 15 to 45 ft (5-15 m) 
deep beneath ridges underlain by the Rome Formation and Conasauga Group formations (Moore and 
Toran 1992). The depth to grotmdwater water at the proposed EMDF site (before construction) ranges 
from vety near the land surface on the valley floor during wet periods to >55 ft on the flank of Pine 
Ridge. In dty seasons, the water table generally occurs near the regolith - bedrock contact, for which the 
geometric mean of depth to water in October is 12.5 ft ( 4.1 m) (Moore 1988). There are no known wells 
or boring data within the proposed EMDF footprint; however, there are wells and groundwater data in 
adjacent areas south and west of the site. Seasonal high groundwater contours were estimated based on 
maximum water elevations measured for wells near the site and elevations of existing seeps, springs, and 
tributaries near and within the site. The estimated groundwater table map is provided in Figure C-14. 

The hydraulic gradient of the water table interval is generally from Pine Ridge in the north to the south 
west towards Bear Creek and locally towards tributaries. Hydraulic head data collected in multiport wells 
in Bear Creek Valley and interpreted by Dreier et al. (1993), Moore and Toran ( 1992), Lee and Ketelle 
( 1989), among others, demonstrate that stratigraphy and geologic structure control valley-wide hydraulic 
head distributions and flow patterns. In general, recharge is topographically driven from the ridges. 
Hydraulic head patterns show convergent f1ow to the Maynardville Limestone in the valley floor 
indicating that it serves as the hydraulic drain for Bear Creek Valley. Flow is locally directed in both 
horizontal and vertical dimensions by bedding planes, much like rainwater on a street is directed by the 
presence of a curb. Within the Maynardville, flow is generally horizontal to the west and strike-parallel, 
with local upward and downward components. 

Dreier et al. (1993) mapped hydraulic head distributions across EBCV, as shown in Figure C-15, that 
indicate an upward gradient beneath the disposal site in the Conasauga Group and probable discharge to 
the Maynardville Limestone .. There is an isolated high pressure pod in the Nolichucky Shale that appears 
to be a relic of higher density fluids f1owing down dip from the S-3 Ponds. On the opposite side of the 
valley, the gradient is vertically downward from the Knox Aquifer to the Maynardville Limestone. The 
Maynardville Limestone has a conspicuously lower hydraulic head than adjacent stratigraphic units above 
that indicates that it, with Bear Creek, setves as the drain for the valley as a whole. Bailey and Lee (1991) 
modeled flow in BCV and found a similar head distribution, as shown in Figure C-1 6. 

Vertical gradients are generally upward and flow toward the reduced hydraulic head in the Maynardville 
Limestone (Dreier et al. 1993). S-3 Pond (DOE 1997) and chlorinated volatile organic compound (VOC) 
contaminant plumes from the Boneyard/Burnyard (BYBY) and BCBG areas (DOE 1997; BNI 1984) have 
been reported to extend down-dip in the Maynardville and Nolichucky formations, but these are density
driven flows, and not the result of downward vertical groundwater flows. However, now meter surveys 
conducted in BCV by Moore and Young ( 1992) found that natural downward flows occulTed in most of 
the 70 wells measured. Flow rates ranged from 0.01 gpm to over 1.25 gpm; induced flow rates were 
somewhat lower. 
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Adapted from Dreier, ct al. (199J). ArTows indicate groundwater flow directions. The high pressure are:~ (rose color) in the 
Nolichucky Shale is likely rd:~ted to higher densities of the contmnin:~tcd leachate from the S-3 Ponds. 

Figure C-15. Hydraulic Head Distribution Across EBCV 
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Source: Bailey and Lee, 1991. Numbered contours indicate head distribution and arrows indicate flow directions. 
Cross -section is near the BCDG. 

Figure C-16. Cross-Sectiorwl Representation from a Computer Model of Groumlwater Hydraulic 
Head and Flow Patterns for EBCV 

BNI ( 1984) conducted surveys of vertical and horizontal flow in Conasauga Group rocks in the BCBG 
and BYBY areas and found that flow orientation and sense (upward or downward) were variable and 
depended on depth, lithology, and fractmes and cavities. In general, vertical flow was consonant with the 
local water table gradient based on head measurements, and horizontal flow was toward streams. Several 
measurements made in wells screened in the Nolichucky Shale indicated horizontal Darcy velocities in 
the I Os of ftlday, although most were less than 5 ft/day. 
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The water table typically fluctuates with rainf.·lll and climate, and the magnitude and speed of response is 
directly related to the type of pore system being monitored. At one end of the spectmm are wells 
completed in relatively impermeable matrix pore-dominated zones, i.e., zones with few open fractures, in 
which the water table elevation does not respond directly to rainfall events, but instead shows a long-term, 
low-amplitude rise and fall that corresponds to wet-dry seasonal changes. At the other end of the response 
spectnun arc wells that are completed in cavities or in conduit-flow regimes, such as in the Maynardville 
Limestone, which typically exJ1ibit a rapid short-lived rise in water level in response to moderate to heavy 
rainfall. Water level rises average over 16 fl. (5.3 m). This is termed quickflow because the rise and 
subsequent decline to base flow levels occurs over a matter of hours to days (Shevuell, et at. 1995). Water 
levels in wells completed in enhanced fractmes, but in not actual cavity systems, exhibit rainfall 
responses somewhere between these two extremes. Response to rainfall events can be seen even in 
relatively deep wells, indicating connectivity between shallow and deep fracture systems. However, these 
responses may be pressure pulse and not tme groundwater movement. 

Most groundwater in the shallow zone is a calcium bicarbonate (Ca-tvig-Na-HC03) type. Haase ( 1991) 
found that this water chemistry is dominant to depths of about 75 ft, but in a few wells was found to 
extend to about 300ft. The pH range for this water is 6 .5 to 7.5. These waters arc generally saturated with 
respect to calcite, but arc under saturated relative to dolomite. Table C -I 0 provides data on the 
geochem1stt)' of Conasauga Group groundwater. 

Shevncll ( 1994) indicates that shallow waters are not satmated with calcite, leading her to conclude that 
groundwater that is consistently under saturated with respect to calcite indicate that these waters arc 
influenced by recharge and have relatively short residence time. Further, temporal variations between 
supersaturated and under-saturated conditions in some wells can be explained by diffusion of old, 
saturated waters from matrix pores during low-flow periods, and flushing with under-saturated waters 
during high-flow or quick-flow periods. 

3.3.3.2.2 111/CI'IIICdi;tle ;JJI(/ Deep Aquifer Zo11es 

Sparse stratigraphically controlled fracture networks at intermediate to deep depths in the saturated zone 
probably transmit most of the water that reaches intermediate to deep zones from shallower depths along 
strike toward tributary streams, while the remainder flows down-dip and through fractures discharge to 
main valley streams, such as Bear Creek (Moore and Toran 1992). The top of the intermediate zone is 
marked by a change in the dominant anions from mixed-cation - HC03 to Na-HC03, and extends from 
approximately 100ft to over 275ft, where the transition to the deep zone is marked by a gradual increase 
in Na-CI (Haase, et at. 1987; Bailey and Lee 1991 ) . 

Moore and Toran ( 1992) postulate that flow paths in the deeper groundwater zones are longer and less 
tortuous than in shallower rocks. They also indicate that very little water tlows through the deeper 
groundwater zone, and that water flux decreases with depth. According to Solomon, et at. ( 1992), the 
deep zone hosts very little groundwater flow. This very low flux can be explained by the reduced number 
of open fractures and collsequent reduced hydraulic conductivity and increased friction, as well as by the 
difference in water density. 
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Table C-10. Geochemical Zones in the Conasauga Group Formations 

Bear Creek Valley Bear Creek Valley 
Melton Vnlley 

(Haase J 991) (Bailey and Lee 1991) 
(Haase, et 111. 1987; Nativ, et nl. 

Interval or Zone 1997) 

Depth (ft) Type pH Depth (ft) Type Depth (ft) Type pH 

Ca, Mg-
Ca, Mg- Cn, Mg- 6.5-

Shallow 75 ft NA < 50 HC03 or < 75 HC03 or 
HC03 

so-~ so-~ 
7.5 

lntenneuiatc NA NA NA Na-HC03 75 - 275 Na-HC03 
6.0-

(with some 8.5 so - 500 
Deep NA NA NA 

Na-CI and 
75 - 530 

Na-HC03 to 8.0-
Na-S04 Na-CI 10.0 

IJrine (aquacludc) >530 Nn-CI NA NA NA 
590 Ca-Na-Mg- 11.6 

(G\V-121) CI+SO.t 

The intermediate and deep aquifer zones nrc distinguished from the shallow zone by a change from a 
calcium-magnesium-bicarbonate chemislly to a chemist1y dominated by sodium-bicarbonate (Na-HC03) 

ions (Moore and Toran 1992). The transition from Ca-Mg-HC01 to Nn-HC01-dominant water is abrupt, 
occurring between depths of 80 ft (26 m) to 200 fl (67 m) in the Nolichucky Shale underlying BCV 
(Haase 1991 ), which suggests a well defined flow boundary (Haase 1991 ). Dreier, et nl. ( 1997) noted that 
this water type is common to all Conasauga Group formations at intermediate and deep depths except in 
the Maynardville Limestone, and appears to be umelnted to stratigraphic changes. The Maynardville 
Limestone and adjacent Copper Ridge Dolomite exhibit both an Nn-HC01 water type with distinct zones 
of Cn-Mg-Na-SO.t water. These sulfate-rich water zones appear to be related to the presence of gypsum 
beds in the carbonate units. 

This change in groundwater chemislly is interpreted to be the result of rock-water interactions and 
diagenesis of minerals. The rate at which the groundwater reaches chemical equilibrium with source 
minerals is important in the diagenetic evolution of Nn-HC03, indicating that the groundwater is reaching 
equilibrium with the host rock. If clay alteration is an important control on groundwater geochemistry, 
then Na-HC03 type water may mark the transition between the actively circulating shallow zone and 
stagnating groundwater in deeper zones (Solomon ct al. 1992). 

Studies performed by Dreier, ct a!. ( 1993) in deep boreholes in the Conasauga Group and the Copper 
Creek Dolomite of the Knox Group in EBCV indicate that deep groundwater chemistry trends from 
Na-HC03 -dominated water to increasing Na-Cl content between 550 ft below grade near Pine Ridge to 
over 1,150 ft below grade in the Maynardville Limestone on the south side of BCV. This trend is 
associated with an increase in total dissolved solids and pH that appears to be related to long-term rock
water reactions. Haase ( 1991) stales that these deep transitional waters are saturated with respect to calcite 
and dolomite. 

3.3.3.3 Aquiclude 

The aquiclude is so named because the extremely high salinity of this water indicates that little or no 
groundwater movement occurs. The aquiclude is well defined in the Conasauga Group of Melton Valley, 
but is less well documented in BCV. 

Dreier, et a!. ( 1993) and Haase ( 1991) provided detailed water chemistry data for four wells positioned 
across strike in EBCV and drilled to depths between 557 n and 1,196 ft below grade. Both reports noted 

) an abmpt increase in total dissolved solids to about 28,000 ppm, increase in pH to the 8.5 to I 0.0 range, 
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and change from Na-HC03 as the dominant ion pair to dominance of sodium chloride (Na-Cl) below 
1,150 ft. This increase occurred just below a major fracture zone. Haase ( 1991) noted that the deep 
sodium-chloride groundwater in four deep wells sampled for this shtdy was sahtrated with respect to 
calcium and magnesium, and contained barium at near-saturation concentrations, which is indicative of 
long residence time and little or no recharge by fresher water. 

A report by Nativ et at. ( 1997) indicates that the presence of tritium 1 and modern carbon-14 in some deep 
brine samples from the Conasauga of Melton Valley suggests that some meteoric water commingles with 
the brine at depths. They also report that groundwater flow has been measured by down-hole flow meter 
in various deep boreholes below 750 fl. (250 m). Based on these considerations, Nativ ( 1997) postulates 
that flow occurs in the deep brine, and that at least some meteoritic water is transported to depth. Moline, 
et at. ( 1998) refute this interpretation, noting that the persistence of brine over geologic time provides a 
strong indication that deep groundwater circulation is minimal, and that deep rocks exhibit very low 
hydraulic conductivity values, on the order of I o·7 to I o·9 cm/s, wilich suggests either absence of 
numerous permeable frachtres or absence of flow. 

Observed responses to seasonal and storm-driven changes in the water table measured in some deep wells 
could be responses to pressure pulse, rather than achtnl flow. Fm1her, the presence of shallow water 
signahtres (comparatively low total dissolved solids, tritium, and relatively high percentages of modern 
carbon) may be induced by drilling, well installation and development, open bore hole circulation, or 
purging prior to sampling. Development and purging of deep wells is hampered by extremely low flow 
rates and long recovery times (Moline, el at. 1998). 

While some groundwater exchange may occur between water beneath the halocline and shallower 
groundwater zones, it is volumetrically very minor and docs not appear to play a significant role in 
regional flow pallerns. As noted above there is a significant difference in density between the shallow 
groundwater and the brine. The density of uncontaminated water, or water contaminated at low 
concentrations by dissolved constituents, is around 1.0 I glee; the density of sea water is 1.022 glee, and 
brine is over 1.20 glee. It would require a great deal of hydraulic head or pressure to drive fresh water into 
the brine zone. The S-3 Ponds nitrate plume, which extends to depths of more than 400 n is 
acknowledged as a density-driven plume, with a density range between 1.06 and 1. 12 glee (DOE 1997). 
This is sufficient to drive the plume below the ti·csh water aquifer, but above the brine zone. Thus, density 
differences prevent downward penetration of the brine of shallow groundwater. This analogous to the 
fresh water sea water boundaty that develops in coastal aquifers. 

3.3.4 Groundwater Contaminants 

No contaminated groundwater or soil is known to occm on or under the proposed EMDF area. According 
to the BCV Rl (DOE 1997), groundwater contamination at sites near the EM.DF site consists of: 

• Radioactive constihtents (gross a. and p, 238U, mu, mu, 231Th, 230Th, m Th, 213Pb, and 4°K) in a 
shallow groundwater plume from BYBY that underlies NT-3; 

• Chlorinated solvents in a plume extending down-dip in the Nolichucky from the BYBY; 

• Nitrate and uranium in two shallow to deep groundwater plumes (one in the Nolichucky Shale, 
the other in the Maynardville Limestone) emanating from the S-3 Ponds; and 

• Low concentrations of chlorinated VOCs in shallow groundwater at the Oil Land farm and 
Sanitary Landfill I. 

1 Although some hitium is prodm:cd in the almosphen: by cosmic rays, it is mostly the result of atomic testing. and its pres<! nee in 
del.'p ground water suggests thai tht!re have l>t:en recent additions of shallow water. Tritium has a hall: life of 12.3 years and it 
would therefore be t'Xpected to hal'<! dimini~hed tn undetectable concentrations if ground water migration times ll'l!re very 
long. 
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The BCV RI (DOE 1997) provides greater detail on the nature and extent of contamination in EBCV 
prior to the remedial action that was completed at the BYBY in accordance with the BCV Phase I ROD. 

Zone 3 groundwater monitoring is conducted in Picket B wells GW-704 and GW-706, and RCRA wells 
GW-008, near the Oil Landfann, and GW -046, ncar the BCBG (DOE 20 II b). 

Well GW-008, the closest monitored well to the EMDF area, is screened at a depth of about 25 n. Low 
( < 40 ~tg/L) and steady concentrations of several chlorinated VOCs, and higher variable concentration of 
perchloroethene, have been observed since monitoring began in 1999 (DOE 20 II b). Other contaminants 
were not reported from GW-008. Well GW-046 also exhibited variations in chlorinated and non
chlorinated VOC concentrations, but at levels an order of magnitude higher than in G\V -008. 

Picket wells GW-704 and GW-706 are monitored for nitrate, trichloroethene (TCE), 99Tc, and uranium 
isotopes. Concentrations of 234U and 138U exhibit a declining trend such that recent concentrations are at 
or below 20 pCi!L. TCE and nitrate concentrations are also declining. Recent TCE concentrations are 
below 30 ug/L, and nitrate concentrations arc below 20 mg/L. 99Tc concentrations also declined. 
Groundwater chemical concentrations vary with precipitation. 

3.4 SURFACE WATER HYDROLOGY 

Surface water features relevant to the proposed EMDF site include tributnries nenr the site and Benr 
Creek. Bear Creek drnins west to the Poplnr Creek, nnd then to the Clinch River (Wntts Bar Reservoir). 
The elevntion difference between upper BCY nnd the Watts Bnr (pool elevation 741 ft) is npproximntely 
250 n. 

3.4.1 Water Budget 

) A water balnnce or budget is an estimate of how much water enters and is lost from a defined watershed 
during a stated period of time. Several investigations hnve attempted to quantify wnter budgets for 
drainage basins on the ORR, and results indicate wide variation in nm-off and infiltration values. Run-off 
has been estimated to vary from about 5% to over 50% of prccipitntion. Healy, et at. (2007) indicates tllat, 
on average in North America, nbout 31% of precipitation is lost as nm-off. 

Water input is usually considered to be equal to the amount of precipitation (rain and snow). but may also 
include surface water and groundwnter inflow from other subbasins or, because groundwater and surface 
water drainage areas are not always coincident, across surface water divides. 

The general equation of state is (Healy, et at. 2007; CCL 2001): 

where: 

~S = P + GW;11 - GWou1 - ET- R, 

~S = change in storage (groundwater and depression storage), 
P = Precipitation, 
G\V;11 = Groundwater inflow, 
GWom =Groundwater outflow, 
ET = Evapotranspiration, and 
R = Runoff~ 

When the water budget is estimated on an annual basis, it is conunon to assume that the change in storage 
over a yenr is negligible (i.e., ~S = 0); therefore, water input nnd output balance (CCL 200 I). 
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Precipitation and stream flow can be measured with relatively good accuracy. As noted in Sect. 1.4.1, 
mean annual precipitation is 52.6-in. water equivalent. Runoff can be measured using a number of 
different techniques, but the most accurate is by measuring flow through a weir. 

Evapotranspiration, the total amount of water that is transfened from the earth 's surface to the atmosphere 
by direct evaporation and plant transpiration, is difficult to measure. Potential evapotranspiration is often 
estimated using mean monthly temperatures, which can result in overestimates of actual water losses. For 
example, the growing season in the Oak Ridge area is about 220 days long, from early April to early 
November. During the growing season, calculated evapotranspiration can exceed the rate of precipitation, 
resulting in soil-moisture deficits. During the winter months, however, precipitation exceeds evaporation, 
and transpiration is negligible, so that there is a net surplus of water in the system. 

Moore ( 1988) and Borders, et al. ( 1994) provided an evapotranspiration estimate of 30 in. annually for the 
Oak Ridge region. This suggests that roughly 55% to 60% of water that enters the region is lost to the 
atmosphere. This is in line with the mean evapotranspiration losses for North America noted in Healy, 
et al. (2007). The remaining 45% to 50% either flows out of the region in streams, is held in reservoirs, 
such as Melton Lake, or recharges the groundwater system. Evapotranspiration is greatest during the 
growing season when plants arc transpiring and when warm weather increases direct evaporation rates. 

Groundwater inflow is ofien assu med to be absent or negligible because surface water drainage divides 
are usually more or less coincident with groundwater drainage divides. The water budgets estimated for 
the ORR incorporate this assumption. 

Estimates of recharge in BCV range from 3.1 in. (DOE 1997) to 9.55 in . (Golder Associates 1989b), as 
shown in Table C-11. Preliminary WAC model rechnrge rates range from 7 in./yr to 8.75 in./yr. 

TaiJie C-11. Water Budget Estimates for Areas of the Oak Ridge Reservation 

DOE 1997 (BCV Rl) Golder Assoc 1989b 
Hydrologic Component 

I I Amount % Amount % 

Reference Area East Bear Creek Valley West Bear Creek Valley 

P~riod March 1994- February 1995 October 1986 - September 1987 

Precipitation 46.4 in ( 1,178 mm) 100 43.29 in ( 1, 100 nun) 100 

Surlace water tlow 15.5 in (393 nun) 33.3 6.97 in (177.0 nun) 16.1 

Evapotranspiration 27 .I in (688 mm) 58.3 26.77 in (680 nun) 61.8 

Groundwater Recharge 3 . I in (78.6 nun) 6.7 
9.55 in (242.6 mm) 22.1 

Groundwater Storage 0.59 in ( 15 nun) 13 

The BCV RJ (DOE 1997) and results of groundwnter tracer studies (Goldstrnnd and Hans L994) suggest 
that the surface divide between the Bear Creek basin and the UEFPC basin may not be the same as the 
groundwater divide. Thus, there is a possibility of extra-basin groundwater inflow to the Bear Creek 
watershed. 

Groundwnter outflow is not directly measurable, and therefore must be estimnted using flow nets or 
computer models. Groundwater outflow is supported by precipitation infiltrating tlu·ough soils from the 
surface (or outside sources). Estimates done for vnrious drninage basins on the ORR range from about 7% 
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to over 45% (Ketelle & Huff 1984; Clapp and Frederick 1989; Rothchild, et al. 1984; Luxmoore 1983; 
Solomon, et al. 1992). Often, however, the unmeasurable components of a water budget are lumped, 
rather than estimated, so that: 

P- R = (ET + GWout + ~S), 

where the parentheses indicate that ET, GWout. ~S are not discriminated. 

Change in groundwater storage can be measured in unconfmed aquifers as the change in water level in the 
vadose zone. Over the period of a year, the change in groundwater storage can be considered to be a net 
of zero, because the surplus precipitation from winter is expended during the summer months. 

Results differ considerably, reflecting differences in geology, soils, vegetative cover, and hydrology, as 
well as some of the underlying asswnptions used in the calculations. The data and results of the DOE 
( 1997) and Golder Associates ( 1989b) studies are from areas that are most similar to the EMDF candidate 
site, so that the combined percentage of subsurface flow and change in groundwater storage range 
between 8% and 22% of total precipitation. As noted above, change in groundwater storage, on a yearly 
basis, is essentially zero, therefore the amount of infiltration on a yearly basis can vary from about 22% to 
about 45% of precipitation. 

3.4.2 North Tributaries of Bear Creel< 

Two sma ll streams, tributaries of Bear Creek, are near the candidate site, as shown in Figure C-17. These 
are North Tributmy (NT)-2 and NT-3. NT -2 is a southwest flowing first-order stream to its juncture with 
Bear Creek. 

Both NT-2 and NT-3 are fed by seeps and springs during high base flow periods (i.e., the wet season) 
(Robinson and Johnson 1996). NT-2 rises as a spring on the flank of Pine Ridge, roughly at the subcrop 
of the boundmy between the Rome Formation and Pumpkin Valley Shale. A draw/ravine to the west of 
NT -2 is fed by a seep at about the same position relative to slope and boundary subcrop. Several other 
draws/ravines that flow to NT-2 are fed by seeps. 

NT-3 receives flow from draws/ravines fed by precipitation and by springs and seeps at its headwaters on 
the east and west side. 
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Figure C-17. Streams, Wetlands and Reference Areas in the Vicinity of the Proposed EMDF 
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Both NT-2 and NT-3 have small wetlands on the their main channels. The hydrology of wetlands near the 
Haul Road have been affected by the constmction of the Haul Road. The NT-3 wetlands on the the north 
side of the Haul Road (Temporary Quillwort Pond) have expanded since the lower reaches were restored 
as a result of a flow-limjting plate that was welded across the culvert that was installed as part of NT -3 
stream. This allowed water to accumulate on the north side of the Haul Road, and may have 
uniutentionally contributed to wetlands enlargement. 

3.4.2.1 Stream Flow Characteristics 

During seasonal high water table conditions, the sources of the tributaries are springs and seeps that 
discharge from the contact of the Rome and Pumpkin Valley formations and groundwater seepage. Both 
NT -2 and NT-3 are intermittent streams (Robinson and Johnson 1996; Robinson and Reavis, 1996), 
meaning that they are dty during the amwal dty season (August through October). However, in the BCV 
RI (DOE 1997) it was noted that NT-2 maintained continuous flow at a downstream weir from March 
1994 through January 1995, i.e., for a period overlapping the USGS study period. Flow is continuous 
during the wet season (November through April). Portions of Bear Creek are also largely dty during the 
fall dry season above NT-8, about 1.3 mi to the west ofNT-3. 

Flow in NT -2 during a one week wet season measurement period in March 1994 was approximately 
0.16 ft 3/s both at its confluence with Bear Creek and at a point roughly 1,800 ft upstream (Robinson and 
Reavis, 1996). During this time, NT-2 also had dty reaches. Springs and seeps were found by Robinson 
and Jolmson ( 1996) to be dry during the late sununer and early fall dt)' season, coincident with lack of 
base flow in the streams. 

Flow in NT-3 during the same measurement period ranged from 0.2 to 0.4 ft3/s in the upstream segments 
to 1.16 ft3/s at its confluence with Bear Creek (Robinson and Reavis, 1996). NT-3 had no dry reaches 
during this time. 

Both streams are expected to flow during the dry season, and experience flow increases during the wet 
season, for a short period after heavy or prolonged rainfall events. However, flow will rapidly recede as 
surface flow and storm flow ceases. 

3.4.2.2 Gaining and Losing Reaches 

Both NT-2 and NT-3 exhibit gaining and losing reaches during high base flow conditions. During high 
base flow conditions, the upper reaches of the tributaries gain flow, but the lower reaches may either have 
no gain or may be losing flow. Under low-flow conditions the tributaries can be dry throughout their 
length. 

3.4.2.3 Tributary Chemistry Indicators 

Ranges of values for four stream chemistry indicator parameters are provided in Table C-12. In general, 
low base flow measurements were collected from standing pools in otherwise dty streams, as the high 
temperatures suggest. The pH ranges from slightly acidic to slightly alkaline, and does not appear to vmy 
with the distance from source. Specific conductivity tends to increase linearly from source to confluence 
at Bear Creek; the highest values occur at the mouth of each stream during both high- and low-flow 
periods. Temperature during high base flow is in the range that would be expected for the time of year. 
High base flow water temperatures teud to decrease downstream. Dissolved oxygen concentrations are 
highly variable. 

No chemistry parameter measurements were recorded for wetlands on NT-2 and NT-3. 
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Table C-12. Snmmnrized Water Chemistry Parameters for NT-2 and NT-3 

Measurement 
Specific 

Temperature 
Strenm Type pH Conductivity 

period 
( J1. S/cm) 

Stream ( 18 sites) 5.9- 7.9 27-902 

NT-2 
Iligh base llow Spring (I site) 7.2 29 

Seeps (13 sites) 5.1-7.5 25- 88b 

Low base !low c Stream (7 sites) 6.9 - 7.9 77-2,030 

Stream ( 12 sites) 5.4-8. 1 39-760 

High base llow Spring (I site) 6.6 62 

NT-3 
Secps_(3 sites) 5.4 - 6.4 41-66 

Stream (5 sites) 7.4- 7.6 73-642 

Low base !low < Spring (I site) 7.1 84 

Seeps (I site) 6.9 92 

Source: (Rubinson and Johnson t 996). Data collected during ~·lnrch :Uld September, 1994. 
• Four measurements nt downstream end. 
b Eight measurements 

(OC) 

8.0 - 12.0 

12.0 

8 0 - 12.0 

18.0-22.5 

8.5- 14.5 

12.0 

9.5 - 12.5 

19 -20.5 

18 .5 

17.5 

Dissolved 
Oxygen 
(mg/L) 

9.8- 11.0" 

NA 

2.4 - 10.8 

6.5- 8.2't 

NA 

8.8 

5.0 - 9.5 

NA 

7.4 

8.2 

c Low base flow measurements are ns~umcd to be from isolated pools with little or no llow, since both streams arc indicot.:d 
to be dry during the low base flow period. 
d Fh·e measurements, from near head to ncar conlluence 

3.4.2.4 Tributary Contaminants 

Surface water samples were collected in March 20 I 0 at several locations in NT-3 as part of the on-going 
Water Resources Restoration Program to measure the uranium isotopic composition. nitrate, 99Tc, and 
VOCs (DOE 20llb). These contaminants are associated with releases from the BYBY, Hazardous 
Chemical Disposal Area, Sanitary Landfill, Oil Laudfarmthatleach to NT-3, and a nitrate plume from the 
S-3 Ponds that has migrated in the Nolichucky Shale to discharge to surface water. As reported in DOE 
(20 II b), a sample collected at monitoring station NT3-l E immediately downstremn of the culvert under 
the Haul Road did not contain measureable uranium, nitrate, 99Tc, or VOCs. Samples collected at the 
NT-3 integration point all contained measurable uranium and oue sample contained a trace of nitrate. No 
99Tc or VOCs were detected in these samples. Uranium (mU and 138U) concentrations at the NT-3 
integration point declined steadily from 1999 tlu·ough 2007, then began to increase again. Continuous 
flow-paced sampling was resumed at NT-3 because the uranium levels exceeded the 4.3 kg/yr flux 
standard set in the ROD. \Vater in NT-3 currently meets ambient water quality criteria (A \VQC). 
Biological monitoring indicates that benthic diversity remains low and that there arc fewer pollution
intolerant benthic taxa than in nearby reference streams. Fish cotmnunities in NT-3 exhibit slightly lower 
or similar total richness as compared to reference streams. 

3.4.3 Bear Creel< 

Bear Creek flows west in BCV from its head waters near the S-3 Ponds to ultimately discharge to East 
Fork Poplar Creek near ETTP. Bear Creek is located south of the proposed EMDF site and is briefly 
discussed here because it receives waters from NT-2 and NT-3 , and because it is the surface expression of 
the BCV drainage system. 

The local base level for BCV is the Bear Creek flow system. This system is a 3-dimensional system in 
which the complex conduit system in the Maynardville and Bear Creek function as an integrated drain for 
the valley. At any given time, flow will occur in at least some level in the Maynardville Limestone 
conduits, and in Bear Creek where it lies on the Nolichucky or is not locally connected to the cavity 
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system. The upper reaches of Bear Creek go dry and lose flow to the subsurface during low flow periods. 
As flow increases, more of the Maynardville cavity system will be recmited to handle the flow, until flow 
volumes are sufficient to cause open flow in Bear Creek. The BCV drain can be viewed as a series of 
stacked conduits, of which the open stream channel is simply the uppermost. It therefore is a hydraulic 
boundmy for the majority of groundwater and surface water flow. 

3.4.3.1 Stl·e;un Flow Chal'actca·istics 

Daily flows at Bear Creek kilometer (BCK) 11.54,just downstream of the confluence ofNT-3 with Bear 
Creek, were obtained from the Oak Ridge Environmental Information System database for the period 
from 2006 through 20 II. The average daily flow is 0.55 ft3/s, the median daily flow is 0.18 ft3/s, and the 
range is from no flow (dry) in summer to 32 ftJ/s in the winter-spring wet season. 

3.4.3.2 GHining and Losing Reaches 

The upper reaches of Bear Creek may be gaining, losing, or neutral, depending on high and low base flow 
conditions (Robinson and Reavis 1996). Under high flow conditions, Bear Creek is a losing stream at the 
confluence with NT-2 but becomes gaining as it passes the BYBY to its confluence with NT-3. It then 
becomes a losing stream as it passes Sanitary LandfLII I. 

Robinson and Reavis ( 1996) found that under low base flow conditions, many reaches of Bear Creek 
above the water gap in Pine Ridge were losing or dry. This is particularly true of the reaches above the 
confluence of NT-4, although there is a slight gain inflow below the confluence with NT-3, even though 
no llow was recorded in NT -3 itself. This is interpreted, as noted above, to be the result of discharge 
through cavity systems underlying the tributmy. 

3.4.3.3 Bcal' Cl'cel< Watea· Chcmistl'y 

Table C-13 provides a summary of Bear Creek water chemist1y indicators. The pH of water in the upper 
reaches of Bear Creek averages close to 8 standard unit (S.U.), based on 135 measurements at six stations 
(BCK 9.47, 11.54, 11.84, 12.34, 12.38, and 12.47) at various times between 1998 and 2009. Specific 
conductivity, a measure of total dissolved solids, is highly variable, ranging from <I ~tS/cm to 
2,738 ~tS/cm in samples taken at the same locations and times. In general, the average specific 
conductivity by measurement station decreased downstream, and the exception, BCK 12.34, is near the 
former S-3 Ponds and likely to be afl'ected by S-3 contaminants. 
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Tab I(• C-13. Summary of Be11r Creek Water Chemistry Indicato rs 

pH 
Specific 

Temperature 
Dissoh·cd 

Stntion" N Period Conductivity 
(S.U.) 

(JlS/cm) 
(OC) 

BCK 9.47 21 2/98-8/06 8.06 395 15 .7 

DCK 11 .54 10 3/02 - 8/06 7.96 552 17.5 

BCK 11 .84 9 3/02-8/06 7.98 675 16.2 

BCK 12.34 66 
10/01 -

7.47 994 16.7 
9109 

DCK 12.47 26 ] /98- 9/03 7.6 653 16.5 

Upper BCV 2 1 2/98-9/09 7.65 801 16.5 

Uncontaminated 
6.5- 8.5 50-50,000 NA 

river water** 

• Station 12.38 had only two measur.:mt'nts :111d was therdort' not included in the summa!)' toble. 
u Hem. 1989 

3.4.3.4 Beat· Creel' Contaminants 

Oxygen 

(ppm) 

10.2 

8.2 

8.9 

8.4 

8. 1 

8.6 

Redox 
Potential 

(mY) 

132.1 

109. 1 

106.7 

134 .6 

102.7 

125.8 

Eastern reaches of Bear Creek are impacted by contaminants originating in the former S-3 Ponds and the 
various waste management units in Zone 3. The uranium flux goal set by the Phase 1 ROD is :S34 kglyr at 
the integration point (BCK 9.2) and :S27.2 kg/yr at BCK 12.34. The goal for BCK 9.2 was not met during 
any year since 2000; the goal at BCK 12.34 was achieved during five of the past I 0 years, but was not 
met in 20 J 0. Trends in uranium loadings in upper Bear Creek are positively correlated to atmual rainfall 
amounts. A significant portion of the gain in flux appears to be due to inputs from the former burial 
grounds area. 

Nitrate and cadmium contaminants emanating from the former S-3 Ponds have formed two groundwater 
plumes in EBCV, and some of this contaminated groundwater is discharged to the upper reaches of Bear 
Creek (DOE 20 II b; DOE 1997). Nitrate concentrations are inversely related to rainfall because of 
dilution. Average annual nitrate concentrations have remained below the industrial use preliminaty 
remediation goal of 160 mg/L, although some measurements from particularly dry periods have exceeded 
this amount (DOE 20 II b). Nitrate concentrations decrease downstream from the S-3 Ponds area. 

Cadmium concentrations significantly exceed the 0.25 ~tg/L A WQC at BCK 12.34 during the years 
200 I - 20 I 0, but meet the A WQC at BCK 9.2 (DOE 20 II b). 

Southworth, et at. ( 1992) noted that reductions in Bear Creek contaminant loads occurred after waste 
stopped being placed, and the results of remedial effectiveness sampling since 1999 confirm this trend 
(DOE 20llb). However, uranium continues to exceed the ROD goal. 

3.5 CONCEPTUAL FLOW MODEL 

The conceptual model developed here is based on a three-porosity system in Conasauga Group units at 
the EMDF site. This system is composed of: 

• Matrix pores in clastic sapro lite 

• Fractures in saprolite, unweathered clastics, and unweathered carbonates 

• Cav ity systems in carbonate 
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Groundwater in saprolite matrix and fractures and bedrock fractures in Conasauga Group units flows with 
the strike-parallel gradient in each unit to the nearest tributmy. The high density of fractmes in Conasauga 
rocks and saprolite defines a flow system that, at a large scale, behaves similarly to a heterogeneous 
matrix system in which it is the aggregate or bulk characteristics that control groundwater flow. The 
majority of flow from ridge flanks is directed towards the valley axis by the north tributaries and 
vertically upward from deeper groundwater to discharge into the Bear Creek - Maynardville Limestone 
drainage system by the pressure head from stmounding ridges. A small amount of diffuse flow from soils 
and sediments may also contribute to stream flow. 

Worthington and Ford (2009) describe a process whereby dissolution along fractures in carbonate 
aquifers self-organizes groundwater flow into networks consisting of one or more trunk conduits, smaller 
tributat)' conduits, and fractures not yet solution-enhanced as illustrated conceptually in Figure C-18. This 
concept is supported by White and White (2005, 2003), who note that groundwater flow in carbonate 
aquifers focus into a few localized pathways at an early stage of development. This focusing is more 
efficient in areas of higher gradients (White and White 2003). In this concept, the tmnk conduit or 
pathway forms along some prefetTed path, such as a fracture, and becomes dominant when it achieves 
break-through at a larger conduit or stream. At this point, flow in the tnmk conduit becomes turbulent, 
further increasing conduit size and permeability in a positive-feedback process. 

Over time, the network of conduits becomes increasingly widespread, complex, and finer as dissolution 
continues to develop the tributary system, presumably, to match the amount of water that must flow 
through the system. The concept is roughly analogous to development of surf.1ce streams, but results in 
finer conduits in headwaters areas than would be found in surface stream systems because no overland 
flow can occur in subsurf.1ce systems. Unorganized wide-area flow may occur locally, but is not a major 
flow pathway. 
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Figure C-18. Conceptualizntion uf Development of Self-Organized PenncaiJility in Carhonate Aquifer 

The larger-aperture conduits occupy a relatively small fraction of the bulk volume of the aquifer, but 
because of their large size and integration, carry most of the water. However, although cavities, 
presumably capable of conduit flow, have been documented in the Nolichucky and Maryville formations, 
it is by no means clear that these convey the majority of groundwater flow, but it is likely that they 
convey much of the strike-parallel flow. 

It can be argued that this model of self-organized permeability is not suitable for a mixed 
carbonate-clastic bedrock that is structurally tilted at 45 o from horizontal, because clastic rocks, such as 
shale and siltstone, do not dissolve, and because the tilted beds present barriers to flow. However, the 
model can be fitted to the proposed HIDF site by substituting fractures in clastic rocks for conduits while 
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still including conduits in carbonate rocks, and by recognizing that the dominant cross-strata fractures or 
joints that are exploited by NT-2 and NT-3 also function as subsurface drains. The strong anisotropy of 
saprolite and bedrock hydraulic conductivity will result in a more rectilinear groundwater drainage system 
than the surface water drainage area exhibits, but the drainage areas should be roughly the same. 

The valley drain is a complex three-dimensional system in wilich Bear Creek and strike-parallel 
underflow and overflow conduits in the Maynardville Limestone function together. Bear Creek flows 
more or less continuously over non-karst bedrock, but loses flow to subsurface conduits where it crosses 
karstic rocks. Underflow conduits in the Maynardville Limestone continuot1sly convey base flow, while 
overflow conduits and Bear Creek carry high flows during the wet season and heavy rainfall events. 
Figure C-19 is a graphical representation of this concepttHll model. Water readily moves in and out of tile 
Bear Creek channel and stacked subsurf.1ce conduits. This is demonstrated by the numerous losing and 
gaining reaches in Bear Creek. The amount of water in the system dictates which conduits are recruited to 
conduct flow, as demonstrated by the documented occurrence of quickflow in the Maynardville, and by 
the f.1ct large segments of the stream go dry in summer, but flow continuously during the winter wet 
season. The shape of the shallow BYBY alpha plume in groundwater, as reported in (DOE 1997), and 
modeling conducted as part of this Rl/FS (see Appendix F) support this concept. 

3.6 ECOLOGICAL SETTING 

The proposed EMDF site is characterized by upland deciduous hardwood forests, intermittent streams, 
springs, and seeps, and small upland wetlands. A number of areas on the ORR have been identified as 
Natural Areas, Aquatic Natural Areas (ANAs), Reference Arens (RAs), Aquatic RAs, Special 
Management Zones, Conservation Easement Areas, Cooperative Management Areas, Habitat Areas, and 
Potential Habitat Areas. Two of these, RA-5 and ANA-2, will be or could be impacted by construction 
and operation of the proposed EMDF. Figure C-1 7 shows these features. 

3.6.1 Wetlands 

Two wetlands, one near NT-2 and one near NT-3, arc within the conceptual landfill footprint and are 
likely to be impacted by lnndfill constmction. 

NT -2 receives flow from five small draws/ravines, and four of these host forested wetlands in broad level 
bottoms upstream and downstream of the Haul Road. One wetland area on the north side of the Haul 
Road covering approximately I acre has been identified along the main channel of NT-2, as well as along 
a draw/ravine that enters from the north (Rosensteel and Trettin 1993). It is likely that this northern 
draw/ravine and associated wetland would be aiTccted by EMDF constmction. No status species have 
been reported in this wetland area (Parr 20 12; Rosensteel and Trettin, 1993; Cunningham and Pounds 
199 1). 

C-54 



) 

) 

Figure C-19. Block diagram lllustrnting Conceptual Groundwntcr Flow Motlel for the Proposed EMDF Site 

RA-5 encompasses the Quillwort Temporary Pond wetland on NT-3 where two draws/ravines join the 
main stream channel immediately north of the Haul Road. This wetland appears to have been formed, in 
part, by a partial rcstrictor plate installed over the culvert before it passes under the Haul Road. This 
wetland has an estimated gross area of approximately I acre (Rosensteel and Trettin 1993). The two small 
draws/ravines arc classed as forested wetlands in tributaty bottoms with dense understory, while the 
center channel wetland is classed as 'forested wetland in depression at tributary head' (Rosensteel and 
Trettin 1993). RA-5 is known to contain clammy hedge hyssop (Grafiola neglecla) and Carolina 
quillwort (Jsoete.\· caroliniana [A.A. Eaton] Luebke; this name is considered by the Interagency 
Taxonomic Information System to be synonymous with lsoeles mlida (Engelmann) Clute, strong 
quillwort). None of these is a federal- or state-listed threatened or endangered species, nor are they 
sensitive species in Tctmessee (TDEC 2008) . RA-5 may be an important amphibian breeding ground 
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(Parr, pers. comm., 2012). However, Baranski (2009) ranked the ORR natural areas and reference areas 
on several factors , and found that RA-5 ranked among the lowest priority sites. 

NT -3 also has a small (0.1 acre) wetland in its headwaters, which is classed as emergent wetland at 
narrow sloped headwall spring. Robinson and Johnson ( 1996) noted that all upland wetland sites were dry 
during the September 1994 measurement period. 

3.6.2 Aquatic Resources 

Bear Creek is designated as Oak Ridge Research Park Aquatic Natural Area 2 (Parr 20 12; Baranski 
2009). The stream habitats of upper Bear Creek and its tributaries are used infrequently by aquatic biota 
because of headwater contamination originating from waste disposal sites near the Y -12 Plant 
(Southworth, et al. 1992), and because the large segments of Bear Creek and its tributaries are commonly 
dl)' during the late summer and early fall months (Robinson and Reavis, 1996; Robinson and Johnson 
1995). 

In general, the diversity and abundance of aquatic fauna increase with distance from the contaminated 
headwaters (Southworth, et al. 1992). A total of 126 benthic invertebrate taxa were recorded in Bear 
Creek, including crustaceans, aquatic worms, snails, mussels, and insects. Southworth et al ( 1992) 
collected representatives of II orders of insects, including springtails, mayflies, dragon flies and 
damselflies, stoneflies, crickets and grasshoppers, alderflies and fishflies, caddisflies, butterflies and 
moths, beetles, 1111e flies, and true bugs. 

Benthic f.1tma appear to be more sensitive to contaminants than the fi sh communities; species intolerant 
of pollution (mayflies, stoneflies, and caddisflies) are absent in the upper reaches and are increasingly 
more common downstream. Southworth, et al. (1992) notes that mayflies, highly sensitive to heavy metal 
pollution, are almost totally absent in all but the lower reaches of Bear Creek. Upstream areas are 
numerically dominated by midge larvae, which is typical of polluted streams (Southworth ct at. 1992). 

Nineteen species of fi sh were recorded in Bear Creek during surveys in 1984 and 1987, and data provide 
evidence of ecological recovet)' in Bear Creek since 1984 (Southworth, et al. 1992; Ryon 1998). Studies 
have concluded that much of Bear Creek contains a limited number of fish species that appear to have 
robust populations (high densities and biomass). Fish surveys near the headwaters demonstrate a stressed 
condition without a stable, resident fish population (Southworth, et al. 1992). A weir located in the creek 
ncar Highway 95 acts as a ban·ier to movement, preventing redistribution of fish species from the lower 
portions of Bear Creek . Four fish species predominate in the upper reaches of Bear Creek (above 
kilometer II) include blacknose dace (Rhinichthys atratulus Hermann, 1804), Tennessee dace (Phoxinus 
fennesseensis W.C. Starnes & R.E. Jenkins 19R8), creek chub (Semotilus atromacu/atus Mitchell, 1818), 
and stonerollcr (Camposloma anomalum Rafincsque, 1820). Ryon ( 1998) noted the presence of creek 
chub and blacknose dace in NT-3 . By comparison, 14 fish species occur downstream from Highway 95. 

The Tennessee dace, a major constituent of the fi sh population above the weir at Bear Creek km 4.55, is a 
Tetmessec-listed in-need-of-management species and its habitat is protected by the state of Tetmessee. 
Ryon (1998) did not observe Tennessee Dace in NT-3 sampling, but does indicate that NT-2 south of the 
Haul Road should be capable of supporting small ftsh populations, including Tennessee dace. 

No federal- or state-listed tlu·eatened or endangered aquatic species have been observed in Bear Creek or 
its tributaries (Southworth, et al. 1992). 

3.6.3 Other Status Species 

No stuveys of terrestrial animals have been conducted at or ncar the EMDF site. Mitchell, et al. ( 1996) 
surveyed one wetland area (site A-1 0) near the confluence of NT-5 with Bear Creek and a mixed 
hardwood-pine site along NT -I (site A II, Y -12 meteorological tower), and did not document any 
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threatened or endangered terrestrial vertebrate species. They observed four then-protected bird species at 
sites on Chestnut Ridge along ST-2 and Walker Branch. The yellow bellied sapsucker (Sphympicus 
mrius L. 1766), listed in Tennessee as in need of management, was sighted at three stations. This species 
is migrntoty, breeding in Canada and the northern tier states. The Cerulean warbler (Setophaga cerulea 
Wilson 1810) was sighted at two si tes. This bird is a migratory species deemed as in need of management 
in Tennessee, but is not federally-listed. A third species is the Sharp-shitmed hawk (Accipter stria/us 
Vieillot 1807), seen at one site. This widespread mptor is not currently a state- or federal-listed spec ies, 
but is listed as an in need of management species by the state. Finally, a Cooper's bnwk (A. cooperii 
Bonaparte 1828) was sighted at one site. This species is not federal- or state-listed, and is not currently 
listed as being in need of management. Several migratory species, such as the Northern harrier 
(Circus cyaneus L. 1766); state-listed as in need of management, but not federally listed have been 
observed on the ORR, but should not pose a concem at the EMDF site because the distmbed area is small 
relative to the available undeveloped areas. 

3.6.4 Other Natural Resources 

Approximately half of the proposed EMDF is within the ORERP. The EMDF will impact primarily 
forested terrain. 

3.7 CULTURAL RESOURCES 

There arc no known archeological or historical resources in or near the proposed EMDF site (DOE 1999; 
DuVall 1996; Fielder, et al. 1977). Two former residences or farms were located near the confluence of 
NT -3 with Bear Creek, approximately I ,000 n south of the proposed EM DF site. These were inspected 
(DuVall 1996) and reported to contain only scattered renmants of building debris (bricks, stones). Neither 
of these sites are within or near the anticipated impact areas for the EMDF. 
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1. INTRODUCTION 

This Appendix presents the methodology and results of risk assessments for the on-site and off-site 
disposal of waste expected to be generated by future Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) actions on the United States (U.S.) Department of 
Energy (DOE) Oak Ridge Reservation (ORR) after Environmental Management Waste Management 
Facility (EM\VMF) capacity is reached. Risks were estimated based on transportation of wastes assumed 
to occur in the On-site and Off-site Disposal Altematives, and based on natural phenomena and fugitive 
dust emissions associated with the On-site Disposal Alternative. Risk assessments were completed using 
computer codes developed at Argonne and Sandia National Laboratories: RADTRAN, RESRAD, and 
RISKIND. 

RADTRAN code was developed at Sandia National Laboratories. RADTRAN combines user-determined 
demographic, routing, transportation, packaging, and materials data with meteorological data (partly user
determined) and health physics data to calculate expected radiological consequences of incident-free 
radioactive materials transportation and associated accident risks (Sandia 2009). 

RESRAD is a family of codes developed at Argorme National Laboratory (ANL) for evaluating human 
health risk at sites contaminated with radioactive residues. RESRAD is a pathway analysis computer code 
that calculates radiation doses and cancer risks to a specified population group (ANL 200 I). 

RISKIND was developed at ANL for analyzing the potential radiological health consequences to 
individuals or specific population subgroups exposed to radiation materials through routine and accident 
transportation scenarios (ANL 1995). 

Combining the use of RISKIND and RADTRAN models allowed a thorough assessment of the risk due 
to transporting the waste (on-site and off-site). This analysis is presented in Chapter 2 below. Chapter 3 
presents the assessment of risk associated with natural phenomena scenarios (for the On-site Disposal 
Altemative) using the RESRAD code, while Chapter 4 presents an assessment of the fugitive dust 
exposures expected during construction of an on-site facility. 

2. TRANSPORTATION OF WASTE 

The assessment of risk posed by transportation of CERCLA waste (on-site and off-site) was completed 
based on guidance given in A Resource Handbook on DOE Transportolion Risk Assessment (DOE 2002). 
As noted in this guidance, the primary end point for typical transportation risk assessments is the potential 
human health ciTect from exposure to low doses of radiation (cancer) or exposure to chemicals 
(toxic effects and cancer). As described in Chapter 2 of the Remedial Investigation/Feasibility Study 
(Rl!FS), chemical contaminants for future waste streams to be disposed in the Environmental 
Management Disposal Facility (EMDF) are assumed to be similar to those of waste disposed at the 
EM\VMF and contribute relatively minimal transportation risk. Because the risks to human health due to 
transportation arc primarily from radioactive constituents in waste expected to be generated by future 
CERCLA actions, this assessment is limited to scenarios based on radioactive waste characterizations. 
The risk assessment process for transportation is developed in Sect. 2.1 through Sect. 2.3. Section 2.4 
presents the results of the assessment. 

2.1 SCENARIO DEVELOPMENT 

Transportation risk is associated with both the On-site and Off-site Disposal Alternatives. Parameters for 
evaluating transportation risk in the two cases, on-site transportation and off-site transportation, are 
discussed in the following sections. These include parameters associated with the altematives: waste 
transported, routes traveled, vehicles used, and receptors - public and individuals- along the route. These 
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parnmeters are the inputs to computer models used to ultimately determine the risks associated with 
transporting the waste. 

2.1.1 On-Site Disposal Alternative 

The proposed EMDF site that is evaluated in the On-site Disposal Alternative is located immediately east 
of the EMWMF in East Bear Creek Valley (EBCV). Cleanup actions at all three ORR sites, Oak Ridge 
National Laborato1y (ORNL), Y -12 National Security Site (Y -12), and the East Tennessee Teclmology 
Park (ETTP) will generate CERCLA waste whicb will be transported to the on-site disposal facility. A 
single route was modeled that represented on-site transport for both the On-site Disposal Altemative and 
Off-site Disposal Alternative. Although there will be shorter and longer routes during the life of the 
project, a distance of 11 miles was assumed to be a representative distance for risk modeling from any of 
the three sites to EMDF for the On-site Disposal Alternative or from any of the tlu·ee sites to the ETTP 
rail yard for the Off-site Disposal Alternative. This distance was selected after examining various travel 
distances from locations within ORNL, Y-12 National Security Complex (Y-12), and ETTP to the new 
EBCV site and various travel distances to the ETTP rail yard from locations within ORNL, Y -12, and 
ETTP. All wastes were considered (total number of shipments, all types of waste) to travel this route by 
truck for on-site transport risk analyses. 

2.1.2 Off-Site Disposal Alternative 

The scenario involving transportation of waste to an off-site disposal facility must first be analyzed 
according to the type of waste generated, in order to evaluate the routes the waste must travel. For 
purposes of mapping routes, the waste may be broken into three categories. Classified waste travels from 
the site of origin to the Nevada Nuclear Security Site (NNSS) in Nevada for disposal. Low-level 
(radioactive) waste (LLW) and waste with LLW and Toxic Substances Control Act of 1976 (TSCA) 
components (LL W /TSCA) will travel by tmck from the site of origin to ETTP rail yard, be transferred to 
rail where it will travel to Kingman, Arizona, be unloaded and then tmcked fi·om there to the NNSS 
disposal f.1cility outside of Las Vegas, NV. The third route will be followed for waste with LLW and 
Resource Conservation and Recovery Act of 1980 (RCRA) hazardous components (LLW /RCRA) and 
will involve transfer by truck from the site of origin to ETTP, where it will be transferred to rail and 
transported directly to Clive, UT for disposal at EnergySolutions disposal facility. 

2.1.3 Scenario Routes 

To summarize, there are essentially six full or partial routes to be traveled for the on-site and off-site 
scenarios: 

• Truck from waste origin to disposal at EMDF (transported on-site) 

• Tmck from waste origin to ETTP rail yard (transported on-site, but initial leg of off-site routes 
involving rail transport) 

• Rail from ETTP rail yard to Kingman, AZ rail yard (off-site) 

• Truck from Kingman, Arizona rail yard to disposal at NNSS (off-site) 
• Rail from ETTP rail yard to disposal at EnergySolulions site in Clive, UT (off-site) 

• Tmck from waste origin to disposal at NNSS in Nevada (off-site) 

The two on-site scenario routes listed above (waste origin to EMDF and waste origin to ETTP rail yard) 
were condensed into a single route "input" for modeling purposes, since the distance traveled is ve1y 
similar and the mode of transport is the same. Combinations of partial routes make up the total off-site 
routes. 

Figure D-1 is a schematic of all transportation routes used in modeling the risk. 
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Routes assumed to be followed in transporting the waste off-site were determined, and then input into the 
TRAGIS model developed at ORNL (ORNL 2000). Where possible, this model was used to determine 
population densities along the routes, miles traveled by state, and number of stops and locations, all of 
which provides input into dose calculation models RADTRAN and RISKIND. Additionally, TRAGIS 
output data were used in detcnnining vehicle-related risks associated with transportation. 

Models Run: j A B C lrruck D E IRail 

r------------------------------------Q!l:_~~!E}_P._i_s_p~~!!_I_~_C!!-!!E} ________________________________ I 
I A TRUCK from waste origin to new EMDF for disposal I 
I I 
I I 

1------------------------------------------------------------------------------------------------J 

r-----------------------------------f?ff:~J!~_£?1~~~-s-~!-~~~~-~~-------------------------------~ 
I I 
I B I 

'-------T-~~~~~~~~-~~~~~::1~~~:~-~~~~~~~-e_v:~:-f~~-d~~~~~a~-- --------- ---------------------------------J 
r-----------------------------------------------------------------------------------------------1 
I 

lA 
I 
I 
I 
I 
I 
I 

I 
I 

I 

TRUCK from waste origin to ETIP rail yard l 

[ D RAil from ETIP rail yard to EnergySolutions In Utah for disposal 

·-----------------------------------------------------------------------------------------------r-----------------------------------------------------------------------------------------------
A TRUCK from waste origin to EnP rail yard J 

c ~All from ETIP rail yard to Arizona rail yard 

» C TRUCK from Arizona rail yard to NNSS in Nevada for disposal 

------------------------------------------------------------------------------------------------J 

Figure D-1. Transportation Routes Assessed in On-site and Off-site Disposal Alternatives 

2.1.4 Waste Parameters 

Waste parameters are required in order to model the dose rates needed to ultimately determine the risk in 
transporting the waste for both on- and off-site disposal scenarios. The waste characterization data used 
were developed in Chapter 2 and Appendix A of this RifFS; the mass-weighted average concentrations of 
nuclides are used in the models RISKTND and RADTRAN. Predicted waste generation rates and volumes 
are provided in Chapter 2 and Appendix A of this RifFS. Chapter G of this RifFS provides information 
about packaging and number of shipments which were determined for each of the routes described in 
Sect. 2. 1.3 of this Appendix. Intermodal containers arc assumed to be used, both for trucking and rail 
transport. These data also provide input to the close calculation models. Section 2.3 contains a summary of 
inputs and assumptions to tJ1e models. 

2.1.5 Receptors 

Receptors arc the collective groups or individuals exposed to the radioactive waste during transport. Dose 
models calculate exposures for multiple receptors under specific scenarios; the user must identify the 
receptors. For purposes of on-site transportation, the receptors were identified as the driver and a resident 
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along the route. These individuals are referred to as max imally exposed individuals (MEis). A collective 
population was evaluated as well, and in the case of on-site travel the collective population includes the 
crew (only the driver in this case), ofT-link (resident along the route) populations, and handlers. For trucks 
traveling off-site individual receptors or MEis identified for the truck routes in this assessment include the 
truck driver(s), a passenger in a car sharing the road, a person living or working along the transport route, 
a truck inspector at a weigh s tation, and a person at a setvice station. Collective populations evaluated 
include the crew (driver and passenger), on-link (i.e., persons sharing the road), and off-link (i.e., persons 
living/working on the route). 

Rail transport ME!s included a resident along the route, rail inspector at the rail yard, rai l yard crew 
member, person stuck in traffic near a rail line, and a resident near a rail s top. Collective populations 
evaluated for rail transport included: crew (engineer, conductor, brakeman), on-link, and off-link 
populations. 

2.2 TRANSPORTATION RISK MODELING 

Assessing risk encountered through the transportation of waste involves multiple pathways and multiple 
receptors. Figure D-2 illustrates transportation risk exposure through two primary modes -
"cargo-related" (radiological risk), having to do with the waste itself and "vehicle-related" risk, risk 
independent of the cargo and having to do with the emissions. rate of speed, vehicle, and route/route
related parameters. 

-

Inputs 
o Waste Characterization 
• Radioactive species & 

concentrations 
• Packaging 
• Dose rates, etc. 
• Number of shipments 

o Routes 
• Origin/Destination 
• Path (TRAGI$) 

o MEl Parameters 
o Meteorology 
o Accident Parameters 
o Vehicle Parameters 

Inputs 
o Routes & frequency 
o Distance travelled 
o Emissions data 

(populations and unit 
risks) 

o Vehicle data (Injury 
and fatality rates, 
vehicle Info) 

,..__I __ R_o_ut_tn_e_r_ra_n_sp_o_rt_----'1 r~ 
-,~ 

Accident Occurrence 

~--

~ Risk of Injury due to Transport I 

~ Risk of Death due to Transport ~ -

'-

-R-Is-k o_f_o_e_a•_h_d_ue_t_o_Em-lss-lo_n_;---,)~ 
Pollutants ~ 

Figure D-2. Approach to Determining Transportation Risk 
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2.2.1 Radiological Risl< 

Radiological risk, presented by the cargo itself, is the primary concern when assessing transportation risk. 
Estimates of exposure to low levels of ionizing radiation during trnnspot1ation are made through the use 
of computer models which estimate the dose levels received by various receptors. This exposme occurs in 
one of two ways (see Figure D-2): through routine travel or through accidents. In both cases, receptors of 
concern include the general public and individuals, MEJs. A Resource Handbook 011 DOE Transportation 
Risk Assessment recommends using two separate codes to estimate the doses that could potentially occur 
to various people or groups of people along the trnnsportatiou routes in order to perform a unifonn and 
comprehensive assessment. The handbook suggests that the RADTRAN code be used to evaluate doses to 
collective populations and the RlSKIND code be used to predict the doses for MEis. Th.is assessment 
follows these recommendations and uses the inputs as described in Sect. 2.1 and 2.3 and Figure D-2 to 
obtain estimated doses (in rem or person-rem) for various individuals or groups. In order to translate these 
doses to a unit of risk, the dose rates were converted into expected cancer incidents based on conversion 
factors derived from decades of studying radiation exposed populations. (DOE 2003) 

2.2.1.1 RADTRAN Code 

The RADTRAN code was used to predict radiological exposures as total effective dose equivalent 
(TEDE) in person-rem to collective populations in routine and accident transportation scenarios. These 
exposures are converted to terms rep011ed for risk assessments, i.e. morbidity and mortality rates, using 
health risk conversion factors. For this RIIFS, RADTRAN was mn for the five different routes 
(A through E) as shown in Figure D-1. For those routes that are made up of several partial routes, 
summing the output from the model is uecessmy to obtain information for the whole route. 

2.2.1.2 RJSKIND Code 

Like RADTRAN, RISKIND calculates exposures as TEDE during transportation of radioactive materials 
under routine and accident scenarios. RISKIND, however, was used to calculate the exposures to MEis. 
RJSKlND detem1ines the dose rates that MEis are exposed to independent of the route traveled. 
Therefore, it was only necessmy to run the model for three scenarios which were dependent on the 
ident ified MErs: 

• Tmck travel from waste origin to the new EMDF (drivers, resident along route) 

• Tmck travel from waste origin to NNSS or from Kingman, AZ to NNSS (drivers, person in 
traffic, resident along route, truck inspector, and person at service station) 

• Rail travel from ETTP rail to either Clive, UT or Kingman, AZ (resident along the route, rail 
inspector at the rail yard, rail yard crew member, person stuck in traffic near a rail line, and a 
resident near a rail stop) 

For those routes made up of more than one partial route, summing the output from the model is necessary 
to obtain information for the whole route. Exposure to individuals during routine travel is modeled as 
in-transit and stationary (e.g., traveling and stopped). For example, a tmck may stop at a rest 
stop/restaurant for a short period of time, or stop overnight. Model inputs may be tailored to take into 
account all these si tuations. Again, summing the results for the different situations is required for a 
complete pictme. 

2.2.2 Vehicle-Related Risl< 

Vehicle-related risk is associated with travel; vehicle accidents occur, sometimes causing injuries and 
fatalities . In addition, risk due to emissions from vehicles must be considered, since extended exposure to 
fumes can cause illness and fatalities. These risk factors arc functions of the inputs shown in 
Figure D- 2: routes and frequencies traveled (related to amount of waste transported); routes dictate 
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population densities nod distances tbat must be accounted for; and vehicle data (tmck and type of truck 
versus railcars) corresponds to tabulated injmy and fatality rates. The processes followed and tmcklrail 
injury and fatality rates used to calculate non-radiological (vehicle-related) risks were taken from 
Tlze DOE Risk Assessment Handbook {DOE 2002). 

2.3 ASSUMPTIONS AND INPUTS 

The development of transportation risk scenarios and input to the modeling codes required multiple 
assumptions and minor calculations. The following assumptions and calculated inputs were assembled to 
complete the risk analysis. 

On-Site Disposal Alternative Assumptions and lnJluts 

• All waste generated is considered to be disposed of at the on-site facility. As described in 
Chapter 2 of the Rl/FS, the small percentage of waste that does not meet the disposal facility 
Waste Acceptance Criteria (\VA C) or is shipped off-site due to other project-specific factors is 
not a differentiator in the alternatives and is not included in the Rl/FS waste volume estimate. 

• A single route is used for all on-site travel to the new EMDF, and this is sufficiently 
representative whether the waste is generated at ORNL, ETTP, or Y-12. 

• It is estimated that 183,426 shipments of waste will be made. 

• The ME!s include the driver of the truck and a resident/worker within the defined radial 
contamination range that the program evaluates. Travel is assumed to occur on a non-public road, 
and therefore the MEls exposure analysis does not inClude a typical MEl in traffic with vehicle. 

• Collective population considered includes the crew (essentially the driver), the off-link population 
(on route, i.e., resident/worker within the defined radial contamination range). and handlers. On
link population specifically refers to a location on the road with the truck. Because the Haul Road 
is a private DOE road, no population is considered to be traveling with the vehicle on the road; 
therefore no on-link population is considered for the collective population evaluation. 

• Truck is considered to be a Class VIIIA, 16 Y2 tons. 

• Shielding is assumed to be provided for higher activity waste; therefore, a shielding factor of 0.5 
is assumed. 

• Shipping container is assumed to be nn intermodnl cnsk with dimensions 6 ftx8 fi x20 ft . The 
shipping container is assumed to hold II yd3 of wnste. Wnste is assumed to hnve n density of 
1.5 g/cnr1. 

• Wnste characterization is as determined in Appendix A of this RifFS. Radionuclide mass
weighted average concentrations were converted from pCi/g to Ci/waste package and are 
summarized in Table D-1 . 

• Dose rate is assumed to be I mrem/hr at I m after verification of dose rate based on 
MICROSHIELD software calculations using the waste data discussed above in Sect. 2.1.4 and 
given in Table D-1 . Gamma radiation is assumed. 

• Dose measurement offset is 0 (i.e., edge of the intermodal container is the edge of the tmck). 

• During an accident sccnnrio, ME Is will shelter in a nearby stmcture at a distance of 30 m. 

• Minor accidents do not result in a release of matcrinl. Severe accidents do result in a release of 
material. A breathing rate of 9200 m3/year is assumed. This is the average breathing rate based on 
the default brcnthing rate of 8000 m3/yenr (2.9x I o-'~ m3/sec) for RISKrND and the 3.3 X I o-'~ m3/sec 
default rate for RADTRAN. 

• Automobile shielding is assumed for driver; house shielding for resident/worker. 

• A summary of some pertinent input values for RADTRAN is given in Table D-2. 
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• Routine and accident scenarios are evaluated for MEis and collective populations. 

Off-Site Disposal Altcmativc Assumptions and Inputs 

• 
• 
• 
• 
• 

See routes as defined in Figure D-1 . 

Mixed waste (LLW/RCRA) is transferred to EnergySolutions in Clive, UT for disposal. 

LLW and LLW/TSCA waste is transferred to NNSS for disposal. 

Classified waste is tmcked to NNSS for disposal. 
For the off-site routes defined in which waste is trucked, the number of shipments made were 
calculated: 

On-site transport (intermodals) to ETTP rail yard (and further transporting to Kingman, AZ): 
179,136 

On-site transport (intermoda ls) to ETTP rail yard (and further transporting to Clive, UT): 
3,534 

Off-site transport (ttUckloads: some tmcks carry two intennodals [debris], some tmcks carry 
one intermodal (soil], due to weight limitations) from Kingman, AZ to NNSS: 110,880 

Off-site transport of classified waste from ETTP to NNSS: 378 

• For the off-site routes defined in which waste is transferred by rail, the number of shipments 
made were calculated as follows: 

Off-site rail transport (six intermodals per rail car based on carrying soi l or eight intennodals 
per rail car based on carrying debris) from ETTP rail yard to Clive, UT: 486 

Off-site rail transport (six intennodals per rail car based on carrying soil or eight intermodals 
per rail car based on carrying debris) from ETTP rail yard to Kingman, AZ: 24,168 

• A rail car is assumed to hold six intermodals, stacked two high . This makes the rail car dimension 
12-ftx8-ft x60-ft long. Shipping car holds 66 yd~ of waste. Waste is assumed to have a density of 
1.5 g/cm3

, approximately that of soil. (For radionuclide exposure modeling, six intennodals of 
soil were assumed for assumed for all rail shipments. The weight of six intermodals of soil is 
approximately equivalent to eight intennodals of debris.) 

• Waste characterization is ns determined in Appendix A of this RI/FS. Radionuclide mass
weighted average concentrations were converted from pCi/g to Ci/waste package. The vnlues 
(pCi/g) are given in Table D-1 . 

• The MEls for off-site trucking included two drivers, a person in traffic, a resident/worker along 
the route, a truck inspector, and a person at a service station. 

• Shielding is assumed to be provided for higher activity waste for off-site truck transport; 
therefore, a shielding fnctor of 0.5 is assumed. 

• The MEis for off-site rail transport included a person living/working along rail route, rail 
inspector at a rail yard, rail ynrd crew members, person stuck in traffic near a rail line, and a 
resident hear a rail stop. 

• The collective population considered included the crew, on-link population (on road with 
tntcklrail), off-link population (living/working on route), and handlers. 

• All stops along the routes were as determined by TRAGIS model , plus one additional stop to 
accolmt for traffic jams. 

• A portion of the route for trucking waste from the ETTP rail yard to Palo Verde (the portion 
through Arizona only) was estimated because of the unavailability of the TRAGIS model. 

• Population densities for travel along truck and rail routes were obtained from TRAGIS modeling. 
These population densities were based on 2000 ceusus data. Census data fi·om 20 I 0 were 
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obtained, and a weighted average increase from 2000 to 20 I 0 was calculated to escalate the 
population densities input to the RADTRAN model. 

• Numbers of persons during stops were assumed as: I 0 (5 to 20 m) at rest/refuel stops, I 0 
(5 to I 00 m) in traffic jams, and I (I to 5 m) at inspections . 

• Waste handled is soil-like, with a deposition rate of 3 m/sec. 

• TRAGIS output was used for applicable routes, stops, and population densities. 

• Vehicle speeds, accident rates, and fatality/injury rates were taken from a DOE Handbook 
(DOE 2002). 

• Vehicle densities were taken from RADTRAN user manual (Sandia 2009). 

• Accident probability was assumed to be 90% minor accidents, I 0% severe accidents for tmcking; 
and 98% minor accidents, 2% severe accidents for rail transport. 

• Minor accidents do not result in a release of material. Severe accidents do result in a release of 
material. 

• Dose rate is assumed to be I rmem/hr at I meter for an intennodal. Gamma radiation is assumed. 
Rail transport exposures involving multiple intennodals are taken into account by the models. 

• Dose measurement offset is 0 (i.e., edge of the intenuodal container is the edge of the tnrck). 

• During an accident scenario, ME Is will shelter in a nearby structure at a distance of 30m. 

• A breathing rate of2.9x 10-Im3/sec is assumed. 

• For tnrck transport, automobile shielding is assumed for driver; house shielding for 
resident/worker. 

• For non-radiological incidents, travel by truck was assumed to be round-trip distances. Travel by 
rail was assumed to be one-way; return trips would be made with other cargo. 

• For rail transport, crew is assumed to not be exposed during transit. Driver is considered a crew 
member during stops. Rail inspectors arc assumed to be unshielded. Handlers are assumed to be 
under dose-tracking/limit program and not analyzed. 

• For MEl exposures, routine stops arc assumed to produce a I 0 to 15-min exposure duration; 
short-term accidents a 2-hour exposure duration; and long-term accidents result in an assumed 
50-year exposure duration due to contamination of land and therefore food sources. 

• A summary of selected pertinent input values is given in Table D-2. 

• Routine and accident scenarios are evaluated for MEis and collective populations. 
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Table D-1. i\lass-weighted, Average Radionuclide Concentrations Used in Risk Assessment Modeling 

Average Average Avernge 
Rndionuclide Concentration R adionuclide Concentration Radionuclide Concentra tion 

(11Cl/g) (pCi/g) (pCI/g) 

Ag- 11 Om 4.76E-OI Fe-59 1.49E+OO Pu-244 3.22E-02 

Am-241 9 .18E+OO H-3 1.91£+02 Rn-226 9.10E-Ol 

Am-243 5.77E-Ol I- l 29 l .79E+OO Ra-228 7.95E-O I 

C-14 2.91E+01 K-40 4 .2 1E+OO Ru- 106 6.27E+04 

Cm-242 l .63E-Ol Kr-85 l .04E+02 Sr-90 9.73E+03 

Cm-243 6.69E+OO Mn-54 8.47E-0 1 Tc-99 3.67E+01 

Cm-244 1.14E+04 Nb-94 7.93£-02 Th-228 4.27E-O l 

Cm-245 l .39E-01 Ni-59 4.04E+O l Th-229 4.00E-03 

Cm-246 5 .4!E+OO Ni-63 l .05E+02 Th-230 1.55E+OO 

Cm-247 9.55£-03 Np-237 2.9 l E-01 Th-232 1.69E+OO 

Co-57 1.48E-Ol Pb-210 2.50E+OO U-232 1.65E+OO 

Co-60 5.05£+02 Pm-147 I.OOE+O l U-233 8.!3E+O I 

Cs-I.H 2.48£+04 Pu-238 5.69£+01 U-234 2.69£+02 

Cs-137 5.83E+03 Pu-239 1.17E+OI U-235 1.63E+O I 

Eu-152 6.43E+03 Pu-240 1.74E+02 U-236 l.l4E+OI 

Eu-154 4.85£+03 Pu-241 2.01E+02 U-238 1.60£+02 
) Eu-155 1.41 £+03 Pu-242 3.79E-OI Zn-65 1.46£+00 

) 
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Tahle D-2. Summary of Selected Input Paramctcn for RADTRAN 

Pantmctcr Units Truck Transport Rail Transport 

Dose nl I m from contnincr mre m/h r 1.0 1.0 

89 Rural 
64.4 Rural 

Traveling speed km/ hr 
41 Suburbnn 

40.2 Suburbnn 
24.2 Urban 

Populntion dens ity peoplc/km2 Varies by location on route Vnries by location on route 
(per TRAGIS) (per TRAGIS) 

Persons per vehicle Number of people I.S 3 

Accident exposure 
hr or yr 

Short-tenn 2 hr Short-tenn 2 hr 
duration Long-term 50 yr Long-term 50 yr 
Rntio minor accidents to 

NA 9:1 9.8:0.2 
major accidents 

Release fraction 
(fraction of material 

0.1 0.1 
released !l·om package) 

(fraction of release 
Aerosol fraction .fraction that is 0.05 0.05 

aerosolized) 
(fraction of aerosolized 

Respirnblc fraction .fraction that can be 0 .1 0.1 
inhakd) 

2.4 RISK RESULTS 

The risk models require inputs as described in the sections above. Results from the models are typically 
given as dose rates, TEDEs, in units of person-rems. These values must then be multiplied by dose-to-risk 
conversion factors, also called health risk conversion factors, to result in the risk factors typically reported 
in assessments. For comparative purposes, such as this Rl/FS, the DOE recommends using Gx 10·" fatal 
cancers!TEDE and 8x I 0--1 cancer illnesses/TEDE to convert to mortality and morbidity rates, respectively, 
for both collective populations and MEis (DOE 2003). Table D-3 and 0 - 4 summarize the results for this 
assessment, for the two alternatives: on-site and off-site disposal ofCERCLA waste. Results are given for 
MEis and collective populations, for both routine and accident situations. These numbers are reported for 
single shipments (see Table 0 -3), and multiplied by the number of shipments to calculate risk based on all 
shipments of all waste for each given altemative for the lifecycle of the project, and therefore account for 
cumulative exposures over thousands or hundreds of thousands of shipments (sec Table D-4). As 
expected, on-site transport of waste carries a significantly lower risk of cancer illnesses and fatalities than 
off-site transport of waste. 

Table D-5 sununarizes the risk rates for ittiuries and fatalities expected from vehicular operation due to 
exposure to emissions and expected traffic accidents for both alternatives. Again, as expected, travel 
required for on-site disposal results in far fewer f.'ltalities and injuries due to vehicle-related incidents than 
does off-site travel and transport to disposal sites. Logically, this is because of the much reduced travel 
time/miles and avoidance of public roadways in the case of on-site transportation. 
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T able D-3. Transporta tion Risk Assessment. Cancer Risk Due to Radiological Exposures for Single Shipment 

On-site Disposal 
Off-site Disposal Alter native Alternative 

Truck to ETTP 
Receptor/Scenario Truck to EMDF Truck to NNSS Rail to Kin~man Truck to ETTP Off-Site 

T ruck Kingman to Rail to Clive, UT Total 
NNSS 

Fatal Non-fatal Fatal Non-fata l Fatal Non-fatal Fatal Non-fatal Fatal Non-fatal 

MEis 

Routine Travel 

Driver (Truck) or 
4.99£-08 6.65£-08 9.00£-06 1.20£-05 4.49£-07 5.99£-07 5.34£-08 7. 12£-08 9.50£-06 1.27£-05 Crew Member (Rail) 

Resident Along Route 2.40£-08 320£-08 2.40E-OS 320£-08 720£-08 9.60E-08 4.80E-08 6.40£-08 1.44£-07 1.92£-07 

Accidents 

Driver (Truck) or 
7.6SE-09 1.02E-OS 7.68E-09 1.02£-08 2.17£-08 2.90£-08 1.40 E-08 1.87£-0S 4.34E-08 5.79£-08 Crew Member (Rail) 

Resident Along Route 3.06£-09 4.08E-09 3.06E-09 4.08£-09 12 SE-OS 1.70E-08 9.72E-09 1.30£-08 2.56£-08 3.41 E-08 

ColleclbePopUdiea 

Routine Trm•el 

Crew 4.25 £-08 5.66£-08 1.91 E-05 2.54E-05 1.43E-07 1.91 E-07 4 .25E-OS 5.66E-OS 1.93E-05 2.57E-05 

On-Link a a 1.06E-05 1.42E-05 S.79E-07 1.17£-06 3.27£-07 4.36£-07 1.1 8E-05 1.58£-05 

Off-Link 3.9 1£ -1 0 5.22£-10 7.74E-07 1.03£-06 4 .66£-06 6.2 1 E-06 3.6 1 E-06 4.81£-06 9.04£-06 1.21 E-05 

Handlers 5.90£-07 7.87E-07 5.90£-07 7.87£-07 3.30£-06 4.40E-06 2.71£-06 3.61 E-06 6.60£-06 8.80£-06 

Accidents 

Societal Accident Exposure 1.60£- 13 2 .13£- 13 2.03£-09 2.7 1£-09 4 .11 E-09 5.48£-09 1.11 E-09 1.48£-09 725£-09 9.67£-09 

"No on-link analysis for on-site: alllr.lvcl is on non-public road. 
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Table D-4. T ransportation Risk Assessment, Cancer Risk Due to Radiological Exposures for Multiple (All) Shipments 

On-site Disposal Off-si te Disposal Alternative 
Alternative (sec assumptions Sect 2.3 for explanation of number of shipments) 

Truck to ETTP 

T ruck to EMDF Truck to NNSS 
Rail to Kingman. AZ T r uck to ETTP 
Truck Kingman to Rail to Clive, UT 

Receptor/Scenario NNSS Off-Site 
Number of shipments= Total 
179.136 (to ETTP rail) Number of shipments= 

Numbcr ofshipmcnts= 183.426 umber of shipments= 378 2~.168 (rail to IGngman) 3,534 (to ETIP rail) 
110,880 (Kingman to 486 (rail to Clive) 

NNSS) 
Fatal Non-fatal Fatal Non-fatal Fatal Non-fatal Fatal Non-fatal Fatal Non-fatal 

MEis 

Routine Travel 
Driver (Truck) or Crew 

9.14£-03 1.22£-02 3.40£-03 4.54£-03 5.29£-02 7.06£-02 1.78£-04 2.37£-04 5.65£-02 7.53£-02 Member (Rail) 

Resident Along Route 4.40£-03 5.87£-03 9.07£-06 1.21E-05 7.54£-03 I.O IE-02 9.65£-05 1.29£-04 7.65£-03 1.02£-02 

Accidents 

Driver (Truck) or Crew 1.41 E-03 1.88£-03 2.90£-06 3.87£-06 2.38£-03 3.17£-03 3.02£-05 4.03£-05 2.42£-03 3.22£-03 Member (Rail) 

Resident Along Route 5.61 E-04 7.48£-04 1.16£-06 1.54£-06 I .05£-03 1.40£-03 1.41 E-05 1.87£-05 1.06£-03 1.42£-03 

Ceilledhre Ill 

Routine Travel 

Crew 7.79£-03 1.04£-02 7.21£-03 9.62£-03 1.88£-02 2.50£-02 1.50£-04 2.00£-04 2.61£-02 3.49£-02 

On-Link a a 4.01£-03 5.35£-03 7.03£-02 9.38£-02 2.25£-04 3.00£-04 7.46£-02 9.94£-02 

Off-Link 7.18£-05 9.57£-05 2.93£-04 3.90£-04 1.19£-01 J.SSE-01 1.75£-03 234£-03 1.21E-01 1.61 E-01 

Handlers I.OSE-01 1.44£-01 2.23£-04 2.98£-04 2.22£-01 2.97£-01 3.12£-03 4.15£-03 2.26£-0 1 3.01£-01 

Accidents 

Societal Accident 
2.93E-08 3.90E-08 7.69E-07 1.03E-06 1.57E-04 2.09E-04 5.40E-07 7.20E-07 l.SSE-04 2.1 1E-04 Exposure 

" No on-link 3nalysis for on-site: 311 trnvcl is on non-public ro3d. 
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Tallie D-5. Transportation Risk Assessment, Injury and Fatality R isk Due to Vehicle-related Incidents 

Emissions Vehicle Trnl'cl 
Scenario 

Fatal Fatnl Non-Fatal 

On-site Disposal AJtcrnativc 

Tmck to EMDF J.15E-02 2.59£-02 8.96£-01 

Off-si te Disposal Altemative 

Tmck to NNSS 9.26E-02 2.55E-02 4.42E-Ol 

Tmck to ETTP; 
4.28E-02 2.04E-02 6.53E-02 

Roil to Clive. UT 

Tmck to ETTP; 
Rail to Kingman, AZ; 8.19E+OO 1.55E+OO 1.49E+OI 

Truck to l\'NSS 

Off-site Total 8.32E+OO J.59E+OO 1.59£+01 

2.5 RAIL VERSUS TRUCK COMPARISON 

A comparison using only the NNSS disposal site destination was performed to analyze the risk posed by 
transporting all waste by truck to the western disposal sites, as opposed to a majority of the waste being 
transported to these sites by rail. LL Wand LL W/TSCA waste transported by truck to the ETTP rail yard, 
then by rail from the ETTP rail yard to Kingman, AZ, and finally by truck from Kingman to the NNSS 
site for disposal was analyzed as part of the off-site disposal option. Additionally, classified waste 
transport by truck only from the ORR to NNSS was analyzed. Thus this same truck route (ORR to NNSS) 
was modified to include the increased shipments of the LLW and LL\V/TSCA waste streams in order to 
make a side-by-side comparison of truck versus rai l transport. Outputs from RADTRAN runs, for the 
collective population risk, and RISKIND runs, for the MEl risk, for single shipments, were used and 
number of shipments modified to allow this comparison. 

Table D-6 summarizes the comparison of radiological risk for the original shipment route using rail 
transportation (all shipments) versus the truck route to NNSS, for the same number of shipments. There is 
actually little difference for accident scenarios since the rail route also has a trucking leg from Kingman 
to NNSS. However, large differences are seen in the risk to drivers, crew, and on-link populations during 
routine travel due to the much larger number of shipments by truck. 

Table D-7 summarizes the same comparison, in terms of vehicular risk. As expected, vehicle-related risks 
are significantly higher when all the waste is trucked versus when rail transport is used where possible. 
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Table D-6. Comparison of Radiologicnl Risk for Trucking Waste versus Trucking and Rail 
Tmnsport of Waste to Destination NNSS for All Shipments 

Truck Transport Only Truck and Rnil Transport 

Receptor/Scennrio Truck to NNSS 
Truck to ETTP; Rnil to Kingmnn, AZ; 

Truck to NNSS 

Fatal Non-Fntnl Fntnl Non-Fatal 

ME Is 
Routine Travel 

Driver (Tmck) or Crew Member 
1.61E+OO 2.15E+OO 5.29E-02 7.06E-02 

(Rail) 

Resident Along Route 4.30E-03 5.73£-03 7.54E-03 l .OlE-02 

Accident 
Driver (Truck) or Crew Member 

1.38E-03 1.83£-03 2.38E-03 3.17E-03 
(Rail) 

Resident Along Route 5.48E-04 7.31£-04 1.05E-03 1.40E-03 

Collective Population 

Routine Trm•el 

Crew 3.42E+OO 4.56E+OO 1.88E-02 2.50E-02 

On-Link 1.90E+OO 2.54E+OO 7.03E-02 9 .38E-02 

011'-Link 1.39E·OI 1.85E-O I 1.19E-OI 1.58E-OI 

Handlers 1.06E-OI 1.41 E-01 2.22E-OI 2.97E-OI 

Accitleut 

Societal Accident Exposure 3.64£-04 4.86£-04 1.57£-04 2.09E-04 

Table D-7. Comparison of Vehicle-related Risk for Trucl<ing Waste Versus Trucking nnd Rail 
Transport of Waste to Destination NNSS 

Em i.~sions Vehicle Tra\'cl 
Scenario 

Fatal Fatal I Non-Fntnl 

Truck Transport Only 

Tntck to NNSS 4.39E+OI 1.21E+OI I 2. 10E+02 

Truck and Rail Transport 

Tntck to ETTP; Rrt il to Kingman, 8. 19E+OO 1.55E+OO I 1.49£+01 
AZ; Tmck to NNSS 
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3. NATURAL PHENOMENA 

Potential risk to human health via exposure to contamination from on-site disposal facilities was assumed 
to occur through tlu·ee natural phenomena mechanisms: earthquake activity, sinkhole development, and 
tornado activity. This assessment only analyzes risk posed by the occurrence of a tornado for the 
following reasons: the potential for release of contamination resulting from an earthquake is assumed to 
be addressed by the design of the disposal facility, and site-selection criteria preclude building the 
disposal facility at a location underlain by the karst geology, which is most likely to cause a sinkhole to 
develop. In the east Tetmessee area, the probability of a tornado strike is estimated as 4.26x 1 0'5/yr 
(FEMA 2009, NOAA 2011). Although a low probability is associated with this natural phenomenon, the 
consequences of such an event could be high. An estimate of the human health risk posed by a tornado 
striking the on-site disposal facility and releasing contamination was made using the RESRAD computer 
code, and is presented here. Note that this risk assessment, as with the transportation risk assessment, 
considers the risk posed by release of radioactively contaminated waste as fhr exceeding the risk posed to 
the public by any contained chemical hazards, and therefore only the radioactive portion of the waste is 
considered in the assessment. 

3.1 MODEL INPUTS AND ASSUMPTIONS 

Two RESRAD models were considered for use in evaluating the risk to the public presented by an on-site 
disposal facility, RESRAD and RESRAD OFFSITE. RESRAD OFFSITE was not used in this evaluation. 
It was determined that RESRAD OFFSITE is more suited for risk of the landfill liner or cover system 
failing and affecting nearby residents. Such a risk would be evaluated when the design for a liner is being 
engineered. The model that was used in this evaluation is RESRAD. It was used to evaluate the human 
health risk presented assuming a scenario whereby a tornado hits the open f.1ce of the cell and disperses 
contaminated debris. Inputs required to evaluate this scenario include: radioactive species and 
concentrations; extent of contamination (area nnd depth); locnl environmental pnrameters 
(air, geology, hydrology inputs); human parameters (inhalation rates, population, etc.): and a specified 
time period for evnluation. 

Based on the EM\VMF safety basis and current operating procedures at EMWMF, the assumption was 
made that the maximum open face of the disposnl cell is 15 acres. (BJC 2009). 

Additionally, as specified in the previous EMWMF Remedinl Investigation/Feasibility Study 
(DOE 1998), the tomado is assumed to spread contnminated debris across n I 0 squnre mile aren 
(assumed circular - corresponds to a radius of - I 'l'4 miles). In reference to the open, exposed f.1ce 
(using the maximum open face of the cell, 15 acres) of the cell, a scour depth of 6 in. is assumed. 

Mass-weighted averages were used as input to the RESRAD model and are given in Table D-1. Avernge 
rndionuclide concentrations used in the model were determined from waste lots in waste disposed to date 
at EM\VMF (sec Chapter 2 and Appendix A of this RI/FS). These radionuclidc conccntrntions were then 
assumed to be present in waste evaluated for natural phenomenon risk due to tornado strike. Radionuclide 
concentration data for waste lots that had an EMWMF WAC stun of fractions (SOFs) exceeding 0.05 
were not excluded from the analysis. This approach is conservative because, in practice at EM\VMF, the 
facility authorization basis and operational controls require adjustments to normnl operating practices be 
mnde prior to disposal of waste lots with an audible safety analysis-derived WAC SOF that exceeds 0.05. 
These adjustments, such as containerizing waste or further limiting the open cell face area, would prevent 
release of the waste. 
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Site geology and hydrology parameters were input to the model based on several hydrologic reports 
conducted for ORNL (ORNL 1988, 1989, 1992, 2006). The specific values used in the model are listed 
below: 

• Satmated zone porosity: 0.4 

• Saturated zone hydraulic gradient: 0.05 

• Well pump intake (meters below water table): 20 m 

• Overburden (unsaturated zone thickness): 12 m 

Model inputs for ingestion, occupancy, and dose remained as model default values. 

3.2 TORNADO PROBABILITY 

Tornado probabilities are estimated based on frequency of occurrence (either based on historical data or 
contour maps developed from historical data), and parameters defmiug the severity of the tornadoes. The 
method used to calculate the probability is presented in the Federal Emergency Management Agency 
(FEMA) Benefit-Cost Analysis Reengineering (BCAR) Version 4.5 (FEMA 2009). Historical data for the 
two counties in which the ORR resides (Anderson and Roane Counties) were obtained from the National 
Oceanic and Atmospheric Administration (NOAA) National Weather Service Weather Forecast Office 
records (NOAA 20 II). A probability of 4.2Gx I o·5 was estimated based on these two reference sources. 

3.3 l\IODELING RESULTS 

Two RESRAD nms were made, with all input variables held constant with the exception of the duration. 
Long term effects were examined out to I 00,000 years, which registered the highest risk within the first 
six years. Therefore a second run was made with a six-year duration to focus on the highest risk 
data/output. The model was used to calculate the estimated Incremental Lifetime Cancer Risk (ILCR) 
resulting from the assumed activity (in this case tornado) based on conservative exposure pathways. 
Contamination pathways examined included incidental ingestion of soil, inhalation of contaminated dust, 
exterunl exposure to gammn radiation, ingestion of contaminated food products (fish, milk, meat, 
vegetables), and exposure to contaminated groundwater and surface water. 

The ILCR as calculated by RESRAD from radiation exposure resulting from tornado-dispersed 
con tamination is 2.90x 104 at the peak risk (immediately following dispersion). Applying the probability 
of tornado occurrence (4.26x I o·5) and a 30-year operating window (which is somewhat higher than the 
current assumed li fccycle of 23 years) for the disposal facility results in a maximum total aggregate risk 
of3.71 X I o·7

• 
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4. FUGITIVE DUST EMISSIONS 

For the On-site Disposal Alternative, estimates of fugitive dust emissions generated and transported 
during construction activities were determined and compared to National Ambient Air Quality Standards 
(NAAQS) limits for particulate emissions. U.S. Environmental Protection Agency (EPA) research has 
shown that particulate emissions from open sources such as unpaved roads, borrow areas, spoil areas, 
general grubbing, and disposal cell construction can contribute significantly to ambient air particulate 
malter (PM) concentrations. Regarding activities considered in the construction of an on-site disposal 
facility, the NAAQS PM limit of interest is PM 10 (particles with a mean aerodynamic diameter greater 
than 2.5 ~Lm and less than or equal to I 0 ~1m) . The nearest residence to the constmction site placed the 
location of interest at approximately 1350 m horizontally distant from the proposed EMDF site in EBCV. 
The estimation of fugitive dust emission for this RifFS follows guidance contained in the EPA's 
Compilation ofAir Pollutant Emission Factors (AP-42, EPA 1995). 

4.1 METHOD 

Estimates of PM concentrations are based on activities assumed to take place throughout the life of the 
construction project. Four main activities were defined for on-site constmction of a disposal facility, 
consisting of more specific, daily elements as follows: 

Activity 1 -Clearing and Grubbing 

• Bulldozing 

• 
• 
• 

Material hauling 

Material loading and unloadjng 

Spoi Is hand I ing/spreading 

Activity 2- Topsoil Removal 

• 
• 
• 
• 

Topsoil removal by scrapers 

Material hauling 

Material unloading 

Spoils handling/spreading 

Activity 3- Excavation Earthwork 

• 
• 
• 
• 

Dozers excavating 

Material loading and unloading 

Material hauling 

Spoi Is hand] ing/sprcading 

Activity 4- FiU/Borrow Earthworl< 

• Hauling on-site (only haul from Highway 95 to stockpile was considered) 

• Unloading at stockpile 

• Loading to go to cell 

• Hauling to cell from stockpile 

• Unloading at cell 
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• Grading with dozers at cell 

• Compacting with rollers at cell 

The main activities were assumed to take place in sequence, that is, only one main activity occurred at 
one time, with all daily elements occurring simultaneously. Particle emission rates (mass/time) were 
calculated for each daily element in the main activities. These emission rates are calculated based ou 
several parameters and assumptions that are summarized in Table D-8. Methods used for calculating 
emission rates were those presented in AP-42 (EPA 1995). 

Tabll' D-8. Summnry of Inputs for Calculation of Emission Rates 

Pnnunetcrs Used in Calculations of Emission Rates for Construction Acth•ities (Non-site Specific): 

• i\ vcrage 120 days of rain annually 

• 250 work days per year 

• Wind speed 4. 1 mi/hr 

• Mean vehicle speed of7.1 mi/Ju· (applicable only to grading operat ions) 

• Silt content of the gravel haul roads of6% 

Assumptions: 

• Only one of the four main activities will occur at one time . 

• All o11'-site areas (such ns aggregate lac ility or borrow nren) wi ll be managed by the operator and would not 
need to be assessed in this evaluation. 

• Vdticle emissions would be neglig ible in comparison to the dust generated by the construction activities 
(consequences of vehicle emissions are examined and discussed as part of the Transportation Risk - see 
Sect. 2.2.2). 

• Salt is used on roads for ice control, not sand/gravel, and therelore are removed from calculations . 

• Unpaved roads travelled are considered as industrial (not public) . 

• The difterenlmnterials hnndled during the various activities would hnve vnrying moisture nnd s ilt contents 

• The different mnterials handled during the vmious activities would result in va1ying mean vehicle weights 

Emission rates may be reduced by implementing controls to reduce the dust generation/transport. Controls 
include spraying water to reduce dust generation, limiting speeds, using enclosures, sweeping, using 
coverings such as straw, revegetation, etc. For this study, emission rates for hauling activities/clements 
(on the existing gravel Haul Road) were adjusted by a 74% control efficiency for water and additionally, 
by a 44% control efficiency for setting a speed limit of 25 mph. These efficiency rates are based on 
documentation provided by the Western Regional Air Partnership's Fugitive Dust Handbook. Natural dust 
suppression caused by regional precipitation is already f.1ctored into the uncontrolled emission rate by the 
equation provided in the AP-42 document. Unloading topsoil from scrapers and spreading topsoil was 
modified by a 74% control efficiency for the application of water sprayed by water trucks, as was 
excavating operations involving dozing, loading, and unloading spoils. These credits reduced the 
emission rates significantly for the specified elements. 

Emission rates were conve11ed to per-unit-area rates based on footprints that were estimated for each sub
activity/element. Each element within a main activity has an assumed footprint. For example within 
activity 3 (excavation earthwork) a footprint for bulldozer excavations is specified, which is different 
from the dump truck hauling footprint, which is also different from the spoils handling/spreading 
footprint. The area-based emission rates are input to the EPA code SCREEN3 (EPA 1995), along with 
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other site-specific data such as distance to the location of interest (resident), to generate PM10 
concentrations. The resultant PM 10 concentrations are peak hourly concentrations that must be averaged 
over a 24-hour period (based on an eight hour work day) to obtain the PM 10 values for the nearest resident 
location . This 24 hour averaged PM 10 value is then compared to the EPA NAAQS PM10 limit of 
150 Jtg/m3

. 

4.2 RESULTS 

The column on the far right of Table D- 9 lists the final 24-hr PM 10 total concentrations for each main 
activity. The values are obtained by summing the SCREENJ output PM 10 concentrations for all elements 
in a given activity. As seen in the table, the PM10 values for the site, with respect to the nearest resident 
location, fall below the PM 10 limit of 150 Jtg/m3 specified in the NAAQS. 
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Table D-9. East Bear Creek Valley Particulate Matter Calculations Summary 

Combined Emissions Rate 
SCREEN3 

for Application to SCREEN3 Inputs 24-hrPM10 

Activity (1-4) and Corresponding Elements. 
Emissions Footprint 

Output 
for Each 

Grouped by Footprint 
Rate 

Emission Activity at Footprint. Footprint. 
(lb/hr ) 

(1b/hr) (gls) Larger Smaller Rate 
PM to Residence 

Side (m) Side (m) (g/s·m~) 
(l!g/ml) (J.Ig/mJ) 

01) Clcaring Clcaring/Grubbing by Dozer 1.34 
= 1.34 0.17 63.7 63.7 4.16E-05 13.00 

e, :a Footprint 
Loading Yeg into Dump Truck 0.0024 :: ..0 

~~ Haul Hauling to Spoils 13.4 13.4 1.69 1563.6 157.0 6.88E-06 86.00 
~~ 113 
·;; co Unloading Dump Truck 0.0024 = u -~ Spoils 

0.17 13.67 < " 1.34 45.1 45.1 8.30E-05 ... Footprint c Spreading Spoils 1.34 

Clearing 
Topsoil Removal 6.29 6.29 0.79 98.8 98.8 8.13E-05 24.32 

·~ Footprint 
o -r ~ Haul Hauling to Spoils 9.43 .. 9.43 .. 1.19 1563.6 157.0 4.84E-06 60.33 
' 0 133 ..... ::: Unloading Scraper 3.33 .. >. Cj 

:~ ~ Spoils 
4.78. 0.60 49.4 49.4 2.47E-04 48.67 ;; Footprint Spreading Topsoil with Dozer 1.45 * -< 

Excavation Dozer Excavating 5.58 

Footprint 
5.59 0.70 31.4 31.4 7.15E-04 25.33 

01)"' 
Loading into Dump Truck 0.0088 

"" c 

-~-~ -~ Haul Hauling to Spoils 8 .05 * 8.05 .. 1.01 1563.6 157.0 4.13E-06 51.33 
102 

-~ ~ g_ Unloading Dump Truck 5.58 
<t.llO Spoils 

5.59 0.70 40.2 40.2 4.35E-04 24.96 
Footprint Spreading Spoils 0.0088 

Haul Stock Soil Hauling to Stockpile 6.49. 6.49* 0.82 823.0 83.8 1.19E-05 60.66 

~ 
Stockpile Unloading at Stockpile 0.029 ;::; 

g 0 .044 0.01 38.7 38.7 3.70E-06 0.45 
0:: Footprint Loading at Stockpile 0.015 

t.::: Haul Hauling from Stockpile to Cell 1.66 1.66 0.21 61.0 7.3 4.69E-04 17.67 144 
..;. 

Unloading at Cell 4.43 ~ 
:~ Fill 

6.66 0.84 6 1.6 61.6 2.21 E-04 66.33 c:; Footprint Compacting at Cell 2.21 
< 

Grading at Cell 0.015 .. . . - . •Value has been modtltcd to take credit tor dust controls by multtplymg the ongmal emtSSIOns rate by an appropnatc control ell tCtcncy 

D-20 



) 

) 

5. REFERENCES 

ANL 1995. RJSKIND - A Computer Program for Calculating Radiological Consequences and Health 
Risks form Transportation c~(Spent Nuclear Fuel, ANL/EAD-1, Argonne National Laboratory, 
November 1995, Argonne, IL. 

ANL 200 l. User's Manualfor RESRAD Version 6, ANL/EAD-4, Argotme National Laboratory, July 
200 I, Argonne, IL. 

EPA l995.Compilation ofAir Pollutant Emission Factors, AP-42 Fifth Addition, Environmental 
Protection Agency, January 1995, Research Triangle Park, NC. 

BJC 2009. Hazard Assessment Documentfor the Environmental Management Waste Alanagemcmt 
Facility, HAD-YT-EMWMF-0020 Rev. 8, Bechtel Jacobs Company LLC, August2009, Oak Ridge 
TN. 

DOE 1998. Remediallm•estigation!Feasibility Studyforthe Disposal of Oak Ridge Resen•ation 
Comprehensive Environmental Response, Compensation, and Liabili~)l Act of 1980 Waste. 
DOE/OR/02-1637&02, Jacobs El'vl Team, Januaty 1998, Oak Ridge, TN. 

DOE 2002. A Resource Handbook 0 11 DOE Tron~portation Risk Assessment, DOE/EM/NTP/HB-1, DOE 
Transportation Risk Assessment Working Group Technical Subcommittee, July 2002, Albuquerque, 
NM. 

DOE 2003. Estimating Radiation Riskfrom Total f..Yfective Dose Equimlent (TED£) !SCORS Technical 
Report No. 1, DOE/EH-412/0015/0802 rev. l, Department of Energy, January 2003, \Vashingtou DC. 

FEMA 2009. FEi\lA Benefit-Cost Analys is Reengineering (BCAR) Version 4.5: Tornado Safe Room 
Module, BCAR Ver. 4.5, Federal Emergency Management Agency, May 2009, Washington DC. 

ORNL 1988. Concepts ofGrOIIIIdll'ater Occurrence a/1(1 Flow Near Oak Ridge National LaboratOIJ!, 
Tennessee, ORNL/TM-1 0969, Oak Ridge National Laboratory, November 1988, Oak Ridge, TN. 

ORNL 1989. Grounclll'ater Parameters and Flow 5)•stems Near Oak Ridge National LabomtOIJ', 
ORNL/TM-11368, Oak Ridge National Laboratory, September 1989, Oak Ridge, TN. 

ORNL 1992. Status Report: A Hydrologic Framework for the Oak Riclge Reservation, ORNL/TM-12026, 
Oak Ridge National Laboratory, May 1992, Oak Ridge, TN. 

ORJ\lL 1996. E.(fectil•e Porosity a/1(1 Pore-Throat Sizes of Mudrock Saprolite from the Nolichucky Shale 
within Bear Creek Valley on the Oak Ridge ReseJw1tion: lmplications.for Contamination Transport 
and Retardation through 1\-fatrix D((/i1sion, ORNL/G\VP0-025, Oak Ridge National Laboratory, 
May 1996, Oak Ridge, TN. 

ORNL 2000. 'li·an.sportation Routing Analysis Geographic Information .s:)'stem (Web11?AG!.S) User's 
Manual, ORNL/TM-2000/86, Oak Ridge National Laboratory, April 2000, Oak Ridge, TN. 

D-21 



ORNL 2006. Oak Ridge Rese1W1tion Physical Characteristics and Natum/ Resources, ORNL/TM-
2006/ 110, Oak Ridge National Laboratmy, September 2006, Oak Ridge, TN. 

NOAA 20 II . National Oceanic and Atmospheric Administration (NOAA) National Weather Service 
Weather Forecast Office Records, 1953 to June 20 II, 
http://www.srh.noaa.gov/mrxl?n=nu-x tornado db. 

Sandia 2009. RadCat3.0 User Guide, SAND2009-5129, Sandia National Laboratories, May 2009, 
Albuquerque, NM. 

0-22 



) 

) 

APPENDIX E 

APPLICABLE OR RELEVANT AND 
APPROPRIATE REQUIREMENTS 



) 

CONTENTS 

ACRONYMS .. .... .. ........... .. ..... ...................... ..... ..... ... ........ .. ..... ................. .... ..... .................. ... ...... .......... E-iii 
I. INTRODUCTION .......... ..... ...... .. ......... .. .......... ........... .... ... .. ..... .. ....... ...... .. ......... ...... .......... .. ..... ...... E-1 
2. CERCLA ON-SITE CONSIDERATIONS .......... .. .. .............................. .. .......... .................. .. .. .. .... ... E-3 
3. WAIVER OF TSCA AND TDEC HYDROLOGIC CONDITIONS ARARS .... .... .. .... ........ ........ .. . E-3 
4. CHEMICAL-SPECIFIC ARARSffBCS ...... ...... .... ...... ...... ... .. ...... ............ ............ ... .. ........ .. ..... ... .... E-5 

4.1 RADIATION PROTECTION ..... ..... ... .... .... .. ............................ ..... ..... ............................... ..... E-5 
5. LOCATION-SPECIFIC ARARSffBCS .. .............................................................. ....... ......... .......... E-5 

5.1 FLOODPLAINS/WETLANDS ...... ... .................... .. ..... .. ..... ... .. ..... ... ..... ... ... ......... ... .. ... ..... ... .. . E-5 
5.2 AQUATIC RESOURCES ....... ...... ...... ..... .. ... .. ... .. ................................ ......................... .... .... .. E-6 
5.3 ENDANGERED, THREATEN ED, OR RARE SPECIES ..... ... ........................ .... ........ .. ........ E-6 

5.4 CULTURAL RESOURCES .................... ................ .. ... .... .... .... .. ... ... ... ........ .... ........ .. .. ...... ...... E-6 
6. ON-SITE DISPOSAL ALTERNATIVE- ACTION-SPECIFIC ARARSffBCS ........................... E-6 

6.1 GENERAL CONSTRUCTION STANDARDS - SITE PREPARATION, 
EXCAVATION ACTIVITIES, ETC . .. .. ...... ............ ............... ........ .......... .... .......... ... .... .. .. ... .. E-7 

6.2 WASTE MANAGEMENT ........................ .......... ....... .................... ... ................. ..... .......... ...... E-8 
6.2. I Characterization .. .......... .......... .. .................... ....... ..... ... ........ ................. ........ .... ...... ....... .. .. E-8 
6.2.2 Storage .... .......... .......... ..... ........ ... ....................... ...... .. .............. ... ....... ........ .... ...... ............... E-8 

6.2.3 Waste Segregation ... ........ ................. ................. .. ............. ..... ................. .. .......... ...... ..... ..... E-8 
6.2.4 Waste Treatment and Disposal ....... ............. ..... ... .. .. ... ...... ..... ...... ... .. .. .... ..... ........ ...... .... ..... E-8 

6.3 DISPOSAL SITE SUITABILITY REQUIREMENTS ............. ....... .... ............. .. .................... E-8 

6.4 WASTEWATER TREATMENT FACILITY OPERATION AND DISCHARGE .............. .. E-9 
6.5 DESIGN, CONSTRUCTION, AND OPERATION OF A MIXED (RCRA 

HAZARDOUS, TSCA CHEMICAL AND LOW-LEVEL RADIOACTIVE) WASTE 
LANDFILL .......... ......... ... ...... ..... ....... ..... ..... .. ... ......... ......... ..... ..... ... ..... ....... .. ........ ......... ........ E-9 

6.6 CLOSURE .... .......... .......... ........ ... ... .. .. .......... ... ...... ........ ... .. ..... ........ ....... .......... ............... ...... E-10 
6.7 POSTCLOSURE CARE ............... .. ............................. .... .......... ............. ..... .. ........................ E-10 
6.8 OFF-SITE TRANSPORTATION AND DISPOSAL ....................... ... ..... ....... .. ...... .............. E-ll 

7. OFF-SITE DISPOSAL ALTERNATfVE ARARSffBCS ................. ...... .... ......... .. .. ..... .. .............. E- ll 
8. REFERENCES ................ .. ..... .... .... .. .......................... ......... ...... .. ... ...... ..... ........... ........... .......... ..... E-69 

TABLES 

Table E-1. Chemical-specific ARA Rs and TBC Guidance for the On-site Disposal Alternative ......... E-12 
Table E- 2. Location-specific ARARs and TBC Guidance for the On-site Disposal Alternative ........... E-13 
Table E- 3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative .. ............ E-19 

Table E- 4. Action-specific ARARs and TBC Guidance for the Off-Site Disposal Altcmative .. ..... ..... E-66 

E-ii 



A LARA 
ARAP 

ARAR 
BMP 
CAA 
CFR 
CERCLA 
DOE 
DOT 
EMDF 
EM\VMF 

EPA 
FR 
FML 
GCL 
LL\V 

NCP 
NT 

ORR 
OSHA 
PCB 
PPE 
RCRA 
RifFS 
ROD 
TBC 
TDEC 

TSCA 
u.s. 
WAC 

ACRONYMS 

as low as reasonably achievable 
Aquatic Resource Alteration Pennit 
applicable or relevant and appropriate requirement 
best management practice 
Clean Air Act of 1970 

Code of Federal Regulations 
Comprehensive Environmental Response, Compeusation, and Liability Act of 1980 
Department of Energy 

U.S. Department of Transportation 
Environmental Management Disposal Facility 
Environmental Management Waste Management Facility 
Environmental Protection Agency 
Federal Register 

flexible membrane 
geosynthetic clay liner 
low-level (radioactive) waste 

National Oil and Hazardous Substances Pollution Contingency Plan 
Northern Tributary 
Oak Ridge Reservation 
Occupational Safety and Health Administration 
polychloriunted biphenyl 
personal protective equipment 
Resource Conservation and Recovery Act of 1976 
Remedial Investigation/Feasibility Study 
Record ofDecision 
to be considered 
Tennessee Department of Environment and Conservation 
Toxic Substances Control Act of 1976 
United States 
Waste Acceptance Criteria 

E-iii 



) 

1. INTRODUCTION 

The purpose of this Appendix is to identify and describe applicable or relevant and appropriate 
requirements (ARARs) for the disposal alternatives considered in this Remedial Investigation/ 
Feasibility Study (RI/FS). 

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
Sect. 121 (d), as amended, specifies 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 to the hazardous substances or particular 
circumstances at a site or obtain a waiver (40 Code of Federal Regulations [CFR] 300.430 
[f][ I ][ii][B]). Inherent in the interpretation of ARARs is the assumption that protection of human 
health and the environment is ensured. This RJ/FS evaluates waste djsposition for the volume of 
CERCLA waste generated from cleanup actions on the United States (U. S.) Department of Energy 
(DOE) Oak Ridge Reservation (ORR) that exceeds tJte available capacity of the existing 
Environmental Management Waste Management Facility (EMWMF) in Bear Creek Valley on the 
ORR. The purpose of this appendix is to specify the federal and state chemical-, location-, and 
action-specific ARARs for the On-site Disposal Alternative for construction and operation of an 
additional CERCLA waste disposal facility referred to as the Environmental Management Disposal 
Facility (EMDF), and the Off- site Disposal Alternative for transport of CERCLA waste to an 
approved off-site facility. 

ARARs include only federal and state environmental or facility siting laws/regulations designed to 
protect the environment; they do not include occupational safety or worker radiation protection 
requirements. The U.S. Environmental Protection Agency (EPA) requires compliance with the 
Occupational Safety and Health Administration (OSHA) standards through Sect. 300.150 of the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP), independent of the 
ARARs process; therefore, neither the regulations promulgated by OSHA nor DOE Orders related to 
occupational safety are addressed as ARARs. These regu lations would appear in the appropriate health 
and safety plans for this action. 

The following terms arc used throughout this appendix: 

• Applicable requirements arc "those cleanup standards, standards of control, and other 
substantive requirements, criteria, or limitations promulgated under federal environmental or 
state environmental or facility siting laws that specifically address a hazardous substance, 
pollutant, contaminant, remedial action, location, or other circumstance found at a CERCLA 
site. Only those state standards that are identified by a state in a timely manner and that are 
more stringent than federal requirements may be applicable." (40 C'FR 300.5). 

• Relevant and Appropriate requirements are "those cleanup standards, standards of control, and 
other substantive requirements, criteria, or limitations promulgated under federal 
environmental or state environmental or facility siting laws that, while not "applicable" to a 
hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance 
at a CERCLA site, address problems or situations sufficiently similar to those encountered at 
the CERCLA site that their use is well suited to the particular site. Only those state standards 
that are identified in a timely manner and arc more stringent than federal requirements may be 
relevant and appropriate ." (40 CFR 300.5). 

• Ln addition to ARARs, other advisories, criteria or guidance may be considered for a particular 
release. The to be considered (TBC) category consists of advisories, criteria, or guidance that 
were developed by the EPA, other federal agencies, or states that may be useful in developing 
CERCLA remedies per 40 C'FR 300.400(g)(3). 
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CERCLA on-site remedial response actions must comply only with the substantive requirements of a 
regulation to obtain federal, state, or local permits (CERCLA Sect. 121 [e)). To ensure that CERCLA 
response actions proceed as rapidly as possible, EPA has affirmed in the final NCP 
(59 Federal Register [FR] 47416, September 15, 1994) that on-site remedial response actions need only 
comply with substantive requirements. The term on-site means the real extent of contamination and all 
suitable areas in very close proximity to the contamination necessary for implementation of the response 
action. Substantive requirements pertain directly to actions or conditions at a site, while administrative 
requirements facilitate their implementation. EPA recognizes that certain of the administrative 
requirements (i.e., consultation with state agencies, reporting, etc.) are accomplished through the state 
involvement and public participation. These administrative requirements should also be observed if they 
are useful in determining cleanup standards at the site (59 FR 47416). 

Federal Facility Agreement (DOE 1992) participants have agreed that the DOE Oak Ridge Office 
CERCLA actions generating wastes and the disposal facility evaluated in that alternative are considered 
to be on the same site, with respect to addressing regulations that relate to transport of waste within a site 
or between sites. The basis for this determination is described in Chapter 2 of this Appendix. 

In accordance with 40 CFR 300.400(g), ARARs and TBC guidance have been identified for the disposal 
alternatives evaluated in this RifFS. In accordance with EPA guidance (EPA 1991), there are no 
ARARs/TBCs for the No Action Alternative. For the On-site Disposal Alternative actions, 
Table E-1 lists the chemical-specific ARARs/TBCs; Table E-2 lists the location-specific ARARs/TBCs; 
and Table E-3 lists the action-specific ARARs!TBCs. 

Table E-4 provides the action-specific ARARs/TBCs for the Off-Site Disposal Alternative. Chemical
specific and location-specific requirements may apply at the generator site or at the off-site disposal 
facility, but they are not ARARs for this alternative. 

The On-site Disposal Alternative would comply with all ARARs with the exception of the following two 
requirements for which a waiver would be requested: 

I. The Toxic Substances Control Act of 1976 (TSCA) hydrologic conditions requirement that there 
be no hydraulic connection between the site and standing or flowing surface water and a 50-ft 
vertical separation be maintained between the bottom of the landfill liner system or natural in
place soil barrier and the historic high water table (40 CFR 76!.75 [b] [3]) 

2. The Tennessee Department of Environment and Conservation (TDEC) hydrological conditions 
requirement for land disposal of radioactive waste that the hydrogeologic unit used for disposal 
shall not discharge groundwater to the surface within the disposal site (TDEC 
1200-2-11-.17[ 1 ][h ]). 

Both waivers would need to be incorvorated into the Record of Decision (ROD) if the 
On-site Disposal Alternative is the selected remedy. As described in Sect. 3 of this appendix, a waiver for 
these requirements would be requested based on equivalent protectiveness. 
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2. CERCLA ON-SITE CONSIDERATIONS 

CERCLA Section 12l(e) exempts on-site CERCLA activities from administrative penmttmg 
requirements. Disposal of waste in a newly constmcted on-site disposal facility, proposed as the On-site 
Disposal Altemative in this RifFS, would consolidate wastes from cleanup of the ORR and associated 
sites into a new disposal fhcility on the ORR. CERCLA Section I 04(d)(4), discretionary authority to h·eat 
noncontiguous f.1cilities as one site, also supports considering consolidation of waste between the 
individual sites as an on-site action and allows the EPA to consider multiple facilities as one for the 
purpose of conducting response actions where two or more noncontiguous facilities are reasonably related 
on the basis of geography, or on the basis of the tlueat or potential threat to the public health or welfare or 
the environment. The preamble to the NCP (at 55 FR 8690 [March 8, 1990]) clarifies that 
Sect. 104(d)(4) can be used when noncontiguous facilities are reasonably close to one another and wastes 
at the sites are compatible for a selected treatment or disposal approach. For purposes of developing 
ARARs, it is assumed that consolidation of wastes into a centralized disposal cell would be considered an 
on-site action under the CERCLA definition of"on site" and CERCLA Section 104(d)(4). 

Treating all Areas of Contamination within ORR as "on-site" for the purposes of waste disposal 
determinations is consistent both with the statute and EPA policy and the precedent set with approval of 
the EMWMF. The NCP, at 40 CFR 300.5, defines "on-site" as "the areal extent of contamination and all 
suitable areas in very close proximity to the contamination necessary for the implementation of the 
response action." An August 3, 1995, EPA memorandum from Stephen D. Luftig, Acting Director, EPA 
Office of Emergency and Remedial Response (EPA 1995) provides that, where federal facilities are listed 
on the National Priorities List, "the CERCLA site consists of all contaminated areas within the area used 
to define tJ1e site." 

By virtue of its location within the contiguous geographical boundaries of ORR, a single disposal facility 
would constitute a "suitable area in very close proximity to the contamination" in the case of areas of 
contamination on the ORR. Accordingly, it would be appropriate to consider such a disposal facility as 
"on-site" for the purposes of evaluating potential on-site disposal alternatives. The disposal facility 
analyzed in the On-site Disposal Alternative would accept CERCLA wastes meeting the facility-specific 
Waste Acceptance Criteria (WAC) from ORR sites and associated sites outside the ORR boundary but 
within the state of Tennessee that have been contaminated by the receipt or transport of material fl'01n past 
ORR operations conducted by DOE and its predecessors. No out of state waste would be accepted at the 
proposed disposal f.1cility. 

3. WAIVER OF TSCA AND TDEC HYDROLOGIC CONDITIONS 
ARARS 

CERCLA Section 12l(d)( 4) allows for waivers of ARARs under certain circumstances for on-site actions. 
A hydrologic conditions requirement under TSCA specifics that tbere be no hydraulic connection 
between the site and standing or flowing surface water and the bottom of the landftll liner system or 
natural in-place soil barrier of a chemical waste landfill must be at least 50 11 above the historical high 
water table (40 C'FR 761. 75[b ][3 ]). In addition, a TDEC hydrologic conditions requirement for land 
disposal of radioactive waste specifies the hydrogeologic unit used for disposa l shall not discbarge 
groundwater to the surface witbin the disposal site (TDEC 1200-2-11-.17[ I ]fh]). Construction of a 
disposal f.1cility at the EMDF site evaluated under the On-site Disposal Alternative would not meet these 
TSCA and TDEC requirements. 

ff on-site disposal is the selected remedy, waivers from the hydrologic conditions requirements would be 
requested on the basis of "equivalent protectiveness." 
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TSCA requirement 40 CFR 761.7S(b)(3): An "equivalent protectiveness" waiver of the TSCA 50-fl 
groundwater buffer requirement would be requested on the basis that implementation of the more 
stringent leachate collection requirements under Resource Conservation and Recovery Act of 1976 
(RCRA) result in a facility that meets or exceeds the protectiveness anticipated under TSCA. The 
provision for a waiver under CERCLA based on protectiveness parallels TSCA regulations at 
40 CFR 761.5(c)(4) allowing the EPA TSCA administrator to waive the requirement if protectiveness can 
be demonstrated. 

The TSCA requirement for minimum depth to the water table does not provide a tme performance 
standard that can be evaluated. For example, gravel and highly fractured rock can have a hydraulic 
conductivity of as low as I x I o·' ern/sec, compared to a conductivity of up to I x 10·7 em/sec for clay. For a 
continuous 50-n layer, the range of time for permeation could be anywhere from 4.2 hrs (gravel) to 
482 years (clay). A RCRA landfill would use a multiple liner system that could incorporate flexible 
membranes (FMLs), geosynthctic clay liners (GCLs) and low penneability clay. The range of hydraulic 
conductivities for these materials range from <I x 10'7 em/sec for low permeability clay, 
5 x 10·9 em/sec for GCLs; and between I x 10·11 and 1 x I o· 13 em/sec for FMLs depending on the type of 
materials used. In addition to a leachate collection/detection system, RCRA landfill design typically uses 
a 3-n thick clay foundation layer and a I O-n clay geologic buffer to isolate the disposal cell from the 
groundwater table. Consistent with DOE 0 435.1, the compliance period for facility performance 
assessment is I ,000 years. As shown in Appendix F of this RI/FS, peak risks beyond I ,000 years are 
considered for development of preliminary WAC. However, groundwater modeling results beyond 
I ,000 years after facility closure are less reliable than those within the 1,000-ycar timeframe. 

There is precedence for waiver of the TSCA 50-ft groundwater buffer requirement. It is commonly 
waived in the southeast because of high groundwater tables; EPA-Region 4 has waived this requirement 
in the past, including granting a waiver for the EMWMF. 

TDEC requirement TDEC 1200-2-11-.17(l)(h): As discussed in Chapter 6 of this Rl/FS, the EMDF 
would be constructed over part of Northern Tributary (NT)-3 . This tributary to Bear Creek is fed by 
springs and seeps that arc hydraulically cOlmected to the site and discharge groundwater to the surface 
within the disposal site. The conceptual design includes an extensive underdrain system, shallow 
upgradient French drain, and upgradient geomembrane-lined diversion ditch, and a landfill liner 
composed of multiple impermeable layers, which are designed to mitigate the hydrologic conditions at the 
site and provide "equivalent protectiveness". Upgradient storm water would be diverted around the 
landfill in a geomembrane-lined ditch. The shallow upgradient French drain would intercept and divert 
shallow perched groundwater flowing within the stormflow zone away from the buried waste. The landfill 
would be constructed over a por1ion of NT-3 and flow would be rerouted west of tl1e new facility and 
rejoin the existing NT-3 channel south of the Haul Road. In addition, construction of the landfill would 
eliminate percolation of surface water into the ground within the footprint of the landfill. Collectively, 
these design features would lower the groundwater table beneath the landfill and would reduce 
groundwater fluct1rations. The undcrdrain system would provide a pathway for upgradient and/or 
upwelling seeps and springs to flow beneath the landfill, while maintaining at least a I 0-fl thick geologic 
buffer below the liner system.1 The underdrain system would provide a "preferred pathway" for 
groundwater and could be used as a tertiary leak detection and removal system for the landfill. 

1 The EM\VMF dc~ign compli.:s with the TDEC solid waste r~quirem~nt for a I 0-li geologic butler (TDEC 1200-1-7· 
.0414JiaJl2J) per n 'I DEC request. Cons islcnt with thi s agreement, lho: conceptual design fnr the proposed EMDF includes a 
I 0 H g~olngic butler. 
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4. CHEMICAL-SPECIFIC ARARS/TBCS 

Chemical-specific ARARs and TBC guidance provide health· or risk-based concentration or discharge 
limitations in various environmental media (i.e., surface water, groundwater, soil, and air) for specific 
hazardous substances, pollutants, or contaminants. Because there is no particular operable unit or medium 
being remediated, there are no chemical-specific ARARs for cleanup levels for the alternatives. There are, 
however, chemical-specific ARARs limiting exposure to radioactivity identified for the On-site Disposal 
Altemative (see Table E-1) that are discussed below. 

4.1 RADIATION PROTECTION 

The radiation dose to members of the public must not exceed 1 00-mrem/yr total effective dose equivalent 
from all sources excluding dose contributions from background radiation, medical exposures, or voluntary 
participation in mcdicaVresearch programs and must be reduced below this limit as low as reasonably 
achievable (ALARA). This dose limit addresses exposure to radiation from all sources and activities as 
measured at the DOE f.1cility boundary. In addition, DOE is required to use procedures to maintain the 
doseALARA. 

The TDEC performance standard specifies that concentrations of radioactive material which may be 
released to the general environment in groundwater, surface water, air, soil, plants, or animals must not 
exceed arultlal dose limits. The release of radioactivity in effluents to the general euviromnent must also 
be maintained at ALARA levels. 

5. LOCATION-SPECIFIC ARARS/TBCS 

Location-specific requirements (see Table E-2) establish restrictions on permissible concentrations of 
hazardous substances or requirements for how activities will be conducted because they will take place in 
special locations (e.g., wetlands, floodplains, critical habitats, historic districts, streams). The location
specific ARARs discussed here are based on the siting of the proposed EMDF in East Bear Creek Valley 
inunediatcly east of EMWMF. Additional location-specific considerations (i.e., siting requirements) arc 
addressed as action-specific requirements in Chapter 6 of this Appendix. The Off-site Disposal and No
Action Alternatives would not impact any special locations. 

5.1 FLOODPLAINS/WETLANDS 

Activities that affect wetlands are regulated under federal and state law. lmpacts to wetlands from siting a 
new disposal f.1cility would be avoided whenever possible. If impacts were unavoidable, they would be 
minimized through steps such as project design changes or the implementation of best management 
practices (BMPs), erosion and sedimentation controls, and site restoration. 

As described in Appendix C of this RifFS, several wetlands have been identified within or near the 
EwiDF site. If the On-site Disposal Alternative is the selected remedy in the ROD, the extent of wetlands 
impact would be detennined based on wetlands survey and other detailed design considerations. 
Compensatmy mitigation in the form of wetland rcstorntion, creation, or enhancement may be required . 

The conceptual design footprint of the EMDF, leachate storage tanks, contact water basins, leachate 
collection and treatment facility, access roads, and sediment basins are not within the I 00- or 500-year 
floodplain of Bear Creek. Regulations regarding potential impacts on floodplains would be applicable if 
construction could impact the floodplain. Construction activities at the EMDF site would involve some 
disturbance of wetlands and aquatic resources. 
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5.2 AQUATIC RESOURCES 

The Fish and Wildlife Coordination Act of 1958 requires federal agencies to consider the effect of water
related projects on fish and wildlife resources and take action to prevent loss or damage to these 
resources. The provisions of the Act are not applicable to those projects or activities cnn·ied out in 
connection with land use and management programs carried out by federal agencies on federal lands 
under their jurisdiction; however, the provisions may be relevant and appropriate for such activities. 

The TDEC Division of Water Pollution Control requires Aquatic Resource Alteration Permits (ARAPs) 
for alterations of waters of the state, including wetlands. Typical actions that trigger these requirements 
include the impoundment, diversion, stream location, or other control or modifications of any body of 
water or wetland. General permits are available for alteration of wet-weather conveyances, minor wetland 
alterations, minor road crossings, utility line crossings of streams, bank stabi lization, sand and gravel 
dredging, debris removal, and stream and restoration habitat removal. Since this project would be 
implemented under CERCLA, proposed activities for development of an on-site disposal facility would 
be required to meet only the substantive requirements under the applicable General permit or individual 
ARAP process, including such elements as BMPs and erosion and sedimentation controls. 

Implementation of the on-site EMDF would require modification of NT-3 (i.e., construction over a 
portion of NT-3), site improvements, and potential construction of new bridges or culverts that would 
impact existing wetlands. Other direct impacts to aquatic resources are not expected to be required, based 
on the conceptual design. Act11al design considerations will detennine whether and to what extent aquatic 
impacts will occur. 

5.3 ENDANGERED, THREATENED, OR RARE SPECIES 

As described in Appendix C, the EMDF site is not known to contain plants that are tlueatened or 
endangered, in need of management, or species of concern (Baranski 2009). For the On-site Disposal 
Alternative, a biologic and wetlands survey would be conducted, and any rare plants within the area 
would be protected and preserved per the Tennessee Rare Plant Protection and Conservation Act of 1985. 
In addition, the Tennessee dace (Phoxinus lennesseensis), which is listed as a "species in need of 
management" by the state of Tennessee, has been found tluoughout Bear Creek and several of its 
tributaries. Should any actions associated with the selected remedy impact any state-listed threatened or 
rare animal species, impacts would be considered and mitigated as appropriate in accordance with the 
Tetmessee Nongame and Endangered or Threatened Wildlife Species Conservation Act. 

5.4 CULTURAL RESOURCES 

There are no known significant historical or archaeological resources within the EMDF footprint, support 
facilities, or roadways (see Appendix C). No prehistoric sites are known to exist at the EMDF site and 
adjacent areas to be impacted by the proposed constmction of support facilities and roadways. If such 
resources (e.g., Native American remains) are discovered during site grading and excavation activities, work 
will be suspended until applicable requirements are met. Several stnn•tes and regt1lations protect cultural 
resources, such as Native American artifacts, that may be discovered. For the On-site Disposal Altemativc, 
if such a discovery is made at auy time during the project, it must be reasonably protected from disn1rbance 
and all activity in the discovery area must cease until the si te and artifacts nrc properly evaluated. 

6. ON-SITE DISPOSAL ALTERNATIVE- ACTION-SPECIFIC 
ARARS/TBCS 

Under the On-site Disposal Alternative, most future-generated CERCLA waste in excess of the EMWMF 
capac ity would be disposed of in a centralized, newly constructed engineered disposal facility on ORR. 
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This facility would be designed to manage low-level (radioactive) waste, RCRA waste, polychlorinated 
biphenyl (PCBs), and mixed waste consisting of combinations of these waste types. The anticipated small 
portion of CERCLA waste that does not meet the on-site disposal facility WAC (see Chapter 2, 
Sect. 2.1.3), including a minimal volume of disposal f.1cility operations waste, would be shipped to an ofT
site conunercial facility for disposal. ARARs for off-site shipment are addressed in Chapter 7 of this 
Appendix. 

Performance, design, or other action-specific requirements set controls or restrictions on particular kinds 
of activities related to the management of hazardous waste under the selected remedy 
(55 FR 874 I. March 8, 1990). No one set of regulations is tailored to the combination of wastes which 
will be disposed. Selection of action-specific ARARs for the On-site and Off-site Disposal Alternatives is 
based on the overriding priority to manage wastes in a manner protective of human health and the 
environment over both the short- and long-term. As previously stated, there are no ARARs for the No 
Action Alternative. 

Action-specific ARARs for the On-site Disposal Alternative (see Table E-3) address: 

• 
• 
• 
• 
• 

• 
• 
• 

General constmction standards - site preparation, excavation activities, etc . 

Waste management 

Disposal site suitability requirements 

Wastewater treatment facility operation and discharge 

Design, construction, and operation of a mixed (RCRA hazardous, TSCA chemical and low-level 
radioactive) waste landfill 

Closure 

Post closure care 

Off-site Transportation and Disposal (for the small portion of CERCLA waste that will not meet 
the on-site disposal facility WAC) 

A key assumption is that requirements for storage before transport, transportation requirements for 
moving wastes from individual response sites to the on-site disposal facility, and requirements for 
treatment of these wastes are not ARARs for the On-site Disposal Alternative because these requirements 
will be met by the individual waste generators prior to placement in the on-site facility. Some wastes 
(e.g., decontamination and decommissioning waste that exceeds WAC for the on-site disposal facility) 
may be managed at the generator site pending shipment to an off-site f.1cility for treatment or disposal. In 
the event waste is determined to exceed WAC after receipt at the on-site disposal facility, subsequent 
management will be in accordance with the on-site disposal fhcility's WAC attaimnent plan, a post-ROD 
primary document. Facility operations could also be shut down temporarily, necessitating waste 
accumulation. Storage, accumulation, and transportation requirements have been included as ARARs for 
the on-site disposal facility as appropriate to address these contingencies. 

6.1 GENERAL CONSTRUCTION STANDARDS- SITE PREPARATION, EXCAVATION 
ACTTVITIES, ETC. 

Site preparation activities, such as excavation, earth-moving operations and construction of support 
buildings would trigger requirements to prevent and minimize emission of radioactivity, fi.tgitive dust, and 
storm-water runoff. These requirements, as listed in Table E-3, are ARARs for general construction 
activities under the On-site Disposal Altemative. Reasonable precautions include the use of BMPs for 
erosion prevention and sediment control to prevent ntnoff and application of water on denuded surfaces to 
prevent particulate matter from becoming airborne. 

E-7 



6.2 WASTE MANAGEMENT 

Table E-3 lists ARARs and TBC guidance for characterization and management of different types of 
waste streams. 

6.2.1 Characterization 

All primmy wastes (e.g., soil, scrap metal, and debris) delivered to the On-site EMDF and secondary 
wastes (e.g., contaminated personal protective equipment [PPE], dewatering fluids, decontamination 
wastewaters) generated during f.'lcility constrnction, operations, or closme will be appropriately 
characterized as either solid, hazardous, PCB-contaminated, radioactive, and/or mixed wastes and 
managed in accordance with appropriate RCRA, Clean Air Act of 1970 (CAA), TSCA, or DOE 
Orderlfvfanual requirements for each waste stream. Requirements for characterization and management of 
waste are triggered in all phases of implementation of the On-site Disposal Alternative. Other projects 
generating waste to be disposed of at an on-site (or off-site) facility are responsible for characterizing 
waste per these requirements and to confirm that that the waste meets the disposal facility's WAC. These 
waste streams must be characterized and managed as RCRA waste, TSCA waste, low-level (radioactive) 
waste (LL W), or mixed waste as appropriate. 

6.2.2 Storage 

RCRA-hazardous waste may be accumulated and temporarily stored in containers on-site provided that 
the containers meet substantive RCRA requirements and are properly marked as hazardous waste. 
Containers may be stored on-site provided that container integrity is ensured and precautions to prevent 
release of the waste are taken. 

Storage areas must be properly designed and operated such that containers are not in prolonged contact 
with liquid from precipitation, and the area will contain any spilled materials. PCBs and PCB items must 
be properly marked and stored in containers per TSCA requirements. PCB and PCB radioactive waste 
may be stored in a PCB storage facility, or in a RCRA compliant storage f.1cility. 

6.2.3 Waste Scg•·egation 

TSCA waste must be segregated from incompatible wastes during management and storage. LL\V should 
be segregated from mixed waste. 

6.2.4 Waste Treatment and Disposal 

RCRA waste may be land disposed only if it meets treatment standards or alternative treatment standards 
for hazardous waste ( 40 CFR 268) and requirements tor ignitable, reactive and incompatible waste. 
Hazardous waste may not be disposed of as free liquids and empty containers should be reduced in 
volume (e.g., shredded, compacted) prior to disposal. 

Bulk PCB remediation waste, other PCB cleanup wastes, and PCB bulk product waste may be disposed 
of in a RCRA-compliant land disposal facility or a chemical waste landfill or by performance or risk
based options per 40 CFR 76l.61 (b)(2). 

Per DOE TBC guidance, potentially biodegradable LL W bearing manium and thorium shall be 
couditioned to minimize the generation and escape of biogenic gases. LL W must have structural stability 
by processing or packaging of the waste; void spaces must be reduced to the extent practicable. 

6.3 DISPOSAL SITE SUITABILITY REQUIREMENTS 

Siting and design requirements for land disposal fhcilities for RCRA-hazardous waste and LLW stipulate 
that facilities not be located in a I 00-year tloodplain, arens subject to seismic activity, geologic processes, 
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or hydrogeology that adversely affect the facility' s stability or ability to meet performance standards. 
These site conditions, if present, must not preclude design and constmction of the facility so that the 
performance standards will be met. Performance standards for the facility include the requirement to 
achieve long-term stability of the disposal. TDEC requires that the facility site must be capable of being 
characterized, modeled, analyzed, and monitored and specifies a pre-operational monitoring program be 
conducted. 

As noted in Chapter 3 of this Appendix, a waiver of two hydrologic condition requirements would be 
requested on the basis of equivalent protectiveness of landfill design. TDEC Rule 1200-2-11-.17( I )(h) 
requires that "the hydrogeologic unit used for disposal shall not discharge groundwater to the surface 
within the disposal site", e.g., that there be no streams, springs, or seeps at the site. The proposed EMDF 
would be built over the upper reaches of Bear Creek tributary NT-3 , which is fed by springs and seeps 
during the wet season. 

Location requirements for a chemical-waste landfill under TSCA are very similar to RCRA requirements 
for a hazardous waste landfill. However, the hydrologic requirements ofTSCA specify that the bottom of 
the landfill liner system or natural in-place soil barrier must be located at least 50 ft above the historical 
high water table and prohibit any hydrologic co11nection between the site and any surface water. This 
depth requirement applies to all sites, regardless of underlying geology and soil type. The proposed 
EMDF location would not meet the TSCA hydrologic requirement. 

With the exception of these requirements, implementation ofthe On-site Disposal Alternative would meet 
all CERCLA ARARs. In addition, the risk assessment and preliminary WAC analyses (see Appendix D 
and Appendix F, respectively) indicate that there would be no risks above acceptable levels to human 
health or the environment as a result of constructing and operating an on-site disposal facility. 

6.4 WASTEWATER TREATMENT FACILITY OPERATION AND DISCHARGE 

Wastewater collected during excavation, dewatering, or decontamination activities as well as leachate and 
contact water collected during EMDF operation would be treated at the planned on-site wastewater 
treatment facility to be constructed aud operated at the EMDF site prior to discharge to Bear Creek. 
Wastewater would receive the degree of treatment or effluent reduction necessaty to comply with TDEC 
water quality standards and radionuclide air emissions will comply with CAA requirements. Until the 
new treatment facility is operational, wastewater may be transported to an existing on-site wastewater 
treatment plant for treatment and subsequent discharge via a permitted outfall. 

6.5 DESIGN, CONSTRUCTION, AND OPERATION OF A MIXED (RCRA HAZARDOUS, 
TSCA CHE~flCAL AND LOW-LEVEL RADIOACTIVE) WASTE LANDFILL 

Table E-3 lists RCRA, TSCA, TDEC Radiation Protection, and DOE ARARs regarding design, 
construction and operation of a mixed waste landfill. RCRA and TSCA requirements regarding design 
and maintenance of a security system and access roads arc applicable. TSCA requires pre-construction 
baseline sampling and sampling during operations of groundwater and surface water. TSCA specifies 
leachate collection and liner design requirements for the landfill. If a synthetic liner is used, it must have a 
minjmum thickness of30 mils. 

CERCLA differentiates between substantive and administrative requirements. Some requirements that 
would be administrati ve for most CERCLA response actions have been identified as ARARs for the On
site Disposal Alternative because they arc necessary to meet substantive requirements for an operating 
disposal facility. Operation of the on-site disposal f.1cility will be in compliance with general f.1cility 
requirements for security, inspection, training, constmction quality assurance, contingency planning, 
preparedness and prevention, and inventory as identified in Table E-3. 
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RCRA regulations require that the landfill design must prevent leachate generation and release of 
hazardous constih.tents to groundwater; requirements stipulate that a disposal facility needs two or more 
liners, including a top liner and a bottom liner each with a leachate collection and removal system. The 
bottom liner will include a leak detection system. Facility design must also provide for nm-on/runoff 
control systems and wind dispersion control systems. Constmction and operation requirements include 
constmction and post-constntction inspections. Response action plans for leaks must be in place. 

TDEC Radiation Protection requirements that are relevant and appropriate include that the facility design 
must consider long-term isolation, compliance with performance objectives, and avoidance of site 
degradation through erosion. Low-level waste must be placed to maintain package integrity and prevent 
void spaces, and a buffer zone of land must be maintained beneath the disposal unit and between the unit 
and disposal boundary. Closure and stabilization measures must be carried out as each disposal unit is 
filled and covered. A monitoring system to detect releases of radioactivity before they leave the site 
boundary must be conducted throughout operations. 

DOE provides TBC guidance for the facility to be designed, constructed, and operated to consider the 
effects of nah.tral phenomena needed to ensure facility performance. The facility should have control and 
stabilization feah.tres for long-term management of uranium, thorium and their decay products. 

6.6 CLOSURE 

After a disposal cell is filled to capacity, pursuant to RCRA, it must be covered with a fmal cover 
designed and constructed to provide long-tenn minimization of liquid migration tlu·ough the capped area; 
function with minimum maintenance; promote drainage and minimize erosion or abrasion of the cover; 
and accommodate settling and subsidence so that the cover's integrity is maintained. Additionally, the cap 
must have a permeability less than or equal to the permeability of any bottom liner system or natural 
subsoils present to keep water and leachate from collecting in the waste. 

TDEC provides similar requirements for closure of an LLW disposal f.1cility. Wells that are no longer 
needed for compliance monitoring must be permanently plugged nnd abnndoned. 

TSCA regulations do not specifically address capping individunl cells or the chemical wnste landfill, 
however, EPA guidnnce indicntes that closure of n chemical-waste landfill should parallel closure 
requirements under RCRA. 

6.7 POSTCLOSURE CARE 

The owner of a RCRA landfill must hnve a post-closure plan and provide nppropriate post-closure notices 
and surveys to the nppropriate local authorities. Per RCRA, post-closure cnre must begin after closure and 
must continue for 30 years. Property use must be restricted nnd the facility must be maintained to protect 
the integrity of the landfill cover and other components. General post-closure care includes site 
mnintenance, maintenance and operation of the leachate collection system as loug as lenchate is being 
generated. 

RCRA and TSCA provide requirements for construction of groundwater monitoring wells. RCRA 
specifies groundwater monitoring program requirements, sample collection, and detection monitoring. 

TDEC Radiation Protection has relevant and appropriate requirements for a monitoring system. The 
disposal facility must have plans for corrective measures that would be taken if monitoring detects 
migration of radionuclides. Institutional controls include, at a minimum, administrative restrictions for 
sale and use of property and securing the area to prevent human contact with hazardous substances. 
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6.8 OFF-SITE TRANSPORTATION AND DISPOSAL 

ARARs for off-site transportation and disposal of hazardous waste, radioactive waste, LLW, PCB waste, 
and hazardous waste are listed in Table E-4 and discussed below in Chapter 7. 

7. OFF-SITE DISPOSAL ALTERNATIVE ARARS/TBCS 

Table E-4 lists action-specific ARARs for the Off-site Disposal Alternative and for off-site transportation 
and disposal of waste under the On-site Disposal Altemative. Any wastes that arc transferred off-site or 
transported in commerce along public rights-of-way must meet the U.S. Department of Transportation 
(DOT) requirements summarized in Table E-3 for hazardous materials, as well as the specific 
requirements for the type of waste (e.g., RCRA, PCB, LL\V, or mixed). 

The DOT regulations for hazardous materials include requirements for marking labeling, placarding, and 
packaging. RCRA requires generators to ensure and document that the hazardous waste they generate is 
properly identified and transported to a treatment, storage, and disposal facility. Specific requirements are 
given for manifesting, packaging, labeling, marking, and placarding. In addition, there are record-keeping 
and reporting requirements. Pretransport requirements reference the DOT regulations under 49 CFR 172, 
173, 178, and 179. 

CERCLA Sect. 121 (d)(3) requires that the ofi'-site transfer of any hazardous substance, pollutant, or 
contaminant generated during CERCLA response actions be to a facility that is in compliance with RCRA 
and applicable state laws. EPA has established the procedures and criteria for determining whether 
facilities are acceptable for the receipt of off-site waste at 40 CFR 300.440. 

Any generator who relinquishes control of PCB wastes by transporting them to an off-site disposal 
facility must comply with the applicable provisions of TSCA (40 CFR 761.207 ct seq.). Once wastes 
generated from a CERCLA response action are transferred off site, all administrative as well as 
substantive provisions of all applicable requirements must be mel. 

DOE's policy is to treat, store, and in the case ofLLW, dispose of waste at the site where it is generated, 
if practical, or at another DOE fhcility if on-site capabilities are not practical and cost effective. Per DOE 
Manual 435.1-1(1)(2)(F)(4), the use of non-DOE facilities for storage, treatment, and disposal of LLW 
may be approved by ensuring, at a minimum, that the facility complies with applicable federal, state, and 
local requirements and has the necessaty pcnnit(s), license(s), and approval(s) to accept the specific 
waste. 
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Table E-1. Chemical-specific ARARs and TBC Guidance for the On-site Disposal Alternative 

Medium/ Action Requirements 

Releases of ractionuclides Exposure to individual members of the public 
in the environment from radiation shall not exceed a total EDE ofO.l 

rem/year (100 mrem/year), exclusive of the dose 
contributions from background radiation, any 
medical administration the individual has 
received. or voluntary participation in 
mcdicaVrcscarch programs. 

Shall use. to the extent practicable. procedures and 
engineering controls based on sound radiation 
protection principles to achieve occupational doses 
and doses to members of the public that are 
ALARA. 

Concentrations of radioactive material which may 
be released to the general environment in 
groundwater. surface water, air, soil, plants or 
animals must not result in an annual dose 
exceeding an equivalent of25 mrem to the whole 
body, 75 rnrem to the thyroid, and 25 rnrem to any 
other organ. Reasonable effort shall be made to 
maintain releases of radioactivity in effluents to 
the genera l environment ALARA. 

A LARA "' as low !IS rcason!!bly achievable 
ARAR "' !!pplic:Jbk or relevant and !!ppropri!ltc rc:quircmcnt 
CERCLA : Comprehensive Environment!! I Response. CompcnS!ltion. and Liability Act of 1980 
CFR "' Code of Federal R~-gul:nions 
EDE "' effective dose equivalent 
mrcm = millircm 
TBC = to be considered 
TDEC ~ TcnncssL"C Department of Environment and Conservation 

Prerequisite/Condition 

Activities causing direct exposure to 
radiation or the release of radionuclides 
into the environment- relevant and 
appropriate 
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10 CFR 20.1301(a)( l ) 

10 CFR 20.1 !Ol(b) 
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Table E-2. Location-specific ARARs and TBC Guidance for the On-site Disposal Alternative 

Location 
Requirements I Prerequisite Citation(s) Characteristic(s) 

Floodplains/Wetlands 

Presence of floodplain as Action shall be taken to reduce the risk of flood Federal actions potentially impacting EO 11988 (May 24. 1977): 
defined in I 0 CFR loss: minimize the impact of floods on human or taking place within floodplains that 10 CFR 1022 
I 022.4(i) or within safety. health. and welfare: and restore and preserve involve: 
"lowland and relatively the natural and beneficial values of floodplains. • acquiring, managing, and disposing 
flat areas adjoining inland Measures to mitigate adverse effects of actions in a oflands and facilities: 
and coastal waters and floodplain include, but are not limited to: minimum 

providing federally undertaken, other flood-prone areas grading requirements, runoff controls. design and • 
such as offshore islands. construction constraints. and protection of ecology- financed, or assisted construction 

including at a minimum. sensitive areas as provided in 10 CFR and improvements: and 

that area subject to a one 1022.12(a)(3). • conducting federal activities and 
percent or greater chance The potential effects of actions in floodplains shall programs affecting land use 
of flooding in a given be evaluated and consideration of flood hazards and -applicable 
year" (EO 11988, Sect. floodplain management ensured. 
6[c). and TDEC 1200-1-

If action is taken in floodplains, alternatives that 7). 
avoid adverse effects and incompatible 
development and minimize potential harms shall be 
considered. 

Presence of wetlands as Avoid or minimize adverse impacts on wetlands Federal actions potentially impacting 10 CFR 1022.3(a): 
defmed 10 CFR and act to preserve and enhance their natural and or taking place within wetlands that 10 CFR 1022.4; 
I 022.4(v), and TDEC beneficial values. Measures to mitigate adverse involve: 

TDEC 1200-01-07.01 1200-01-07.0 I effects of actions in a wetland include, but are not • acquiring. managing, and 
limited to: minimum grading requirements, runoff disposing of lands and facilities: 
controls. design and construction constraints. and 
protection of ecology-sensitive areas as provided in • providing federally undertaken • 

10 CFR 1022.13(a)(3). New construction in financed. or assisted construction 

wetlands areas should be particularly avoided and improvements: and 

unless there are no practicable alternatives. • conducting federal activities and 

Wetlands protection considerations shall be programs affecting land use-

incorporated into planning, regulating. and applicable 

decision-looking processes. 
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Table E-2. Location-specific ARARs and T BC Guidance for the On-site Disposal Alternative (Continued) 

Location Requirements Prerequisite 
Characteristic(s) Citation(s) 

Potential effects of any new construction in 10 CFR 1022.3(c); 

wetlands that are not in a floodplain shall be 10 CFR 1022.3(d) 

evaluated. Identify, evaluate, and. as appropriate, 
implement alternative actions that may avoid or 
mitigate adverse impacts on wetlands. 

Presence of jurisdictional Action to avoid degradation or destruction of Action involving discharge of dredge Clean Water Act (33 USC 1251 et seq.), 

wetlands as defmed in 40 wetlands must be taken to the extent possible. or fill material into wetlands- Section 404; 

CFR 230.3(t) and 33 CFR Discharges for which there is a practicable applicable 40 CFR230 

328.3(b) alternative with less adverse impacts or those which 
would cause or contribute to significant degradation 
are prohibited. If adverse impacts are unavoidable. 
action must be taken to enhance, restore or create 
alternative wetlands. 

Aquatic Resources 

Within an area Must comply with the substantive requirements of Action involving the discharge of any TCA 69-3-108 (b)(l )(j) 

encompassing or the ARAP for erosion and sediment control to pollutants; altering properties ofaoy 

affecting '"waters of the prevent pollution and protect sensitive resources waters of the state as defined in TCA 

State"" as defmed in TCA and downstream waters. Discharge of""substances'" 69-3-1 03(33), including alteration of 

69-3-1 03(33) that ""wi ll result or will likely result in harn1, wet weather conveyances. bank 

potential harm or detriment to the health of stabilization. debris removal. and sand 

animals, birds. fish. or aquatic life"" is prohibited. and gravel dredging; - ap plicable 

Action potentially Erosion and sediment control requirements include, Action potentially altering the TDEC Aquatic Resource Alteration 
altering the properties of but are not limited to the following. properties of any ··waters of the State'' General Permit Program Requirements 
any ""Waters of the State"" • Limit clearing, grubbing. and other disturbances - applicable 

in areas in or immediately adjacent to Waters of 
the State to the minimum necessary to 
accomplish the proposed activity. 

• Unnecessary vegetation removal is prohibited 
and all disturbed areas must be properly 
stabilized and revegetatcd as soon as 
practicable. 

• Limit excavation. dredging, bank reshaping, or 
grading to the minimum necessary to instal l 
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Table E-2. Location-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Location 
Requirements Prerequisite Citation(s) 

Characteristic(s) 

authorized structures. accommodate 
stabilization, or prepare banks for revegetation. 

• Maintain the erosion and sedimentation control 
measures throughout the construction period. 

• Upon achievement of final grade, stabilize and 
revegetate. within 30 days. all disturbed areas 
by sodding, seeding, or mulching, or using 
appropriate native riparian species. 

Within area impacting The effects of water-related projects on fish and Action that impounds, modifies. Fish and Wildlife Coordination Act 
stream or any other body wildlife resources and their habitat should be diverts. or controls waters. including (16 USC 661 et seq.) 
of water - and presence considered with a view to the conservation of fish navigation and drainage activities-
of wildlife resources (e.g., and wildlife resources by preventing loss of and relevant and appropriate 
fish) damage to such resources. 
Location encompassing Degradation or destruction of aquatic ecosystems Action involving the discharge of Clean Water Act (33 USC 1251 et seq.), 
aquatic ecosystem with must be avoided to the extent possible. Discharges dredge or fill material into aquatic Section 404; 
dependent fish. wildlife. that cause or contribute to significant degradation ecosystem - applicable 40 CFR 230 
other aquatic life. or of the water of such ecosystems are prohibited. 
habitat or as defined in 40 

Except as provided under Section 404(b)2 of the Action that involves the discharge of 40 CFR 230.1 O(a) CFR230.3(c) 
CW A, no discharge of dredged or fill material into dredged or fill material into ··waters of 
an aquatic ecosystem is permitted if there is a the U.S.", includingjurisdictional 
practicable alternative that would have less adverse wetlands- applicable 
impact. 40 CFR230.10(d) 
No discharge of dredged or fill material shall be 
permitted unless appropriate and practicable steps 
per 40 CFR 230.70 et seq. are taken to minimize 
potential adverse impacts of the discharge on the 
aquatic ecosystem. 
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Table E-2. Location-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Location I Requirements I Prerequisite I Citation(s) Characteristic(s) 

Endangered. Threatened, or Rare Species 

Presence of Tennessee No person may take. harass. or destroy wildlife Action impacting such species - Tennessee Nongame and Endangered or 
state-listed endangered or listed as threatened or endangered or otherwise applicable Threatened Wildlife Species 
threatened animal species violate the terms ofTCA 70-8-1 OS( c) or destroy Conservation Act (TCA 70-8-101 et 
as created and amended knowingly tbe habitat of such species without due seq.); TWRCP 94-17 
pursuant to TCA 70-8- consideration of alternatives for the welfare of 
I OS and listed in TWRCP state-listed or federally-listed endangered species. 
94-17 

Presence of Tennessee- Protected species may not be uprooted. dug, taken. Action impacting plant species Tennessee Rare Plant Protection and 
listed endangered or rare removed. damaged or destroyed. possessed, or determined by the Commissioner (of Conservation Act of 1985 

plant species as listed in otherwise disturbed for any purpose. TDEC) to be in jeopardy, including. TCA 70-8-309(a) 

TDEC 0400-6-2-.04 
but not limited to. "endangered TWRCP 94-16(II)( I )(a) 
species" pursuant to the federal 

TWRCP 94-17(ll) 
Endangered Species Act - relevant 
and appropriate 

Presence of Tennessee No person may knowingly destroy the habitat of Action impacting such species- TCA 70-8-1 04(b ); TWRCP 94-16 
state-listed wildlife such species. Certain exceptions may be allowed appl.icable 
species "in need of for reasons such as education, science. etc .. or 
management" as listed in where necessary to alleviate property damage or 
TWRCP94-16 protect human health or safety. 

Presence of Tennessee May not take (i.e .. harass. hunt. capture, kill or Action impacting Tennessee nongame TCA 70-8-1 04( c) 
nongame species attempt to kill). possess. transport. export. or species. including wildlife species 
(Tennessee dace) as process nongame wildlife species. which are "in need ofmanagemenC (as 
defmed in TCA 70-8-1 03 

May not knowingly destroy the habitat of such 
listed in TWRCP 94-16 and 94-17)-

TWRCP 94-16(11)(1)(a) and 
wildlife species. 

applicable 
TWRCP 94-17(U) 

Upon good cause shown and where necessary to TCA 70-8-1 06( e) 
protect human health or safety, endangered or TWRCP 94 - 16(11)( 1 )(c) 
threatened species may be removed. captured. or 
destroyed. 
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Table E-2. Location-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Location 
Requirements Prerequisite Citation(s) 

C ha racteristic(s) 

Presence of federally Actions that jeopardize the existence of a listed Action impacting such species- 16 U.S.C. § 1536(a)(2)-Sect 7(a)(2) 
endangered or threatened species or results in the destruction or adverse applicable 
species, as designated in modification of critical habitat must be avoided or 
50 reasonable and prudent mitigation measures take. 
CFR 17.11 and 17.12or 
critical habitat of such 
species 

Cultural Resources 

Presence of Steps must be taken to consider the historical. Action that would impact any resource National Historic Preservation Act 
archaeological resources architectural. or archaeological significance of discovered during remedial activities - Sections 106 and II 0 ( 16 USC 470 et. 
on public land sites. structures. and objects and to consult with the applicable seq.) 

State Historic Preservation Officer. EO 11593, 36 CFR 800 
Steps must be taken to protect archaeological Archaeological Resources Protection 
resources and sites. Act (16 USC 470aa-ll); 43 CFR 7.8 

and 7.9) 

43 CFR 7.5(b)(I) 

Presence of A survey of affected areas for resources and data Action involving alteration of terrain Archaeological and Historic 
archaeological or historic must be conducted and steps taken to recover. that might cause irreparable loss or Preservation Act (16 USC 469 a-c) 
resources protect. and preserve data or request DOl do so. destruction of any discovered 

The state archaeologist and secretary of interior significant scientific, prehistoric, 
must be advised of the presence of the data. historic, or archaeological resources-

applicable 

Presence of May not excavate, remove. damage. or otherwise Action that would impact 43 CFR 7.4(a) 
archaeological resources alter or deface such resource unless by permit or archaeological resources on public land 

exception. - applicable 
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Table E-2. Location-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Location Requirements 
Characteristic(s) 

Presence of human If an inadvertent discovery is made in connection 
remains. funerary objects. with an on-going activity. activity must stop in the 
sacred objects. or objects area of the discovery and reasonable effort be made 
of cultural patrimony for to secure and protect the objects discovered. 
Native Americans Notification and consultation procedures are 

required for off-site activities and recommended for 
on-site activities. 

Disposition of all inadvertently discovered items 
must be carried out in prescribed procedures. 

Must consult with Indian tribe likely to be affiliated 
with the objects to determine further disposition. 

ARAP = Aqwtic Resource Alteration Permit 
ARAR = applicJblc or rclev:mt and appropriate requirement 
CERCLA = Comprehensive Environmental Response. CompcnS:ltion. :md Liability Act of 1980 
CFR 2 Code of Federal Regulations 
CW A = Clean Water Act of 1972 
NPDES = NationJI Pollution Discharge Elimination System 
ORR = Oak Ridge Reservation 
ROD = Record of Decision 

Prerequisite Citation(s) 

Objects that are in federal possession Native American Graves Protection and 
or control or that are excavated Repatriation Act (25 USC 3001-3013); 
intentionally or discovered 43 CFR 10.4(c) 
inadvertently on federal lands or under 
federal control- applicable 

43 CFR 1 0.3. I 0.4, and I 0.6 

43 CFR lO.S(b). 

TBC = to be considered 
TCA =Tennessee Code Annotated 
TDEC =Tennessee Dcpanment of Environment :md Conservation 
TWRCP =Tennessee Wildlife Resources Commission Proclamation 
USC= United Stat~"S Code 
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Action 

Activities causing 
fugitive dust emissions 

Activities causing 
radionuclide emissions 

I 

Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative 

Requirements I Prerequisite 

General Construction Standards-Site Preparation, Excavation Activities, etc. 

Shall take reasonable precautions to prevent 
particulate matter from becoming airborne; 
reasonable precautions shall include, but are not 
limited to, the following: 

• use, where possible, of water or chemicals for 
control of dust from construction operation, 
grading of roads. or the clearing ofland; and 

• application of asphalt. oil. water, or suitable 
chemicals on dirt roads, materials stockpiles, 
and other surfaces that can create airborne dusts. 

Shall not cause or allow fugitive dust to be emitted 
in such a manner as to exceed 5 minfh or 20 minld 
beyond property boundary lines on which emission 
originates. 

Exposures to the public from all radiation sources 
released into atmosphere from DOE facil ity shall 
not cause EDE > I 0 mrem (0.1 mSv) per year. 

Fugitive emissions from land
disturbing activities (e.g., demolition of 
existing buildings or structures. 
construction operations, grading of 
roads, or clearing ofland)- applicable 

Radionuclide emissions from point 
sources, as well as diffuse or fugitive 
emissions, at a DOE facility
applicable 

E-19 

I Citation(s) 

TDEC Chap. 1200-3-8-.01(1) 

TDEC Chap. 1200-3-8-.0!(I)(a) 

TDEC Chap. 1200-3-8-.0I(I)(b) 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Activities causing storm Implement good construction management Storm water runoff discharges from TCA 69-3-1 08(j) 
water runoff techniques (including sediment and erosion land disturbed by construction TDEC 1200-4-1 0-.03(2)(a) 

controls. vegetative controls. and structural 
activity- disturbance of~l acre total 

controls) in accordance with the substantive 
requirements of General Permit No. TNRJ 0-0000. -applicable 
Appendix F to ensure water discharge: 

• does not violate water quality criteria as stated Tennessee General Permit No. TNR/0-
in TDEC 1200-4-3, including but not limited to 0000 Section 4.3.2(a) 
prevention of discharges that cause a condition 
in which visible solids. bottom deposits. or 
rurbidity impairs the usefulness of water of the 
state for any of the uses designated for that 
water body by TDEC 1200-4-4. and 

• does not violate other conditions detailed in 
General Permit No. TNRJ0-0000. 

• does not contain distinctly visible floating Tennessee General Permir No. TNRlO-
scum. oil. or other matter. 0000 Section 4.3.2(b) 

Activities causing storm • does not cause an objectionable color contrast Storm water discharges from Tennessee General Permit No. TNRJO-
water runoff in the receiving stream. construction activities- applicable 0000 Section 4.3.2(c) 

• muddy water to be pumped from excavation Tennessee General Permit No. TNRJO-
and work areas must be held in settling basins 0000 Section 3.5.3.3 
or filtered or chemically treated prior to its 
discharge into surface waters. Water must be 
discharged through a pipe. well-grassed or 
lined channel or other equivalent means so that 
the discharge does not cause erosion and 
sedimentation. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Shall develop and maintain a site-specific storm Storm water discharges associated with Tennessee General Permit No. TNRJO-
water pollution prevention plan (SWPPP) or industrial activities at a Landfill - 0000 Section 1.4.2 
equivalent document which includes a description applicable Tennessee Erosion and Sediment Control 
of all potential sources of pollution, describe Handbook (guidance) 
practices to be used to reduce pollutants in storm 
water discharges and assure compliance with 
substantive requirements of General Permit No. 
TNR I 0-0000. 

Results in no materials in concentrations sufficient Tennessee General Permit No. TNRJO-
to be hazardous or otherwise detrimental to 0000 Section 4.3.2(d) 
humans. livestock. wildlife. plant life. or fish and 
aquatic life in the receiving stream. 

The following conditions apply to all land Storm water discharges from TDEC 1200-4-10-.04(7)(b)(2)(iv) 
disturbance work: construction activities- applicable 

• Sediment should be removed from sediment Tennessee General Permit No. TNRJO-
traps. silt fences. sedimentation ponds, and 0000 Section 3.5.3.1 (e) 
other sediment controls as necessary. and must 
be removed when design capacity has been 
reduced by 50%. 

• clearing and grubbing must be held to the Tennessee General Permit No. TNRJO-
minimum necessary for grading and equipment 0000 Section 3.5.3.1 (i) 
operation. 

• construction must be sequenced to minimize Tennessee General Permit No. TNRJO-
the exposure time of graded or denuded areas. 0000 Section 3.5.3.1 U) 

Activities causing storm • construction must be phased for projects in Storm water discharges from Tennessee General Permit No. TNRJO-
water runoff which over 50 acres of soil will be disturbed. construction activities- applicable 0000 Section 3.5.3.1(k) 

Areas of the completed phase must be 
stabi lized within 15 days (in accordance with 
Section 3.5.3.2 Tennessee General Permit No. 
TNRJ 0-0000) . No more than 50 acres of active 
soil disturbance is allowed at any time during 
the construction project. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

• erosion prevention and sediment control Tennessee General Permit No. TNR/0-
measures must be in place and functional 0000 Section 3.5.3.1 (I) 
before earth moving operations begin. and 
must be constructed and maintained throughout 
the construction period. 

• pre-construction vegetative ground cover shall Tennessee General Permit No. TNR/0-
not be destroyed. removed or disturbed more 0000 Section 3.5.3. l (h) 
than 10 days prior to grading or earth moving 
unless the area is seeded and/or mulched or 
other temporary cover is installed. 

• permanent stabilization with perennial Tennessee General Permit No. TNR/0-
vegetation (using native herbaceous and woody 0000 Section 3.5.3.2 
plants where practicable) or other permanently 
stable. non eroding surface shall replace any 
temporary measures as soon as practicable. 

• erosion prevention and sediment control Tennessee General Permit No. TNR/0-
measures shall be designed according to the 0000 Section 3.5.3.3 
size and slope of disturbed drainage areas with 
the goal of detaining runoff and trapping 
sediment. 

• discharges from sediment basins and traps Tennessee General Permit No. TNR/0-
must be through a pipe. well-grassed or lined 0000 Section 3.5.3.3 
channel or other equivalent means so that the 
discharge does not cause erosion and 
sedimentation. 
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Table E-3. Action-spcx:ific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action I Requirements I Prerequisite I Citation(s) 

Waste Management 

Characteri7..ation of solid Must determine if that waste is hazardous waste or Generation of solid waste as defmed in 40 CFR 262.ll(a) 
waste (all primary and if waste is excluded under 40 CFR 261.4(b); and 40 CFR 261.2 and which is not TDEC 1200- l - ll- .03(1)(b){l) secondary wastes) 

Must dete.rmine if waste is listed under 40 CFR Part excluded under 40 CFR 26l.4(a)-
40 CFR 262.11 (b) 

261. or applicable 
TDEC 1200-l- ll-.03(1)(b)(2) 

Must characterize waste by using prescribed testing 40 CFR 262.11 (c) and (d) 
methods or applying generator knowledge based on TDEC 1200-1-11- .03{1)(b)(3) 
information regarding material or processes used. If 
waste is determined to be ha7.ardous, it must be 
managed in accordance with pertinent prov isions of 
40 CFR 261-268. 

Must referto Parts 261, 262. 264. 265, 266, 268. Generation of solid waste which is 40 CFR 262.11 (d); 
and 273 of Title 40 for possible exclusions or determined to be hazardous - TDEC Chap. 1200-1- 11-.03(l)(b)(4) 
restrictions pertaining to management of the applicable 
specific waste. 

Characterization of Must obtain a detailed chemical and physical Generation of RCRA hazardous waste 40 CFR 264.13(a)(1) 
hazardous waste (all analysis of a representative sample of the waste(s) (including RCRA characteristic TDEC 1200- 1-11- .06(2)( d)( I) 
primary and secondary which at a minimum contains all the information hazardous waste that is not DOO I non-
wastes) which must be known to treat, store. or dispose of wastewater treated by CMBST. 

the waste in accordance with pertinent sections of RORGS, or POLYM of Sect. 268.42, 
40 CFR 264 to 268. Table I) fo r storage, treatment or 

Must determine the underly ing hazardous 
disposal - applicable 

40 CFR 268.9(a); 
constituents (as defined in 40 CFR 268.2[i)) in the TDEC Chap. 1200-1-11-.IO(l)(i)(l) 
waste. 

Must determine if the waste is restricted from land 40 CFR268.7 
disposal under 40 CFR 268 et seq. by testing in TDEC 1200-1-11-.10(1 )(g)(l)(i) 
accordance with prescribed methods or use of 
generator knowledge of waste. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Must determine each EPA Hazardous Waste 40 CFR 268.9(a); 
Number (Waste Code) to determine the applicable TDEC Chap. 1200-1-11-.10(1 )(i)(l) 
treatment standards under 40 CFR 268.40 et seq. 

Characterization of LL W Shall be characterized using direct or indirect Generation of LL W for storage or DOE M 435.1-1 (IV)( I) 
(e.g .. contaminated PPE. methods and the;: characterization documented in disposal at a DOE faci lity- TBC 
equipment. wastewater) sufficient detail to ensure safe management and 

compliance with the WAC of the receiving faci lity. 

Characterization data shall. at a minimum. include DOE M 435.1 -I(IV)(I)(2) 
the following information relevant to the 
management of the waste: 

• physical and chemical characteristics; DOE M 435.1-1 (IV){l)(2)(a) 

• volume. including the waste and any DOE M 435. 1-1 (JV)(I)(2)(b) 
stabil ization or absorbent medi:~: 

• weight of the container and contents: DOE M 435.1-l (IV)(I)(2)(c) 

• identities. activities. and concentrations of DOE M 435.1 -1 (IV)(I)(2)(d) 
major radionuclides: 

• characterization date: DOE M 435.1-1(IV)(1)(2)(e) 

• generating source: and DOE M 435 .1-I(TV)(I)(2)(t) 

• any other information that might be needed to DOE M 435.1-l(IV)(I)(2)(g) 
prepare and maintain the disposal facility 
performance assessment or demonstrate 
compliance with performance objectives. 
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Table E-3. Action-specific ARARs and TBC Guidance foJ" the On-site Disposal Alternative (Continued) 

Action RequiJ"ements Pl"eJ"equisite Citation(s) 

Temporary storage of A generator may accumulate hazardous waste at the Accumulation of RCRA hazardous 40 CFR 262.34{a) 
hazardous waste in facility provided that: waste on site as defmcd in 40 CFR TDEC 1200-1-11-.03(4)(e) 
containers (e.g .. PPE. 260.10- applicable 
rags. etc.) • waste is placed in containers that comply with 40 CFR 262.34(a)(l)(i) 

40 CFR 265.171-173 (Subpart 1); and TDEC 1200-1-11 -.03(4)(e)(2)(i)(l) 

• the date upon which accumulation begins is 
clearly marked and visible for inspection on 40 CFR 262.34(a)(2) 
each container; 

container is marked with the words "hazardous 
TDEC 1200-1-11 -.03(4)(e)(2)(ii) 

• 
waste." and 

40 CFR 262.34(a)(3) 

TDEC 1200-1-11 -.03(4)(e)(2)(iv) 

• container may be marked with other words that Accumulation of 55 gal or less the 40 CFR 262.34(c)(l) 
identify the contents. contents of RCRA hazardous waste at TDEC 1200-1-11 -.03(4)(e)(5) 

or near any point of generation-
applicable 

Use and management of If container is not in good condition (e.g. severe Storage ofRCRA hazardous waste in 40 CFR 264.171 
hazardous waste in rusting. structural defects) or if it begins to leak. containers - applicable TDEC 1200-l-11-.05(9)(b) 
containers must transfer waste into container in good 

condition. 

Use container made or lined with materials 40 CFR 264.172 
compatible with waste to be stored so that the TDEC 1200-1-1 l-.05(9)(c) 
ability of the container is not impaired; 

Keep containers closed during storage. except to 40 CFR 264.173(a) 
add/remove waste; TDEC 1200 -l-11-.05(9)(d)(l) 

Open, handle and store containers in a manner that 40 CFR 264.173(b) 
will not cause containers to rupture or leak. TDEC 1200-1-1 l-.05(9)(d)(2) 

Design and operation of a Area must be sloped or otherwise designed and Storage ofRCRA ha7..ardous waste in 40 CFR 264. 175(c) 
RCRA container storage operated to drain liquid from precipitation. or containers that do not contain free TDEC 1200-l-ll-.06(9)(t)(3) 
area containers must be elevated or otherwise protected liquids- applicable 

from contact with accumulated liquid. 
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Table E-3. Action-specific ARARs and TBC G uidance for the On-site Disposal Alternative (Contin ued) 

Action Requir ements Prerequisite Citation(s) 

Area must have a containment system designed and Storage of RCRA hazardous waste 40 CFR 264.175(a): 
operated as follows: with free liquids or F020, F021, F022. TDEC 1200-1-11-.06(9)(f) 

F023. F026 and F027 in containers-
• a base must underlie the containers which is free applicable 40 CFR264.175(b)(1) 

of cracks or gaps and is sufficiently impervious TDEC 1200-1-ll-.06(9)(f)(2)(i) 
to contain leaks. spills and accumulated 
precipitation until the collected material is 
detected and removed; 

• base must be sloped or the containment system 40 CFR 264.175(b)(2) 
must be otherwise designed and operated to TDEC 1200-1-11-.06(9)(t)(2)(ii) 
drain and remove liquids resulting from leaks 
spi lls or precipitation. un less the containers arc 
elevated or are otherwise protected from contact 
with accumulated liquids: 

• must have sufficient capacity to contain 10% of 40 CFR 264.175(b)(3) 
the volume of containers or the volume of the TDEC 1200-I-11-.06(9Xf)(2)(iii) 
largest container. whichever is greater: 

• run-on into the system must be prevented unless 40 CFR 264.175(b)(4) 
the collection system has sufficient capacity to TDEC 1200-I-11-.06(9Xf)(2)(iv) 
contain along with volume required for 
containers: and 

• spilled or leaked waste and accumulated 40 CFR 264.17(5)(b)(5) 
precipitation must be removed from the sump or TDEC 1200-1-11-.06(9)(t)(2)(v) 
collection area in a timely manner as or 
necessary to prevent overflow. 

Temporary storage of Ensure that radioactive waste is stored in a manner Management of LL W at a DOE DOE M 435.1-1 (IY)(N)(l) 
LL W (e.g .. contaminated that protects the public. workers. and the Facility- TBC 
PPE. scrap metal. soil) environment and that the integrity of waste storage 

is maintained for the expected time of storage. 

LL W shall not be readily capable of detonation. DOE M 435.1-1 (IV)(N)( I ) 
explosive decomposition. reaction at anticipated 
pressures and temperatures. or explosive reaction 
with water. 
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Table E-3. Act ion-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

LL W shall be stored in a location and manner that Management of LL W at a DOE DOE M 435.1-1 (IV)(N)(3) 
protects the integrity of waste for the expected time Facility- TBC 
of storage. 

LL W shall be managed to identify and segregate DOE M 435.1-1 (IV)(N)(6) 
LL W from mixed waste. 

Temporary stOrage of Container(s) shall be marked as illustrated in 40 Storage ofPCBs and PCB Items at 40 CFR 761.40(a)( I) 
PCB waste (e.g .. PPE. CFR 761.45(a). concentrations 2::50 ppm for disposal-
rags) in a container(s) applicable 

Storage area must be properly marked as required 40 CFR 761.65(c)(3) 
by 40 CFR 761.40(a)(I 0). 

Any leaking PCB Items and their contents shall be 40 CFR 761.65(c)(5) 
transferred immediately to a properly marked non-
leaking container(s). 

Container(s) shall be in accordance with 40 CFR 761.65(c)(6) 
requirements set fonh in DOT HMR at 49 CFR 
171-180. 

The date shall be recorded when PCB items are PCB items (includes PCB wastes) 40 CFR 761.65(c)(8) 
removed from service. and the storage shall be removed from service for disposal -
managed such that PCB items can be located by applicab le 
this date. (Note: Date should be marked on the 
container.) 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Storage of PCB waste PCB storage does not have to meet storage unit Storage of PCBs and PCB items 40 CFR 761.6S(b)(2) 
and/or PCB/radioactivc requirements in 40 CFR 761.6S(b)( I) provided that designated for disposal- appUcable 
waste in a RCRA- the unit: 
regulated container • is permitted by EPA under RCRA §3004. or 40 CFR 761.6S(b)(2)(i) 
storage area 

• qualifies for interim status under RCRA §300S; 40 CFR 761.6S(b)(2)(ii) 
or 

• is permitted by an authorized state under RCRA 40 CFR 761.6S(b)(2)(iii) 
§3006 and. 

• PCB spills cleaned up in accordance with 40 CFR 761.6S(c)(l )(iv) 
subpart G of 40 CFR 761 

Management of PCB Any person storing or disposing of PCB waste must Generation of waste containing PCBs 40 CFR 761.SO(a) 
waste (e.g .• contaminated do so in accordance with 40 CFR 761. Subpart D. at concentrations :?:SO ppm -
PPE. scrap metal. soil. applicable 
debris. equipment. 
wastewater) Any person cleaning up and disposing ofPCBs Generation of PCB remediation waste 40 CFR 761.61 

shall do so based on the concentration at which as defined in 40 CFR 761.3-
PCBs are found. applicable 

Management of Any person storing such waste must do so taking Generation for disposal of PCB/ 40 CFR 761 .SO(b)(7)(i) 
PCB/radioactivc waste into account botb its PCB concentration and radioactive waste with ;?; SO ppm PCBs 
(e.g .. contaminated PPE. radioactive properties. except as provided in 40 - applicable 
scrap metal. soil. debris) CFR 761.65(a)(l). (b)( l)(ii) and (c)(6)(i). 

Management ofTSCA Other wastes that are not compatible with PCBs Management. storage of PCBs or PCB 40 CFR 761.7S(b)(8)(i) 
PCB wastes shall be segregated from the PCBs throughout the Items - applicable 

handling and disposal process. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Storage of For liquid wastes. containers must be non-leaking. Storage ofPCB/radioactive waste in 40 CFR 761.65(c)(6)(i)(A) 
PCB/radioactive waste in 

For non-liquid wastes. containers must be designed 
containers other than those meeting 

40 CFR 761.65(c)(6)(i)(B) 
containers DOT HMR performance standards-

to prevent buildup of liquids if such containers are applicable 
stored in an area meeting the containment 
requirements of 40 CFR 761.65(b)(l)(ii); and 

Both liquid and non-liquid wastes containers must 40 CFR 761.65(c)(6)(i)(C) 
meet all regulations and requirements pertaining to 
nuclear criticality safety. 

Packaging of LL W for LL W must not be packaged for disposal in Generation of LL W for disposal at a TDEC 1200-2-ll-.17(7)(a)(l) 
disposal (e.g .• cardboard or fiberboard boxes. LL W disposal facility- relevant and 
contaminated PPE. scrap appropriate 
metal. debris, rags) 

LL W must be solidified or packaged in sufficient Generation ofliquid LL W for disposal TDEC 1200-2- ll-.17(7)(a)(2) 
absorbent material to absorb twice the volume of at a LL W disposal facility- relevant 
liquid. and appropriate 

LL W shall contain as little free standing and Generation of solid LL W containing TDEC 1200-2-ll-.17(7)(a)(3) 
noncorrosive liquid as is reasonably achievable, but liquid for disposal at aLL W disposal 
in no case shal l the liquid exceed 1% of the volume. facility- relevant and appropriate 

LL W must not be capable of detonation or of Generation of LL W for disposal at a TDEC 1200-2-ll-.17(7)(a)(4) 
explosive decomposition or reaction at normal LL W disposal facility- relevant and 
pressures and temperatures or of explosive reaction appropriate 
with water. 

LL W must not contain. or be capable of generating. TDEC 1200-2-ll-.17(7)(a)(5) 
quantities of toxic gases. vapor. or fumes. 

LL W must not be pyrophoric. TDEC 1200-2-ll-.17(7)(a)(6) 

LL W must have structural stability either by TDEC 1200-2-ll-.17(7)(b)(l) 
processing the waste or placing the waste in a 
container or structure that provides stabiUty after 
disposal. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued} 

Action Requirements Prerequisite C itation(s) 

LL W must be converted into a form that contains as Generation ofliquid LL W or LL W TDEC 1200-2-ll-.17(7)(b)(2) 
little free standing and noncorrosive liquid as is containing liquids for disposal at a 
reasonably achievable, but in no case shall the LL W disposal facility- relevant and 
liquid exceed 1 percent of the volume of the waste appropriate 
when the waste is in a disposal container designed 
to ensure stability, or 0.5% of the volume of the 
waste for waste processed to a stable form. 

Void spaces within the waste and between the Generation of LL W for disposal at a TDEC 1200-2-11-.17(7)(b)(3) 
waste and its package must be reduced to the extent LL W disposal facility- relevant and 
practicable. appropriate 

LL W shall be packaged in a manner that provides Storage of LL W in containers at a DOE DOE M 435.1-1 (IV)(L)(I)(a) 
containment and protection for the duration of the faci lity-TBC 
anticipated storage period and until disposal is 
achieved or until the waste has been removed from 
the container. 

Vents or other measures shall be provided if the DOEM435.1 -l (TV)(L)(I)(b) 
potential exists for pressurizing or generating 
flammable or explosive concentrations of gases 
within the waste container. 

Containers shall be marked such that their contents DOE M435.1-l (IV)(LXI)(c) 
can be identified. 

Treatment of LL W Treatment to provide more stable waste forms and Generation of LL W for disposal at a DOE M 435.1-I(IV)(O) 
to improve the long-term performance of a LL W DOE facility- TBC 
disposal facility shall be implemented as necessary 
to meet the performance objectives of the disposal 
facility. 

Treatment of uranium Potentially biodegradable uranium and thorium Placement of potentially biodegradable DOE 0 458.1 (4)(h)(l)(d)(3) 
and thorium bearing bearing LL W shall be properly conditioned so that contaminated wastes in a long-term 
LLW the generation and escape of biogenic gases will not management facility - TBC 

cause the emission or dose limits in DOE 0 458.1 
paragraph 4.h.( I) to be exceeded and that bio-
degradation within the facility will not result in 
premature structural failure. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Disposal of LL W (e.g .• LLW shall be certified as meeting waste acceptance Generation of LL W for disposal- DOE M 435.1-1 (TV)(J)(2) 
debris. scrap metal, soil) requirements before it is transferred to the receiving TBC 

facility. 

Exposure to any member Assure that exposure to any member of the public DOE 0 435.1 Chap. 4 
of the public from the to radioactive waste from the handling. 
disposal of LL W transportation. and disposal ofLLW does not 

exceed an EDE of25 rnrem/year from all pathways 

Exposure from the Not cause radon-222 flux rates to exceed 20 pCi DOE 0 458.1 (4)(t)(2) 
disposal of LL W (0.7 Bq) m-2 sec-1 averaged over the surface area 

overlaying waste. including the covering or other 
confinement structures. wherever radium-226 
wastes are accepted for storage or disposal 

Disposal of RCRA RCRA-restricted waste may be land disposed only Land disposal. as defined in 40 CFR 40 CFR 268.40 
hazardous waste in a if it meets the requirements in the table ··Treatment 268.2, of RCRA restricted waste - TDEC 1200-l- ll-.10(3)(a) 
land-based unit Standards for Ha7..ardous Waste" at 40 CFR 268.40 applicable 

before land disposal. 

Hazardous waste must be treated in accordance Land disposal. as defined in 40 CFR 40 CFR 268.49(b) 
with the alternative treatment standards of 40 CFR 268.2. of restricted hazardous soil- TDEC 1200- l-ll-.10(3)U)(2) 
268.49(c). or according to the Universal Treatment applicable 
Standards specified in 40 CFR 268.48 applicable to 
the listed and/or characteristic waste contaminating 
the soil. prior to land disposal. 

Hazardous waste may be land disposed if it meets Land disposal, as defined in 40 CFR 40 CFR 268.45(a) 
the requirements in the table "Alternative 268.2. of restricted RCRA hazardous TDEC 1200-l-ll-.06(10)(3)(t)(l) 
Treatment Standards for Hazardous Debris'' at 40 debris - applicable 
CFR 268.45 before land disposal or the debris is 
treated to the waste-specific treatment standard 
provided in 40 CFR 268.40 for the waste 
contaminating the debris. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Disposal of hazardous waste is not prohibited if the Land disposal. as defmed in 40 CFR 40 CFR 268. J(c)(4)(iv) 
wastes no longer exhibit a characteristic at the point 268.2. or restricted RCRA TDEC 1200-1-11-.06(10)(1)(3)(iv)(IV) 
of land disposal. unless the wastes arc subject to a characteristically hazardous waste-
specified method of treatment other than DEACT in applicable 
40 CFR 268.40 or are 0003 reactive cyanide. 

Disposal requirements for Ignitable or reactive RCRA waste must not be Disposal of ignitable or reactive RCRA 40 CFR 264.312(a) 
particular RCRA waste placed in a landfill unless the waste and the landfill waste- applicable TDEC 1200-l - ll-.06( 14)(m)(l) 
forms and types meet applicable provisions of 40 CFR Part 268; and 

• the resulting waste. mixture or dissolution of 
material no longer is reactive or ignitable; and 

• 40 CFR 264.17(b) is complied with (see below) . 

Ignitable or reactive RCRA waste may be Disposal of ignitable or reactive RCRA 40 CFR264.312(b) 
landfilled without meeting 40 CFR 264.312(a). waste (except for prohibited wastes TDEC 1200-l-ll-.06(14)(m)(2) 
provided wastes are disposed of in such a way that which remain subject to treatment 
they are protected from any materials or conditions standards in 40 CFR 268.40 et seq.)-
which may cause them to ignite; applicable 

Must be disposed of in non-leaking containers 
which are carefully handled and placed so as to 
avoid heat. sparks. rupture. or any other condition 
that might cause ignition of the wastes; 

Must be covered daily with soil or other non-
combustible material to minimize the potential of 
ignition; 

Must not be disposed of in cells that contain or will 
contain other wastes which may generate heat 
sufficient to cause ignition of the waste. 

Incompatible wastes must not be placed into a Disposal of incompatible wastes in a 40 CFR 264.313 
RCRA landfill cell unless 40 CFR 264.17(b) is RCRA landfill -applicable TDEC 1200-l-ll-.06(14)(n) 
compiled with (see below). 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Treaonent and Disposal Must take precautions to prevent reactions which: Operation of a RCRA facility that 40 CFR 264.17(b) 
of ignitable. reactive. or • generate extreme heat, pressure, fire or treats, stores. or disposes of ignitable, TDEC 1200-1-11-.06(2)(h)(2) 
incompatible RCRA explosion. or produce uncontrolled fumes or reactive. or incompatible wastes-
\vastes gases which pose a risk of fire or explosion: applicable 

• produce uncontrolled toxic fumes or gases 
which threaten human health or the 
environment: 

• damage the structural integrity of the device or 
facility. 

Disposal of bulk or non- May not dispose of bulk or non-containerized liquid Placement of bulk or non-containerized 40 CFR 264.314(b) 
containerized liquids in a hazardous waste or hazardous waste containing free RCRA hazardous waste - applicable TDEC 1200-l-l l-.06(14)(o)(4) 
RCRA landfill liquids in any landfill. 

Disposal of containers in May not place containers holding free liquid in a Placement of containers containing 40 CFR 264.314(d) 
RCRA landfill landfill unless the liquid is mixed with an RCRA hazardous waste in a landfill- TDEC 1200-l-l l- .06(14)(o)(4) 

absorbent. solidified, removed, or otherwise applicable 
eliminated. 

Sorbents used to treat free liquids to be disposed of 40 CFR 264.314(e) 
in landfills must be non-biodegradable as described TDEC 1200- l-ll-.06(14)(o)(5) 
in 264.315(e)( I). 

Unless they are very small, containers must be 40 CFR 264.315 
either at least 90% full when placed in the landfill. TDEC 1200-1-11.06(14)(p) 
or crushed, shredded, or similarly reduced in 
volume to the ma--.;imum practical extent before 
burial in the landfill. 

Disposal of Any person disposing of such waste must do so Disposal of PCB/ radioactive waste 40 CFR 761.50(b)(7)(ii) 
PCB/radioactive waste taking into account both its PCB concentration and (e.g., contaminated PPE. scrap metal, 

its radioactive properties. soil. debris) with ~50 ppm PCBs -
applicable 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

I f. after taking into account only the PCB properties 
in the waste. it meets requirements for disposal in a 
facility permitted. licensed. or registered by a state 
as a municipal or non-municipal nonhazardous 
waste landfilL the person may dispose of such 
waste without regard to the PCBs. based on its 
radioactive properties alone, in accordance with 
applicable requirements. 

Disposal of bulk PCB Bulk PCB remediation waste shall be disposed of: Bulk PCB remediation waste (as 40CFR 
remediation waste • in a hazardous waste landfill permitted by EPA defined in 40 CFR 7613) which has 761.61 (a)(5)(i)(B)(2)(iii) 

under §3004 of RCRA, been de-watered and with a PCB 
concentration :;::SO ppm- applicable 

• in a hazardous waste landfill permitted by a 
State authorized under §3006 of RCRA. or 

• in a PCB disposal facil ity approved under 40 
CFR 761 .60. 

Performance-based Disposal of non-liquid PCB 40 CFR 761.6l{b)(2) 
disposal of PCB remediation waste as defined in 40 
remediation waste May dispose of non-liquid PCB remediation waste CFR 761.3 -applicable 

by one of the following methods: 

• in a high-temperature incinerator approved 40 CFR 761.6l(b)(2)(i) 
under Section 76 1.70(b). 

• by an alternate disposal method approved under 
Section 761 .60(e). 

• in a chemical waste landfill approved under 
Section 761.75. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

• in a facility with a coordinated approval issued 
under Section 761.77. or 

• through decontamination in accordance with 40 CFR 761.61(b)(2)(i i) 
Section 761.79. 

Disposal of PCB cleanup Non-liquid PCB cleanup waste shall be disposed of Generation of non-liquid PCBs at any 40 CFR 761.6 1 (a)(5)(v)(A) 
wastes (PPE. rags. non- either: concentration during and from the 
liquid cleaning materials) • in a faci lity permitted. licensed or registered by cleanup of PCB remediation waste-

a State to manage municipal solid waste under applicable 

40 CFR 258 or non-municipaL nonhazardous 
waste subject to 40 CFR 257.5 thru 257.30: or 

• in a RCRA Subtitle C landfi ll permitted by a 
State to accept PCB waste. or 

• in an approved PCB disposal faci lity. or 

• through decontamination under 40 CFR 
761.79(b) or (c). 

Disposal of PCB cleaning PCB cleaning solvents abrasives and equipment Generation of PCB wastes from the 40 CFR 761.6 I (a)(5)(v)(B) 
solvents abrasives. and may be reused after decontamination in accordance cleanup of PCB remediation waste-
equipment with 40 CFR 761.79. applicable 

Disposal of PCB bulk May dispose of PCB bulk product waste by one of Disposal of PCB bulk product waste as 40 CFR 761.62(a) 
product waste (e.g .. the following methods: defined in 40 CFR 761.3- applicable 
debris or scrap metal 
with PCB painted • in an incinerator approved under Section 40 CFR 761.62(a)(1) 
surfaces) 761.70; 

• in a chemical waste landfi ll approved under 40 CFR 761.62(a)(2) 
Section 761.75: 

• in a hazardous waste landfill permitted by EPA 40 CFR 761.62(a)(3) 
under 3004 of RCRA or by authorized state 
under 3006 of RCRA: 
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Table E-3. Action-specific ARARs and TBC Guidance for tbe On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

• under alternate disposal approved under section 40 CFR 761 .62(a)(4) 

761.60(e); 

• in accordance with decontamination provisions 40 CFR 761.62(a)(S) 
of761.79; 

• in accordance with thermal decontamination 40 CFR 761.62(a)(6) 
provisions of761.79(e)(6) for metal surfaces in 
contact with PCBs. 

Disposal ofTSCA PCB PCBs and PCB items shall be placed in a manner Disposal ofPCBs or PCB Items in 40 CFR 761.75(b)(8)(i) 
wastes that will prevent damage to containers or articles. chemical waste landfill- applicable 

Other wastes that are not compatible with PCBs 
shall be segregated from the PCBs throughout the 
handling and disposal process. 

Disposal of PCB liquids Bulk liquids not exceeding 500 ppm PCBs may be Disposal of PCB container with liquid 40 CFR 761.75(b)(8)(i i) 
(e.g .. from drained disposed of provided such waste is pretreated PCB between 50 ppm and 500 ppm -
electrical equipment) and/or stabilized (e.g .. chemically fixed. applicable 

evaporated. mixed with dry inert absorbent) to 
reduce its liquid content or increase its solid content 
so that a non-flowing consistency is achieved to 
eliminate the presence of !Tee liquids prior to final 
disposal. 

May be disposed of if container is surrounded by an 
amount of inert sorbent material capable of 
absorbing all of the liquid contents of the container. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action I Requirements I Prerequisite I Citation(s) 

Disposal Site Suitability Requirements 

Siting of a RCRA landfill A facility located in a I 00 year floodplain (as Construction of a RCRA hazardous 40 CFR 264.18(b)(l) 
defined in 40 CFR 264.18 (b)(2]) must be designed. waste landfill - applicable TDEC 1200-l-ll-.06(2)(i) 
constructed, operated and maintained to prevent 
washout of any ha7.ardous waste, unless can 
demonstrated that procedures are in effect which 
will cause the waste to be removed safely. before 
flood waters can reach the faci lity. 

A new facility where treatment, storage. or disposal 40 CFR 264.18(a)(l) 
of hazardous waste will be conducted must not be 
located within 200 ft of a fault which bas had 
displacement in Holocene time. 

Siting of a TSCA landfill The bottom of the landfill shall be above the Construction of a TSCA chemical 40 CFR 761.75(b)(3) 
historical high groundwater table as provided waste landfill- applicable 
below. Floodplains. shorelands. and groundwater 
recharge areas shall be avoided. There shall be no 
hydraulic connection between the site and standing 
or flowing surface water. The site shall have 
monitoring wells and leachate collection. The 
bottom of the landfi ll liner system or natural in-
place soil barrier shall be at least 50 ft from the 
historical high water table. 

There shall be no hydraulic connection between the Construction of a TSCA chemical 
site and standing or flowing surface water waste landfill- applicable 

Floodplains. shore lands and groundwater recharge 
areas shall be avoided. 

A TSCA landfill shall provide diversion structures Construction of a TSCA chemical 40 CFR 761.75(b)(4)(ii) 
capable of diverting all surface water runoff from a waste landfill (above the I 00-ycar 
24-hr. 25-year storm. floodwater elevation)- applicable 

The land till site shall be located in an area of low to Construction of a TSCA chemical 40 CFR 761.75(b)(5) 
moderate relief to minimize erosion and to help waste landfill- applicable 
prevent landslides or slumping. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Siting of a LL W disposal LLW disposal sites shall be capable of being Land disposal ofLLW- relevant and TDEC 1200-2-ll -.17(1)(b) 
facility characterized. modeled. analy-zed. and monitored. appropriate 

LL W disposal sites should be selected so that TDEC 1200-2-11-.1 7(1)(c) 
projected population growth and future 
developments are not likely to affect the ability of 
the disposal facility to meet performance 
objectives. 

Areas must be avoided having known natural TDEC 1200-2-ll-.l7{l)(d) 
resources which. if exploited. would result in 
failure ofthe cell to meet performance objectives. 

Disposal site must be generally well drained and TDEC l200-2-11-.17(I)(e) 
free of areas of flooding and frequent pending. 

Waste disposal shall not take place in a I 00-year 
floodplain or wetland. 

Upstream drainage areas must be minimized to TDEC 1200-2-11-.17(1)(t) 
decrease the amount of runoff which could erode or 
inundate the disposal unit. 

The disposal site must provide sufficient depth to TDEC 1200-2-1 I -.17( I )(g) 
the water table that groundwater intrusion. 
perennial or otherwise, into the waste will not 
occur. 

Siting of a LLW disposal I fit can be conclusively shown that disposal site Land disposal of LL W - relevant and 
facility characteristics will result in molecular diffusion appropriate 

being the predominant means ofradionuclide 
movement and the rate of movement will result in 
the performance objectives of Rules of the TO EC 
1200-2-11-.16 being met, wastes may disposed of 
below the water table. In no case will waste 
disposal be permitted in the zone of fluctuation of 
the water table. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

The hydrogeologic unit used for disposal shall not TDEC l200-2-ll-.17(l)(h) 
discharge groundwater to the surface within the 
disposal site. 

Areas must be avoided where tectonic processes TDEC 1200-2-ll.l?(l)(i) 
such as faulting. folding. seismic activity may occur 
with such frequency to affect the ability of the site 
to meet the performance objectives. 

Areas must be avoided where surface geologic TDEC 1200-2-11-.l?(l)(j) 
processes such as mass wasting. erosion. slumping. 
landslides. or weathering may occur with such 
frequency and extent to affect the ability of the 
disposal site to meet performance objectives or 
preclude defensible modeling and prediction of 
long-term impacts. 

The disposal site must not be located where nearby TDEC 1200-2-ll-.17(l)(k) 
activities or facilities could impact the site's ability 
to meet performance objectives or mask 
environmental monitoring. 

A preoperational monitoring program must be TDEC 1200-2-ll-.17(4)(a) 
conducted to provide basic environmental data on 
the disposal site characteristics. 
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Table E-3. Action-specific ARARs and T BC Guidance for the On-site Disposal Alternative (Continued) 

Action I Requirements I Prerequisite I Citation(s) 

Wastewater Treatment Facility Operation and Discharge 

Point source discharge of Emissions ofradionuclidcs to the ambient air shall Radionuclide emissions from point 40 CFR 61.92; 
radionuclides into the air not exceed those amounts that would cause any sources. as well as diffuse or fugitive TDEC 1200-03-11-.08(6) 
from a DOE faci lity member of the public to receive in any year an EDE emissions. at a DOE facility-

of 10 mrem/yr. applicable 

Radionuclide emission measurements shall be made 40 CFR 61.93(b)(4)(i) 
at all release points which have a potential to 
discharge radionuclides into the air in quantities 
which could cause an effective dose equivalent in 
excess of I% of the standard. AI I radionuclidcs 
which could contribute greater than I 0% of the 
potential effective dose equivalent for a release 
point shall be measured. 

Transport to wastewater All tank systems. conveyance systems. and On-site wastewater treatment units that 40 CFR 270.l(c)(2)(v): 
treatment facility ancillary equipment used to store or transport waste are subject to regulation under Sect. TDEC Chap. 1200-1-ll-.07(l)(b)(4)(iv) 

to an on-site NPDES-permined wastewater treatment 402 or Sect. 307(b) ofCWA (NPDES-
facility are exempt from the requirements ofRCRA permitted)- applicable 
Subtitle C standards. 

Treatment of collected Are not prohibited from land disposal if such Restricted RCRA characteristically 40 CFR268.1(c)(4)(i): 
leachate wastes are managed in a treatment system that hazardous waste intended for disposal TDEC Chap. 1200-l-l l-.10(1)(a){3)(iv)(I) 

subsequently discharges to waters of the United - applicable 
States pursuant to a permit issued under Sect. 402 
of the CWA. unless the wastes arc subject to a 
specified method of treatment other than DEACT in 
40 CFR 268.40 or are D003 reactive cyanide. 

Discharge of Shall receive the degree of treatment or effluent Point Source dischargc(s) of pollutants TDEC 1200-4-3-.05(6) 
contaminated storm water reduction necessary to comply with water quality into surface water -applicable 

standards and. where appropriate, will comply with 
the "Standard of performance" as required by TN 
Water Quality Control Act of 1977 at TSCA 69-3-
I 03(30). 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Act ion I Requirements I Prerequisite I Citation(s) 

Design, Construction. and Operation of a Mix ed (RCRA ha:ardous, TS CA clremical and low-level radioactive) Waste Landfill 

Security System Operators must prevent the unknowing entry and Operation of a RCRA landfill- 40 CFR 264.14 
minimize the possibility for unauthorized entry of applicable TDEC 1200-l-11.06(2)(e) 
persons or livestock onto active portion of the 
faci lity or comply with provisions of 40 CFR 
264.14(5)(b) and (c). 

Security System Unless a natural barrier adequately deters access by Operation of an active waste disposal 40 CFR 6l.154(b) 
the general public. either warning signs and fencing site that receives asbestos-containing 
must be installed and maintained or requirements of material from a source covered under 
40 CFR 61. I 54( c)( I) and (2) must be met. 40 CFR 61.145 -applicable 

Warning signs must be displayed at all entrances 40 CFR 61.154(b)(l) 
and at intervals of330 ft or less along the property 
line of the site. 

The warning signs must: 

• be posted in a manner and location that a person 40 CFR 61.154(b )(I )(i) 
can easily ready the legend: 

• conform to the requirements of (20 in. x 14 in.) 40 CFR 61.154(b)(I)(i i) 
upright format signs in 29 CFR 190 1. 145(d)(4): 
and 

• display the legend in the lower panel with letter 40 CFR 61.1 54(b)(l)(iii) 
sizes and styles of a visibility at least equal to 
those specified in 40 CFR 61.154(b)(l)(iii). 

The perimeter of the disposal site must be fenced in 40 CFR 6l.l54(b)(2) 
a manner adequate to deter access by the general 
public. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Security System A 6-ft woven mesh fence. wall or similar device Construction of a TSCA chemical 40 CFR 761.75(b)(9)(i) 
shall be placed around the site to prevent waste landfill- applicable 
unauthorized access. 

Roads shall be maintained to and within the site 40 CFR 761.75(b)(9)( ii) 
which are adequate to support the operation and 
maintenance of the site without causing safety or 
nuisance problems or hazardous conditions. 

Site shall be operated and maintained to prevent 40 CFR 761.75(b)(9)(iii) 
hazardous conditions resulting from spilled liquids 
and windblown materials. 

General Inspections Operators must inspect fac ility for malfunctions Operation of a RCRA landfill - 40 CFR 264.1 5(a) 
and deterioration. operator errors. and discharges. applicable TDEC 1200-l- l l-.06(2)(f)(l) 
often enough to identify and correct any problems. 

Operators must remedy any deterioration or 40 CFR 264.15(c) 
malfunction of equipment or structures on a TDEC 1200-1-ll-.06(2)(f)(3) 
schedule that ensures that the problem does not lead 
to an environmental or human health hazard. 

Personnel training Operators must ensure personnel are adequately Operation of a RCRA landfill- 40 CFR 264.16 
trained in hazardous waste. emergency response. applicable TDEC 1200-l-11-.06(2)(g) 
monitoring equipment maintenance. a larm systems 
procedures. etc. 

Construction quality Operators must develop and implement a Operation of a RCRA landfill- 40 CFR 264.19 
assurance program Construction Quality Assurance Program to ensure applicable TDEC !200-l-ll-.06(2)U) 

that the unit meets or exceeds all design criteria and 
specifications for all physical components 
including: foundations. dikes. liners, 
geomcmbranes. leachate collection and removal 
systems. leak detection systems and final covers in 
accordance with remaining provisions of 40 CFR 
264.19. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Contingency plan Operators must have contingency plan. designed to Operation of a RCRA landfill- 40 CFR 264.51 
minimize hazards to human health and the applicable TDEC 1200-1-1 l-.06(4)(b) 
environment from fires. explosions or other 
unplanned sudden releases ofha7..ardous waste to 
air. soil, or surface water in accordance with 40 
CFR264.52. 

Operators must have at least one emergency 40 CFR 264.55 
coordinator on the faci lity premises or on call TDEC 1200-1-ll-.06(4)(f) 
responsible for coordinating emergency response 
measures in accordance with 40 CFR 264.56. 

Preparedness and Facilities must be designed, constructed, Operation of a RCRA hazardous waste 40 CFR 264.30-264.37; 
prevention maintained. and operated to prevent any unplanned facility- applicable TDEC 1200-1-1 1-.06(3) 

re lease of hazardous waste or hazardous waste 
constituents into the environment and minimize the 
possibility of fire or explosion. All facilities must 
be equipped with communication and fire 
suppression equipment and undertake additional 
measures as specified in 40 CFR 264.30 et seq. 

Inventory requirements The location. dimensions. contents. and location of Operation of a RCRA landfill- 40 CFR 264.309 
each cell must be recorded in reference to applicable TDEC 1200-1-1 l-.06(14)(j) 
permanently surveyed benchmarks. 

Maintain, until closure, records of the location. Operation of an active waste disposal 40 CFR 61.154(f) 
depth and area. and quantity in cubic yards of site that receives asbestos-containing 
asbestos containing material within the disposal site material from a source covered under 
on a map or diagram. 40 CFR 61.145 -applicable 

Inventory requirements Disposal records shall include information on the Operation of a TSCA chemical waste 40 CFR 761.75(b)(8)(iv) 
PCB concentration in the liquid wastes and the landfill - applicable 
three dimensional burial coordinates for PCBs and 
PCB items. 

The boundaries and locations of each disposal unit Land disposal of LL W- relevant and TDEC 1200-2-l l-.17(3)(g) 
must be accurately located and mapped by means appropriate 
of a land survey. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Surface water monitoring The groundwater and surface water from the Construction ofTSCA chemical waste 40 CFR 761.65(b)(6)(i)(A) 
disposal site area must be sampled prior to landfill - applicable 
commencing operation for use as baseline data. 

Any surface watercourse designated by EPA shall Operation of a TSCA chemical waste 40 CFR 761.75(b)(6)(i)(B) & (C) 
be sampled at least monthly when the landfill is landfill - applicable 
being used for disposal operations. and for a time 
period specified by the EPA on a frequency of no 
less than once every si:x months after final closure 
of the disposal area. 

As a minimum. all samples shall be analyzed for 40 CFR 761 .75 (b)(6)(iii) 
the following parameters: 

• PCBs 

• PH 

• specific conductance 

• chlorinated organics 

Sampling methods and analytical procedures for 
these parameters shall comply with those specified 
in 40 CFR Part 136. as amended in 41 Federal 
Register 52779 on December I. 1976. 
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Table E-3. Act ion-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Liner and leachate The owner must install two or more liners and a Construction of a RCRA landfill - 40 CFR 264.301(c) 
collection system design leachate collection and removal system above and applicable TDEC 1200-J-Il-.06(!4)(b)(3)(i)(l) 
for a RCRA landfi ll between such liners. 

The liner system must include: 40 CFR 264.30l(c)(l)(i); 

• a top-liner, designed and constructed of TDEC 1200-1-11-.06( 14)(b)(3)(i)(l)I 
materials (e.g .• geomembrane) to prevent the 
migration of hazardous constituents into the 
liner during active life and the postclosure 
period: and 

• a composite bottom liner consisting of at least TDEC 1200-1-11-.06(14)(3)(i)(I)II 
two components: 

- upper component must be designed and 
constructed of materials to prevent 
migration ofhazardous constituents into 
this component during the active life and 
postclosure period: and 

Liner and leachate - lower component designed and constructed Construction of a RCRA landfill -
collection system design of materials to minimize the migration of applicable 
for a RCRA landfi ll hazardous constituents if a breach in the 

upper component were to occur: 

- constructed of at least 3 ft of compacted soil 
material with a hydraulic conductivity of no 
more than I x I 0 _, em/second 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

• liners must comply with paragraphs (a)( I )(i) . TDEC 1200-l-ll-.06(14)(b)(3)(i) (T)III 
(i i). and (iii) ofTDEC 1200-1-11-
.06(14)(b)(3)(i) (!)HI 

The liner must be: 40 CFR 264.30 I (a)( I ) 

• constructed of materials that have appropriate TDEC 1200-l - ll-.06(14))(b)( l)(i)(I) 
chemical properties and sufficient strength and 40 CFR 264.301(a){l)(i) 
thickness to prevent fai lure due to pressure 
gradients. physical contact with the waste or 
leachate to which are exposed. climatic 
conditions. or stress from installation or daily 
operation; 

• placed on a foundation or base capable of 40 CFR 264.301(a)( l )(ii) 
supporting the liner and resistance to the TDEC 1200-1-l!-.06(!4)(b)( l )(i)(II) 
pressure gradients above and below the liner to 
prevent fai lure of the liner due to settlement. 
compression or uplift: and 

• installed to cover all areas likely to be in contact 40 CFR 264.30 l (a)(l)(iii) 
with the waste or leachate TDEC 1200-1-ll-.06(14)(b)(l)(i) (liT) 

Top leachate collt:etion The top leachate collection and removal system of a Construction of a RCRA land till - 40 CFR 264.30!(c)(2) 
and removal system RCRA landfill must be designed, constructed. applicable TDEC !200-1-ll-.06(14)(b)(l) (ii) 

operated, and maintained to collect and remove 
leachate from the landfill during the active life and 
post-closure period and ensure that the leachate 
depth over the liner does not exceed 30 em: and 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Leachate collection system must be constructed of TDEC 1200-l-ll-.06(14)(b)( l) (ii)(l) 
materials that are: 

• chemically resistant to waste managed in TDEC 1200-1-l l-.06(14)(b)(l) (ii)(l)l 
landfill and leachate generated; and 

• sufficient strength and thickness to prevent TDEC 1200-l-ll-.06(14)(b)(l) (ii)(I)II 
collapse under pressures exerted by overlying 
wastes. waste cover materials. and by any 
equipment used 

Bonom leachate Leachate collection and removal system must be Construction of a RCRA landfill - 40 CFR 264.30l(c)(3) 
collection and removal capable of detecting. collecting. and removing applicable TDEC 1200-l-ll-.06(14)(b)(3) (iii) 
system/leak detection leachate from all areas of the landfill during active 
system life and the post-closure care period. Requirements 

for a leak detection system are satisfied by 
installation of a system that is: 

• constructed with a bottom slope of 1% or more: 40 CFR 264.30 l(c)(3)(i) 

TDEC 1200-l-l l-.06(14)(b)(3)(iii)(I) 

• constructed of granular drainage materials with 40 CFR 264.301(c)(3)(ii) 
a hydraulic COndUCtivity Of J X J 0"1 cmfSeCODd TDEC 1200- l- ll- .06(14))(b)(3)(iii)(II) 
and a thickness of 12 in. or more or synthetic or 
geonet drainage materials w ith a transmissivity 
of 3 x 10 ·S m~/sec; 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

• constructed of materials that are chemically 40 CFR 264.301 (c)(3)(iii) 
resistant to waste managed and expected TDEC 1200-l-ll-.06(14)(b)(3) (i ii){lii) 
leachate to be generated. and structurally 
sufficient to resist pressures exerted by waste. 
cover. and equipment used at the landfill: 

• designed and operated to minimize clogging 40 CFR 264.30l(c)(3)(iv) 
during the active life of the facility and 
postclosure care period: and 

TDEC 1200- l - ll-.06(14)(b)(3) (ii i)(IV) 

• constructed with sumps and liquid removal 40 CFR 264.30l(c)(3)(v) 
methods (e.g .. pumps) adequate to prevent the 
backup ofliquids into the drainage layer and 

TDEC 1200-l-ll-.06(14)(b)(3) (iii)(V) 

capable of measuring and recording the volume 
of liquids present in the sump and liquids 
present in the sump and of liquids removed. 

Operators must collect and remove liquids in the Operation of a RCRA landfill - 40 CFR 264.301 (c)(4) 
leak detection system sumps to minimize the head applicable TDEC 1200-1-1 1-06(14)(b)(3)(iv) 
on the bottom liner. 

If the leak detection system is located below the Construction of a RCRA landfill - 40 CFR 264.301(c)(5) 
seasonal high water table. a demonstration must be applicable TDEC 1200-l -ll-.06(14)(b)(3)(v) 
made that the system will not be adversely affected 
by groundwater 

Leachate collection A leachate collection monitoring system shall be Construction of a TSCA chemical 40 CFR 761.75(b)(7) 
monitoring system for installed above the chemical waste landfill. waste landfill - applicable 
TSCA landfill Acceptable system includes compound leachate 

collection. 

Compound leachate collection system consists of a 40 CFR 761.75 (b)(7)(ii) 
gravity flow drain field installed above the waste 
disposal facility liner and above a secondary 
installed liner. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Run-on/runoff control Run-on control system must be capable of Construction of a RCRA landfill - 40 CFR 264.301(g) 
systems preventing flow onto the active portion of the applicable TDEC 1200-l-ll-.06(14)(b)(7) 

landfill during peak discharge from a 25-year storm 
event. 

Run-off management system must be able to collect 40 CFR 264.30l(h) 
and control the water volume from a runoff TDEC 1200-l-ll-.06(14)(b)(8) 
resulting from a 24-hr. 25-year storm event. 

Collection and holding facilities must be emptied or Operation of a RCRA landfill- 40 CFR 264.301(i) 
otherwise expeditiously managed after storm events applicable TDEC 1200-l-ll-.06(14))(b)(9) 
to maintain design capacity of the system. 

Wind dispersal control Must cover or manage the landfill to control wind Operation of a RCRA landfill- 40 CFR 264.30l(j) 
system dispersal of particulate matter. applicable TDEC 1200-l -l l-.06(14)(b)(l0) 

Must be no visible emissions to the outside air: or Operation of an active waste disposal 40 CFR 6l.l54(a) 

At the end of each operating day, or at least every 
site that receives asbestos-conta ining 

40 CFR 61.154(c) material from a source covered under 
24-hr period while the site is in continuous 40 CFR 61.145- applicable 
operation, cover the asbestos containing waste with: 

• at least 6 in. of compacted non asbestos- 40 CFR 61.154(c)(J) 
containing material, or 

• a resinous or petroleum based dust suppression 40 CFR 61.154(c)(2) 
agent that effectively binds dust and controls 
wind erosion in the manner and frequency 
specified by the manufacturer. 

RCRA landfill operators must inspect landfill Operation of a RCRA landfill- 40 CFR 264.303(b)(l)-(3) 
weekly and after storm events to ensure proper applicable TDEC 1200-l-ll-.06(14)(d)(2)(i)-(iii) 
functioning of: 

• run-on and runoff control systems . 

• wind dispersal control systems. and 

• leachate collection and removal systems . 
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Table E-3. Action-specific ARAR.s and TBC Guidance for the On-site Dispos:tl Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

RCRA landfill operators must record the amount of Operation of a RCRA landfill - 40 CFR 264.303(c)(l) 
liquids removed from the leak detection system applicable TDEC 1200-1-11-.06(14)(d)(3)(ii) 
sumps at least weekly during the active life and 
closure period. 

Monitoring and During construction or installation. liners and cover Construction of a RCRA landfill - 40 CFR 264.303(a) 
inspection ofliners. leak systems must be inspected for uniformity. damage applicable TDEC 1200-l-11-.06(14)(d) 
detection. run-on! run-off and imperfections (e.g., holes. cracks. thin spots. 
systems during the active etc.). 
life of the facility 

Post-construction Immediately after construction or installations: Construction of a RCRA landfi ll - 40 CFR 264.303(a)(1) 
inspection • synthetic liners and covers must be inspected to applicable TDEC 1200-l-1 1-.06(14)(d)( l )(i) 

ensure: tight seams and joints and the absence of 
tears, punctures or blisters: 

• soil based and mixed liners and covers must be 40 CFR 264.303(a)(2) 
inspected for imperfections including lenses. TDEC 1200- l-ll- .06(14)(d)(l)(ii) 
cracks. channels or other structural non-
uniformities 

RCRA landfill operators must inspect landfill Operation of a RCRA landfill - 40 CFR 264.303(b): 
weekly and after storm events to ensure proper applicable TDEC 1200-1-1 1-.06(14)(d)(2) 
functioning of: 

• run-on and runoff control systems . 

• wind dispersal control systems. and 

• leachate collection and removal systems . 

RCRA landfill operators must record the amount of Operation of a RCRA landfill - 40 CFR 264.303(c)(l) TDEC 
liquids removed from the leak detection system applicable 1200-I-II-.06(14)(d)(3) (ii) 
sumps at least weekly during the active life and 
closure period. 

Response actions for leak RCRA landfill operators must have a response Operation of a RCRA landfill leak 40 CFR 264.304(a) 
detection system action plan which sets forth the actions to be taken 

if action leakage rate has been exceeded. 
detection system- applicable TDEC 1200-l-1 l- .06(14)(e)(l) 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

RCRA landfill operators must determine to the Flow rate into the leak detection 40 CFR 264.304(b)(3) 
extent practicable the location. size and cause of system exceeds action leakage rate for TDEC 1200-1-11- .06(14)(e)(2)(iii) 
any leak; any sump - appljcable 

Must determine whether waste receipt should cease 40 CFR 264.304(b)(4) 
or be curtailed; whether any waste should be TDEC 1200- l - ll-.06(14)(e)(2) (iv) 
removed from the unit for inspection. repairs. or 
controls or closure; and 

Must determine any other short or long-term 40 CFR 264.304(b)(S) 
actions to be taken to mitigate or stop leaks TDEC 1200- l-11-.06(14)(e)(2) (v) 

RCRA landfill operators must assess the source and Leak and/or remediation 40 CFR 264.304(c)(l) 
amounts of the liquids by source; determinations required - applicable TDEC 1200-1-1 l-.06( 14)(c)(3) (i) 

Response actions for leak Conduct analysis of the liquids to identify sources Leak and/or remediation 
detection system and possible location of the leaks; and determinations required- applicable 

Assess seriousness of leaks in terms of potential for 40 CFR 264.304(c)(2) 
escaping into the environment; or 

Document why such assessments are not needed. TDEC 1200-1-11 -.06(14)(e)(3) (ii) 

Liner design TSCA chemical waste landfills shall be located in Construction of a TSCA chemical 40 CFR 761.75(b)(1) 
requirements for a TSCA thick. relatively impermeable formations such as waste landfill - applicable 
landfill large area clay pans. Where this is not possible. the 

soil shall have a high clay and si lt content with the 
following parameters: 

• In place soil thickness. 4-ft or compacted soil 40 CFR 761.75(b)(l)(i) 
liner thickness. 3-ft: 

• Permeability (em sec), equal to or less than 
1 X J0"7

; 

40 CFR 761.75(b)(l)(ii) 

• percent soi l passing No. 200 sieve> 30: 40 CFR 761.75(b)(l)(iii) 

• Liquid limit, > 30: and 40 CFR 761.75(b)(l)(iv) 

• Plasticity Index> 15: or 40 CFR 761.75(b)(l )(v) 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Synthetic membrane liners shall be used when the 40 CFR 761.75(b)(2) 
hydrologic or geologic conditions at the landfill 
require such in order to achieve the permeability 
equivalent to the soi ls. 

Adequate soil underlining and cover shall be 
provided to prevent excessive stress or rupture of 
the liner. The liner must have a minimum thickness 
of30 mils. 

Performance objectives A land disposal facility must be sited, designed. Operation and Closure of LL W TDEC 1200-2-11-.16(1) 
for LL W disposal faci lity operated. closed and controlled after closure so that disposal faci lity- relevant and 

reasonable assurance exists that exposures to appropriate 
humans are within limits established in the 
performance objectives in 1200-2-11-.16(2) and 
(5). 

LL W disposal site The disposal facility must be sited. designed. used. Operation and Closure ofLLW TDEC 1200-2-11-.16(5) 
stability operated and closed to achieve long-term stability disposal facility- relevant and 

of the disposal site and to eliminate to the extent appropriate 
practicable the need for ongoing active maintenance 
of the disposal site following closure so that only 
surveillance. monitoring. or minor custodial care 
are required. 

LL W disposal facil ity Land disposal site design features must be directed Land disposal of LL W- relevant and TDEC 1200-2-ll -.l7(2)(a) 
design toward long-term isolation and avoidance of the appropriate 

need for continuing active maintenance after site 
closure. 

The disposal site design and operation must be TDEC 1200-2-ll-.17(2)(b) 
compatible with the disposal site closure and 
stabilization plan and lead to disposal site closure 
that assures compliance with the performance 
objectives. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

The disposal site design must compliment and TDEC 1200-2-11-.17(2)(c) 
improve. where appropriate. the ability of the 
disposal site's natural characteristics to assure that 
the performance objectives are met. 

Surface features must direct surface water drainage Construction ofLL W disposal facility TDEC 1200-2-11-.17(2)(e) 
away from disposal units at velocities and gradients - relevant and appropriate 
which will not result in erosion that will require on-
going active maintenance in the future. 

LL W disposal operations Wastes must be emplaced in a manner that Operation of LL W disposal facility - TDEC 1200-2-11-.17(3) (d) 
maintains the package integrity during relevant and appropriate 
emplacement. and minimizes the void spaces to be 
filled. 

A buffer zone of land must be maintained between TDEC 1200-2-11-.17(3) (h) 
the disposal unit and disposal boundary and beneath 
the disposed waste. 

The buffer zone shall be of adequate dimensions to 
carry out environmental monitoring activities. 

Void spaces between waste packages must be filled TDEC !200-2-ll-.17(3)(e) 
with earth or other material to reduce future 
subsidence within the disposal unit. 

Closure and stabilization measures must be carried TDEC 1200-2-11-.17(3)(i) 
out as each disposal unit is filled and covered. 

Active waste disposal operations must not have an TDEC 1200-2-1 1-.1 7(3)G) 
adverse effect on completed closure and 
stabilization measures. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action 

Monitoring of LL W 
disposal facility 

Facility design. 
construction 

Requirements 

During site construction and operation, shall 
maintain a monitoring program. including a 
monitoring system. The monitoring system must be 
capable of providing early warning of releases of 
radionuclides from the disposal unit before they 
leave the site boundary. 

Systems structures and components must be 
designed. constructed and operated to withstand the 
effects of natural phenomena as necessary to ensure 
confinement of hazardous material. the operation of 
essential facilities, and the protection of 
government property. 

Prerequisite 

Operation of LL W disposal facility
relevant and appropriate 

Construction of new non-nuclear 
facility under DOE-STD-1027-92-
TBC 

Control and stabilization Control and stabilization features shall be designed Long-term management of uranium. 
to: thorium. and their decay products-

• provide to the extent reasonably achievable an TBC 
effective life of 1.000 years with a minimum of 
at least 200 years; and 

• Limit Rn-222 emanation to the atmosphere from 
the wastes to less than an annual average release 
rate of 20 pCi!m2/s and prevent increase in the 
annual average Rn-222 concentration at or 
above any location outside the boundary of the 
contaminated area by more than 0.5 pCiJL. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action I Requirements I Prerequisite Citation(s) 

Closure 

Decomamination/d isposal 
of equipment 

During the partial and tina! closure periods. all 
equipment. structures. etc. must be properly 
disposed of or decontaminated unless otherwise 
specified. 

Closure ofRCRA landfill- applicable 40 CFR 264.114 

Closure ofRCRA landfill Must close the a RCRA landfill unit in a manner 
that: 

• minimizes the need for further maintenance. and 

• controls. minimizes. or e liminates to the extent 
necessary to protect human health and the 
environment. post-closure escape of hazardous 
waste. hazardous constituents. leachate. 
contaminated run-off. or hazardous waste 
decomposition products to ground or surface 
waters or to the atmosphere. and 

• complies with the closure requirements of 40 
CFR 265.310. 

Closure ofRCRA landfill Must cover the landfill or cell with a final cover 
designed and constructed to: 

• provide long-term minimization of migration of 
liquids through the closed landfill; 

• function with minimum maintenance; 

• promote drainage and minimize erosion or 
abrasion of the cover, 

• accommodate senling and subsidence so that the 
cover's integrity is maintained; and 

• have a permeability less than or equal to the 
permeability of any bonom liner system or 
natural subsoils present. 

Closure of a RCR.A hazardous waste 
management facility- applicable 

Closure of a RCR.A hazardous waste 
management facility- applicable 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite C itation(s) 

Closure of a LL W Covers must be designed to minimize the extent Land disposal ofLLW- relevant and TDEC 1200-2-ll-.17(2)(d) 
disposal facility practicable water infiltration. to direct percolating appropriate 

or surface water away from the disposed waste. and 
to resist degradation by surface geologic processes 
and biotic activity. 

Closure of an inactive Either discharge no visible emissions to the outside Disposal of asbestos containing waste 40 CFR 61.151 (a)( I) 
asbestos waste disposal air: or material- applicable 40 CFR 61.151(a)(2) 
site Cover the asbestos-containing waste with at least 6 

in. of compacted non asbestos-containing material. 
and grow and maintain a cover of vegetation on the 
area adequate to prevent exposure of the asbestos 
containing waste: or 

Cover the asbestos-containing waste with at least 2 40 CFR 61.151 (a)(3) 
ft of compacted non asbestos-containing material. 
and maintain it to prevent exposure of the waste. 

Maintain warning signs and fencing (if installed as 40 CFR 6 I. !51 (b)( I) 
specified in 40 CFR 61.154(b). 

Clean closure ofRCRA Must close the facility in a manner that: Management ofRCRA hazardous 40 CFR 264.111 
container storage area • minimizes the need tor further maintenance: waste in containers- applicable TDEC 1200-1-11-.06(7)(b) 

• controls. minimizes or eliminates. to the extent 
necessary to protect human health and 
environment. postclosure escape of hazardous 
waste. hazardous constituents. contaminated 
run-off or hazardous "vaste decomposition 
products to ground or surface waters or to the 
atmosphere: and 

• complies with closure requirements of 40 CFR 
264.178. 

Must remove all hazardous waste and residues from 40 CFR 264.178 
containment system. Remaining containers. liners. 
bases and soil containing or contaminated with 

TDEC 1200-1-ll-.06(9)(i) 

hazardous waste or residues must be 
decontaminated or removed. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite C itation(s) 

Clean closure ofTSCA A TSCNRCRA storage facility closed under Closure ofTSCA/RCRA storage 40 CFR 761.65(e)(3) 
storage facility RCRA is exempt from the TSCA closure facility- appUcable 

requirements of 40 CFR 761.65(e). 

Closure of groundwater Shall be accomplished by a licensed driller Permanent plugging and abandonment TDEC 1200-4-9-.16(2) 
monitoring well(s) 

Shall be completely filled and scaled in such a 
of a well - relevant and appropriate 

TDEC 1200-4-6-.09{6)(d) 
manner that vertical movement of fluid e ither into 
or between formation(s) containing underground 
source of drinking water through the bore hole is 
not allowed. 

Shall be performed in accordance with the 
provisions for Seals at TDEC 1200-4-6-.09(6)(e). 
(f). and (g). for Fill Materials at 1200-4-6-.09(6)(h) 
and (i), for Temporary Bridges at 1200-4--6-
.09(6)U), for Placement of Scaling Materials at 
1200-4- 6-.09(7)(a) and (b). and Special Conditions 
at 1200-4-6- .09(8)(a) and (b), as appropriate. 

Postclosure Care 

Post-closure plan Must have a wrinen post-closure plan which Closure of a RCRA landfill- 40 CFR 264.118 
identifies planned monitoring activities and applicable TDEC 1200-l-ll-.06(7)(i) 
frequency at which they will be performed for 
groundwater monitoring. containment systems and 
cap maintenance. 

Post-closure notices Must submit to the local zoning authority a record Closure of a RCRA landfill- 40 CFR 264.119(a) 
of the type. location. and quantity of hazardous applicable TDEC 1200-1-11-.06(7)(j) 
wastes disposed of within each cell of the unit 

Must record. in accordance with State law. a Closure of a RCRA landfill- 40 CFR 264.119(b) 
notation on the deed to the facility property - or on applicable TDEC 1200-l-ll-.06(7)(j)(2) 
some other instrument which is normally examined 
during a title search -that will in perpetuity notify 
any potential purchaser of the property . 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Survey plat Must submit to the local zoning authority or the Closure of a RCRA landfill- 40 CFR 264.116 
authority with jurisdiction over local land usc. a applicable TDEC 1200-1-11-.06(7)(g) 
survey plot applicable indicating the location and 
dimensions oflandfLll cells. with respect to 
permanently surveyed benchmarks. The plat must 
contain a note. prominently displayed whkh states 
the owner/operator obligation to restrict disturbance 
of the landfill 

Within 60 days of closure record. in accordance Closure of an asbestos containing 40 CFR 61.151(e) 
with State law. a notation on the deed to the facility waste disposal site- applicable 
property and on any other instrument that would 
normally be examined during a title search that: 

• the land has been used for disposal of asbestos-
containing waste: 

• survey plat and record oflocation and quantity 
of waste disposed within the site required in 40 
CFR 61.154( t) have been filed; and 

• the site is subject to 40 CFR Pan 61 subpart M . 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Duration Postclosure care must begin after closure and Closure of a RCRA landfill - 40 CFR 264.11 7(a) 
continue for at least 30 years after that date. applicable TDEC 1200-1-ll -.06(7)(h) 

Protection of facility Post-closure use of property must never be allowed Closure of a RCRA landfill- 40 CFR 264.117(c) 
to disturb the integrity of the final cover. liners. or applicable TDEC 1200-1-1 1-.06(7)(h)(3) 
any other components of the containment system or 
the facil ity·s monitoring system unless necessary to 
reduce a threat to human health or the environment. 

General post-closure care Closure of a RCRA landfill- 40 CFR 264.31 O(b) 

Owner or operator must: applicable TDEC 1200-1- ll -.06(14)(k) 

• maintain the effectiveness and integrity of the 40 CFR 264.310(b)(l) 
final cover including making repairs to the cap 
as necessary to correct effects of settling. 

TDEC 1200-l- ll-.06(14)(k)(2)(i) 

erosion. etc.: 

• continue to operate the leachate collection and 40 CFR 264.3IO(b)(2) 
removal system until leachate is no longer 
detected: 

TDEC 1200-1-ll-.06(14)(k)(2) (ii) 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citatioo(s) 

• maintain and monitor the leachate detection 40 CFR 264.310(b)(3) 
system in accordance with 40 CFR TDEC 1200-l -ll-.06(14)(k)(2) (iii) 
264.301(a)(3Xiv) and (4) and 40 CFR 
264.303(c); 

• maintain and monitor a groundwater monitoring 40 CFR 264.31 O(b)(4) 
system and comply with all other applicable TDEC 1200-l-ll-.06(14)(k)(2) (iv) 
provisions 40 CFR 264. Subpart F: 

• prevent run-on and run-off from eroding or 40 CFR 264.310(b)(5) 
otherwise damaging final cover: and TDEC 1200-l-11 -.06( l4)(k)(2) (v) 

• protect and maintain surveyed benchmarks used 40 CFR 264.310(B)(6) 
to locate waste cells. TDEC l200-l-ll-.06(14)(k)(2) (vi) 

Operation of leachate Must record the amount of liquids removed from Closure of a RCRA landfill- 40 CFR 264.303(c)(2) 
collection system the leak detection system at least monthly after the applicable TDEC 1200-1- 11 -.06(14)(d)(3) (ii) 

final cover is installed and thereafter as specified in 
40 CFR 264.303(c)(2). 

Shall be monitored monthly for quantity and Operation of a TSCA chemical waste 40 CFR 76l.75(b)(7) 
physicochemical characteristics of leachate landfill -applicable 
produced. 

Water analysis shall be conducted as provided in 40 
CFR 761.75(b)(6)(iii)(see above). 

The leachate should be either treated to acceptable 
limits for discharge or disposed of by another 
approved method. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

General groundwater The groundwater monitoring system must consist Operation of a detection monitoring 40 CFR 264.97(a) 
monitoring requirements of a sufficient number of wells, instal led at program under 40 CFR 264.98- TDEC 1200-1-ll-.06(6)(h)(l) 

appropriate locations and depths to yield applicable 
groundwater samples from the uppermost aquifer 
that: 

• represent the qual ity of background 
groundwater: 

• represent the quality of groundwater passing the 
point of compliance: and 

• allows for the detection of contamination when 
the hazardous waste or constituents have 
migrated from the waste management area to 
the uppermost aquifer. 

If underlying earth materials arc homogenous. Operation ofTSCA chemical waste 40 CFR 761.75(b)(6)(ii)(A) 
impermeable. and uniformly sloping in one landfill groundwater monitoring 
direction. only three sampling points shall be program - applicable 
necessary. 

These three points shall be equally spaced on a line 
through the center of the disposal area and 
extending from the area of highest water table 
elevation to the area of the lowest water table 
elevation. 

Monitoring well All monitoring wells must be cased in a manner Construction of RCRA groundwater 40 CFR 264.97(c) 
construction that maintains the integrity of the monitoring well monitoring well- applicable TDEC 1200-l-ll-.06(6)(h)(3) 

bore hole. This casing must be screened or 
perforated and packed with gravel or sand. where 
necessary to enable collection of groundwater 
samples. The annular space above the sampling 
depth must be sealed to prevent contamination of 
groundwater and samples. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

All monitoring wells shall be cased and the annular Construction of a TSCA groundwater 40 CFR 761.75(b)(6)(ii)(B) 
space between the monitor zone (zone of monitoring well - applicable 
saturation) and the surface shall be completely 
backfilled with Portland cement or an equivalent 
material and plugged with Portland cement to 
effectively prevent percolation of surface water into 
the well bore. The well opening at the surface shall 
have a removable cap to provide access and to 
prevent entrance of rainfall or storm water runoff. 

Monitoring program Groundwater monitoring program must include Operation of a detection monitoring 40 CFR 264.97(d) 
consistent sampling and analysis procedures that program under 40 CFR 264.98- TDEC 1200-1 -11-.06(6)(h)(4) 
are designed to ensure monitoring results that applicable 
provide a reliable indication of groundwater quality 
below the waste management area. 

Groundwater monitoring program must include Operation of a detection monitoring 40 CFR 264.97(c) 
sampling and analytical methods that are program under 40 CFR 264.98- TDEC 1200-1-11-.06(6)(h)(S) 
appropriate and accurately measure hazardous applicable 
constituents in groundwater samples. 

Groundwater monitoring program must include a Operation of a detection monitoring 40 CFR 264.97(f) 
determination of the groundwater surface elevation program under 40 CFR 264.98- TDEC 1200-1-1 l-.06(6)(h)(6) 
each time groundwater is sampled. applicable 

Sample collection The number and size of samples collected to Operation of a detection monitoring 40 CFR 264.97(g) 
establish background and measure groundwater program under 40 CFR 264.98- TDEC 1200-1-11-.06(6)(h)(7) 
quality at the point-of-compliance shall be applicable 
appropriate for the form of statistical test employed 
following generally accepted statistical principles 
and otherwise comply with the provisions of this 
section. 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

The groundwater monitoring well shall be pumped Operation ofTSCA groundwater 40 CFR 761.75(b)(6)(ii)(B) 
to remove the volume of liquid initially contained monitoring wells- applicable 
in the well before obtaining a sample for analysis. 

The discharge shall be treated to meet applicable 
State or Federal standards or recycled to the 
chemical waste landfill. 

As a minimum. all samples shall be analyzed for 
the following parameters: 

• PCBs 

• pH 

• specific conductance 

• chlorinated organics 

Sampling methods and analytical procedures for 
these parameters shall comply with those specified 
in 40 CFR Part 136. as amended in 41 Federal 
Register 52779 on December I. 1976. 

Detection monitoring O"vners or Operators of hazardous waste facilities Operation of a detection monitoring 40 CFR 264.98(a) 
must monitor for specified indicator parameters, program under 40 CFR 264.98- TDEC 1200-l-ll-.06(6)(i) 
waste constituents or reaction products that provide applicable 
a reliable indication of the presence of hazardous 
constituents in groundwater. 

Must install a groundwater monitoring system at 40 CFR 264.98(b) 
the compliance point as specified under 40 CFR TDEC 1200- l-11-.06(6)(i)(2) 
264.95 that complies with 264.97(a)(2). (b), and 
(c). 

Must conduct a monitoring program for each 40 CFR 264.98(c) 
specified chemical parameter and hazardous TDEC 1200-l - ll-.06(6)(i)(3) 
constituent in accordance with 264.97(g). 
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Table E-3. Action-specific ARARs and TBC Guidance for the On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Gtation(s) 

A sequence of at least four samples from each well 40 CFR 264.98(d) 
(background and compliance wells) must be TDEC 1200-l-ll-.06(6)(i)(4) 
collected at specified frequencies. 

Must determine the groundwater flow rate and 40 CFR 264.98(e) 
direction in the uppermost aquifer at least annually. TDEC 1200-1-ll -.06(6)(i)(5) 

Must determine whether there is statist ically 40 CFR 264.98(f) 
significant evidence of contamination of any TDEC 1200-l-ll-.06(6)(i)(6) 
specified chemical parameter or ha7.ardous 
constituent at a specified frequency. 

If owner/operator determines that there is 40 CFR 264.98(g) 
statistically significant evidence of contamination at TDEC 1200- l-ll- .06(6)(i)(7) 
any monitoring well at the compliance point, must 
follow the provisions of this section. 

Corrective measures for Must have plans for taking corrective measures if Closure of an LL W landfi II - relevant TDEC 1200-2-11 -.17(4)(b) 
LLW disposal facility migration of radionuclides would indicate that the and appropriate 

performance objectives of Rules of the 
TDEC 1200-2-11 -.16 may not be met. 
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Table E-3. Action-specific ARARs and TBC G uidance for tbe On-site Disposal Alternative (Continued) 

Action Requirements Prerequisite Citation(s) 

Monitoring After the disposal site is closed, post-operational Closure of an L L W land fill - r elevant TDEC 1200-2- ll-.17(4)(d) 
surveillance of the disposal site shall be maintained and appropriate 
by a monitoring system based on the operating 
history and the closure and stabilization ofthc 
disposal site . 

The monitoring system must be capable of 
providing early warning of releases of 
radionuclides from the disposal unit before they 
leave the site boundary. 

Waste left in place Institutional controls are required and shall include, Hazardous substances left in place that TDEC 1200-I-13-.08( I 0) 

A LARA 
ARAR 
CERCLA 
CFR 
DOE 
DOEM 
DOEO 
DOT 
EDE 
EMWMF 
EPA 
HMR 

at a minimum, administrative restrictions for sale might pose an unreasonable threat to 
and usc of property and securing area to prevent public health, safety. or the environment 
human contact with hazardous substances. - relevant and appropr iate 

Off-site Transportation and Disposal- See Table E-4 

= as low as reasonably achievable 
= 3pplicablc or rdcvant and appropri:ue requirement 
=Comprehensive Environmenul Rcspon.~e. Compensation. and Liabil ity Act of 1980 
= Code of Federal Regulation 
=U.S. D~-partmcnt of Energy 
= DOE Manual 
=DOE Order 
=U.S. Department ofTransportation 
=effective dose equivalent 
= Environmenul M:magcment Waste Management Facility 
= U.S. Environmental Protection Agency 
= Ha;<.ardou~ Matcrials Regulations 
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HMTA 
ID 
LLW 
mrcm 
mSv 
ORO 
ORR 
PCB 
PPE 
RCRA 
ROD 
TBC 
TDEC 
TSCA 
WAC 

= Hazardous Materials Transportation Act of 1975 
= identification number 
= low-level (radioactive) waste 
= millirem 
= millisievcn 
= O:lk Ridge Operation$ 
= O:lk Ridge RC$Crvation 
= polychlorinated biphenyl 
= personal protective equipment 
= Resource Conservation and Rccov~'l')' Act of 1976 
= record of decision 
= to be considered 
= Tennessee Department of Environment and Conservation 
= Toxic Subsunces Control Act of 1976 
=waste acccpunc.: criteria 



Table E- 4. Action-specific ARARs and TBC Guidance for the Off-Site Disposal Alternative 

Medium/Action Requirements Prerequisite/Condition Citation(s) 

Transportation of Hazardous material transport shall be subject to and must Any person who, under 49 CFR 171.1(c) 
hazardous comply with all applicable provisions of the HMTA and contract with a department or 
materials HMR at 49 CFR 171-180. agency of the federal 

government transports ··in 
commerce:· or causes to be 
transported or shipped. a 
hazardous material -
ap~licable 

Transportation of LL W shall be packaged and transported in accordance with Shipment of LL W off-site- DOE M 435.1-(1)( I )(E)( I I) 
radioactive waste DOE 0 460.1 A and DOE 0 460.2. TBC 
Transportation of To the extent practical. the volume of LL W and the number Shipment of LL W off-site- DOE M 435.1 - I(TV)(L)(2); 
LLW of the shipments shall be minimized. TBC DOE M 435.1-l(ill)(L)(2) 

Transportation of PCB waste transport must comply with the manifesting Relinquishment of control 40 CFR 761.207 (a) 
PCB wastes provisions at 40 CFR 761.207 through 40 CFR 761 .218. over PCB wastes by 

transporting or offering for 
transport- applicable 

Transportation of RCRA hazardous waste transport must comply with the Off-site transportation of 40 CFR 262.1 O(h); 
hazardous waste generator requirements of 40 CFR 262.20-23 for RCRA hazardous waste- TDEC 1200-1-ll -.03(1)(a)(8) 
off-site manifesting, Sect. 262.30 for packaging. Sect. 262.31 for applicable 

labeling. Sect. 262.32 for marking, Sect. 262.33 for 
placarding. Sect. 262.40. 262.41 (a) for record keeping, and 
Sect. 262.12 to obtain EPA ID number. 
Must comply with the requirements of 40 CFR 263.11- Transportation ofhazardous 40 CFR 263.1 O(a); 
263.31. waste within the United States TDEC 1200-1-1 I-.04(J)(a)(J) 
A transporter who meets all applicable requirements of 49 requiring a manifest-
CFR 171- 179 and 40 CFR 263.11 and 263.31 will be applicable 
deemed in compliance 'With 40 CFR 263. 
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Table E-4. Action-specific ARARs and TBC Guidance for the Off-Site Disposal Alternative (Continued) 

Medium/Action Requirements Prerequisite/Condition Citation(s) 

Transportation of The generator manifesting requirements of 40 CFR 262.20- Transportation of hazardous 40 CFR 262.20(t) 
hazardous waste 262.32(b) do not apply. Generator or transporter must wastes on a public or private TDEC 1200-l-ll-.03(a)(6) 
on-site comply with the requirements set forth in 40 CFR 263.30 right-of-way within or along 

and 263.31 in the event of a discharge of hazardous waste on the border of contiguous 
a private or public right-of-way. property under the control of 

the same person. even if such 
contiguous property is divided 
by a public or private right-of-
way - applicable 

Transportation of LL W waste shall be packaged and transported in accordance Shipment of LL W off site - DOE M 435.1-l(l)(l)(E)(ll) 
LLW off site with DOE 0 1460. I A and DOE 0 460.2. TBC 

To the extent practicable. the volume of waste and number DOE M 435. 1-1 (1V)(L)(2) 
of shipments shall be minimized 

Authorized limits shall be consistent with limits and 
guidelines established by other applicable Federal and State 
laws. 

Transportation to The waste must meet packaging. labeling, marking, Transportation of hazardous 49 CFR 171. 172. 173. 174. 177. 178. and 179; 
disposal facil ity placarding and pre-transport requirements in accordance and radioactive materials DOE 0 460.1 (TBC) 

with DOT regulations. above exempt quantities-
applicable 

Must meet packaging requirements based on the maximum Packaging of radioactive 49 CFR 173.431; 
activity of radioactive material in a package. materials above exempt 49 CFR 173.433; 

quantities for public transport 49 CFR 173.435; 
-applicable 49 CFR 173.411 

Must be marked with hazardous waste marking, generator's Transportation of hazardous 40 CFR 262.32(b) 
name and address, and the manifest docket number. waste in containers of 11 0 gal 

or less - applicable 
Shipment must be manifested according to 40 CFR 262 and Transportation of hazardous 40 CFR 262 Subpart B; 
40 CFR263. waste for off-site TSD - 40 CFR 263 Subpart B 

applicable 
Generators must certify before the shipment that the waste Waste shipped from one field DOE0435.1 
meets the waste acceptance criteria of the receiving facility. organization to another for 

disposal - TBC 
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Table E-4. Action-specific ARARs and TBC Guidance for the Off-Site Disposal Alternative (Continued) 

Medium/Action Requirements Prerequisite/Condition Citation(s) 

A LARA 
ARAR 
CERCLA 
CFR 
CWA 
DOE 
DOE 
gal 
LLW 
EDE 

LL W must be disposed of on-site: if off-site disposal is 
required due to lack of capacity, disposal must be to a DOE 
facility. 
Off-site disposal of LL W to a commercial faci lity requires 
an exemption from the on-site disposal requirements of DOE 
0 435.1: requests for exemption must be approved by the 
DOE ORO Field Office. Must meet DOE Order and 
Implementing procedural requirements for off-site 
shipments. 

=a.< low as r.:a.<onably achicvablo.: 
=applicable or relevant and appropriate requirement 
=Comprehensive Environmental Response. Compensation. and Liability Act of 1980 
= Code of Federal Re[.."'tlations 
=Clean Water Act of 1972 
=U.S. Department of Energy 
=U.S. Department of Transportation 
=gallon 
~ low-level (radioactiv~) \v-~stc 

= df.:ctive dose: cquivalcnt 

Shipments ofLLW- TBC DOE 0435.1 

Shipments ofLLW- TBC DOE M 435.1-1(1)(2)(F)(4) 

FS 
mrcm 
NPDES 
ORO 
ORR 
Rl 
ROD 
TBC 
TDEC 

= Feasibility Study 
= millircm 
=National Pollution Discharge Elimination System 
= Oak Ridge Office 
= Oak Ridge Reservation 
= Remedial lnv-."Stigation 
= record of decision 
= to be considered 
= Tcnness..-e Department of Environment and Conservation 
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1. INTRODUCTION 

The pwvose or this Appendix is to develop analytic Preliminnty Waste Acceptance criteria (PWAC) to 
meet applicable risk and dose criteria using fate and transport analysis for a potential new Environmental 
Management Disposal Facility (EMDF). This analysis provides the basis for demonstratil1g that the On
site Disposal Alternative would be protective of human health and the environment, meet remedial action 
objectives, and be a viable disposal option for most future Comprehensive Enviromnental Response, 
Compensation, and Liability Act of 1980 (CERCLA) waste. 

Future CERCLA waste will be generated from environmental cleanup and deactivation and 
decommissioning activities on the United States (U.S.) Department of Energy (DOE) Oak Ridge 
Reservation (ORR). The On-site Disposal Alternative in this Remedial Investigation/Feasibility St11dy 
(RJ/FS) evaluates a proposed EMDF site in East Bear Creek Valley (EBCV) for disposal of f11ture 
CERCLA waste after the Environmental Management Waste Management Faci lity (EM\VMF) reaches 
maximum capacity. The proposed EMDF site is located adjacent and east of the current EM\VMF site and 
has similar engineering design and hydrogeologic attributes. 

1.1 WAC COMPONENTS 

Radiological and chemical releases from wastes disposed in the proposed EMDF and the potential risks to 
the public from such releases would be mitigated by disposal cell design and hydrogeologic attributes. A 
previously negotiated waste acceptance criteria (WAC) attainment process for the Efvl\VMF involves the 
completion of four separate sets of requirements (DOE 200 I a): 

• Administrative \V AC were derived fi ·om applicable or relevant and appropriate requirements in 
the EM\VMF Record of Decision (ROD) (DOE 1999), and from other agreements between the 
DOE, the U.S. Environmental Protection Agency (EPA), and the Tennessee Department of 
Environment and Conservation. 

• Analytic WAC were derived from the approved risk assessment model in the EMWMF RJ/FS and 
RifFS Addendum (DOE 1998a, DOE 1998b) for the EM\VMF. 

• Auditable Safety Analysis (ASA)-deri ved \V AC were derived from facility authorization basis 
documentation for the EMWMF. 

• Physical WAC were derived from operational constraints and contractual agreements for 
EMWMF operations. 

The administrative WAC includes limits on disposal of greater than Class C waste and compliance with 
Resource Conservation and Recovery Act of 1976 (RCRA) laud disposal restrictions. The administrative 
WAC also prohibits disposal of transuranic waste. high-level waste, spent nuclear fuel, or II e(2) 
byproduct waste, and places limits on total uranium concentrations in waste separate from and in addition 
to analytic WAC considerations. 

The ASA-derived WAC limits disposal of radionuclide based on a maximum credible release of material 
that would occur during an extreme wind event at the operating f.1cility. These limits are also separate 
from and iu addition to analytic WAC considerations. 

The focus of this Appendix is the risk-based analytic PWAC for the proposed EMDF. The analytic 
PWAC are numerica l limits developed by applying fate and transport analysis using concepl1ml design 
elements of the EMDF and risk/dose analytical approaches. As described in the WAC AllauHnent Plan for 
EMWMF (DOE/OR/0 l-1909&D3), the analytic WAC is the numerical concentration of a constit1tent in a 
given waste lot such that, if the waste form with this concentration occupied the entire disposal cell 
volume, risk or hazard index (HI) to a public receptor would be equal to specified criteria. However, it is 
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unlikely that a single waste type will occupy the entire facility. Rather, the disposal cell will ultimately 
contain many waste fonns, each having a specific volume of radiological and chemica l contaminants. To 
acconunodatc these different waste forms, an approach to apply the contaminant-specific WAC to various 
waste streams was developed for the EMWMF. The sum of fractions (SOF) calculation method is used to 
determine whether a waste containing multiple contaminants is acceptable for disposal. The SOF 
calculations arc specific to a single waste lot. The volume weighted sum of fractions (VWSOF) 
calculation method is used to account for the fact that not all waste lots will contain the same volume of 
waste. 

The four separate \V AC components and compliance process for the EM\VMF are the product of formal 
negotiations between the Federal Facility Agreement (FFA) parties during the pre-ROD and post-ROD 
stages of the CERCLA process. At the RifFS stage for a potential new facility, it is early in the conceptual 
design and decision making process to determine what final WAC components will be agreed to by the 
FFA parties. It is assumed at this stage that a similar \VAC approval process would be followed for a 
potential new f.1cility. It is also assumed that administrative, ASA-derived, and physical WAC 
components for the new facility and the \V AC compliance approach, including the SOF and VWSOF 
calculations methodology, for the new f.1cility would be similar to the WAC components and compliance 
approach for EMWMF. 

The analytic PW AC would be finali zed as the design for the disposal facility proceeds and final design 
parameters, site layout, and additional site-specific characterization data are available. It is acknowledged 
that the analytic PW AC results presented in this Appendix are a preliminmy data set. The analytic PW AC 
were developed to show protectiveness and viability of land disposal at the proposed site. If on-site 
disposal is the selected remedy as determined by the CERCLA process, final WAC (administrative, 
analytic, ASA-derived, and physical) would be approved for a new facility at the selected site prior to 
waste receipt. The final \V AC approved by the FF A parties may be similar to the \V AC approved for 
EMWMF. 

The site conceptual model and exposure pathways are discussed in Chapter 2. Preliminary WAC 
development and applied models are summarized in Chapter 3. Chapter 4 describes si te-specific model 
development for the proposed EMDF site. Risk/dose modeling and calculations are discussed in 
Chapter 5. Chapter G provides analytic PW AC calculations and results and a discussion of results relative 
to the EMWMF WAC. Chapter 7 lists references used in the analysis. Attacluncnt A provides 
supplemental modeling information. 
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2. SITE CONCEPTUAL I\10DEL AND RISK EXPOSURE PATffiVAYS 

The proposed EMDF would be an on-site, low-level (mdioactive) waste (LL \V) and mixed waste landfill 
for disposal of waste generated by cleanup of the ORR. The facility would be designed to receive wastes 
resulting from remediation of contaminated sites and demolition of contaminated buildings from 
CERCLA cleanup projects. The proposed EMDF has a concept11al design capacity of 2.5 million yd3

• 

Figure F-1 illustrates the site plan of the proposed EMDF. 

The conceptual design of the EMDF is described in Sect. 6.2 of this Rl/FS and site characteristics are 
described in Appendix C. Summary information about the proposed site characteristics, site conceptual 
model and risk exposure pathway, and receptor and risk criteria is provided below. 

2.1 PROPOSED EMDF SITE DESCRIPTION 

The EMDF site is located in EBCV on the ORR. The EMDF site lies on the southern slopes of Pine Ridge 
between Bear Creek Northern Tributary (NT)-2 and NT-3. Bear Creek is roughly I, 100 ft south of the site 
at the nearest point. In the vic inity of the site, the elevation of Pine Ridge mnges from I, 180 to I ,260 ft 
above mean sea level (MSL). The elevation of the Bear Creek Valley (BCV) floor ranges from about 
940 to I ,000 ft-MSL. 

The stratigraphic section exposed in BCV includes rocks ranging in age from Early Cambrian to Early 
Mississippian. The three rock sequences in the BCV (Rome Formation, Conasauga Group, and Knox 
Group) comprise a complex stratigraphic assemblage of shales, limestones, dolomites, siltstones, and 
sandstones (DOE 1998a). A more detailed description of site geology is provided in Appendix C. 

The early Cambrian Rome Formation, which is the oldest unit exposed in the site area, outcrops on the 
ridge top of Pine Ridge and dips to the southeast beneath BCV. The Rome Formation consists of 
variegated shale, interbedded with sil tstone, sandstone, and minor amounts of dolomite. Overlying the 
Rome Formation, and underlying the southern slope of Pine Ridge, is the middle to late Cambrian 
Conasauga Group, a sequence of primarily shales with some interbedded limestones and dolomites. 
Within the BCV, the Conasauga Group is subdivided into six formations: Pumpkin Valley, Rutledge, 
Rogersville, Maryville, Nolichucky, and Maynardville. The Maynardville Formation, composed mostly of 
limestone, underlies the valley floor. The Knox Group of late Cambrian is composed primarily of 
massive, siliceous dolomite that forms the Chestnut Ridge on the south side of BCV. 

Small-scale geologic features, such as fractures and solution features are a major factor in groundwater 
movement through the formations underlying the BCV. These bedrock features provide the pathways for 
groundwater flow tlu·ough geologic formations, such as shales and limestones, that typically have little 
intrinsic permeability. Fractures are well developed in all stratigraphic units as a result of tectonic activity 
and geostatic relief, and are the most pervasive groundwater-transmitting feature on the ORR (Hatcher et 
a!. 1992). The most prominent and well-developed fracture sets are oriented parallel to geologic strike and 
result in hydraulic and dominant strike-parallel groundwater flow paths. Fracture aperture width and 
frequency generally decrease with depth in all formations and thus restrict the depth of active 
groundwater circulation. The unconsolidated materials, or regolith, overlying bedrock in the EBCV site 
include a mixture of residuum and bedrock remnants and weathered bedrock saprolite. 
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Within BCV, the majority of groundwater flow occurs primarily within the upper I 00 ft of the aquifer 
system (Solomon et al. 1992). The occurrence and movement of groundwater in the bedrock is closely 
related to the presence of bedding planes, joints, fractures, and solution cavities. In general, groundwater 
in tbe bedrock occurs under water-table conditions but becomes increasingly confined with depth . 
Downward recharge to the groundwater system occurs along the flanks of Pine Ridge and Chestnut 
Ridge. 

BCV hydrogeologic units behave as an anisotropic system in all tluee dimensions, evidenced by the 
elongated drawdown along strike direction observed during pumping tests and the spatial distribution of 
contaminant plumes. The anisotropic nature of hydraulic conductivity associated with the bedrock 
underlying BCV is apparently caused by the orientation and intersection of fractures, joints, and/or 
bedding planes. Due to this anisotropy, groundwater flow is primarily along strike (i.e., east to west). Due 
to the along-strike flow directions, a large portion of the shallow groundwater discharges into the 
tributaries and eventually flows into Bear Creek. 

Bear Creek flows southwestward from its headwaters for approximately 4.5 miles along the BCV axis, 
and then tmns northward to flow into East Fork Poplar Creek by cutting through Pine Ridge. The 
drainage area of BCV is approximately 5.2 mi2 (Robinson and Johnson 1995). Most of the tributaries of 
Bear Creek originate along the flanks of the Pine Ridge. 

2.2 CONCEPTUAL SITE MODEL AND RISK EXPOSURE PATHWAY 

Development of a conceptual s ite model of the site is necessary prior to evaluating the likely impact of 
potential contaminants that might emanate from the EMDF. A conceptual site model identifies the key 
elements of fate and transport, which include the media that the contaminants may move through and the 
receptor that could become exposed to such contaminants. In this application, the conceptual site model is 
a continuum flow model, meaning that flow occurs in pore, fractures, and conduits, but that at the scale of 
the model, these can be considered as one system, similar to a porous medium, such as sandstone. While a 
conceptual site model, in general, is a simplification of the fate and transport processes, it provides a 
visualization and general understanding that are used to develop the WAC modeling processes. See 
Section 3.5 of Appendix C for additional information about the conceptual site model. 

Figure F-2 shows the conceptual disposal cell leachate movement and groundwater flow characteristics at 
the area. Exposure pathways include the migration of contaminants in groundwater and surf.'lce water 
from the disposal f.1cility after the cap and liner systems have experienced some degree of failure, 
allowing water to percolate through the landfill. After the closure of the disposal cell and degradation of 
the synthetic components of the disposal cell, water is able to infiltrate the waste and leach contaminants 
from the wastes. Contaminants would then migrate vertically through the unsaturated zone and into the 
groundwater zone where they would be transported to a nearby well or discharged to surface water. Most 
of the groundwater flow occurs in the upper part of the soil and bedrock system and mostly discharges 
into surf.'lce water bodies of Bear Creek and its tributaries, as well as in conduits in the Maynardville 
Limestone. The modeling process calculates the risks related to exposure to contaminants for a defined 
hypothetical receptor. Groundwater from the well is assumed to be used for drinking water, and surface 
water is assumed to be used for watering livestock and irrigating crops. Development of the analytic 
PW AC is based on an evaluation of this likely exposure pathway. The location of the hypothetical 
receptor for the proposed El'vlDF used to define exposure assumptions is analogous to that used for the 
EM\VMF analytic \V AC modeling. 
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DOE would provide long-term care of the facility (institutional controls) such that an inadvertent intruder 
(e.g., someone digging into and being directly exposed to the waste after landfill closure) is not a likely 
risk exposure pathway. However, if it is assumed that institutional controls arc lost in the future, 
inadvertent intruder scenarios arc not considered plausible based on the conceptual design aspects of the 
disposal fhcility, including the biointrusion layer and the cap thickness. The 13-ft multi-layer cap system 
described in Sect. 6.2.2.4 of the RifFS includes a 3-ft thick biointn1sion layer of free-draining, coarse 
granular material (i.e., 4-in. to 12-in. diameter riprap) to inhibit penetration by humans, burrowing 
animals, and plants. 

2.3 RECEPTOR AND RISK CRITERIA 

For the proposed EMDF, concentration-based "analytic" PWAC were developed assuming a hypothetical 
resident farmer receptor. The resident fanner is assumed to live between the EMDF and Bear Creek (in 
the downgradient direction of general groundwater flow and discharge). The hypothetic farmer uses 
groundwater from a well between the f.1cility and Bear Creek for domestic needs and surface water from 
Bear Creek for agricultural purposes. In accordance with current practices and regulations in Tennessee, 
the upper, more active, weathered bedrock zone would not be used for domestic water supplies. The 
shallow portion of the well is cased and the well is screened in the unweathered fractured bedrock as 
shown in Figure F-2. 

The contaminant leaching/transport analysis and exposure concept11al model is presented in Figure F-3. 
For the rural residential farmer there is a potential for exposure to contaminated media through the 
following pathways: 

• Ingestion of contaminated water 

• Consumption of home-grown vegetables/fruits irrigated with contaminated water 

• Consumption of milk and meat from livestock fed with vegetation irrigated with the contaminated 
water 
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DOE Order 435.1 (DOE 200 lc) requires analysis of low-level waste disposal facilities using a 
performance-based approach with little to no reliance on engineered controls for a performance period of 
I ,000 years . 

The following risk goals for the aggregate radiological and chemical impacts to the hypothetical receptor 
from all waste disposed in the proposed EMDF were used for development of the analytic WAC: 

• An Excess Lifetime Cancer Risk (ELCR) (carcinogenic risk) :5 I x I o·5 and a hazard index 
(HI) 1 :5 I for the 11rst I ,000 years after closure. 

• Carcinogenic risk :51 O'"' and HI :5 3 for > 1,000 years to I 00,000 years after closure. 

These risk criteria are the same as those approved for the currently operational EMWMF. The 1,000-year 
compliance period is consistent with the regulatoty timeframe in DOE Order 435.1. For PW AC 
development presented in this Appendix, peak risks beyond I ,000 years were calculated for 
uncertainty/sensitivity analyses to evaluate the long-term characteristics of the disposal cell design and 
performance. However the results of modeling beyond the I ,000-year compliance timeframe are not 
required by DOE Order 435.1 and are less reliable. 

To calculate analytic PWAC, the proposed EMDF was conceptualized as one large waste cell containing 
a uniform concentration of a single contaminant. Risks were then calculated for this uniform 
concentration, and analytic PW AC were back-calculated from these derived risks using the appropriate 
risk goals listed above based upon the time of peak risk and the type of risk being calculated. 

1 The Ill is a sununation of the haznnl \(llnticnts lor all chemicals to whid1 an indil'idual is exposed. A Ill l'alue of 1.0 or less 
indil-atcs thnt no advct>e human health .:ITecls (non-cnnccr) are expected to occur. 
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3. PRELIMINARY WAC DEVELOPI\1ENT AND MODELS 

Information about the P\V AC development steps, modeling, and calculation methods is provided in this 
Chapter. An overview of the process is described in Sect. 3.1 and a description of the individual models 
used is provided in Sect. 3.2. 

3.1 OVERVIEW OF PWAC DEVELOPMENT 

Linkage and application of tile contaminant leaching/transport models and steps used to develop the 
PWAC are depicted in Figure F-4. 

.l&rumQ 

Site Geological, 
ltydrogeologlcal, and 
Surface Wal er Data 

ARMs • fl pplicab'o, Rciovant and flppropnale Requircmcnls 
HQ • Hazard Quoi iCOI 
OF • Oilur•on Factor 

Identified Conlamlnanl 
or Concern 

Criteria 

Potential flcoosure f>athways Simulated 
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- Groundwaler to a surface waler body 

Contaminant· 
Specific WAC 

WAC Modelllnkago anu Applica!lon 

(.~ ,)-11 ta¥ 
t.IOI' c f~ 'I' AGl'wu•-•~ f J'.J'·us tlj 

Figure F-4. WAC Model Linl<agc and Applicntiun 

The main design and site features, calculations, and models used in these analyses were as follows: 

• Determination of water infiltrating the cap, passing through the waste, and entering the vadose 
zone and groundwater was accomplished by mass balancing analysis of precipitation and 
evapotranspiration, cap drain removal of water, and hydraulic flow, with the steady-state 
infiltration rate conservatively taking no credit for man-made cover and liner components. The 
Hydrologic Evaluation of Landfill Performance (HELP) computer code (Schroeder et al. 1994) 
was used for these calculations. 
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• Solid-to-liquid partition coefficient (Kd) values of contaminants from soil were used as input to 
unsaturated, one-dimensional, time-dependent modeling of source leaching and contaminant 
transport in the waste and vadose zones to groundwater. The PA THRAE code (Rogers and 
Associates Engineering 1995a and b) was used for these calculations. 

• Groundwater condition and flow characteristics in the disposal cell area and groundwater travel 
time to tributaries or Bear Creek were evaluated using the three-dimensional, finite difference, 
time-dependent MOD FLOW (McDonald and Harbaugh 1988) and MODPA TH (Pollock 1989) 
models, respectively. 

• Discharge of groundwater to tributaries ancVor Bear Creek, solute mixing with tributmy/stream 
flow. and contaminant uptake by receptors were calculated using the PATHRAE code. A veragc 
surface water flow data were also used for these calculations. 

• Groundwater dilution factors (DFs) at the receptor well location relative to source concentrations 
due to advection process were established using the MT3D model (Zhcng 1990). Other processes, 
such as contaminant specific dispersion, retardation due to absorption, and degradation, were 
considered dming PATHRAE application. 

• The PA THRAE results and EPA applicable slope factors were used to calculate risk for a resident 
fhnner (\V AC receptor) using contaminated well water for domestic use and contaminated Bear 
Creek water for agricultural purposes. 

To ensure that both carcinogenic risk and HI toxicity goals are met, separate analytic PW AC 
concentration limits for individual radiological and chemical constit11ents at the EMDF are calculated. 
These limits conespond to the maximum permissible concentration of the constintent that could be placed 
in the facility if the waste containing the single constituent were to occupy the entire disposal cell volume 
in a soil like matrix. 

The PW AC development process used for the proposed EMDF is similar to the process used for 
EMWMF. The exposure pathway from disposal cell to surf.1ce water was analyzed using the PA THRAE
HAZ/RAD analytical model, a revised version of the original risk performance code (PATHRAE-EPA) 
developed for EPA. In addition to waste volume and waste characteristic data, PATHRAE-HAZIRAD 
relies on parameter input from other models, such as HELP for infiltration rate through the landfill , 
MODFLOW for groundwater flow field, path, and discharge locations and rates, and MODPATH for 
constituent travel times and paths from specific groundwater entrance points below the cell to receptor 
locations. The peak contaminant concentration in the well is detennined by scaling the concentrations and 
doses modeled for the surface water using dilution factors. The well dilution fhctor is the ratio of the 
concentration of a constituent in the well water to a unit concentration in solute seepage entering the 
groundwater beneath the disposal facility. The creek dilution factor is calculated using the measured 
surface water volume and flow rate. The well dilution factor is calculated based on an analysis performed 
using MODFLO\V and MT3D. 

The contaminant leaching/transport analysis and exposure concepntal models are depicted in Figure F-3 . 
The contaminant movement includes the following processes: 

• fnliltration of water into the waste cell 

• Leaching of contaminants from the waste disposed into the underlying groundwater zone 

• Transport of contamination fi·om the site to the receptor well and discharge to surface water 
bodies 

• Subsequent uptake by the hypothetical receptor via applicable groundwater and surf.1ce water 
exposure route 
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3.2 MODELS USED TO SUPPORT PWAC DEVELOPMENT 

The relevant HELP, MODFLOW/MODPATH MT3D, and PATHRAE-HAZ/RAD models are described 
iu following sections. 

3.2.1 Hydrologic Ev<llnation of Landfill Performance Model 

The HELP model (Schroeder ct al., 1994) is used to evaluate the water budget for the proposed EMDF 
and estimate infiltration rates to groundwater. This information is needed for groundwater flow and fate 
and transport modeling as the precursor to risk/dose analysis using PATHRAE-HAZ/RAD and 
groundwater modeling using MODFLOW. 

HELP is a quasi two-dimensional hydrologic model of wnter movement across, into, through and out of 
landfills. The model accepts climate, soil, and design data, and uses estimation techniques that account for 
the effects of surface storage, snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, soil 
moisture storage, lateral subsurface drainage, leachate recirculation, unsaturated vertical drainage, and 
leakage through soil , geomembrane, or composite liners. These input data are described in Sect. 2 of 
Attachment A to this Appendix. Landfill systems including various combinations of vegetation, cover 
soi ls, waste cells, lateral drain layers, low permeability barrier soils, and synthetic geomembrane liners 
may be modeled. The HELP model was developed to help hazardous waste landfill designers and 
regulators evaluate the hydrologic performance of proposed landfill designs. The program was developed 
to conduct water balance analyses of landfills, cover systems, and solid waste disposal and containment 
facilities . The model facilitates rapid estimation of the amounts of n111off, evapotranspiration, drainage, 
leachate collection, and liner leakage that may be expected to result from the operation of a wide variety 
of landfill designs. 

3.2.2 MODFLOW and MODPATH Models 

MODFLOW (McDonald and Harbaugh 1988) and MODPATH (Pollock 1989) are used to evaluate the 
hydrogeologic conditions and parameters at the proposed waste disposal site. The parameters estimnted 
include groundwater flow path, travel time, groundwater velocity, and flux rate. 

MODFLOW is a modular, block-centered finite-difference groundwater flow code developed by the U.S. 
Geological Survey (USGS). MODFLOW is capable of simulating both transient and steady-state 
saturated groundwater flow in one, two, or three dimensions. MODFLOW calculates potentiometric head 
distribution, flow rates, velocities, and water balances throughout an aquifer system. It also includes 
modules simulating recharge, flow towards wells, and groundwater into and drains and rivers. A number 
of different boundary conditions arc available, including specified head, areal recharge, injection or 
extraction wells, evapotranspiration, drains, and streams or rivers. Aquifers can be simulated as 
unconfined, confined, or a combination of unconfined and confined. The finite-difference equations may 
be solved using a strongly implicit procedure, slice-successive over-relaxation, or preconditioned 
conjugate gradient method. 

MODFLOW implicitly considers that the aquifer can be characterized as a porous media. The application 
of a porous media code (i.e., MODFLOW) to a fractured bedrock system, such as BCV, is termed the 
equivalent porous media approach. This approach assumes that the media is fractured to the extent that it 
behaves hydraulically as a porous media. Three dimensional presentation of hydraulic properties within 
the MODLFOW also provides flexibility to present fracture orientation and distribution. This approach is 
acceptable for BCV given the large scale of the model domain, the highly fractured natme of the 
hydrostratigraphic units, and the degree of accuracy that is required to support the WAC analysis. 

MODFLOW is widely used by the industrial, scientific, and governmental comnnmitics. The code has 
been rigorously tested and veri lied, and varieties of software tools are publicly available for graphical 
preprocessing and post processing. Various MODFLOW models have been developed for Oak Ridge area 
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and used extensively for the BCV Rl/FS and EM\VMF modeling and performance evaluation (Bailey 
1988; BJC 2003, DOE 1996, 1998b, 2010). 

MODPA TH is a three-dimensional particle tracking program designed for use with output from steady
state simulations obtained from the MODFLO\V results. MODPATH can be used to compute three
dimensional path lines, position of particles at specified points in time, discharge point coordinates, and 
total time of travel for each particle. MODPA TH uses a semi-analytical particle tracking scheme. The 
method is based on the assumption that each directional velocity component varies linearly within a grid 
cell in its own coordinate direction. This assumption allows an a11alytical expression to be obtained 
describing the flow path within a grid cell. Given the initial position of a particle anywhere in a cell, the 
coordinates of any other point along its path line within the cell , and the time of travel between them, can 
be computed directly. 

3.2.3 MT3D Model 

The movement of contaminants from the waste cell to various receptors outside of the waste disposal site 
in groundwater is simulated by using MT3D (Zheng, 1990), a three dimensional fate-transport model 
code. 

MT3D is a comprehensive three-dimensional numerical simulation code that models the fate and 
transport of dissolved , single-species contaminants in complex saturated ground-water systems. MT3D 
calculates concentration distributions, concentration histories at selected receptor points and hydraulic 
sinks (for example, extraction wells), and the mass of contaminants in the ground-water system. The code 
can simulate tlu·ee-dimensional transport in complex steady-state and transient flow fields and can 
represent anisotropic dispersion, source-sink mixing processes, first-order transformation reactions and 
linear and nonlinear sorption. MT3D offers the user a choice of four solution options thnt make it 
uniquely well-suited for handling a wide range of conditions, one of which, the Method of Characteristics 
(MOCs) technique, is best-suited for handling advection-dominated problems. 

MT3D is linked with the USGS ground-water flow simulator, l'viODFLO\V, and is designed specifically 
to handle aclvectively-dominated transport problems without the need to construct refined models 
specifically for solute transport. MT3D is the world's most popular tlu·ee-dimensionnl solute trnnsport 
code and has been used successfully to model thousands of si tes. MT3D is widely accepted by regulators 
nnd the ground-water consulting and research conununities. 

3.2.4 PATHRAE-HAZ/RAD Modd 

PATHRAE-HAZIRAD (Rogers and Associates Engineering, 1995a and b), is a family of computer codes 
cnpablc of assessing multiple transport pathways for hnzardous/radiological contaminants that have the 
potential to impact human receptors. PA THRAE-HAZ/RAD was originally developed for EPA 
(PATHRAE-EPA) to usc in preparing standards for management of LLW (Rogers and Hung, 1987). 
PA THRAE-HAZ/RAD can be used to estimate ri sks and doses to humnns from possible releases, and 
subsequent transport through multiple pnthways, of contaminants from land disposal units containing 
chemical and radioactive wastes. The code can be used to calculate risks at specified points in time and 
peak risks (in time) to persons at any number of key locations inside or outside the boundnries of a 
disposal fhcility. 

The PATHRAE-HAZ/RAD code is available in the public domain. The model perfonns similar tasks as 
other pathway analysis codes, such as RESRAD (Yu et al. 1993). A benchmarking comparative study by 
RESRAD team concluded that the doses predicted by RESRAD and PATHRAE codes for the inhalation 
and ingestion pathways were in relatively good agreement (Fai I lace, Cheng, and Yu, 1994 ). 
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One of the advantages of the PATHRAE-HAZ/RAD family of codes is their simplicity of operation and 
presentation of results, while still allowing the analysis of a comprehensive set of contaminants and 
pathways to human receptors. This allows the easy identification of parameters important for the 
protection of the public from potential releases. 

PATHRAE-HAZ/RAD can model the movement of contaminants via groundwater to surface water. This 
movement results fr'om the leaching of contaminants by precipitation that infiltrates through the cap and 
percolates tluough the waste. A one-dimensional model of this movement through a uniform medium is 
used. Once the contaminants reach the saturated zone, their horizontal movement to the point of discharge 
into the surf.1ce water is modeled as one-dimensional movement through a uniform medium. For the 
migration of radionuclides through the saturated zone, the in growth of daughter radionuclides can be 
calculated for any of seven radioactive decay chains. 

Although PATHRAE-HAZ/RAD can also model movement of contaminants to a groundwater well, it 
uses a simple one-dimensional flow assumption that would not be representative of the complex BCV 
groundwater flow regime. Therefore, the contaminant movement in the aquifer system is modeled using 
the MOD FLOW and MT3D code. 

Some of the PA THRAE-HAZ/RAD input values (such as uptake and intake parameters) used for the 
proposed EMDF site are generic numbers obtained from literature sources, and some arc measured, site
specific values (such as stream flow rates). Some key parameters were calculated using additional models 
and site-specific information (e.g., water infiltration rates, groundwater transport parameters, and 
contaminant release rates for various waste forms). Key parameters used in the PA THRAE model are 
sununarized in Table F-1. 
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Table F- l. Key PATHRAE-HAZ/RAD Parameters 

Physical Process Solution Mcthutlology Pammctcrs Needed 

Site-specifi c climatic 

Rate of water infiltration into 
parameters; disposal cell 

the waste cell HELP model design parameters; vadose 
zone hydrological 
parameters 

Contaminant release rates from Kd leaching mechanisms Site-spccilic and generic 
the waste disposal forms to the and waste dill'usion ~factors for soils; generic 
surrounding l>acklill soils processes diftltsion pnmmeters 

Mnterial retarclntion 
chnrnc teristics (i.e., the nbility K.t equilibrium mechnnisms 

Site-specific and generic of a materia l to retard the with bnckfi ll soi ls, vmlosc 
movement of contaminants) zone soils, and saturated K.1 factors for soils and 

within and away from the media saturated zone media 

disposal faci lity 

Groundwater transport MODf LOW and MT.m Sitc-spccillc and generic 
characteristics models hydrogeologic parnmcters 

Surfilce water flow 
Groundwater interactions with MODr:LOW, MOOPATH, parameters and 
surface water and PATHRA E model MODFLOW/MODPA TH 

results 
Contaminant uptake pammctcrs 
for the food chain, :md the EPA and Nuclear 
intake rates lo r human receptors PA THRAE model Regulatory Commission 
consuming contaminated food (NRC) literature values 
and water 

) 
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4. DEVELOPMENT OF SITE-SPECIFIC MODELS 

Development of a site-specific HELP model, site-specific groundwater flow models, and application of 
the fhte-transport model for the proposed EMDF site are described in the following sections. 

4.1 HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE MODEL 

The landfill conceptual design and HELP model simulation and results for the proposed EMDF are 
described below. 

4.1.1 Conccptu~l Design of Dispos~l Facility 

A conceptual design of the proposed on-site waste disposal facility has been developed to evaluate the 
facility's ability to effectively manage the volumes and types of waste (i.e. , radiological and hazardous 
waste streams) projected to be placed in the cell. Because the facility would manage waste with RCRA, 
Toxic Substance Control Act of 1976, and radioactive contaminants, a number of clements associated 
with the various design requirements of the waste management regulations for each of these waste types 
are incorporated in the facility conceptual design. 

The cover design of the proposed EMDF includes multiple layers designed to reduce water infiltration, 
minimize erosion, and prevent intrusion into the wastes. There are I 0 discrete layers incorporated into the 
cover design and nine layers incorporated into the basal liner design below the waste. The conceptual 
design of these components for the proposed EMDF is consistent with the approved design for the 
currently operating EMWMF and with design applicable or relevant and appropriate requirements. 

The cell design includes the following key components: 

• The total cover thickness is 13 ft and includes a 5-ft vegetation layer (a soil/rock matrix) on its 
top slope, underlain by a 1-ft drainage layer (graded natural materials such as sand and gravel) 
and a 3-ft biointrusion layer (larger rocks and boulders). Combined, these layers simultaneously 
provide a robust medium to support root systems in the upper layer, drain away water to remove 
the chance for deeper root penetration, and create a significant barrier to deep root development. 
The biointrusion layer would inhibit penetration by humans, burrowing animals, and plants. The 
upper portion of the cover further prevents long term erosion. 

• The cover includes a geomembrane layer over a two-part 2-ft thick low-permeability clay layer. 
The two-part clay layer is comprised of a 1-ft thick amended clay layer over a 1-ft thick 
compacted natural clay layer beneath the bio-intrusion and drainage layers, presenting a 
significant barrier against water infiltration. The predicted combined effects of evapotranspiration 
in the vegetated layer, lateral transport from the cover by the drainage layer, and the presence of 
the barrier layers result in negligible infiltration into the wastes. 

• The waste layer is assumed to consist of contaminated soil, cement-stabilized soil-like materials, 
cement-solidified waste, and debris (rubble). These wastes arc assumed to be placed in lifts to 
minimize void spaces within the waste layer. For modeling purposes, all waste is conservatively 
assumed to be soil-like (see Sect. 5.1 of this Appendix). 

• The liner system includes a system to collect and remove any leachate generated during waste 
disposal operations, any water that may infiltrate the waste before final cover construction is 
completed, and any transient drainage that occurs shortly after the disposal cell is capped and 
closed. The liner also includes a secondary leachate detection system to confirm tbat the cell liner 
system is functioning properly and to collect leachate if the primary system fails. These drainage 
layers will intercept all the water migrating from the waste. 
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• The liner design has a 3-ft low-permeability clay layer and a I O-ft geologic buffer layer. For 
waste constituents, these layers present a banier to contruninant leaching downward out of cell. 
They also help prevent water from intruding into the wastes from beneath the cell. The fully 
designed and functional landfill system will not allow any prec ipitation recharging to the 
groundwater through the waste. 

The liner and cover layers of the EMDF conceptual design are illustrated in Figure 6-6 in Chapter 6 of the 
Rl/FS. Table F-2 summarizes the disposal cell layer profile and soil, waste, and geosynthetic material 
characteristics used in the HELP model. 

As described in Sect. 6.2.2.4 of the Rl/FS, landfill constntction, operation, and long-term perfonnance 
depend on maintaining the water table below the base of the landfill liner system. A lesson learned from 
the EM\VMF construction is that a similar landfill can be successfully constructed over tributaries in 
BCV. An underdrain is necessary for the proposed EMDF within the tributary channel to provide a flow 
path for groundwater immediately below the landfill and prevent upwelling, since tributaries are natural 
discharge areas for groundwater. 

An extensive underdrain system would be required beneath the landfill within a portion of NT-3 and 
where there are draws/ravines containing springs and seeps. The intent of this underdrain system would 
be to intercept upwelling groundwater aud prevent it from saturating the geologic buffer and liner system. 
The conceptual layout plan for the underdrain is shown on Figure 6-8 of this RI/FS. In addition, a 
geomembrane-lined drainage ditch with underlying shallow French drain would be constntcted along the 
upper (i.e., no11hem) side of the landfill to intercept and divert upgradient stonn water and sllallow 
groundwater away from the landfll l. The upper portion of NT-3 would be diverted to the west of the 
lanclftll. 
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Table F-2. EMDF Design P rofile a nd Material Character istics 

layer 
Material 

# 

I Top Soil/Rock Mix 

2 Sand/Gravel 

3 Biointrusion (rip-rap) 

4 Drainage 

5 HOPE (FML) 

6 Amended Compact Clay 

7 Cover Compacted Clay 

8 Contour Gravel 

9 Waste 

10 Protective Soil 

11 Drainage (Leachate collection) 

12 HDPE (FML) 

13 Geonet Leak Detection Layer 

14 HOPE (FML) 

15 Compacted Clay Layer 

16 Soil Geobuffer 

HOPE- high density polyethylene 
FML- flexi ble membrane liner 
• Layer type: 

I - vcnical percolation 
2 - lateral drainag.: 
3-b=ier soil liner 
4 -geomembrane layer 

Layer 
Layer 
Type* 

Thickness 
(in.) 

I 60 
l 12 
I 36 

2 12 

4 0.06 
3 12 

I 12 
I 12 
I 600 
I 12 
2 12 
4 0.06 

2 0.3 

4 0.06 

3 36 

1 120 

••Soil textul"l! type and its characteristics :1rc de lined in HELP (Schroeder ct. al. 1994) 

Soil Total Field Wilting 
Texture Porosity Capacity Point 
Type •• (vol/vol) (vol/vol) (vol/vol) 

4 0.437 0.105 0.047 
3 0.457 0.083 0.033 
I 0.417 0.045 0.018 

21 0.397 0.032 0.013 
35 

16 0.427 0.418 0.367 

0 0.427 0.418 0.367 
21 0.397 0.320 0.013 
22 0.419 0.307 0.18 
26 0.445 0.393 0.277 
21 0.397 0.032 0.013 

35 

20 0.85 0.01 0.005 

35 
16 0.427 0.4 18 0.367 

26 0.445 0.393 0.277 
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Saturated 
Drain 

Hydraulic Drainage 
Conductivity Length (ft) 

Slope 

(em/sec) 
(%) 

l.70E-03 
3.10E-03 

l.OOE-02 

3.00E-01 100 5 
2.00E- 13 

3.50E-08 

l.OOE-07 

3.00E-Ol 

1.90E-05 
1.90E-06 

3.00E-Ol 100 2.5 
2.00E-1 3 

l.OOE+Ol 100 2.5 

2.00E-13 

I.OOE-07 

1.90E-06 



4.1.2 Hydrologic Evaluation of Landfill Performance Model Simulations and Results 

Performance of tile EMDF cell cover/liner system is analyzed using HELP model. The performance of the 
system will likely undergo three stages after the closure of the EMDF. 

• 

• 

• 

Fully Functional Stage - All layers are assumed to be functional and every aspect of the system 
performs as designed, including all design features, such as high-density polyethylene (HOPE) 
liners, leachate collection system, and drainage layers. HELP Model simulation result for 
infiltration rate to groundwater in this stage is 0.0 in. per year. 

Partially Functional Stage - The HOPE flexible membrane layer (FML) is assumed to be 
degraded and ineffective. The FML layers would no longer nmction as impermeable layers in the 
cover and liner systems. However, the leachate collection and removal system would still be 
operational. HELP Model simulation result for the infiltration rate in this stage is 0.38 in. per 
year. 

Long-term Performance Stage - This is a conservative worst-case scenario of the EMDF cell 
cover/liner system performance. A II engineered features (i .e., all synthetic materials) are assumed 
to be degraded and ineffective. The drainage layers in the liner systems are also assumed to be 
ineffective due to degradation of the synthetic material and failure of the leachate collection and 
removal system. As a result, the liner drainage layers would become vertical percolation layers 
and no water would flow out these drainage layers. The remaining soil materials would maintain 
their properties. Using this long-term performance scenario, HELP model simulations resulted in 
an infiltration rate of0.42 in. per year. 

For simplified and conservative consideration, the long-term (worst case) scenario is used to develop the 
PW AC. This constant long-term infiltration rate is assumed as soon as the disposal cell is closed and used 
as an input value in subsequent modeling and calculations. 

Table F-3 shows the results of HELP Model analysis for the worst case, long-term performance scenario. 
Section 2 of Attachment A to this Appendix provides additional detail about the HELP model. 
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Cover 
System 

Liner 
System 

Table F-3. HELP Model Predicted l\lass Ba lance a nd Infiltration Rates for 
Long-term Pcrfot·nulnce (Worst Case) 

Cell Lnyer System Performance - Worst Case 

Top Soil/Rock Mix (5 ft) YES 

SancVGravel (I 11) YES 

Bio-Intmsion Layer (3 n Rip-rap) YES 
Layer 

Drainage ( I 11) YES 
Pet·formance 

FML Degrndcd 

Amended Clay YES 

Compacted Clay/Contour Gravel YES 

Mnss Balance (in/yr) Mass Balance(%) 

Precipitation 54.39 100 

Modeled Runoff 0.69 1.26 

Results Evapotranspiration 30.90 56.8 1 

Dmin Collection 22.37 41.13 

Flux Rate into Waste (in/yr) 0.42 0.78 

Waste Zone 

Soil(! fl) YES 

Leachate Collection Drainage 
Not Functional 

(I ft) 

Layer FML Degraded 
Performance 

Leak Detection Drainage Geonet Degraded 

FML Degraded 

Compacted Clay (3 fi) YES 

Mass Balance (in/yr) Mass Balance(%) 

l\lodeled 
Leachate Drain Collection not applicable 

Results Leak Drain Collection not applicable 

Flux Rate through Clay Liner 
0.42 0.78 

(in/yr) 

FML- llex ible membrane liner 

4.2 SITE-SPECIFIC GROUNDWATER FLOW MODELS 

To develop required key input parameters to support analytic PW AC development and future design of a 
potential new disposal facility, a site-specific groundwater flow model for the Upper BCV (UBCV) 
Model has been developed for the proposed EMDF based on the Bear Creek regional groundwater flow 
model (DOE 1997) and EMWMF models (BJC 2003, DOE 1998b, and 20 I 0). 

A telescopic mesh refinement (TMR) modeling approach was used to develop the refined UBCV model 
from the calibrated BCV flow model constructed by Jacobs Environmental Management Team 
(DOE 1997). The TMR approach enables the user to develop a site-speci ric model using existing regional 
information and allows focus on areas of interest with increased model grid resolution and more accurate 
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representation of site specific features. The TMR approach utilizes the results from the calibrated regional 
flow model to initialize boundmy conditions (constant heads) and model parameters in the TMR model. 
However, further refinements of locations of streams and waste units were made after the site-specific 
flow model was constructed. 

4.2.1 Model Development Procedure 

The UBCV model was developed in two stages. The UBCV model representing ctment site conditions 
(Year 20 12) was the first stage. The current condition model was compared to existing and current site
specific data (such as stream flow and groundwater levels) and model parameters were adjusted to match 
model results with actual conditions. A sensitivity analysis of the current condition model was also 
conducted based on field data and the conceptual model. The sensitivity analysis used a strike-parallel 
linear high hydraulic conductivity zone in the Maynardville Fonnation to simulate conduit flow. 

The cutTent condition model forms the foundation for the EMDF future condition model that was 
constructed as the second stage of UBCV model development. The EMDF future condition model 
incorporates EMDF proposed fhcility conceptual design featmes to predict the long-term cell performance 
after the disposal facility construction and closure. 

The construction of the disposal cell site-speci fie UBCV model consisted of the following steps: 

I. Establish model domain and dimension. 

The TMR method was used to develop the UBCV model from the calibrated BCV flow model 
(DOE 1997) by extracting boundary conditions, model layers, and model properties. A reduced 
grid cell size was used for the new model domain. 

2. Refine for current condition (20 12) model. 
To represent the detailed curTent site-specific features, the following refinements were made after 
the site-specific flow model domain was constructed. 
a. Refinement in the vertical direction was achieved by dividing the former Model Layer I into 

three separate layers and former Layer 2 into live separate layers to represent the current site 
conditions, allow for future EMDF engineering features, and to meet the need for 
risk/perfonuance evaluation. 

b. The refined and improved parameters used in extensive calibrated EM\VMF models were 
incorporated into the UBCV model. 

c. Detailed adjustments were made to arens to smooth the transition along the model boundaries 
and parameter zones to represent the field conditions more precisely. 

d. Parameters represcming surface water features at the site (creeks and tributaries) were 
incorporated into the new model to represent the current condition model. 

3. Create the EMDF (future condition) model. 
The future condition model was used for prediction and to provide required parameters of risk 
analysis and calculation. 
a. ErviDF design and post-closure topography were incorporated into the futme condition model 

to predict the flow condition after disposal cell construction. 
b. Parnmcters representing the construction/engineered features for the proposed EMDF were 

incorporated into the future condition model. 
c. Future landfill performance parameters, such as long-tenn recharge rate tlu·ough waste zone, 

were included. 
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4.2.2 UBCV Model Domain and Discretization 

The UBCV model domain is the volume of earth represented mathematically by the model. The UBCV 
Model covers an area of 948 acres from east of S-3 Pond to NT-6 (8,600 ft from east to west) and from 
the top of Chestnut Ridge to top of the Pine Ridge (4,800 ft from south to north). Figure F-5 shows the 
2012 topography and UBCV model domain. Figure F-6 shows the topography of the constntcted EMDF 
that represents the future condition. 

Model discretization refers to the assigmnent and alignment of the numerical cells in the model and the 
relationship of those cells to actual engineered and natural conditions. A uniform horizontal grid size of 
I 0 ft x I 0 ft is used for the model domain. 

The UBCV Model uses II model layers to reflect the vertical variation in the hydraulic properties at the 
site. The top of the Model Layer I reflects the current (20 12) topography for the cun·ent condition model 
and proposed cell design topography around the EMDF for the future condition model. The first three 
model layers represent engineered design features, residuum saprolite and weathered bedrock zone. The 
top three model layers have variable thicknesses ranging from 15 to 25 ft. The bottom of layer three 
con·esponds approximately to the unweathered bedrock surface. Fractured bedrock is represented by 
layers 4 through 8, each of which arc 20-ft thick. Layers 9, I 0, and II are 150-, 200-, and 300-ft thick, 
respectively, representing less fractured and less permeable deeper bedrock. Figmc F-7 shows the vertical 
discretization for the model along the two cross sections. 

There arc a total of 4,540,800 cells in the UBCV Model, of which 3,572,049 arc active in groundwater 
flow. 
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Figure F-5. Upper Bear Creek Model Domain with 2012 Condition 
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Figure F-6. Upper Bear Creek Model Domain with New Disposal Cell 
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4.2.3 Model Boundary Conditions 

The UBCV Model has a no-flow bound my at the top of Pine Ridge to the north of the proposed f.1cility, at 
the top of Chestnut Ridge to the south, and at the groundwater divide between BCV and Upper East 
Poplar Creek to the east (Figure F-5 and F-6). These boundaries match the natural groundwater divide. 
Constant head boundmy conditions to the west were assumed based on a steady state simulation of the 
calibrated regional BCV groundwater flow model. The model boundmy was established at a sufficient 
distance from the EMDF site to not be affected by topographic alterations associated with disposal cell 
development. 

The base of the model is a no-flow boundary because minirnal exchange of meteoric water with 
mineralized groundwater (i.e., brine) occurs below this depth (see Sect. 3.3.3.3 in Appendix C). The 
model incorporates Bear Creek and its tributaries, as well as site features for the proposed EMDF, such as 
ditches and channels, cut and filled areas, and French drains. The surface drainage features are 
represented in the model as drain cells (see Figure F-8). Drain cells allow groundwater to discharge into a 
surf.1ce water body. Actual stream bottom elevations were assigned in the model. 

Infiltration from precipitation is assumed to be the sole source of recharge to groundwater for the site
specific UBCV model as the site is bounded on three sides by no-flow boundaries. Excluding the disposal 
cell area, infiltration is precipitation minus runoff and evapotranspiration and the recharge rate is a 
function of geologic media, surface slope, and vegetation. Five different recharge rates were assigned in 
the model (see Figure F-9) corresponding to (I) natural recharge to the carbonates; (2) natural recharge to 
the shales; (3) natural recharge to the sandstones; (4) reduced recharge through existing caps at former 
and operating waste disposal sites; and (5) the reduced recharge through the proposed disposal cell in a 
degraded state. An infiltration precipitation recharge rate of 0.42 in. per year through the proposed 
disposal cell cap was used in the future condition model. This value, considered to be a worst-case 
condition, was derived from a hydrologic analysis conducted with the HELP Model (Sclu·oedcr, et. al., 
1994) as described in Sect. 4.1.2. 
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Figure F-8. Upper Bear Creek Model Drainage Representation 
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Figure F-9. Model Recharge Distribution 

4.2.4 Hydraulic Conductivity Field 

Six distinct hydraulic conductivity zones were used in the UBCV Model to represent the eight geologic 
units that exist in BCV (Knox Dolomite, Maynardville Limestone, Nolichucky Shale, 
Mmyville-Rogersville-Rutledge formations, Pumpkin Valley shale, and Rome shale/sandstone). 
Anisotropy ratios [Ky vs. Kx (Kz)] of five to one (for weather bedrock zone) and ten to one (for fractured 
bedrock zone) were used to represent the preferred fracture/bedding orientation of the natural units. In this 
case, Ky represents the conductivity parallel to strike, Kx is the horizontal conductivity pcq)endicular to 
strike, and Kz represents the vertical hydraulic conductivity. 

Extensive modifications were made to the UBCV model to represent future conditions and site-specific 
features associated with cell constmction. Engineered featmes that were added include berms, 
underdrains, geologic buffer material, and low permeability clay liner. All the engineered and reworked 
materials were modeled as isotropic units in the horizontal plane, i.e., hydraulic conductivity does not 
vary witb direction. 

In summary, the site is modeled as a single unconfined aquifer, with II vertical layers to simulate the 
changes in hydraulic parameters with depth and the 45 degree dip is input by staggering of hydrogeologic 
units with depth. Model layers 1-3 represent the unconsolidatecVweathered bedrock zone. Model 
layers 4 through G represent the top beru·ock interval between 50 and 150 ft . Model layers 7 through 9 
represent the intermediate/deep bedrock zone. 

F-28 



Figure F-1 0 shows the zones of hydraulic conductivities used to represent hydrogeologic units in Model 
Layer I. Figure F-11 shows the hydraulic conductivity field in a vertical south-north cross section. 
Table F-4 provides a surnmmy of model parameters for the future condition UBCV model. All parameter 
values shown in Table F-4 are the same for the current condition (20 12) model and the future condition 
model except the two parameters marked with an "*": the number of drain cells (shown under Model 
Boundary Conditions) and the EMDF recharge rate. 
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Figure F-10. ~lode! Hydraulic Conducli\'ity Field in l\lodcl Lnyrr l 

F-29 

) 



wor-, 

Model HydtauiJC Conducl'v'IY 
Fie:d In Cross Sect:on 

Figure F-11. l\lodel Hydmulic Conductivity Field in Cross Section 

Table F-4. UBCV Groundwater Model Panunctc1· Summ11ry (Future Condition) 

GRID INFORMATION 

Number of Rows 860 

Number of Colunms 480 

Number of Layers II 
Tolal Cells 4 ,540,800 
Tolal /\clive Cells 3,572,049 

Pcrcenl Inaclive 78.67% 

GRID DIMENSIONS 

Row Spacing- Unifonn Delta-Y 10 n I 
Column Spacing Uniform Della-X 10 n I 
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Tnble F-4. UBCV Grotuulwater Model Parn meter Summary (Future Condition) (Continued) 

GRID DIMENSIONS (CONTINUED) 

Vertical Spacing 
Layers I - 3 Variable (I 0-25) n 
Layers 4- 8 20 11 
Layer9 ISO ft 
Layer 10 200 n 
Layer II JOO ft 

COORDINATE TRANSFORMATION 

X Offset (to Y -12 Coordinate System) S272J.:n n 
Y OftSet (toY -12 Coordinate System) 27510.47 n 
Rotation 90.23 degree 

MODEL BOUNDARY CONDITIONS 

Constant I leads 3,981 #of cells 

Rivers 0 #of cells 

Drains* 126,126 #of cells 

General Heads 0 #of cells 

Wells 8 # of cells 

No Flow 968,751 #of cells 

RECHARGE 

Areas/Geologic Units Recharge Rate Unit 

Closed Lnndfili!Pavcd Park Arcn 2.28E-04 11/dny 

Rome 2.00E-03 ft/clny 
Mnl)f\1ille-Rogcrsville-Rutledge l .GOE-03 IV day 
Nolichucky 2.00E-03 IV day 

Knox 2.00E-OJ fl/dny 
EMDF* and EM\VMF 9.00E-OS 11/day 

HYDRAULIC CONDUCTIVITY 

Material or Geologic Formation Model Layer K.x Ky Kz Unit 

Knox 1--3 l.S6E+OO 7.80E+OO l.S6E+OO IV day 
Knox 4--8 9.18E-03 9.18E-02 9.18E-03 ntday 
Knox 9 2.54E-03 2.54E-02 2.S•fE-03 fl/day 
Knox 10 l . IGE-03 1.16E-02 1.16E-03 11/day 
Knox II 3.60E-04 3.60E-03 3.60E-04 ll/day 
Maynardville 1--3 2.13E+OO 1.07E+O l 2. 13E+OO IVday 
Mayn<~rdvi ll e 4--8 1.2 1 E-02 1.21 E-0 I 1.21E-02 IV day 
Maynardville 9 3.34E-03 3.34E-02 3.34E-03 11/day 
Maynardvi lle 10 I.S2E-03 l.S2E-02 I .S2E-03 11/dny 
Nol ichucky 1--3 l .SOE-01 7.50E-Ol I.SOE-01 11/dny 
Nolichucky 4--8 6.8 1E-03 6.8 1E-02 6.81 E-03 Ill day 
Nolichucky 9 2.52E-03 2.52E-02 2.52E-03 Ill day 
Nolichucky 10 G.IOE-04 G. IOE-03 G.IOE-04 11/day 
Nolichucky II S.OOE-05 S.OOE-04 S.OOE-05 11/day 
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Table F-4. UBCV Groundwater Model Parameter Summary (Future Condition) (Continued) 

HYDRAULIC CONDUCTIVITY (CONTINUED) 

Material ot· Geologic Fot·mation Model Layer Kx Ky Kz Unit 

Maryville-Rogersville-Rutledge 1--3 4.95£-02 2.48£-0 I 4.95E-02 fi/day 

Matyville-Rogersville-Rutledge 4--8 3.60E-03 3.60E-02 3.60E-03 fi /day 
Maryville-Rogersville-Rutledge 9 1.35E-03 1.35E-02 1.35E-03 Ill day 
Maryville-Rogersville-Rutledge 10 3.20E-04 3.20£-03 3.20E-04 filday 
Maryville-Rogersville-Rutledge II 4.50E-05 4.50E-04 4.50E-05 fVday 
Pumpkin Valley 1--3 3.00E-02 1.50£-01 3.00E-02 fi/day 

Pumpkin Valley 4--8 4.72E-03 4.72E-02 4.72E-03 ft/day 
Pumpkin Valley 9 1.75E-03 1.75E-02 1.75E-03 11/day 
Pumpkin Valley 10 4.20E-04 4.20E-03 4.20E-04 11/day 
Pumpkin Valley I I 5.60E-05 5.60E-04 5.60E-05 lllday 
Rome 1--3 8.00E-02 4.00E-OI 8.00E-02 fl/day 
Rome 4--8 5.00E-03 5.00E-02 5.00E-03 11/day 

Rome 9 2.00E-03 2.00E-02 2.00E-03 11/day 
Rome 10 5.00E-04 5.00E-03 5.00E-04 ll/day 
Rome II 8.00£-05 8.00£-04 8.00E-05 11/day 
compacted clay I l .OOE-02 I .OOE-02 l.OOE-02 tlldny 
compacted clay benn I 2.00£-02 2.00E-02 2.00E-02 Ill day 

. . . . . . 
• !mhcntcs the parameter shown for the tuture conchtJon model ts dtl1erent I rom the current condttlon (20 12) model parameter 

4.2.5 Model Calibration 

Calibration of a groundwater flow model refers to the process of adjusting model input parameters 
(e.g., hydraulic conductivity) and boundary conditions (e.g., precipitation recharge, stream and seep 
conductivity) to obtain a reasonable match between observed (actual groundwater levels from monitoring 
wells) and simulated hydrogeologic conditions. In practice, tbis usually involves an iterative process of 
adjusting hydraulic properties and/or boundary conditions assigned in the model. At all stages of the 
model calibration process, parameter values and boundary conditions should be constrained by 
hydrogeologic data collected in the field and engineering design values. 

The UBCV model was constructed using the TMR approach based on the calibrated UBCV model and 
used extensive knowledge derived from EMWMF models. An advantage of the TMR approach is that a 
high resolution (small scale) model can be developed that retains the regional flow characteristics. 
Because the parameters and boundaty conditions associated with the refined model are derived from the 
regional groundwater flow model, additional ex tensive calibration of the refined model is usually not 
necessmy. Since there are no new groundwater monitoring wells installed within the EMDF area and all 
previous monitoring wells have been used in UBCV model calibration, well-specific bead comparison 
with the monitoring wells within the EMDF area was not performed. Instead, model predicted water level 
distribution pattern, now path, and mass (water) balance were used for the model calibration process 
using the current condition UBCV model. 

The water balance conducted for the calibrated current condition UBCV model compared observed and 
predicted groundwater discharge rates. Groundwater sinks (drains cells in the model) discharge to Bear 
Creek directly and to surface drainage features that also now into Bear Creek eventually. The model 
predicted groundwater discharge above the Bear Creek/NT -3 junction is 0.31 cfs. For comparison, the 
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average flow rate measured at the location is 0.55 cfs (Appendix C, Sect. 3.0), which includes both base 
flow (groundwater discharge) and surface water runoff. The water balance error for the UBCV model was 
about 0.34% and is within the typically accepted limit of 5%. The water balance shows that essentially all 
water has been mathematically accounted for and that MODFLOW simulation has correctly solved the 
governing flow equations. The comparison suggests that the UBCV model provides very good discharge 
result, indicating that the parameters (K) and recharge rates are properly represented in the model. 

4.2.6 Sensitivity Analysis 

The Maynardville Formation in BCV, composed of interbedded limestone and shale, underlies the valley 
floor. The main channel of Bear Creek tends to follow the lower Maynardville units. The Maynardville 
contains muuerous well-developed cavities which fonn an interconnected strike-parallel conduit system. 
A dense network of fractures also occurs in the Maynardville Limestone, and these are connected to 
fractures in the other stratigraphic units of the BCV. See Sect. 3.3.1.3 in Appendix C for a more detailed 
discussion of cavities/conduits in BCV. 

To evaluate the possible impact of these features on flow velocities and contaminant transport, a 
sensitivity analysis was conducted using the current condition (20 12) model. The sensiti vity analysis was 
conducted by assigning ve•y high permeabilities to simulate the presence of a highly conductive fracture 
or conduit in the bedrock unit along geologic strike in the valley axis. 

Two scenarios were analyzed in the sensi tivity analysis. The fi rst scenario assumed the high density 
fractures/conduits occur within the bedrock zone (model layers 4-8) and second assumed that they occur 
in both weathered and bedrock zones (model layer 1-8) in the Maynardville. In both scenarios, the 
hydraulic conductivity in the strike (valley axis) direction of the zone was increased by a factor of I 0 
from the base (current condition) model. Figures F-12 and F-13 show the model predicted water levels 
compared to the base case for Scenarios I and 2 in shallow and intermediate groundwater zones, 
respectively. As shown in the figures , the impact of extremely high permeability along the valley axis 
causes changes in the groundwater levels and flow field. For the first scenario where a higher density of 
fractures/conduits occur only within the bedrock zone (model layers 4-8), the impact is minimal because 
most of the active groundwater flow is within weathered bedrock zone. In the second scenario, where 
high density fractures/conduits occur in both weathered and bedrock zone (model layer L-8), the water 
levels in the intermediate groundwater zone arc primarily impacted in the Maynardville Limestone, and 
not the surrounding units. The change to groundwater levels and the flow field in the EMDF footprint 
area is negligible. The model predicted water levels and flow field for the second scenario nrc inconsistent 
with current groundwater levels observed in the field. This indicates that there may not be full down
valley connectivity of conduits in the Maynardville Limestone, or that there are some limiting restrictions 
within the conduit system. Thus, it is an unlikely scenario. 

The sensitivi ty analysis suggests that although the presence of larger and denser fractures or 
dissolution/karst features may impact the groundwater now velocity within the Maynardville Limestone, 
it has minimal impact on the protectiveness of the PWAC, as demonstrated by the results of the f.1te
transport model. In addition, because the peak risk calculated for any time during the 0 to I 00,000 year 
period modeled for each individual constituent is used to develop the nnalytic P\VAC, the rapid first 
arrival of contaminants (e.g., as reported for tracer tests) is less important than the overall water balance 
data used to establish dilution ratios for cnlculnting the PWAC. Because the risk receptor is nssumed to be 
near the junction of Bear Creek and NT-3, higher conductivities in this area would result in higher DFs 
and lower contaminant concentrations. The base-case current condition model accurately represents 
hydraulic heads and surface water discharge as determined by the water budget, and is therefore 
appropriate to develop the future condition model that is used to calculate risks from dilution factors 
between source and exposure area that are based on ratios of Darcy fluxes. 
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4.2. 7 Groundwater Model Results- Future Condition 

Figures F-14 and F-15 show the future condition model predicted shnllow nnd intermedinte zone 
groundwnter levels and flow direction and gradient. Generally, the figures indicate that shallow 
grmmdwater discharges into Bear Creek and its tributaries. However the tributaries exhibit a less 
pronounced influence on groundwater flow in the intermediate bedrock groundwater zone. Even though 
there is an upward gradient toward the NTs in the intermediate zone, the flow vectors indicate deeper 
groundwater may underflow the NTs. The simulated groundwater flow field is consistent with the site 
conceptual model, water level maps constructed based on monitoring data, and general tutderstanding of 
the site presented in Appendix C. 

Groundwater flow paths and particle travel times from cells to surface discharge locations are determined 
using the MODPA TH model (Pollock 1989). Figure F -16 shows the groundwater flow paths and 
discharge locations from various cell locations. The data are used to calculate the flow velocity in the 
grmmdwater zone that are used for PA THRAE modeling. 
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4.3 FATE-TRANSPORT MODEL APPLICATION 

The movement of contaminants from the waste cell to various receptors outside of the waste disposal site 
in groundwater were simulated by using .MT3D (Zheng, 1990), a f.-He-transport model code that is 
coupled to the groundwater flow field results for the future site condition generated by MODFLOW. 
Based on the results of MODFLOW flow simulation for the future closed EMDF scenario, MT3D is used 
to predict the contaminant concentration distribution in the site. 

A constant leaching source from the waste disposal cell to groundwater undemeath the cell was assumed 
in the model (see Figure F-17). This is a very conservative assumption as the contaminant mass (thus 
leaching rate) will likely decrease due to reduced mass in the cells. Only the advection process was 
considered. No hydrodynamic dispersion or retardation processes were considered in the MT30 
simulations. The MOC solution method was used for all the simulations to minimize the potential error 
from numerical dispersion. Retardation and dispersion processes arc considered in the PA THRAE 
analysis. 

To perform risk analysis on the proposed EMDF, a risk scenario was analyzed in which a hypothetical 
domestic groundwater supply well is placed hydraulically downgrad ient tt·om the disposal cell. The 
hypothetical well is assumed to be located on the BCV floor between the EMDF and Bear Creek before 
the intersection of downgradient tributmy NT-3 as shown in Figure F-17. The location is similar to the 
well setting for the EMWMF WAC analysis, and is completed in model layers 5 tlu·ough 8. The well 
location was selected in the Nolichucky Shale near the more permeable Maynardville/Nolichucky 
formation boundary at a depth where sufficient water yield is met. Other f.-tctors, such as distance to the 
resident farmer's house and the topography of EBCV were considered. The well is assumed to be a 
typical domestic water supply well that pumps water from the bedrock aquifer. The well is pumped at a 
rate (240 gallons per day) to supply water adequate for a family of four. 

The model analyses were carried out in the following steps: 

I . For the pumping well location and well scenario, a groundwater flow simulation run was 
performed to determine the specific groundwater flow field. 

2. Contaminant movement in the flow field with time was simulated with MT3D. After a steady 
state was achieved for the contaminant plume, the maximum concentration field was established. 
The steady state was established by assuming a constant leaching source of I (CL = I) for the 
duration of the model simulation. This establishes a constant OF that is later applied to all 
contaminants. 

3. For the risk scenario, a concentration versus time graph was plotted to show the concentration 
change with pumping at the well location. 
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Based on the results of UBCV flow simulations for the closed-cell scenario (i.e., permanent cover system 
in place) with a water supply well, the MT3D code was used to predict the contaminant concentration 
distribution in the site. Figure F-18 shows the steady-state plume in the shallow groundwater intervals. 
The steady-state plume represents the maximum plume resulting from the constant EMDF source that is 
predicted to be achieved I ,500 years after facility closure. The plume in Figure F-18 shows the relative 
groundwater concentration as compared to the leachate concentration at the source. As predicted by the 
site conceptual model, most of the sballow plume discharges into surface water features (gravelly 
backfilled fonner tributaries, NT-3 , and Bear Creek). 

Figure F-19 shows the steady state plume in Model Layer 6 and is representative of the plume at the 
screened interval of the hypothetical receptor well. The plume shows some local irregularities because the 
model layers cross stratigraphic boundaries and vaty in elevation across the modeled area. Figure F-20 
shows the steady plume distribution in a south-north cross section. The plume maps in Figures F-18 
through F-20 show the plume from the proposed disposal f.1cility discharges into Bear Creek evennmlly. 
Model layer 9 shows a thickened plume that is an artif.1ct of the model layer thicknesses. As noted above, 
model layers I through 8 are relatively thin, reflecting the fact that most groundwater flow occurs in the 
shallow interval. Model layers 9 tlu·ough II were defined more coarsely because relatively little flow 
occurs in these layers. The thick contaminant plume in model layer 9 should be interpreted as acll.tally 
occurring in the upper part of the layer, not the entire layer thickness. 

DFs for the residential well were calculated in the same manner as for the EMWMF. The DFw.tt values 
are defined as the ratios of C,w11 [the peak steady-state contaminant concentrations in the continuously 
pumped well (240 gallons per day)] to CL [the unit contaminant concentrations (leachate) entering the 
groundwater beneath the disposal facility]. Figure F-21 shows the predicted concentrations in model 
layers at the hypothetical domestic groundwater supply well location. The hypothetical receptor well is 
screened at depths corresponding to model layers 5 through 8. The average Cw~u/CL or DFwdl extracted 
from the well screen is also shown in Figure F-21. This calculated average ratio of the concentration at 
the well relative to leachate concentration at the cells is 0.000015 which equals Lhe DFwell · 

The calculated DFs for the residential well, along with DF calculated for surface water at Bear Creek, are 
used to calculate the projected peak risks and doses from radioactive or hazardous constituents for risk 
analysis as discussed in Sect. 5.2. 

F-42 



== 

~~/ 
.----· I 

Concentration Ra~o Scale Feet 

------ I 0 250 500 

Model Predicted Steady-State Plume 
(Model Layer 2) 

from Disposal Cell 

0!-1-1·'2 OMF 
F~.,. F=--1\J Cot.uno Sh.r.<Jwco~ 

Figure F-18. Model Predicted Steady-state Plume (Model Layer 2) Result from Disposal Cell 

F-43 



/ 

Concentration Ratio Scale Feet 

0 250 500 

Model Predicted Steady-State Plume 
(Model Layer 6) 

Resulted from Disposal Cell 

0$-10: -12 OMF 
Flguro F-17 Plume Oeaoer.c:dr 

Figure F-19. Model Predicted Steady-state Plume (Model Layer 6) Result from Disposal Cell 

F-44 



MO<lel Soulh 
Laycr(s) 

i -3 

9 

10 

Chestnut Ridge Approximate location of hypothetical receptor 

well (projected7--600ft e~st) 

Bear Creek 

l 

~ . ---~ 

~ ~ 

Pme Ridge 
Norlh 

Model Predicted Steady-State Plume 
Resulted from Disposal Cell in 

Cross-Section 

08-14-12 ~tc 
f'9toJ"" f-.18 Plume X.C.car 

Figure F-20. Model Predicted Steady-state Plume Result from Disposal Cell in Cross-section 

F-45 



0.000026 

0.000024 r-- --Lilyer-1 

- Lilyer-2 

0.000022 t---i 
--Lilyer-3 

0.000020 --Lilyer~ 

--Lilyer-5 

0.000018 I-- --Layer-6 

0.000016 ,____ --Lilyer·? 

-Layer-s 

c.) 0.000014 f--- - Lilyer·S 

1 
(.) 0.000012 1--- - Layer-lO 

--Lilyer-11 

0.000010 - Average Layers s-s 

0.00000! 

0.000006 

'----------u-----------------A~rnge~~ 
5-8 

Laver 5 

0.000004 ..,_ _ _ ____ ___ ___ _ 

0.000002 

0.000000 

Legend 
c_ · Well Concentrabon 
C, • Leachate Concentration 

0 500 1.000 1..500 

Years 

2,000 

Laver4 

Laver3 
Laycrs1 . 2 . 9-11 

2,500 3,000 

Model Predicted Groundwater 
Concentrations (Relative to Leachate) 

with Time 

O&o2&-12 OMF 
~'OUI'O ~=..,~ CoN;.ci'IU'atsOI"t,.o:r 

Figure F-21. Model Predicted Groundwater Well Concentrations (Relative to Leachate) with Time 

F-46 



5. PATHRAE MODELING AND RISK/DOSE ANALYSIS 

The P\V AC development methodology used for the proposed EMDF is similar to the methodology used 
to develop the EMWMF WAC (DOE 1998a, b). The PA THRAE model is used to estimate the risk and 
dose for the surfhce water pathway and additional calculations are used to determine overall risk and dose 
for the hypothetical receptor. It is assumed under the hypothetical receptor scenario that a resident farmer 
family of four consumes drinking water from a well and uses Bear Creek surf.1ce water for agricultural 
purposes. 

PA THRAE model input and assumptions arc described in Sect. 5.1. PA THRAE model output and 
risk/dose calculations arc described in Sect. 5.2. 

5.1 PATHRAE MODEL INPUT AND ASSUMPTIONS 

Developing a P\V AC for a constituent requires determining the risk/dose to a potentially exposed resident 
fanner from a unit concentration in the waste that occupied the entire disposal facility volume (I Ci/m3 

for radiological and I mg/kg for toxicological constituents, respectively). The risk and hazard index 
calculated for unit source terms is then used to rescale the allowable waste concentration (P\V A C) to 
con·espond to the risk and dose criteria for the 0 to I ,000 - and >I ,000 to I 00,000-year time frames 
(see Sect. 2.3 of this Appendix). 

Using the input parameters generated from supporting models and site-specific data, PA THRAE-RAD 
and PATHRAE-HAZ modeling are used to perform risk analysis. The PATHRAE analyses are conducted 
for the points of assessment of the EMDF. 

The assumed waste contaminant leaching characteristics used a simple Kl release mechanism. The KJ 
values used to develop the EM\VMF WAC are used to develop the PW AC for the proposed EMDF and 
all waste being modeled is assumed to be soil-like. The majority of projected waste to be generated is 
debris; however, as shown in Fig. 2-2 in Chapter 2 of this RJJFS, the volume of clean fill and waste fill 
that would actually occupy the proposed 2.5M yd·1 facility is roughly twice the volume of debris. Debris 
would be sunounded in the landfill by clean and waste soil fill to meet void fill and operational fill 
requirements, including a layer of soil that underlies all waste disposed in the facility to protect the liner 
from waste placement activities. Therefore, soi l-like material is the most representative for the overall 
waste since the waste cell is modeled as a single unit source. Section 6.2 of this Appendix provides 
additional information about the soil-like material assumption. 

A notable difference in PA THRAE modeling and risk calculation for the proposed EMDF vs. the 
EM\VMF WAC is the Reference Dose and Slope Factor parameters based on updated values in EPA risk 
guidance (EPA 20 12) are used to calculate risk/dose iu groundwater and surface water pathways. Where 
no values nrc provided in the EPA risk guidance, values previously used to calculate the EMWMF WAC 
arc used. Also, site-specific parameters for the proposed EMDF design and conditions are used. Table F-5 
summarizes the input parameters used to conduct PATHRA E analysis. 
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Tnble F-5. EMDF Pnmmcters for PATHRAE and PWAC Calculation 

Zone Parameter Vnluc Unit 

Top/Surface 
Cover thickness 13 n 

Porosity of surface soil 0.25 vol/vol 

Waste volume 2500000 
cubic 
yard 

X (along groundwater flow path) 1596 n 
y (cross groundwater now path) 798 n 

Disposal cell surface area 1273134 [12 

Waste Zone Waste thickness (average) 53 n 
Waste density 1600 kg/m3 

Recharge rate to groundwater from waste zone 0.4 in/yr 

Amount of water percolating through tile waste cell 0.00135 cis 

Depth to groundwater 23 n 

Vadose Zone 
Bulk soil density 1600 kg/m3 

Porosity of vadose zone 0.25 vol/vot 
Saturated hydraulic conductivity of vadose zone I.OOE-06 en lis 

Bedrock density 1800 kg/m3 

Soii/\Venthercd bedrock porosity 0.2 vol/vol 
Dedrock porosity 0.05 vollvol 

Groundwater Longitudinal dispersivity in bedrock aquiler 6 meter 

Transverse dispersion coefficient in bedrock aquifer 0 m2/yr 

Horizontal groundwater velocity (calculate using 
14 1llyr 

particle tracking trajectories) 

Stream llow rate at compliance point (Junction NT-3 
0.55 c1s 

and Dear Creek) 

Surface Water Surface water Dilution Factor 0.00245 unit less 

Distance from nearest edge of waste to surface water 1570 n 
compliance location 

Groundwater Well Groundwater well Dilution Factor 0.000015 unit less 

5.2 PATHRAE MODEL OUTPUT AND RISK/DOSE CALCULATIONS 

PATHRAE-RAD and PATHRAE-HAZ models were used to calculate the arrival and peak time for tile 
radioactive constituents and toxicological constituents at the surface water receptor location, respectively. 
For each contaminant that has peaked within the I 00,000-year timefrmne, the peak concentnltion of the 
contaminant in the creek is used. 

PATHRAE calculations were performed to determine the equivalent annual water consumption per year 
for the creek (defined as the Equivalent Uptake [EU]). This equivalent uptake water consumption is 
derived by scaling the use of creek water for drinking and agricultural purposes to an equivalent annual 
drinking water ingestion that would give the same annual constituent uptake as calculated to come from 
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all pathways. Because drinking water in the resident fanner exposure scenario will be supplied by n well 
rather than the creek, the annual drinking water volume of 730 L per year to be supplied by the well is 
subtracted from the creek EU to estimate the effective drinking water ingestion that can be associated 
with agricultural uses for the creek surface water. The PA THRAE calculations also provide peak 
concentrations of contaminants in the creek water corresponding to a unit source term, the corresponding 
peak doses or risks associated with those concentrations, and the times of occurrence of the peak 
concentrations. 

The input and output text files for the PATHRAE model runs (PATHRAE-RAD and PATHRAE-HAZ) 
are included in the Sect. 3 of the modeling attachment to this Appendix. The input files contain all the 
input parameters in tabulated form. 

The calculated DFs for the creek and residential well were used for scaling the constituent concentrations 
in the creek to conesponding well concentrations. The DF calculations are carried out in the following 
steps: 

• 

• 

• 

The steady state well concentration (maximum concentration) obtained while pumping (Cwdi) was 
compared (i.e., ratioed) to a unit seepage from the disposal cell (CL) to obtain a well dilution 
factor DFwell = steady-state pumped (0.167 gpm) concentration in the well divided by unit 
concentration seeping from disposal cell or C.w11/C1. as shown in Figure F-21. As discussed in 
Sect. 4.3, the Dfw<II is obtained from the MT3D model. The steady state was established by 
assuming a constant leaching source of I (CL = I) for the duration of the model simulation. This 
establishes a constant OF ratio (Dfw<~ I = 0.0000 15) that is Inter applied to all contaminants. 

The surface water dilution factor DFc,wk = water flux from disposal cell divided by creek water 
flow rate at the location in Bear Creek near the hypothetical receptor (DFcreek = 0.00245). 

Therefore, the modeled contaminant concentration in the well due to a unit waste concentration is 
then calculated Cwell = (DFwdiiDFcrtek) x Ccreek (PA THRAE modeled contaminant concentration in 
the surface water). 

The peak effective risk or dose was calculated as the risk or dose due to ingestion of 730 L per year of 
water drawn from the well, plus the consumption of agricultural products and livestock irrigated or 
consumed with the creek surf.1cc water. Thus: 

PRerr= PRcruk x [EU- 730 + (DFw~u/DFatek) x 730]/EU, where 

PRen· = Peak Effective Risk, 

PRc.-ck = Peak Creek Risk, 

EU =Equivalent Uptake, 

and DFII<il and DFcreek are the dilution factors calculated for the well and the creek, respectively. Similarly, 

PDcrr= PD.r«k x [EU- 730 + (Dfwdi/DFcre<k) x 730]/EU, where 

PD.n·= Peak Effective Dose, and 

PD<-,c<k = Peak Creek Dose. 

The Peak Creek Risk (PRc«ck) or Peak Creek Dose (PDcrcek) corresponds to ingestion of the creek water at 
the annual EU rate. 
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5.2.1 Radioactive Constituents- Risl< 

The Peak Creek Risk for radioactive constituents is: 

PR.:mk = PCcreek x EU x SF x 30-yr exposure duration, where 

PCcreck = Peak Creek concentration, and 

SF= Slope Factor= Excess Lifetime Cancer Risk (ELCR)/Concentration (pCi) 

The Peak Creek concentration is calculated directly by the PATHRAE-RAD computer code and slope 
factors are obtained from the latest EPA risk guidance (EPA 20 12). 

5.2.2 Hazardous Constituents - Risl< and Dose 

For hazardous constituents, both carcinogenic risk and non-carcinogenic dose are calculated. For 
carcinogens: 

PRcrcek = PLicr«k X SF, where 

PLicreek = Peak Creek Lifetime Intake for Carcinogens= PCcreek x EU x 30-yr exposure duration/ 
[70 kg body weight x 365 d/yr x 70-yr life]. 

For non-carcinogens the Peak Creek Daily Intake (Dose) for non-carcinogens (PDcr«k) is calculated using 
PA THRAE-HAZ generated data and the formula below: 

PDcre<k = PCcre<k X EU/(70 kg body weight X 365 d/yr) 

The peak effective risks and doses calculated using the PA THRAE-RAD and PA THRAE-HAZ results 
and equations listed above for EMDF, based on unit source terms, are given in Tables F-6 and F-7 for the 
radioactive and hazardous contaminants of concern (COCs), respectively. The COC list is based on the 
list of constituents in Table A.l of the approved EM\VMF WAC (DOE 200 1a, Table A. l revised 
I 0/28/2008) for which a WAC limit is provided. 
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Tnble F-6. Peak Effective Risks for the Proposed E!\IDF for Rndioncfive Constituents 

Penk Cone. in Benr Ingestion Equlvnlenl 
Peak Effective 

Nuclid~ Risk* ot· PR.rr 
coc 

Creek (pCi/L) or Slope Factor Uptnke 
(GW+SW) 

Penk Time (yr) 
Pc .... k (1/pCi) (Liyr) 

(ELCR) 

H-3 7.23E-05 5.07 E- l4 I.J 66E+03 4.84E-14 401 

C-14 1.14E+06 1.55E- 12 9.564E+02 1.22E-02 570 

Tc-99 1.05 E+06 2 .75E-1 2 7.403E+02 1.27E-03 607 

I-1 29 5.37E+05 1.48E-IO 8.327E+02 2.55E-01 1,096 

U-233 3.14E+04 7. 18E-Il 7.380E+02 8.39E-04 42,452 

U-234 3.35E+04 7.07E-Il 7.380E+02 8.82E-04 42,472 

U-235 3.78E+04 6.96E-11 7.380E+02 9.79E-04 5 1,628 

U-236 3.78E+04 6.70E-11 7.3SOE+02 9.43E-04 42,593 

U-238 3.78E+04 6.40E- II 7.380E+02 9.01E-04 5 1,628 

Np-237 2.65E+04 6.18E- II 7.338E+02 4.03E-04 90,317 

Pu-239 2.03E+03 U 5E-IO 7.329E+02 6.0 I E-05 88,7 14 

Pu-240 2.22E+OO l.35E-IO 7.329E+02 6.57E-U8 87,960 

Am-241 "' "' 1.04E- IO 7.338E+02 •• •• 
•Das~d on a I CilmJ concentration in the wa>tc. 

H Contamination migration was modclec.l and mdioactiwly decays to an insignificant level. 

) 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents 

Peak Dose in Reference Peak EfT. Peak Effective 
Bear Creek Peak Cone. in Peak 

Dose 
Equivalent 

Slope Factor 
Risk* or 

Dose* or PD.rr coc (mglkg-day) or BearCreek Time 
(mglkg-

Uptake 
(1/(mglkg-d)) PR.rr(GW+ (GW+SW) 

PC.,...k(mg!L) (year) (Uyr) SW) 
PDc...,k day) 

(ELCR) 
(mglkg-day) 

Antimony 1.99£-03 6.94£-02 50,363 4.00£-04 7.332E+02 2.07£-05 

Barium 6.95£-04 2.41 E-02 144.849 •. 2.00£-01 7.372£+02 1.09£-05 

Boron 1.23£-02 4.21 E-01 8.369 2.00£-01 7.474£+02 3.59£-04 

Chromium (Total) 3.99£-03 1.31 E-01 26.741 1.00£+00 7.787£+02 2.72£-04 

Lead 3.83£-04 1.33£-02 262.956 •• 1.40£-03 7.369£+02 5.88£-06 

Manganese 1.91£-04 6.64£-03 525.416'" 1.40£-01 7.355£+02 2.57£-06 

Molybdenum 1.93£-03 6.59£-02 52.987 5.00£-03 7.498£+02 6.23£-05 

Selenium 4.50£-03 8.77£-02 39.864 5.00£-03 1.312£+03 2.01£-03 

Strontium 3.02£-03 9.73£-02 34.515 6.00£-01 7.941£+02 2.61£-04 

Tin 1.55£-02 5.00£-01 7.057 6.00£-01 7.907£+02 1.28£-03 

Vanadium 3.87£-04 1.33£-02 262.956 .. 5.00£-03 7.457£+02 1.04£-05 

U-233 7.93£-04 2.75£-02 42.452 3.00£-03 7.371£+02 1.24£-05 

U-234 8.46£-04 2.93£-02 42.472 3.00£-03 7.371£+02 1.32£-05 

U-235 9.54£-04 3.31£-02 51 .628 3.00£-03 7.371£+02 1.49£-05 

U-236 9.53£-04 3.30£-02 42.593 3.00£-03 7.371£+02 1.49£-05 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference Peak Eff. 
Peak Effective 

Bear Creek 
P eak Cone. in Peak 

Dose 
Equh·alent 

Slope Factor 
Risk* or 

Dose* or PD.rr coc Bear Creek Time Uptake P~rr(GW+ (mg/kg-day) or 
PCmok(mg!L) (year) 

(mg/kg-
(Uyr) 

(1/(mg/kg-d)) 
SW) 

(GW+SW) 
PD • ....,~ day) 

(ELCR) (mg/kg-day) 

U-238 9.55£-04 3.31£-02 51.628 3.00£-03 7.371£+02 1.49£-05 

2.4-D 4.71 £-02 1.64£+00 1.039 I.OOE-02 7.328£+02 4.63£-04 

2,4.5-T[Silvex] 1.38£-02 4.81 E-01 1.101 8.00£-03 7.342£+02 1.62£-04 

Acenapbthene 2.37£-04 8.23E-03 241.959 •• 6.00£-02 7.365£+02 3.51£-06 

Acenaphthyleoe l.I IE-03 3.87£-02 32.515 6.00£-02 7.337£+02 1.23£-05 

Acetone 1.90£-01 6.63£+00 849 9.00£-01 7.328£+02 1.87£-03 

Acetonitrile 2.42£-01 8.42£+00 699 6.00E-03 7.329£+02 2.41 E-03 

Acetophenone 1.53£-01 5.34£+00 885 1.00£-01 7.328£+02 1.51£-03 

Acrolein 2.40£-01 8.35£+00 704 5.00£-04 7.329£+02 2.39£-03 

Acrylonitri le 2.37£-0J 8.27£+00 710 4.00E-02 7.328£+02 5.40£-01 5.40£-04 2.33£-03 

Aldrin 1.17£-06 4.09£-05 256.1 32 •. 3.00£-05 7.330£+02 1.70E+OI 8.64£-08 1.1 8E-08 

Aroclor-1221 3.18£-04 1.11 E-02 556.946 •• O.OOE+OO 7.351 E+02 2.00£+00 3.54£-06 4.11£-06 

Aroclor-1232 3.33£-04 1.16£-02 75.580 O.OOE+OO 7.331£+02 2.00£+00 2.92£-06 3.41£-06 

Benzene 2.05£-02 7.16£-01 4.779 4.00£-03 7.328£+02 5.50£-02 4.76£-06 2.02£-04 

Benzoic Acid 2.35£-01 8.18£+00 698 4.00£+00 7328£+02 2.31 E-03 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference Peak EfT. 
Peak Effective 

Bear Creek Peak Cone. in 
Peak Time Dose 

Equivalent 
Slope Factor 

Risk* or 
Dose* or PD.rr coc Bear Creek Uptake PR.rr (GW + (mglkg-day) or 

PC.,...k (mg!L) 
(year) (mglkg- (Liyr) (1/(mglkg-d)) 

SW) 
(GW+SW) 

PDcrtck day) 
(ELCR) 

(mglkg-day) 

Benzyl Alcohol 2.03£-0l 7.08£+00 808 l.OOE-01 7.328E+02 2.00£-03 

Benzidine 6.76£-03 2.36£-0 1 14,878 3.00£-03 7.328£+02 2.30£+02 6.56£-03 6.65£-05 

a1pha-BHC 5.53£-04 1.92£-02 9,734 8.00£-03 7.342£+02 6.30£+00 1.75£-05 6.48£-06 

beta-BHC 5.53£-04 1.92£-02 11.729 O.OOE+OO 7.346£+02 1.80£+00 5.22£-06 6.78£-06 

delta-BHC 5.52£-04 1.92£-02 11.729 O.OOE+OO 7.329£+02 1.80£+00 4 .24£-06 5.51£-06 

Bromodich I oro methane 2.09£-0J 7.29£+00 7~~ 
.).) 2.00£-02 7.328£+02 6.20£-02 5.47£-05 2 .06£-03 

Bromoform 6.90£-03 2.41£ -01 1.388 2.00£-02 7.328E+02 7.90E-03 2.30£-07 6.79E-05 

Bromo methane 2.06E-OI 7.20E+OO 797 1.40E-03 7.328E+02 2.03E-03 

Butyl benzene 4.23E-03 1.47£-01 5.728 5.00E-02 7.334E+02 4.50£-05 

Carbazole 1.24£-04 4.33£-03 18.290 O.OOE+OO 7.340£+02 2.00E-02 1.22E-08 1.42E-06 

Carbon Disulfide 8.14£-02 2.84E+OO 919 l.OOE-01 7.328£+02 8.01£-04 

Carbon tetrachloride 1.62E-02 5.64£ -01 6.039 4.00E-03 7.329£+02 7.00£-02 4.84E-06 1.62£-04 

Chlordane 4.17£-06 1.35£-04 454.552 •• 5.00E-04 7.905E+02 3.50E-Ol 5.14£-08 3.42£-07 

Chlorobenzene 3.44£ -02 1.20£+00 1.974 2.00£-02 7.329E+02 3.43£-04 

Chloroform 4 .91£ -02 1.71£+00 2.058 l.OOE-02 7.328E+02 3. 10£-02 6.41£-06 4.83£-04 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference Peak Eff. Peak Effective 
Bear Creek 

Peak Cone. in Peak 
Dose 

Equivalent 
Slope Factor 

Risk* or 
Dose* or PD.rr coc (mg/kg-day) or 

Bear Creek Time 
(mglkg-

Uptake 
(1/(mglkg-d)) P~(GW+ (GW+SW) 

PC • ....,"(mg!L) (year) (LJyr) SW) 
PD•=" day) 

(ELCR) (mglkg-day) 

Chloromethane 
2.06£-01 7.19E+OO 799 O.OOE+OO 7.328E+02 1.30E-02 1.13E-05 2.03£-03 [Methyl Ch1oridel 

o-Ch1orotoluene 2.58£-02 9.00£-01 3.385 2.00£-02 7.332£+02 2.68£-04 

m-Cresol 1.51E-OI 5.28£+00 895 5.00£-02 7.328£+02 1.49£-03 

o-Cresol 1.13E-O I 3.93£+00 1.168 5.00£-02 7.328£+02 !.II E-03 

p-Cresol 1.53E-OI 5.35£+00 885 I.OOE-01 7.328£+02 1.51£-03 

Cumene 
4.23£-03 I .47£-01 5.791 I.OOE-01 7.334£+02 4.50£-05 

[Isopropylbenzenel 

Cyanide 3.79£-03 l.32E-Ol 26.479 6.00E-04 7.328£+02 3.73£-05 

DDD 7.20£-06 2.16£-04 240.909 .. O.OOE+OO 8.493£+02 2.40£-01 1.08£-07 1.05£-06 

DDE 3.1 1E-06 9.62£-05 6.043 O.OOE+OO 8.270£+02 3.40£-01 5.56£-08 3.81£-07 

Di-n-butylpbthalatc 2.68£-01 8.50£+00 693 I.OOE-01 8.061 E+02 2.68£-02 

Dibromochloromethane 1.28£-01 4.47£+00 1.038 2.00£-02 7.328£+02 8.40E-02 4.54£-05 I26E-03 

1.2-Dichlorobenzene 5.52£-03 1.92£-01 2.982 9.00£-02 7.333£+02 5.80£-05 

1.3-Dichlorobenzene 2.35£-03 8.19£-02 42.646 8.90£-02 7.335E+02 2.53£-05 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference 
Peak Eff. Peak Effective 

BearCreek 
Peak Cone. in Peak 

Dose 
Equivalent 

Slope Factor 
Risk* or 

Dose* or PD.rr coc (mglkg-day) or 
Bear Creek Time 

(mglkg-
Uptake 

(1/(mg/kg-d)) 
PR.rr(GW+ (GW+SW) 

PC • ....,k (mg!L) (year) (L/yr) SW) 
PDcrttk day) 

(ELCR) 
(mg/kg-day) 

I A-Dichlorobenzene 5.61E-03 1.96E-Ol 4,475 7.00E-02 7.332£+02 5.40£-03 1.35£-07 5.82£-05 

1..2.-cis-Dichloroethylcnc 3.31£-02 1.15E+OO 3.731 2.00£-03 7.328£+02 3.26E-04 

1.2-trans-
1.64E-Ol 5.72E+OO 973 2.00E-02 7.328£+02 1.61 E-03 

Dichloroethylene 

Dichlorodifluoromethane 1.93E-02 6.73£-01 850 2.00£-01 7.328£+02 1.90£-04 

1.2-Dichloropropane 1.52E-01 5.31E+OO 890 9.00£-02 7.328£+02 3.60E-02 2.31£-05 1.50E-03 

Dieldrin l.26E-03 3.89E-02 86.175 5.00E-05 8.286E+02 1.60E+OI 1.08E-03 1.57E-04 

Diethylphthalate 7.45£-02 2.60E+OO 1.388 8.00E-01 7.328£+02 7.33£-04 

1.2-Dimethylbenzene 1.52E-02 5.29E-01 2.106 2.00E-01 7.330E+02 1.54E-04 

2.4-Dimethylphenol 1.42£-02 4.96E-OI 8.531 2.00£-02 7.328£+02 1.40E-04 

Dirnethylphthalate 1.65£-01 5.77E+OO 966 I.OOE+Ol 7.328£+02 1.62E-03 

2,4 Dinitrotoluene 1.86E-02 6.49£-01 916 2.00£-03 7.328E+02 3.10E-01 2.43E-05 1.83£-04 

2.6 Dinitrotoluene 2.43E-02 8.47E-01 859 l .OOE-03 7.328E+02 6.8E-OI 6.97E-05 2.39E-04 

Endosulfan plus 
3.11 E-05 1.08£-03 13,899 6.00£-03 7.334E+02 3.31£-07 

metabolites 

Endrin 1.74E-05 6.01£-04 57,187 3.00£-04 7.400E+02 3.39E-07 

Endrin Aldehyde 1.74E-05 6.01E-04 62,772 3.00E-04 7.400E+02 3.39E-07 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference 
Peak Eff. 

Peak Effective 
Bear Creek 

Peak Cone. in 
Peak Time Dose 

Equivalent 
Slope Factor 

Risk* or 
Dose* or PD.rr coc (mglkg-day) or 

Bear Creek 
(year) (mglkg-

Uptake 
(1/(mglkg-d)) P~(GW+ (GW+SW) 

PD • ...,.k 
PCc=k (mg!L) 

day) 
(L!yr) SW) 

(mglkg-day) 
(ELCR) 

Endrin Ketone 1.74E-05 6.01E-04 62.772 3.00E-04 7.400£+02 3.39E-07 

Ethyl benzene 1.17E-02 4.06E-O! 1.879 1.00E-OI 7.330E+02 1.10E-02 5.55E-07 1.18£-04 

£thy !chloride l.S7E-01 6.52E+OO 868 4.00E-01 7.328E+02 2.90E-03 2.29E-06 1.84E-03 

Heptachlor 1.25£-05 4.33£-04 126.476"" 5.00£-04 7.365£+02 4.50E+OO 3.57£-07 1.85£-07 

Heptachlor Epoxidc 1.47£-05 4.81£-04 45.901 1.30£-05 7.789£+02 9.10£+00 3.91 E-06 1.01 E-06 

Hexach1orobenzene 4.49£-07 1.49£-05 289.202"" 8.00£-04 7.695£+02 1.60£+00 1.76£-08 2.56£-08 

Hexachloroethane 3.46£-03 1.20£-01 9.839 7.00£-04 7.342£+02 4.00£-02 6.93£-07 4.06£-05 

n-Hexane 6.57£-04 2.28£-02 1.533 6.00£-02 7.342£+02 7.70£-06 

1-Hexanol 2.09£-01 729£+00 789 4.00£-02 7.328E+02 2.06£-03 

2-Hexanooe 2.09£-01 7.29£+00 789 5.00£-03 7.328£+02 2.06£-03 

Isophorone 2.05£-02 7.16£-01 4.779 2.00£-01 7.329£+02 9.50£-04 8.34£-08 2.04£-04 

Lindane 5.53£-04 1.92£-02 18.238 3.00£-04 7.337£+02 l.IOE+OO 2.87£-06 6.11£-06 

Methanol 2.41£-01 8.40£+00 701 5.00£-01 7.330£+02 2.44£-03 

Methylene Chloride 1.91 E-01 6.65£+00 853 6.00£-03 7.328£+02 2.00£-03 1.61 E-06 1.88£-03 

Methylcyclohexane 9.66£-04 3.37£-02 793 6.00£-02 7.329£+02 9.63£-06 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference 
Peak EfT. 

Peak Effective 
Bear Creek 

Peak Cone. in Peak 
Dose 

Equivalent 
Slope Factor 

Risk* or 
Dose* or PD<IT coc (mglkg-day) or 

Bear Creek Time 
(mglkg-

Uptake 
(1/(mg/kg-d)) PR<IT(GW+ (GW+SW) 

PC<,..." (mg!L) (year) (L/yr) SW) 
PD .. ..,k day) (ELCR) (mglkg-day) 

Methyl Isobutyl Ketone 2.37£-01 8.25£+00 711 8.00£-02 7.328£+02 2.33£-03 

Methyl Methacrylate 2.16£-01 7.54£+00 767 1.40£+00 7.328£+02 2.13£-03 

l-Methyl-4-
4.2 1£-03 l.47E-01 4.826 3.70£-02 7.334£+02 4.48£-05 

( 1-rnethylethyl)-benzene 

2-Methylnapthalene 1.70£-03 5.92£-02 16.085 4.00£-03 7.342£+02 1.99£-05 

( 1-Methylpropyl)benzene 4.21E-03 1.47£-01 4.826 3.70£-02 7.334£+02 4.48£-05 

Naphthalene 1.99£-03 6.94£-02 50.363 2.00£-02 7.332£+02 2.07£-05 

4-Nitrobenzenarnine 
7.38£-10 2.57£-08 1.678 4.00£-03 7.328£+02 2.00£-02 6.22£-14 7.26£-12 

[ 4-Nitroanilinel 

Nitrobenzene 1.34£-01 4.66£+00 1.001 2.00£-03 7.328£+02 1.32£-03 

2-Nitropheno1 4.40£-02 l.53E+OO 2.831 6.20£-02 7.328£+02 4.33£-04 

4-Nitrophenol 3.70£-02 l.29E+OO 2.789 6.20£-02 7.328£+02 3.64£-04 

N-nitroso-di-n-
8.35£-02 2.91£+00 1.539 O.OOE+OO 7.328£+02 7.00E+OO 2.46£-03 8.22£-04 

propyl amine 

N-Nitrosodiphenylarninc 2.42£-03 8.42£-02 2.654 2.00£-02 7.330£+02 4.90£-03 5.13£-08 2.45£-05 

Phenol 8.74£-02 3.05£+00 1.476 3.00£-01 7.328£+02 8.60£-04 

Propyl benzene 4.21£-03 1.47E-Ol 4.826 3.70£-02 7.334£+02 4.48£-05 

Propylene glycol 2.41£-01 8.40£+00 701 2.00£+01 7.334£+02 2.57£-03 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference 
Peak EfT. 

Peak Effective 
Bear Creek 

Peak Cone. in Peak 
Dose 

Equivalent 
Slope Factor 

Risk* or 
Dose* or PD.rr coc (mglkg-day) or 

Bear Creek Time 
(mglkg-

Uptake 
(1/(mglkg-d)) PR.rr(GW+ (GW+SW) 

PC .... .,k (mg!L) (year) (L/yr) SW) 
PDcr«k day) 

(ELCR) (mg/kg-day) 

Pyridine 2.24£-01 7.81£+00 744 l.OOE-03 7.328£+02 2.20£-03 

Styrene 1.93£-02 6.72£-01 5.272 2.00£-01 7.329£+02 1.92£-04 

I. I. 12-Tetrach1orocthanc 7.38£-02 2.57£+00 1.596 3.00£-02 7.330£+02 2.60£-02 8.31 E-06 7.46£-04 

l.I.2.2-Tetrach1oroethane 1.21 E-0 I 4.23£+00 1.086 2.00£-02 7.328£+02 2.00£-01 1.02£-04 1.19£-03 

Tetrach 1oroethene 5.18£-03 1.81 E-01 18.639 6.00£-03 7.329£+02 2.10£-03 4.66£-08 5.17£-05 

2,3.4.6-Tetrach1orophenol 1.53£-04 5.33£-03 654.022 •• 3.00£-02 7.351£+02 1.98£-06 

Toluene 6.19£-03 2.16£-01 15.615 8.00£-02 7.330£+02 6.26£-05 

1.2.4-Trich1orobenzene 3.94£-03 1.37£-01 5.130 I.OOE-02 7.339£+02 2.90£-02 5.54£-07 4.46£-05 

Trichloroethene 1.38£-02 4.82£-01 7.047 5.00£-04 7.329£+02 4.60£-02 2.72£-06 1.38£-04 

Trich1orofluoromethane 7.59£-02 2.65£+00 1.438 3.00£-01 7.328£+02 7.47£-04 

2,4.6-Trich1oropheno1 4.82£-02 1.68£+00 2.165 I.OOE-03 7.337£+02 l.IOE-02 2.51£-06 5.33£-04 

I ,2.3-Trichloropropanc 1.21£-01 4.19£+00 1.101 4.00£-03 7.400£+02 3.00£+01 3.04£-02 2.36£-03 

Trimethy1benzene 
3.94£-03 1.37£-01 5.130 5.00£-02 7.339£+02 4.46£-05 r mixture of isomers l 

12.4-Trimethy1benzene 3.94£-03 1.37£-01 5.130 5.00£-02 7.339£+02 4.46£-05 
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Table F-7. Peak Effective Risks and Doses for the Proposed EMDF for Hazardous Constituents (Continued) 

Peak Dose in Reference 
Peak EfT. 

Peak Effective 
Bear Creek Peak Cone. in Peak 

Dose 
Equivalent 

Slope Factor 
Risk* or 

Dose* or PD.rr coc (mglkg-day) or Bear Creek Time 
(m~kg-

Uptake 
(1/(m~kg-d)) 

P~rr(GW+ (GW+SW) 
Pc ..... k(m~L) (year) (L/yr) SW) 

PDcr~k day) 
(ELCR) 

(mglkg-day) 

1.3.5-Trimethylbenzene 3.33E-03 1.16E-Ol 9,262 l.OOE-02 7.333E+02 3.50E-05 

Vinyl Chloride 721E-02 2.52E+OO 1.766 3.00E-03 7328E+02 7.20E-01 2.19E-04 7.09E-04 

Xylene [mixture of 
7.32E-03 2.55E-01 3.385 2.00E-Ol 7.332E+02 7.60E-05 isomers] 

•Based on a I kg/m3 concentration in the waste. 

•• COC was modeled and did not :l!Tivc at the hypothetical receptor location within 100.000 ~= (modd resuiL~ indicate then: would be no PWAC limit for the COC). The PATH RAE model predicts 
peak concentrations for a time period 10 times the ddincd time limit. For purpos..-s of comparing EMDF PWAC values to the EMWMF WAC. a PWAC value was derived from the peak concentration in 
the 100.000 to 1.000.000 ycartimcfram.:. 
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6. ANALYTIC PW AC 

Based on the peak effective risk and dose from PATHRAE modeling and calculations, the analytic 
P\V AC for COC were calculated for radioactive and hazardous COCs as described below. 

6.1 PWAC CALCULATION 

The following risk/toxicity criteria for the radionuclides and hazardous constit11ents for the EMDF are 
used to calculate the analytic PWAC (see Sect. 2.3 of this Appendix). 

• An ELCR (carcinogenic risk)::; I x w-5 and a hazard index (HI) ::; I for the first I ,000 years after 
closure. 

• Carcinogenic risk :Sl0-1 and HI :S 3 for > I ,000 years to I 00,000 years after closure. 

Respective ELCR and HI were used for each constituent based on their peak time at the receptor location. 

For each mdioactive constituent: 

Risk PWAC = 6.25 x I 05 
x ELCR I [PRerr from a I Ci/m3 source] 

The P\V AC resulting from risk are expressed in picocuries per gram (pCi/g) and the f.1ctor 6.25 x I 05 

results from unit conversions. ELCR are 10'5 (for :S l ,000 years) and I o-4 (for > I ,000 years), respectively. 

For each hazardous constituent: 

Risk PWAC = 625 x ELCR I [PR.,11- from a I kg/m3 source] 

HI PWAC = 625 x HI I [PD-rr from a I kg/m3 sourcc!RD], where 

RD = Reference Dose 

The P\VAC arc expressed in milligrams per kilogram (mglkg) and the factor of 625 comes from unit 
conversions. ELCR is w-5 (for :S l ,000 years) or I 0-1 (for > 1000 years), respectively, for carcinogens. Hl 
is I (for :S l ,000 years) and 3 (for >1,000 years), respectively, for non-carcinogens. 

Tables F-8 and F-9 sumtlHlrize the analytic PWAC calculated for the 0 to I ,000-year and I ,000- to 
I 00,000-year periods after EMDF closure for radioactive and hazardous constituents. The P\V AC for 
each constituent is based on a calculation that assumes a single waste stream of that constintent occupies 
the entire cell. 

F-61 



) 

Table F-8. EMDF Analytic PWAC for Radionuclldcs 

Carcinogenic PWAC Carcinogenic PWAC 
Nuclide C OC (JlCI!g) 0 to I 000 (JlCilg) - > 1000 to 

Years 100,000 Years 

H-3 l.29E+I4 

C- 14 5.11 E+02 

Tc-99 4.90E+03 

1-129 2.45£+02 

U-233 7.45E+04 

U-234 7.09£+04 

U-235 6.38E+04 

U-236 6.63£+04 

U-238 6.94E+04 

Np-237 1.55£+05 

Pu-239 l.04E+06 

Pu-240 9.5 1E+08 

Am-24 1 NL NL 

NL = no limil. "NL" inuicat(S contaminant migration was modded and rauioacti,·ely decays 
to an insignilicant k wl. 
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Table F-9. El\IDF Analytic P\V AC for Hazanlous Constituents 

Carcinogenic HJ PWAC Carcinogenic HJ PWAC* 

coc PWAC (mg/kg) 
(mg/kg) PWAC,. (mg/kg) (mg/kg) - >1000 

0 to 1000 Years 
0 to 1000 ->1000 to 100,000 to 100,000 
Year.~ Years Years 

Antimony 3.63E+04 

Barium 3.43E+07" 

Boron 1.04E+06 

Chromium (Total) 6.89E+06 

Lead 4.47E+05" 

Manganese 1.02E+08" 

Molybdenum 1.50E+05 

Selenium 4.66E+03 

Strontium 4.32E+06 

Tin 8.81E+05 

Vanadium 8.98E+05" 

U-233 4.54E+05 
U-234 4.26E+05 
U-235 3. 78E+05 

U-236 :U8E+05 
U-238 3.77E+05 

2,4-D 4.05E+04 

2,4,5-T[Silvex I 9.27E+04 

Acenaphthene 3.20E+07'' 

Acenaphthylene 9.17E+06 

Acetone 3.0 1E+05 

Acetonitrile 1.55E+03 

Acetophenone 4. 15E+04 

Acrolein 1.31E+02 

Acrylonitrile 1.16E+OI 1.07E+04 

Aldrin 7.23E+Os' 4.76E+06" 

Aroclor-1221 1.76E+04'' 

Aroclor-1232 2.14E+04 

Benzene 1.31 E+04 3.72E+04 

Benzoic Acid 1.08E+06 

Benzyl Alcohol 3. 13E+04 

Oenzidine 9.52E+OO 8.46E+04 

alpha-BHC 3.58E+03 2.31E+06 

beta-BHC 1.20E+04 

delta-BHC 1.47£+04 

Bromotlichloromcthanc 1.14E+02 6.08E+03 

Oromoform 2.71£+05 5.52£+05 

Bromomethane 4.32E+02 

Butylbenzcm: 2.08E+06 

Carbazole 5.12E+06 

) 
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Table F-9. EMDF Analytic PWAC for Hazardous Constituents (Continued) 

Cnrcinogcnic 
lO PWAC Carcinogenic HJ PWAC• 

coc PWAC (mg/kg) 
(mg/kg) PWAC" (mg/kg) (mg/kg) - >I 000 

0 to 1000 Years 
0 to 1000 ->1000 to 100,000 to 100,000 

Years Years Years 

Carbon Disulfide 7.80E+04 

Carbon tetrachloride 1.29E+04 4.64E+04 

Chlordane 1.21E+06" 2.74E+06" 

Ch lorobenzene 1.09E+05 

Chlorofonu 9. 75E+03 3.88E+04 

Ch loromethane [Methvl Chloride! 5.53E+02 

o-Ch lorotoluene 1.40E+05 

m-Cresol 2.10E+04 

o-Cresol 8.43E+04 

p-Cresol 4.1 5E+04 

Cumene [lsopropvlbellZenc 1 4. 16E+06 

Cvanide 3.02E+04 

DOD 5.8 1E+05" 

ODE 1.12E+06 

Di-n-butvlpbthnlatc 2.33E+03 

D ibromoch loromethnne 1.38E+03 2.98E+04 

I 2-Dichlorobenzene 2.91E+06 

I 3-Dichlorobenzcne 6.58E+06 

1,4-Dichlorobenzene 4.63E+05 2.25E+06 

1,2,-cis-Dichloroethvlenc 1.15E+04 

I ,2-trans-Dichloroethylene 7.75E+03 

Dichlorodiflttoromcthane 6.58E+05 

I ,2-Dichloropropane 2.70E+02 3.76E+04 

Dieldrin 5.81E+O I 5.99E+02 

Diethylphthnlatc 2.05E+06 

I ,2-Dimethylbenzene 2.44E+06 

2,4-Dimethylphenol 2.68E+05 

Dimethylphthnlntc 3.85E+06 

2,4 Dinitrotoluene 2.57E+02 6.83E+03 

2,6 Dinitrotoluene 8.97E+Ol 2.61E+03 

Endosulfan plus metabolites 3.40E+07 

Endrin 1.66E+06 

Endrin Aldehyde 1.66E+06 

Endrin Ketone 1.66E+06 

Ethyl benzene 1.13E+05 1.59E+06 

Ethylch loride 2.73E+OJ 1.36E+05 

r le ptachlor 1.75E+05" 5.06E+06" 

Heptachlor Epoxide 1.60E+04 2.42E+04 

Hexachlorobenzene 3.56E+06" 5.85E+07" 

I Iexnchloroethnne 9.02E+04 3.23E+04 

) 
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Table F-9. EMDF Analytic PWAC fol' Haz:mlous Constituents (Continued) 

Cal'cinogenic PW AC 
HI PWAC Cal'cinogcnic HI PWAC" 

(mg/kg) PWAC" (mg/kg) (mgskg) - > 1000 coc (mg/kg) 0 to 1000 
0 to 1000 ->1000 to 100,000 to 100,000 

Veal' Veal'S Veal's Yeau·s 

n-IIexnne 1.4GE+07 

1-Hcxnnol 1.22E+04 

2-Hexanonc 1.52E+03 

Isophorone 7.49E+05 1.83E+OG 

Lindnnc 2.18E+04 9.20E+04 

Mcthnnol 1.28E+05 

Methylene Chloride 3.89E+03 2.00E+03 

Methylcyclohexnne 3.89E+OG 

Methyl Isobutyl Ketone 2.14E+04 

Methyl Methncrylate 4.12E+OS 

1-Methyl-4-( 1-methylethyl)-bcnzene l.SSE+OG 

2-Methylnapthnlene 3.76£+05 

( 1-Methylpropyl)benzene 1.5SE+06 

Nnphtbalene 1.82E+OG 

4-N itrobenzenamine [ 4-N itroaniline] 1.0 IE+ 12 1.03E+I2 

Nitrobenzene 2.84E+03 

2-Nitrophenol 2.G9E+05 

4-N itrophenol 3.19E+OS 

N-nitroso-di-n-propylmnine 2.54E+OI 

N-N itrosodiphenylnmine 1.22E+06 4.5GE+04 

Phenol G.54E+05 

Propylbenzene I.SSE+OG 

Propylene glycol 4.87E+06 

Pyridine 2.84E+02 

Styrene 1.95E+OG 

1,1,1,2-TetrachloroeUwne 7.53E+03 7.54E+04 

1,1,2,2-Tetraehloroethane G. II E+02 3.1SE+04 

Tetmchloroethene 1.34£+06 2.18£+05 

2,3,4,6-Tetmchlorophenol 2.84E+07" 

Toluene 2.40E+OG 

1,2,4-Trichlorohenzcnc l.l 3E+OS 4.20£+05 

Trichloroethene 2.30£+04 6.8 1E+OJ 

Trich I oro fluoromcthane 7.53E+05 

2,4 ,6-Trichlorophenol 2.49E+04 3.52E+Ol 

1,2 ,3-Trich loropropane 2.0GE+OO 3.18E+03 

) 
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Tabll' F-9. Ei\IDF Analyllc PWAC for Haza rdous Constituents (Continul'd) 

Carcinogenic PWAC 
ffiPWAC Carcinogenic HI PWAC" 

(mg/kg) PW AC" (mg/l<g) (mgskg)- >1000 coc (mg/kg) 0 to 1000 0 to 1000 -> l 000 to 100,000 to 100,000 
Year Ycnrs Years Years 

Trimcthylbcnzenc [mixture of 
2. 10E+OG 

isomers] 

I ,2,4-Trimethylbenzene 2. 10E+OG 

I ,3,5-Trimcthylbenzene 5.36E+05 

Vinyl Chloride 2.85E+02 7.93E+03 

Xylene [mixture of isomers] 4.94E+06 

• Wast~ with a constin1cnt concentration greater than l.OOE+06 mg'kg is not phy.>ically possible. A PWAC value greater than l.OOE+06 mglkg would 
be used only in the cont~nt of a SOF calculation (>ec Sect. 6.2). 

• • COC was modeled and did not arri\·c at the h)1lothetical receptor location within I 00,000 y.:ars (model results indicate th~re Wl>Ui<l be no P\V AC' 
limit for the C'OC). Th~ PATHRAE modd pr~dicts p~ak concentrations for a time period 10 times the ddincd time limit. For purpos~s of comparing 
E~IDF P\VAC' values to the E~IW~IF \\'AC, n P\\' AC' value was lieriwd from the peak concentration in the I ,000,000 year timcfram~. 

6.2 DISCUSSION OF P\V AC RESULTS 

The analytic PWAC calculated for radioactive constituents consist mostly of long-lived rndionuclides, 
such as Tc-99, uranium, and plutonium. Short-lived rndionuclides rapidly decay before migrating to the 
environment. PW AC for hazardous constituents are developed for risk (carcinogenic PWAC) and dose 
(HI PWAC). 

Note that the PW AC for many of the individual COCs arc higher than the COC's physical limit (pure 
form), suggesting there is no analytic PWAC limit on the constituent if it is placed in the disposal cell as a 
single constituent occupying the entire disposal cell volume. However, as described in Sect. l.l , the SOF 
calculation method was developed for the existing EMWMF to determine whether a waste containing 
multiple contaminants is acceptable for disposal. For those constituents with a calculated PWAC limit 
higher than the physical limit, even the presence of the constituent in a nearly pure form in a multi
contaminant waste stream would have a very small contributing impact on risk in a SOF calculation. 

Several conservative assumptions were made for \VAC development. It was assumed that organic 
constituents would not degrade and the initial contaminant mass would remain constant in the disposal 
cell. This assumption is conservative because organic COCs in the disposal cell would undergo 
biodegradation or volatilization during cell operation and during the early years after facility closure when 
the cell design fentmes would be fully functional or during migration after release. Thus, there would be 
negligible adverse impact to the environment from organic COCs. Sensitivity runs were performed using 
biodegradation rates for organic COCs during the PATHRAE simulations for EMDF and resulted in 
unlimited PW AC for many of the COCs. 

The development of the analytic P\V AC assumed that all waste is a soil or soil-like matrix with one Kd 
value for each radiological and chemical constituent within the waste (see Sect. 5.1 ). For concrete and 
process equipment, the effective leach rate that the material actually exhibits can be lower than indicated 
by the KJ value since contam inant release occurs only at the surface by direct contact with percolating 
wa ter due to the lack of porosity of the waste form. Use of a soil-like waste form to represent all waste 
forms is a conservative assumption in that it assumes all the waste is uniformly distributed and available 
to leaching as soon as cell performance evaluation begins. 
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Another conservatism in the analytic PW AC development is that no credit is taken in the perfonnance 
period for the man-made geosynthetic components, such as HDPE liners, in the final cover and liner 
systems. Landfill design and disposal expe11s have recently developed evidence through empirical testing 
and research that HOPE liners could perform their intended function for upwards of 500 to I ,000 years or 
more (Rowe, et al. 2009) in the likely soil temperature range for this region. An additional conservative 
aspect of the methodology used to develop the EMWMF analytic WAC was the use of an additive 
approach to calculate risk from each radioisotope and/or chemical constituent that individually occurs 
within the post-closure modeled period. The peak risk from each single constituent to the hypothetical 
resident f.1rmer was combined and collectively compared against the performance measures. This is more 
conservative than typical time-dependent based analytic WAC that are widely used at other DOE and/or 
NRC-regulated LLW disposal f.1cilities. 

There arc uncertainties in the PWAC analysis due to data gaps in site-specific information and the 
conceptual stage of the disposal facility design at the proposed EMDF site. As the site selection and 
design process proceeds, additional site-specific data obtained through site investigation and 
hydrogeological/geotechnical analysis (e.g., groundwater depth), as well as engineering design changes 
(e.g., disposal facility location, excavation depth, configuration, depth to water from the bottom of the 
waste, and waste thickness) can be used to optimize the disposal facility design for the actual site 
conditions, better define input parameters, and reduce uncertainties. Similar to the EM\VMF design 
process, any additional data and design changes that could significantly impact the P\V AC analysis would 
be re-evaluated to confirm that the EMDF WAC is still protective for radionuclide and chemical 
constituents. 
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6.3 COMPARISON TO EMWMF ANALYTIC WAC 

Table F-1 0 compares the analytic PWAC developed for EMDF with the EtvfWMF analytic WAC. As 
shown in the table, the analytic PW AC for EMDF are generally I 0 to I 00 times higher than the analytic 
WAC for EMWMF. 

Tnblc F-10. EMDF Analytic PWAC Compnrlson with EMWMF Analytic WAC 

RADIO NUCLIDES 

EMWMF Proposed EMDF 

coc 
Carcinogenic HIPWAC Carcinogenic HI PWAC 

PWAC (pCI/g) (pCI/g) PWAC (pCI/g) (pCI/g) 

Am-241 2.00£+2 1 NL 

C-14 1.65£+02 5.11£+02 

1-129 1.30£+01 2.45£+02 

Np-237 3.20E+02 1.55£+05 

Pu-239 7.20E+02 1.04E+06 

Pu-240 5.80£+03 9.51E+08 

Tc-99 1.72£+02 4.90E+03 

H-3 (Tritium) 1.50E+05 1.29E+ I4 

U-233 1.70£+03 4.50E+07 7.45E+04 4.54£+05 

U-234 1.70E+03 2.80£+07 7.09£+04 4.26E+05 

U-235 1.50£+03 9.50£+03 6.38£+04 3.78£+05 

U-236 1.70£+03 2.80£+05 6.63£+04 3.78£+05 

U-238 1.20£+03 1.50£+03 6.94£+04 3.77£+05 
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Table F-10. E~IDF Anrtlytic PWAC Comparison with EMWMF Analytic WAC (Continued) 

INORGANICS 

EMWMF Proposed EMDF 

coc 
Carcinogenic HlPWAC Cnrcinogenic HI PWAC"' 

PWAC (mglkg) (mg/kg) PW AC"' (mg/kg) (mg/kg) 

Antimony 1.60E+02 3.63E+04 

Barium 1.50E+05 3.43E+07" 

Boron 2.40E+04 1.04E+06 

Chromium (Total) 1.40E+05 6.89E+06 

Lend 1.50E+03 4.47E+05" 

Manganese 3.60E+05 l.Q2E+08" 

Molybdenum 3.90E+03 1.50E+05 

Selenium 1.60E+03 4.66E+03 
Strontium 3.00E+05 4.32E+06 

Tin 2.20E+03 8.81E+05 

Vanadium 2.50E+04 8.98E+05" 

ORGANICS 

EMWMF Proposed EMDF 

coc 
Carcinogenic HI PWAC Carcinogenic HI PWAC"' 

PW AC (mglkg) (mg/kg) PWAC" (mglkg) (mg/kg) 

2,4-D 1.19E+02 4.05E+04 

2,4,5-T[Silvex] 3.30E+02 9.27E+04 
Acenilphthenc 3.90E+05 3.20E+07" 

Acennphthylene 9.32E+04 9.17E+06 

Acetone 2.70E+02 3.01E+05 
Acetonitrile 1.30E+Ol 1.55E+03 

Acetophenone 3.:\0E+02 4.15E+04 

Acrolein l.IOE+OO 1.31E+02 

Acrylonitrile 9.30E-02 2.10E+OO 1.16E+Ol 1.07E+04 

Aldrin 6.60E+03 4.40E+04 7.23E+05" 4.76E+06" 

Aroclor-1221 2.30E+03 1.76E+04" 

Aroclor-1232 I.OOE+03 2.14E+04 

Benzene 2.00E+02 1.31E+04 3.72E+04 

Benzoic Acid 9.81E+03 1.08E+06 
Benzyl Alcohol 1.20E+03 3.13E+04 

Benzidine 1.61E-OI 1.20E+OO 9.52E+OO 8.46E+04 
alpha-BHC 3.90E+OI J .ssE+m 2.31E+06 

beln-BHC 1.40E+02 1.20E+04 

delln-BHC 1.40E+02 1.47E+04 

) 
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TaiJie F-10. El\IDF Analytic PWAC Comparison with EMWMF Analytic WAC (Continued) 

EMWMF Proposed EMDF 

coc Carcinogenic HI PWAC Carcinogenic HJPWAC" 
PWAC (mg/kg) (mg/kg) PWAC* (mg/kg) (mg/kg) 

BromodichloroJnetlJane l.OOE+OO S.SOE+OI 1.14E+02 6.08E+03 

Bromolonn 1.60E+OI l.IOE+02 2.71E+05 5.52E+05 

13romomethane 3.50E+OO 4.32E+02 

ButyliJeuzene 1.51E+04 2.08E+06 

Carbazole l.IOE+OS 5.12E+06 

Carbon Disulfide 7.10E+02 7.80E+04 

Carbon tetrachloride 5.60E+Ol 6.60E+Ol 1.29£+04 4.64E+04 

Chlordane 9.20E+04 2.10E+05 1.21E+06" 2.74E+06" 

Chlorobenzene 3.30E+02 1.09E+05 

Chloroform 4.00E+Ol l .OOE+02 9.75E+03 3.88E+04 

Chloromethane [Methyl Chloride I 4.40E+OO 5.53E+02 

o-Chlorotoluene 4.40E+02 1.40E+05 

m-Cresol ! .70E+02 2. 10E+04 

a-Creso l 2 .32E+02 8.43E+04 
p-Cresol 1.70E+02 4.15E+04 

Cumene [Isopropyl benzene I 4.08E+04 4.!6E+06 

) Cyanide 8.10E+03 3.02E+04 

DDD 7.70E+04 5.81E+05'' 

DDE l.JOE+OS l.l2E+06 

Di-n-butylphtlmlate 1.90E+02 2.33E+03 

Dibromochloromethanc 1.1 OE+OO 7.90E+OI 1.38E+03 2.98E+04 

I ,2-Dichlorobenzcne 9.40E+03 2.91E+06 

I ,3 -Dich lorobcnzene 5.80E+04 6.58E+06 
I ,4-Dichlorobenzenc l.OOE+02 2.40E+04 4.63E+05 2.25E+06 

I ,2,-cis -Dichloroethylene 1.50E+02 1.15E+04 

I ,2-trans-Dichlorocthylenc 6.20E+O l 7.75E+03 

Dichlorodilluoromethane 6.00E+03 6.58E+05 

I ,2-Dichloropropanc I.IOE+OO 2.70E+02 3.76E+04 

Dieldrin 7.10E+OO 6.00E+OJ 5.8 1 E+O I 5.99E+02 

Dicthylphthnlate 6. 18E+03 2.05E+06 

I ,2-Dimethylbenzcnc 7.56E+04 2.44E+06 

2,4-Dimethylphcnol 2. 15E+03 2.68E+05 

Dimcthylphthalnte 3.07E+04 3.85E+06 

2,4 Dinitrotoluenc l .OOE+OO 6.20E+O I 2.57E+02 6.83E+03 

2,6 Dinitrotolucne 8.!0E-Ol 2.40E+O I 8.97E+{) J 2.6JE+03 

Endosulfan plus metnl>olitcs 3.30E+05 3.40E+07 

Eudrin 3.00E+04 1.66E+06 

Endrin Aldehyde 3.00E+04 1.66E+06 
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Table F-10. EMDF Analy tic PWAC Comparison with EMWMF Analytic WAC (Continued) 

EMWMF Proposed EMDF 

coc 
Cnt·cinogcnic HIPWAC Cnrcinogcnic HI PWAC" 

PW AC (mg/kg) (mg/kg) PW AC" (mglkg) (mg/kg) 

Endrin Ketone 3.00E+04 t.66E+06 

Ethylbcnzene 4.90E+03 l.l 3E+05 l .59E+06 

Ethylchloride 2.20E+OI l.lOE+03 2.73E+03 1.36E+05 
Heptachlor 2.40E+03 6.90E+04 l.75E+05" 5.06E+06" 

Heptachlor Epoxide l.OOE+03 1.50E+03 l.60E+04 2.42E+04 

1-lexacll lorobenzcne 3.97E+06 7.73E+05 3.56E+06" 5.85E+07" 

Hexachloroethane 2.80E+O.~ 5.00E+02 9 .02E+04 3.23E+04 
n-Hcxane 5.30E+04 1.46E+07 

1-Hexanol 9.70E+OI l.22E+04 
2-1-lexanone 9 .70E+Ol 1.52E+03 

lsophorouc 6 .10E+03 1.50E+04 7.49E+U5 1.83E+06 

Lindane 1.80E+02 9.40E+02 2. 18E+04 9.20E+04 
Methanol l.IOE+OJ 1.28E+05 

Methylene Chloride 7.30E+OO 1.40E+02 3.89E+03 2.00E+03 
rvlcthylcyc lohexanc 3.60E+04 3.89E+06 

Methyl Isobutyl Ketone 1.70[+02 2. 14E+04 
Methyl Methm:rylatc 3.30E+03 4.12E+05 

I -Methyl-4-( 1-methylethyl)-benzcnc l.5 1E+04 1.55E+06 
2-Methylnapthalene 4.00E+03 3.76E+05 

( 1-Mcthylpropyl)bcnzcne l.51E+04 1.55E+06 
Naphthalene 9.90E+03 1.82E+06 

4-Nitrobenzenaminc f 4-Nitroanilin~:] 8.70E+08 2.30E+09 l.OI E+12 1.03E+ I2 

Nit robenz~:nc I .98E+OO 2.84E+03 
2-N ilrophenol 1.80E+OO 2.69E+05 
4-N itrophcnol 8.50E+02 3.19[+05 

N-n i troso-d i-n-propy !amine 1.90E-02 2.54E+OI 
N-Nitrosodiphenylamine l.IOE+03 4.80E+03 1.22[+06 4.56E+04 

Ph~:nol 3.20E+03 6.54E+05 
Propyl benzene l.51E+04 1.55E+06 

Propylene glycol l . IOE+03 4.87E+06 
Pyridine 2.20E+OO 2.84E+02 
Styrene 1.60E+04 1.95E+06 

1,1, 1 ,2-T~:trachloroethane 7.00E+OO 2.30E+02 7.53E+03 7.54E+04 
I, I ,2,2-Tetmchlorocthane 4.89E-Ol 2.50E+02 6.11 E+02 3.15E+04 

Tctrachloroethene 4.40E+02 2.90E+03 1.34E+06 2.18E+05 
2,3,4,6-Tetrachlorophenol 1.08E+04 2.84E+07" 

Toluene 4.90E+04 2.40E+06 

) 
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Table F-10. El\IDF Analytic PWAC Comparison with EMWM F Analytic WAC (Continued) 

EMWl\JF Proposed EMDF 

coc Carcinogenic HI PWAC Carcinogenic HI PWAC* 
PWAC (mg/kg) (mg/l<g) PWAC* (mglkg) (mg/kg) 

1 ,2,4-Trichlorobeuzene 5.10E+03 1.13E+OS 4.20E+05 

Trichloroethene 7.80E+02 2JOE+04 6.8 1E+03 

Trichlorolluoromethane 2.30E+03 7.53E+OS 

2,4,6-Trichlorophcnol 2.20E+Ol 2.49E+04 3.52E+03 

1,2,3-Trichloropropane I.GOE-02 2.80E+Oi 2.06E+OO 3. 18E+03 

Trimethylbenzcne [mixture of 
2.20E+04 2.10E+06 

isom~rs 1 
1,2,4-Trimethylbcnzene 2.18E+04 2.10E+06 

I ,3,5-Trimethylbenzene 2.60E+04 5.36E+OS 

Vinyl Chloride 2.90E-OI 7.77E+OO 2.85E+02 7.93E+03 

Total Xylcnes [mixture of isomers] 1.50E+04 4.94E+06 

NL = no limit. "NL"indicatcs contaminant migration was modeled and contamination radioactively <kcays to an insignificant kvcl. 

• Waste with a constitllcnt conccntr.llion greater than I.OOE+06 mglkg is not physically possible. A P\\' AC l'aluc greater than I.OOE+06 mglkg 
woulll be used only in the context or a SOF calculation (sec Sect. 6.2). 

•• CO(' was modeled and did uotarril·e at the hypothetical receptor location 11ithin 100,000 years (model results indicate there would he no 
P\VAC limit t(•r the COC). The PA Til RAE model predicts peak concentrations lor a time period I 0 times the defined time limit. For puqJOses of 
comparing EI>IDF PWAC values to the EMWI>IF WAC. a P\\'AC value was derived from the peak concentration in the 1,000,000 year 
timcframe. 

The higher analytic P\V AC for the EMDF relative to EMWMF arc the result of several factors. The most 
significant factor is the distance from the disposal cell to the receptor location and DFwell · The EMWMF 
analytic WAC were developed based on an initial conceptual design of a cell located closer to Bear Creek 
than the constructed footprint. The actual EMWMF facility was constructed farther upslope on Pine 
Ridge at a greater distance from Bear Creek and the hypothetical receptor near NT-5 (sec Figure F-22). 
The distance between the original EMWMF cell conceptual design and the hypothetical receptor location 
used to develop the EMWMF WAC is shorter than the distance between the as-built EM\VMF and the 
hypothetical receptor location. Similarly, the distance between the original EMWMF cell conceptual 
design and the hypothetical receptor location used to develop the EM WMF WAC is shorter than the 
distance between the proposed EMDF and the assumed hypothetical receptor for EMDF near NT-3. 
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Figure F-22. EMWMF Conceptual Design, EMWMF As-built. EMDF Conceptual Design, and Hypothetical Receptor Well Locations 
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The shorter distance from the EMWMF conceptual design cell to the hypothetical receptor location 
results in higher concentrations in the creek. It also greatly impacts the groundwater dilution f.1ctor. For 
example, the EMWMF analytic WAC was developed using a DFwell of 0.0027. Subsequent analyses using 
the revised EMWivlF design and as-built constntction yielded a DFwdt in the 10-1 range (0.00057 for the 
six-cell design). This lower DFwdl resulted in lower risks and doses that would support a lower analytic 
WAC than the approved EMWMF analytic WAC; however no request to lower the approved EWMMF 
\VAC was made to reflect the design change. 

For comparison, the DFwdt for the proposed EMDF is 0.000015 or 180 times lower than the Dfwell used to 
develop the EMWMF \V AC. As shown in Sect. 5.2, the well concentration (C\\ell) is directly proportional 
to the DF and indirectly proportional to the analytic PW AC value. As a result, a lower Of well results in a 
lower Cwell and a higher analytic P\V AC value. 

Another contributing factor to a higher PWAC is the underdrain system and the impact of backfilled 
existing chatmels within the proposed EMDF footprint. Disposal cell siting requires the groundwater 
separation between the bottom of the disposal cell liner system and top of the water table. Lessons learned 
from the EMWMF construction and operation (BJC 2003) guided the conceptual design of the EMDF. 

To prevent the groundwater from rising within the proposed EMDF, the major existing drainage features 
within the landfill footprint would be backfilled with gravelly conductive material so the future 
groundwater flow system after cell construction would be similar to the current condition. These 
backfilled existing channels would behave hydraulically as underdrains to allow shallow groundwater 
discharge preferably to surface water. 

The underdrain system would act as a preferred migration pathway for contaminant movement under 
some conditions. While contaminant leachate could percolate into the groundwater system and migrate 
downgradicnt in the groundwater zone, some leachate would be captured in the underdrain system and 
discharge into the surf.1ce water, resulting in lower contaminant concentrations in groundwater and a 
higher PW A C. 

The analysis demonstrates that an analytic PW AC for the EMDF that is higher than the EMWMF WAC 
would meet applicable risk criteria and be protective. Based on these results, it can be concluded that 
most future CERCLA waste to be generated after EMWMF reaches maximum capacity would be able to 
be disposed at the proposed EMDF. It is acknowledged that the analytic \V AC identi lied in this Rl/FS are 
a preliminary data set provided to show viabi lity of land disposal at the proposed site. If on-site disposal 
is the selected remedy as determined by the CERCLA process, final WAC (administrative, analytic, 
ASA-derived, and physical) would be approved for a new facility at the selected si te prior to waste 
receipt. The final analytic WAC approved by the FF A parties may be similar to the analytic WAC 
approved for EM\VMF. 
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1. INTRODUCTION 

This attachment provides supplemental modeling information to Appendix F, On-site Dis1Josal Facili~}' 
PreliminmJ' Waste Acceptance Criteria (PWAC). Section 2 provides information about the Hydrologic 
Evaluation of Landfill Performance (HELP) model, including model input and output files. Section 3 
provides information about the PA THRAE model and P\VAC calculations, including PA THRAE input 
and output files . 

2. HELP MODEL 

Detailed information about the HELP modeling analysis that was conducted to support PWAC 
development is presented in this section. HELP model input parameters are summarized in Sect. 2.1, 
including the complete design and long-term (worst case) scenarios. The long-term (worst case) scenario 
was used for P\V AC development. HELP model output parameters are summarized in Sect. 2.2. 

2.1 HELP MODEL INPUT PARAl\IETER SUM~JARY 

The HELP model requires general climatic data, design parameters, and soil characteristics to perform the 
analysis. These are as follows: 

• Climatic data. General climatic data input include the growing season, average quarterly relative 
humidity, normal mean monthly temperatures and precipitation, maximum leaf area index, 
evaporative zone depth, and latitude. 

• Design parameters. Disposal cell design parameters include the slope and maximum drainage 
distance for lateral drainage layers, layer thickness, layer description, area, leachate recirculation 
procedures, subsurface inflows, surface characteristics, and geomembrane characteristics. 

• Soil characteristics. Necessnry soil dnta input include porosity, field capncity, wilting point, 
snturated hydraulic conductivity, initial moisture storage, and the United States (U.S.) Soil 
Conservation Service mnoff cmve number. The porosity, field capacity, wilting point, and 
saturated hydraulic conductivity are used to estimate the soil-water evaporation coefficient and 
Brooks-Corey soil moisture retention parameters. The HELP model contains default soil 
characteristics for 42 material types that are used when measurements or site-specific estimates 
are not available. Geotechnical parameters used in the model for each lnyer may be adjusted 
based on final design criteria as information becomes available. 
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2.1.1 Evapotranspiration and Weather Data 

The same evapotranspiration and weather data were used for both complete design profile and long-term 
scenarios. 

NOTE: EVAPOTRANSPIRATION DATA l•lAS OBTAINED fROt·1 
KNOXVILLE 

STATION LATITUDE 
NAXU1Ut·1 LEAF AREA INDEX 

TENNESSEE 

START OF' GROIHNG SEASON (JULIAN DATE) 
END OF GROI'IING SEASON (JULIAN DATE ) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL ~liND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUl'HDITY 
AVERAGE 2ND QUARTER RELATIVE HUt4IDITY 
AVERAGE JRD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUl'·IIDI'l'Y 

35 0 49 
3 . 50 

85 
307 

21. 0 
7.10 

68 . 00 
69 . 00 
76.00 
72 . 00 

DEGREES 

INCHES 
I·IPH 
'1J 

% 
% 
% 

NOTE : PRECI PI TA'riON DATA ~lAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR KNOXVILLE TENNESSEE 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JllL FEB/AUG I·IAR/SEP APR/OCT HAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

4 . 57 4 0 34 5 . 68 4.08 4 . 68 4 0 )11 

5 0 45 3 . 70 3 . 86 3 . 1 8 ~. 59 5 . 30 

NOTE : TEt-lPERATURE DATA viAS SYNTHETICALLY liENERATED USING 

JAN/JUL 

35 . 00 
75 . 80 

COEFFICIENTS FOR KNOXVILLE TENNESSEE 

NORMAL t~ MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

38 . 80 
75.20 

1·1AR/SEP 

47 . 90 
G9 .1 0 

APR/OCT 

56 . 80 
57 . 40 

I·IAY/NOV 

64 . 90 
47. 30 

JUN/DEC 

72.40 
38 . 60 

NOTE: SOLAR RADIATION DATA \·lAS SYNTHETICALLY GENERATED USING 
COEFFI CIENTS FOR KNOXVI LLE TENNESSEE 

AND STATION LATITUDE 35 . 49 DEGREES 
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2.1.2 Complete Design Profile and Pat·amctcrs 

LAYER 1 

TYPE 1 - VERTICAL PERCOLAT ION LAYER 
HATERIAL TEXTURE NUl·lBER 4 

THICKNESS 60 . 00 INCHES 
POROS ITY 0 .4370 VOL/VOL 
FIELD CAPACITY 0 .1050 VOL/VOL 
WILTING POINT 0 . 0470 VOL/VOL 
INITIAL SOIL \•lATER CONTENT 0 . 1832 VOL/VOL 
EFFECTI VE SAT. HYD. COND. 0.17 0000002000E- 02 CM/ SEC 

NOTE : SATURAT ED HYDRAULIC CONDUCTIVITY IS ~IULTI PLIED BY 4. 63 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE . 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
NATERI AL TEXTURE NUt-lBER 3 

THICKNESS 12 . 00 INCHES 
POROS ITY 0 . 4570 VOL/VOL 
FIELD CAPACI TY 0 . 0030 VOL/VOL 
WILTI NG POI NT 0.0330 VOL/VOL 
INITIAL SOIL WATER CONTENT 0 . 1947 VOL/VOL 
EFFECT IVE SAT . IIY D. COND. 0 . 310000009000E-02 Cl·I/ SEC 

LAYER 3 

TYPE 1 - VERTI CAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS 36 . 00 I NCHES 
POROSITY 0 .4170 VOL/VOL 
FIELD CAPACITY 0 . 0 4 ~0 VOL/VOL 
~li LTING POINT 0. 0180 VOL/VOL 
INITIAL SOl L \•lAT ER CONTENT 0 . 1395 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 0. 99999997SOOOE-02 CM/SEC 

LAYER 4 

TYPE 2 - LATERAL DRA INAGE LAYER 
!1ATERI AL TEXTURE NUMBER 21 

THICKNESS 
POROSITY 
r!ELD CAPACITY 
l'llLTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT . HY D. COND . 
SLOPE 
DRAINAGE LENGTH 

12 .00 INCHES 
0.3970 VOL/VOL 
0 . 0320 VOL/VOL 
0 . 0130 VOL/VOL 
0 . 0369 VOL/VOL 

0 . 300000012000 CM/ SEC 
5 . 00 

100.0 
PEHCENT 
FEET 

LAYER 5 

TY PI!: 4 - FLEXI BLE ~IEHBRANE LINER 
t-lATERIAL TEXTURE NUt·lBER 3~ 

THICKNESS 
POROSITY 
fiELD CAPACITY 
~ITLTING POINT 
INITIAL SOI L WATER CONTENT 
EFFECTI VE SAT. HY D. COND. 
FML PINHOLE DENSITY 

0 . 06 INCHES 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 

0 . 199999996000 E- 12 CM/ SEC 
1.00 HOLES/ACRI!: 
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Ft·IL INSTALLATION DEFECTS 
Ft-1L PLACEt-lENT QUALITY 

4 . 00 
3 - GOOD 

HOLES/ACRE 

LAYER 6 

TYPE J - BARRI ER SOIL LINER 
1·11\TERIAL TEXTURE Nm!BER 0 

TIUCKNESS 12.00 INCHES 
POROSITY 0 . 4270 VOL/VOL 
E'IELD CAPACITY 0 . 4180 VOL/VOL 
~liLTI NG POINT 0 . 3670 VOL/VOL 
INITIAL SOI L \•lATER CONTENT 0 . 4270 VOL/VOL 
EFFECTIVE SAT. HYD. COND . 0.349999993000E-07 

LAY ER 7 

TYPE 1 - VERTICAL PERCOLAT I ON LAYER 
~IATERIAL TEXTURE NUI•IBER 16 

THICKNESS 
POROSITY 
FIELD CAPACITY 
mLTING POINT 

12 . 00 INCHES 
0 . 4270 VOL/VOL 
0 . H80 VOL/VOL 
0 . 1670 VOL/VOL 
0 . 4094 VOL/VOL 

Cl·1/SEC 

INITIAL SOI L WATER CONTENT 
EFFECTIVE SAT . HYD . COND . O.J00000001 000E- 06 CM/SEC 

LAY ER 8 

TYPE 1 - VERTICAL PERCOLATI ON LAYER 
t-~TERIAL TEXTURE NUMBER 21 

THICKNESS 12 . 00 INCHES 
POROSITY 0 . 3q70 VOL/VOL 
FIELD CAPACITY 0 . 0320 VOL/VOL 
\•1 1LTING POINT 0 . 0130 VOL/VOL 
I NITIAL SOIL WATER CONTENT 0 . 0349 VOL/VOL 
EFFECTIVE SAT . HYD. COND. 0.30000001 2000 CM/SEC 

TIIJCKNESS 
POROSITY 

LAY ER 9 

TYPE 1 - VERTICAL PERCOLATI ON LAYER 
HATER I AL TEXTU RE Nut•ll3ER 22 

600 . 00 

FIELD CAPACITY 
0. tJ1 90 
0.3070 
0 .1800 
0 . 3070 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
VOL/VOL 

~II LTING POINT 
INITIAL SOIL WAT ER CONTENT 
EFFECTIVE SAT. HYD . COND . 

LAYER 10 

TYPE 1 - VERTTCAL PERCOLAT I ON LAY ER 
1·1ATERJ AL TEXTURE NUI·IBER 26 

TIIICKNESS 12 . 00 lNCIIES 
POROSITY 0 . 4450 VOL/VOL 
FTELD CAPACITY 0 . 3930 VOL/VOL 
\-liLTING POINT 0 . 2770 VOL/VOL 
INITIAL SOI L WATER CONTENT 0 . 3930 VOL/VOL 
EFFECTIVE SAT. II YD. COND . O. l9000000 3000E-0 5 Cl-1/SEC 

LAYI!:R 11 

TYPI!: 2 - LA'l'ERAL DRAINAGE I.AYER 
HATEHlAL TF.XTLIII.E NUt-1B[!:R 21 
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THICKNESS 
POROSI TY 
FIELD CAPACITY 
\•l iLTING POINT 
I NITIAL SOIL \'lATER CONTENT 
EFFECTIVE SAT. HYD. COND . 
SLOPE 
DRI\INAGE LENGTH 

12 . 00 I NCHES 
0 . 3970 VOL /VOL 
0 . 0320 VOL/VOL 
0 . 0130 VOL/VOL 
0 . 0320 VOL/VOL 

0 . 3000 00012000 CM/ SEC 
2 . 50 PERCENT 

100 . 0 FEET 

LAYER 12 

TYPE 4 - FLEXII3LE t·1Et·1BRANE LINER 
HATERI AL TEXT URE Nut·lBER 35 

THI CKNESS 
POROSITY 
FIELD CAPACITY 
\H LTING POINT 
I NITIAL SOI L WATER CONTENT 
EFFECTI VE SAT . I!YD . COND . 
FML PINHOLE DENSITY 
FML INSTALLATI ON DEFECTS 
FML PLACEMENT QUALITY 

0 . 06 I NCHES 
0 . 0000 VOL/VOL 
0 . 0000 VOL/ VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 

0. 199999996000E-1 2 CM/ SEC 
1 . 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

J - GOOD 

LAYER 13 

TYPE 2 - LATERAL DRJ\1NAGE LAYER 
111\TERIAL TEXTURE NUMBER 20 

TH I CKNESS O. JO I NCHES 
POROSITY 0.8500 VOL/VOL 
FI ELD CAPACITY 0 . 0100 VOL/VOL 
\'li LTING POI NT 0. 0050 VOL/VOL 
I NITIAL SOI L WATER CONTENT 0.0100 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 10 .0000000000 CM/ SEC 
SLOPE 2 . 50 PERCENT 
DRAINAGE LENGTH 100.0 FEET 

LAYER 14 

TY PE 4 - FLEXI BLE t<lEMBRJ\NE LIN ER 
MATERI AL TEXTURE NUMBER 35 

THICKNESS 
POROSITY 
FIELD CAPACITY 
\HLTI NG POI NT 
I NI TI AL SOI L WATER CONTENT 
EFFECTI VE SAT. HYD. COND . 
FML PI NHOLE DENSITY 
H1L I NSTALLAT ION DEFECTS 
H lL PLACEI·lENT QUALITY 

0 . 06 INCHES 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 
0 . 0000 VOL/VOL 

0 . 199999996000 E-12 CM/ SEC 
1 . 00 HOLES/ACRE 
4 . 00 HOLES/ACRE 

3 - GOOD 

LAYER 15 

TYPE 3 - BARRIER SOIL LIN ER 
MATERIAL TEXTURE NU~H3ER 16 

TH ICKNESS 
POROSI TY 
I"' ELD CAPACITY 
\'liLTI NG POINT 

36 . 00 INCHES 
0 . 4270 VOL/VOL 
0 . 41 80 VOL/VOL 
0 . 3670 VOL/VOL 

INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL 
O. I0000 00 01000E- 06 CM/SEC EFFECTIVE SAT . HYD . COND. 

LAYER l G 
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THICKNESS 
POROSITY 

TYPE 1 - VERTI CAL PERCOLATION LAYER 
HATERIA L TEXTURE NUHBER 26 

120.00 INCHES 
0.4i150 VOL/VOL 

FIELD CAPACITY 
1'/ILTING POI NT 

0 . 3930 VOL/VOL 
0 . 2770 VOL/VOL 
0 . 3930 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT . HYD . COND. 0.190000003000E-05 CH/SEC 

2.1.3 Long-term (Worst Case) Prol1le and Parameters 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
NATERIAL TEXTURE NU11BER 4 

TIIICKNESS 60 . 00 INCHES 
POROSITY 0 . 4370 VOL/VOL 
FIE LD CAPACITY 0.1050 VOL/VOL 
\'liLTING POI NT 0.0470 VOL/VOL 
INITIAL SOIL \·lATER CONTENT 0 . 1832 VOL/VOL 
EFFECTIVE Si\'f. fWD . COND. 0 . 170000002000E-02 Cf.I/SEC 

NOTE : SATURATED HYDRAULIC CONDUCTIVITY IS l·lULTI PLIED BY 11. 6 J 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
HATERIAL TEXTURE NUI·lBER 3 

THICKNESS 1 2 .00 INCIIES 
POROSITY 0.4570 VOL/VOL 
FIELD CAPACITY 0.0830 VOL/VOL 
WILTING POINT 0 . 0330 VOL/VOL 
INITIAL SOIL ~lATER CONTENT 0 . 1947 VOL/VOL 
EFFECTIVE SAT. HYD . COND . 0 . 3 10000009000E-02 CM/SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
HATERIAL TEXTURE NUI•IBER 1 

THICKNESS 36.00 INCIIES 
POROSITY 0.4170 VOL/VOL 
FIELD CAPACITY 0.0450 VOL/VOL 
WILTING POINT 0.0180 VOL/VOL 
INITIAL SOIL WAT ER CONTENT 0.1395 VOL/VOL 
EFFECTIVE SAT. HYD . COND. O , qgg~Q9978000E-02 CM/ SEC 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
~~TERIAL TEXTURE NUMBER 21 

THICKNESS 12 . 00 INCHES 
POROSITY 0 . 3970 VOL/VOL 
FIELD CAPACITY 0 . 0320 VOL/VOL 
~llLTING POINT 0 . 0 110 VOL/VOl, 
IN ITIAL SOIL \·lATER CONTENT 0 . 0368 VOL/VOL 
EfFECTIVE SAT. HYD . COND. 0.300000012000 Cl·l/ SEC 
SLOPE 5 . 00 PERCENT 
DRAINAGE LENGTH 100 . 0 FEET 

LAYER 5 
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THICKNESS 
POROSITY 

TYPE 3 - BARRIER 
~~TERIAL TEXTURE 

SOIL LINER 
NUt<IBER 0 

FIELD CAPACITY 
\'liLTING POINT 

12.00 INCHES 
0 . 4270 VOL/VOL 
0 . t1180 VOL/VOL 
0.3670 VOL/VOL 
0 . 4270 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT . HYD. COND . 0 . 3 ~ 9999993000E-07 CM/SEC 

THICKNESS 
POROSITY 

LAYER G 

TYPE 1 - VERTICAL PERCOLATION LAYER 
t·~TERIAL TEXTURE NUt•IBER 1 G 

12.00 INCHES 
0.4270 VOL/VOL 

FIELD CAPACITY 0 .41 80 VOL/VOL 
0.3670 VOL/VOL 
0.4191 VOL/VOL 

~liLTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONO. O.lOOOOOOOlOOOE-06 CM/SEC 

LAYER 7 

TYPE 1 - VERTICAL PERCOLATION LAYER 
t·1ATERIAL TEXTURE NU~IBER 21 

THICKNESS 12.00 INCHES 
POROSITY 0 . 3970 VOL/VOL 
FIELD CAPACITY 0 . 0320 VOL/VOL 
WILTING POINT 0 .0130 VOL/VOL 
INITIAL SOI L WATER CONTENT 0.0470 VOL/VOL 
EFFECTIVE SAT . JJYD . COND. 0 . 300000012000 Ct-1/SEC 

THICKNESS 
POROSITY 

LAYER 8 

TYPE 1 - VERTICAL PERCOLATION LAYER 
~~TERIAL TEXTURE NUt·113ER 22 

600.00 

FIELD CAPACITY 
\'liLTING POI NT 

0.~190 

0.3070 
0. 1800 
0.3070 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
VOL/VOL IN1TIAL SOI L WATER CONTENT 

EFFECTIVE SAT. HYD. COND. 0 .1 09999992000E-04 CM/SEC 

LAYER 9 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS 12.00 INCHES 
POROS ITY 0 .4450 VOL/VOL 
FIELD CAPAC I TY 0.3930 VOL/VOL 
WILTING POINT 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.3930 VOL/VOL 
EFFECTIVE SAT . JIYD. COND . 0.190000003000E-05 Cf.1/ SEC 

LAYER JO 

TYPE 3 - BARRIER SOIL LINER 
t·~TERlAL TEXTURE NUMBER 16 

THICKNESS )6 . 00 INCHES 
POROSITY 0.4270 VOL/VOL 
FLELD CAPACITY 0.4180 VOL/VOL 
WILTING POINT 0 . 3670 VOL/VOL 
INITIAL SOIL WATER CONT~NT 0 .4 270 VOL/VOL 
EFFECTIVE SAT. HYD. COND. O. J00000001000E-OG CM/SEC 
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LAYER 11 

TYPE 1 - VERTICAL PERCOLATION LAYER 
NATERIAL TEXTURE NUt·1BER 26 

THICKNESS 120 . 00 INCHES 
POROSITY 0.4450 VOL/VOL 
FI ELD CAPACITY 0.3930 VOL/VOL 
\'liLTING POINT 0 . 2770 VOL/VOL 
INITIAL SOl L \•lATER CONTENT 0. 3930 VOL/VOL 
EFFECTIVE SAT. HY D. COND. 0. 190000003000E-05 CM/SEC 

2.1.4 General Design nnd Evaporati\'e Zone Data 

NOTE : SCS RUNOFF CURVE NUNBER I•IAS CONPUTED FRON DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE I 4 \'liTH A 
GOOD STAND OF GRASS , A SURFACE SLOPE OF 5% 
AND A SLOPE LENGTH OF 450 FEET . 

SCS RUNOFF CURVE NUHBER 
FRACTION OF AREA ALLO\'/ING RUNOFF 
AREA PROJECTED ON HORIZONTA L PLANE 
EVAPORATIVE ZONE DE PTH 
INITIAL \•lATER IN EVAPORATIVE ZONE 
UPPER LHIIT OF EVAPORATIVE STORAGE 
LO\·IER LUll T OF EVAPORATIVE STORAGE 
INI TIAL SNOW WATER 
I NITIAL WATER IN LAYER HATERIALS 
TOTAL INITIAL ~lATER 
TOTAL SUBSURFACE INFLO~I 

2.2 HELP MODEL OUTPUT SUl\IMARY 

49.30 
100 .0 

35 . 000 
21. 0 
2 . 910 
9 . 177 
0 . 987 
0 . 000 

2U5.107 
285 . 107 

0 . 00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCIIES 
INCHES 
INCHES 
INCHES 
INCHES 
INCIIES/YEAR 

HELP model simulations provide the water budget for the proposed waste Environmental Management 
Disposal Facility (EMDF) and estimate infiltration rates to groundwater. The modeling results for the 
complete design scenario and long-term (worst case) scenario are presented in Sect. 2.2.1 and 2.2.2, 
respectively. 
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2.2.1 Complete Design Scenario 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) ~OR YEARS 1 THROUGH 100 

PRECIPITATION 

RUNO~~ 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
~ROI1 LAYER il 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ON TOP 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 
~RON LAYER 11 

PERCOLATION/LEAKAGE THROUGH 
LAYER 12 

AVERAGE HEAD ON TOP 
OF LAYER 12 

LATERAL DRAINAGE COLLECTED 
~Rot·1 LAYER 13 

PERCOLATION/LEAKAGE THROUGII 
LAYER 15 

AVERAGE HEAD ON TOP 
OF LAYER 14 

PERCOhATTON/LEAKAGE THI<OUGH 
LAYER 16 

CIIANGE IN \>lATER STORAGE 

INCHES 

5 4 . 39 7 . 835 ) 

0 . 685 1 . 312 4) 

30 . 899 2.7986) 

22 .79604 5 . 99463) 

0. 00004 ( 0 . 00001) 

0.07 4 ( 0. 019) 

0 . 00001 ( 0.00007 ) 

0.00078 ( 0 . 00351) 

0 . 000 ( 0 .000) 

0 . 00078 ( 0.00351) 

0 . 00000 ( 0 . 00000 ) 

0 . 000 ( 0 . 000 ) 

0.00000 ( 0 .00000 ) 

0.009 2 . 6932 ) 
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CU . ~EET PERCENT 

6910300.5 100 .00 

87066.65 1. 260 

3925722.50 56 . 810 

21:!96236. 500 41. 911 88 

5 . 618 0 . 00008 

1. 853 0 . 00003 

99 . 580 0 .0014 4 

99 . 508 0 . 001il4 

0.073 0.00000 

0.000 0 . 00000 

1171.90 0 .01 7 



2.2.2 Long-term (Worst Case) Scenario 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS ) FOR YEARS 1 TH ROUGH 100 

PRECI PITATION 

RUNOFF 

EVAPOTRANSPIRATI ON 

LATERAL DRAINAGE COLLECTED 
FRm·1 LAYER 4 

PERCOLATI ON/ LEAKAGE THROUG H 
LAY ER 5 

AVERAGE HEAD ON TOP 
OF LAYER 5 

PERCOLATION/LEAKAGE THROUGH 
LAYER 10 

AVERAGE HEAD ON TOP 
OF LAYER 10 

PERCOLATION/LEAKAGE THROUGH 
LAYER 11 

CHANGE I N \•lATER STORAGE 

INCHES 

54. 39 7 . 835 ) 

0 . 685 1 . 3 124) 

30 . 899 2 . 7986 ) 

22 . 371 47 5 . 99331) 

0 . 42 4 G2 ( 0 . 00521) 

0 . 072 ( 0 . 0 19 ) 

0. 42443 ( 0 . 00662 ) 

0 . 002 ( 0 . 000 ) 

0.42443 ( 0 . 00645 ) 

0 . 01 0 2.6927 ) 
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CU. FEET PERCENT 

6910300. 5 100. 00 

8 7066 . 65 1. 260 

3925722 . 50 56 . 8 10 

28 42295 . 250 41. 13128 

53947 . 691 0 . 78 069 

539211 . JJG 0 .78035 

53923 . 5 1 2 0 . 78034 

1291.82 0 . 0 1 9 
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3. PATHRAE MODEL 

PATHRAE-RAD and PATHRAE-HAZ (Rogers and Associates Engineering, 1995a, b) models are used 
to calculate the arrival peak time and concentrations for the radioactive constit11ents and toxicological 
constituents at the hypothetical receptor surface water location, respectively. PATHRAE calculations are 
also performed to determine the equivalent annual water consumption per year for the creek (defined as 
the Equivalent Uptake). 

Section 3.1 provides information about some of the PATHRAE input parameters. Sect. 3.2 provides a 
listing of PA THRAE modeling input and output files. 

3.1 PATHRAE INPUT PARAMETERS 

The solid-to-liquid partition coefficient (Kd) values used to develop the Enviromnental Management 
Waste Management Facility (EMWMF) WAC were based on site-specific and generic Kd f.1ctors for soi ls 
and were also used to develop the PWAC for the proposed EMDF. These K.~ values used in PATHRAE 
are provided below in Table 3-1 and Table 3-2. 

Tnl>lc 3-1. K,1 V!llucs for Rndionuclidc Constituents used in PATHRAE 

IL\D 

1-l-3 

C- 14 

Tc-99 

U-233 

U-234 

U-235 

U-236 

U-238 

Np-237 

Pu-239 

Pu-240 

Am-241 

1-1 29 

Kd 

\Vaste Vndose zoue 

1.99E-01 O.OOE+OO 

1.09E+OO O.OOE+OO 

1.29£+00 O.OOE+OO 

4.00E+OI 2.00£+01 

4.00£+01 2.00£+01 

4.00E+OI 2.00E+O I 

4.00E+OI 2.00E+O I 

4.00E+OI 2.00E+OI 

5.56£+01 4.00E+OI 

5.76E+OI 4.00[+0 1 

5.76£+01 4.00E+OI 

5.76E+OI 4.00E+OI 

1.99E-01 1.99£-01 
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Aquifn 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

7.00£-01 

7.00£-01 

7.00£-01 

7.00E-01 

7.00E-01 

4.00£+00 

4.00E+OO 

4.00E+OO 

4.00£+00 

O.OOE+OO 



Table 3-2. l(d Vnlues for Anznnlous Constituents used in PA THRAE 

coc 

Antimony 

Barium 

Boron 

Chromium (Tota l) 

Lead 

!'.,.[anganese 

l'vlolybdenum 

Selenium 

Strontium 

Tin 

Vnnndium 

U-233 

U-234 

U-235 

U-236 

U-238 

2,4-D 

2,4,5-T[Siln·x] 

Accnnphthene 

Acenaphthylene 

Acetone 

Acetonitrile 

Acetophenone 

Acrolein 

Acl)'lonitrilc 

Aldrin 

Aroclor-1221 

Aroclor-1232 

Benzene 

Benzoic Acid 

CAS 
Waste 

(7440-36·0) 1.90E+O I 

(7440·39-3) 5.50E+OI 

(7440-42·8) J.OOE+OO 

(7440-47-3) I.OOE+O I 

(7439-92· 1) l.OOE+02 

(7439-96-5) 2.00E+02 

(7439-98-7) 2.00E+OI 

(7782-49·2) 1.50E+OI 

(7440-24·6) U5E+O I 

(7440·31-5) 2.50E+OO 

(7440-62·2) l .OOE+02 

( 1· 1) 4.00E+OI 

(1·2) 4.00E+Ol 

( 1-3) 4.00E+O l 

( 1·4) 4.00E+Ol 

( 1-5) 4.00E+Ol 

(94· 75-7) 5.88£-02 

(9.1-72-1) 1.61E-Ol 

(83-32-9) 9.20E+OI 

(208-96·8) 1.22E+Ol 

(67·64·1) 4.40E-02 

(75-05-8) 1.54£-03 

(9R-R6·2) 9.24£-02 

( 107-02-R) 2.78E-03 

( I 07-13-1) 4.44E-03 

(309-00-2) 9.74E+OI 

(I ll 04-28·2) 1.20E+02 

(111 41-16·5) 1.50E+O I 

(71 ·43·2) 1.70E+OO 

(65-85-0) 1.20E-03 
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Kd 

Vntlost> 
ZOOt' 

1.90E+O I 

5.50E+OI 

3.00E+OO 

I.OOE+O I 

I.OOE+02 

2.00E+02 

2.00E+OI 

1.50E+OI 

1.35E+OI 

2.50E+OO 

l .OOE+02 

2.00E+OI 

2.00E+Ol 

2.00E+OI 

2.00E+Ol 

2.00E+OI 

5.88£-02 

1.6 1E·O I 

9.20E+OI 

1.22£+0 1 

4.40£-02 

1.54£-03 

9.24E-02 

2.78E-03 

4.44£-03 

9.74E+OI 

1.20E~02 

1.50Et0 1 

1.70E+OO 

1.20E-03 

Aquifel' 

1.90E+OO 

5.50E+OO 

3.00E·Ol 

l.OOE+OO 

I.OOE+OI 

2.00E+OI 

2.00£+00 

1.50E+OO 

O.OOE+OO 

2.50E·OI 

l.OOE+Ol 

7.00£-01 

7.00E-0 1 

7.00E-Ol 

7.00£-01 

7.00E-O l 

5.88£-03 

1.61E·02 

9.20E+OO 

1.22E+OO 

O.OOE+OO 

1.54E-04 

9.24E-03 

2.78E-04 

4.44E·04 

9.74E+OO 

1.20E+02 

1.50E+OI 

O.OOE+OO 

1.20E-04 
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Table 3-2. K .. Values for Hazardous Constituents used in PATHRAE (Continued) 

coc CAS 
\V11stc 

Benzyl Alcohol (100-51-6) 3.13E-02 

Benzidine (92-87-5) 5.48E+OO 

nlpha-BHC (319-84-6) 3.52E+OO 

bcta-BHC (3 19-85-7) 4.28E+OO 

delta-BIIC (.ll9-86-8) 4.28E+OO 

Bromodichloromethane (75-27-4) l.OSE-02 

Bromoform (75-25·2) 2.52E-OI 

Bromomet ha ne (74-83-9) 2.83£-02 

Dutylbenz.:nc (10-1-5 1-S) 1.63E+OO 

Carbazole (86-74-8) 6.78E+OO 

Carbon Tetrachloride (56-23-5) I.O.lE-01 

Carbon Disultitle (75-15-0) 2.20£+00 

Chlordan.: (57-74-9) 1.73£+02 

Chlorobenzcnc (108-90-7) 4.:18E-01 

Chloroform (67-66-3) 6.20E-OI 

Chloromethane [i\lethyl Chloride] (74-87-3) 2.86E-02 

o-Chlorotoluenc 

m-Cresol 

o-Cresol 

p·Cresol 

Cumenc [lsopropylbenzc:ne] 

Cyanide 

DOD 

ODE 

Di-n-butylphthalnte 

Dibromochlorornctlrane 

1,2-Dichlorohenzcne 

1,3-Dichlorohenzcue 

I ,4-0ichlorobenzenc 

1,2,-cis-Dichlorocthylenc 

I ,2-trans-Dichlorocthylenc 

(95-49-8) 8.86E-OI 

(108-39-4) 9.56E-02 

(95-48-7) 1.82E-01 

(106-4-1-5) 9.22E-02 

(98-82-8) 1.65£+00 

(57-12-5) 9.90E+OO 

(72-54-8) 9.16E+O I 

(72-55-9) 1.73£+00 

(84-74-2) I.OOE-06 

(124-48-1) 1.41E-01 

(95-50-1) 7.58£-01 

(54 1-73-1) 1.6 1E+OI 

(I 06-46-7) 1.2:1E+OO 

( 156-59-2) 9.96£-01 

(156-60-5) 7.60£-02 
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Kd 

Vadose 
Ac1nifn 

zone 

3.1 3E-02 3. 1:1E-03 

5.48E+OO 5.48£-01 

3.52E+OO 3.52£-01 

4.28E+OO 4.28E-Ol 

4.28E+OO 4.28E-Ol 

1.08E-02 1.08£-03 

2.52E-Ol 2.52[-02 

2.8:1E-02 2.83£-03 

1.63E+OO 1.63E-01 

6.78£+00 6.78[-01 

I.OJE-01 1.0:1[-02 

2.20E+OO O.OOE~oo 

1.73E+02 1.73E~OI 

4J8E-O I 4.38E-02 

6.20E-OI O.OOE+OO 

2.86E-02 2.86£-03 

8.86E-OI 8.86E-02 

9.56E-02 9.56£-03 

1.82£-01 1.82E-02 

9.22E-02 9.22£-03 

1.65E+OO 1.65£-01 

9.90E+OO 9.90E-01 

9.16E+OI 9.16£+00 

1.73E+OO 1.73E-Ol 

I.OOE-06 O .OOE~ OO 

1.41 E-0 I 1.41 E-02 

7.58E-OI 7.58E-02 

1.61[+01 1.6 1E+OO 

1.23£ ~00 1.23[-01 

9.96E-OI 9.96£-02 

7.60£-02 7.60£-03 



Tnble 3-2. I<.J Vnlues for Hazardous Constituents used in PATHRAE (Continued) 

coc CAS 
Wast<> 

Dichlorodilluoromethnne (75-71-8) 1.37E-02 

I ,2-Dichloropropnne (78-87·5) 9.40E-02 

Dieldrin (60-57-1) .~.40E+OI 

Diethylphthnlnte (84-66-2) 2.52E-OI 

I ,2-Dimethylbenzenc (95-4 7-6) 4.80E-OI 

2,4-Dimethylphenol (105-67-9) 2.52E+OO 

Oimethylphtlwlate (131 -11-3) 7.42£-02 

2,4 Dinitrotoluene (121-14-2) 1.02E-01 

2,6 Dinitrotoluene (606-20-2) 8.J9E-02 

Endosulfnn plus metabolites•••• (959-98-8) 4.0SE+OO 

Endrin (72-20-8) 2. 16E+Ol 

Endrin Aldehyde (7421-93-4) 2.16E+OI 

Endrin Ketone (53494-70-5) 2.16E+OI 

Ethylbenzenc (100-41-4) 4.08E-OI 

Ethylchloridc (75-00-3) 4.75E-02 

Heptachlor (76-44-8) 4.80£+01 

l leptachlor Epoxide (1024-57-3) 1.7JE+OI 

Hcxacltlorobenzette (118-74-1) I.IOE+02 

Hexachlorocthnne (67-72- 1) 3.56E+OO 

n·Hexane (110-54-J) 2.98E-Ol 

1-Hexanol (111-27-3) 2.60£-02 

2-llexanone (59 1-78-6) 2.60E-02 

lsophorone (78-59-1) 1.70E+OO 

Lindane (58-89-9) 6.76E+OO 

Methanol (67-5Ci-l) 2JlOE-OJ 

Methylene Chloride (75-09-2) 4.34£-02 

l'vlethylcyclohexane (108-87-2) 1.99E-Ol 

Methyl Isobutyl Ketone (I OS-10-1) 4.7UE-OJ 

Methyl Methacrylate (80-62-6) 2.00£-02 

1-Methyl-4·( 1-methylethyl)-b.:nz.:nc (99-87-6) 1.65E+OO 

2-tvlcthylnapthalem: (91-57-6) 5.94E+OO 
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Kd 

Vadose 
Aquife.-

zone 

1.37E-02 1.37E-03 

9.40E-02 9.40E-OJ 

3.40E+OI O.OOE+OO 

2.52E-01 2.52E-02 

4.80E-01 4.80E-02 

2.52E+OO 2.52E-Ol 

7.42E-02 7.42E-03 

1.02E-OI 1.02E-02 

8.39E-02 8.J9E-03 

4.08E-01 4.08[+00 

2.16E+OI 2.16E+OO 

2.16£+00 2. 16E~OI 

2. 16E+OO 2.16£+01 

4.08£-01 4.08E-02 

4.75E-02 4.75E-03 

4.80E+OI 4.80£+00 

1.73E+OI 1.73E+OO 

I.IOE+02 I.IOE+OI 

.l.56E+OU 3.56E-01 

2.98[ -0 1 2.98E-02 

2.60E-02 2.60E-03 

2.60£-02 2.60E-03 

1.70Et 00 O.OOE~OO 

6.76E+OO 6.76E-OI 

2.00E-03 2.00E-04 

4 .. 14E-02 4.34E-OJ 

O.OOE+OO O.OOE+OO 

4.70E-OJ 4.70E-04 

2.00[-02 2.00E-03 

1.65Et00 1.65E-01 

5.94Et00 5.94E-01 

) 



) 

Table 3-2. K11 Value.~ for Hazar dous Conslituen ls used in PATHRAE (Contin ued) 

coc CAS 
Wastr 

( 1-Mcthylpropyl)benzene (U5-98-8) 1.65E+OO 

Naphthalene (91 -20-3) 1.90E+OI 

4-Nitrobenzenamine [4-Nitroanilinc) (100-01-6) J.44E-O I 

Nitrobenzene (98-95-3) 1.29E-OI 

2-Nitrophenol (88-75-5) 7.10E-OI 

4-Nitrophcnol (I 00-02-7) 8.74E-01 

N-nitroso-di-n-propylamine (62 1-64-7) 3.00£-01 

N-Nitrosodiphenylamine (86-30-6) 6.54E-O I 

Phenol (I 08-95-2) 2.80E-O I 

Propylbcnzenc (I 03-65-1) 1.65E+OO 

Propylene glycol (57-55-6) 2.00E-OJ 

Pyridine (110-86-1) I.JSE-02 

Styrene ( 100-42-5) 1.82E+OO 

1,1,1.2-Tetmchloroethane (630-20-6) 3.18E-OI 

I, 1,2,2-Tctmchloroethanc (79-34-5) 1.58E-OI 

Tctrnchloroethenc ( 127-18-4) 7.20£+00 

2,3,4,6-Tetrachlorophenol (58-90-2) 2.49E+02 

Toluene (108-88-3) 6.00£+00 

1,2,4-Trichlorobenz.:nc (120-82-I) 1.44£-~oo 

Trichloroethcne (79-01-6) 2.60E+OO 

T richlorolluoromcthane (75-69-4) 2.68E-OI 

2,4.6-Trichlorophenol (88-06-02) 6.36E-01 

1,2 •. ~-Tlichloropropane (96-18-4) 1.61E-01 

TrimethylbenLcne [mixture of isomers] (2555 1-13-7) 1.44E t 00 

1,2,4-Trimethylbenzenc (95-6.~-6) 1.44E ~oo 

I ,],5-Tlimcthylbcnzene (I 08-67-8) 3.34E+OO 

Vinyl Chloride (75-01-4) J .72E-01 

Xylene [mixture or isomers] (1330-20-7) 8.86E-O I 
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Kd 

Vadose Aquifer 
zone 

1.65£+00 1.65E-OI 

1.90E+OI 1.90E+OO 

3.44E-O I 3.44E-02 

1.29E-OI 1.29E-02 

7.10E-OI 7.10[-02 

8.74E-01 8.74E-02 

3.00£-01 3.00E-02 

6.54E-OI 6.54E-02 

2.80E-OI 2.80E-02 

1.65E+OO 1.65E-01 

2.00£-03 2.00E-04 

1.38E-02 1.38E-03 

1.82E+OO 1.82E-O I 

3.18E-O I 3.18E-02 

1.56£-01 1.56E-02 

7.20£+00 O.OOE+OO 

2.49E+02 2.49E+OI 

6.00E+OO O.OOE+OO 

1.44£+00 1.44E-O I 

2.60E-t 00 O.OOE+OO 

2.68E-O I 2.68E-02 

6.36[-01 6.J6E-02 

1.61 E-0 I 1.6 1E-02 

1.44E+OO 1.44E-O I 

1.44E t 00 1.44£-01 

334E+OO 3.34[-01 

3.72E-OI J .72E-02 

8.86E-OI 8.86E-02 



Reference Dose (RD) and Slope Factor (SF) parameters based on updated values in U.S. Environmental 
Protection Agency (EPA) risk guidance (EPA 20 12) are used to calculate the EMDF PWAC. Where no 
values are provided in the EPA risk guidance, values previously used to calculate the EMWMF WAC are 
used. Table 3-3 lists SF values for radioactive constihtents. Table 3-4 lists SF and RD values for 
hazardous constituents. 

Table 3-3. Slopt> Factor Values for Rudioactive Conslilucnts 

Nudhlr 
WAirl" ingestion Slope 

l'Mio1· {1 /pCI) 

H-3 5.07E-14 

C-14 1.55E- 12 

Tc-99 2.75£-12 

1·1 29 1.48E-10 

U-233 7. 18£- 11 

U·2:l4 7.07£-11 

U-235 6.96E-ll 

U·236 6.70£-11 

U-238 6.40£- 11 

Np-2.l7 6.18£·11 

Pu-239 1.35E-10 

Pu-240 1.35£-10 

Am-241 1.0-tE-10 

Allachmcnt A to Appendix F 
16 



T11ble 3-4. Slope Fnctor and Reference Dose Values for H!lZ!ndous Constituents 

coc Slope Factor 
(1/(mg/kg-d)) 

Antimony 

Barium 

Boron 

Chromium (Total) 

Lead 

Mangrmese 

Molybdenum 

Selenium 

Strontium 

Tin 

Vanadium 

U-233 

U-234 

U-235 

U-236 

U-23& 

2,4-D 

2,4,5-T[Si lvexJ 

Acenaphthenc 

Accnaphthylene 

Acetone 

Acetonit rile 

Acetophenone 

Acrolein 

Acrylonitrile 5.40E-Ol 

Aldrin 1.70E+O l 

Aroclor-1221 2.00E+OO 

Aroclor-1232 2.00E+OO 

Benzene 5.50E-02 

Benzoic Acid 

Oenzyl Alcohol 

Benzidine 2.30E+02 

nlpha-BIIC 6.30E+OO 

bcta-BIIC 1.808+00 

delta-BHC 1.80E+OO 

Uromodichloromethane 6.20E-02 
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R eference Dose 
(mg/kg-day) 

4.00E-04 

2.00E-Ol 

2.00E-O l 

l .OOE+OO 

1.40E-03 

1.40E-O I 

5.00E-03 

5.00E-03 

6.00E-Ol 

6.00E-Ol 

5.00E-03 

3.00E-03 

3.00E-03 

3.00E-03 

3.00E-03 

J.OOE-03 

l .OOE-02 

8.00E-03 

6.00E-02 

6.00E-02 

9.00E-O I 

6.00E-03 

l .OOE-01 

5.00E-04 

4.00E-02 

3.00E-05 

4 .00E-03 

4.00E+OO 

l .OOE-01 

J .OOE-03 

8.008-03 

2.00E-02 



Table 3-4. Slope Factor and Reference Dose Vnlues for Hazardous Constituents (Continued) 

coc Slope Fnctor 
(1/(mg/kg-d)) 

Bromoform 7.90£-03 

Bromomethane 

Butyl benzene 

Carbazole 2.00E-02 

Carbon Disullide 

Carbon tetrachloride 7.00£-02 

Chlordane 3.50E-OI 

Chlorobenzene 

Chloroform 3.10E-02 

Chloromethane [Methyl Chloride) 1.30£.02 

o-Ch lorotoluene 

m-Cresol 

o-Cresol 

p-Crcsol 

Cumcne [ Isopropylbenzene] 

Cyanide 

DDD 2.40£-01 

DOE 3.40£-01 

Di-n-butylphthalnte 

Dibromochlorometlwnc 8.40£-02 

I ,2-Dichlorobenzcne 

1,3-Dichlorobenzenc 

1,4-Didtlorobenzene 5.40£-03 

1,2,-cis-Dichloroethylene 

1,2-trnns-Dichloroethylenc 

Dich lorocl i lluoromcthnne 

I ,2-Dichloropropane 3.60E-02 

Diddrin 1.60E+Ol 

Diethylphtlwlatc 

1,2-Dimcthylbenzene 

2,4-Dimethylphcnol 

Dimcthylphthnlatc 

2,4 Dinitrotoluene 3. 10E-O l 

2,6 Dinitrotolucnc 6.80£-01 

Endosullitn plus mctnbolites 

Endrin 

Endrin Aldehyde 
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Reference Dose 
(mglkg-day) 

2.00£-02 

1.40£-03 

5.00E-02 

I.OOE-0 1 

4.00£-03 

5.00£-04 

2.00E-02 

I.OOE-02 

2.00£-02 

5.00£-02 

5.00£-02 

I.OOE-01 

l.OOE-01 

6.00E-04 

l .OOE-0 1 

2.00£-02 

9.00E-02 

8.90£-02 

7.00£-02 

2.00E-03 

2.00£-02 

2.00E-Ol 

9.00E-02 

5.00£-05 

8.00£-0 1 

2.00E-O l 

2.00£-02 

l.OOE+Ol 

2.00£-03 

l .OOE-03 

6.00E-03 

3.00£-04 

3.00E-04 

) 



) 

Tnhle 3-4. Slope Factor and Reference Dose Values fo1· Hazardous Constituents (Continued) 

coc Slope Factor 
(1/(mg/kg-d)) 

Endrin Ketone 

Ethyl benzene l .IOE-02 

Ethylchloride 2.90E-03 

Heptachlor 4.50E+OO 

Heptachlor Epoxide 9. 10E+OO 

Hcxachlorobenzene 1.60E+OO 

Hexachloroethane 4.00E-02 

n-Hexane 

1-llexanol 

2-Hcxanone 

Isophorone 9.50E-04 

Lindane I.IOE+OO 

Methanol 

Methylene Chloride 2.00E-03 

Mcthylcyclohcxane 

Methyl Isobutyl Ketone 

Methyl Methacrylate 

1-Mcthyl-4-( 1-mcthylethyl)-benzenc 

2-Mcthylnrtpthalene 

( 1-Methylpropyl)benzenc 

Naphthalene 

4-Nitrobenzcnamine 14-Nitroanilinc] 2.00E-02 

Nitrobenzene 

2-N itrophenol 

4-Nitrophenol 

N-n i troso-d i -n-propy lam ine 7.0UE+OO 

N-Nitrosodiphenylamine 4.90E-OJ 

Phenol 

Propyl benzene 

Propylene glycol 

Pyridine 

Styrene 

I, I, I ,2-Tctrachlorocthane 2.60E-02 

I, I ,2,2-Tetrachloroethane 2.00E-O J 

l 'etrachloroethcnc 2.10E-03 

2,],4,6-Tdrachlorophenol 

Toluene 
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Reference Dose 
(mg/kg-day) 

3.00E-04 

J.OOE-01 

4.00E-O I 

S.OOE-04 

J.:WE-05 

8.00E-04 

7.00E-04 

6.00E-02 

4.00E-02 

S.OOE-03 

2.00E-OI 

3.00E-04 

S.OOE-01 

G.OOE-03 

G.OOE-02 

8.00E-02 

1.40E+OO 

3.70E-02 

4.00E-03 

3.70E-02 

2.00E-02 

4.00E-03 

2.00E-0.1 

6.20E-02 

6.20E-02 

2.00E-02 

3.00E-O I 

3.70E-02 

2.00E+OI 

I.OOE-03 

2.00E-OI 

3.00E-02 

2.00E-02 

G.OOE-03 

3.00E-02 

8.00E-02 



T11l>le 3-4. Slope Factor and Reference Dose Values foa· Haznnlous Constituents (Continued) 

coc Slope Factor 
(1/(mg/kg-tl)) 

I ,2,4-Trichlorobenzene 2.90E-02 

Trichloroethene 4.60E-02 

Trichlorofluoromcthnne 

2,4,6-Trichlorophenol I.IOE-02 

I ,2,3-Trichloropropnne 3.00E+OI 

Trimethylbenzene [mixture of isomers] 

1,2,4-Trimethylbenzene 

I ,3,5-Trimcthylbenzene 

Vinyl Chloride 7.20E-OI 
Xylene fmixturt! of isomers 1 
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Rcfea·ence Dose 
(mg/kg-day) 

I.OOE-02 

S.OOE-04 

3.00E-01 

I.OOE-03 

4.00E-03 

S.OOE-02 

S.OOE-02 

I .OOE-02 

3.00E-03 
2.00E-Ol 

) 



) 

3.2 PATHRAE MODEL INPUT AND OUTPUT FILES 

The PA THRAE-RAD model was used for radionuclides and the PA THRAE-HAZ model was used for 
hazardous constituents. The PATHRAE-RAD and PATHRAE-HAZ output (text) files are listed in 
Sect. 3.2.1 and 3.2.2 below, respectively. The output files contain a mirror image of the input files used to 
conduct PATHRAE model simulation. 

3.2.1 PATHRAE-RAD 

E'ATHRAE- RAD (PC) Ven; i o n 2 . 2d Febl uary 1 995 
Do te : 9 - 1 1-2012 
Ti me : 20 :22 :17 

p\'IAC - J ul y , 2012 tle·• P t oposed Cel l in UBCV 

1-lill o t- I maqe o f I nput Fil es 

- - I uput File : ABCOf.:F. D.'I.T 
pl•lAC - J ul y , 2012 t1e.·.1 Pt oposed Cell in IJBCV 
3 ,1 000 . ,1200 . ,1 00000 . 
13 , 0 , 5 
l , 2 , 
0 . ,4 86 . 0 , 2 43 . 0 ,4. 9 1E+05,1., 476 ., 0 . 
18 0 0 . ' 6 . ' 0 . ' () . ' 0 . ' 0. '0 . 31 5 , 0 . 
20, 2 , 0 , 1, 1 
4 • 0, 16 . , 1 . 9 1 E+06 , 150. , 4 50 . , 1600. , . 4 0 , . 705, 0 . 90 , 1 . 
I. OE- 7 , 8 0 00 . , . 705, 0 . , 1 . OE+OO , 0 . 0 1 
240., 5 .56E- 04 , . 2 2 , . 02, 3 . 0E- 4 , 2 0 ., 0 . 0 1 
4, G. 3 , . 2 J , 0 . , 1 . 1 E- OG, 0 . 01 , 0 . , 0 . , 0. , 0 . , 0. 
O,O,O,O,O,O,U 
1 , 0 , 0 , 1 
0.010 ,4. 2 , 0 . 25, 7 . 0 , 0. 0 2 5 , 2 4. , 0 . 0000!,1.,0.,0 . 25 

- - Input File : BP.CDCF. O.!,T 
10 1 ,H-3 1. 5 5E- 07 , G.40E- 09 , 
102 , C- 14 2 .1 5E- 06, 2 .I OE- 06 , 
l OS , Tc - 99 2 . 37E- OC, 7 . 50E- 06 , 
0 5 4,U- 233 1 . 89E- 04 , 1. 40E- Ol, 
03 B,U- 23 4 1. 8!E-04, 1.30E- 0 1, 
03 9 ,U-235 1 . 7 4E-0 4 , 1 . 20E- 01, 
040,U- 236 !. 74E- 04, l. JOE-0 1, 
0 4 1 , lt- 238 1. 67E-04, ! . 20E- 0 1, 
04 2 ,Np - 237 4.07 E-04 , 4. 90E-01, 
044,Pu-23 9 9 . 25E- 04 , 4.30E-0 1, 
04 5 , Pu - 2 40 9 . 25E-0 4 , 5 . 10E-0 1, 
04 8 , Am- 24 l 7 . 40E- O•l, 4 . 40E- Ol, 
0 20 , 1-129 4.07£-04, l . BOE-04 , 

-- It.pUl fi l e : I tiVllTRY . OAT 
10 1 , 1 . 23E t 0 1, J. 9 1E+OC , .o, 
102 , 5.73E+03 , 1. 918 t 06 , . 0, 

10 8 , 2 . 13E t05 , 1. 91E+06 , 29 . 2 , 

O ~l4 , l. 5 9£ t05 , J • 9 1 E+ OG , 2~ .7 , 

038 , 2.~ <1E-t OS , 1. 9 1 E' 06 , 35 . ~, 

039 , 7 .04E t 08 , 1 . 91E+O G, 2 1.6, 
0 4 0 , 2 . 34Et07 , 1 . nE+06, 36 . 6 , 

04 1 , 4.4 7E+0 9 , 1. 91Et 0G , 12 . 0, 

042 , 2 . 14E t 06 , I . 91E+06 , 3 4 . 9 , 

044 , 2 .41 Et04, 1. 91E t 06 , 25 . 9 , 
0 45 , 6.548+03, I. ~li E+ 06 , 4 6 . 3 , 

04 8 , 4. 32E t 0 2 , I . 91E+0 6 , 4 3 . 5, 

020 , 1. 60E+07 , 1. 9 1E+OG , 62 .0 , 

- - Input F i le : H\>SI TE .DAT 
101,-1. 99e-1, 0 . OOEt 0, 0 . ODE o 0 , 
102,-1.09et0, O. OOE oO, O. OOE+O, 
10S ,-J.29e+O, O. OOf: t O, O. OOE t O, 
054 ,-4 . 0 0e t l, 7 . 00£-1, 2 . 00E +1, 
038 , -•1.00e t1 , 7 . 00E- l, 2 . 00E+1, 
039 ,-4 . 00e+1 , 7 . 001':- 1 , 2 . 00E o1, 
0 4 0 ,-4 . 0 0c+1, 7 . 00£-1, 2 . 00E t 1, 
0 4 1 , - 4 . 0 0e t 1, 7. 00E- 1, 2 . 00E+ I, 
042 , -S.~·Ce t l, 1f. OOE:+O, 4. 0UE t l , 
0 44 , - 5 . 76e t l , 4 . 00E o0 , 4. 00E+l , 
0 4 5 , - 5 . 76e ol, 4 . OOE+O, .J. OOE+l, 

O. OOE+OO , 
1 . 808-09 , 
6 .30E-ll, 
8 . 36E-OB, 
8 .74E- 08 , 
1 . 73E- 05, 
7 . 598- 08 , 
2 . 82E- 0 6 , 
3.20E-06 , 
4 . 29E- 08, 
8 .20E- 08 , 
3 . 21£- 06 , 
2 . 20E-0 6 , 

.000, 

.ooo, 

. 039 , 

.1 15, 

.0 -10, 

.1Gq, 

. 068 , 

. 71 8 , 

. 072 , 

. 113, 

. 054' 

. 057 , 

o. ' 
0 .' 
o. ' 
0 . ' 
0 . ' 
0 .' 
o. ' 
0 . ' 
0 . ' 
ll . , 

o. ' 
0 . ' 

. 040 , l. Oe - 02 , 

H- 3 
C- 14 
Tc - 9'J 
U- 233 
U-2J4 
U- 235 
U- 236 
U-238 
tlp-237 
Pu- 239 
~u-240 

0 .' 
o. ' 
0 . ' 
o. ' 
0 . ' 
0 .' 
o. ' 
0 . ' 
o .• 
o. ' 
0 .' 
o. ' 
0 . ' 

1., 11-3 
!., C-14 
1. , Tc-99 

1 . ' U- 23 3 
! . , U- 234 
1. , U- 235 
1., U- 236 
1. , U- 230 
1. , llp-217 
I. , Pu - 23Y 
1., Pu-2 4 0 
1., Am-2 4 I 
.1. , l- 129 
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1 

048,-S.76e +l, 4 .00E10, 4 .OOEil, Am- 241 
020 , -I . ~9E- I , O.OOE+O, 1. ~91':- 1, I-1 29 

-- I nput File : UPTAKE . Il.~T 
0 . 5 , 0 . 2 , J. 89 
0 .67, 0 .65, 2 .1E-3 , 438 . • 430. 
0 . 0 , 2160 .• 24., H40 . , 1., 0 . 83 
50. , 6 ., 40 .• 480 .• 40 . 
.05 , 0 .0000, 60 .• 8 . • 50. 

o .• 95 ., 730 . • 6 . 9 H. , 17(. •• 110 . • 
H- 3 .25 , 4. 8E+O, 4.8£- 1, 1. OE- 2, o .• 1. 2E- 2, 9 . 0£-1 

C-14 . 25, s . 5£+0 , 5 .5E-l, I. 2E- 2 , o .• ).IE- 2, 4. 6E<3 

Tc-99 .25 , 2 . 5E-1, 2 . 5E-2, I. OE- 3 , o .• 1. OE-4, I. 5E·t 1 

U-233 .25 , 2. 5E- 3, 2.51':-4, S.OE- 4, o .• 3.4E-4, 2.0£+0 

u-~34 .25, 2 . 5£- 3, 2.5E- 4, S.OE-4 , 0 .• 3.4£-4, 2 . 0£+0 

U-235 . 25, ? . 5£- 3, 2.5£-4, 5.0E- t1, o .• 3. 4£- 4, 2 . 0£+0 

U-?3G . 25 , 2. 5£-3, 2.5E-4 , S . OE-4, 0 . • 3.4£-4, 2 . 0£10 

U-238 .25 , 2.5£-3 , 2 .5E-4 , 5 . OE-4, o . • 3 .4E- 4, 2 .0£+0 

tlp-237 .25 , 2. 5£- 3, 2.5£- 4, s. 0£- 6 , o .• 2.0£- 4, I. OE+I 

Pu- 239 .25 , 2.5£-4, 2 . 5E- 5, 2 . 0£- 6 , 0 .• I. 4£- 5, 3 . 5£+0 

Pu-240 .25, 2 . 5E-4, 2 . 5E-5, 2 . 0E- 6 , o .• 1. 4E- 5 , 3 . 5£+0 

Al1- 241 . 25 , 2.5£-4 , 2. 5£- 5, 5.0£- G, o., 2.0E- 4, 2. 5£-tl 

1-1 29 . 25 , 2 . 0£- 2 , 2 . OE- 3, 7 . OE-3 , o .• 1.0E- 2, 4 . 0£+1 

TOTAL EQUIVP.LENT Ul'TAKE FACTORS 

liT (J , 1) UT (J , 21 UT(J, 3 ) Uf (J , 4) 

RIVER ~I ELL EROS JON a:,THTUB 
t:UCLH >£ L/YR L/YR L/YR L/YR 

H-3 I. 166Et03 I. l 6b£-t0J I . 1'1 2£+ 03 1. 172E 10l 
C-14 9.5G4E10? 9.~G4E+ 02 3 . 270Et04 3 . 270E+04 
Tc- 99 7.403Et02 7 . 40 3E t 02 8 . 4 3BE+02 8.438E+02 

J -1 29 8 . 327E+02 6 . 327E102 I . I 09Et03 I . I 09£+03 
U-234 7 . )80Et 02 7 . 3801::+02 7. 51 SE+02 7 . SlaE 102 
U-23~ 7 . 380E+02 7.360Et02 7 .51 8Et02 7 .51 8E+02 
U- 236 7. 3~0£102 7 . 380Et02 7 . SISE<02 7. 511U0:+02 
U-238 7 . 380E+02 7 . J80E+02 7.~ 1 8£+ 02 7 . 51f!Et02 
Up-237 7.JJ8E102 7 .J38Et02 8 . 020Et02 8 . 028£+02 
Pu- 23!1 7. 129E+ 02 7 . 32!1£102 7 . 570£+02 7.570E+02 
Pu- 240 1 . 32<•£+02 1 . 329£+ 02 7 . 570Et02 7 . 570E +02 
m - 241 7. J38Et 02 7 . 3 JBE •02 9 . 0G3Et02 9 . 0G~E+02 

ll - 233 7,1ROE t 02 7.JR0£+02 7. !.J 0£+ 02 7 . 511lE+02 

• • ' • • • • • • • rATIIAAE 1 UPIJT su:-:·11\RY • • ' • ' ' ' • • ' 

TIIEf<E ARE &0 ISOTOPES Ill THE DO!:E fACTOR LIBRARY 
IIUHBER Of' t l!IES fOR CALCU I.JITI OII I S 
YEARS TO BE CALCULATED ARE • •• 

! OUO .OO 1200 . 00100000 . 00 

THERE ARE U 1 SOT OPES Ill Til£ ttiVEIHCJR'{ FILE 
TilE VALUC OF I FLAG I S 0 
NU! IBER Of' PA'i'm:AYS IS 5 

u 
0 
0 
(I 

P~.THWAY 

GROUJlD;·IATER TO RIVER 
3X, 12 , 2X,A22, 6X, 12)) 
3X, l2,?X, A22 , GX,t2)) 
3X, T2, 2X , A22 , 6X,I2) ) 
3X, 12 , 2X , A22 , GX, 12)) 

TYPE OF USAGE 
f'OR UPT/,KE F'AGTOR~: 

2 
0 
0 
0 
0 

THIE oF oPr~RATiotl Of' ~IASTE f'AC ! LJTY I N 'fEAI>~ 

LEIIGTII OF REPOSITORY (N) 
I'IJDTH OF REPOSITORY (1·1) 

RI VER FLOil RATE (I-I'' 3/YR) 
STREN-1 flQ;>/ RATE (11' ' 3/YR) 
DISTAIICE TO RIVER (1·1) 

OPr:RAT l otiAL SP Y J,IJ\GE: FRACTl Oll 
DENSITY OF AQU J FER (KG/W ' 3 ) 
LO:IGl TUOHIAL OJ SPE:RSIVI TY (H) 
LATI:RAL ll! SPERSI O!I !:08 f' FJGI EIIT - - Y /V.I S (II' ' 2 / YR) 

FOR PATIIRAE 

UT (J, 5) 

SPILLAGE 
L/YR 

1.1 72E+03 
3 . 270E+04 
&. 4JOE+02 
I . IO!IE 103 
7 . 5 l 8E+ 02 
7.518E +02 
7 . 519Et02 
7 . 5 1&E+02 
8 .028£+02 
7 . 570Et02 
7.570£+02 
9 .063£ 102 
7 . 518E t 02 

UT (J , 6 ) 

FOOD 
KG/YR 

0 . 000£+00 
O. OOOE+OO 
1 .469E+OO 
5 . 624E-0 1 
1 .357 E- 02 
1 . 357E- 02 
I . 357E-02 
I.J ~?E-02 
1 . 122E-02 
1. 05'JE-03 
l.059E- OJ 
t.I 21E-03 
I. 357E-02 

0. 
486. 
2•13 . 

4.91Et O'; 
!. OOEI OO 

476 . 

O. OOEtOO 
1800. 

G. OOEtOIJ 
0. OOF:t OO 
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NUl·lBER OF 1-!ESH POINTS FOR DI S PERS l Oll CALCULATION 
FLAG FOR GAI·: •IA PATIIVIAY OPTIONS 
FLAG FOR GAI•: ·IA BUILDUP CALCULATION 
FLAG FOR A'TI(<JSPHERIC PATHiiAY 

COVER THICKI'lESS OVER \'IASTE (f.l) 
TIIICKI'lESS OF ';IASTE HI PITS (f.l) 

TOTAL I'IASTE VOLUt{E (f.l' '3) 
DISTAt:CE TO NELL -- X COORDIIIATE (1·1) 
DI STAilCE TO \'/ELL -- Y COORDINATE (f.l) 
DENSITY OF ~IASTE (KG /1·1 ' ' 3 ) 

FRACTIOH OF FOOD COJISUI·!ED THIIT I S URO~IN 0 11 S I TE 
FRt\CTIOll OF YEAR SPENT Ill DIRECT F<l\DJ AT! OII F!ELD 
DEPTH OF PLAIIT ROOT ZONE (f.!) 
AREAL DENS ITY OF f' LAIITS (KG/I·! ' '2) 
AVERJ>.GE: OUST LOADIIIG HI AIR (KG/I·!'' 3) 
AU!IliAL ADULT BREATHlllG RATE (I·!'' 3/YR) 

FRACTION OF YEAR EXPOSED TO DUST 
CAlliSTER LI FETINE (YEARS) 
IINEilTORY SCALING FACTOR 
HEIGHT OF R00:1S Ill RECLAH:ER 110\ISE (CI-!) 
AIR CHAilGE RATE IN RECLA II{ER HOUSE (CHANGES/SEC) 
RJ>.DON EI·Wit\TIIIG POI;ER OF THE \•IASTE 

DI FFUSI ON COEFF. OF RADOII IN ~li\STE (CI•! ' ' 2/SEC ) 
DIFFLISION COEFF . OF Rll Ill co:;CRETE (O !' ' 2/SEC ) 
THICKNESS OF COl/CRETE SL.~B FLOOR (CI·!) 
DIFFUSIO:I COEFF. OF RADO:l Ill COVER (CN " 2/SEC ) 
ATI{QSPIIERI C STI\BI LITY CL.~SS 
AVERAGE 111110 SPEE('I (11/S) 

FRACTIO:I OF TJHE WIND BLOiiS 'fQ;oiARD RECEPTOR 
RECEPTOR DI STAIICE FOR A'il·:OSPIIEI<JC PATHI'I~.Y (1·1) 

20 
2 
0 
0 

4. 00 
16.00 
I. 9 10E+OG 

ISO. 
4 50 . 

1600. 

. 400 
'1 05 
. 900 

l . 0 00 
I. OOE- 07 

8000 . 

. 105 
0. 
I.OOE+OO 

2 40 . 
5.56E- 04 
2 .20E-Ol 

2.00£-02 
3 . 0 0E-0 4 

20 . 0 
I.OOE-02 
4 
G. 30 

.2300 

.o 
DUST RESUSPEIIS JO:~ RATE FOR OFFS I TE TAANSPOHT (W ' 3/S ) 
DEPOS I T I Otl VEL(JC I TY (1·!/S) 

1.10E-06 
. 0 100 
.o STACK HEI GHT (H) 

STACK HI S IDE OJ Alo\ETE:H (I-I) 

STACK GAS VE:LOCITY (H/S) 
HEAT Ef.HSSIO:I HATE FRO!·! Blll\liiNG (CAL/S) 
()E:CAY CHAIII FLAGS 
FLAG FOR ltlrUT SUI·:·t~Y PRINTOUT 
FLAG FOR DJRECTJOII OF TREt;CH FILLiliG 
FLAG FOR GROLIIID"IIi\TER PATHiiAY OPTIOliS 

0 0 0 0 (I 

.oo 

.0 
O .(JOE~OO 

0 0 
1 
0 

t\I·:OU~lT OF ~lATER PE:RCOLATHIG THROUGH \•IASTE: AllliUhLL'I (1·1) 
DEGREE OF SO IL !WfURA'I' J 011 

1 .OOE-02 
1 .000 

. 0 0 0 

. )2 
RES I DUAl. SOl L ShTURt\TIO!I 
PERJ·IEABJ LITY OF Vt:f<Tl CAL ZONE (1-1 /YR) 
SOl L IIU:lB£R 
POROSI TY Of A{lll lFER 

POROSITY OF UIISA'TURATED ZO!II:: 
DISTAIICE FRO:l tWUIFER 'TO \•IASTE (1·1) 
AVERAGE VERTICAL GROUlm:·IATER VELOCITY (H/YR ) 
HOR I ZONTAL VELOC I TY OF ~.QUlFER (1-! /YR) 
LEt:GTH OF PEf<f'I)RATEl• \•IELL c::AS IIIG (1·1) 
SURFt\CE EROS I Otl HATE (1-1 /YH) 
LEt\Cil RJ>.TE SCAt. rtiG fACTOR 
AIINUAL HUIIOI'f OF PRECIPI'ft\TI O:l (H) 

IIUCLIDE 

u- l 
C- 1•1 
Tc- 99 
I -129 
U- 234 
ll- 235 
U-236 
U- 230 
Np-237 
Fu-239 
Pu- 240 
hm- 2 4 1 

J NG£ST TO~ l 

DOSE Ft'.CTORS 
(l·ffiEH/PCI) 

1 . 550E-07 
2 . I SOE-OG 
2 . 310E- 06 
•1.070 E-04 
t. SltlE:-04 
1 . H OF:-04 
1 . 74 0 E-04 
I • G70E-04 
4 . 010E- 0 4 
'1.250E- 0 4 
9 . 250E-04 
7 . 400E- 04 

11111/ILhTIO:I 
OOSE FACTORS 

(I IREII/PCI ) 

6.400E- 08 
2. I OOE-06 
?.!:.OOE-06 
l .BOOE- 0 4 
I . 300E-0 I 
1 .200E-Ol 
1. 300E:- or 
l. 200E-01 
4 . QOOE-01 
4. sOOE-0 1 
5 . I OOE-0 I 
4.400E- 0 1 

01 REt::-T GAl·~ lA 
DOSE FACTOHS 

(HRF.H-:.12/PCI -YR ) 

(I.OOOE+OO 
I . 680E-09 
6 . JOOE- Il 
2 . 200!:-UC 
S . 740E-OO 
1. 7JOE-05 
7. ~90E-00 
2 . 920E-UG 
3 . 200E-06 
4 . 2't0E-08 
8 . 200E-OS 
l.2 10E- OG 

. 0 0 0 

. 25 

. 25 
7 . 0 
2 . 50E-02 
4. 2 

24. 000 
I. OOOE-05 
I. OOOE•OU 
O.OOE>OO 

HALF 
LIFE ( YH) 

I. 230E+01 
5 . 730£103 
2 . 130E>05 
1. 600E~01 

2 . 440f: l05 
7 . 040E•00 
2 .340E+07 
4.47m:+0 9 
2 .l40 Et 06 
2 . 4101::104 
6 . 540E~03 
4. 320E+02 
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U- 233 

llUCI,IDE 

H- 3 
c-H 
Tc-99 
I-1 29 
U-234 
U- 235 
U-236 
U- 238 
tlp-237 
Pu-239 
Pu-240 
Am- 2 41 
U-2JJ 

IIUCLlDC 

11-3 
C-14 
Tc- !19 
I - 129 
U- 234 
U- 235 
U- 236 
U- 238 
1/p-~37 

Pu-2J~ 

Pu-2•10 
Aln-241 
U-233 

liU<.:LIDE 

H-3 
C-14 
Tc-99 
1-12" 
U-23,1 
U- 235 
U-236 
U-238 
llp- l37 
Pu-239 
Pu-2•10 
t\Jr.- 2 4 1 
tJ- 213 

tiUCLll\E 

H-3 
C-1 4 
Tc-99 
l-1 2q 
U-234 
U- 235 
U- 23G 
U- 238 
tlp-2J7 
Pu-23'• 
l'u- ?4(l 
Am-241 
{1-233 

I. 890E-04 

VOLATILITY 
FRACTIOII 

O.OOOEtOO 
O. OOOE+OO 
O. OOOE+OO 
O.OOOE+O(I 
O. OOOEtOO 
O.OOOEtOO 
O.OOOE+OO 
O.OOOE+OO 
O. OOOE+OO 
O. OOOE+OO 
O.OOOEtOO 
O.OOOE+OO 
O.OOOE+OO 

Ill PUT LEACH 
RATE ( 1 /YR) 

- I. 990E- 01 
-1.090E+OO 
- 1 . 290£+00 
-1. 990E- 0 I 
- 4 . 000Et 01 
-4 .000E+Ol 
-4 . 000E•OI 
-4. 000E•Ol 
-5 .5GOE+01 
- 5 . 760Et01 
- 5 . 760E+fJl 
-5 . 760E+O I 
-4. 000E•OI 

AQUIFER 
SORPHO:I 

O.OOOE+OO 
O. OOOE+OO 
O.OOOE+ OO 
O.OOOEtOO 
7 . 000£- 01 
?.OOOE-01 
7.000E-01 
7.000E-01 
4.000Et00 
4 . 000E t 00 
4. {tOOI::+OO 
4. OO{oEtOO 
7.000C-01 

SO IL-PLAIIT 
8\' 

4 . 000Et00 
5.500E+00 
2 . 500E- 01 
2.000E-02 
2 . 500E- 0l 
2 . 500E- 0~ 
2.500E- U3 
2 . 500E-03 
2.~00E-03 

2.5001::- 04 
2 .500E-04 
2.500E- 04 
2. 500E- OJ 

1.400E- 01 

GAJ·r111 
EIIERGY 

(1<\EV) 

O.OOOEtOO 
O.OOOE+OO 
8 . 900E- 02 
4.000E-02 
7.000£-02 
1. 690E- 01 
6 . 80 0E-02 
7 . I SOE-01 
7 . 200E- 02 
l.l.lOE-01 
5 . 400E- 02 
5.700E-02 
I. ISOE-01 

f lll,\L LEACH 
RATE ( 1/YR) 

J.I OOE-03 
3 . IJ4E- 04 
2 .701E-04 
1. 38 1E- 04 
9 . 728E-06 
9.72BE-OG 
9 . 728E- 0G 
!< . 72&E-()6 
7 .00GE-0G 
6 . 763E- 06 
G. 763E-Oti 
6 . 7GJE-06 
9.728E-06 

AQUifER 
RETARDATIO:l 

I . OOOEtUO 
I.OOOE+OO 
I . {100E+00 
I.OOOEtOO 
6.0 40E t 00 
G.040E+OO 
6 . 040EH10 
6 .040Et 0U 
2 . 900E+01 
2.980Et01 
2. 9SOE+01 
2 . '180E+OI 
C.040Et00 

8 . J60E-08 

GAJ·n·IA 
A'TTE!IUATIOII 

(1 /t·l) 

O.OOOE+OO 
O.OOOEt OO 
2.920Et01 
6 . 200E+01 
3.~50Et01 
2 . 160E+Ol 
3.660E+Ol 
1. 200E+01 
3. 490E+01 
2 . 590Et01 
4.630E+01 
4.350E+Ol 
2.570Et01 

SOLUBILITY 
(t·:OLE/ L) 

Q. OOOE+OO 
Q.OOOE+OO 
O.OOOE+OO 
I. OOOE-02 
O.OOOEtOO 
O. OOOE+OO 
O. OOOE+OO 
O.OOOE t OO 
(1 . 000Et00 
O. OOOE+OO 
(l. OOOEtOO 
O. OOOEtOO 
O. OOOEt OO 

VERTICAL 
:-:ORPT I O:-l 

O. OOOEtOO 
O.OOOE+OO 
O. OOOE tOO 
I . 990E-01 
2 . 000Et0 1 
2.000E+01 
2 . 000Et0 1 
2 . 000E+01 
4, 000Et0 1 
4. 000E+OI 
4 . 000Et01 
4. 000E+01 
2 . 000E t01 

IJIOACCUt'.liL-"11011 FACTORS 
SOIL-PLAIIT FORAGE- t·ll Ll( 

Br flu (D/ L) 

4 . O(tOE- 0 I 
S.SOOE-01 
2.500E-02 
2 . 000E-03 
2.500E-04 
2 . ~00E-04 

2. SOOE-0 <1 
2 . 500E- 04 
2 . 500E-04 
2.500E-05 
2 . ~00E-05 

2 . SOOE-05 
2.~00E-04 

I. OOOE- 02 
1 .200E-02 
I.OOOE-03 
7.000E-03 
5 . OOOE-0•1 
S.OOOE-04 
5. OOOE-0·1 
S.OOOE-0 4 
S.OOOE-06 
2.000E- OG 
2 . 000£-()(; 
S . OOOE-OG 
S . OOOE-04 

l. S~OE•OS 

Ill PUT 
IINEIITORY (CI) 

1. !110E+OC 
I . !J10Et06 
1. ~10Et06 

I. 910E t 06 
1. 9 10E+06 
I. <tiOE+06 
I. 910E+06 
I. 9 10Et06 
I. 910E+06 
I. 9 10E+OG 
1 . 91 0E+O C 
1. 910Et0G 
I. !>l OEt 06 

VERTICAL. 
f•ETARO.;TION 

l .OOOEtOO 
1.000Et00 
I. OOOE•OO 
2. 433Et00 
1.4 ~0Et02 

1. 4 ~0E t02 
I. 4~o0E+02 
1. 450E+02 
2.890E+02 
2.8qOE:t02 
2 . 890E t0? 
2 . 090Et 02 
l. 450E t 02 

fORJ\GE- !·1E..'.T 
ff ( 0/KG ) 

I. 200E-02 
3 . I OOE- 02 
I . OOOE-0•1 
I . OOOE-02 
3 . 400E-04 
3 . 400E-04 
3 .400E-04 
3 . 400£-04 
2 . 000E-04 
1.400E-05 
1 .400E-05 
2 . 001)~>04 
3 .400E-04 

'· • ~ ' rF.AK concEt:THA'T' JOtJS AND TH1t:S roR PA'i'IWlAY 1 l l •• • 
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.. , .. RIVER l1T 47 6 . 0 t·l 

PEAK AVERAGE DOSE AVEIU'.GE RISK 

NUCLIDE CONCENTRATI ON PEAK THIE AT PEAK TlHE AT PEAK TH-IE 
(CI/1-1' ' 3) (YR) (HREH/YR) (IIE/YR) 

H-3 7 .23E-14 401.0 1.31E-OS 3 . 66E- 15 

C-14 1.14E-03 569 . 6 2. 34E~03 6 . 54E-04 

Tc-~9 1.05E-03 606.7 I . B4E+03 5 . 15E- 04 

1-129 5 . 37E-0•1 109 6 .4 1. 82E+05 5 . 10E-02 

U-234 3 . 351::-05 4247 J. 7 4.4 81::+03 1.25E-03 

U-235 3 . 7BE- 05 51627 . 5 4. 86E+03 1 .36E-03 

U-236 3 .70E-05 42592.7 4. 05E+03 1. 36E-03 

U-238 3 .76E-05 51 627 . 5 4.66E+03 1 . 311::-03 

Np- 237 2 . 65E-05 90316 . 0 7.90E+03 2 . 21E-03 

Pu-239 2 .031::-06 08714 . 0 1. 37E+03 3 . 65E-04 

Pu- 240 2.221::-09 8 7960 . 1 l.SOE+OO 4. 21E-07 

U-233 3 .14E-05 42451.5 4. 391::+03 1. 23E- 03 

3.2.2 PATHRAE-HAZ 

The PA THRAE-HAZ model is limited to 99 contaminants of concern (COCs) per run. Two nms were 
conducted to address all the COCs. The input and output files for the nm for the first 99 COCs and the 
remaining COCs are provided in Sect. 3.2.2.1 and Sect. 3.2.2.2, respectively. 

3.2.2.1 First 99 Contaminants of Conccm 

PATIIRAE-HAZ (PC) Versio n 2 . 3d January 19n 
Ddte : 8-22- 201 2 
T irr.e : 14: 54: 7 

!J~'IAC - July , 20 12 New Pr<J!Jc>sed Cell in llBCV - HAZ 

CONTAl.JlNAtlT 

Antirr.ony 
Bt:1r ium 
Bu r o n 
Chromium-III 
LE'., d 
r~~angctne~e 

r·:o l ybdenuru 
Selenium 
S tro ntium 
Tin 
Va nadium 
U-233 
U-234 
U- 235 
U- 23 G 
U-238 
2 4-D 
24 5-TP (Sibe x ) 
Ac e napltthe.ne 
Acenapl.thyl e ne: 
Ace tune 
Ac enton itrile 
a cetophe n o n e 
Ae r o I ien 
i\c yloni t tle 
Aldtin 
Arocl o rl 221 
/\ LOClc'cl 232 
Be nzene 
Be nzoi c -l\ci d 
B e 11 Z yl-Al coh.-:11 
Le nz i d i ne 
Alpt•~-llliC 
Be ta-BHC 
De lta-BHC 
FSro:nodichloro 

Ui' (J , 1) 
f<IVER 
L/ YR 

TOTAL EQUIIJt\LENT UPTAKE f'?.CTOf<S f'OR PATHRAE: 

UT(J, 2 ) 
~JELL 

L/Yf< 

UT(J , 3 ) 
EROSIOll 

L/YR 

UT(J, 4) 
BATHTUB 

L/YR 

U1'(J , 5) 
SPILLAGE 

L/YR 

U1 (J , 6 ) 

FOOD 
KG/YR 

7.332E+02 7 . 332 E+02 1.423Et03 1.42 JE+03 1. 423E+03 2 .1 53E- 01 
7 . 372E+02 7 . 37 2E t 02 7. 648Et02 7. 64~E+02 7 . 649E•02 5.21 3E-01 
7 .474Et02 7 .474E+02 7.474E+02 7 .477£+02 7.477Et02 3.026E+01 
7. 787Et02 7 . 787E+02 2 .159Et03 2 .1 59E+03 2. 159E+03 6. 445E- 0 1 
7 .JG9Et02 7 . 3G9E t 02 2 . 9071::+03 2.807E+03 2 . 807Et 0l 4. 682E-01 
7 . 35SE+02 7. 355Et 02 3 .4 9GE+03 3 . 498E t 03 3 .498E10J 3.346E+OO 
7.4q8Et02 7,498Et02 7 . 498Et02 7. 500Et 02 7 . 500E+ 02 3 .254E+00 
1. 312E+03 l . 3 12Et 03 1. 312Et03 1.31 6E+03 1 .3 16Et03 7 . 577E t 01 
7 . 941E t02 7. 941Et02 7. 931E+02 7 . 941E+02 7.941Et 02 2 . 096E+01 
7 . 907E+02 7 . 907Et 02 2. 14 9E+04 2 .!4 9E+0 4 2 .1491::;04 1 . 895Et01 
7 . 4 57E: t02 7 .457Et 02 S .l47E+02 8 .147E+02 8 .147Et 02 4.15 1E-02 
7 . 371E+02 7 .371E+02 S . 06JE+02 8 . 061E+02 0 .061E+02 1.201E- 01 
7 . 37 1E+02 7 . 37 1Et 02 8.0GIE+02 8 . 061 E+02 B.061Et 02 1. 20 1E-01 
7 . 371Et02 7. 37 1Et 02 S.06 1E+02 8 . UGIE1 02 8 .061Et 02 1. 20 1E-01 
7. 371E+02 7.371E+02 S . OG1E+02 0 . 06 1Et02 U.061E+02 1.201E-01 
7 . 371E+0 2 7 . 371Et 02 O. OG 1E+02 8 . 0G lE+02 8 . 0G1Et 02 1. 20 \ E- 0 1 
7 . 328E+02 7 . 328Et 02 7.32BEt02 7.32BE+0 2 7 . 328E:t02 5. 498Et00 
7 . 342E t 0 2 7.342E+02 7 . 34 2E+D2 7.J4 2E+U2 7.342Et 02 9 . 609£-01 
7. 365E+02 7 . 3GSE102 D. J2GEt0J 0 . 32lE103 S . 327E:t 03 6 .144£-01 
7. 337Et 02 7 .337E102 7 . 337Et02 7.JJCEt 02 7.33SEt02 1.201E+00 
7.326E+02 7 . 3288102 7.J28E+D2 7.328E+02 7 . 32BE+02 5 .4 80E+01 
7 . 329E t02 7 . 329Et02 7. 329E+02 7. 329E+02 7. 3291::•02 2.529E+02 
7. 328Et 0 2 7. 320E+02 7 . 328£+ 02 7 . 328E+02 7.3281::+02 !.645E+Ol 
7. 329E+02 7 . 329E+02 7 . 328Et 02 7. 329E+02 7 . 329Et 02 1 . 8 l 3Et0 2 
7 . 328E t02 7.328Et 02 7.320Et02 7 . 320E+02 7 . 320Et02 1.130Et02 
7. 330Et02 7 .330E+02 7 . 3JOE+02 7 . 340Et02 7.340E+02 2.940E+00 
7. 351E+02 7 . 35 1Et 02 7 . 35 1Et 02 7 .354E+02 7 .354E102 7. 641 8-01 
7 . J3 1Et02 7. 331Et 02 7.331E+02 7 . 332E+02 7 . 332E+02 2 . 273Et 00 
1. 320E+02 '/. 3281o:+ 02 7. J28E t 02 7. 320E+02 7. 320Et 02 2 . 4508100 
7 . 328Et02 7 . 328Et 02 7.32BE+ 02 7 . 328E+02 7. 320Et 02 1 . 266E t01 
7. 320Et02 7 . 326E+02 '/.328C t02 7 . 328E+ 02 7. 328E+ 02 3. 660E+01 
7 . 320E+02 7 . 320~~ + 02 7. 328E·t02 7. J33E+02 7 . 333E+ 02 2 . 8251':+01 
7 . 342Et 02 7 . 342E+02 7.342E+02 7.343E+0 2 7 . 343Et02 9 . G09E- 0 1 
7 . 3 46E t 02 7.346Et02 7 . 3 46£+02 7 . J46E t 02 7.346E+ 02 8 . 399E-Ol 
7 . 329Et02 7 . 129E+02 7 . 32~Et02 7. J 30E+02 7 . 330E+02 3 . 8208+00 
7 . 328Et02 7. 32SE t 02 7.32BE+ 02 7 . 32BE+02 7.32 BEt02 9 .700 E+OO 
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Bro:J,ofot m 7.328E+02 7 . 329Et02 7. 328E+02 
Bt ornomet h 7 . 328E.t02 7.320E+02 1. 328f:+02 
butyl benze ne 7 . 334E+02 7 .33 4E+02 7.334E+ 02 
Carbazole 7.340E+02 7 . 340Et02 3.83~E+03 
CatbonDiS 7 . 320Et02 7 . 328E+02 7.328£.+02 
Catbont etchl 7.329E+02 7 . 329E+02 7.329E+02 

Ch l o tdane 7.905Et02 7 . 905E+02 7.905E+02 
Chl o roloenze ne 7.329Et02 7 . 329E+02 7.329E+02 
Chl or o fo rm 7.328E+02 7 . 328Et02 7.320E+02 
Chlor<>:r.eth 7.328E.t02 7 . 328 E+02 7.328£.+02 
0- Chl oroTu 7 . 332E+02 7 .333E+02 7 . 332Et02 
m-ctesol 7 .328£.+02 7 . 328Et02 7.328£.+02 
o - ctesol 7.328E.t02 7.328E+02 7 .328£.+02 
p-creso1 7. 328Et02 7.328E+02 7 . 320E+02 
Cwr.ene 7 .134E+02 7 . 334£+02 7.334£+02 
Cyanide 7 . 32SE+02 7 .3 20£+02 7.570E+02 
DOD S .493E+02 6 . 493Et02 8. 493E+0 2 

Dl>E 8 . 270Et02 8 . 270£+02 8 . 270E t 02 
Din but yl)Jht hal<l t 6.0(>1E.+02 8 . 061E+0 2 8 . 0C1Et02 
Dibe nz (ah l l. B98Et03 1. B9S£+ OJ 1 . 941E+03 
Dibenzo futan 7.352Et02 7 . 352 E+02 7.352E+02 
Dibromochloro 7. 328E+02 7 . 328£.+02 7 . 32BE+02 
12Dichlo t o 7 . 333Et02 7 . 333Et 02 I • 334E.+03 
130ichlo ro 7 . 335£+02 7 . 335E+02 1 . 424E+03 
H Dichloro benzen 1. 332£+02 7 . 333E+02 7.332E t02 
12cieOic hl o r o 7 .320£.+02 7 . 328E+02 7.328E+02 
12t t.ln&Dichl 7 . 32SE.t02 7 . 328E+02 7 .32~Et02 

Di c hl .... ")r<J~o.li flo 7. 320~~+02 7 . 32GE+02 7 . 328Et02 

12r>i c hlru•p 7.J28E t 02 7.328E+02 7 .328E.t02 
Dieldrin B. 28G£+02 0 . 28CE+02 8 . 204E+02 
Dietliylrhtli 7 . 328E.t02 7 . 32f.E+02 7.32BE:+02 
J 2lliJ.~ethylB 7.330Et02 7 . JJOE+02 7 .3 30E+02 
24-Dimethylrl•e 1 . 328F:+02 7 . 320E102 7.329Et02 
Di1r.et hylphth 7 .328£+02 7 .32BE+02 7. 328£+02 
24Dinitto tolue ne 7. 328E.t 02 7 . 328E+02 7 . 7101::+02 
26Dinjtto t o l ue ne 7 .320£+02 7 . 32SE+02 7 . 756E+02 
End o&ulfanl I 7 .J3 4Et 02 7 . 334Et 02 7 .3341':+02 

E 11dC in 7 .400Et02 7 . 400E•02 7. 400£+02 
1\ldeliyde 7 .400Et02 7 .4 00E+02 7.400E+02 
Ke t o ne 7. 40(JE+02 7 . 400E102 7 . 400£+02 
ElhylbetiZ 7 . 330E+02 7 . J30E<02 7 .330£.~02 

Etltyl chl<> t id 7 . 328E+02 '1 .32BE+02 7 . 328E t02 
lleptacltl o t 7.36SE+02 7 . 3G5Et02 7 . 365£+02 
HeptacJ ,l .. :•r-epo xd 7 . 789Et02 7 .789Et02 7 .789£+02 
He xachlo r!.lbenze n 7. G%E+02 7 . (.!15£ +02 7 . 695£ .. 02 

llexachl oroeth~ne 7 . J42E+02 7 . 342Et02 7 . 342Et02 
tH1ex~1ne 7 . 342£+02 7.342E+02 7.342£+02 
Jhexano l 7 . 328E+02 7 . 328E.t02 7 . 328E+02 
2hcx,-morae 7 . 320Et02 7.32SE+02 7.328E+02 
I sop )u."\ I"I'JII(" 7 . 32~E+02 7 . 32!1E+02 7 .32~£.+02 

Ljndd ne 7 . ]37E+02 7 . 337£+02 7.337E+02 
t·le tho nal 7 . 330Et02 7.J30Et02 7 . 329Et02 
1-~etltchl<>r id" 7 . )28f.+02 7 . 32SE t 02 7 . 328£t02 
gethyl c~·clo 7 . 32!1E+02 7 . 329£+02 1 . 561Et03 
t,:e tl,yll s"" 1 . . l20Et02 7 . 32CE t 02 7. J 28Et02 
t·:!·!e tac• yl a te 7 . 328E+02 7.328£+02 7 . 328E+02 
l·!etltyl Ethyl B 7 . 3HEt02 7 . 33 4E. t02 7.3J4E+02 
2 :·~ethy l na)Jtl ta 7 . 342Et02 7 . 342Et 02 7 . J42Et02 
!~ethyl f'L opyiB 7 . 3341':+02 7 . 334E+ 02 7.334Et02 
Naphtlaal~ne 1 . J32Et02 7 . 3321':+02 2 .0•l 4Et03 
41li t r obe n z(!l't .. ltrlin 7.328Et 02 7 . 32&Et02 7. 357£ ·103 
Ui ttvberazene 7.320E+02 7 . 328£.+02 7 . 326E•02 
2Ni t rophen'-"1 7.1?RE.+02 7 . 328Et0? 7 . 320E+02 

Ir",Ll t.Je- ,.., f I npu t File~ ' • • ' • • '• • • 

- - l i>)JUt ri lc : illlCDEr. OAT 
!lilAC- July, 2012 New Pt <l j OSe<l Ct> ll in IJ!lCV- HIIZ 
3, tooo ., 12110 ., 1nnooo. 
9'J, 0, 2 
1, 2 , 
0 ., 4 86.0,24l . 0 , 4.Q I E~ OS ,l . ,4 7& . ,0. 
1 800 ., 6. , 0. , 0 .,0., 0. , 0 . 31~, 0. 

20, 2 , 0 ,11 1 
4.0, 16.,1.91E t 06, 150 .,450., 1600 ., .40, .705, 0 . 90,1. 
1.0E-7 , 8000 ., . 705 , 0 . , l.OE+OO , O. (Il 
240 ., 5 .56E-04, . 22 , . 02 ,3.0E- 4, 20 . , 0 . 0 l 
4 , 6 . J , . 23, 0. , I. l E-OG, 0. Ol, 0. , 0 ., 0., 0. , () . 
0 , 0 ,0,0, 0, 0 ,0 
l, 0 , 0, 1 
0.010,4.? , 0 . 25, 7 . 0 , 0 .025, ?4.,0.00001,1.,0.,0 . 25 

7,328E+02 7.320£.+02 
7 . 328E+02 7.328E+02 
7 . 334E+02 7.334Et02 
3 .S39E+03 J.839E+03 
7 . 320E.t02 7 . 328£.+02 
7.329E+02 7.329£.+02 
7 . 908£.+02 7.908F.+02 
7.329E+02 7 . 329£.+02 
7.328£.+02 7. 328E+02 
7 . 328Et02 7 . 328E+02 
7.333E+02 7. 333E+ 02 
7.328£.+02 7.328£.+02 
7.328Et02 '1.328E+02 
7.328£+02 7 . 320E. t 02 
7.334E+02 7. 334E+02 
7 . 582E+02 7 . 582E+02 
8 . 494E+02 8.494E+02 
8 . 270E+02 9 . 270£+02 
8 .0&11':+02 8 .061E+02 
1.9SSEt03 1. 949£.+03 
7 . 357Et02 7.357£+02 
7.328£+02 7 . 328E+02 
1.334Et03 1. 334E+03 
I. 424E+03 1. 424E+ OJ 
'1.333E+02 7.333E+0<' 
7. 328E+02 7.320E+02 
7 . 320E+02 7.32SE+02 
7.3281::+02 7.328£.+02 
7.328Et02 7. 320E+02 
8 .2871::+02 0 .207£+02 
7 .328E+02 7.328E+02 
7 . 3JOE+02 7.J30E:t02 
7.3291':+02 7. 329E+02 
7.32SE+02 7.328£.+02 
7.710£+02 7.770£+02 
7 . 7S6Et02 7.756£+02 
7 .334E.t02 7.334£+02 
7 .401£+02 1. 40JE+ 02 
7 .401£+02 7.401Et02 
7. 401E+02 7 .401Et 02 
7 . 330E+02 7.330£+02 
7 . 320£+02 7.328E+ 0 2 
7.3G6E+ 02 7.3C6E+02 
7.709E+02 7.789E+02 
7 . G%E+02 7. 696Et02 
7 .343Et02 7 .343E+ 02 
7 . 342Et02 7.342E+02 
7 . 328Et02 7.328E+02 
7 .328Et02 7.3281':+02 
7 . 329£+02 7.329£.+02 
7 . 338£+02 1 . 338E+02 
7 . 330E+02 7.330Et02 
7. 32ar:+02 7.328E+ 0 2 
1.561E+03 1. 5C I E+03 
7 . 328Et02 7 .328E+02 
7 . 328E+02 7 .320Et02 
7.J34E+02 7.334£.+02 
7 . J4 3Et02 7.343E t 02 
'/.334E+02 7.334Et02 
2 . 044E+03 2 .044Et 0J 
7.357 £+03 7 .357Et03 
7. 320Et02 7.328£.+02 
1 . 328E+02 7 .320Et02 

Attachment A to Appendix F 
26 

6.340E+OO 
3.246Et01 
1.525E+00 
1. 081E+OO 
0. 44SE.t·OO 
1 . 231E t00 
4.617E-01 
3.820E+00 
2.955E+OO 
4.637E+01 
I. 775E+00 
1. 097Et01 
1.266E+ Ol 
l . 26CE+O l 
l.S25Et00 
3 . 660E+ 01 
S.277E-O I 
5 . 224£-01 
1. 249E-01 
1.255£+00 
7 . 206£-0 1 
&.44SE+00 
l. 775£+(10 
1.362Et00 
l. 775E+OO 
1.266Et01 
8 . 431Et0 l 
8 . 445£•00 
1 . 097£+01 
2 . 459E:+OO 
5. 4 98£ tOO 
2 .566£+00 
7 . 60 4E+UO 
1. 89SE+ OI 
I . 0~7Et 0 1 

1. 645E+O l 
1.4HEtOO 
4 . 928E- OI 
4. '•20£-0 1 
4 . 928£.- 0 1 
2. 605E+ 00 
2 .4 CBE+O l 
6. 1 44~~- 0 1 

4.365£-01 
4 . 244£-0l 
9 . 609£- 01 
9 .609£-0 1 
2 . 488E+ Ol 
2 .4 8BE+Ol 
2 . 030£+ 00 
1.201£•00 
4. 637£+ 02 
2 . 825E t 0 1 
3. 526£+00 
3 . 246E<Ol 
2 . !l25E+01 
1.525Et 00 
9 . C09E.-01 
1. 52SEt00 
l. 981Et00 
2 . BG7E+OI 
1.434£+01 
l. S l ~E+ O l 

) 



) 

) 

- - Input f'il e : 
102,Antimony 
104 , Bariwn 
106, Boron 
I 09, Chromium-III 
ll8 , Lcild 
12 1,11anganeee 
123,1·!o l ybdenum 
123, Selenlum 
lJl , Strorotium 
134 , Tin 

BRCOCF . OAT 
O. OOE+00,4. 00E-04,0.00E+00,0.00Et00 
0 .00Et00, 2 . 00E-Ol,O.OOE+00,0. 00Et00 
O.OOEt00, 2 .00E-OJ,O.OOEtOO, O. OOEt00 
O.OOE+OO, O.OOE +OO,O.OOEt OO,O. OOE+OO 
O. OOEtOO, O. OOEt OO,O.OOEt OO, O.OOEt OO 
O.OOE+00,1.40E- OJ,0 . 00E t OO,O.OOE+00 
O. OOE+00, 5. 00E- OJ , O. OOE+00,0 .00Et00 
O.OOEt00, 5 .00E-03,0.00EtOO, O. OOEt00 
O.OOE+00,6.00E-OI,O .OOE+OO,O.OOE+OO 
O.OOEtOO, G. OOE- Ol, O. OOE+OO, O.OOEtOO 
O.OOE+OO,S.OOE- OJ ,O.OOE+OO, O.OOE+OO 
O.OOE+00, 3. 00E- 03 ,0 . 00Et00,0 . 00Et 00 
O. OOE+00, 3 . 00E-OJ,0 . 00E t 00,0.00Et 00 
O. OOEtOO, J .OOE-03,0.00E+OO,O.OOEt00 
O.OOE+OO, J . OOE-03,0.00E+OO, O.OOE+00 
O. OOE+OO, J.OOE- 03,0.00E+OO,O.OOE+00 

136, Va nildi un 
140,U-233 
14l , U-234 
142, U-235 
143,U-236 
144 , U-2J8 
501 , 24- 0 
502 , 245-TP(Silvex ) 
503, Acenclpl1thene 
504,Acenaphthy1ene 
SOS, Acetone 
506, Acel\tOllitrile 
507,clcetopheno ne 
508, Acrolien 
509, Acyloni tt l e 
510,Aldtin 
51J,Aroclorl221 
514, At oc lotl232 
520,B<-nzeoe 
S2G,Benzoi c - Ac id 
527,B~n zyl -Al coho l 
528 , benz idine 
529, Alpha-liiiC 
530, Bet.t- BIIC 
~31 , I:J<:lt"-BHC 
533,Bromodi chloro 
534, Dt flrrl o f ot-11 
535, Bromometh 
~37,buty l benzene 

539,Carbazole 
540, C.tt bonOi S 
5 41, Cdtbo ratetchl 
542, Chloldanc 
543 , C1olorot>.;nze ne 
S44, Chloro fo t m 
545, ChJ OL(>!Teth 
548 , 0-Ciolo ro'ftt 
~50 , ,,, -ctec~.-.1 

55l , o- cresol 
5S2 , p-c t e !io l 
55J, Cur .ene 
554,Cyanide 
555, 00[0 
sse, nnE 
558, Dlnbutylphtloalat 
560 , DibE-nz (ah] 
Sfl l, Oi bell zo ftn-an 
S62 , Dilnon.ochl o t o 
563,1 2Di c hl oco 
564,1 3Dich l o ro 
56~, , 14 Dichlo t o be nz t- •• 
571,12c l s Dichl or o 
572 ,1 2 t ran~Dichl 

57J , Dic hlotodi flo 
574, 12Dic lolp!·op 
57!i , OieJdtin 
57G, Diothyl phtlo 
577 , 12l>H:e tloylB 
579 , 2•1-0irr.e t hyl phe 
sso, Oito.ethylphtlo 
~82,24Dinitcotoluene 

51:'3 , 26Dini t t o tolur.:nC" 
585 , Er1dncu l fan I I 
SSG , End Lin 
587 , A.ldeh\•de 
588 , KCt \JIIe 
589, Etloylbe roz 
590 , Elhy \ chloci d 
593 , Heptarhloc 

O.OOEt00,1. 00E- 02 , 0 .00EtOO, O. OOEt 00 
O. OOE+OO, S . OOE-OJ,O . OOE+OO, O.OOE+OO 
0 . 00Et00, 6 . 00E- 02 ,0.00E+OO,O. OOE1 00 
0 . 00Et00, 6 . 00E- 02,0.00Et00,0. 00Et00 
O. OOE+00, 9 . 00E-Ol,O . OOE+00, 0.00Et00 
O. OOE+OO, O. OOEt OO ,O.OOE+OO,O. OOEtOO 
O.OOEtOO,J. OOE- Ol ,O.OOEtOO, O.OOEtOO 
O. ODEt 00, 5. 00E- 04,0.00E tOO,O.OOEt 00 
5 . 40E-0!,4. 00E-02,0.00Et00,0. 00Et00 
1. 70Et01, 3.00E-05,0 . 00E+00, 0 . 00Et00 
2 . 00E+OO , O. OOE+00, 0.00EtOO, O.OOE+00 
2.00Et00 , 0 . 00E+OO ,O.OOE+00, 0.00E t00 
5 . 50E-02 , 4 . 00E- 03,0 . 00EtOO, O. OOE+00 
O. OOE+ 00, 4 . 00Et 00, 0. 00Et OO,O. OOEoOO 
O. OOEtOO,i. OOE-O l,O. OOE t OO, O.OOEtOO 
2 . 30E+02, 3.00E- 03,0.00E+OO, O. OOE+00 
6 . 30Et 00,8.00E-03, 0.00Et00,0.00Et00 
J. 80EtOO , O.OOE+OO , O.OOE+OO, O. OOEt00 
1. 80E+OO, O. OOE+OO ,O . OOE +00, 0 . 00Et00 
G. 20E-02, 2 . 00E-02,0.00E+OO, O. OOEo OO 
7 . 90E-03, 2.00E- 02,0. 00EtOO, O. OOE+ 00 
O.OOE+00 ,1 .40E-03,0. 00Et00, 0 . 00Et00 
O.OOE+OO , S.OOE-02 , 0.00EtOO,O.OOEt00 
2 . 00E-02 , 0.00E+OO, O. OOEtOO, O. OOEt00 
O. OOE+OO,l . OOE-Ol , O. OOE+OO,O . OOE+OO 
7.00E-02, 4.00E-03, 0 . 00Et00, 0 . 00E100 
3 . 50E-Ol,~.OOE-04,0.00E+OO ,O . OOE• 00 
O . OOE+00 , 2.00E-02 , 0. 00E+OO, O . OO~ t 0 0 
3. 10E-02,1 .00E-02, 0.00E+00,0.00Et00 
O. OOE+OO,O.OOE+OO, O. OOC+OO , O. OOEtDO 
0. 00Et 00 , 2 .00E-02,0.00E+OO, O. OOEoOO 
O. OOE+00, 5 . 00E- 02 , 0. 00Et00, 0 . 00Et00 
O. OOE t00, 5 .00E-02, 0. 00EtOO,O . OOE oOO 
O.OOEtOO,J. OOE-Ol , O.OOE+OO , O. OOEtOO 
O.OOEt OO,i. OOE- Ol , O.OOE+OO , O. OOE+OO 
O. OOE+OO , G. UOE-04 , 0.00Et00,0.00Et00 
2.40E-01 , 0.00EtOO,O. OOE+OO, O. OOEo00 
J.40E-OJ,O.OOE+OO, O.OOE+OO , O. OOE+ 00 
0 . OOE+OO , I. OOE-01, 0 . OOEt 00,0. OOE•OO 
7 .30Et00, 0.00EtOO,O. OOEtOO, O. OOEt 00 
O.OOE t OO,l. OOE- 03 , 0.00Eo OO , O. OOEt00 
8 .~ 0E-02 , 2.00E-02 , 0 . 00E+00 , 0 .00E o 00 
O. OOEt00 , 9.UOE-02 , 0.00E t OO , O. OOEoOO 
0 . 00Et00 , 8. 90E-02, 0.00E+00,0 . 00Et00 
5 .40E-03, 1 .00E-02,0. 00E+00, 0 . 00Et 00 
O.OOE>U0,2.00E-OJ , O.OOE+OO , O. OOE+00 
O. OOE+00 , 2 . 00E- 02 , 0.00EtOO,O . OOEt00 
O.OOE >00 , 2.00E- 01 , 0.00E+OO, O. OOE+00 
J.60E-02 , ~.00E-02 , 0.00Et00 , 0 . 00Et00 
1 . 60E+OJ,S .OOE- 05, 0 . 00Et00,0 . 00Et00 
O.OOEt OO , O.OOE-Ol,O. OOE+OO, O. DOE t OO 
O. OOE+00,2.00E-0 l,0. 00Et00 , 0 . 00Et00 
O.OOE>00,2.00E-02 , 0 . 00Et00, 0 . 00Et00 
O. OOE t OO,l. OOE+O l,O. OOEtOO, O. OOE•OO 
J . lOE-01, ~ . 00E-03, 0 . 00E oOO , O .OOEt OO 
O.OOEtOO,l.OOE-03 , 0.00EtOO,O.OOEtOO 
O.OOE+00 , 6 .00E-03, 0.00E tOO, O. OOEo 00 
0.00£+00 , J,008-04,0. 00EtOO, O.OOE+OO 
O.OOEtOU,3.00E-04, 0.00E+OO, O. OOE oOO 
O.OOEt00 , 3.00E- 04, 0.00Et00,0 . 00E t 00 
1.10E-02,1. 00E-01, 0.00E+00,0.00Eo00 
O.OOEtOO,O.OOE+OO,O.OOEtOO, O. OOE t OO 
4. 50E+00, 5 .00E- 04,0.00E+OO, O. OOE+00 
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594,Heptachlor- epoxd 
595,He xnchlo robenze n 
596 ,11exachloroe thane 
597 , tlhcxane 
598,lhexanol 
599, 211exanone 
60l,Isophorone 
G02, Lir1dane 
603, 1-:ethor.al 
605 , He thchlo ride 
G06 , t·le thylcyclo 
607 , !:e thyl ! so 
608 , l·~!etacryl ~'te 
609, 1-:e t hylEthylB 
610 , 2He t hylnaptha 
611, l-:eth~•1Pro!->ylB 
GI 2,Napht halene 
614, 411itrobenzE'naroi ll 
615,llilrobenzene 
GI6, 2Ni t r ophe nol 
61 7, 4tlitrophe nol 
GIS,NnittoNpt opyl 
619, lltli lrosodi l)hen 
622 ,Phe tlo l 
G23 ,PropylB 
624, PropGlycol 
C26, Pytidine 
627 , Sty t e ne 
G28 ,111 2Tett a 
G29 , 11 22Tetta 
G30 , Tettachlo t <>eth<-n 
G31, 2346Tetrachl o• 
G32 , To luene 
G34 ,124Trichlo tb 
637 , 'i'r i c hlo ro tl'the,,e 
G39, TiiChl oflo 
641 ,24 6-Ttich l ot ph•~ 

G42 , 12JTriChlopr 
643, Tti111.-thben2 
G44, I 2 4t 1 i rr., t hyl b 
645, 135Tril<.et h 
646, Vi hyl - Chl orir!"' 
G4 7, Xyl<'lle 
122, t~~rcur\' 

702, Endot:ulfan 
70 .l, 14Di c llloro 

9.10EtOU, I . JOE-05,0 .00EtOO ,O.OOE~OO 
1. 60E+OO , O. OOE-04 , 0 .00EtOO ,O.OOE+00 
4. 00E- 02,7. 00E-04,0.00E+OO, O.OOE+00 
0.00Et00 , 6 . 00E-02 , 0 . 00E+OO,O.OOE~OO 
O.OOE+00,4. 00E-02 , 0 .00E+OO, O.OOE+00 
O.OOE+OO,S.OOE-03 , 0. 00EtOO, O. OOEtOO 
9.50E- 04 , 2 . 00E-01 , 0.00EtOO,O.OOEt00 
1 .10E+00,3.00E-04 , 0.00E+OO, O. OOEt00 
0.00Et00,5 . 00E-OI, O.OOE+00,0.00Et00 
2 . 00E-03, 6 . 00E-03, 0.00E+OO,O. OOE<00 
O.OOE+00 , 6 . 00E-02 , 0.00Et00,0.00Et00 
0.00E t 00 , 8 . 00E-02 , 0.00E+OO,O . OOE~OO 
O. OOE+00,1.40E+OO,O.OOE+OO,O.OOE;00 
O. OOE+00, 3 . 70E-02 , 0.00EtOO,O.OOE 100 
O . OOEtOO, ~ . OOE-03 , 0 .00E+OO ,O. OOE+00 
O. OOE+00 , 3 . 70E-02,0.00E+OO,O.OOE+00 
0 . 00Et00, 2 . 00E-02, 0.00E+OO, O. OOE+ 00 
2.00E-02 ,4 . 00E-03,0.00EtOO,O.OOE;OO 
O.OOE~00 , 2 . 00E-03 , 0 . 00E+00 , 0 . 00E t00 
O. OOE<00 , 6 . 20E-02 , 0.00E+OO, O.OOE+00 
O. OOE+00 , 6. 20E-02,0.00E<00, 0 .00Et00 
7.00E+OO, O. OOE+OO , O.OOE+OO,O . OOE<00 
4.~0E-03, 0 . 00Et OO, O . OOE+OO,O . OOEt00 
O. OOE+00 , 3.00E-01 , 0.00Et00,0. 00Et 00 
O.OOE+OO, J . 70E-02,0.00E+OO,O . OOE<00 
O. OOE<00 ,2 . 00E<01, 0 . 00E+00, 0 . 00Et00 
O. OOE+00,1. 00E-03,0.00E+00,0.00Et00 
O.OOE+00, 2 . 00E-OI, O.OOE+OO,O.OOE<00 
2 . 60E-02 , 3 . 00E- 02 , 0.00E<OO,O.OOE<00 
2 . 00E- 01 , 2 .00E-02, 0.00E+OO , O. OOE<00 
2 .10E-Ol , G. OOE-03, 0 .00EtOO,O . OOE+00 
O.OOE+OO , J.OOE-02,0.00E t00,0. 00E+00 
O.OOEt00, 8 . 00E- 02 , 0 . 00E+OO , O. OOEt00 
2. 90E- 02, 1. 00E-02 , 0.00EtOO,O.OOE+00 
4.60C-02 , 5 . 00E-04, 0.00EtOO,O.OOE t00 
O.OOEtOO, J . OOE-O I , O.OOE+OO,O . OOE tOO 
I.IOE-02,1.00E-03 , 0.00Et 00,0 . 00Et00 
J . OOE 10 1, 4.00E-03,0.00Et OO , O. OOE tOO 
Q.OOE+00 , 5.00E-02 , 0.00EtOO,O . OOE t 00 
O.OOE+OO , O. OOE+OO , O.OOE+OO , O. OOEtOO 
O. OOEtOO, I . OOE-02 , 0 .00EtOO, O. OOE<00 
7 . 20E- 0 1, 3 . 00C-03 , 0 .00E100, 0.00E t00 
O.OOE t00, 2.00E- OI, O. OOE+OO,O . OOE<00 
O. OOEt00, 3 . 00E-04, 0.00EtOO, O.OOE;OO 
O.OOE+OU,5. 00E-02 , 0 .00Et OO , O. OOE•00 
2 .~ 0E- 02 , 6.00E-03,0 . 00 E<OO ,O . OOE~OO 

-- Input fil e : Ill'n:TR'l. [•Jo.T 

102 , I .OOEt i O, 1. 670Et0G , 0 , 0 , 0 . OOOf: 100, 
104 , 1. OOE-t1 0 , I. C70E t 06 , 0 , 0 , 0 . OOOEt 00, 
l OG , I. OOEt l O, I. 670E+OG, 0, 0, 0 . OOOE<OO , 
1 0~. 1. 00Et 10, I, 670E+OG, 0, 0 , O. OOOE t OO , 
I 18 , I. OOE+1 0 , I. 670E t 06 , 0 , 0, O. OOOEiOO, 
121, I.OOEt!O, I. 670Et OG , 0 , 0, O.OOOEtOO, 
113, I. OOEilO , I. G70E t06, 0 , 0 , 7 . £GOEt04 , 

128, I. OOE+l O, I. 670E t 06, o, 0 , O. OOOE+OO, 
131, I.OOEt i O, I , 670Et OG , 0 , 0, 0 . OOOE<OO, 
IJ4, 1. 00E t10, I . 670E+06, o, 0 , O. OOOEtOO, 
136, J. OOEt! O, I. 6?0E I OG, 0 , 0 , O. OOOE tOO, 

140, I. 59E t 05, I , 67(1E< 06, o, 0, 0 . OOOE• 00, 

141' 2 , 44E< 05, I . 670E t0~, o, 0, 0 . OOOEtOO, 
} 1J2 , 7 . 04Et08, I , 670E+06, 0 , 0 , O.OOOE+OO , 
14 3, 2 . J 4Ei 0? , I . 6'/0E ;OG, 0, 0 , O. OOOEtOO, 
144, 4.47£+ 09 , J. OOE106, 0 , 0, O. OOOEtOO, 
SO l , I. OOEt i O, I . 670E+06, 0 , 0 , 6 . 820t:+02 . 
502 , I. OOEt 10, I. 6'/0E tOG, 0 , 0, 2 . 000E<02, 
503 , I. OOE+ l O, I. 670Et06, 0 , 0 , 3 .420Et00, 
504 , 1. OOE1t0, I. !\70t:+OG, 0 , 0, I . CI0E t01, 

50S, I. OOEt l O, 1. 670E<06 , 0 , 0 , O.OOOE+OO, 
~06, 1. OOEt I 0 , I . 6?0E~OG , 0 , 0 , 1. 000E t06 , 

507 , I . OOE+ 10, 1. 670E ; 06, 0 , 0 , 6 .130Et03, 
5 08 , I. OOE+ IO, I. G70E+06, 0 , 0, I . 200E<04, 
!JO~ , 1 . 00Et10, I . G70E~06 , 0, 0 , 7 .4 50EtM, 

5 10, I. OOE~10, I. 670Et06 , (1 , 0, 1 . 700E-02, 
~ 1 3, I . OOEt i O, I. 670E~OG , o, 0, 4. B30Et00 , 
~ 14 , I . OOE+ 10, 1. (;70E I 06, 0 , 0, 4. 030Et00, 
';?0 , I. OliE+lO, I . !\70Et0G, 0 , (l , O.OOOE ;OO, 
!:.2G, l.OOEt 10, I . G701::+06 , 0 , 0, 3 . ~00Ei03 , 

527 , I. OOE< I 0 , 1. 670Et 0G, 0 , 0, 4 . 2'10E<04, 
528 , I.OOEIIO , I. 67l1Et0G, 0 , 0 , J.220E 102, 

529, I . OOE:< 10, 1. 6"/0E I 06, 0, 0, 8 . 000Et00, 

0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
o, 
0 , 
0 , 
o, 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
o. 
0, 
0 , 
o, 
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Antin:•.:my 
8..1 r iura 
Bot on 
Chromium 
Lear! 
t·t3ng tme!;e 
1-: . .-.1 ybdenum 
Se lc-ninm 
Stro ntiw., 
Tin 
Vanadim t 
U-233 
U-234 
u-23~ 
U-23G 
U- 238 
24-D 
24 5- TP 
Acenaphthenfo 
Acenaphtliylen~ 

Aceto ne 
Ace t1 t oniLrile 
dCCt Opl t~IIO ite 

Ac t o lien 
Acylonit tle 
Ald ri n 
Aroc l c.r l 221 
At oclor l 232 
Be nze ne 
Denzt.''llic 
Benzyl 
benzi<.lint 
Alpha-BitC 



530, l.OOE+ 10 , 1. 670E+06, 0 , 0 , 8 . 000E+00, 0 , Be t a-BHC 

531. I. OOE+ I 0, 1 . 670E+06, 0, 0, 8 . OOOE+OO, o, Oelta -BHC 

533 , 1. OOE+ 10 , 1. 670E+06, 0 , 0 , 3 . 030Et03 , 0 , Br<>:nodic hloro 

53·1, 1. OOE t 10 , 1 . 670Et06, 0 , 0 , 1 . 000Et02 , 0 , Brcmof orm 

535 , I. OOEt I 0 , I. 670E+06, 0, 0 , 5 . 200E+03 , 0 , Bromome th 

537 , 1. OOE+10 , 1. 670E+06, 0, 0, 6.130E+01 , 0, butylbeuzene 

53 9 , I. OOE+10, I. 670E+06, 0, 0 , 1 . 800E+00, 0 , Carbazol e 

540 , 1. OOE+ 10 , 1. 670Et06, 0, o, 1.180E+03 , 0 , Ca tbonDiS 

541 , I. OOE+ I O, 1 . 670Et 06, 0 , 0 , O.OOOEtOO, 0, Carbontetchl 

542 , 1. OOEt 10 , I. 67 0E+06, 0, 0 , S . GOOE-02 , 0 , Chlorda ne 

5 43 , 1. OOE+ I 0 , 1. 67 0E+06, 0, 0 , 4. 900E+02 , 0 , Chlorobenzen e 

5 44, I. OOE+ 10 , I. 670E+06, 0, 0, 0. OOOE+ 00, o, Chloro f o un 

54!:. , I. OOE+ 10 , I. 670E+06, 0, 0 , 5 . 320E+03 , 0, Chlor<.)meth 

5 •l 8 , 1. OOE+I 0 , 1 . 67 0E+06, 0, o, 3 . 740E+02 , 0 , O-Ch1oroTu 

550 , J.00Et10, I. 67 0Et0 6, 0 , 0, 2 . 270E+04, o, m- c resol 

551 , l. OOE+10, I. G7 0E+06, 0, 0, 2 . 5~0Et04, o, o-cresol 

552 , J. OOE+ 10, I . 670E+06, o, 0 , 2 . 150Et 04 , 0 , p- c resol 

55) , 1. 00Et10, I. 67 0Et 06, 0 , 0, G. 130E t 0 1, 0 , Cumene 

554 , I. OOE+10, I. 6701':+06, 0 , 0, 1 • OOOE+06, 0, Cya nide 

555, J. OOEt 10, 1. 670Et OG, 0, 0 , !I.OOOE- 02 , o, 0 [10 

55G, I. OOE+ 10, I. G70E+06, 0, 0, 4 . 000E-02 , o, DOE 

558 , I. OOE+I O, I. 670E+06, 0 , 0 , O.OOOE+OO, 0, Dinbuty1phtha1at 

!.GO , I .OOE+ 10 , 1. G70Et 06, o, 0 , 1 . OJOE- 03, 0 , Oi benz [ah) 

56 1, I. OOE+lO, I. 670E+ 06, 0, 0 , 3 .100Et00, o, Oibenzo futan 

562 , I. OOE+ 10 , I. 670E+06, 0 , 0 , 2 . 700Et03, 0, Di bromochloro 

563 , I .OOE+IO, 1 . 670Et 06, 0 , 0 , 8 .0001':+01, 0, l 20ichl o r o 

5G4, 1. OOE+ 10 , 1. G70E+06, 0 , 0 , 1. 250E t 02, o, 13Dichlo r o 

565, I. 00E t10, 1. 670E+06, 0 , 0 , 8 .130Et01, 0 , 14Dichloroh<:' to zen 

571, 1. 00Et 10 , 1. 670Et06, 0 , 0 , 3 . 500Et03, o, 12cisDi c hloto 

!i72 , 1. 00Et 10 , I . C70E+06, 0 , 0, :l . S00Et03, 0 , 12t r ansDichl 

573 , I. 00!:+10 , 1. 670Et OG, 0 , (1 , 2 . 800E+02 , 0 , Dic hl o t odi fl o 

57 4, I. OOE t 10 , I. C7 0Et 06 , 0, 0 , 2 . !100Et 03, 0, 12Dichlpror 

515 , 1. 00Et 10 , 1. 670E+06, 0 , 0 , O.OOOEtOO, 0 , Di e l d ri ro 

!:.7G, I. OOE t I 0 , 1. 670E t 06, 0, 0 , I. 080Et 03, 0, Diethylphth 

511 , I. OOE t 10 , I . 67 0E+ 06, 0, (1 , 2 . 200!:+02 , o, 12DWe thylB 

57~ . I. OOE t 10 , I . 67 0E+06 , 0 , 0 , 7 . 870 E+ 03, 0, 24-Dit. ethyl j •he 

500 , I. OOEt I 0 , 1. 670Et 06 , 0 , 0 , 4 . 000Et03, 0, Dilr.Cth y l p hth 

502 , I. OOE t 10 , I . 67 0EtOG, 0 , 0 , 2 . 700E t 02, 0, 240inltto loluene 

!183 , I. OOE+IO, J. C70Et 06, 0, 0 , 3 . 520E:t 02, 0, 26Dinit t o t o lue ro<:' 

58~ , I. OOE+ 10 , I. 67 0Et 06, 0, 0 , 4. 5008-0 1, o, Endosu fan1 I 

586, l. OOE tiO, 1. G70E:+06 , (1, 0 , 2 . ~00E-01 , 0, Endrin 

507 , I. OOE+10, 1. 67 0E+ 06 , o, 0 , 2 . 500 8 - 0 1, 0, Alde h yde 

588 , 1. OOE t 10 , 1. 67 0Et06, o, 0 , 2 . 500E-OJ, 0, Ke t o ne 

589 , I. OOEt I 0 , I. C70E+ 06, 0 , 0 , I . 690E+ 02, 0 , Ethyl beu z 

5!.10 , I. OOE:+ I 0, 1. C70Et 06, 0 , 0 , 6 . 700E+ 03, 0, Ethy l c hlotid 

593 , 1 . 00Et 10 , I. 670E t 06, 0, o, I. SOOE-01 , o, Heptdohlor 

594 , I . OOE+ 10 , 1. G70E+06, 0 , 0 , 2 . OOOE-01 , 0 , Hept achlo t 

595 , 1. 00E t10, I. G7 0Et 06, 0, 0, G. 200E-03, 0 , Hexachlo t obenzen 

5!16, I. OOE+lO, 1. 670E+OG, 0 , 0, 5 .000E+OI, 0, Hexachlot oethane 

!i~7 , I. OOEt I 0 , 1. C70Et 06, 0 , 0 , ''1. ~OOE+ OO, 0, llhexa ne 

598 , I .OOEt 10 , I . (.70E+06 , 0 , 0 , S . 900Et03, o, 1hexano l 

5Q~ , l. OOEt 10 , I. G70E+06 , 0 , 0, 5 . 900Et03, 0 , 21aex ~lnone 

601, I .OOE+IO, 1. ()70E t 06, 0 , 0 , O.OOOEtOO, 0 , I~ophoronc 

602 , 1. OOEt 10 , 1. 670E t 06 , 0 , o, O. OOOE • OO, 0 , Lindaue 

603 , 1. 00Et10, I . C70E+06, 0 , 0 , 1. 000Et06 , 0 , l·!e t ltonal 

605, I. OOE< I 0 , 1. 6708+06 , 0 , 0, 1 . 300E+04, 0 , l·!e thchlot i de 

G0 6 , J. 00f: t1 0 , I. 670Et OG , 0, 0 , 1 .400E t 0 1, o, r·:c thylcyc l o 

60 7 , I. OOE+ 1U, I . C70E+ 06 , 0 , o, I. ~00Et04, 0, ~!ethyl ! ~o 

GOG , 1. 00Et 10 , 1. 670E+OG , 0 , 0, 1 .5U0Et 0 4, 0 , 1-(!!e t acryl dte 

609 , 1. 110 E:t 10, I . G7ftE+06 , 0, 0 , 6 .1 001':+0 1, Q, r~e lhylE:tl,y lD 

6 10 , l. OOE< IO, 1. C7 08+0C, 0 , 0 , 2 . 46UE:+01 , 0 , 2H.,thylnaptha 

6 11. 1. OOE:+ I 0 , I. 67 0E:t06 , 0, 0 , 6 .1 00E+OJ, 0 , W·tl1ylPcopyl D 

G12, 1. 00Et10 , 1 . C'/OE+06, 0 , 0 , O. OliOE t OO , 0 , Ndpltllld 1ene 

Gl4, I. OOE+ I 0 , I. G? OE+OG, 0 , 0 , I . 07 UE- 05 , 0 , 4tlit I'Oben z<"uami u 

G15 , 1. OOf: t 10, 1. 6708 •06, 0, 0 , :t . 090Et03 , o, Nit rober1 zene 

GIG, l. OOEt10, 1 . 670E+ OG , 0, 0 , 2 . ~00E t 03 , o, 2lli t rophenol 

617, I. OOEtiO, I. G70E+ 0 6 , 0 , 0 , 1. l GOE+0 4, 0 , 411i t• ophenol 

G1 0 , I .OOEnO, l. 67 0Et0G, 0 , 0 , O. OOOE:+OO , 0 , !lui tro Nvu, pyl 

C19 , I . OOE+10, 1. 670E+OG, 0 , 0 , 3. SOOE +OI, 0 , tlNi trosodiphen 

622 , l. OOE t 10 , I. 670Et06 , n, 0 , ~.300Et04 , 0 , Phe nol 

623 , l. OOEt iO, 1. ()70Et06 , 0 , 0 , G.IOOEtO I, 0 , PropylB 

C24, I. 00Et 10, 1. C70EtOG, 0, 0 , I . OOOEt OL, o, PropG 1 ycol 

62G, l. OOE t 10 , 1. G70Et06 , 0 , 0 , J. OOO£t06, 0, Pyr idir.e 

621 , I. OOEt 10, 1. 6708+06, 0, 0 , 3 .1008 •02 , 0 , Styr.,nc 

~20 , I. OOEt 10, 1. 670EtOG, 0, 0 , 1 .0708+03, o, 1112Tetra 

629 , 1. OOt;t 10, I . G70E·t 06, 0 , o, 2 . 070E+Ol, 0, 11 22T"ll'' 

GJO , 1. 00Et10, 1 . 670Et06, 0 , (1 , O. OOOEt OO , 0, Tetrac hJ otoethe n 

63 1, I. OUE+I O, 1. G70E+06, 0, 0 , 2. JOOE+O I, 0 , 2346Tettnc hlor 

G32 , I. OOEt lO, I . 6708+06, 0, o, O. OOOE t OO , 0 , TolUe iiC 

634, I. OOE+ IO, I. 670E:+OG, 0 , 0 , 5 . "/00EtOI, 0, 124Ttichlot h 

C37 , I. OOEt 10 , I . 670E t06 , U, o, 0 . 000~~· 00 . 0 , Tr i cl 1l oroetl1ene 

) 
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639 , 1. OOE• 10, 
G4 1, I.OO!:tlO, 
642, 1.00£+1 0 , 
G4 3 , I . OOE t lO , 
644, 1.00£+10 , 
645, 1.00£+10, 
646, 1.00£+10, 
647, 1 . 00Et!O, 
122, 1.00Et10, 
702 , I .00£+10 , 
703, J.OOE+ l O, 

-- Ioopllt Pil e : 
l02, - 1 . 900E+01, 
104,-5.500E t0l, 
106,-J . OOOE+OO, 
109,-J . OOOEo01, 
11 8,-1 . 000£+02, 
121, -2 . 000Et02 , 
123 , -2 . 000£+ 01 , 
126 ,-1. 500£+01, 
13 1, - 1. J50E t 01, 
IJ4,-2 . 500Eo00, 
I 36, -I . 000£+02 , 
140 , -4 .000E 10l , 
14 J,-4 . 000Eo01, 
I •12, - 4. 0001::+01, 
14 3 , -4 .000Et01, 
1 44 , -4 . 000~:+01, 

501,-S . BSOE-02 , 
502 , -I. 608£-01' 
~03 , -9. 200f:+ 01, 
504,- 1 . 220E t 0 1, 
505,-4.400£-02, 
506,-1. 540£-03 , 
507 ,-9 . 24 01:-02 , 
508 , -2 . 780F.- 03 , 
509,-4.4401:-03 , 
510 , -9 . 740E+01, 
51J , -1 . 200E t02 , 
~ 14,-l . 500E t 01, 
520 , - 1. 700E+00, 
526,-1. 200£-03 , 
527. - 3 . 130£- 02 . 
528 , -~.480£ 1 00 , 
529,-3 . 520£+00 , 
530,-4 . 280E+OO , 
S31 ,-4. 280E+00 , 
53J ,-J .080E-02, 
~34 , -2 . ~20E-0 1, 
535,-2 . 830£-02, 
~37 ,-I .G30Et00, 

539 , -6 . 780£ 100 , 
540 ,-1.0JOE- 0 1, 
5H , - 2 . 200F.+00 , 
542 , - 1 . 730£102 , 
543 , -4.J60E-01 , 
5 44 , -c. 200E-o 1, 
54~ •• -2 . 660£-02 , 
548 ,-B. SCOF.-01, 
550 , -~.560£-02 , 
551 . - I . 020£- 01' 
552 , -9 . 220£-02 , 
553,-1. 650£100, 
554 , -9.900£+00 , 
~5S , -!) .1 60E t 01, 

55G,-1 . 7J OE100, 
s~a . - t. ooo~~-o6, 

560 ,-3 .580Et03 , 
!>61,-2 . 260Et02, 
5G2 , - 1 .410E- 01, 
563, - 7 . 580£-01, 
51>4 , - 1. 606E t0 l , 
565 , - 1. 2J2E •OO, 
571' - 9 . 960£-01, 
572 , -7 .600£-02, 
~73 , - 1 . 3 70£- 02 , 

~74 , -!•. 400f.-02 , 
575 , - L 400E t 0 1, 
~7 6 , -2 . 520F:-01 , 
577 , - 4. OOOE-0 1, 

I . 670£+06, 0, 
l . 670Et0 6, 0 , 
I . G70Et06, 0, 
I . 670£+06, 0, 
1. 670Et 06 , 0 , 
I. 670E t06, o, 
l . 670£+06, 0 , 
l. 67 0Et06 , o, 
1. 670£+06, 0, 
I . 670Et 06 , 0, 
1. 670E+ OG , 0, 

RQS ITE.OAT 
I . ~OOEIOO, 1 .900£+01, 
5 . 500£+00, 5 . 500£+01, 
J . OOOE- 0 1, 3 . 000£+00, 
1. 000£+00 , l .OOOE+OI, 
I. OOOEt OI, I. OOOE+02, 
2 . 000E+OI, 2 . 000E+02 , 
2 . 000£+00, 2 . 000£+01, 
1. 500Et00 , 1. 500£+01, 
O. OOOEtOO, I . 350£+0 1, 
2 . 500£-01, 2 . 500£+00, 
I . OOOE+OI, J . OOOE+02 , 
7 . 000£-01, 2 . 000£+01, 
? . OOOE- 0 1, 2 .000E+OI, 
7 . 000£-01, 2 . 000£+ 01, 
7 . 000£-0 1, 2 . 000E+01 , 
1 . 000£-01 , 2 . 000Et01 , 
5 . 800£-03 , 5 . 880£- 02 , 
1. 608E- 02 , I . 600E-01 , 
~ . 200Et00 , 9 . 200Et01 , 
1 . 220£+00 , 1. 220£+01 , 
O. OOOEtOO, 4 . 400£-02, 
1.540£-04, 1 . 540£- 03, 
9 . 240£-03 , 9 . 240£-0 2 , 
2 . 780£-04, 2 . 760£- 03 , 
4.4 40£- 04, 4 . 44 0£-03, 
9 . 740£+00, ~ . 74 l1Et 0 1, 
1 . 200Et02, 1. 200£+02, 
I. SOOEt OI, I. SOOE• Ol, 
O.OOOE+OO, 1. 700Et00, 
I. 200£-04, l. 200E- 03, 
3 .1 30£-03, 3 . 130£-02 , 
5 . 480E-01, 5. 480£+00, 
3 . 520E-01, J .520E t00, 
4. 280E-OI , 4. 200Et00, 
4 . 280£- (t l, 4 . 280Et00, 
l. OOOE-03, I . OOOE-02 , 
2 .520£-02, 2 .520£- 0 1, 
2 . 830£- 03 , 2 . 83UE-02, 
I . 630E-0 I, I. 630£+00, 
6 . 780£-01, 6 . 780£+00 , 
I. OJOB-02 , I. OJOE-0 1, 
O. OOOE IOO , 2 . 200£+ 00 , 
1.7JOE+OI , 1. 730£+02, 
4.380F.-02 , 4.300£-01, 
O.OOOEoOO, 6 . 200E- 01 , 
2 . 960£- 03, 2 . BGOE-02 , 
B. BGOE-02 , S . SCOE- 01, 
9 .5GOE- 03 , \1 . 560£-02 , 
I . 820£-02 , l. 820£-0 I , 
9 . 220£-03 , 9 . 220£-02 , 
I . GSOE-0 1, l. G50E 100, 
9.900£-01 , ~.900£+00 , 
9 .160£ 100, 9. 160E+OI , 
I. 730£- 01, 1. 730£100, 
O. OOOEIOO, I.OOOE- 06 , 
3 . 580E+02, 3 . 50(JE 1 OJ , 
2.260£ 101, 2 . 260£+02 , 
I. 41 OE-02, 1. 41 OE- 0 I, 
7 . 5BOE-02, 7.~BOE-0 1, 

I.WCE IOO, I.G06E+01, 
I . 23?E-01 , l. 232E+ 00 , 
9 .960E-02 , 9 . 960£-01 , 
l . GOOE-03, 7. GODE-02, 
1. 370E- 03 , 1. 370£-02, 
9 .400E-03 , 9.400£- 02, 
O. OOOF.+OO, J .400E o01, 
2 . 520£-02 , 2 .520£-01 , 
4.600£- 02, 4.BOOE- OI, 

0 , 1. I OOE+03 , 
0 , 8 . 000F.+02 , 
0, l. 750£+03, 
0, 5.700£+01 , 
0, 5 . 700Et01 , 
o, 4. 820£+01 , 
0, 8 . 900F.+03 , 
0, I. 060Et 02 , 
0, O.OOOE+OO , 
0 , 4 . 500£-01, 
0, 8 . 130£+01, 

An timony 
Bat ium 
Bot on 
Chtomium 
Lead 
r-!angnne~e 

r.:olybdenum 
Sel enium 
St t o nti um 
Tin 
Van.ldium 
U- 233 
U-234 
U- 235 
U-236 
U- 238 
24- D 
245-TP 
Ace nJphthene 
Acer,aphthyleue 
Ace t oue 
Aceut ouitril e 
acet ophenone 
Ac t o l ien 
Ac yl o ni t r l e 
Aldr in 
Aroc1o rl 221 
At<>c1or1 212 
Benz (!one 
Benzoi c 
Be nzyl 
benzidine 
Alphd- BHC 
Beta -BfiC 
Delta-BHC 
Brorr:•Jdichlor .. f 
Bro:r'!o fotrn 
Bto:r.orr.eth 
buq•Juenzene 
Ca t bazo l e 
Ca t b<_mOiS 
c.u b.:>nl etchl 
Ch lotddiiC 
Chloroberazene 
Clo1o t ofot m 
Chlu co n,cth 
0- C:Itl Ot (JTU 
m-ct.eso l 
o - c teso l 
p- cresol 
Curr.ene 
cyar. ide 
DOU 
UOE 
Oi nbuty1phtloa1 a t 
Di benz (a h J 
Ojhe nzo furan 
Oibr<.·moch l otu 
120iclol oro 
13Dichlot o 
14 Dici\1 0 t uhcnzerl 
12c i s Dichlot·o 
12tt iHt'JOi ch 1 
Dic lo1o r od i fh> 
120i chlp!op 
Di~ldrin 

Die thylphth 
1 2Di t·!eth~' lll 

u, 
0 , 
0 , 
0 , 
0 , 
o, 
0, 
0, 
0, 
0 , 
o, 
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TriChlorlo 
246- Trich1o rophnl 
123TriCh1o)Jr 
Tr ior.et hbenz 
124t t imetloy1b 
1 J5Trime th 
Vinyl 
Xylene 
t·:erc ury 
Endosulfan 
I 40ich1oro 

) 



) 

) 

579,-2. 520 P.+OO, 2. 520E-01 , 2. 520Et00, 
580,-7 . 420E-02, 7 . 420E-03, 7 . 420E-02 , 
582 ' -l. 020E-0 I I 1 . 020E-02, 1 . 020E-Ol' 
583,-8.390£- 02 , 8 .390E-03, 8 . 390E-02 , 
585, -4. 080E 100, 4. 080£+00, 4. OSOE-0 1, 
566,-2 .1 60E+OI, 2. 160E+OO, 2 . 160E+01, 
587,-2.1GOE+Ol , 2 . 160£+01, 2. 160£+00, 
58B,-2 . J60E+Ol, 2. 160E+01, 2.1GOEIOO, 
589, -4. OBOE- OJ, 4. 080E-02, 4 . OSOE-0 I, 
590,-4 . 750£-02, 4 . 750£-03, 4. 750E- 02, 
593,-4. 800E+01, 4.800E100, 4. 800£+01 , 
594,-J . 730E+O I, 1. 730£+00, 1.7JOE+01, 
595,-J.J OOE102 , J.I OOE+Ol , 1.100E+02 , 
596, -3 . 5G0Et00, 3.560£- 01 , 3 . 560£+00, 
597 , -2 . 980£- 0l , 2. 980E-02, 2 . 900E-01 , 
5~8,-2 . 600£-02 , 2 . 600E- 03, 2.600E- 02, 
599, -2 . 600£- 02 , 2.600E-03, 2 . 600E-02, 
601 , -J. 700EIOO, O. OOOE+OO, 1.700E+OO, 
602 , -6 . 760Et00, 6 .760E-01, G. 760E+00, 
G03,-2 . 000E- 03, 2.000E-04 , 2 . 000E-03, 
605,-4. 340£-02, 4 .340E- 03, 4 . 340E- 02, 
606,-1 . 990E-Ol , O.OOOEI OO, O. OOOE+OO, 
607, -4 . 700E- 03, 4. 700E-04, 4 . 700E-03, 
608 , -2 . 000E- 02, 2.00DE- 03, 2 . 000E- 02, 
609

1 
- 1 . 650E 100, I. GSOE- 01 , 1. 650 E+O O, 

610, -5 . 940E+OO, 5 . 940E-01, 5 . 940£+00, 
GI I, -J . G50E+00, 1 .G50E-01 , J . 650Et 00 , 
612,- 1.900E101 , 1. 900E+00, l.'•OOE+Ol , 
Gl•I,- 3 . 440E-Ol , J .HOE-02, 3 . 440E-OI , 
6 15, - 1.290E-Ol, J.290E- 02 , !. 290E- 01, 
616,-7 . JOOE-01, 7 .100E-02, 7 .1 00E-01, 
6 17 ,-8 . 740E-01 , &. 740E-02 , 8 . 7 40E-OI , 
6 18 ,-3 .0001::-01 , J,OOOE- 02 , 3.000E-01, 
6 19,-6 . 5 40E-OJ , 6 . 540E-02 , 6 .540£-01, 
622 , - 2 . 800E- OI, 2 . 000E-02 , 2 . 3UOE- 01 , 
G23,-l. C50C o00 , J . 6SOE- OI, J . 650E+00, 
624 , -2 . 000£-0J, 2 . 000£-04 , 2 .000£-03, 
C26, -I. J80E-02 , 1 . JOOE- OJ , I. 100E- 02, 
627 , -l.B20Et00 , l. BZOE-01 , 1. 020Et00, 
C2S,-3 .J OOE- (II , J . I SOE- 02 , 3 . 180E-01 , 
62~ , -I. 500E-0 1, I . 560£- 02 , I . 560E- OI , 
G30 , -7 . 200Et00, O.OOOE+OO , 7 . 200Et00, 
CJI,-2 . 490E102 , 2.490E+OI , 2 . 4 90E+02, 
632 ,-G.OOOEoOO , O. OOOEIOO , 6.000£+00, 
C34,-J.440Et00 , 1.440E-O I, 1 .440E100, 
637 , -2 . 600E+00 , O.OOOE+OO , 2 . GOOE~OO, 
639,-2.6SOE-01, 2 . 680£- 02 , 2 . 680£- 01 , 
641,-G.3GOE- OI , G.JCOE-02 , 6.360E-01 , 
64 2 ,-1 . G10E-COJ, 1. 6 10E- 02 , I .6JOE-Ol , 
643,-1.440EoOO, 1.440E-01, 1. 440Eo00, 
G44,-1.440E+ll0 , 1.440E-01 , 1.4 40E+OO, 
645,- 3.340E 100 , 3 . J40E-O l, 3 .3·101':+00, 
64(.,-3.720E-OI, 3.720£-02 , 3 . 7201':-01, 
C47 ,-S.860E-0 1, 0 . 860E- 02 , S .BCOE- 01 , 
122 ,-S . BOOP.I02, 5 . 000E+0 1, 5.80DE+02, 
7D2 , -4.0SOE:oOO, 4.080E-O I, 4 . 0AOE100, 
703, -J .232Et00, 1. 2J2E- 0 1, 1 . 232Et00, 

--Input f' i 1e : 
0. 5 , 0 . 2 , 
O.G7 , O.GS , 
0 .0, 2160 •• 
~0 ., 6 ., 
. OS , 0.0000 , 
Jt1., 17G ., 

i\ntirr.ony 
Ba r ium 
Boron 
Clot omiun-l!T 
Lcitd 
!·1anganese 
f·!olybdenuro 
Scle:niurn 
S tro h tium 
Ti n 
Vanadium 
U-233 
U- 23·1 

l1Pi'AKE.DA1 
1. 0'• 
2. I P.- J, 
2•1 •• 
40 .• 
60 .• 

110., 

4 )() .• 
1440 .• 

480 .• 
0 .• 
0 .• 

•130 . 
1., 

·18. 
so . 
95. , 

0.25, 5 . OOE-02, 
0.25, I.OOE-01, 
0 .25 , 4. OOE+OO, 
0.25, 4 . OOE-02, 
0 . 25, q,OOE-0?, 
0.2~, r,.ooe-01, 
0 . 25, 4. OOE-01 , 
0.25, 5. OOE-01, 
0.25, I. JOP.<OO, 
0 . 25, I . OOEtOO, 
0 . 25, 5. SOC-OJ, 
0.25, 2 . JOE-02, 
0.2S, ? . )OE-02, 

o . u3 

2 4-0irr.e thlphe 
Dirnetloylphth 
24Di ni trotoluene 
2GDinitrotoluene 
Endosulf aooTJ 
Endrin 
Aldehyde 
Ket011e 
Et1oylben z 
Ethyl c hlorid 
Heptachl or 
Heptachlor 
llexachlorobenzen 
Hexachloroethane 
Nhexane 
1hexarool 
2hex,l none 
Isophorone 
Lindane 
Nethona l 
Nethchl oridP 
l'!e thylcyclo 
l·lelhy1 I so 
r.:z.:etacrylate 
Ne thyU:thylB 
2f·lethylnaptha 
!·!eth yl PropylB 
flap1othal ene 
4Uitrobenzenamin 
Uitrobe11zene 
21H t rophenol 
4lli t ropheno 1 
Nn i t rolJprop~' 1 
lllli t rosodiploen 
Phe uo l 
PropylB 
l'topG1ycol 
Pyridi11e 
Styrene 
Ill 2Tetrd 
1J 22i'et ra 
Teti achloroetheJO 
234GTetrachlo r 
Toluene 
124Trichlvrb 
T L ich1otoet he ole 
TL i Chlof'l o 
2 4 G- Tr i ch I ou,plon 1 
123TriCh h ' pr 
Tri rr.etllhe11Z 
124trimethyl b 
135Tt i metlo 
Vinyl 
Xylene 
1•1ercur~r 

Endoculfan 
14DiChloro 

730 .. 6. 9 

~. OOE- 03, 2 .501::-0~. 

J.OOE-02 , 4 . 80£-04, 
4 . OOE-01 , 1 . SOE- 03, 
4. OOE- 03, 1 . OOE-05, 
9. OUE-03, J . OUE-04, 
6 . 80E-02, J.OOE-05, 
4.00E- 02 , I. 70E:-OJ, 
S. OOE-02 , 1.00E-02 , 
l. lOE- 01 , 2.00E- 03, 
l.OOE- 01 , I . OOE-03 , 
5.50£-04 , Z.OOE-05, 
2.301::- 03, 4. OOE-04, 
2. JOE-03, 4. 00£-04 , 

0 , 
0 , 
0 , 
0 , 
0 , 
0, 
0, 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
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4.00£- 05, I . OOE< 02 , 102 
2 . 00£ -04 , 4. OOEIOO, 104 
8.00E-04, O. OOE+OO, 106 
9 .0UE-O.l, 2.00f:t02, 109 
4 . 00E-04 , J.00!:102, I I R 
S . OOE-04 , 4 . U0Et02, 121 
I. OOE-03, 0 . 001::<00, 123 
J . OOE-01 , O. OOEoOO, 12B 
0. OOE-03 , O. OOE:+OO, 13 1 
I. OOE- 02, 3 . OUI::o OJ, 134 
2. 50E-03, ! . OOE+OI , 136 
3 . OOf:-04 , I .OOE101, 140 
3 . 00E-04, 1 .OOE101, 14 1 



u-235 O. LS , 2.JOE-02, 2 . 30E- 03 , 4. OOE- 04 , 0 , .3. OOE-04, 1 . 0 0E+OI' 142 

U-236 0.25 , 2.30E- 02, 2 . 30£- 03, 4.00E-04, 0 , ) . OOE-04, l . OOE+ Ol, 143 

U-23~ 0.25, 2.30E-02 , 2 . 30E-03 , 4.00E-04, 0 , 3 .00E-04 , l .OOE+Ol , 144 

24 - 0 (1 . 25 , 1. 30E~OO, J. 30E-01, 2 ' 50E-06, o, 7 0 90E-06, O. OOE+OO, 501 

245-'i'P (Sil vex) 0.25, 2 .10£- 0 1 ' 2. IOE-02, 6 . 30E-05 , 0 , 2 . OOE-04, O.OOEtOO, 502 

Acenaphthene 0 . 25 , l. 20£-01' 1 . 20£-02 , I. GOE-04, o, 5. 00£-0 4 , 1. 10£+03 , 503 

Acenaphthy 1c u<- 0.25, 2 . 70£-0 1, 2.70£-02, 4.00E-05 , 0, I . 30£- 04, 0. OOE+ 00, 504 

Aceton e 0.25, 1. 30£+0 1' I . 30£+00 , J .50£-00 , 0 , 1, SOE-08, l. SOE-08 , 505 

Acentonitri l e 0 . 25 , <; , OOE+Ol, 6. 00£+00 , 3 . 60£-09 , o, l. J OE-08 , O.OOE+OO, 506 

acetophenone 0.25 , 3. ~OE+ 00 , 3 . 90£-01, 4.00E-07, 0 , 1 , 30E- 06, O.OOE+OO, 507 

Acrol i e n 0 . 25 , 4 0 30E+0 1' 4 . 30Et00, <; , 30E-09 , o , 2 . 00E-00 , 0. OOE+OO, 508 

Ac y l onittle 0 . 25 , 2 . 70E+Ol, 2 .70E+OO, l. 40E- 08 , 0 , 4 0 40£-08 , O. OOE+ OO, 509 

Aldrin 0.25 , 6. 90E- 0 1, 6.90£-02 , 7 ' 90E-06, 0 , 2 . 50E-O~ , O.OOE+OO, 5 10 

Aroclot 1221 0.25 , I . 60E- 01, I. 60E-02, 9.90E- 05, 0 , 3 .1 0E-04, O.OOE+OO, 513 

At.:>cl orl232 0 . 25 , 5 . 30E-01, 5 .30E-02 , J. JOE-05 , o, 4 . OOE-05, 0 .OOE+OO, 5 14 

Benzene 0.25 , 5 . SOE- 0 1 , 5.SOE-02, 3 ' 30E-06 , 0 , 3 ' 30E-06, 3.30£- 06 , 520 

Be nzoic-r,cid 0 . 25 , 3 . 00E+00 , 3.00E- 01, 6 . 30E-07, 0 , 2 . OOE-06, O.OOEtOO, 526 

Be uzy1-A1coh o l 0 . 25, 8 .70E+OO, 8 . 70E-0 1, 9.90E-08 , 0 , 3 .IOE-07, O.OOE+ OO , 527 

be n zidi ne 0. 25 , 6 0 70£+ 00 , 6 . 70E-01, I. 60E-07 , 0 , S .OOE-07, O.OOE<OO, 528 

A1pha-BHC 0 . 25 , 2 .1 0E-0 1, 2 .1 0£- 02, 6 . 30E-05 , o , 2 . 00£-04, O. OOE<OO, 529 

Beta-!JHC 0 . 25 , 1. 80E- OI, J. SOE-02 , 7 . 90E-05, 0 , 2 . 50E-04, O.OOE<OO , 530 

De 1ta-B11C 0 . 25 , 9 . OOE-01, 9 .00E-02 , 5.00E-OG, 0 , l . GOE-0~ , 0 . 00£~00 , !i31 

BLO:r."-~ich l("'tO 0 . 25 , 2 . 30E+00 , 2 . 30E- OI , 9 . 90£-07 , o, J . IOE-06 , 0 .00£+00 , 533 

Bt'-"'rr,o f o rm 0 . 25 , 1. 50£+00 , J.SOE-01, 2.00E- 06 , 0 , 6. JOE-06 , O.OOE+OO, 534 

Bro:nc·rreth 0 . 25 , 7. 70E+ 00 , 7 . 70E-01, 1.30E-07 , 0 , 4.00E-07, O.OOE<OO , 535 

butylbenzene 0 . 25 , J. SOE-01, J.SOE- 02 , 2 . 50E-05 , 0 , 7 . ~oe:-o5 , O.OOE+OO, 537 

Catbazole 0 . 25 , 2. <IOE- 0 1, 2 ' 40E-02 ' 5 .00E-05 , 0 , 1' 60E- 04, 4. 50E+02, 53~ 

C,ubonr>iS 0 . 25, 2.00E t 00 , 2 . 00£-01, I . JOE- OG, 0 , 4. 00£- 0G, O. OOE+OO, 540 

Carbontet ch l 0 . 25 , 2. 90E- 0 1, 2 . 90E-(12, 1, lOE-05 , 0 , I .lOE- 05 , 1 . 10E-05 , 54 1 

Ch1ord.,ne 0 . 25, 2.">0E-02 , 2 .50E-03 , 2.50E- 03, 0 , 7. ~OE-03, O.OOE<OO , 542 

Gl•lorobenz,-.ne (1. 25 , 9. OOE-01 , 9 .00£- 02 , 5 . OOE-OG, 0 , 1. GOE-05 , O.OOEt OO , 5 4 3 

Ch1.:>tofor m 0.25 , 7. OOE-(11 , 7 . 00E-02, 2 . 30E-06 , 0 , 2 .30E- 06 , 2.30£-06 , 54<1 

Chloro~r.eth 0 . 25 , 1. IOE+Ol , l.lOE+OO, 6 .40E- OG , 0 , 2.00£- 07 , O. OOE<OO, 545 

0 -Ch l otoTu o. 25 , 1. 10£-0 1, <I.I OE- 02, 2 . OOE-05, 0 , 6 . 30E-05 , O.OOE+OO , 548 

m- c tesol 0 . 25 , 2. 60E+ 00, 2 . 60E-Ol, 7. 90E-07, 0 , 2. 50£- 0G, O. OOE+OO , 550 

a-c resol 0 . 25 , 3.00£+00, 3 , OOE-01, G.JOE- 07 , 0 , ~ , OOE-06, 0 0 00£+00 , 551 

p-e t e sol 0.25 , 3 . 00£+00 , J.OOE-01 , 6 . 30E- 07 , 0 , 2 . OOE-0(; , O.OOE t OO , 552 

Curr.ene 0 . 25, 3. SOE-01 , 3 . 50£-02 , 2 . ~0£- 05, 0 , 7 ' 90E-05 , O. OOE+OO, 553 

Cyan ide 0 . 25, 8 . 70E+00 , 8 . 70E-OI, 9 . 90E-08 , 0 , J .IOE-07 , J.50E t 00 , 554 

DO[l 0 . 25 , I. 60E-u2 , 1 0 60£-03 , 5 . 00£- 03 , u, I, tOE- 02, O. UOE+OO , 555 

r> DE 0 . 25 , I , 90E-02 , 1 0 90f>03 , 4 . 00E-03 , 0 , I. 30E-02, O.OOEtOO, sr,c 

Dinl>utylphth ala t 0 . 25 , 5.60E-OJ , 5. 60E-04, 3 . 20E-01, 0 , I . OOE-02 , O.OOE+OO , 558 

Diben z (,lit) 0 . 25 , 4.30E- 03 , 4.JOE-04 , 5 . 00£-02 , 0 , J . 60£- 0 1, 6.30Et 00 , 560 

Dibenz\lfu t dn 0 . 25 , 1. 50E- 01, J. SOE- 02 , 1 . 0 0E-04 , 0 , 3 . 30£-04 , O.OOE+OO , 561 

Oibrorr:ochloH'\ 0 . 2~ , 2.00E t00 , 2 . OOE-01, 1, ~OE- OG, 0 , 4. 00£-(16 , 0 0 001':+00, 5G2 

12Diclt h,ro 0 . 25 , 4 .10E-01, 4 . 10E- 02 , 2 . 00E- 0~ , 0 , <; . JOE-OS, 8 . 70£+0 1, 563 

13Dic h1(} l c' 0 . 25 , J.IOE- 01 , 3.10E- 02 , 3 . 10E-OS, 0 , I. OOE-04, !.OOE+02 , 564 

14Dichl urobenzen 0 . 25 , 4 . IOE-01 , 4 .I OE- 02 , 2 . OOE-05 , 0 , <;, JOE-05 , 0.00£<00 , 565 

12ci s Dichlo rc• 0 . 25 , 3.00E+OO, 3 . 00£-01, G. JOE-07 , 0 , 2 . OOE-06 , O. OOE+OO, !..71 

12 tt .•ns0 i c ltl 0 . 25 , 2.00Et0l , 2 . 00E+00 , 2 , 40E-08 , o, 7 0 50£- 08 , O. OOE+OO , 572 

Di c lt1orodif l o 0. 2~, , 2 .00E+ 00 , 2. OOE- 01, I . JOE-06 , 0 , 4 . OOE-0(., O. OOEtOO, 573 

120ich1pr.:>p 0.25 , 2. GOE+ 0 0 , 2 . 60£-01 , 7' 90£:-07 ' 0 , 2 . SOE- 06, 0. OOE~OO , 574 

Dieldri n 0 . 25 , 9 . 20 E-02 , <t . 20E-03 , 7 . 90E- 03, 0 , 7 . ~OF.:-03 , 7 . 90E- 03 , 575 

Die t hylplttl• 0 . 25, 1. 30Et00 , J.30E- 01, 2 . SOE-OG, o, 7. 90E-06, O.OOE tOO , !:,76 

1 20il~eLhy 1B 0.25 , G. OOE- 0 I, 6.00E-02 , l.I OE-05, 0 , 3 ' 40E- 05 , O. OOE+OO , 577 

2 -1 -0in.cth~,lphe 0 . 25 , I. OOE+ 00, I , BOE-01, l. GOE- 06, 0 , 5 . OUE-06, 0 . 00£<00 , 579 

Dirr.e tltyl pltth 0.25, 4. 50E~OO, 4. 50E- 01, 3 .1 0E-07 , 0 , I . OOE-06, 0 . OOE+ 00 , 580 

24 Dini n o toluene (1 . 25 , 2. 60Et 00, 2 . <;OE-0 1, 7 . 90E-07 , 0 , 2 0 50£- 06, 6 . 40Et00 , 502 

26Di uit t otoluene 0. 25 , J.90E+00 , 3 .90E-01, 4.00£- 07, 0 , 1. 30E-O G, 6 . 20£+00 , ~83 

Endt.Jsulfdnll 0 . 25 , J . 30E-01, ) , JOE-02 , 2.liOE-0~, 0 , 8 o ~UE- 05 , O.OOE+OO , 585 

Ewhin Oo25, 8 . 20E:- 02 , 0 .20£-0J, J.IOE:- 04 , 0 , I. OOE:-0.;, O. OOEt OO , 50G 

Ald ehyde 0. 25 , B.20E- 02 , 8 . 20E- 03, 3. 10E-04, 0 , I . OOE-03, O. OOE+OO, 507 

~~E!tOlle 0 . 25 , 0.20E-02 , S . 20E-03 , 3 .1 0E-04, 0 , I. OOE- 03 , O.OOE+OO , 508 

Etltylbe n z 0 . 25 , 6.10£-01, 6. 1 OE-02, 9 . ~OE- 06, o, 3. lOC-05, O. OOE>OO , ':il:l9 

Elhy1ch1odd Oo25 , !J o(t0E-t00, 5 0 90E- OI' 2 . 00E- 07 , 0 , 6 . 30E-07 , O.OOEtOO, 5!10 

Hept achlor 0. 25 , L 20E- 0 1, I. 20E- 02, I. 60E-04 , 0 , 5 . 00£- 04, O. OOE:<CtO, ~93 

lleptachlor-epoxd 0 . 25 , 2.8llE-02 , 2 . 80E-03 , 2 . 00E- 03, 0 , G. 30£-03, O. OOE+OO , 594 

lff"Xi\CI I l OLOhE>n zen 0 . 25 , 3 .20E-02 , 3 . 20E-Cl3, J 0 60£-0 3, 0 , S . OOE-03 , 0, OOEt 00, ~~95 

llexach l o t octhar,e 0 . 2S , 2 .I OE-01, 2 . 10!:-02 , 6. JOE-OS, 0 , 2 . OOE:-04 , 0 , OOE t 00, ~q6 

Uhexa. Jt~ o. 25 , 2 . 10E-01, 2 , lOE-02 , G. 30E- 05, 0 , 2 . OOE-04 , O.OOE+OO , 597 

lhexa nol 0 . 25 , 5 . 90Et00, 5 . 90E-01, 2.00E:-07 , 0, G. JOE:- 07 , 0 . OOE+OO, ~90 

2hexanone 0.25, ~. ~OE+OO , s. 90£-01 ' 2 . OOE-07, U, 6 . 30E-07 , O.OOEtOO, 599 

t .svphotf'IOe 0 . 25 , 4 . OOE-Ol, 4 . 80E-02, 4. GOE-06, o, 4 0 60£-0(;, 4. !>OE- 06, 601 

Liudane 0 . 25, 2 . 70E-01, 2 .70E- 02, 4. OOE- 05, 0 , 1. JOE- 04 , O. OOE•OO, 602 

Helho nal Oo25 , 1 .I OE+02 , l. lUEt OI, 1. 30E- 09, 0 , 4 ' 20E-O'J, O.OOEtOO, 603 

t'-ct hc hhnide 0. 25 , G.70E>00 , 6. 70E-01, I . GOE- 07 , 0 , 5 . 00 E:-07 , O. OOF:t OO, 605 

r-:ethylcyclo 0.25 , ~ . 30E-0 1, A, 30F;-02, 5 .70E- OG, 0 , 1 . OOE-05, I . 20Et 02 , 606 

r-:e t hyl rso (). 25, 7, 70E•OU , 7 . 70E-0 1, I. 30E- 07 , 0 , 4. OOE- 01 , O. OOEtOO, 607 

t-'.!·:e t acryJiltC 0 . 25 , 6 . 70E+00 , (;, 70!:- 0 1, 1 ' 60£- 07 ' 0, S . OOE-07 , O.OOEt OO, 608 

1-:e LhylEthylB 0.25, 3 o !JOE-0 1, 3 . 50£-02 , 2 0 50E- 0!J, 0 , 7 0 90E-05, 0 . OOE+ 00, G09 

2Ne t hyl udp llta Oo 25, 2 . IOE-01, 2 .10£-02, (, . 301>05, 0 , 2 . OOf:-0 4, O. OOEt OCt, 610 
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I 

) 

t-:ethylPr(.~pyl B 0 . 25, 3 . 5 0 1':- 0 1, 3 . 5 0E- 0 2 , 2 . 50E- 05, 

tla pht loa1ene 0. 25 , 4 . GOE-01 , 4 . 60E-02 , 1. 60E-05, 

4Nitrobenzenamin 0 . 25 , 6 . 8 0E+OO, 6 . 80E- 0 1, 2.00E-07 , 

Ni t robenzene 0 . 25 , 3 . 40E+OO , 3 . 4 0E-01, 5 .00 E- 07 , 

2 Nit roph e nol 0 . 25 , 3 . 60 E+00, 3 . 60E-01 , 4. 90E- 07 , 

4Ni t roph e nol 0 . 25 , 3 . 00Et00, 3 . OOE-0 1, 6 . 30E-07 , 

tln it r o llpr o pyl 0 . 25 , 5 . 90E• 00, 5 . 90E-01 , 2 .00E- 07 , 

NNitr(.1sodi plten 0.25 , 6 .10 E-01, C. lOE-02 , 9 . 90E- 06, 

Phe nol 0 . 25 , 5 .10 E+OO , 5 . IOE-01, 2.50E-07 , 

Pr opyl B 0 . 25 , J .50E-01, 3 . 50E-02 , 2. 50E- 05, 

Pr opG1ycol 0.25 , 3 . 7 0E+02 , 3 . 70E+0 1, 1. 60E- 10 , 

Pyridine 0.25 , G. 7 0E+OO , 6 . 70E- 01, 1, 60E-07, 

Styrene 0 . 25 , 1 . 90E-01, 7 , 90E-02 , 6.30E- 06, 

l l12Tetra 0.25 , 6. 901':-01' 6 . 90E-0 2 , 1 . 90E- 06, 

1122Tetra o. 25 , 1. 5 0E+OO , 1 . 508-01' 2 . OOE-06, 

Tet rrtchl o rc e t hen 0 . 25 , 3 . 008- 01 , J. OOE-02 , 1. 00E- 05, 

234 6Tetraclilo r 0.25 , 1. 60E-01, 1. 60E-02 , 9 . 90E- 05, 

To l uene 0 . 25 , 2 . 60E- 0 1, 2.60E-0 2 , 1. JOE- 05, 

12•1Trichh'<b 0 . ~5 , 2 .4 4E-0 1 , 2 .4 4E+ OO , 4 . SOE- 05, 

Tr i c h1 oroeth e n e (1 . 25 , 4 . 10 E-Ol, 4 . 108-02 , G. OOE- 06, 

TriCh1oF1o 0 . 25 , 1. 30E+OO, 1 .30E- 01, 2 . SOE- 0 6 , 

246- Trich 1o rphnl o. 25 , 2 .?OE-01 , 2 . 70E- 0 2 , 4 .OOE- 05, 

123TriChlo pr o. 25 , 8 . 2 0 E- 02, 0 . 20E-03 , J . 10E-04 , 

Trimethbe nz 0 . 25 , 2 . 40E- 01, 2. 4 0E-02 , 4 . SOE-05, 

12 4trir:ethy1b 0 . 25 , 2 . 408-01, 2 . •10E- 02 , 4 . OOE- 05, 

l35Tti Jre th 0.25 , 3 . 90E-01, 3 . 9 0E-02 , 2 . 10 E-05, 

Vinyl chlor i de 0 . 25, 5 . 90E+0 0 , 5 . 9 0£- 01 , 2 .00E- 07 , 

Xylene 0 . 25 , 4. 60E-01 , 4. 60E-02 , 1. 60E- 05, 

t-:e rc ury 0 . 25 , 1. OOE+OO , 1 . 0 0 E-01 , 4 . 70E- 0 4, 

Endosulfan 0 . 25 , J . JOE- 01, J . JOE- 02 , 2 . OOE- 05, 

\ 4Di c h 1o r o 0 . 25 , 4.10E- 0 1, 4 . 10 E-02 , 2 . OOE-05, 

11 1 1 1 4 1Jotl, P?.TliRA.E I NPUT SUI·~·L".RY 
ltlli l lll &. 

THEkE ARE 9'• COtiTAHHlAllTS Ill TilE k ! SK FACTOR LIBRARY 
NU!·IBER OF THIES FOR CALCULAT I Oll I S 3 
YEARS TO BE CAL'~ULATED ARE •• . 

1000 .00 1200.0010 0000 . 00 

THEflE 1\R.E 99 CotlTAI-liN?JlTS IN THE lt/V.ENTORY FI LE 
THE VAI.UE OF I FLAG I S 0 
liUHflE:R Of PIITH\•IAYS I S 2 

1 
0 

GROUll0;-11\'iER TO Rl VER 
3X, I2,2X, A2 2 , 6X,I2 )) 

TYPE OF' USAGE 
f OR UPTAKE f ACTORS 

2 
0 

TII·!E OF OPERATI ON OF 1'/ASTE FACI LITY Ill YEARS 
LEtlGTH OF R8POS ITORY (1·1) 4 0C . 
~liDTH OF' REPOS I TOI<'i (1·1) 24 J . 
RIVER f LO;•/ RATE (1·1 ' ' 3/YR) 4. 91 E t05 
STR.EI\1·1 FLO:·I RATE (1·1 ' ' 3/YR ) 1. OOE+OO 
DI STAllCE TO RI VER (1-1 ) 476 . 

Of'ERATIOilAl. SPILLAGE Fk/ICT!Oll 
DENS I TY OF AQll lf' ER (KG/H' ' 3 ) 
LOI-!G11'UDINAL DlSPERSJVITY (1-1 ) 
LATERAL D!SPERSIO!l GOEFFI C! Elli' - - Y AXIS (1·1' '2/YR) 
llUI-IBER OF 1-!.ESl! POlllTS FOR OISPERSIO!I Cl\l.CULATION 
f LAG f'OR ATI·:OSPHERIC PATHnA'i 

COVER THJ CKNES~ OVER \•IASTE (N) 
'flliClWESS OF ~11\STE IN P ITS ([·I) 
TOTAL ~i11ST8 VOLUI·fE (1·1" 3 ) 1. 910Et06 
DISTANCE TO \'IELL - - X COORDIN1\TE (Nl 
DI STAIICE TO NELL -- Y COORDINATE (1·1) 
OEilSl TY OF ~IASTF: (KG/1·1" 3 ) 

FRACriON Of FOOD CONSLH·I.ED THAT IS Gf<Q;-al Oil S I TE 
fRACTION OF YE!IR CONTAI·II NMITS CONTACT SKIN 
AREA OF' SKill IN CONTACT \'I!Tl! CONTAI·li NilllTS (1·1 ' ' 2 ) 
DEPTH Of PLANT ROO'!' ZOliE (t-1) • 9 0 0 
1\REAL Of: tlSITY OF PLAI·lTS ( KG/z.r' '2 ) 
AVt;RAGE OUST LOAOU:G 111 AIR (KG/1·1' ' 3 ) 

Al·IIIU•\L ADULT BR.EATlllNG RATE (t-1 ' ' J / YR) 

0 , ? . ~OE-05 , 

0, S . OOE-05 , 
0, 6 . 20E-07 , 
0, 1 . 60E- 0 6 , 
0 , 1. 60E-06, 
0, 2. 00E-OG, 
0, 6 . 30E-07 , 
o, J . OOE-05, 
0 , 7. 90E-07 , 
0, 1 . 90E-05 , 
o, 5 . 00E-10 , 
o, 5 . 00E-07 , 
o, 2 . 00E-05 , 
0 , 2 . SOE-05 , 
0, 6 . 30E- OG, 
0 , 1. OOE-0 5 , 
0, 3 . 1 OE-04 , 
0, 1 . JOE-05 , 
o, 1 . SOE- 0·1, 
0, 6 . OOE- 06, 
0 , 1 . ~OE-06, 

0 , 1. JOE-04 , 
0 , 1 . OOE- 03, 
0, l. SOE-04, 
0 , 1. 50E-04, 
0 , G. 60E-0 5 , 
0, 6 . 30E-07, 
0, S . OOE-05 , 
0 , 1. OOE- 0 2 , 
0, 8 . ~OE-05 , 

0, 6 . 308-05 , 

0 . 

O. OOE+OO 
18 00 . 

6 . 00Et00 
O. OOE+OO 

20 
0 

4. 00 
16 . 0 0 

150 . 
450 . 

lGOO. 

. 4 0 0 

. 7 0 5 

. Ol OU 

1. 0 0 0 
1 . OOE-07 

0000 . 
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O. OOE+OO , 6 11 
1 . 90E+02 , 6 12 
9 . 60E+02 , 614 
O. OOEt OO, 6 15 
O.OOEt OO , 6 16 
J . l OE+02 , 617 
6. SOE+OO, 6 18 
5 . 30E+00, 61 ~ 

8 .1 0E <OO, 6 22 
O.OOEt OO , 623 
O. OOE+OO , 624 
O. OOEtOO , 626 
O. OOE+OO , 627 
0 . OOEt OO, 628 
O. OOE• OO , 629 
1. OOE-05, 630 
0. OOE• OO , 63 1 
1. 30 E- OS, 632 
O.OOE+OO , 634 
6 . OOE-06, 637 
O. OOE+OO , 63C, 
O. OOE+OO , 6 41 
0 . 00 8 +00 , 642 
O. OOE+OO , 643 
O.OOE+ OO , 6 44 
O. OOE• OO , 645 
O. OOE <OO , 646 
5 . 5 0E+0 1, 647 

1. 00E t 03 , 122 
5 . 20E+03 , 702 
0 . 90 E+01 , 7 0 3 



FRACTION OF YEAR EXPOSED 'TO OUST 
CAl'IISTER L l FETII-IE (YEARS) 0 . 
1 tiVE!lTORY SCALING FACTOR 1 . 00£~00 
HEI GHT OF R00:1S Ill RECLAHIER HOUSE (Cl·l) 
AIR CHANGE RATE Ill RECLAIHER HOUSE (C HAIIGES/SEC) 

ATI~OSE'HERIC STABILITY CLASS4 
AVERAGE 1-1ItiD SPEED (J.I/S) 6 . 30 
FRACTI ON OF TIHE nnm BLOiiS TO:·IARD RECE:P'TOR 
RECEPTOR DISTAl!CE FOR A'TI·!O~PHERIC PATH\-11\Y (1·1) 
DUST RESUSPENSIOll RATE FOR OFFSTTE TRAtiS PORT (!-I'' 3/S ) 
DEPOS I TIOll VELOCITY (t-1/S) . 0100 

STACK HEIGHT (H) • 0 
STACK IllS IDE DIAHETER (H) • 00 
STACK GAS VELOC I TY (1·1/S ) . 0 
II EAT Ef.ll SSION RATE FROI·I BURN IIIG (CALIS ) 
FLAGS FOR [lEGRADATIO:l SERIES 

FL>.G FOR INPUT Slflo~·L"RY PfUNTOUT 
FLAG FOR DIRECTJ Oll OF TREIICH rtLLING 
FLAG FOR GROUIID''IATER PATHnAY OPTIO:·IS 

(l 0 0 

Al·!OUIIJ' Of '.-lATER PERCOLATI!IG TflROUGH ;·IASTE AIIIIUALLY (1·1) 

DEGREE OF SO I L SATURATIO!l 1 . 000 
RESIDUi•L SOI L SATU~\TJO:l . 000 

PERHEABI LITY OF VERl' lCAL zo:a: (~1/YR) 

SOl L t:UI·ffiER . 000 
POROSITY OF AOU l fER .25 
POROS 1 TY OF Ul!S,.TURJ\'TED ZONE . 25 
DISTPJICE F RC•I·I .'\QUIFER TO I·IA:>TE (II) 
AVERI'.GE VERTI CAl. GROUIID;·IA'IER VEJ.OCJ T'{ (l·l/YR) 

HORIZOIITAL VELOCITY OF f,QU!FER (H/YR) 
LENGT H Of PERFORJ\TED ~IELL CASlllG (H ) 
SURFACE EROS lOll RATE (l l/YH) 1 . OOOE-05 
LEACII RATE SCALIIIG fACTOR 1 . OOOE~OO 
AIINUAL RUNOFF OF fREC!PlTATIO:I (II) 

-------- INC.ES T!O}l -----------
Ulli T Rl S l( ALWi:ABLE DAI L'( 

f ACTORS IIITAKES 

CO:-ITPJ·IlllAIIT (I<G-[t!\Y /~1<> ) (I·:G/KG- DAY I 

Ant imony O .OOOE:~ OO t..OOOE-04 

BaLjurn O. OOOEiOO 2 . 000E-Cl1 

BOLOn O.OOOE+OO 2.000E:-01 

Chl(l!uium-T l I U.OOOE;OO O.OOOE•OO 

Lead O . OOOE~OO O.OOOE~OO 

Ha nga nese O.OOOEiOO I. 400f:-O l 

t·:o l ybdeu um O.OOOE tOO !> .OOOE-03 

Selenium O.OOOE• OO 5 . 000E-0J 

Strontium 0 .0001;:~ 00 G. OOOE:- 01 

Tin O.OOOE t OO 6 . 000E-01 

Vanad i n111 O . OOOE~OO ~.OOOE-03 

U-233 0. OOOE• 0 0 3.0001':- 0J 

U-234 O. OOOE t OO ).OUOE-03 

U-235 O.OOOE~OO J . OOOE-OJ 

U-23(, O.OOOE tOO J .OOOE-03 

u-238 o.ooOE•OO 3.000E- 03 

24-D (J. OOOE •OO J. OOOE- 07 

2 4 5-TP (S ilvex ) 0 . OOOEt 0 0 S.OOOE-03 

AcenaphthC> nf'.! o.oooE~oo 6 . 000E- 02 

1\cc naplathyler,e O.OOOE • OO 6 . 000E-02 

Acetoztc O. OOOEtOO 9.000E-01 

Acentonittil e- O.OOOE~OO 0.000Ef00 

acetovh r..: rt(ln~ O.OOOEtOO 1.0UOE-01 

Ac rol i e n O.OOOE~OO 5.000E- 0 4 

Acy l o n ildt 5 .400E- 0 1 4.000 £-02 

Al..Jdn I. 700E• OJ J.OOOE:-05 

At ocl o d 22 l 2.000E•00 O .OOQE:tOO 

At ocl o t1232 2.000E t00 O.OOOEtOO 

Benzene 5.500E-02 4.000E- 0 3 

Benzoi c-Acid O.OOOE•OO 4.000Et00 

Benzyl-,\lcohJJ l O. OOOE tOO I. OOOE-0 l 

benz idine 2.3001::~02 3.000E-03 

Al pha - BHC 6 . 300Et00 O.OOOE-03 

Det d-BfiC I. ~OOE< 0 0 o . ooot: • oo 

ll{j\ta-DJIC 1. 800E t 01l 0 . 000Ef00 

0 0 0 

.705 

240. 
5 . 5~E-0~ 

.23 0 0 

.o 
1 .1 0E-06 

O . OOE•OO 
0 

1 
0 
I 
1 . OOE-02 

. 32 

7 . 0 
2 . 50E- 02 

4.20Et00 
24 . 000 

O. OOE+OO 

-------- HIHAL~HUll --- - ------
UliiT RJSK ALL0;1ABLE fiAJ LY 

fACTORS ltlT1\KES 

(KG-DAY /I·!G) (t·:G/KG-L•AY ) 

O.OOOE •UO O.OOOE t OO 

(1.000Ef00 O. OOOE • OO 

O.OOOE+OO O. OOOE • OO 
O.OOOEtOO O.OOOE t OO 
O. OOOE tUO O. OOOE•OO 
0. OOOf; tOO U.000Ef00 
O.OOOE t OO O.OOOE•OO 
O .OOOE~OO O.OOOE t OO 

O.OOOE•OO O. fiOOE • OO 

O. OOOE t OO O. OOOE t OO 

O .OOOE~OO O.OOOE• OO 
O.OOOf. t OO O.OOOE t OO 

O. OOOE t OO O.CJOOE t OO 

() . 0001;: 1 00 O.OOQE t OO 

O. OOOEtOO U. OOOE: t OO 

O.OOOE•OO O.OOOE•OO 
O. OOOE:tOO O.OOOE•OO 
O.OOOE t OO O . OOOE: t OO 

O.OOOE~ Oo O . OOOE~OO 

0 . OOOE• 00 O.OOOEtOO 

0 . 000E f 00 0. OOOE~Otl 

O.OOOE•OO O . OOOE~OO 

O.O OO!:tOO O. OOOE l OO 

o. ooot:~oo O.OOOE~OO 

O. OOOE: t OO O . OOOE t OO 

0.000Ef00 O.OOOE•OO 

O.OOOEtOO o.oooE~oo 

O. OOOE t OO (I. OOOEtOO 

O.OOOE~OO O.OOOE+OO 
O.OOOE t OO O.OOOEtOO 

O.OOOE•OO O. OOOE• OO 
0.0001;: >00 0.0001;:~00 

O.OOOEtOO O. OOOE t OO 
0. OOOt: t OO 0. OOo<: t 0 0 
O.OOOE t OO O. OOOEtOO 
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UI\Lf 
LifE (YR) 

I • OOOE~ 1 0 
I . OOOE~ I O 

I. OOOE~ 10 
I. OOOE• I 0 
I. OOOEflO 
l .OOOE• 10 
J. OOOE~IO 

1. 000Et 10 
l.OOOE•10 
J. OOOEtlO 
1. OOOEt l O 
I . 5901':~05 
2 . 440E<O'> 
7 .040f. • on 
2 . 340E•07 
4.470Et0~ 
I. OOOE:• 10 
l. 000Et10 
I. OOOE~ 10 
I. OOUE< 10 
l . OOOEtlO 
l. OOOEtlO 
I. OOOEtlO 
I. OOOE+10 
I . OOOE·t· I 0 
I. OOOEtiO 
l. OOOE+J O 
I .OUOE ti O 
1 . OOOE HO 
J. OOOE+IO 
I . OOOE ti O 
I . OOOE~ 10 
l.OO OE: tlO 
I. OOOE~1 CI 

l. OUOEdO 

) 



Bro!';<.odichloro 6. 200E-02 2 .000£-02 O.OOOE+OO O. OOOEtOO 1.000£+10 

Bromo fon.l 7. 900£-03 2 .000£-02 O.OOOEtOO O. OOOEtOO I.OOOEtlO 

Bt omorr.eth 0 . 000£+00 1.400E-03 0.000£+00 0.000£+00 1. OOOEtl 0 

butylbenzene 0 . 000£+00 5 .000£-02 0.000£+ 00 0 . 000£+00 l.OOOE+IO 

Carb<tzo l e 2. 000£-02 0 .000£+00 O.OOOE+OO O. OOOEtOO I. OOOE tlO 

CiubonDlS O. OOOE+OO l.OOOE-01 O.OOOEtOO O.OOOE+OO 1. OOOE+lO 

Carhontetcl•l 7. 000£-02 4.000£-03 O.OOOEtOO O.OOOEtOO I.OOOE+lO 

Chl ordane 3 .500£-01 S.OOOE-04 O.OOOEtOO 0.000£+00 1.000£+10 

Chlot obenzene O. OOOEtOO 2 .000£- 02 O.OOOEt OO 0.000£+00 1.000£+10 

Chl oro:>fotm J . IOOE-02 I . OOOE-02 O.OOOE+OO O. OOOEtOO 1.000£+10 

Chlor ometh 0 . 000£+00 O.OOOE+OO O.OOOE+OO 0 . 000£+00 l. OOOEtlO 

0-ChloroTII O.OOOE+OO 2.000£-02 O.OOOEtOO 0. OOOE+O(I l.OOOE+10 

1n-cres ol 0. 000£+ 00 5 .000£-02 O.OOOE+ OO O.OOOE+ OO I . 000£ +10 

o - c tesol O.OOOEt OO S .OOOE-02 0.000£+00 O.OOOEtOO 1.000Et10 

)J- c r eso l O.OOOE+ OO 1.000£- 01 O.OOOEt OO 0.000£+00 1. OOOEtlO 

Cwnene O. OOOEt OO I.OOOE-01 0.000£+00 O.OOOE t OO I . 000£+ 10 

CyaniJ e O.OOOE+OO 6 .000£- 04 O. OOOE+OO O.OOOEtOO l.OOOE+IO 

DOD 2 . 400£- 01 O.OOOEt OO O.OOOEt OO O. OOOEtOO I . OOOE+IO 

DOE 3 .400£-01 0.000£+00 O.OOOE+OO O. OOOE t OO 1. 000Et10 

Dinbutylphthalat O.OOOE+OO 1. OOOE-01 O. OOOEtOO 0.000£+00 1. OOOEtlO 

Dibenz [,th ] 7. 300£+00 O. OOOE+OO O.OOOE+OO 0 . 000£+00 l.OOOE+lO 

Dibe nzofu t.:>n 0 . 000£+00 I. OOOE-03 0.000£+00 O. OOOEtOO I. 000Et10 

[libtor.ochloto 8 .400£-02 2. 000£- 02 0. 000£+00 O. OOOE+OO 1 . OOOE+I 0 

12[lic hl ou :> 0 . 000£• 00 9.000£-02 O.OOOEtOO 0.000£+00 I. OOOE+ lO 

13Dichloro 0 . 000£+00 8 . 900£-02 0.000£+00 O. OOOEtOO I.OOOEtlO 

14Dich1ot obenzen 5 .400£- 03 7.000£- 02 0. 000~:+00 O. OOOE-t 00 l.OOOE+IO 

12cisDiclt1o ro 0.000£+00 ~.OOOE-OJ O.OOOEtOO O.OOOEtOO 1. 000£+ 10 

12l r.w s[lichl 0 . 000£+00 2 .000£-02 0.000£+ 00 O. OOOE+OO I.OOOEt i O 

Dichl<.o t odiflo 0 . 000£+00 2.0001:-01 0 . 000£+00 O. OOOE+OO I. OOOE+lO 

12Dichl prop J . 600£-02 9 .000£-02 O. OOOE+OO 0 . 000£+00 1. 000£+ 10 

Di<>ldLin I. GOOE+OI 5.000£- 05 O.OOOE+OO 0 . OOOE·•OO 1.000Et10 

[liethyl phth 0 . 000£+00 O.OOOE-01 0.000£+00 O.OOOEt OO I.OOOE+IO 

I ~Dit-li?thylB O. OOOEtOO 2 .000£-01 0. 000£+00 0 .000£+00 l.OOOE+IO 

24-Dirr.e thylphe O.OOOE+OO 2. 000£-02 O.OOOE+OO O.OOOEtOO 1.000E t1 0 

Dirr.e t hylphth 0 . 000£+00 1.000Et 01 O.OOOEtOO O.OOOE+OO l. OOOE d O 

24Di nit•<.otoluene J .I OOE-01 2 .000£-03 O.OOOEtOO O. OOOEtOO l. OOOEtiO 

2GDlnitLntuluene O. OOOEt OO I . OOOE-03 0. 000£+00 0 JtOOE •OO I. OOOE tl 0 

Endos ul fMtl T 0 . 000£+0 0 G. OOOE-03 0.000£+00 O.OOOE+O O I . Ofi 0Et 10 

Endt in O.OOOEt OO 3 .000£- 04 O. OOOE: t OO O.OOOE+OO 1. OOOE+I 0 

illdel.yJe 0 . 000£+00 .l .OOOE-0 4 O. OOOEtOO 0. 000£+00 1. 000£+1 0 

) l<e tone O. OOOEtOO J . OOOE:-0 4 0. 000£+00 O. OOOEtOO I . OOOt: ti O 

Ethylbe uz I . I OOE- 02 l. OOOE - 01 O.OOOEtOO O. OOOE<OO 1 .000Et10 

Etlty1cl.lo <id O. OOOEtOO O.OOOEtOO 0.000£+00 0.000£+00 I. OOOE t lO 

Heptact.lot 4. 500E t 00 S . OOOE:-04 O. OOOE-tOO O. OOOEtOO l. OOOE >I O 

lleptachlot - epoxd 9. IOOE+ OO I . 300E -0~ O.OOOE:tOO O. OOOEtOO I . 000E t1 0 

Uexacl1l,~ t obenzen l . 600£+00 8.000£-04 O.OOOEtOO O.OOOE+OO l . O!IOE+ 10 

Hex~chloruethane 4. OOOE-02 7 .000£-04 0 . 000£+00 O.OOQE t OO l . OOOE tl 0 

tlhexane O. OOOE+OO C..OOOE-02 0 . 000£<00 0 . 000£+00 l .OOOEti O 

1hexano1 0 . 000£+00 4. 000E-02 O.OOOEtOO O.OOOEtOO I. OOOE: ti O 

2he x.:>nc.ne 0 . 000£+00 5.000£- 03 O.OOOE<OO O. OOOE<OO l . OOOE ti O 

ISOfJhO LOnf> 9. 500£- 04 2 .000£-01 O.OOOE:tOO O. OOOEtOO I. OOOE tlO 

Liudduc l . IOOEtOO 3 . 000£-04 0.000£•00 O.OOOE t OO I . OOOEt 10 

t·:e t ho ndl O. OOOE+OO 5.000£- 01 0.000£<00 O. OOOEtOO 1 . OOOE ti O 

l·:e t hc t.l c. r h le 2. 000£- 03 6 . 000£-03 O. OOOEtOO O. OOOEt OO l .OOOE t iO 

He thyl c yclo O . OOO~ t OO G. OOOE-02 O.OOOE+OO 0 .fJOOE t OO l. OOOEtl 0 

l{et t.yll~o 0. OOOE• OO O. OOOE- 02 O. OOOE tOO O. OOOEtOO l. 000E t1 0 

1:-:e tdClylate O. OOOE• OO 1.4 00E t 00 O.OOOE+OO 0 .000£+00 1.000Etl 0 

t-:e t t.y lEthy 113 O. OOOEtOO 3 . 700£-02 O.OOOEtOO o . OOOE+OO 1 . 000£ •1 0 

21:e thylnapth,\ O. OOOE+OO <I. OOOE- 03 O.OOOE-tOO O. OOOE t OO 1. 000£ •10 

l•ie thyl Propyl B O. OOOE t OO J.700E-0 2 O.OOUE:•OO O.OOOEtOO I . OOOE ti O 

lldpht ha1e" e O. OOOE+OO 2.000£- 02 0 . 000£+00 O. OuOEtOO 1.000f: t 10 

4Ult t obenzenamin 2. 00UE- 02 •1. OOOE-03 O.OOOE:tOO O.OOOEtOO I . 000£ •1 0 

tHtrf.Jbcnze ne O. OOOEtOO 2 . 0001':-03 O.OOOE-tOO O.UOOEt OO I . OOOE:t I 0 

2llit t r..phenul O. OOOE:tOO ~ . ~OOE-02 O. OOilE• OO Q. OOOEt OO I. OOOf: t 1U 

VAPORIZ!ITION SKIN 
VOLATILITY RAT!:: ABSORPl'IOll 

GO:lTAI·IlNhtlT f"Ri\Cl'!Oll (1 /S ) (1·1/ IIR) 

Au t inocmy O. OOUEtOO 0.000£•00 O.OOOE t OO 
B.nium O. OOOE+OO O.OOOE+OO O. OOOEt OO 

Dl'\r on O. OOOE+OO o. ooo~: · oo O. OOOEtOO 
Cht omi um-11 I O. OOOE• OO O.OOOEt OO O.OOOEtOO 
Ledd O. OOOE t OO O.OOOE+OU 0 . 000£+00 

1-langan .. se O. OOOE+OO 0. OOQt; tOO O.OOOEtOO 
r-:ol yUdcnum O. OOOE • OO O.OOOEtUO O. OOOE t OO 
Sel l•ni.urn O. OOOE tOO O.UOOE+Oll 0.000£+00 

stronl i lllll O. OOOE tOO O.OOOEtOO Q.OOOE+OO 

Tin O. OOOEt OO 0.000£+00 O. OOOEt OO 

Vanadium 0 .000£+00 u . 0001~ 100 O.OOOEtOO 
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U- 233 OoOOOE+OO OoOOOE+OO OoOOOEtOO 
U-234 OoOOOE<OO OoOOOEtOO OoOOOE+OO 
U-235 OoOOOEtOO OoOOOE+OO OoOOOE<OO 
U- 236 OoOOOE<OO OoOOOEtOO OoOOOEtOO 
U-238 OoOOOE+OO OoOOOE+OO OoOOOE+OO 

24 - 0 OoOOOEtOO OoOOOE+OO OoOOOEt OO 
245-TP (Silvex) OoOOOEtOO OoOOOEt OO OoOOOE+OO 
Acenapht t.e ne OoOOOE+OO OoOOOE+OO OoOOOE<OO 
Acenapt.thylene OoOOOE I OO OoOOOEtOO OoOOOE+OO 
Acetone OoOOOE<OO OoOOOEtOO OoOOOEtOO 
Acentonitri lc OoOOOEtOO OoOOOE+OO OoOOOE+OO 
a cetophenone OoOOOE< 00 OoOOOEtOO OoOOOE+OO 
Acro lien OoOOOEtOO OoOOOE +OO OoOOOE+OO 
hcylonittle OoOOOEtOO 0 o OOOE+OO OoOOOE+OO 
Al drin OoOOOEt OO OoOOOEtOO OoOOOE tOO 
At oc lot l 221 OoOOOE+OO OoOOOE+OO OoOOOE+OO 

r. roc lotl232 OoOOOE+OO OoOOOEtOO OoOOOEtOO 
Be nzene OoOOOE+OO OoOOOEtOO OoOOOE+OO 
Benzoic-Ac id OoOOOE+OO OoOOOE+OO OoOOOEtOO 
Benz;•l-Alcohol OoOOOEtOO OoOOOE+OO OoOOOE<OO 
be nzidine OoOOOE< OO OoOOOE+OO OoOOOE+OO 
Alpha-BHC Oo OOOE+OO OoOOOE+OO OoOOOEtOO 
Beta-BIIC OoOOOEtUO OoOOOE+OO OoOOOE+OO 
Oelta-BHC OoOOOE+ OO OoOOOE+OO OoOOOE+OO 
Bro!l'ood i c hloro OoOOOEtOO OoOOOEtOO OoOOOE+OO 
Bt orr.ofo rn OoOOOEtOO OoOOOE+OO OoOOOEtOO 
BrC'r(.orr.et l1 OoOOOE+ OO OoOOOE+OO OoOOOE+OO 
bulyl bt nzene OoOOOEtOO OoOOOE+OO OoOOOEtOO 

carbnolc OoOOOEtOO OoOOOE+OO OoOOOE+OO 
ca rbonOiS OoOOOEt OO OoOOOE+OO OoOOOE+OO 
carbonte t chl OoOOOE t OO OoOOOE+OO OoOOOE+OO 
Chlot·d;,n<> OoOOOE+OO OoOOOE+OO OoOOOE+ OO 
Ch l o robenzenc? OoOOOEt OO OoOOOEt OO OoOOOEtOO 

Chlo tofot m OoOOOE I OO OoOOOE+OO OoOOOE+OO 
ChloLorreth OoOOOE+OO OoOOOE+OO OoOOOE+OO 
0-Citlo toTu OoOOOE t OO OoOOOE+OO OoOOUE +OO 
m- e re sol OoOOOE<OO OoOOOE+OO OoOOOEtOO 
o - c t esol OoOOOEt OO OoOOOI: IOO OoOOOE+OO 
p-c toeso l OoOOOEtOO OoOOOE+OO OoOOOE+OO 
Cun.ene OoOOOE+OO OoOOOEtOO OoOOOEtOO 

CyiiJtide OoOOOE<OO Oo000E+00 OoOOOE: IOO 

DOD OoOOOEtOO OoOOOE+OO OoOOOE+OO 
DOE OoOOOE+ OO OoOOOEtOO OoOOOEIOO 
Ui nbu t;•lphtha la l OoOOOE<OO OoOOOEtOO OoOOOE:t OO 
Oi benz [all ) OoOOOE+ OO OoOOOE+OO OoOOOE+OO 
ll iiJt-nzofu ran OoOOOE I OO OoOOOE tOO OoOOOE IOO 
Dibromoch l oro Oo OOOE:+OO OoOOOEt OO OoOOOEtOO 

120khlorv OoOOOE<OO OoOOOE+OO OoOOOEtOO 
1 )(JicJ. l Cth" OoOOOE+ OO OoOOOE+OO OoOOOEtOO 
l4Dichl or obeJt Z<'n OoOOOEt OO OoOOOE+OO OoOOOE:+OO 
12cisDichlo ro OoOOOE+OO OoOOOEtOO OoOOOE IOO 
12t t·an:;Oichl OoOOOE< OO OoOOOE+OO OoOOOEtOO 
Di chloro<J iflo OoOOOE+OO OoOOOE: oOO OoOOOEtOO 
121Jichlpt ,>p OoOOOEtOO OoOOOE+OO OoOOOE+OO 
Dieldrl n OoOOOE+OO OoOOOE:+OO Oo000£+00 
oi elloylploth OoOOOE oOO ll. OOOE 100 OoOOOEtOO 
1 20il~el hy lll OoOOOE IOO OoOOOE IOO OoOOOE+OO 
24- 0i metloyl ploc- OoOOOE+OO OoOOOE:+OO OoOOOE: t OO 
Din.e thyl phth OoOOOE IOO OoOOOE IOO OoOOOEtOO 

24Dini tro t o luelt£> OoUOOE+OO OoOOOE tOO 0 o OOOf~t 00 
2GDiniLLOtol uene OoOOOEIUO OoOOOE: IOO OoOOOE• OO 
Endosul fan II OoOOUE+OO OoOOOE•OO OoOOOE• OO 
E11d t i n OoOOOP.+OO OoOOOE:<OO Oo000£+00 

Aldehy<l<- UoOOOE IOO OoOOOE IOO OoOOOEtOO 
Keton(l' OoOOOE+OO OoOOOE+OO OoOOOE+OO 
Ethyl benz OoOOOEt OO 0 o OOQf:t 00 Oo000£+00 
Ethylchlor id OoOOOEtOO OoOOOE+ OO OoOOOEtOO 
Heptacltl (, t OoOOOE t OO OoOOOE +OO OoOOOEtOO 
Hcpta<.:llloL - ~~·oxd Oo oor•E• oo OoOOOE+OO OoOOOEI OO 
Hexachl o r ot-l~H zeon OoOOOEt OO OoOOOE+OO OoOOOE+OO 
llexachlo t •">e t h ,1 11e OoOOOE: IOO OoOOOE IOO OoOOOE IOO 
tHtt?xa ne 0 o (Jl\OE I 00 OoOOOE+OO OoOOOEtOO 
lltexdnrJ 1 OoOOOF:t OO OoOOOE+OO OoOOOE+OO 
2h~xanott& OoOOOE IOO OoOOOE:+OO OoOOUE+OO 
lsophOI'CIII~ UoOOOE:+OO OoOOOEtOO OoOOOE+OO 
Lindane OoOO OEt OO OoOOOF:+OO OoOOOEt{lO 

t·:o l holldl OoOOOE: IOO OoOOOE t OO OoOOOE IOO 
r.:a t l lch l nritJe OoOOOE+OO OoOOOEtOO OoOOOE+OO 
t:c-t hylc yc lo OoOOOE IOO OoOOOE IOO OoOOOE IOO 
~tethyl l no OoOOOE+OO OoOOOE+OO OoOOOEt OO 
t-:!~l act y la te OoOOOE IOO OoOOOEtOO OoOOOE IOO 
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l·!ethylEtt.yi B O. OOOEt OO O.OOOE+OO O.OOOEtOO 

2l·!ethylnaptha O. OOOEt OO O. OOOE+OO O. OOOE+OO 

l·lethylrropyl B O.OOOEtOO 0 .000£+00 O.OOOE+OO 

Naphthalene O. OOOE+OO 0 .000£+ 00 0.000£+00 

41li t t o be nzenamin O.OOOE+OO O. OOOE+OO 0.000£+00 

!lit robenzen" O.OOOE+OO O.OOOE+OO O.OOOE+OO 

21li tropheno1 O. OOOE+OO O. OOOE+OO O. OOOE+OO 

INPUT LEACH fiNAL LEACH SOLUBILI TY INPUT 

CO:ITI\IHNANT (1 /YR) (1/YR) (I·!G/L) IINENTORY (KG) 

/H1t i mOII Y - 1. 900£+0 1 2 . 039£- 05 0.000£100 1 . 67 0£+06 

Bar i um -5 . 500Et01 7 . 082£- 06 O.OOOEtOO 1. 67 0E-t 06 

60l 0 11 - 3 .000£+00 1. 23~£-0•1 0.0001-:tOO I. 6701-:+06 

Chromium- ! I I -1.000£+01 3 . 846£-05 O. OOO E:t OO 1 . 67 0£+06 

L.ead -I . 0 00£+ 02 3 . 900£-(16 0.000£+00 1. 67 0Et 06 

t•tl rtgdlleSe -2.000£+02 I . 9!>2£ - 06 0. 000£+00 1 . t 70E+06 

I-Jo1yl.>dPIIUffi -2 . 000£+01 I . ~t38E-05 7. 660£+04 1. 67 0Et0 6 

Se1eni unt -I. 500Et OJ 2. 577£-05 O.OOOE+OO I. 670£+06 

Stronthlll• -1.350£+01 2 . 860£-05 0 . 000£+00 1 . 670£+06 

Tin -2.500£+00 I . •17 1£-04 O. OOOEt OO 1. 670£+06 

Vdnadiur .. -1. 000£+02 3.900£- 06 0 .000£+00 I. 670£+ 06 

U-233 -4. 000£+01 9 . 728£-06 0 . 000£+00 I. 670£+06 

U-234 -4.000£+01 !1 . 728£- 06 o. 000£+00 1. 670E+ 06 

U-2 3S -4. 000Et01 9 . 728£- 06 O.OOOE+OO 1. 670£+(16 

U- 23G -4 . 000£+01 9 . 728£-06 O. OOOEt OO 1 . 670Et 06 

U-230 -4. 000£ +0 1 !1 . 728£-06 0 . 0011£100 1 . £70£+06 

24- 0 - 5.880£-02 4. 823£-04 G. 020E+02 I . 670Et0(, 

245-Tr (si 1vex ) -1 . 608£- 0 1 I . 414£-04 2 . 000£+02 1. 670Et0C 

Acenaphthene - 9.200£+01 2 .41 9C- OG 3 .420Et00 1. 670£ I 06 

Ac e ndphlhJi l e ne - 1. 220£+01 I. I J~E-05 I . 610£+01 1. 670£+ 06 

lice t one -4.400£-02 1. 951£-03 O.OOOEt OO 1. 670!:+06 

Acentc~n itti le - 1. 5 40E-0J 2 . 47\;E- 03 1. OOOE+ 06 1.670E t 0G 

acetopl1enon~ - 9 . 2•10£-02 1.571£- 03 6 .130£+03 ] . 670£+06 

hcr olie u -2.780£-03 2 . 45<'£-03 1. 200£ 10 4 1. 670£+ 06 

Ac yh,nitr l P - 4 . 44 0£-03 2 . 431E- 03 7 .450£+04 1. C70E '06 

A1dti u - 9 . 74 0E t01 1. 202£- 08 1.700!:-02 1. 670E+OG 

At oc l or l 22 l - 1. 200E+ 02 3 . 251£- 06 4.830£+ 0(1 I. G70E 106 

Ar.;>cl o L1 2:12 -I . 500£+01 3.4 16£- 06 4 . 830£100 I. 670£+06 

) Be nze ne -1 . 700Et 0 0 2. 104£-04 0.000£100 1. 670£+06 

Benzr.Ji~-Acid - 1. 200E-03 2 .40 4£-03 3.400Et0J 1. 670£106 

Oc·nzy1 -Al c oho l - 3 . 130£ - 0 2 2 . 083£-03 4. 290E+04 J. 670E+OG 

benzi dine -5 .430£ +00 G. 931 E-05 3 . 220E t 02 1. 670£+06 

hlplta- BHC - 3 . 520£ +00 5.t57E- U6 8 .000Et 00 1. 670E 106 

B<'ta-BHC -4. 280£+00 5 . ~57£-06 O.OOOE+OO I. 670£+06 

De l ta-BHC - 4. 280£-+00 5 . 657£-06 6 .000£100 1. 670Et06 

Ot orr.odicl •loto -1 .080£-02 2 . 143£-03 3.030Et 03 1. 670£•06 

8t vr.·~focm - 2 . 520£-01 7 . 072£:-05 l.000Et 02 1. 670£+06 

Bt r..;r....r .• e t!a - 2 . 830£-0 2 2 .117£- 0 3 5.200Et 03 I.C70E1 06 

butylbenzeue -I. 6J0Et00 4. 335£-05 6 .130£+01 1. 670£+06 

Ca rbazo l e -6 . 780£+00 1. 273£-06 I. 800£+ 00 1 . 670E+OG 

Ca t bonOI S - 1. 030£-0 1 8 . 345~~-04 1.1 00£+03 1. 670£106 

c,u bonte t chl - 2.200£+00 I. CSSE-04 O. OOOE•OO I. 670E10C 

Cltl otdane -1.730£+02 1.%0£-08 5 . 600£-02 1. G70E 106 

Cl•l (J t"Obt:nzer,e - 4 . 360!:-01 3.522£- 04 4. 980£+02 1. 670£ 106 

Chl cnof o t n - 6 . 200£-0 1 5 . 037£-04 O.OOOE•OO 1. 670E+OG 

Ch l oL<melh - 2 . 860£-02 2 . II)E-03 5 . 320£103 1. G?OE• O£ 

n-Ghlvt oTu -U . 860E-01 2. C4~·C-0•1 3 . 740£+02 1. 670£ I 06 

ri'l - Gr eso l -9 . 5GOE-02 I. 551£-0J 2 . 270£104 1 . 0 0£+06 

o-ct e~o l - 1. 020£-01 I. L55E- (t3 2 . ~90£+04 1. 670Et0C 

p-c re~o l -9.220£-02 1 . 57?£-03 2 . 150£+0 4 I . 670Et06 

<::urne ne -1.650!:+00 4. 3 3~·E-O~ 6.1 30 Et 01 1. 670E-t06 

CyatdriE= -9 . 't0 0E 100 J . ij0 4C-05 1.000£106 1. 670E1 06 

000 - 9 .160!:+ 0 1 6 .365E-00 9 .000£-02 1. 670£1 06 

OPE -I . 7J0Et00 2 . ll2'•E-00 4 . 000!;-02 1. 670EtOG 

Oinbu Ly1phthal a t -l . OOOE-06 2 . 500£- 03 O.OOOE+OO 1 . 670£+06 

011w nz (a1t) - 3.580Et03 7 . 28 4 ~:-10 1 . 030E-OJ I. 670Et06 

Dibenzofut all - 2.2 COE102 1. 727£-0G 3. 100Et00 1. 670!: 106 

Dib1omochlo ro - 1. 41 0E-01 1. JI4E-03 2 . 700!:+03 1. 670E 1 OG 

120ic hle>I O - "/ . SBOE-0 1 5 . (57£-05 ~ .OOOE I O I 1. 670£+06 

13Di chlor o - 1. 60GE10l 2. 409£-05 I. 250E-t 02 1. 670E I 0(; 

14DicltL,,roL>enzen -1. 232Et00 5 . 74'•£-05 tl .130Et 01 I. C70E 106 

17ci sDich l c•ro - 9 . 960!:-0 1 3.390£-04 3 . 500 £ +03 1. 670Et0f. 

12llall:.;llichl - 7 . 600£-02 I. 602£-03 3 . 500£ 103 1. 6 70EIOG 

Oich l o t od i Cl o -1. 370£-02 I. ~OOE-0•1 2 . 600Et 02 I . 670EIU6 

120ichlpt ''P - 9 .400£-02 I . 561E-03 2 . !100E-t 0J 1 . 670£+06 

Dieldrin -J .400f:+OI I .144£-05 O.OOOE1 00 1. C70E I OC 

Diethylpltth - 2 . 520£-01 7. G37E-04 1. OBOE 103 1 . 670£+06 

12Dil-!ct hy lB - 4. 800!:-01 1. 556E- 0 4 2 . 2001:102 1 . 6701':+06 

24 -UimPtlty l j.JhO - 2 .520£+ 00 I. 460£-0•1 7 . 070!:+03 I. 670E 106 

) 
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Dirr.ethylphth -7.420E-02 l. G95E-0J 4. 000E<03 1. 670E+06 

24Dinitrotoluene -1. 020E-01 1. 90~E-04 2.700E+02 1.6?0E+06 

26Dinitrotoluene -8.390E-02 2.489E- 04 3 . 520E+02 l. 6?0E t 06 

Eudosulfanii -4.080E+OO 3 .182E-07 4 . 500E- 01 l.670E+06 

Enddn - 2 .160E+O I 1.768E-07 2 . SOOE-01 1 . 670E< 06 

Aldehyde -2 . 1 WE+O I 1. 768E- 07 2 . 500E-01 l. 670E~06 

Ketone -2 .1 G0E t01 1.768E-07 2 . SOOE-01 I. 670E+06 

Ethylbenz -4.080E-Ol I. 195E-04 1. 690E+02 1.670Et 0G 

Ethylchlorid -4.750E-02 1. 917E-03 6 . ?00E+03 1. G70E+06 

Hept ach l o t -4. 800E t01 1. 27 3E-07 l. SOOE-01 1.670Et06 

lleptachlot-e}JOXd -1 . 730Et01 1. 414E-07 2 . 000E-01 1. 670Et06 

Hexachlorobenzen -1. 100E<02 4.J84E-09 6 . 200E- 03 1. 670E+06 

Hexachl o r oethane - 3 . 560E+00 3 . 5)6E-05 S . OOOE+0 1 1. 670E+ 06 

llhe xdne -2 . 980E-01 6 . 7 181':-06 9.500E+OO 1.G70E+06 

lhexanol -2 . 600E-02 2 .!43E-03 5 . 900E<OJ 1.670E+06 

2hexanone - 2 . 600E-02 2. 14 3E-03 5 . 900E+03 1.670E+OG 

T r;opho t one - 1. 700Et 00 2. 104E-04 O. OOOE+OO 1 . 670E+06 

Lindane - 6 . 760E<00 5 . 657E-06 S . OOOE+OO I.G70E+06 

Bethonctl -2 . 000E- 03 2 . 4G8E- 03 I . OOOE+06 1. 670Et06 

N.:.thcllloride -4.340E-02 1.957E-03 1. 300E+04 I. 670E+ 06 

t·~ethylcyclo - 1. 990E-01 9.900E-06 1.400E+01 1. 670E+06 

1:eth~•1Iso - 4. 700E- 03 2 . 427E- 03 1. 900Et04 1.670E+06 

1·:-:etact ylate -2.000E-02 2.216E-OJ 1 . 500E+04 1. 670&+06 

J:ethyiEthylD - I . 650Et00 4.314E-OS 6 . IOOE+OI !. 670Et06 

ll~ethylnapth:. -5 . 940E+OO I . 740E- 05 2 . 460E+OI I. 670E+06 

Nc t hylPropylB - !.650Et00 4. 314E-05 6 . 100Et01 I . 670E+06 

llaphth<l l ene - 1.900E+OI 2.0J9E-05 O.OOOEtOO I. 670Et0G 

411itlobenzena.,in -J .440E- OI 1 . scn:-1 2 1. 070E-05 !. 670E+ 06 

tlitrobe nzene - 1.2~0E-01 1.36!1E-03 2.090E+03 l.670Et06 

211itH•p loenol -7 .IOOE- 01 4 . 50!1E- 0~ 2 . 500Et03 I. 670Et0~ 

AQUI F'Eii AQU ifER VERTI CAL VERTICAL 

CO!ll'/-J llllAI/1' !:ORI'TIOII RETARDATION SOilPT!O!l llETARUNi'IO!l 

AttL irr.\.""~0\' 1.900E+OO 1. 468Et01 1. 900Et01 1.378E+02 

BariuM 5.500E<00 4 . 060Et0 1 S.SOOE+O I 3.~70Et02 

Oor\."'H'I J . OOOE-01 3 .tGOE t 00 3 . 000Et00 2 . 260Et0 1 

Chrom ium-Ill 1. OOOEtOO 8.200E+OO 1. OOOE+01 7 .300Et01 

Lea <.I l. OOOE+OI 7.300E:t01 1.000Et02 7 . 210Et02 

1·1.'1nqar.ege 2 . 000Et01 1.4 50E+n 2 . 000E+02. 1 .44 1E+03 

l·:o l yb:lenu:t 2.000E+00 I . 5 40E+0 l 2.000E+01 l. 450E+02 

Selenium l. SOOEt OO 1.180Et0l 1. SOOE+ 01 J . O~OE+02 

St ront i ttn• O.OOOE+OO l.OOOE+OO 1. 350Et01 9.820E+0 1 

Tin 2 .500E-01 2.800E+OO 2. 500Et 00 1. 900Et01 

VanaJiur:l l. OOOEtOl 7.300Et0 1 I. 000Et02 7 . 210E+02 

U- 23"J ?.OOOE-01 6.040E+00 2.000E<01 1.450Et02 

U- 234 7.000E-Ol 6 . 040E+OO 2.000E+ OI 1.450Et02 

U-235 ?.OOOE-01 6 . 040E+00 2. 000E+01 1 . 450E+02 

U-23 6 7 . 000E- OI 6.040E+00 2 .UOOE+OI 1.450Et02 

U- 23B 7. OOOE-01 6.040E+OO 2 .000Et01 I . 450E+02 

24-D S . SSOE-03 1.042E+00 S. USOE- 02 1.423Et00 

245- TI'(Si I vex) 1. 608E- 02 l.llCE•OO I . GOOE-01 2 . 158Et00 

A.cenaphthe ne 9 . 200E·t 00 6. 724E+Ol 9 . 20 0E< 01 C. 634Et02 

Acenclr.Jlarhy\OJ>fle 1. 220E<00 <t.7B4E+00 1.220E+OI 8 .884Et01 

Acetr.Jne O.OOOE+OO I.OOOE+OO 4. 400E-02 1. 317Et00 

,\c<-nt cmitciJ e 1 .540E-04 1. 00 1Et00 1 . 540E- 03 1 .011E+00 

aceturtaenone 9 . 240&-03 l.OG7Et00 9 . 240E-02 I. 665E+OO 

Acro lien 2.780E- 04 1.002Et 00 2 . 780E- OJ 1.020Et00 

Acy l llni tt Ie 4 . 440&-04 1. 00JE:+OO 4. 4·10E-03 1. 032E t 00 

Aldti n 9.HOE+00 7 .l U Et OI 9 . 740E+01 7 . 02JEt02 

ALoclorl221 1. 200Et02 a.650E+02 1. 200E+02 9.650£+02 

ArocJ or .1 232 I.~OOE:•OI 1 . 090E+ 07 1. SOOE+01 l.090E t02 

DeJa zen!':: o.OOOEtOO l.OOOEtOO 1 . 700Et00 1. 324Et01 

Benzoic-Acid I. 200E-04 1.001E+00 1. 200£-0J I. OO<tE:tOO 

Benzyl-A 1 C ~o."'l• r•l 3 . 130E-03 1. 023E t 00 3 . 130E-02 1 .225Et00 

benzidine 5. 460E-01 4. 94€E< 00 5.480E+OO 4.046E-t01 

Alpha-BHC 3 .520E-Ol 3.5J4E+OO 3. 520£+00 2.634Et01 

B<:ta-!3fiC 4.280E-01 4. 002E+00 4. 200E+00 J .1~ 2Et01 

Del t~-BHC 4.260E-01 4 . 082E+OO 4. 2801':+00 3 .182Et01 

Bto~odich lvt • • I . OSOE-03 l. 008Et 00 l.OCOE-02 I . 070E< 00 

Rrorr.o (ocrq 2 . 520E-02 1.1 81E<00 2 . 520E-Ol 2.0 14Et00 

Bt <JIT""":r:et h 2.AJOE-03 I. 020~:+00 2 . 8JOE-02 ! .204Et00 

butylbeuzer,r· 1. 6JOE-01 2 .17•1E t00 I.G30Et00 I. 274E-t01 

C.l rbazl,le 6.780E-01 5 . 682Et00 G.780E+OO 4.902Et01 

CatbonDi~ I . 030E- 02 l. 0'/4E+00 1 . 030E-01 1. 742Et 00 

Ca t bonletclo l O.OOOEtOO I .OOOEtOO 2.200E+00 1.684Et0l 

thlotdiw e 1. 730E+01 1. ?56Et02 1.730E+02 1.247Et03 

Chlori)Oenzenc 4.300E:-02 1. 315Et00 4. JOOE- 01 4. 154E+00 

ChJotofOU1 O. OOOEtOO 1 . 000E+OO 6.200&- 0J 5 .464Et00 

Clalon.•:~.et l • 2.860E- 03 1. 02 1E>00 2 . 060E-02 1.20GEt00 
) 
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0-Chloro1'u S.060E-02 l.C3St:+OO 8.8~0E-Ul 7.374E:t00 

m-ctesul 9 . 5COE:-03 I • 06~!::+00 9.560E-02 I. 680E+00 

o - c resol J. S20t:-02 1.131!::+00 I . 820E-OJ 2.310E+OO 

p-cresol 9 . 220E-03 l. 066!::+00 q. 22oe:-o2 1.664E+00 

cnmene 1.650E- 0 1 2 . 188!::+00 1. 650!::+00 I . 28SE+01 

Cyanide 9.900!::-0J 8 . 128!::+00 !1 . 900Et00 7 . 228E+01 

DDD 9.H01::+00 C. 695E+01 !L 160E+01 G.C05E+02 

DOE 1.730E-01 2 . 246E+OO J.730Et00 1 . 34CE+01 

Oinbu tylphthalat O.OOOE+OO l . OOOE+OO I .OOOE-OC J.OOOE t OO 

Dibeuzfah] 3. 580E-+02 2 . 579E+03 3.500E+03 2.578E+04 

Dibenzofuran 2 . 260!::+ 01 1. 637E+02 2 . 260!::+02 1.628E+03 

Dibromoch1 o Lo 1.4JOE-02 1 . 1 02E+00 1 . HOE-01 2 . 015£+00 

120ich l oro 7.580E-02 1.546!::+00 7 . 500E- 01 6 .4 5SE+00 

lJDichJoro 1. 606E+00 I. 256E+01 1. 606E+Ol I.J66E+02 

14Dichlorobe nzen 1. 232t:-OJ 1.007E+00 J . 232Et00 9 . 870E t00 

12cis Dichloro '1 . 960£- 02 1. 717!::-+00 9 . 9GOE- OJ ~ .171E+00 

12t rans DichJ 7. COOE-03 1.055£+00 7 . 600E-02 1.547£+00 

DichlocoJi f1 o 1. 370£-03 I . OJOE:tOO 1 . 370!::- 02 I . 0 '19£+00 

12Dich1pt<'P 9 .400£-03 1.068!::+00 9.400£-02 I. 677E-+00 

Diel dtin 0.000£+00 1.000E-+00 3 . 400E+ 01 2 . 458Et02 

Diethylphth 2.520E-02 1.181£-+00 2 . 520E- 01 2 . 814E+00 

12Dil·:ethylB 4.800£-02 I . 346E+OO 4.0001::-01 4 . 456E-+00 

24-Di met hylphe 2 . 520!::-01 2.8J4t:+OO 2 .520£+00 l.9l4E<Ol 

Dirc.e thylphth 7.420!::-03 1.053!::+00 7 .420£- 02 I . 534E+00 

24Dinitrotoluena 1.020£-02 1. 073E-t 00 1.020E-01 J.734E+OO 

26Dinitro tolue"e 8.390E-03 1.060!::-tOO fl. 390E-02 I . 604E +OO 

Enclcsulfanll 4.080E+OO 3.038E+01 4 . 0SOE-01 3 . 9J8E t 00 

Endriu 2 .l ~OE+00 l . f>55 t:t01 2 .160E+Ol 1.56SE+02 

hldehrde 2 .160!::+01 1. 565Et 02 2 . 160£+00 1. 655E< OJ 

Ketone 2 .1 60E+0 1 1 . 565Et02 2 . 160E+00 !.6S5E t01 

t:t hylbenz 4 .08(1!::- 02 I. 294E+00 4. 080£-01 3 . 938Et00 

Eth~·lchlvrht 4.750E-03 1. 034E+00 4.750£-02 1. 342!::+ 00 

Hept.-.chlOl 4.COOE+00 3.SS(;Et01 4. 900E+01 3.46GEt02 

llel-' t achlor-epoxd J.730E+00 1. 346E-+01 1. 730Et0J I . 256£+02 

He xachlotllbenzen l.lOOt:+ OI 8. 020E-t01 1. 100£•02 7 . 930E•02 

Hex.lcli l or .. "let hane 3. 560£- 0 1 3.S63t:+00 3 . SG0t:+00 2 . 663E-t OJ 

NlaeX<lll€: 2 . !J80E- 02 1. 2J 5E:t 00 2 . 900£-01 3.146Et00 

lheXil llOl 2 . 60 0E-03 1.019Et00 2 . 600E-02 l.l ~7E t00 

2he:<anone 2 . 600E- 03 I.Ol'iE-t OO 2 . 600E-02 !.187E+00 

l sophotone O.OOOE+OO 1.000Et00 I . 700£-tOO 1. J24E+ OJ 

) Lind.tne 6. 760E- Ol 5 . 867£+00 6 . 7GOE+00 4.967E t01 

:-!ethonJ l 2 . 000!::-04 I.OOIE:+OO :!.OOOE-OJ 1. 0 14E+00 

l·:..:tl•cl•lo ride 4 . 340E-OJ 1.031Et00 4. 340£-02 !. 3 12!::+ 00 

Nethylcyclo 0 . 000£+00 l.OOOt:tOO O. OOOE+OO I .OOOE<OO 

1-:etltyllsc. 4 . 700E- 01 J. OOJE:-+00 4.700£-03 1.034Et 00 

r-::~etdctylatc 2 .000!::-03 I. 0 14E+ 00 2 . 000£-02 1. J44Et00 

:-:ett.ylEthylB 1 . 650E-01 2 . 198!::+00 1.G50E+00 I . 28BEtO J 

2t·!ethy lr•at,tl•a 5. 940£-0 1 5. 277E-+00 5.940£+00 4. 377Et01 

~:ethylPropylB I. 650E- 01 2. 188E+00 J. 650Et00 1.28Bt:-t0 1 

Udf.Jhth(ller.e 1 . 900E<00 I. 4C9t:+OI l. <rOOE tOl 1. 370E-t 02 

4Nitrob~nzondr~in 3.440E-02 1 . 248E t 00 3.HOE-QI 3.477t:t0U 

Ui trobc11zene l. 2~0E-02 I.093E+00 1. 290E-O I 1. 929E I 00 

2lli t tophenc.l 7 .1 00E- 02 1. 511!::+00 7. I OOE-01 6 .11 2Et00 

BIOACCU:1UI.A1' J Oll f'IICTORS 
SOl L- ri.AIIT SOIL-PLiJIT f'ORIIGE-HI LK f'ORI\GE -1·1Eh1' 

COllTAIHli!JlT Bv Br Flu (0/ L) Ff (D/KG) 

Antinony 5. OOOE-(t? 5 . 0UOE-03 2.500!::-05 4.000E-05 

Barium 1 . 0UOE- 01 I. OOOE:-02 4.000E-04 2.000E-04 

Boru11 4.000E+ 00 4. 000E-01 I . 500£-03 O. OOOE- 04 

Cl• ronium- l T 1 •l . OOOE- 0? 4 . 000E-03 I. OOOE-05 9.UOOE-03 

LeaJ 'J. 0001::- 02 '' . OOOt:-03 J.ooor.-04 4.000E-04 

Hangdnet:e 6. 000£-0 J G. BOOE- 02 ).OOOE-05 5 . 0001::- 04 

r.:o l ybde num 4 . 0UOE-01 4 . 000E-02 1. 700E-OJ I .OOOE-03 

Seleni u1' 5. 000E- Ol 5.oooe:- o2 J.OOOE-02 I .OOOE-01 

Stro ntium l.IOOEtOO 1. JOOE- 0 1 2.~00£-0J O. UOOE- 03 

Tin l.OOOEt 00 I.OOOE- 0 1 1.000E-O J I. OOOE-02 

Vanadium 5.500!::-03 5.500E- 04 2.1JOOE-05 2 . 500!::- 0J 

U-2J3 2.300E-02 2 . 300E-03 4 . 000E-04 3 .000£-04 

u-234 2. JOOE- 02 2.300E- 03 4 . 000E-04 J . OOOE-04 

li-2JS 2 . 100E-02 2.JOOE- 03 4.000£-04 3 . ooo~:-o4 

U-2 36 2 . 300!::-02 2 .300!::-0J 4 . 000!::-04 3.000£-04 

U-238 2. 301lt:-02 2 .JOOE:-03 4. OOOt>04 3 . OOOE-(14 

24-0 1. 300Et00 1. 300E-Ol 2 .SOOE-OG 7 . 900t:-06 

245-1'P (Si I vex) 2 . lOOE-01 2. I UOE-02 C.JOOE-05 2.000E-04 

AceJJdpl ,tllene 1.200E- U1 1 .200E- 02 I. GOOE-04 5 . 0UOE:-04 

Acenaphlhylene 2 . 700E-01 2 . 700!::-02 4. 000!::- 05 1. 300E-04 

At;etonc 1 . 300E-t01 1 .300Et00 J • SOOF:-OS I. ~OOE-00 

hcentoni lt il~ 6.000E t01 (;.OOOE+OO 3.600£-09 1 .100t:-oo 
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ace t 0phe none 
1\crolien 
1\cylonilrl e 
l\1dri oo 
l\rocl ot1221 
l\roc l o t l 232 
Benzene 
Be nzoic-Acid 
Benzyl-Alcohol 
benzidine 
1\lpha-BIIC 
Beta- BHC 
Delta-BHC 
Brorcoclichl oro 
Bromofo rm 
Brorr.o:r.eth 
butyl bonze nt-
Carbazole 
CarbonOiS 
Ca rboootetclol 
Chlordaue 
Clolo r obenz<:ne 
Ch l otofotri\ 
Chlorozr.eth 
0- Chl f.ltOTU 
m-c r esol 
o- c resol 
p-c rtH;ol 
Cumene 
Cyanide 
ODD 
[l[lE 
Dinbutylphtloalat 
Oibenz[ah ) 
Dibenzo fut·an 
Dihron;och l o r o 
L2Di chl <.-.. r rJ 
IJDiclolo ro 
14 Dic hl o robe nzen 
1 2c i s (l.i c h l or,.,. 
12t r .,nnr•i chl 
Dichl o t od i fl eo 
12Dic lolpt op 
Die l drin 
Oiethyl phth 
12DiHe t hylD 
2,1-Di rr.e thyliJh<' 
[oime tloy lphLio 
24Dinit ro t o l u""r.e 
2GOinll wto lu .. ne 
Endo~u 1 Can I I 
Endriu 
llld .. hyde 
Ket o nC" 
Etl 1ylb~nz 

Ethylchlotirl 
liept~clo lor 
lleptaclolor-epoxd 
He:xachlot ob~nzen 

lle xac h l ot neth~lrtt' 

m.ex\lfle 
l l&e:<anol 
2 1texan~'lne 

I sophc•t '-'ne 
Lindane 
l~ethoual 
l·!e t llc h 1 o r ide 
l·:ethylc ycl o 
l·:ethyl T"o 
tl!•!e tdCLylate 
l•:c thy!Elhylii 
21:e thyl n~ptloa 
Ne l hylPtopy lB 
U.:.pl1tf\c1le ne 
4tH t 1 ub e nze u'"'''ti 11 

Uilrober~zene 

211i t ropheno l 

3.900E+00 
4 .300Et01 
2.700Et01 
6 . 900E-01 
1.600E- OI 
S.JOOE-01 
S.SOOE- 0 1 
J .OOOE+OO 
8.700E+00 
6. 700E+OO 
2 . lOOE- 01 
l.SOOE- 01 
9.000E-01 
2.300E+00 
J. SOOE+OO 
7. 700E+00 
J .SOOE- 01 
2.400E- 0 1 
2.000Et00 
2 . 900E- 01 
2 . SOOE-02 
9.000E-01 
7 , 000E- 01 
l.lOOE+O I 
4. I OOE-01 
2.600E+00 
3.000E+ 00 
3.000E+00 
3 .SOOE-01 
8 . 700E+00 
1. 600E- 02 
! .900E-02 
5.600E-03 
4.300E- 03 
I .~OOE-01 

2 . 000E+00 
4. IOOE- 01 
3. I OOE-01 
4 . IOOE-01 
3. 000E+00 
2.000E+01 
2 . 000E•00 
2 . 600Et00 
9.200E- 02 
1 . 300Et00 
6 . 000E-Ol 
1. SOOE •OO 
4 . 500E+00 
2 .600Et00 
1 . ~00E+U0 

J . JOOE:- 0 I 
0 . 200E-02 
6 . 200E-02 
8.ZOOE- 02 
G. l OUE-01 
5 . YOOE+00 
1 . 200E- 0 1 
2 . BOOE-02 
3 . 200E-02 
2. l OOE-01 
2 . 100E-Ol 
5.900Et00 
5 . 900Et00 
4 . 000E-0 1 
2 . 700E- 01 
1.1 00E t 02 
t . 700E+00 
8 . l OOE-01 
? . 700E•00 
6.?00E100 
3 . 500E-0 1 
2 . I OOE- Crl 
3.500E- U1 
4.600E-01 
6 . 800£: 100 
3 .400E+00 
3 .600Et00 

J . 'JOOE- 01 4 . 000E- 07 
4. 300E+00 G.JOOE-09 
2 .700E+00 1. 400E-08 
6.900E- 02 7 . 900E-06 
1 . 600E-02 9.900E-05 
S.JOOE-02 1.JOOE- 05 
5.800E-02 J . JOOE-06 
J.OOOE-01 6.300E- Oi 
S.?OOE- 01 9 . 900E- OS 
6 .100E-01 1.600E-07 
2. 1 OOE-02 6 . 300E- 05 
l.SOOE-02 ?.900E- 05 
9.000E-02 S.OOOE-06 
2 . 300E- 01 9.900E- Oi 
1.SOOE-01 2 .000E- 06 
7.700E-01 I. JOOE-07 
J.SOOE- 02 2.500E- 05 
2. 400E-02 S.OOOE-05 
2 .000E- 01 1 . 300E- 06 
2 . 900E-02 l .lOOE- 05 
2.500E-03 2 . 500E-OJ 
9.000E-02 5.000E- 06 
7 .000E- 02 2 . 300E- OG 
l.lOOE+OO 6.400E-08 
4.1 00E- 02 2 . 000E- 05 
2 .600E- Ol 7 . 900E-07 
3.000E-Ol 6.300E-07 
3.000E- 01 6.300E-07 
3. SOOE-02 2.SOOE-05 
8 . 700E- 01 9.900E-03 
1. 600E- 03 S.OOOE- OJ 
1 . 900E-03 4. 000E- 03 
5.600E-04 3 . 200E-0J 
4.JOOE- 04 S. OOOE- 02 
I . 500E-02 l . OOOE- 04 
2.000E-01 I .JOOE-06 
4. 100E-02 2.000E- 05 
J . IOOE-02 J . IOOE-0 5 
4. LOOE-(12 2.000E- 05 
) . OOOE- 01 6.300E-07 
2 . 000Et00 2 . 400E-08 
2.000E-01 I .JOOE- 06 
2 . 600E- Ol 7. 900E-07 
~.200E-03 ? . 900E- 03 
I.)OOE- 01 2 . 500E- 06 
6.000E-02 1 . 100E-05 
l .IIOOE-01 l . GOOE-OG 
4 . 500f:- 01 3 .1 OOE:-07 
2 . 600£:-01 ? .900E-07 
3. 900E-O l 4 . 000E-07 
3. 300E- 02 2 .BOOE-U~ 

8.200E-03 J .IOOE-04 
8 . 200E-0) 3.100E-04 
8.200E- OJ 3 .i00E- 04 
C. I OOE-02 ~.~OOE-OG 

S.400E-01 2 . 000E-07 
1. 200E- l)2 l. GOOE- 04 
2 . 800E-0) 2 . 000E- OJ 
3 . 200E-03 I. 600E-0J 
2. I OOE-02 6 . 30uf:- o~. 

2.100E-02 6 .:JOOE-05 
5 . 900E- 01 2 . 000E- 07 
S .<oOOE- 01 2 .000E- 07 
4 . 800E- 02 4.600E-06 
2.700E- 02 4. 000E- O!; 
I . I OOE+ OI I . JOOF:- 09 
6 . '/00E-(11 1 .COOE-O'I 
I! .JOOE-02 S. ?OUE-06 
7 . 7UOE- 0 1 l.JOOE-07 
6.700E-Ol I . 6001':-07 
3.500f:- O? ~ .SOOE-05 

2 . lOOE- 02 G. JOOE-05 
J.snoE-02 2.5001::-05 
4. GOOE- 02 l . f>OO E-05 
G. OOOE-01 2 . 000E- 07 
3 . 400E-01 5.0001':- 01 
3.600E- 01 4. 900E-07 
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I . JOOE- 06 
2.000E-08 
4.400E-08 
2 .500E:- OS 
). IOOE-04 
4.000E-05 
3 . 300E-06 
2.000E-06 
3.100E- 07 
S.OOOE-07 
2 . 000E-04 
2.500E- 04 
l . 600E-05 
3. l OOE-06 
6 .300E- 06 
4.000E-07 
? . 900E- 05 
1.600E-04 
4 . 000E-06 
I . IOOE- 05 
7.900E-03 
1 . 600E-05 
2.300E- 06 
2.000E-07 
G. JOOE-05 
2 . 500E- 06 
2 .000E-06 
2 .000E-06 
7.900E-05 
3 . LOOE-07 
1. 600E- 02 
l .JOOE-02 
I .OOOE-02 
1. 600E- Ol 
3 . 300E-04 
4.000E-06 
6.300E- 05 
I . OOOE-04 
G.JOOE-05 
2 . 000E-06 
7.500E-O!l 
4 . 000E-06 
2 . 500E-OG 
7 . 900E- OJ 
? . 'JOOE-06 
).400E-05 
s .ooor.-o6 
I . OOOE-06 
2 . 500E-06 
I . JIJOE-06 
8 .900E- 05 
l.OUOE-03 
I. OOOE-03 
I. OOOE- 01 
).IOOE-05 
t . JOOE-07 
S.OOOE- 04 
G.JOOE-03 
5 . 000E-03 
2 .000E-04 
2 . 000£:-04 
6 . 300E- 07 
6. lOOE-07 
4 . COOE-06 
J. JOOE- 04 
4.200E-09 
S . OOOE-07 
I . ~OOE-05 

4 . 000E-07 
S . OOOE-07 
7.900E-05 
2 . OOOf:-04 
7 . ~001:-05 
5.000E-05 
G.2008-0? 
1 . GOOE-06 
1.600E-06 



rEAK COt:CENTAATIO:IS A!IO THIES fOR PIITHNAY 1 .,,,, 
RIVER AT 47G. O B -''' ' -' 

PEAK AVERAGE DOSE AVERAGE RI SK 

CO!ITN.J!IIANT CO!ICEIITRATfON PEAK TII•IE AT PEAK TII1E AT PEAK Til-lE fRN; TION 

(I'.G/L) (Yil) (I·!G/KG-DAY ) (HE/Li fE ) Of AOJ 

Ant i mony 6 .94E-02 50362 . 8 1.99£-03 4. ~0E100 

Barium 2. 4\E-02 144848.5 6 . 95£-04 3 . 47E-03 

~ron 4 . 21E- 01 8369. 1 1. 23E- 02 6. 16E- 02 

Ch t'omi um- Ill 1 . 31E-01 2674 1. 3 3.99E- 03 

Le,,d 1. 33E-02 262955 . 7 J . OJE-04 

l·langilnese G. 64E-03 525416 . 0 1 . 91£-04 1. 36E- 03 

l·!o 1 ybdenurn 6 .59£-02 52987.4 1.93£- 03 3. S?E-01 

selenium 8.77E-02 39864.3 4. 50E-03 9 . 00E-01 

Sltontium 9.73E- 02 34515.3 3 . 02E- 03 5.04£-03 

Tin S . OOE-01 7056 . 8 1. 55£-02 2 . 5&E-02 

Vanadium I. 33E-02 262955.7 3.B7E-04 1.14£- 02 

U-233 2.75£-0 2 424 51. 5 7. 93E- 04 2.G4E-01 

U-234 2.93E-02 42471.7 0.41;£-04 2.82E-01 

U-235 3.31E- 02 51627 . 5 9 . 54E-04 3 . 18E-OI 

ll-236 ).JOE- 02 42592.7 9 . 53E- 04 3 . 1SE-01 

U-238 3 . 31E-02 51627 . 5 9.55E-04 3. 18£-01 

24-0 1 . 64 E•OO 1039 .4 4.1LE- 02 4.71£+00 

24 5-TP ( S il vex) 4.81£- 01 11 00.8 I. 30£-02 1. 73E+00 

~.cenaphthene 8 . 23E-03 241 958.8 2.37E-04 3.95E-03 

Acenaphth'll e ne J , 87E- 02 32515 . •1 I. IIE:-03 1. 85E-02 

Acetc:me ( . G3E+OO U48 .6 l. 90E-01 2.l1E-Ul 

i\CE!'Hto nitrile 0.42E100 699.1 ~. 42E-01 

acetc1('henone 5.J4E+00 685. 4 1.53£-01 I . 53£+00 

Acn, 1ien 8 . 35£•00 70J.G 2. 40E-01 4. 7~E+02 

1\cy1onittle C, 27E•OO 70Q,7 2 . 37E-01 I . 2CE-01 5 . 93E•00 

A1dlin 4.09E- 05 256131.7 1.17E-06 I. 9,E- 05 3 . ~1E-02 

Arocl or l 221 I.IIE-02 SS6945.5 J.lSE-04 6 . 36E- 04 

Aroctoc1 232 1 .1GE- 02 75580 .1 3 .33£-04 G. G?E-04 

Benzene 1 . 1(.E- 01 471~. 3 2 . 05£-02 1. IJE-03 S. l 3E•OO 

8UII 2f,.dc-Acid 9 . 18E+00 697 . 0 2.35£-0 1 5.%£-02 

Berrzyl-Al coho1 7 . 08E• OO 808.4 2 . 03£- 0 1 2.03E•OO 

benzidine ? . 3GE-01 14876.1 6. 76E-CI3 1.55£+00 2.25E100 

) AI!Jha-BHC 1. 92E- 02 913J.!r 5.53E-04 J.4 !!E-0J 6.Q1E-02 

lleta-BHC I. 92E- 02 11 121J.G S . SJE-04 9 . 96E-04 

Delta-BHC 1. 92£-02 11 128 . 6 5.52E-04 9 . 94E-04 

FJteomod ichlorfJ 1 . 29Et 00 733 .1 2 . 09E-0 1 I. JOE-02 1. 05£+ 01 

BLOfn\.."l (OI.nl 2 .41£- 01 1380.0 6.~0£-03 S.'.SE-05 3 . 45£-01 

Br"NOrM!th 7.20E100 H7 .4 2. 06f.- ft l I. 47E1 02 

butylbenzer.e 1.4 7E- 01 5120 . I 4 . 23£-0J 8 . •IGE-02 

Ca t bazole 4. 33E-03 18290 .1 I . 241:- 04 2 . 49£- 0G 

Cd l bon DiS 2.84£100 ~ 1 8 .7 8 . 14£-02 1).14E-OI 

Cil1borr tetchJ 5.64£- 0 1 6039.3 I. 62£- 02 I. DE-OJ 4. 04£<00 

Clrlo tdilrH' I . 35E- 04 454551 . 7 4. 11€:-06 1.46£- 06 O.JJE-01 

Chl o robenzeue 1. 20E+00 1973 . 6 3 . 44 £-02 I. 72E+00 

Chloro!onn 1. 7 1£•00 2057 . 7 4.91E-02 1. 52£-03 4.91E+OCJ 

Chlot o:r . .,th 7 . 19E100 796 . 5 2 .0GE- 01 

Cl- Chi OLOTU 9.00E- 01 J3B4 . 6 2 . 58E-02 1.29£<00 

m-c:r·e s ol 5 . 2&E<00 095 .4 L 51E- 01 3 . 03£<00 

o-ctesol J.~1ErOO I 167 . 6 1 .13E-01 2.25E r00 

p- c teeo l S.JSErOO 884.7 I. 53E-01 1 . 53E•OO 

Correne 1.47E-01 5791 . 1 4.2.3E-03 ·1 . 23£-02 

cyanid& 1.32£- 01 26478 . 9 J .7<lE:-OJ 6 .J2Er 00 

DOD 2 .1 (.E- 04 240~09.0 7.20£-06 1. 13£- 06 

DOE 9 .621:- 05 6043.0 J. llE-06 1. Of.£-06 

Dirruut yl phtha l a l 8.~0E• 00 693 . 4 2 .68E-O I 2 . 6SEt00 

Oibenz(ah) > 1000000.0 
Dib~nz r.J (Urc-11l 5 .!<7E- 03 ~93655 .7 1. 69E-04 1. C·9f;-o 1 

OiutC>mochl oro 4.47Er00 1038.4 I. 201::-01 1. 08£- 02 6.41E r00 

12Dic hloro 1.92E-01 2961.7 S . !j2E-03 6 . 14E-02 

lJOicltlo t o 0.191::-02 4264G.4 2.3!jE-03 2 . 64E- 02 

14 0ichl o t ouenzc·n 1.%E-01 447 •1. 6 ~.GIE-OJ J.OJE-05 8 . 02E-02 

12ci s Di cl.l o • u I. 15£+00 J73J. J 3.31£-0~ 1. 65 f:': .. Ol 

12t t.1n~Oich1 5, 72Et 0(1 912 . ., 1 . 64E-01 8.20E r00 

Dich1ocodifh> 6.13E-01 850.0 I. ~JE-02 9. 66E-02 

120iclrlprop ~ •. 31E<OO 890 .4 I. ~·2E-01 5 .40E-03 l .G9E•OO 

Dle1dl in ).89E-02 86175 . 3 1.26£-UJ 2 . 02E- 02 2.52E-t01 

Dietlrylphlh 2 . GOE+00 1100.0 1 . •15E-02 9 . 31E-02 

1201He LhyiB 5.791':-01 2106 . I 1. 52E-02 1. 59r:-o2 

24 -0i n.cthylphe 4, 9GE-01 8531 .1 l.42E-02 7,12£-01 

Oi n e thy 1phlh 5.77EICJO 966 .0 1 . 6SE- 01 1.65£-02 

240i ui tto t olueue (,.49£-01 915 . 6 1, 86E-0 2 5 . 77E- 03 9 . J L£ r01) 

260initrotol11c n<' 8 .47E-0 1 850.6 2 . 43E-02 2 . 43£-tOI 

Endusu1 ! dnl I 1 . oar:: -oJ 1309<l .O 3 .11 E-O~. 5. IOF:- 03 

) 
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E~a<ir in 6 . 01E-0 4 ~7 186. 7 

Aldehyde 6 .01E-0 4 62712 0 3 
Ke t o ne 6.01E-04 62772 0 3 
Ethy ll>e nz 4. 06E- Ol 1879 . 3 
Ethylchl o t i d 6 . 52Et00 867 . 9 
lle p tachlot 4. 33E- 04 126476 0 J 

He ptac hlo r - e !Joxd 4. 81E-04 45900 . 9 
lle xachlorobe nzen l.4 9E-05 289201.7 
He xetc l.lo roethane 1. 20E- Ol 9838 . 9 

Nhe xane 2 . 28E-02 1532.9 
1he xano l 7. 29E+OO 788 .9 
2hexa none 7 . 29£+00 788 . 9 
I sopho r o l\e 7 0 16£-01 4719 0 3 
Li ndane 1.92E-02 182 37 .6 
l~ethonal 8 . 40Et00 100 . 1 

l·:e thc hlor idc: 6 . 65£ t00 852 . !1 
l·:<' thy1 c yc l r> 3. 37£-02 792. 5 
l~ethyll zo 8 . 25Et 00 7LO , 7 

!·!!·:etdcryldt e 7. 5 4Et 00 766 . 9 
l·:e thylEthyl B I. 47£-01 4825 . 9 
2t·:e thylnapt lM 5. 92E-02 l 6065 .4 
l·:ethyl Pn>p'JlB I .4 7E-01 4825 . 9 
Uaph t ha l e ne 6 . 94£-02 50362 . 8 
4Nit t oben z<'nJmil\ 2 . 57E-OB 1677 0 8 
llitrc:benzene 4. 66E+OO 1000 . 6 
2llitrophenol I . 53£ +00 2830 . ~ 

3.2.2.2 Remaining Contaminants of CmiCCt'n 

PhT1!AAE-1lAZ ( rC ) Ve t '-' ion 2 . 3d J a l\ua r y 1 !197 
Dat e : 9 -11 -20 12 
Ti r•e : 20 : 7 :1 4 

r~IN~ - J uly, 201 2 ~le:~ Prop"""d C"l l in llBC'J - IIhZ 

1.74E-05 
1 . 74E- 05 
1 . 74E-05 
1 . 17E-02 
l. B7E-01 
l. 25E- 05 
1.47E- 05 
4.49E- 07 
3 .46£-03 
6 . 57£-04 
2 . 09E- 01 
2 . 09£- 0 1 
2 . 0~E-02 

5. 53E- 04 
2 . 41£- 0 1 
1 . 91£-01 
9 . 66£-04 
2 . 37 E- Ol 
2 .1 6E- 0 1 
4. 21£-03 
1. 70E-03 
4. 21E- OJ 
1. 9qE-03 
7 . 30£- 10 
1 . J4 E- OI 
4 . 40E-02 

1 0 28£- 04 

5. 62£-05 
1 . 33£-04 
7.19E- 07 
I . 38£- 04 

1 .95E- 05 
6 .08£-04 

3 . 82E-04 

1 0 48£-11 

TOTAL E(>UlV~<L£llT UP1AKE: f'hCTORZ f OR PATH!>AE 

lJT (J , It U1'(J , 2 ) Ui' (J , 3) li1' (J ,4) UT(J , 5 ) 
RlVER ~IE: LI. EROSJCrll BATHTUB SPI LLi\(;F. 

COliT/\l·llllhllf L/ YR L/YR L/YH L/YR L/YR 

4Ui t t'u pl•en•) l 7 .328E t 02 7 . 328Et 02 2 . 872E+ 03 2 . 872£ +03 2 0 872£+03 

lln1 t 1 ollp rOf>YI 7 . 328£+02 7 . 32SE:t 02 7 . 7971': •02 7 . 7~7Et02 7 . 7~7E+02 

tnHtt osodiJ.Jhen 7. J30F. t 02 7 . 330Et 02 7 . 69CE+ O~ 7 . 69GE t 02 7 . 69CE+02 

Phe no l 7 .328Et02 7 . 328Et 02 7 . 087£+02 7 . 1l07E+02 7 . 887Et02 

Propylll 7 . 334F.t02 7 .33 4£+ 02 7 . 334Et 02 7 . 334£+02 7. 334E t02 

t' ropi.;J yeo! 7 . 3J4Et 02 7 0 3341':+ 02 7 0 332E:+02 7 . 3 34E+02 7 .JJ 4E:+02 

Pytid i ne 7 .J28E+02 7 . 328E t 02 7 . 328Et 02 7 0 328£+02 7 . 328£+02 

Sty1err,. 7 . 329E t 02 7 0 3291::+02 7. J29Et 02 7 . 3JOE+02 7 . 3JOE: t 02 

It 121'e t t a 7 . J30Et 02 7 . 330E:t 0? 7 . JJOE+ 02 7. 3JOE+O~ 7 . 330Et02 

11 22Tet r a 7 . 328Et02 7 . )28E+02 7 . 328£+02 7 . 328E+02 7 . 328£+02 

Tet tdrh lor<.:.e lhe u 7 . 329£102 7 . 3?9E+02 7 . 3291: •02 7 . 329E t 02 7 . 32~E t 02 

2J4 GTetraclrl o t 7 . 351Et 02 7 . JS IE t02 7 . 351E:t 02 7 . 3!:>7E t 02 7 . J~o7E t 02 

T l.ll Ue!JI:' 7 0 1301':+02 7 . 330£+ 02 7 . 329E: t 02 7 . 3JOE+02 7 . 3 301':+02 

124T•l c h l o t b 7 . 339Et02 7 . 343Et 02 7 . 339£• 02 7 . J43E+02 7 . 343E t02 

Triclllot of:t l .e u e 7 .3291':+02 7. 3~ 9E t 02 7 . 329E: t 02 7. 32~rE+ 02 7 . 329£+02 

T l iChl of'lo 7 . 320£<02 7 . l 26E+ 02 7 . 320E t 02 7 , 320E+ 0~ 7 . 32~1':+02 

246- Trich l<>tphnl 7 . 337Et02 7. 337Et 02 7 0 )37E:+02 1 . 3J7E+02 7 . J37Er 02 

123TdCh lop1 7 . 400t:+u2 7 .4 00Et 02 7 . 400Et02 7 .400£+02 7.400£+02 

Trirr.othbettz 7 . 339£102 1 . 3J9E+02 7 . 339Et02 7. 3 J 9Et 02 7 . 339Et02 

124t1l tr.ethyl b 7 . JJ9E t 02 7 . 3 39Et02 '1 . 3'391> t 02 7. 3) 9£+02 7.339E+U2 

1 JSTt i1~:e th 7 , 33JF; t 02 7 . JJ3E+02 7 . 333Et02 7 . l33E+ 02 7 . 333Et02 

IJ irryl - Ch lotld" 7 . 32AE t02 1 . 'J26E+02 7 . 320Et02 7 . 320E+02 7 . 328£<02 

Xylerre 7 . 3321:+02 1 . 332E t02 1 .11 3E: r 03 I . II 3E+03 1.1 1JEtOJ 

14.••'''''' l th.UJe o t l llpllt File s , , ,,,,.,,, 

-- ll lfJUt f' i I<· : ABGUEr. [I.~T 
pWi\C - July, 201 2 !lew Propnsc·tJ r:~ll ill UECV - HI1Z 
l , 1000 0 ' 1200 0' l 00000 0 

23 , 0 , 2 
1 , 2 , 
o .,4 ~6 . 0 , 24 3 .0,4 . 91E • O~ , l., 476 ., o . 
I AOO ., G .,0. , ~ . , 0., 0 ., 0 . 3 1 5 , 0 . 

20 , 2,0, 1,1 
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UT(J , 1-) 
f OOD 
KG/YR 

l. 266E+OI 
2 . 488E+ Ol 
2 . GOSE+ 00 
2 . 150E+O I 
I . 525E+OO 
I . SGOE+ OJ 
2 . 025Et 01 
3. 35BE+00 
2 . 940£+00 
6 . 340Et00 
I , 27 3Et00 
7 . 641E-01 
1.1 06E I 00 
0 . 070E+O I 
l. 735E+ 00 
5 . 4 98E+OO 
1. 20 11': 100 
4. 928E-01 
1. 07 7Et00 
I. 077E+OO 
1. 690£+ 00 
2 . 488Et0 1 
1. ~O lE t OO 

5 . 81E-02 
5 . 81£-02 
5.81£- 02 
I .17£-0 1 

2.50£- 02 
1 . 13£+00 
5 . 61 1::- 0 4 
4.94E+00 
I . 09£-02 
5.23Et 00 
4.1 8E:+ 0 1 
1. 03£-01 
1. 84£+00 
4. 82E-0 1 
3 .18E+O I 
I . 61£- 02 
2 . 96E+00 
1 . 54E- OI 
I . H E-0 1 
4 . 25E- (JI 
1.14£- 0 1 
9 . 9SE-02 
I . 85E- 0 7 
6 . 68£+0 1 
7. lOE-0 1 

) 



) 

4 . 0 , 16., 1. 91Et06,150 . ,4 50 . , 1600 . , .40,. '/05, 0. 90 , 1. 
1 . OE- 7 , 8000 . , . 705, 0. , l . OEt 00 , 0. 01 
240.,5.56E:- 04, . 22 , . 02 , 3.0E-4, 20 . , 0 . 01 
4, 6.3 , . 23, 0 ., 1 . 1E-06 , o . oJ, o .,o., o. , o ., o . 
0 , 0,0,0,0,0,0 
1, 0 , 0,1 
0 . 010,4. 2,0. 25, 7 . 0 , 0 . 025, 24 . ,0.00001, 1 .,0., 0 . 25 

BRCOCF. o.;T 
O. OOE: tOO, t.20E- 02 , 0.00E+OO, O.OOE+00 
7 . 00EtOO, O.OOE+OO , O. OOEt00,0 . 00Et00 
4 . 90E-03, 0 . 00E+00, 0 .00Et 00, 0 . 00Et00 
O. OOE+00 , 3.00E- Ol , O.OOE+00,0.00Et 00 

-- Input Fi l e : 
&17 ,4Nitropheno l 
61B,NnltroNpr opyl 
619 , tal it t oood i pheli 
622,Pheno l 
623 , Pt opy l B 
62 4,PropGlycol 

O. OOEt00 , 3 .70E- 02 , 0. 00Et 00,0 . 00Et00 
O. OOE+00 , 2 . 00Et0 1,0. 00E+OO, O. OOE+00 
O. OOE+OO,I . OOE- 03 ,0 .00Et00,0 . 00Et00 
O. OOEt00, 2 . 00E-01 , 0.00EtOO,O . OOE+00 
2 . t0E-02, 3.00E- 02 , 0.00E+00,0 .00Et00 

&2&, Pyri d ine 
627 , Stytene 
628 , 111 2Te tra 
C29 , l l 22Tetra 
630 ,Tet racltlo roe tlte li 
631, 2346Te trach l o r 
632 , 1o luene 
634,l 24Tt i chlorb 
G3 7 , Trich l o r oethene 
639,TtiCltlo f l o 
M 1, 24C-Tt i chlorpltnl 
( ~ 2 , 12JTriChl opr 
G4 3 , Tr ir ,ethbenz 
6~4,124trloethylb 

64 ~ , 1 J5Tt irneth 
6~ 6 ,Vinyl -Ch1oride 

6 47 , Xyle ne 

2 . 00E- 01 ,2. 00E-02, 0 .00E t 00,0 . 00E t00 
2 .10E-03, 6 . 00E-03, 0 . 00E+00, 0.00E+00 
0 .00Et00 , 3.00E- 02 , 0. 00E+ OO,O . OOE+00 
O. OOE+OO , S . OOE-02,0. 00E+00,0 .00Et00 
2 . 90E-02,1. 00E- 02 , 0. 00EtOO,O.OOE+00 
4 . 60E- 02, 5.00E-04, 0 . 00E+OO,O . OOE+00 
O.OOEt00, 3 .00E-Ol , O.OOE t OO, O.OOE t OO 
l .lOE-02, l. OOE- 03 , 0.00Et OO, O.OOEt00 
3 . 00E+0 1, 4. 00E-OJ, O.OOEtOO, O.OOE+OO 
O. OOE+00, 5 . 00E- 02,0. 00E t OO,O.OOE+00 
O. ODEtOO, O. OOE tOO, O. OOEtOO, O. OOEtOO 
O.OOE+OO, I.OOE-02 , 0 .00 E+OO,O.OOEt 00 
7 . 20E-O l, J.OOE:- 03 , 0 . 00E t 00,0 . 00Et00 
O. OOE+00, 2. 00E-01, 0 .0UEt OO,O . OOE+00 

-- Input fi l e : 1N\IliTRY .[IAT 
Gl7, l.OOEtlO , 1. G70Et06, 0 , 0 , l .1 GOE+04 , 
618 , l.OOE+l O, 1. 670E t06 , o. 0, O. OOOE: t OO , 

GlY , l .OOE: t ! 0, l. G70E+OG , 0 , 0, J . 500Et0 l , 
6 22 , l.OOE:+1 0 , l . G70E:t(t6 , 0 , 0, 9 . 300E:t0~, 

G23, l. OOE:<IO , l. l\70E t 0G , 0 , 0 , 6 . J00Et 01, 
624, 1.00Eo1 0, 1. G70Et06 , 0, 0, 1. OOOE+06 , 
62C, l . OOE+10, 1. 670E:+06 , 0 , 0 , l . OOOE+ 06 , 
G27, 1 . 00E tl 0 , 1. G70E t06 , 0 , 0 , 3 .l 00Et02, 
628 , I. OOE:·ol O, l. 670£+06 , 0 , 0, 1 .070E+03 , 
(.29, 1. OOEtlO , l . G70E t OG , 0 , 0, 2 . 870E:t03 , 
(.30, 1. OOE t 10 , l. C70E t 06 , 0 , o, O. OOOEt OO , 
63 1, 1. OOEtlO, 1. G70E+06, 0, 0, 2. 300~:+01 ' 

632 , 1. OO E:+ 10 , 1. G70Et06 , 0 , 0 , (r , OOOE+OO , 

GJ4, 1. 00!:+ 10 , 1. 670E+ OG , 0 , 0 , 5 . 700~:+ 0 1, 

637, 1. OOE+ l O, 1. G70E:t0~ , 0, 0 , O. OOOEt OO , 

G39, 1. OOE+ l O, 1. 670Et06 , 0 , 0 , 1.1 00Et03, 
G41 , 1. OOE:r l O, 1. G70Et06, 0 , 0 , 8 . 000E t 02 , 
642, 1. 00E+ l 0 , l . 670E: t 06 , 0 , 0 , 1. 750Et03 , 
G43, 1 . 00Et!O , 1. 670Et06 , 0 , 0 , 5 . 700Et 0 1, 
G44 , 1. OOE t 10 , l. G70EtOG, 0 , 0 , 5 . 700E+OI , 
645 , 1. OOE+ .1 0 , 1. G70E+06 , (! , 0 , 4 . 8<0E:+Ol, 
G46 , l. OOEt i O, 1. 670Et0G, 0, 0 , 8 . SOOE:t 0J, 
647 , l. OOEolO , 1. G70E t 06 , 0 , o, 1. 060E+02 , 

-- luput File: RQS ITE: . Di.T 
Gl 7 , -0.740C- 01, S . 740E- 02 , a. 740E:-OJ , 411itto phellcol 
6 J B, - 3 .000E-O l, J . OOOE:-02, 3 . 000E- Ol , r1n it ro111.n opyl 
Gl 9,- G. 540E-01, G. 540E- 02, G. 540£-0 1, Ntlitcosodiphe 11 

G22 , -2. 600E- Ol , 2 . SOOE-02, 2 . OOOE-01, Ph E!unl 
623 , -1 . 650P.t 00, I. GSOE-01 , J . 6SOE+00, PoupylB 
t24 , - 2 . OUOE-03, 2 . OOOE- 04, 2 .ooor.-oJ , r t opGlycol 
62C , -1 . 300E- 02, 1. JSOE-03, l . 380E-02 , Pyridine 
G27, -l . O?OEtOO , 1 . 020E:-01' 1. 020E:+OO , :>tyrene 

62S , -J .1 OOE-01, 3. l SOt;-02, 3 .1 00E:-0 1, 111 2Tntt ,o 
G29 , -1. 500 J::- Ol, l. SGOE-02 , 1. S60E-0 l, 11 22TEo tt a 
630,-7 . 200Et 00, O. OOOE:+OO, 7.2UOE•OO, Tet r achlo t oe lhe n 
G3l,-2 . 490E t02, 2 . 490E+01, 2 . 490Et02, 234GTet r ach l o t 
632 , - G.OOOE+OO , O. OOOEt OO, 6 . OOOE+OO, To lue ne 
634 ,- 1 . 4•10Et00 , 1.440E-01, 1. 44 0F: t OO , l 24Trichlorh 
G37 , -2 . GO OE+ OO, O. OOOF:+OO, 2 . G00E t00 , Tti c hlot octhe ne 

639,-2 . 600 t:- o 1, 2 . G80E-02, 2 . 600E- Ol, Tt i Chl oflo 
G4l, - 6 . 360E-lll, L . 360E- 02 , G. JGOE-01, 2•16- Trich l""' Phn I 
642 , -1.6JOE-Ol , 1 . G1 OE:-02, 1 . 6 1 OE-01 , 123TtiChlopo 
643 , - l.•140E o00, l. 44 0E-Ol, l. 44 01::• 00 , Trimethbe111. 
644 , -1. •140Et00 , l.44 0E-OI, 1. 4•1 0E:t00, l 24 trimcthylb 
Gt, S, -J . 340P.+OO, J . J•IOE- 01, 3 . J40E:+ 00 , t 3STri rne th 

0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
(l , 

0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
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4tli t rophenol 
tln i trollpL CJ)'y1 
1Jtli t r osodi1JhE:!t 
Phe nol 
Propy lB 
Pt upGlycol 
Pytidine 
St.yteue 
l ll 2Tetta 
11 22Tetra 
Te t rdchlo roethen 
2346Tet rachlo t 
Tolue ne 
l 24Tric h l en u 
Tdch l CJt oet h<:ne 
Tr i Clllofl(l 
246- Tri chlo t ophn1 
l 23'i'ri Ch1 opt 
Tt in.ethben z 
124trin:e thyl b 
1 35Tt-i tr.~t h 

Vi11y l 
Xyl ene 



I 

64 6 , - J 0 720 E:- 0 1, J .720 E:- 02 , 3 . 7 20E-Ol , Viny l 

G47 , - 8 . 960E:- Ol , 8 .960£ - 02 , B. 8 6 0E:-O l , Xy l ene 

-- Jnput F'ile : UPTAKE . Di\T 
o. 5 , 0. 2 , 1. 8 9 
0 . G7, 0. 65 , 2 . 1E- 3 , 430 o 1 430 . 
o.o, 2 160 o 1 2 4 o 1 1440 o 1 1., 0 . 83 

5 0 . , 6 , 1 48 o 1 480 ., 4 6 . 

0 0 5 , 0 0 0008 , GO . I 9 , 1 so. 
14 o 1 !7(; , 1 1 J O. I o., 95 . , 73 0 ,1 G. 9 

4lli t r oph e n o l 0 . 25, 3 . OOE:+OO, ) . OOE-01 , G.JOE:-07 , 

lln i t rollpropy l 0 . 2 5 , 5 . 90E+OO, 5 . 9 0E:- Ol , 2 .00£- 07, 

tmitrosodiph e n 0 . 25 , G. l OE:- 0 1 , G .IOE:-0 2 , ~ 0 90£ - 0 6 , 

Phe no l 0 . 2 5 , 5 . 10E+OO, S .IOE:- 01, 2 . 50£-07 , 

P t opyl B 0 . 2 5 , J . S OE:-0 1, 3 . 50£ - 02 , 2 . SOE:- 0 5 , 

P t·opGl ycol 0 . 25, 3 . 70£+02 , 3 . 7 0E t 0 1, l. 601::- 10 , 

P~' t i d i 11e 0. 25 , 6 . 7 0E+OO, G. ?OE- 0 1, 1 . 60£-07, 

Slyz::e ne 0 . 2 5 , 7 0 90E: - 0 1 , 7. 90£-0 2 , 6 . JOE- 0 6 , 

l1 12Tet r d 0. 25, f, , 90£ - 01, G. 90E:-02 , 7 0 90£-06 , 

1 122Te t t d 0 . 2 5 , 1. 50E:o00 , 1 . 50£- 0 1, 2 . OOE-OG, 

Tet rac hloroetl,e n 0 . 2 5 , 3 0 OOE:- 01 I 3 . 0 0E-02 , I . OOE- 0 5 , 

234 GTet r dchlor 0 . 25 , 1. GOE- 0 1, I . GOE-02 , 9 0 90£-05 , 

Toluene 0 . 25 , 2 0 601::-01, 2 . GOE- 02 , I . J OE- 0 5 , 

I 2 4Td c lo l o r b 0 . 25 , 2 . 4 4E:- Ol , 2 . 4 4E:+OO , 4 . SOE:-05 , 

T r i c hl o r oe t h e n e 0. 25 , 4 . I OE- 0 1, 4 . I OE:- 02 , 6 . OOE:-OG, 

TriChloF'lo 0 . 25, l. 30E: t 0 0 , l. 30£ - 0 1 , 2 . 50£ - 0 6 , 

2 4 6 - Tric hlo rphn l 0 .2 5, 2 . ? OE:-01, 2 . 7 0E:-02 , 4 . 0 0E- OS, 

12JT t i Chlorr 0 . 25 , a . 20E- o2, 8 . 20E:-03 , 3 . 10£-0 4 , 

Trimethbenz 0. 25 , 2 0 4 0E: - 0 1 I 2 . •lOE:- 0 2 , 4 . 80E-05 , 

12 4 tt i r.et loylb 0. 25 , 2 . 4 0E:- Ol, 2 . 40£-02 , 4 . BOE:-05 , 

1 ) ~Trir.eth 0 . 25 , 3 . 9 0E: - O 1, 3 o 90E:-(12 1 2 .lOE-0 5 , 

Vit.y l -Ch l o t i de 0 . 25 , 5 . 90E:+00 , 5 . 90E:-OI I 2 . 0 0E-07, 

Xylene 0 . 2~ , •L 60E:- Ol, 4 0 (;OE-02 I I. 60E:-05, 

• j ' •• • • I • • PA'i'HkA.E U~PUT SUt·!:·lARY I • ' I • • i i • • 

TilER£ ~.RE 9'i COIITnlH!l,\l lTS I N THE: RISK FACl'OR LIDPARY 
lllll·IBER OF' TH1I::S F'OR CALCULAT ! Oll I S 
\'EARS TO BE CALCULATED i\RE , , , 

100o . uo 120o . on10000u . oo 

THE:I<E ,\P E 23 CONTA!HII.r.NTS HI THE: INVENTORY fi LE 
THE VALUE OF' l f'LAG IS 0 
llUHBER OF' PATI!\'11\YS I S 2 

I 
0 

GROUND/11\TE:R TO RI VE!\ 
) X, 12 , 2 X, i\22 , GX, 12 ) ) 

7'Y PF: OF' US!v,;C 
fOR UPTAY.E f ACTORS 

2 
0 

T illE OF' OPE:RAT I O:I Of ~IASTE: Ji'i\C I LIH Ill YEIIR3 
LEllG'i'll OF' REPOS ITORY (l·l) 
\'11DTH OF' RE: I'OS ! TORY (H) 
RI VER FLo;·; !<liTE: (H' '3/YR) 
STI< ~; r.J l F'Lml RATE: (f·l' ' 3 /YR) 
DI STM;CE: TO RI VER (H) 

OPEMTIOIIAL SPI !.LAc; ~; ~'RACl'IOll 

DEIJSI TJ' OF' i\QUl F'f:R ( KG/fol' ' J ) 
I.ONf; f'fUDirli\ L U! S E'ERS !VITY (11) 
LATEP.AL [t l SPE:l~ I O:I COEF F'I C I EIIT - - '{ AXI S (1·1" 2/Yk) 
liUI·IDER OF' I IESII POIIITS F'OR D11'PERS 10tl CI\LC'ULA'i'l Oll 
~'LAG f'OH A1110!;I'IIEHI C P/\7111•11\Y 

COVEll THICKIIE:>S OVER WI\STE (f·l) 
Tfii CK!IESS OF ~11\ :>TE lU PJTS (f·l) 
Tu TAI. I·IAl'TE VOLUI-IE (I·! ' ' 3 ) 
DI STII!It:E: TO '<11::1.1. - - X COORDINATE (H) 

DISTA!ICE TO l'lELL - - Y C001101111\'rf: (1·1) 
DI::NS I TY OF' \'11\ST E: (KG/Jol' ' 3 ) 

F'RI\CliO:I OF' FOOD COliSll:·lED 'l'HIIT IS GRD:'I!l 0:1 S I TE: 
f'f(IICT TOII OF YEt\R COIITNH IIA!ll'S CO:ITI\Cl' S Kill 
AREA OF' S Kill Ill COlll'f,CT \•II Til COilTAl.JitiA!IT!: (1·1' ' 2 ) 
DEPTH 0~' PL:\NT ROOT ZO)lE (II) 
AREAL l'EliS J TY OF' P LMITI> ( KG/ II ' ' 2 ) 
AVERJ\GF: flliST LOIIDJIIG HI AH< (KG/II '' J ) 

0 , 2 . OOE:- 06, 
0 , G. JOE:-07, 
0 , 3 . OOE-05, 
0 , 7 . 9 0 1:: - 07 , 
0 , ? . !<OE-05, 
0 , 5 . 0 0£ - 10, 
0 , 5 . 0 0£ -07, 
0 , 2 .00£ -05 , 
o, 2 . 501::- 05 , 
0 , 6 . JOE-0 6 , 
0 , l.OOE- 05 , 
0 , 3 .10E- 0 4, 
0 , I . J OE-05 , 
0 , I 0 50E- 0 4 I 
0 , 6 . OOE:- 06, 
0 , 7 . ~OE:-OG, 

0 , I. JOE-04, 
0 , I . OOE-03 , 
0 , l. 50E-0 4 I 
0 , 1 . SOE- 0 4, 
0 , 6 . GOE:-05 , 
0 , 6 . 30£ - 07 , 
0 , 5 . OOE:- 05, 

o. 
4UG . 
2 4 3 . 

4 . 'J I E t 05 
1 . OOE •OO 

~ 7 G . 

O.OOE+ fl0 
1800. 

v . OOE+OO 
O. OOE t OO 

20 
\I 

4. 00 
l fi .liO 
1. 9 l 0E: t rt6 

150 . 
4~0 0 

1600. 

.400 

. ? O!J 

. 0100 

.900 
I . 000 
1 • OOE- 07 
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3 .I UE:+02, 6 17 
6 . 80E+ OO, 6 18 
~ . 30£-tOO , 619 
8 .1 0E:+OO, 6 22 
O.OOE:+OO, G23 
O. OOEt OO, 624 
O. OOE:+ 00 , 6 2 6 
O. OOEtOO, G2 7 
O. OOE:+OO , 628 
O. OOE: t OO, 629 
I . OOE- 0 5 , 630 
O.OOE+OO , 63 1 
I • J OE- OS , 632 
O. OOE:tOO, 634 
6 . OOE:-OC , 6 J 7 
O. OOE+OO , 639 
O. OOEt OO, 6 41 
O. OOE:+ OO , 6 42 
O. OOEt OO , 6 43 
O.OOEtOO , 6 44 
O. OOEtOO, 6 45 
O. OOE: tOO, 6 4 6 
5 . SOE:+ Ol, 647 

) 

) 



) 

ANNUAL ADULT BREATHmG RATE (N' ' 3/YR) 
FRACTI ON OF YEAR EX POSED TO DUST 
CAlliSTER LIFETIHE ( YEARS ) 
I NVEllTORY SCALlt:G FACTOR 
HEIGHT OF R00!·1S rN RECLAHIER HOUSE (Cl-1) 
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1. INTRODUCTION 

This Appendix provides cost estimates, supporting assumptions, summary cost information, and material 
pricing for the disposal of future-generated Oak Ridge Reservation (ORR) Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA) waste after the existing Environmental 
Management Waste Management Facility (EMWMF) reaches maximum capacity. Under the On-site 
Disposal Alternative, waste would be disposed of in a newly constmcted on-site disposal facility at ORR 
referred to as the Enviromuental Management Disposal Facility (EMDF). Under the Off-site Disposal 
Alternative, waste would be disposed of at existing off-site f.1cilities. 

CERCLA waste will be generated from environmental restoration activities on the ORR and associated 
sites. Separate projects are responsible for transport of waste to the new disposal facility for the On-site 
Disposal Alternative or to a centrally located transfer station for the Off-site Disposal Alternative. 

Candidate waste streams addressed under these disposal alternatives are low-level (radioactive) waste 
(LLW) and mixed waste with components of radiological and other regulated waste such as Resource 
Conservation and Recovery Act of 1976 (RCRA) hazardous waste and Toxic Substances Control Act of 
1976 (TSCA)-regulated waste (LLW/RCRA, LLWrrSCA). For the Remedial Investigation/Feasibility 
Study (RIIFS) evaluation, material types are defined as either soil or debris. See Chapter 2 of the Rl/FS 
for additional information about candidate waste streams. 

Major cost elements for the On-site Disposal Alternative are design and constmction of the disposal cells 
and supporting facilities, operation and management of the disposal cells, capping and closure, and 
postclosurc monitoring and maintenance. Major cost clements of the Off-site Disposal Alternative are 
transportation of waste to the off-site facilities and fees for disposal. Waste volumes estimated to be 
generated and disposed are key to determining the cost for both disposal alternatives. Details about the as
generated and as-disposed waste volume estimates that are used in the cost estimates are provided in 
Chapter 2 and Appendix A of the Rl/FS. 

No contingency was added to either the On-site or Off-site Disposal Alternative cost estimates. 
Uncertainties regarding waste volume estimates, technologies and process options that will be used for 
final designs; and unknowns that could pose risks that would increase costs; or oppommities that could 
decrease costs are accounted for in the cost accuracy range for CERCLA feasibility studies of -30% to 
+50% of the calculated estimate. 

For the On-site Disposal Alternative, a cost estimate was developed for construction of the EMDF on the 
ORR at a site in East Bear Creek Valley ncar EMWMF. 

Table G-1 summarizes the cost in 2012 dollars and present worth project cost for the On-site and Off-site 
Disposal Alternatives. 
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Table G-1. On-site ami Off-site Disposnl Altemativcs Cost Estimates 

Alternative I Cost in 2012 Dollars 1 Present Worth Cost" 
($ Ms) ($ Ms) 

Ou-site Disposal 

EMDF I 708 l 499 

Off-site Disposal 

Existing Off-site Facilities I 1992 I 1408 
•Based on real discount rate of 2.0% 

1.1 ALTERNATIVE DESCRIPTIONS 

A summmy description of the On-site and Off-site Disposal Alternatives that were developed for analysis 
in the RifFS is provided below. 

1.1.1 On-site Disposal Alternative 

The On-site Disposal Altemative proposes the consolidated disposal of CERCLA waste in a newly 
constructed disposal f.1cility on ORR. The scope of actions for this alternative includes early actions (i.e., 
pre-design investigations); design and construction of all facilities; design support during construction, 
quality assurance, quality controls, receiving waste, meeting the waste acceptance criteria (WAC); 
unloading the waste and placing it into the disposal cells; decontaminating any containers, equipment, or 
vehicles leaving the site; and managing the waste and the disposal cells during construction, operations, 
closure, and postclosure. 

The envisioned on-site EMDF would consist of an engineered waste disposal f.1cility (i.e., landfill) with 
sufficient capacity to accept the anticipated volume of CERCLA waste and ancil lmy facilities to support 
operations. As discussed in Chapter 2 of the Rl/FS, the estimated needed future capacity varies with 
changes in act11al disposed volumes and future waste volume pr~jections, as well as projected uncertainty. 
The EMDF is estimated to be operational for approximately 23 years (i.e., early Fiscal Year [FY] 2020 
through FY 2042). Support facilities required for initial operations would include those needed for staging 
of waste, receiving and unloading waste, and decontamination of equipment. Siting ncar the EMWNIF 
would allow many of the support facilities already constructed for the EMWMF to be shared with the 
EtviDF (see Sect. 6.2.2.5 of the RI/FS). The concephwl design of the EMDF would provide a disposal 
capacity of approximately 2.5 million1 (M) yd3

. 

The representative process option for the On-site Disposal Alternative is construction of an engineered 
waste disposal fac ility for on-site disposal of radioactive or mixed wastes and implementing long-term 
institutional controls for this EMDF. Key elements of the proposed disposal facility include a dike 
constructed of clean fill material to contain the waste laterally, a multilayer liner with a double leachate 
collection detection system to isolate the waste from groundwater, a facility underdrain beneath the 
landfill to intercept and drain upwelling groundwater, upgradient geomembrane-lined diversion ditch with 
shallow French drain to divert upgradient surface water and shallow perched groundwater around the 
landfill, and a multilayer cap that contains layers of clay, geosynthetic liner, sand, and cobblestones to 
minimize infiltration and isolate the waste from human and environmental receptors. Section 6.2 of the 
RIIFS provides a more-detailed description of this alternative. The conceptual site layout plan for the 
EMDF is shown on Figure G-1. 

1 A pruj.:cted disposal capacity need of approximately 2.5i'vl yd·' is bast:d on an a~sumed allowance of 28% uncerlainty applied lo 
wast.: ,·olumc cslimah:s as d~scribed in Chapter 2 uf I he RJ/FS. 
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1.1.2 Off-site Disposal Altcmativc 

This alternative provides for the transportation of future candidate waste streams off the ORR to approved 
disposal f.1cilities and placement of the wastes in those facilities. For purposes of the cost estimates, it is 
assumed that all non-classified LLW and LLWffSCA waste and classified LLW waste would be shipped 
to Nevada National Security Site (NNSS) in Nye County, Nevada. Any unclassified LLW/RCRA (mixed) 
waste would be shipped for treatment and disposal at EnergySolulions, Clive, Utah. Classified mixed 
waste would be treated by the generator to meet the NNSS WAC prior to shipment to NNSS. Waste 
generator costs for treatment of waste to meet the facility WAC are not included in the Off-site Disposal 
Alternative estimate. All non-classified waste would be shipped by rail to EnergySolutions or rail 
followed by tmck transport to NNSS (transload facility in Kingman, AZ). All classi fied waste shipments 
to NNSS would be by tmck transport. The waste-volume estimates for the Off-site Disposal Alternative 
arc approximately 2,147,407 ydJ destined for NNSS and 42,942 yd3 destined fo r EncrgySolutions. For 
purposes of the cost estimate, it is assumed that all waste and material types would be placed into 
intermodal containers before shipment. 

2. PROJECT SCHEDULES 

Pr~ject schedules for the On- and Off-site Disposal Alternatives are based on the estimated future waste
generation rates. h is assumed that waste would be disposed of on-site or off-site iu the same year it is 
generated. The schedule for the OfT-site Disposal Altemative is directly linked to the as-generated waste 
volume estimate. 

Figure G-2 shows the project schedule for the On-site Disposal Alternative. Operation of the on-site 
disposal facility would be expected to continue through FY 2042 with closure activities completed in FY 
2046. Long-term surveillance and maintenance (S&M) and monitoring would continue aller facility 
closure. 

3. ELEMENTS COMMON TO THE ON- AND OFF-SITE DISPOSAL 
ALTERNATIVES 

Key elements common to the On- and Off-site Disposa l Alternatives affecting cost estimates include 
contractual mechanism, assumption about no costs for involvement of an integrating contractor, 
assumption about excluding cost of the United States (U.S.) Department of Energy (DOE) ac tivities, and 
assumptions regarding responsibilities of Lhe waste generators. Costs for off-site shipment of waste not 
meeting the on-site disposal facility WAC or shipped off-site due to other project-specific factors are 
excluded for both disposal alternatives (see Sect. 2.1.3 of the RJ/FS). 

For purposes of the cost estimates for both alternatives, it is assumed that integrating contractor overhead 
costs would not be applicable for the design, construction, operation, or management of the project. Costs 
for DOE activities are excluded l1'om the cost estimates for both disposal alternatives. No cost 
contingency was added to either the On-site or Off-site Disposal Alternative cost estimate. 
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The waste generators are considered to be responsible for removal of waste during cleanup actions; waste 
characterization and certification; waste segregation, compaction, or shredding; transport of waste to 
treatment facilities; treatment as necessary to meet disposal-facility WAC; placement of waste into 
containers; transport to either the on-site disposal facility or the transfer station at the East Tennessee 
Technology Park (ETTP) rail siding for off-site shipment; and interim storage, if required, for waste not 
meeting the disposal facilities' WAC. Because these costs are not within the scope of the disposal 
alternatives, and would not represent a discriminating element between the alternati ves because of 
comparable expense, costs associated with these activities and materials are not included in the cost 
estimates, except for purchase and loading waste containers for transport to off-site facilities. For 
classifi ed waste and hazardous waste to be treated at the disposal fhcility, purchase and single use of 
containers is assumed. Costs for purchase of containers for shipment to off-site disposal facilities are 
included in the off-site disposal cost estimate because the costs are a discriminator between the On-site 
and Off-site Disposal Alternatives. 

4. ON-SITE DISPOSAL ALTERNATIVE COST ESTIMATE 

This chapter provides the key assumptions for the On-site Disposal Alternative cost estimate, the basis for 
the estimate, and summary results. 

4.1 ON-SITE DISPOSAL ALTERNATIVE COST-ESTIMATE ASSUMPTIONS 

A cost estimate was prepared for the On-site Disposal Alternative with a proposed EMDF sited in East 
Bear Creek Valley inunediately east of EMWMF (see Figure G-1 ). This section provides the conditions 
and assumptions for the on-site EMDF. Elements common to both the On-site and Off-site Disposal 
Alternative (see Sect. 3 above) are not included in the On-site Disposal Alternative cost estimate. 

The On-site Disposal Alternative would be implemented and managed by a prime contractor to the United 
States (U.S.) Department of Energy (DOE). This contractor would self-perform a portion of the work 
such as operations and subcontract other work activities as needed. Cost estimates for the On-site 
Disposal Alternative include early actions, including pre-design characterization and engineering studies; 
remedial design; si te development; constrnction for the entire f.1cility, including waste cell and support 
facilities; receiving, unloading, and placing of waste into the disposal cell; all operations including 
placement of waste, daily cover, leachate treatment , site monitoring; final capping and closure of the 
landfill ; postclosure monitoring and maintenance; and management of all aspects and phases of the 
project. A Cost Engineering Estimating System project value Ule for materials and labor was used to 
develop the estimate. No allowance is included for overtime during any phase of the project. 

The key assumptions for the Oo-site Disposal Alternative cost estimate are as follows: 

• 
• 

• 
• 
• 

• 

Costs for DOE activities are not included. 

All costs are presented in 2012 dollars and present worth . 

Assumed EMWrvtF capacity is filled in early FY 2020. The EMDF would have an operational 
lifespan of approximately 23 years from early FY 2020 tlu·ough FY 2043. 

No remediation would be required to construct the new f.1cility . 

The site would be free of radiological materia ls/contamination during construction activities . 

Review and approval protocols for CERCLA documents would be per the ORR Federal Facility 
Agreement. 

The total capacity of the EMDF would be approximately 2.5M yd3
. The disposal f.1cility would 

be constructed in three phases. Each phase would include the construction of two disposal cells; 
the entire f.1cility would include six cells. 
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• Site development activities would be performed to prepare the site and provide/modify support 
facilities and utilities prior to landfill construction. These activities are described in Sect 4.2.3. 
Some support f.1cilities would be shared with the existing EMWMF. 

• The first phase of landfill construction would include the construction of two waste disposal cells 
(Cells I and 2) and the associated structmal features necessary for operation of Cells I and 2 and 
future disposal cells. Constntction of the lirst phase would be implemented so that the EMDF is 
ready to receive waste in early FY 2020. 

• Phase II construction would include the construction of two waste disposal cells (Cells 3 and 4) 
and the interim capping of Cells I and 2. This construction would occur simultaneously with the 
operation of the existing disposal cells. 

• Phase III construction would include the construction of two waste disposal cells (Cells 5 and G) 
and the interim capping of Cells 3 and 4. This construction would occur simultaneously with the 
operation of the existing disposal cells. The Phase III construction cost estimate also includes 
interim capping of Cells 5 and 6 after the cells are filled . 

• The EMDF would be closed with a final cap that would be placed at the conclusion of operation 
in Cells 5 and 6 including an interim cap on Cells 5 and G placed as part of Phase Jli construction. 
(Cells 5 and 6 may not require the geomembrane portion of the interim cap if the landfill is closed 
shortly after operations cease, but the vent layer and associated geotextile would be required 
regardless of schedule. All layers of the interim cap are included in the Phase lH construction cost 
estimate.) 

• The new disposal facility would be a stand-alone facility. Complete se lf-supporting infrastructure 
(e.g., access roads, utilities, disposal cells, leachate collection, decontamination facilities , staging, 
truck scales, etc.) would be constructed or shared with EMWMF (see Sect. 6.2.2.5 of the RifFS). 

• Waste would be transported to the EMDF on a dedicated Haul Road and not over state 
maintained roadways. 

• All on-site waste shipments wou ld satisfy U.S. Department of Transportation (DOT) 
requirements. 

• The EMDF and support facilities would be located in close proximity to one another. Mobile fue 
and safety equipment/services would be provided by existing DOE ORR f.1cilities. 

• All monitoring and alarms would be maintained on-site. 

• Davis-Bacon Act regulations regarding local prevailing wage rates would be in effect for all 
construction and operation activit ies. 

Borrow areas within 25 miles of the project site would be used for landfi ll constntction and to 
provide suitable clean fill material for void space reduction in the waste cells. 

• No additional verification, sampling, or analysis of incoming waste would be required other than 
visual inspection , review of manifest, and waste fingerprinting. 

• Leachate and contact water treatment would be conducted at the on-site disposa l f.1cility by a 
newly constructed treatment plant ; disposal of secondary waste would be in the EMDF. The 
treatment facility would be constructed prior to opening the EMDF landlill. Operation of the 
treatment facility would continue 10 years after disposa l operations cease. 

• Waste would not be highly radioactive and, therefore, would not require personnel shielding or 
special handling. 

• Operations costs (except for treatment plant operations) are based on actual EM\VMF operations 
data. 
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• The long-term monitoring and maintenance for the EMDF would continue after closure of the 
f.1cility. A perpetual care fee of $1M per year for each year of operation of the EMDF would be 
paid into an escrow account to be used for long-term monitoring and maintenance. 

4.2 BASIS OF ESTIJ\1ATE FOR THE ON-SITE DISPOSAL ALTERl'lATIVE 

The key components of the On-site Disposal Alternative cost estimate are early actions; remedial design; 
site development and construction; operations; finn! capping and facility closure; and long-term 
monitoring and maintenance. 

4.2.1 Early Actions 

Early actions to support remedial design include construction of new groundwater monitoring wells and 
surf.1cc water weirs, upgrading existing down-gradient groundwater monitoring wells (if required), 
groundwater monitoring, hydrogeological and geotechnical investigation, and wetland delineation 
activities. These early actions would be completed prior to issuance of the draft Remedial Design Report 
(RDR)/ Remedial Action Work Plan (RA WP). 

4.2.2 Remedial Design 

Remedial design for the On-site Disposal Alternative includes development of a Remedial Design 
Report/Remedjnl Action Work Plan (RDRIRA WP) (required by CERCLA) and Title I and Title II design 
engineering. Title I and Title U design activities include preparation of design drawings, specifications, 
reports, etc., required to construct and operate the new disposal facility . In addition, remedial design 
includes preparation of design documents for site development activities. Procurement activities (captured 
in WBS 1.8, Project Management) include development and issuance of Request for Proposals for the 
different phases of facility design and construction. 

4.2.3 Site De\'clopment and Construction 

Site development activities described in Sect. 6.2.2.3 of the RI/FS would be performed as a separate early 
phase of construction prior to construction of the landfill. Site development activities would include 
constmcting access roads to the landfill site; preparing additional parking, laydown, spoil, and staging 
areas; creating/expandi11g wetlands as required; extending utilities to the landfill site; relocating the Y -12 
National Security Complex 229 security boundary and installing new guard stations; clearing and 
gmbbing and installing initial sediment and erosion controls for site development activities; upgrading 
and installing new weigh scales; and selling up construction trailers. 

Construction activities would include construction of the disposal f.1cility and construction of n 
leachate/contact water treatment facility described in Sect. 6.2.2.4, Sect. 6.2.2 .6, and Sect. 6.2.2.7 of the 
RJ/FS. Construction of six disposal cells of the facility would be in three phases (two cells in each phase -
Phases I, II, and III). An interim cover system (interim cap) would be installed for all Phases of the cells 
construction. 

4.2.3.1 Material and Labor Pricing 

The site development and construction estimates are based on preliminary bills of materials developed for 
each anticipated activity. Each activity was estimated with regard to the material cost and labor cost. 
Material and labor rates productivity were based on similar recent job history, ns applicable, and R. S. 
Means cost data (Means 20 12). Specinl work situations nnd job conditions that would result in additional 
material ancVor labor work hours were identified nnd included in the estimate. Examples of special 
considerations include safety requirements, special materials, specialized training, supporting items, and 
cleanup. 
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4.2.3.2 Wage Rates 

Labor crafls that are expected to perform the tasks have been identified and appropriate wage rates 
applied. Labor rates used in the estimate are based on construction labor agreement rates for the Oak 
Ridge area. Fixed-price constmction labor rates were based 011 average crew sizes with necessary 
foremen, general foremen, etc. All fringe benefits, payroll taxes, and worker's compensation insurance 
were included. 

4.2.3.3 Material, Equipment, and Production 

The material, equipment, and production rates were generated using national averages obtained from 
nationally recognized cost references such as R. S. Means. The estimators used their experience to modify 
national average production rates for remedial action work. Special equipment and special f.1cilities cost 
were obtained from vendors or from similar projects. Vendor quotes are used in the estimate for certain 
activities, which are not commonly found in cost references. These vendor quotes could change based on 
final engineering. 

4.2.3.4 Indirect Marlmps 

Indirect markups for construction have been applied according to guidelines provided by the DOE Oak 
Ridge Office. Indirect markups for fixed price constmction used in the estimates cover expenses incurred 
by the subcontractor such as Overhead (e.g., home office support, General and Administrative expenses,) 
profit, bond, and markup on subcontractors utilized for various specialty constmction setvices. A 
compounded rate of 28% has been applied to both material and labor to account for these activities. 
Table G-2 provides a breakdown of the 28% indirect markup prior to compounding. 

Table G-2. Indirect Mnrlwps for Fixed-Price Construction 

Activity Markup(%) 

Overhead 10 

Profit 10 

Bond I 

General contractor's mnrkup for work performed by 
5 

subcontractors 

4.2.4 Operations 

It is assumed that all operations activities would be performed by a prime contractor to DOE. Operatio11s 
activities would consist of waste receipt and inspection, placement of wastes into the disposal cell , 
decontamination of waste packaging and transport vehicles, and maintenance of the disposal facility. 
Facility maintenance includes providing daily cover over the emplaced waste, leachate collection and 
management, equipment maintenance, support facility (e.g., roads and buildings) maintenance, and record 
keeping. Treatment of waste to meet the disposal-facility WAC would remain the responsibility of the 
waste generator and is not included in this alternative. Disposal facility operations costs (except for waste 
treatment facility operation costs) are based on actual EM\VMF operations cost data. 

Collected wastewater from the leachate collection system would be treated at a newly constructed 
wastewater treatment facility. The new facility would contain conventional unit operations for a range of 
target contaminants. These unit operations would be expected to include chemical precipitation, 
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clarification, sand filtration, neutralization, and ion exchange for removal of uranium and other 
contaminants. Treated effluent would be discharged to Bear Creek in accordance with applicable or 
relevant and appropriate requirements. 

4.2.5 Final CaJltling and Facility Closure 

Final capping and facility closure would include placement of the final cover system, removal of support 
facilities, and site restoration (see Sect. 6.2.8 of the RI/FS). 

4.2.6 Long-term Monitoring and Maintenance 

Long-term monitoring and maintenance would include post-closure operation of the leachate/contact 
water treatment f.1cility for 10 years followed by demolition and disposal of the facility. Also included is a 
perpetual care fund ($23M or $1M per year of f.1cility operation) that would be paid into an escrow 
account to be used for long-term facility S&M and monitoring after the facility is closed. 

4.2.7 Present Worth 

Present worth cost for the cost estimates were calculated based on U.S. Environmental Protection Agency 
(EPA) guidance (EPA 2000) using a real discount rate of 2.0% according to published 2012 Discount 
rates for Office of Management and Budget (OMB) Circular No. A-94 (OMS 20 12). The present worth 
cost is based on discounting cost in 2012 dollars over the period of activity as determined by the project 
schedule. 

4.3 PROJECT WORK BREAKDOWN STRUCTURE 

The project WBS for the On-site Disposal Alternative is presented on Figme G-3. 
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1.4.2 Phase 1: Cells 
1&2 
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Figure G-3. On-site Disposal Alternative Work Breakdown Structure 
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4.4 SUMMARY COST DATA 

Table G-3 provides sununnry project cost estimates for the On-site Disposal Alternative for the proposed 
EMDF site. 

Table G-3. Sununary Cost Estimnte for the On-site Disposal Alternative 

Project Cost Item 

Cnpital Cost 

Remedial Design 

Early Actions (Site Characterizat ion) 

Site Development 

Const111ction (includes cells, interim capping, and leachate/contact water treatment facility) 

Capping and Closure 

Project Management (includes constmction management and procurement) 

Disposal racility Operations 

Long-Term Monitoring & Maintenance 

•Present worth based ou r~al discount rJtc of 2.0% 
Note: All co~ts nre rounded 

Total Capital Cost 

Operations Cost 

Total Operations Cost 

Total Project Cost 

Total Project Cost (pre.~ent worth)* 
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Cost in 2012 
Dollnn 
_($Ms) 

6 

3 

6 

147 

58 

20 

240 

429 

39 

468 

708 

499 



) 

) 

5. OFF-SITE DISPOSAL ALTERNATIVE COST ESTIMATES 

This section provides the key assumptions for the Off-site Disposal Alternative cost estimates, the basis 
for the estimates, and the sununaty results. 

5.1 OFF-SITE DISPOSAL ALTERNATIVE COST-ESTIMATE CONDITIONS AND 
ASSUMPTIONS 

A cost estimate was conducted for the Off-site Disposal Alternative based on the as-generated waste 
volume estimate discussed in Chapter 2 and Appendix A of the RIIFS. This section provides the 
conditions and assumptions for the estimate. 

The cost estimate for the Off-site Disposal Altemative includes truck-to-mil transfer, long-distance 
transportation of the waste to the off-site disposal facilities, and disposal fees. Costs excluded from the 
estimate are those common to both disposal alternatives (see Sect. 3 of tllis Appendix). 

Figures G-4 and G-5 show the off'-site disposal activities and responsible entities for waste shipments to 
NNSS and EncrgySolutions . 
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Figure G-4. Schematic of Responsibilities for Waste Shipments to NNSS for Off-site Disposal Alternative 
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Table G-4 shows the estimated volumes expected to be disposed of at NNSS and EnergySo/utions. 
Transportation and treatment/disposal costs are based on these estimated volumes. 

The key assumptions for the Off-site Disposal Ahemative cost estimate are as follows: 

• All non-classified LLW and LLW/TSCA waste and all classified LLW would be disposed at the 
NNSS facility in Nye County, NV. 

• The NNSS WAC allows for the use of retmnable intermodal containers. 

• All LLW/RCRA (mixed) waste would be treated and disposed at the EnergySo/utivns facility in 
Clive, Utah. 

• All classified mixed waste would be treated by the generator to meet the NNSS WAC prior to 
shipment to NNSS. 

• All non-classified waste shipped to NNSS or EnergySolutions would be transported in i.ntermodal 
containers from the individual remedial sites to the Technology Park rail siding, loaded onto 
railcars, and shipped by : 

Rail to Kingman, AZ transload facility followed by tmck transport to NNSS (two intermodal 
containers per truckload for debris and one intennodal container per truckload for soil), or 
Rail to EnergySo/utions. 

• Each intennodal would contain approximately II yd3 of debris waste or 15 yd3 of soil waste and 
each railcar will cany eight intermodal debris containers or six intcnnodal soil containers. 

• lntermodal containers would be purchased and reused for all non-classified, non-RCRA 
hazardous waste shipment. 

• All intcnnodal containers would iuclude a plastic liner for each shipment. 

• lntermodal container design life is I 0 years. 

• Intermodal containers would be purchased for all classified and LLW/RCRA (mixed) waste 
shipments (non-returnable containers). 

• Macroencapsulation is the assumed waste treatment for LLW/RCRA (mixed) waste disposed at 
EncrgySolutions. The waste treatment fee for macroencapsulation includes waste disposal. 

• Waste treatment/disposal fees for EnergySolutions arc based on the actual volume shipped in the 
container and· not on the total container volume. 

• Per a National Nuclear Security Administration memorandum (NNSA 2008), a disposal access 
fee rate of$14.51 per 113 is applied for NNSS disposal. 

• All shipments will satisfy DOT requirements. 

• No capital improvements would be required at ETTP to handle loaded i.ntermodal containers. (All 
labor and neccssaty equipment costs for hand I ing at ETTP arc included in the rail shipment cost 
estimate.) 
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Table G-4. As-genemted Waste Volume Estimate (FY 2020- FY 2042) by Waste Type, 
Material Type, and Disposal Facility for Off-site Disposnl Alternntive 

with 28%2 Uncertninty 

Off-site Disposal Facility Waste Type Mnterial type Volume (yd3
) 

LLW Debris 1,500,618 
NNSS (Non-Classified) LL\V ancl 

Soil 638,472 
LL\VffSCA 

NNSS (Non-Classified) TOTAL 2,139,090 

NNSS (Classified) LLW Debris 7,6 12 

NNSS (Classified, Mixed) LL\V Debris 705 

NNSS (Classified) TOTAL 8,317 

Debris 27,616 
EnergySo/utious LLW/RCRA 

Soil 15,326 

EnergySolutious TOTAL 42,942 

TOTAL 2,190,349 

5.2 BASIS OF ESTIMATE FOR THE OFF-SITE DISPOSAL ALTERNATIVE 

The key components of the Off-site Disposal Alternative cost estimate are those costs associated with 
transportation and treatment/disposal. Costs calculated for the Off-site Disposal Alternative estimates are 
situation-specific rates based on privatized cost estimates, and include no allowance for involvement of an 
integrating contractor. Table G-5 shows the costs used for transportation and disposal. 

The transportation and treatment/disposal costs are based on assumed contractl.wl parameters and may not 
represent individual shipments. Transportation costs include purchase cost for intermodal containers for 
all waste shipments. Intermodal containers used for LL W would be reused as many times as possible 
during an assumed design life of lO years. Intennodal containers for classified and mixed low-level 
(radioactive) waste are considered single use. Treatment/disposal fees used in the cost estimate for 
macroencapsulation of LL W /RCRA waste are based on the fcc structure of an existing mixed waste 
disposal contract between DOE and EncrgySolutions. 

Fuel surcharges that may be incurred during transportation of the waste to the disposal facilities are not 
included in the estimate. Rail transportation, which is approximately II% less expensive than truck 
transport, is assumed for all shipments (with the exception of classified waste shipments to NNSS). Jt is 
likely that a combination of rail and tmck transport would be used. 

1 !'he actual assumetlum:ertninty is 27.9798%; 28% is a rounded value. 
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Table G-5. Transportation and Treatment/Disposal Costs Used for Off-site Disposal Alternative 

Transportation Costs* 

Rail from ETTP Rail yard to Kingman, AZ or Clive, UT $25,440 
Per railcar (8 debris intermodals 
per railcar) 

Rail from ETTP Railyarcl to Kingman, AZ or Clive, UT $22,482 
Per railcar (6 soil intermodals 
per railcar) 

$1,000 
Per tmckload for soil waste (I 
intennodal per truckload) 

Truck transport from Kingman, AZ to NNSS 

$2,000 
Per tmckload for debris waste (2 
intennodals per truckload) 

Rail loading/unloading for tmck transport and return of 
$370 Per intermoda I 

empty containers (Kingman, AZ) 

Container purchase (classified and LL\V/RCRA waste 
$6,300 Per intermodal shipments) 

Container liner purchase $545 Per intermodal per trip 

Per truckload (2 intermodals per 
Truck transport to NNSS for classified waste $15,887 truckload for classified debris 

waste) 

Treatmcntffiisposal Costs* 

Treatment and Disposal ofLLW!RCRA (mixed waste) 
$3,406 Per yd3 

( macroencapsulat ion) 

Surcharge of 4% on waste received during winter months 
$136 Per yd·1 

(Dec- Feb) 

NNSS disposal access fcc rate $ 14.51 Per 113 

*All rates are in 2012 dollars 

5,3 PRESENT WORTH 

The present worth calculation approach for the Off-site Disposal Alternative using a real discount rate of 
2.0% is the same used for the On-site Disposal Alternative estimate as described in Section 4.2. 7 of this 
Appendix. 

5.4 SUi\JMARY COST DATA 

Table G-6 provides the summary cost estimates for the Off-site Disposal Alternative. 
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Table G-6. Summ;uy Cost Estimate for the Off-site Disposnl Alternative 

Project Cost Item 

Capital Cost 

Total Cnpital Cost 

Operations Cost 

Transportation and Packaging 

Treatment/Disposal 

Long-Tem1 Monitoring and Maintenance 

Total Operations Cost 

Total Project Cost 

Total Project Cost (present worth)* 

Note: All costs are in 2012 dollars unless otherwise noted and all costs arc rounded. 
•Present worth based on real discount mte of2.0% 
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