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ABSTRACT 

The proposed Department of Energy (DOE) site selection criteria were 
applied to the Oak Ridge Reservation, and the application was evaluated to 
determine the criteria's usefulness in the selection of a low-level waste 
disposal site. The application of the criteria required the development 
of a methodology to provide a framework for evaluation. The methodology 
Is composed of site screening and site characterization stages. The site 
screening stage relies on reconnaissance data to Identify a preferred site 
capable of satisfying the site selection criteria. The site characteriza-
tion stage relies on a detailed site Investigation to determine site 
acceptability. The site selection criteria were applied to the DOE Oak 
Ridge Reservation through the site screening stage. Results of this 
application were similar to those of a previous siting study on the Oak 
Ridge Reservation. The DOE site selection criteria when coupled with the 
methodology that was developed were easily applied and would be adaptable 
to any region of interest. 
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EXECUTIVE SUMMARY 

This study applied the proposed Department of Energy (DOE) site 
selection cri teria (Draft DOE Order 5820, Sept. 10, 1982) to the Oak Ridge 
Reservation to evaluate their ease of application and to Identify any 
di f f icul t ies arising during their application. For application of the 
cr i ter ia to site selection, a methodology was developed to provide a 
framework for evalaution. 

Site selection is considered a two-stage process: site screening and 
site characterization. Site screening relies on reconnaissance data for 
identification of a preferred site, and site characterization relies on a 
detailed site investigation and analysis for evaluation of the site's 
capability to comply with the DOE performance objectives. The procedure 
used for site selection incorporates DOE site selection cr i ter ia , the 
needs of the developer, and the consideration of alternative sites. 
Performance assessment models were not used for site screening because of 
the extensive data needs that generally are not available. 

The site screening methodology applies the DOE site selection 
cr i ter ia by defining a region of interest, identifying candidate areas 
within the region of interest, identifying a slate of candidate sites 
within the candidate areas, and identifying a preferred site from a slate 
of candidate sites. The region of interest is defined on the basis of the 
need for additional waste disposal faci l i t ies and must be large enough to 
include several candidate areas. Candidate areas are identified by 
eliminating areas having features that preclude them from further 
consideration. Candidate sites are identified by using exclusionary site 
requirements and identifying desirable site features. The exclusionary 
requirements, (e .g. , a slope that does not exceed 25%) are based on site-
specific factors derived from the DOE site selection cri ter ia that would 
preclude uti l izat ion of the site for low-level waste disposal. Desirable 
features include disposal faci l i ty needs (e.g. , the availabil i ty of 
u t i l i t i es ) that must be satisfied. The preferred site is identified by 
collecting and reviewing reconnaissance data. Site selection parameters 
are derived from the DOE site selection cri ter ia for comparing candidate 
sites. For example, the site selection parameter of geology includes the 
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DOE site selection cr i ter ia requiring that sites be located where geologic 
hazards wil l not jeopardize performance, sites be located where 
hydrogeologlc conditions allow the subsurface migration of radioactivity 
to be reliably predicted, and buffer zones be designed 1n consideration of 
hydrogeologlc characteristics. The ranking of the candidate sites for 
each site selection parameter is performed following the candidate site 
comparison. The composite of site rankings and the significance of each 
site selection parameter are used to identify the preferred site for site 
characterization. The preferred site should be the site which is best 
suited to the needs of the developer and which can satisfy the DOE site 
selection cr i ter ia . 

The site characterization methodology Includes a preliminary investi-
gation of site feas ib i l i ty , a comprehensive f ield study, a laboratory 
analysis of f ie ld samples, a site monitoring program, and a pathways 
analysis. The site feasibi l i ty study provides a preliminary concept of 
site ut i l izat ion and performance and Init iates the Interaction of site 
design with other site characterization act iv i t ies. The f ield 
investigation of the preferred site provides the necessary data for 
evaluation of site performance and for further site development. The 
laboratory analysis of f ie ld samples interprets f ie ld data, confirms f ie ld 
observations, and assists 1n defining additional f ie ld act iv i t ies. The 
monitoring program establishes background environmental data and 
determines seasonal variations 1n the environmental data. The pathways 
analysis determines I f the preferred site can meet the DOE performance 
objectives. The pathways analysis may determine limitations on waste form 
and quantity or the need for additional monitoring activi t ies; 1t may 
define additional design requirements for site acceptabl1ty. 

The DOE site selection cr i ter ia were applied through site screening 
to the Oak Ridge Reservation. The reservation was defined as the region 
of interest with DOE as the developer. The limited size of the Oak Ridge 
Reservatiox admits only the Conasauga and Knox Groups as viable geologic 
groups for consideration because of the limited soil thickness associated 
with the remaining groups. Five candidate area screening requirements 
were developed that resulted in the identification of five candidate areas 

x i i 



containing at least one potential site 1n each area. Candidate site 
screening requirements were developed containing four exclusionary 
requirements and five desirable features. Five candidate sites were 
identif ied, two sites 1n Bear Creek Valley and three sites on Chestnut 
Ridge. Site selection parameters for preferred site Identification were 
developed as hydrology, geology, soils, land use, socioeconomics, and 
ecology/meteorology. F.ach criterion in the DOE site selection cr i ter ia 1s 
associated with at least one site selection parameter. For example, the 
criterion vrtiich states that new sites shall be located where hydrogeologic 
conditions allow subsurface migration of radioactivity to be reliably 
predicted is associated with the hydrology, geo^iy, and soils site 
selection parameters. Relative comparisons of trie candidate sites for 
each site selection parameter were performed based on reconnaissance data. 
The candidate sites were ranked for each parameter and summarized in an 
overall ranking of candidate sites. The results of the investigation did 
not identify a preferred site with natural features that makes i t clearly 
the best site. Five sites were identified which potentially could satisfy 
the site selection c r i te r ia . The selection of the preferred site 1s best 
determined by consideration of other factors such as previous operating 
experience, costs of site development and detailed fac i l i t y needs. Such 
an integrated process will allow for the selection of a preferred site 
that is best suited to the needs of the developer and capable of meeting 
the DOE site selection cr i ter ia . The results of this study suggest that 
both Knox and Conasauga Group sites have deficiencies that detract from 
their suitabi l i ty for low-level waste disposal and that must be addressed 
in the design of a low-level waste disposal f a c i l i t y . These results were 
similar to a previous siting investigation. The similarity suggests that 
the available technical information was similarly interpreted and applied; 
however, the present study more clearly documents and evaluates the 
comparative merits of each site. 

The results of this study indicate that the DOE site selection 
cr i ter ia are useful in site selection and specifically in site screening. 
The cr i ter ia encompass the important factors to be considered in site 
selection; however, they are subject to interpretation and provide no 
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guidance as to how they should be applied. When coupled with the 
methodology developed 1n ths study, the cr i ter ia were easily applied and 
would be adaptable to any region of Interest. 

Application of the DOE site selection cr i ter ia using the generic 
methodology Is qualitative and requires considerable judgment at eacft 
step. The development of the screening requirements, site selection 
parameters, and the definition of the region of Interest most strongly 
Influenced the identlfIcatlon of a preferred si te . Site deficiencies 
which require further consideration 1n the design of a f a c i l i t y were 
clearly Identified as a result of using the site selection cr i ter ia for 
identification of a preferred site. 
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1. INTRODUCTION 

The Department of Energy (DOE) has proposed site selection cr i ter ia* 
for Identifying low-level waste disposal sites that would satisfy varlou? 
performance objectives to protect public health and safety. Prior to this 
study, the usefulness of these cr i ter ia 1n site selection had not been 
evaluated. This section presents the cr i ter ia and the approach used to 
evaluate them for screening low-level waste disposal sites. 

1 .1 Background 

Additional disposal fac i l i t i es wil l be required to accommodate low-
level radioactive wastes produced 1n the future. Developing the 
technology and documentation required to establish a shallow land burial 
site for low-level waste disposal 1s one of the goals of DOE1s Low-Level 
Waste Management Program (LLWMP). DOE has prepared draft site selection 
cr i ter ia for low-level waste disposal. The primary purpose of this study 
was to apply the cr i ter ia and evaluate the usefulness of the site 
selection cr i ter ia for low-level waste disposal sit ing. The DOE site 
selection cr i ter ia are not intended to provide a process for site 
selection, but they do provide guidelines which are to be met at an 
acceptable site. The application of the site selection cr i ter ia , however, 
requires a methodology that 1s rational and defensible for selecting a 
s i te . An appropriate methodology that would fac i l i ta te the evaluation of 
the cr i ter ia was developed as part of the study. The site selection 
cr i ter ia were then applied to a specific region using the generic 
methodology. 

The study was completed in four steps. The f i r s t step (Sect. 1.3) 
summarized site selection cr i ter ia and reviewed procedures for selecting 
shallow-land burial fac i l i t i es for low-level radioactive waste. Necessary 
factors to be considered 1n the application of the site selection cr i ter ia 
were identified. The second step (Sect. 2) developed a generic method-
ology for applying the DOE site selection cr i ter ia to a region, 

•Draft DOE Order 5820, dated Sept. 10, 1982. 
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Identifying candidate areas and sites, ranking candidate sites, 
Identifying a preferred si te, and evaluating a preferred s i te . The 
methodology was prepared to provide an operational framework for applying 
the 00E cr i ter ia . The third step (Sect. 3) applied the generic 
methodology to a specific reg1on--the Oak Ridge Reservation. To determine 
the val id i ty and usefulness of the application, the results were compared 
to a previous site selection study conducted for the reservation. The 
last step (Sect. 4) evaluated the usefulness of the site selection 
cr i ter ia and the generic methodology for other regions of Interest. 

1.2 Scope 

The selection of a site io the f i rs t phase 1n a progression of events 
required to establish a new land disposal f a c i l i t y . I t consists of two 
stages—site screening and detailed characterization of a preferred s i te . 
The site screening stage culminates In identification of a preferred site. 
Site screening 's based primarily on reconnaissance information, Including 
published or unpublished reports, existing records, and brief f ie ld 
surveys. Site characterization follows site screening and establishes 
whether or not the preferred site can meet the DOE cr i ter ia and perform-
ance standards. This stage requires a f ie ld program and detailed site 
investigation to collect site-specific data and 1s, therefore, much more 
time consiming and expensive than site screening. The DOE site selection 
cr i te r ia are cr i t ical to both site screening and site characterization. 
The methodology developed in this study considers both site screening and 
characterization and was prepared so that its application to future site 
selection Investigations would be possible. The DOE cr i ter ia are applied 
only through the site screening stage for the Oak Ridge Reservation 
because sufficient data are not yet available to apply the cr i ter ia for 
si te characterization. The Oak Ridge Reservation provided an opportunity 
to evaluate the ease of application of the cr i ter ia because new disposal 
f a c i l i t i e s are needed, and site data are available from both previous 
siting studies and ongoing site characterization programs for many 
locations on the reservation. 
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1.3 Site Selection Procedures 

The selection of a site for low-level waste disposal must satisfy 
various site selection cr i ter ia and be suited to the needs of the 
developer. The developer 1n the case of defense wastes will be DOE or an 
operating contractor for DOE. The site that 1s selected must also remain 
an acceptable choice for a site considering the viable alternative sites 
that could be selected. To Identify a preferred site meeting all require-
ments, the application of the site selection cr i ter ia should be clear, the 
basis for Identifying potential sites should be stated, and the judgments 
which lead to the selection of the site should be apparent. For the ease 
of application of the DOE site selection cr i ter ia to be tested rea l is t i -
cal ly, the needs of a potential developer and the consideration of alter-
native sites are essential factors t . be Included 1n the study. The DOE 
site selection cr i ter ia by themselves do not provide a means for selecting 
a site or satisfying these competing needs. To provide a real ist ic evalu-
ation of the DOE site selection cr i ter ia that considers alternative sites 
and the needs of a developer, a strategy for site selection 1s required. 

1.3.1 Site selection strategies 

Site selection strategies commonly are used to site major facll1t1es.1-5 
Generally, a region of Interest 1s Identified, Important site selection 
parameters are developed using site selection cr i te r ia , data are collect-
ed, a sensitivity analysis Is performed, and sites are evaluated. Most 
site screening processes are qualitative because of a lack of available 
data, differences in the interpretation of the cr i ter ia at a specific site 
or the assumptions and judgments imposed. 

The evaluation of candidate sites is a comparison of site character-
istics 1n either qualitative or quantitative terms. Although characteris-
tics may be weighted and ranked quantitatively, the associated assumptions 
or judgments render these evaluation methods no more objective or valid 
than qualitative site comparisons. 
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Low-level waste s i te selection 1n the past was not performed with the 
use of a consistent set of c r i t e r i a or guides. The most prominent 
characterist ics shared between the sites that were selected were the 
ava i l ab i l i t y of land on or near a nuclear f a c i l i t y and government 
ownership of the land.6 Limited attention was given to the 
Investigation of the characterist ics of a potential s i te that would 
determine I ts performance or s t a b i l i t y . Also, l imited regulatory guidance 
was provided. As a resu l t , perfonnance-based s i te selection strategies 
have not been developed and applied to disposal f a c i l i t i e s that are 
presently operating. Recently, the International Atomic Energy Agency 
(IAEA) outlined an approach to low-level waste si te selection similar to 
those commonly used at other major f a c i l i t i e s . 7 The approach cal ls for 
an area survey, preliminary s i te selection, and s i te conf Initiation. 
Details of this approach w i l l to be provided 1n a forthcoming 
publication .8 

Computer codes for s i te selection applicable to low-level waste 
disposal f a c i l i t i e s have been developed. These codes are not based on an 
analytic procedure or theory but revert to a decision tree or trade-off 
evaluation method. Many of the available codes are suntnarlzed 1n 
,f)-cw-Level Waste Management: A Compilation of Models and M o n i t o r i n g " ^ 

and "Modeling and Low-Level Waste Management: An Interagency 
Workshop."10 Specific models are also addressed in "System Analysis 
of Shallow Land Bur ia l " !* and "Generic Methodology for Assessment of 
Radiation Doses from Groundwater Migration of Radionuclides 1n LWR Wastes 
1n Shallow Land Burial Trenches."12 The models may be useful at the 
s i te characterization stage, but the input data requirements are normally 
beyond the Information available at the si te screening stage. I f these 
s i te characterization models were used at the s i te screening stage, many 
assumptions would be required to sat is fy the data requirements that would 
detract from the va l i d i t y of the resul ts . Addi t ional ly, the codes have 
not been developed for use with the DOE si te selection c r i t e r i a . 
Consequently, computer code results would have to be Interpreted 1n l i g h t 
of the s i te selection c r i t e r i a and are not well adapted to test ing the 
ease of application of the 00E s i te selection c r i t e r i a . 
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Processes for selecting shallow land burial sites have been 
developed, although they have not been developed to the extent that could 
be easily applied to Identi fy a specific site.13-14 Lacking an 
available s i te selection strategy for applying the DOE si te selection 
c r i t e r i a to select a s i te and evaluating the usefulness of the DOE si te 
selection c r i t e r i a , a methodology for using the c r i t e r i a and addressing 
the developer's needs and alternative sites was formulated and used 1n 
th is study. The methodology that was developed Is su f f i c ien t ly f l ex ib le 
that I t could be applied to either the DOE or Nuclear Regulatory 
Cortn1ss1on (NRC) s i te selection c r i t e r i a . 

1.3.2 DOE si te selection c r i t e r i a 

Site selection c r i t e r i a for low-level waste disposal f a c i l i t i e s have 
been proposed by DOE and developed by NRC.15-17 The DOE and NRC 
c r i t e r i a are similar and somewhat qual i ta t ive and provide the minimum 
technical requirements necessary for a s i te to meet the performance 
objectives. This study demonstrates the application of proposed DOE 
c r i t e r i a for disposal s i te selection, but the same methods can be used 
with any given set of c r i t e r i a Including NRC c r i t e r i a . The DOE c r i t e r i a 
to be applied 1n selecting a low-level waste disposal s i te are l is ted 1n 
Table 1.1. The f i r s t f ive c r i t e r i a in Table 1.1 are related to the 
geohydrologic characterist ics of the s i te . The effect of this emphasis 
s ign i f icant ly Influences the s i te selection process. Performance 
objectives for land disposal of low-level radioactive wastes are 
sumnarized in Table 1.2. 
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Table 1 .1 . Draft DOE s i te selection cr1ter1al5 

1. New sites shall be of suf f ic ient size to Include a waste disposal 
area, administrative area, and adequate buffer zone to allow 
unrestricted human use beyond the s i te boundary. 

2. New sites shall be located so that wastes can be burled either 
completely above or completely below the t rans i t ion zone between the 
unsaturated and saturated zones. 

3. New sites shall be located where flooding, wind and water erosion, and 
geologic hazards such as earthquakes, volcanoes, and slides and mud 
flows do not Jeopardize performance. 

4. New sites shall be located where hydrogeologlc conditions allow 
subsurface migration of radioact iv i ty to be re l iab ly predicted. 

5. Buffer zones for new sites shall be designed 1n consideration of 
hydrogeologlc characterist ics so that rad ioact iv i ty releases comply 
with the objective of th is order. 

6. New sites shall be selected with consideration given to current and 
projected population d is t r ibut ions, land use, and resource 
development; access ib i l i ty of all-weather highways, ra i l routes, and 
u t i l i t i e s ; and the location of waste generators. 

7. New sites shall be selected 1n compliance with applicable federal, 
state, and local laws and regulations. 



Table 1.2. Performance objectives for disposal system operations 
to protect the health and safety of workers and the pub l i c^ 

1. Every shallow land disposal s i te shall be operated 1n conformance with 
DOE occupational exposure standards 

2. The annual dose from radionuclides from any shallow land burial s i te 
to persons outside the s i te boundary from al l pathways shall not 
exceed the following 

25 mrem/year - whole body 
75 mrem/year - thyroid 
25 mran/year - any organ 

3. Waste shall not be disposed of In a shallow land burial s i te that 
results 1n a waste inventory that poses a potential threat to health 
and safety after a performance period of 500 years has ended 
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2. GENERIC METHODOLOGY FOR APPLICATION OF SITE SELECTION CRITERIA 

Site selection encompasses the screening of viable sites within a 
region for a preferred s i te and the characterization of the preferred 
s i te for evaluation of s i te acceptabi l i ty. Site screening 1s an 
Inherently qual i tat ive process that requires the comparison of several 
s i te factors of varying Importance to Ident i fy a preferred s i t e . Careful 
application of the DOE c r i t e r i a for low-level waste disposal sites can 
s impl i fy l icensing, reduce s i te development costs, and simpl i fy 
postclosurs surveillance and maintenance. This section presents a 
methodology for applying DOE s i te selection c r i t e r i a to Ident i fy a 
preferred s i te from a defined region and to characterize the preferred 
s i te for evaluation and design. The c r i t e r i a are applied using the 
methodology so that uncertainties 1n si te Ident i f icat ion are reduced and 
the probabi l i ty of selecting an acceptable s i te for low-level waste 
disposal 1s enhanced. 

2.1 Site Screening 

The objective of s i te screening 1s to Ident i fy a preferred si te for 
detai led s i te characterization. Site screening should ident i fy a s i te 
that can be successfully characterized, modeled, analyzed, and monitored 
during the s i te characterization stage of s i te selection. Site screening 
1s performed using reconnaissance-level data. A detailed discussion of 
these Information needs and thei r method of acquisit ion 1s presented in 
the Shallow Land Burial Handbook.1 The methodology used to apply the 
s i te selection c r i t e r i a must be logical and defensible so that the 
preferred s i te Ident i f ied by the process 1s best suited to the needs of 
the developer and w i l l sa t is fy the regulatory requirements for low-level 
waste disposal. The methodology described 1n th is section addresses these 
goals by defining a region of interest , ident i fy ing candidate areas within 
the reg1o.< of interest , ident i fy ing a slate of candidate sites within the 
candidate areas, and Ident i fy ing a preferred s i te from the slate of 
candidate sites (F1g. 2 .1) . Each step in the s i te screening process uses 
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Fig. 2.1. Summary of site selection methodology. 
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progressively more res t r i c t i ve c r i t e r i a based on the developer's needs and 
the DOE s i te selection c r i t e r i a (Table 1.1). Documentation of each step 
1n the process 1s an Important component of the methodology to provide a 
logical and defensible basis for ident i fy ing a preferred s i te . 

2.1.1 Region def in i t ion 

The def in i t ion of the region of Interest 1s the f i r s t step 1n s i te 
screening. The region 1s defined on the basis of need for additional 
low-level waste disposal f a c i l i t i e s to service waste generators. The 
region may be defined as a compact of states, a state, a DOE reservation, 
or some other geographical un i t . Independent of the need for additional 
waste disposal f a c i l i t i e s , the region of interest must be large enough In 
size to Include several candidate areas with at least one candidate s i te 
within each candidate area for a reasonable comparison of potential s i tes. 
I f the region of Interest 1s too narrowly defined, the potential for 
Ident i fy ing an acceptable si te 1s reduced. 

2.1.2 Candidate area Ident i f icat ion 

The methodology for Identifying candidate areas 1n a defined region 
of interest is shown 1n Fig. 2.2. The f i r s t step in the Ident i f icat ion 
of candidate areas 1s to determine area screening requirements. The area 
screening requirements are exclusionary requirements that eliminate areas 
having features that preclude them from further consideration. These 
requirements should be based on the essential needs for f a c i l i t y develop-
ment, such as suf f ic ient land area and gross geological and hydrologlcal 
requirements and the s i te selection c r i t e r i a that can be applied to an 
area. (An example of candidate area screening requirements for a specif ic 
region 1s presented in Table 3.1.) The area screening requirements are 
used to ident i fy the areas within the region of interest having the fewest 
obvious deficiencies that would inh ib i t s i te development. Consequently, 
the requirements are somewhat arbi t rary and should be tightened or relaxed 
unt i l a reasonable number of candidate areas are Ident i f ied. The number 
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of areas w i l l vary from region to region. The goal 1s to hav>' <nough 
candidate areas for Ident i fy ing a suf f ic ient number of candidal to 
conduct a val id s i te comparison incorporating regional v a r i a b i l i t y . The 
candidate areas that are Ident i f ied and the a< <.& screening requirements 
used for ident i f icat ion should be documented prior to proceeding to 
candidate s i te Ident i f icat ion. 

2.1.3 Candidate s i te ident i f icat ion 

The methodology for identi fying candidate sites within established 
candidate areas 1s shown 1n Fig. 2.3. The f i r s t step 1n the ident i f ica-
t ion of candidate sites 1s to ident i fy s i te screening requirements. Site 
screening requirements Include exclusionary requirements and features that 
are desirable for a s i t e . The exclusionary requirements should be based 
on s i te-speci f ic factors developed from the DOE s i te selection c r i t e r i a 
which would preclude u t i l i za t i on for low-level waste disposal ( for 
example, excessive slope or the presence of wetlands). Desirable features 
to be included in the s i te screening requirements could include f a c i l i t y 
needs, such as the proximity to u t i l i t i e s or other s i te conditions derived 
from the DOE s i te selection c r i t e r i a . (An example of candidate s i te 
screening requirements for a specific region is presented in Table 3.3.) 
Site screening requirements are used to ident i fy the sites within the 
candidate areas that have the greatest potential as waste disposal sites 
and represent the regional v a r i a b i l i t y within the candidate areas. As 
with the area screening requirements, s i te screening requirements are 
somewhat arb i t rary and should be tightened or relaxed un t i l a reasonable 
number of candida'-e si tes remain. I f relaxation of the s i te screening 
requirements f a i l s to produce a suf f ic ient number of candidate s i tes , then 
the area screening requirements should be relaxed or the region of 
interest expanded. Once the slate of candidate si tes has been ident i f ied , 
the s i te screening requirements and the results of the s i te screening 
should be documented. 
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Fig. 2.3. Methodology for candidate s i te ident i f icat ion 
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2.1.4 Preferred site Identification 

The methodology for Identifying a preferred site for an established 
slate of candidate sites 1s shown 1n F1g. 2.4. All available data on 
each of the candidate sites are gathered and reviewed from existing 
sources and from site reconnaissance. Site reconnaissance does not 
Include detailed field studies but provides for f ield Inspection of the 
exlstlnq environmental conditions. 

The site selection parameters are developed from DOE site selection 
criteria and regional factors. The site selection parameters should be 
Identified with consideration of the significance of the most Important 
regional factors and their disciplinary groups. An example of site 
selection parameters 1s shown 1n Table 2.1 along with the parameters' 
relationship to the DOE site selection criteria. As can be seen 1n Table 
2.1, the criteria are biased towards the geohydrologlc characteristics of 
the site. The significance of each site selection parameter for the 
region of Interest 1s determined based on available data and subjective 
evaluation. This step 1s crit ical to the ultimate results since the 
selection of parameters and assignment of relative significance influence 
which site is designated as the preferred site. 

The candidate sites are ranked for Identification of the preferred 
site using a comparative matrix for each parameter. A single parameter 1s 
selected and the comparative superiority or inferiority of one site to 
another relative to the parameter 1s determined. Each site is judgpd to 
be better, the same, or worse than the other candidate sites for each 
parameter, based on the available Information. An example worksheet for 
evaluation of a single parameter is shown in Table 2.2. The ranking of 
the candidate sites for each parameter 1s established by ordering the 
sites from highest to lowest rank. The composite of site rankings and 
significance for all of the parameters 1s examined to Identify the 
preferred site (Table 2.1) . This last step 1n the site screening analysis 
may be subjective and may not result 1n a definitive conclusion. The 
top-ranked site may be roughly equivalent to the second-ranked site. In 
such cases, the preferred site may be determined by the interests of the 
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Table 2.1 Site selection parameters for identification of the preferred site 

Site selection parameter 

Associated 
DOE site Regional 
selection significance 
criteria (H, M, L) 

Candidate site 
comparison rankings 

from 
Table 1.1 1 2 3 4 5 6 

I . Land use 1, 6, 7 

Maximize available area 
• Maximize area for land burial 

• Maximize buffer area 

Minimize alternative uses 

• Minimize natural resource commitment 

• Minimize areas suitable for higher uses 

2. Hydrologlc characteristics 2,3,4,5,7 

Identify surface water characteristics 

• Exclude floodplains and future reservoirs 

• Minimize watershed area 

• Minimize surface water outlets 
• Minimize site-specific interfaces with water 

outlets Optimize groundwater characteristics 
• Avoid aquifers 

• Maximize depth to water table 



Table 2 .1 (continued) 

Site selection parameter 

Associated 
DOE site Regional 
selection significance 
criteria (H, M, L) 

Candidate site 
comparison rankings 

from 
Table 1.1 1 2 3 4 5 6 

• Minimize groundwater flows 

• Maximize dispersion 

Optimize water quality 

• Optimize pH and buffer capacity for waste 

• Optimize redox condition for waste 

Maximize predictability and monitorability 

3. Geologic characteristics 3,4,5 
Avoid geologic hazards such solution cavities, 
seismic activity, landslides 

Minimize slope 

Minimize geologic complexity 

Avoid mineral resources 

4. Soil characteristics 

Optimize physical properties 2,4,5 
• Minimize erosion 

• Maximize soil thickness 



Table 2 .1 (continued) 

Site selection parameter 

Associ ated 
DOE site Regional 
selection significance 
criteria (H, M, L) 

Candidate site 
comparison rankings 

from 
Table 1.1 1 2 3 4 5 6 

• Minimize soil moisture content 

• Maximize soil stability 

Optimize chemical properties 

• Maximize soil retention and retardation 

• Maximize buffer capacity 

• Minimize redox potential 

5. Socioeconomic characteristics 6, 7 

Minimize impacts on population 
Maximize ease of site access, u t i l i t ies , and 

transportation 

6. Ecological and meteorological characteristics 7 

Avoid important habitats and species 

Optimize meteorological characteristics 
• Minimize wind 

• Minimize precipitation 
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Table 2.2. An example worksheet for comparing candidate sites 
on the basis of a single site selection parameter 

Comparison sites 

Site A B C D 

A XXX a + + 0 + + 

B - XXX - - 0 -

C - + XXX + - + 

0 0 + - XXX + + 

E - 0 + + XXX 0 

F - + + 0 XXX 

aXXX » same site; + « better; 0 • same; - • worse. 

developer rather than by the slight superiority established by the ranking 
exercise. The objective of the Identification of the preferred site 1s 
not necessarily to Identify the best site because the available 
information limits the capability of making such a determination. 
Instead, the preferred site should be the site which 1s best suited to the 
needs of the developer and which can satisfy the site selection criteria. 

The results of the site screening process should be documented. The 
screening requirements, site selection parameters and their significance, 
comparative ranking of the slate of candidate sites, and judgments leading 
to the identification of the preferred site should be Included. 

2.2 Site Characterization 

The site characterization stage evaluates 1n depth the suitability of 
the preferred site for low-level waste disposal based on conformance 
with the site selection criteria. If the site cannot meet the site 
selection criteria, then a return to the site screening stage 1s necessary 
to Identify an alternative site. This process Is sumnarlzed in Fig. 2.5. 
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The site characterization stage Includes preliminary investigation of s i te 
f e a s i b i l i t y , a comprehensive f i e l d study, a laboratory analysis of f i e l d 
samples, a si te monitoring program, and a pathways analysis. The methods 
employed at th is stage are considerably more costly and time consuming 
than s i te screening. Prudence, therefore, dictates that the ac t iv i t ies 
most l i ke l y to discover c r i t i c a l deficiencies be performed f i r s t . 
Addit ional ly, the si te characterization ac t iv i t ies should be coordinated 
with the data needs for s i te design so that any necessary engineered 
features can be Ident i f ied and factored Into the evaluation of s i te 
performance. Characterization provides the s i te-speci f ic data needed for 
ver i fy ing the compliance of the si te with the s i te selection c r i t e r i a and 
for establishing the requirements for s i te design and u t i l i za t i on . 

2.2.1 Site f eas ib i l i t y Investigation 

The site f eas ib i l i t y Investigation provides a preliminary concept of 
s i te u t i l i za t i on and performance and in i t i a tes the Interaction of s i te 
design with the f i e l d Investigation, laboratory studies, pathways 
analysis, and environmental monitoring ac t i v i t i es . The si te f e a s i b i l i t y 
study Includes a characterization of the radioactive waste, a preliminary 
design of s i te u t i l i za t i on , and a preliminary analysis of s i te perform-
ance. The s i te f e a s i b i l i t y Investigation can result 1n a f i e l d investiga-
t ion that is more cost-ef fect ive, a pathways analysis that 1s more repre-
sentative of f a c i l i t y operation and environmental data more useful for 
analysis and design. 

Characterization of the radioactive waste content 1n terms of I ts 
physical and chemical form, quantity, and radionuclide concentrations 1s 
essential for defining the scope of the f i e l d Investigation, for perform-
ing the pathways analysis, and for establishing the design requirements 
for s i te u t i l i za t i on . Characterizing the projected radioactive waste w i l l 
aid 1n the evaluation of the s i te ' s capabi l i ty to meet the disposal needs 
of waste generators in the region of interest . The characteristics of 
interest include the so lub i l i t y of the radioactive Isotopes contained 1n 
the waste, and the retardation factor of these isotopes in s i te soi ls with 
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s i te hydrogeological conditions. The waste should be characterized as 
completely as possible to focus more sharply the scope of the remainder of 
the s i te characterization ac t i v i t i es . 

The preliminary design 1s Intended to bound the scope of the f i e l d 
Investigation and should encompass s i t ing , operation, closure, and post-
closure considerations. The preliminary design should seek to Ident i fy 
the necessary f a c i l i t i e s , the proposed layout of projected trenches, the 
typical design of the trenches, and any proposed engineered design 
features for enhancing natural s i te performance. The preliminary design 
w i l l aid 1n the Ident i f icat ion of data needs to be Incorporated Into the 
f i e l d and laboratory Investigations for the evaluation of s i te performance 
and for further design development. 

The preliminary analysis of s i te performance 1s Intended to Ident i fy 
the c r i t i c a l pathways of radionuclide transport. The potential pathways 
for migration of radionuclides from the s i te to the surrounding environ-
ment should be examined to estimate the potential exposure to the public 
and to Ident i fy apparent deficiencies 1n the natural s i te conditions. Any 
s igni f icant deficiencies detected at th is level of analysis should become 
the focus of the f i e l d Investigation and should be considered for mitiga-
t ion by proposed engineered design features as part of the f e a s i b i l i t y 
study. Site selection c r i t e r i a not sat isf ied by the existing s i te 
conditions, based on the preliminary analysis of s i te performance, should 
be ident i f ied. Engineered design features that would improve site 
performance to the extent that the s i te selection c r i t e r i a would be 
sat is f ied should be considered as part of the preliminary analysis. The 
scope of the detailed f i e l d Investigation and pathways analysis should be 
expanded to evaluate any potential deficiencies detected during the 
preliminary analysis. Some sites may lack suf f ic ien t data for preliminary 
analysis. For these s i tes , a l imited f i e l d investigation of the s i te may 
be appropriate. This investigation should be l imited to providing data 
for performing ellminary analysis and for ident i fy ing the scope of the 
detailed f i e l d Investigation. The data needs for providing the detailed 
design and the data necessary to evaluate the s i te ' s su i t ab i l i t y for 
low-level waste disposal should be Included 1n the subsequent f i e ld and 
laboratory investigations. 
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The results of the si te f e a s i b i l i t y Investigation should be 
documented to aid 1n the f i e l d and laboratory investigations and the 
pathways analysis. The si te f e a s i b i l i t y report should conclude 1f the 
s i te Is feasible for further consideration for the disposal of low-level 
radioactive waste. 

2.2.2 Field Investigation 

The f i e l d investigation of the preferred s i te provides the necessary 
s1te-spec1f1c data for the evaluation of s i te performance and for 
further s i te development. The f i e l d Investigation 1s comprehensive 1n 
scope and requires the u t i l i za t i on of technical special ists and 
specialized equipment. Geological and hydrologlcal Investigations of s i te 
conditions are the primary focus of the f i e l d program. Additional areas 
of investigation may be signi f icant depending on s i te-speci f ic conditions 
and on the results of the s i te f eas ib i l i t y Investigation. A detailed 
discussion of the Important factors to be considered for Incorporation 
into the f i e l d Investigation 1s included 1n the Shallow Land Burial 
Handbook.1 The f i e l d investigation should also Include the In i t i a t i on 
of the environmental monitoring program (Sect. 2.2.4) and the retr ieval of 
the necessary samples for laboratory investigation (Sect. 2.2.3) . Because 
the f i e l d Investigation 1s Intended to provide s i te-speci f ic data for 
several needs, the program should be careful ly considered and planned 
prior to Implementation to minimize costs. The results should be 
documented along with the results of the laboratory investigation for the 
pathways analysis and with the detailed f a c i l i t y design. 

2.2.3 Laboratory Investigation 

Laboratory analysis of f i e ld samples is necessary to interpret f i e ld 
data, confirm f i e l d observations, and assist 1n defining any additional 
f i e l d ac t i v i t i es . A detailed discussion of the laboratory analyses 
appropriate for the s i te characterization stage 1s Included 1n the Shallow 
Land Burial Handbook.1 Laboratory analysis should be included 1n the 
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site characterization stage to the extent necessary to establish a 
complete data set for site evaluation and design. 

2.2.4 Monitoring program 

The monitoring program is initiated during site characterization to 
establish background environmental data and to determine seasonal 
variations in the environmental data. The hydrological aspects of the 
monitoring program are especially important for establishing the data base 
for pathways analysis and site design. A discussion of the monitoring 
program 1s included 1n the Shallow Land Burial Handbook* and the Generic 
Handbook on Environmental Monitoring for Low-Level Waste Disposal 
Sites.2 

2.2.5 Pathways analysis 

The pathways analysis determines 1f the preferred site can satisfy 
the site selection cr i te r ia , performance objectives, and technical 
requirements (Tables 1.1 and 1.2) . The potential pathways for 
consideration in the pathways analysis Include groundwater transport, 
intrusion, surface water transport, atmospheric transport, and consumption 
of food grown at or around the si te. The pathways are summarized in 
Fig. 2.6. 

The pathways analysis considers conservative scenarios of site 
development for investigation of potential releases of radioactivity to 
the public. Credit for engineered design features proposed for the site 
is incorporated Into the analysis scenarios as are the site-specific data 
collected during the f ield and laboratory investigations. The results of 
the pathways analysis are used to determine the size of the buffer zone 
and to establish design requirements for site sui tabi l i ty . The pathways 
analysis may determine limitations on waste form and quantity, establish 
the need for additional monitoring activit ies during operation and 
closure, or define additional design requirements for site acceptability. 
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Fig. 2.6. Environmental pathways for release of radioactivity from low-level waste disposal faci l i t ies. 
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I f the pathways analysis results Indicate that the site 1s 
unacceptable for low-level waste disposal, then additional designed 
features, limitations on site ut i l i zat ion, or alternative sites need to be 
considered. I f the pathways analysis results Indicate that the site 1s 
acceptable, the site selection process 1s completed and site development 
proceeds to detailed design. The pathways analysis should be documented 
for future use 1n fac i l i t y design, operation, monitoring, and closure. 
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3. APPLICATION OF SITE SELECTION CRITERIA UST/V . ^ GENERIC METHODOLOGY 

The DOE site selection cr i ter ia were applied to the OOE Oak Ridge 
Reservation using the methodology 1n Sect. 2 to provide a test case of 
the u t i l i t y of the methodology and to compare the results to other siting 
studies or the area. For this application, DOE was the developer and the 
region of Interest was defined as the reservation. The limited size of 
the Oak Ridge Reservation as a region of Interest narrows the geologic and 
hydrologlc environments from which a site can be selected. The effect of 
this restricted region of interest 1s evident In the application of the 
c r i te r ia . The methodology for applying the cr i ter ia 1s applied only 
through the site screening stage. The site characterization stage 1s 
beyond the scope of this analysis but would be necessary before completion 
of the site selection process. 

3.1 Candidate Area Identification 

The candidate area screening requirements and the associated DOE site 
selection cr i ter ia for application to the Oak Ridge Reservation are 
presented 1n Table 3.1. Local and regional data of the geologic forma-
tions that outcrop on the Oak Ridge Reservation were used for the Identi-
f ication of areas with adequate soil thickness above bedrock.1 Terrains 
underlain by units of the Conasauga and Knox Groups are more l ikely to 
have soil thicknessess exceeding 10 m (30 f t ) than are terrains underlain 
by the Rome Formation and the Chlckamauga Group. The 100-year floodplain, 
presence of wetlands, and land previously used for the burial of waste 
were identified from the data contained in the Oak Ridge Reservation 
Land-Use Plan.2 Areas with potentially adequate unsaturated zone thick-
nesses were estimated by excluding al l areas with less than 7 m (20 f t ) of 
elevation above the surface water bodies indicated on the topographic map 
of the Oak Ridge Reservation. The candidate areas remaining were examined 
to ensure that an adequate number of possible sites were present within 
the candidate areas to conduct a valid site comparison Incorporating 
regional var iabi l i ty . The candidate areas and the potential sites within 
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Table 3.1. Candidate area screening requirements for the 
Oak Ridge Reservation 

Related 
DOE site 

Requirement selection 
criteria® 

1. Area should be outside the 100-year floodplaln and wetlands. 3 

2. Estimated soil thickness should exceed 10 m (30 f t ) . 5 

3. Estimated unsaturated zone thickness should exceed 
7 m (20 f t ) . 2 

4. Area should be large enough to Include at least 1 site 
with active land area exceeding 80 ha (200 acres). 1,5 

5. Area should be defined exclusive of previously util ized 
land for the burial of waste. 5 

aNumbers indicate the cr i ter ia presented in Table 1.1. 

each candidate area are summarized 1n Table 3.2. The candidate areas 
Identified are shown in Fig. 3.1. 

3.2 Candidate Site Identification 

The candidate site screening requirements for application to the 
candidate areas are presented in Table 3.3. The requirements include 
both exclusionary and desirable features for a si te. Tracts of land with 
slopes greater than 25% were identified by a topographic slope analysis 
using a 1:24000 map. The security boundary around existing plants, public 
roads, and the reservation boundary was Identified. The presence of karst 
topography 1s not accurately noted on the available map of the Oak Ridge 
Reservation because karst features are too subtle to be Identified on maps 
with such a large scale. Karst features, which are commonly observed as 
closed topographic depressions that do not collect surface runoff, are 
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Table 3.2. Candidate areas and potential sites within candidate areas 

Candidate area Potential site 

Bear Creek Valley Exxon 

Bear Creek Valley 

Chestnut Ridge West Chestnut Ridge 

Central Chestnut Ridge 
West section 
Central section 
East section 

East Chestnut Ridge 

Blackoak Ridge West Blackoak Ridge 

East Blackoak Ridge 

Copper Ridge Melton Valley 

Copper Ridge 
West section 
Central section 
East section 

Freels Bend Freels Bend 
Valley section 
Peninsula section 

associated with subsurface cavities or drainage in the bedrock and are 
prevalant 1n the Knox Group areas. The presence of karst topography and 
current residential development in the candidate areas were established by 
f ie ld inspection. The inspection of the candidate areas provided input 
for site screening and ranking. 
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Table 3.3. Candidate si te screening requirements for the 
Oak Ridge Reservation 

Related DOE 
Requirements site selection 

criteria* 

Exclusionary requirements: 

1. Exclude areas with evidence of karst topography 3 

2. Exclude areas with slope greater than 25% 6,3 

3. Exclude areas that do not fal l within a security 
boundary defined as 6 

250 m from existing plants 
250 m from public roads 
250 m from reservation boundary 

4. Exclude areas adjacent to residential development 6 

Desirable features: 

1. Available area greater than 80 ha (200 acres) 1,5 

2. Slope less than 10X 6,3 

3. Easy access to site by road 6 

4. Site in close proximity to waste generators 6 

5. Ut i l i t ies available for site development 6 

aNumbers Indicate the criteria presented 1n Table 1.1. 

As a consequence of the f ield Inspection, the Freels Bend area and 
the Copper Ridge area were excluded from further consideration because of 
the abundance of karst 1n areas with slopes potentially suitable for waste 
disposal. The Blackoak Ridge area was excluded from further consideration 
because the tracts of land satisfying the site screening requirements were 
close to the boundary of tl.. Oak Ridge Reservation, and residential 
development was adjacent to the reservation boundary in this area. Karst 
development was present 1n all of the attractive tracts of land in the 
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Blackoak Ridge area, further detracting from its v iabi l i ty for low-level 
waste disposal. The Melton Valley area was excluded from further 
consideration because Insufficient area 1s available for disposal that 1s 
outside of the tract being Investigated currently for low-level waste 
disposal at Oak Ridge National Laboratory. 

Candidate sites within the remaining candidate areas were identif ied. 
The slate of candidate sites remaining for analysis and the associated 
geologic unit are presented in Table 3.4. The location of each site is 
shown 1n F1g. 3.2. The slate of candidate sites Includes both geologic 
units potentially suitable for waste disposal and the var iabi l i ty of 
terrestr ia l and hydrologlc environments within the reservation. 

3.3 Preferred Site Identification 

Identification of a preferred site Involves data collection, site 
selection cr i ter ia evaluation, and candidate site ranking. Data were 
collected for the candidate sites from a l i terature survey and site v is i t 
and were reviewed 1n light of the requirements for the ranking of the 
candUate sites. Next the parameters of Interest from the DOE site 
selection cr i ter ia were developed. This exercise had been completed 
previously as part of the tables prepared for the site selection 
methodology (Table 2.1, Sect. 2) . These parameters were reviewed and 
found to be appropriate for application to the Oak Ridge Reservation. 

Finally, the ranking of the candidate sites was performed. The 
ranking of candidate sites requires that the significance of the site 
selection parameters be identified for the region of Interest. The 
significance factors identifed for the Oak Ridge Reservation were 

• Hydrology - high 

• Geology - high 

• S o i l s - medium 

• Land Use - medium 

• Socioeconomics - low 

• Ecology and Meteorology - low 
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Table 3.4. Candidate sites within the Oak Ridge Reservation 

Candidate site Geologic group 

Exxon Conasauga 

Bear Creek Valley Conasauga 

West Chestnut Ridge Knox 

Central Chestnut Ridge Knox 
West section 
Central section 
East section 

East Chestnut Ridge Knox 

Hydrology and geology were identified as having high significance because 
of their obvious role in the stabi l i ty and transport of contamination 
after disposal. Soils was identified as having medium significance 
because soil characteristics can significantly contribute to the 
performance of a site and their presence is essential to the disposal of 
waste by shallow land burial. Land use was identified as having medium 
significance because of the limited avai labi l i ty of land suitable for 
disposal and the many competing interests for use of the available 
land.2 Socioeconomics was Identified as having low significance because, 
exclusive of the area near the reservation boundary, the land on the 
reservation 1s st r ic t ly within the control and administration of DOE. 
Ecology and meteorology were identified as having low significance because 
of the limited variabi l i ty within the reservation. 

The available data for each of these parameters (Table 2.2) were 
reviewed for each si te , and a comparison of candidate sites was performed. 
Sites were compared as better, the same, or worse with respect to each 
other. These comparisons are Included 1n Tables 3.5 to 3.10. The three 
sections of the Central Chestnut Ridge site were treated separately with the 
understanding that they could be recombined to form a consolidated site 
later in the analysis. 
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Table 3.5 presents the comparison of the sites with respect to their 
hydrologlc characteristics. These Include surface water, groundwater, 
water quality, and hydrogeologlc predictabil ity. The Conasauga Group 
sites were comparatively worse than the Knox Group sites because of 
comparatively shallow groundwater. Surface water outlets and site 
Interfaces with surface water are more common 1n the Conasauga Group sites 
than 1n the Knox Group sites. The Conasauga and Knox Groups are both 
d i f f i c u l t to model. Flow 1n the Conasauga Group 1s fracture dominated, 
and flow 1n the Knox Group 1s dominated by solution cavities. An Improved 
understanding of the depth properties and extent of the soils at the Knox 
Group sites may result 1n sufficient data to predict hydrologlc transport 
1n the unsaturated zone. The West Section of Central Chestnut Ridge and 
East Chestnut Ridge were noted to be the most attractive because of their 
comparative lack of springs and surface water. The other Knox Group sites 
were considered less attractive because of the abundance of springs and 
surface water outlets. East Chestnut Ridge was considered the most 
attractive site because of the ease 1n monitoring site runoff and present 
land use. The site 1s presently pasture whose hydrologlcal behavior 1s 
similar to that expected after fac i l i ty development. 

Table 3.6 presents the comparison of the sites with respect to their 
geologic characteristics. These characteristics Include geologic hazards, 
slope, geologic complexity, and mineral resources (Table 2 .1 ) . The 
Conasauga sites were comparatively superior to the Knox Group sites 
because of gentler slopes and the absence of geologic hazards. Both the 
Knox and Conasauga Groups are geologically complex; however, the Conasauga 
Group is comparatively homogeneous. The Knox Group has an Irregular 
bedrock surface made more complex by the presence of solution cavities. 
The associated karst development detracts from the geologic suitabi l i ty of 
the Knox Group sites. The Central Section of Central Chestnut Ridge was 
the most attractive Knox Group site because of the comparatively favorable 
topography in the area with the deepest soil . West Chestnut Ridge was 
nearly as attractive but had smaller tracts of acreage with gentle slopes. 
Karst features were observed in several stratigraphically controlled zones 
on both sites. 



Table 3.10. Comparison of sites - ecological and meteorological 
Significance: Low 

Comparison sites 

Site 

Central Chestnut Ridge 
Bear West East 

Exxon Creek Chestnut West Central East Chestnut 
Valley Ridge section section section Ridge 

Exxon 

Bear Creek 
Valley 

West Chestnut 
Ridge 

1/1 0) x: <U <_> cn •a 
<a Q: 

0) u 

West 
section 

Central 
section 

East 
section ll 

East Chestnut 
Ridge 

= same site; + = better than, such as the presence of fewer 
streams''(see table 2.1); - = worse than, such as a shallower depth to the water 
table (see Table 2.1); 0 = no difference. 



Table 3.10. Comparison of sites - ecological and meteorological 
Significance: Low 

Comparison sites 

Site 

Bear West 
Exxon Creek Chestnut 

Valley Ridge 

Central Chestnut Ridge 

West 
section 

Central 
section 

East 
section 

East 
Chestnut 
Ridge 

Exxon 

Bear Creek 
Valley 

West Chestnut 
Ridge 

v> 9) f 0> O CTJ T3 
f— - r -
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West 
section 

Central 
section 

East 
section 

East Chestnut 
Ridge 0 

= same site; + = better than, such as large tracts of land with 
attractive slope (see Table 2.1); - = worse than, such as the presence of 
extensive karst development (see Table 2.1); 0 = no difference. 
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Taole 3.7 presents the comparison of soil characteristics Including 
physical and chemical features of the s o i l . The available data for the 
Knox Group sites and Conasauga Group sites were more generic than s i te 
speci f ic . The Conasauga Group sites were considered to be comparatively 
less attract ive because of the re la t ive ly thin unsaturated layer at these 
sites as compared to the Knox Group s i tes. The Conasauga Group soils have 
clay minerals with high sorptive capacities and moderate ion-exchange 
capacities. The Knox Group soils are generally lower in sorptive capacity 
and ion-exchange capacity. The superior chemical characteristics of the 
Conasauga soi ls are of fset by their l imited thickness. 

Table 3.8 presents the comparison of land-use characteristics 
including the available area and alternative land uses. The Conasauga 
Group sites were considered to be better because the available acreage was 
in larger sized parcels and in more concentrated groups. The Bear Creek 
Valley si te was considered the best since 1t had more useable acreage than 
the Exxon s i te . The East Section of the Central Chestnut Ridge si te was 
considered to be the least acceptable because of the present use of the 
section for the Y-12 l a n d f i l l , United Nuclear Corporation (UNC) waste 
disposal, and the Walker Branch Watershed Laboratory. These present uses 
exclude portions of the East section and detract from the v i a b i l i t y of the 
East section for waste disposal. 

Table 3.9 presents the comparison of the sites with respect to the 
socioeconomic characterist ics including potential impacts to the local 
population, s i te access, and the proximity of u t i l i t i e s to the s i te . The 
Conasauga sites are the most at tract ive because of their ease of access 
and the ava i lab i l i t y of u t i l i t i e s . Potential impacts to population were 
considered to be similar for a l l of the sites since the sites are distant 
from the reservation boundary. 

Table 3.10 presents the comparison of the sites with respect to 
ecological and meteorological character ist ics. The meteorological 
character ist ics are similar for a l l the s i tes . Ecological characteristics 
vary with the presence of habitats important to environmental research 
ei ther proposed or being performed on the reservation. 



Table 3.10. Comparison of sites - ecological and meteorological 
Significance: Low 

Comparison sites 

Site 

Central Chestnut Ridge 
Bear West East 

Exxon Creek Chestnut West Central East Chestnut 
Valley Ridge section section section Ridge 

Exxon 

Bear Creek 
Valley 

West Chestnut 
Ridge 

West 
section 

</i O) -C 0) 
o cr TD r~ <r~ 
«3 CH 
i . •M 
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0 

Central 
section 

East 
section 

East Chestnut 
Ridge 

= same s i te; + = better than, such as thicker soils 
(see 
0 = no difference. 

worse than, such as thin erosive soils (see Table 2.1); 



Table 3.10. Comparison of sites - ecological and meteorological 
Significance: Low 

Comparison sites 

Site 

Central Chestnut Ridge 
Bear West East 

Exxon Creek Chestnut West Central East Chestnut 
Valley Ridge section section section Ridge 

Exxon 

Bear Creek 
Valley 

West Chestnut 
Ridge 

3 
C -t-» in d) -C flj O •o f— -r 
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West 
section 0 0 

Central 
section 

East 
section 

East Chestnut 
Ridge 0 0 0 0 + 

a | | | | H I = same s i te; + = better than, such as large tracts of attractive 
land in a concentrated area (see Table 2.1); - = worse than, such as land 
attract ive for industrial development (see Table 2.1); 0 = no difference. 



Table 3.10. Comparison of sites - ecological and meteorological 
Significance: Low 

Comparison sites 

Site 

Central Chestnut Ridge 
Bear West East 

Exxon Creek Chestnut West Central East Chestnut 
Valley Ridge section section section Ridge 

Exxon 

Bear Creek 
Valley 

West Chestnut 
Ridge 

4J </> 
0) 
£ <U O CTj "O 
10 QC t_ 
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West 
section 

Central 
section 0 

East 
section 

East Chestnut 
Ridge - 0 0 0 

M U I I I I = s a m e + = b e t t e r than, such as easy site access 
see Taole 2.1); - = worse than, such as distant from available ut i l i t ies 
see Table 2.1); 0 = no difference. 



Table 3.10. Comparison of sites - ecological and meteorological 
Significance: Low 

Comparison sites 

Site 

Central Chestnut Ridge 
Bear West East 

Exxon Creek Chestnut West Central East Chestnut 
Valley Ridge section section section Ridge 

Exxon 

Bear Creek 
Valley 

West Chestnut 
Ridge 

«/> 0) .E <u O Olj TJ 
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West 
section 

Central 
section 

East 
section 

East Chestnut 
Ridge 

= same site; + = better than, such as lacks areas of significant 
ecological' interest (see Table 2.1); - = worse than, such as includes areas of 
active ecological interest (see Table 2.1); 0 = no difference. 
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The results of the comparative ranking were assembled and are 
presented 1n Table 3.11. Sites that were comparatively better than the 
other sites were ranked highest with equivalent rankings given to similar 
s i tes . Several sites had equivalent rankings for several parameters. 
This result was expected because of the many similar features of the 
candidate s i tes. The rankings of the sites were dramatically d i f ferent 
for hydrology and geology, the two parameters of high concern. 

The parametric rankings were Interpreted to provide an overal l 
ranking of the candidate si tes. The results are not def in i t i ve for most 
s i tes . The ranking of the Conasauga Group sites over the Knox Group si tes 
1s dependent on the re lat ive importance assigned to hydrologic and 
geologic character ist ics. Debate surrounding th is important point 1s 
longstanding and ongoing. Natural ly, the ranking procedure cannot be 
expected to resolve such a technical issue; however, the v i a b i l i t y of the 
procedure 1s enhanced because the basis for debate 1s clear ly I l lus t ra ted. 

For the two sites 1n the Conasauga Group, the Bear Creek Valley s i te 
was ranked higher based on land use considerations. The sites are equiva-
lent for a l l parameters except for land use and ecology/meteorology. The 
Exxon s i te was previously proposed as an Industrial s i te and may be 
at t ract ive as an Industrial s i te 1n the future. The use of the Exxon s i te 
for low-level waste disposal would eliminate th is al ternat ive. Addition-
a l l y , the larger available acreage potent ia l ly suitable for waste disposal 
1n the Bear Creek Valley s i te enhances the poss ib i l i t y of f inding su f f i -
cient acreage for disposal that can sat is fy the s i te selection c r i t e r i a . 
The Exxon si te was ranked superior to the Bear Creek Valley s i te with 
respect to ecology/meteorology because the la t te r s i te has been ident i f ied 
for the study of the recovery of an Impacted habitat from acid and n i t ra te 
po l lu t ion . 2 Overall, the Conasauga Group sites are superior to the Knox 
Group sites with respect to geologic character ist ics and socioeconomic 
character ist ics. The Knox Group sites are superior to the Conasauga Group 
sites with respect to hydrologic and soi l character ist ics. 

The Knox Group sites were roughly equivalent to each other except f ir 
the East section of Central Chestnut Ridge. The East section was very 
unattractive from the standpoint of land-use character ist ics. East 



Table 3.11. Ranking of sites for s i te selection parameters 

Parameter Hydrology Geology Soil Land use Socio-
economic 

Ecology/ 
meteorology 

Significance: High High Medium Medium Low Low 

Highest 
rank 

Lowest 
rank 

East Ches .̂ "Exxon "Cent. Chest" Bear Creek "Exxon "Exxon 
Ridge Ridge-Cent. Valley 

Cent. Chest. Bear Creek West Chest. "Cent. Chest. Bear Creek East Chest. 
Ridge-West Valley Ridge Ridge-Cent. _Val1 ey Ridge 

Cent. Chest. "Cent. ChestT West Chest. Cent. Chest. Cent. Chest. 
Ridge-Cent. Ridge-Cent. East Chest. Ridge Ridge-Cent. Ridge-West _ 

Ridge 
West Chest. West Chest. East Chest. Cent. Chest. "Bear Creek ~ 
Ridge Ridge Cent. Chest. Ridge Ridge-East Valley 

Ridge-East 
Cent. Chest. East Chest. East Chest. Cent. Chest. 
Ridge-East Ridge Cent. Chest. Exxon Ridge Ridge-Cent. 

Ridge-West 
Cent. Chest. Cent. Chest. West Chest. Cent. Chest. 

"Exxon Ridge-East "Exxon Ridge-West Ridge Ridge-East 

Bear Creek Cent. Chest. Bear Creek Cent. Chest. Cent. Chest. West Chest. 
_V alley Ridge-West Valley Ridge-East Ridge-West _Ridge 

roughly 
J = equivalent. 
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Chestnut Ridge had the most attractive hydrologlc characteristics with the 
West section of Central Chestnut Ridge having comparatively advantageous 
hydrologlc features. The slight superiority of the Central section of 
Central Chestnut Ridge with respect to geology and socioeconomics resulted 
1n 1t being ranked the highest of the Knox Group sites. However, East 
Chestnut Ridge could be considered the most superior Knox site 1f hydro-
logic characteristics are considered to be of greater Importance than 
geologic characteristics for Knox Group sites. 

The overall summary of results of the ranking exercise 1s shown 1n 
Table 3.12. Further development of data would be necessary to establish 
which of the top four Knox Group sites 1s more advantageous. The results 
of this analysis suggest that the amount of data necessary to establish 
the relative superiority of the top Knox or Conasauga Group site 1s prodi-
gious because of the diff iculty 1n defining the relative significance of 
hydrologic and geologic characteristics. The results of this study 
suggest that both the Knox and Conasauga Group sites have deficiencies 
that detract from their suitability for low-level waste disposal and that 
must be addressed 1n the design of a low-level waste disposal fac i l i ty . 

The results of this application of the site selection criteria do not 
Identify a clearly environmentally superior site. In such cases, the 
preferred site 1s best determined by the other Interests rather than by 
attempting to force a definitive conclusion. Other Interests that would 
be Important 1n Identification of the preferred site that are not Included 
1n this study Include prior operating experience, costs of site develop-
ment, and detailed faci l i ty needs. To date, the bulk of existing experi-
ence with low-level waste disposal on the Oak Ridge Reservation has 
occurred 1n the Conasauga Group. Limited experience exists for the 
Chlckamauga Group at ORNL SWSA#3, and that experience was not encouraging. 
ORNL low-level waste disposal operations subsequently were relocated 1n 
the Conasauga Group. Experience with the Knox Group has been limited to 
one area on Blackoak Ridge used for low-level waste disposal from ORGDP 
operations. In 1975 this specific area was determined to be geologically 
unsuitable.3 This determination was based on regional features of the 
Knox Group. Geologic data at the site have not been collected, and 
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Table 3.12. Summary of results - overall ranking 

Conasauga Group si tes Knox Group sites 

Highest 
rank 

' r 
Lowest 
rank 

Bear Creek Valley 

Exxon 

Central Chestnut Ridge-
Central Section 

East Chestnut Ridge 

West Chestnut Ridge 

Central Chestnut Ridge-
West Section 

Central Chestnut Ridge-
East Section 

roughly equivalent. 

migration of contamination has not been detected (M. E. Mi tchel l , ORGDP, 
Environmental Coordinator, personal communication to L. H. Stlnton, UCC-ND 
Engineering, Nov. 15, 1982). Low-level waste disposal operations in the 
Rome formation have not been attempted to date. The interests of the 
developer in continuing disposal operations in the Conasauga Group 1n the 
future rather than i n i t i a t i n g disposal operations in the Knox Group have 
not been established at this time. Use of either the Conasauga or Knox 
Group for future disposal w i l l depend on the results of ongoing technical 
studies and disposal requirements (J. D. Sease, Manager ORNL LLW research 
and development, personal communication to L. H. Stlnton, UCC-ND 
Engineering, Nov. 11, 1982). The results of these investigations would 
permit the ident i f i ca t ion of a preferred s i te that is best suited to the 
needs of the developer and could sat isfy the DOE s i te selection c r i t e r i a . 
With the ident i f icat ion of the preferred s i t e , s i te screening would be 
complete, and the s i te selection process would proceed to s i te 
characterization. 
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3.4 Comparison with Previous Studies 

The only available si te selection study for a low-level radioactive 
waste disposal s i te on the Oak Ridge Reservation 1s contained 1n 
"Alternatives Document for the Oak Ridge Solid Waste Disposal Fac i l i t ies 
Feas ib i l i t y Study."4 In general, the procedure followed consisted of 
establishing regulatory constraints on s i t i ng , and establishing 
Inst i tut ional-operat ional requirements. The regulatory constraints and 
the Inst i tut ional-operat ional requirements were modified to the extent 
necessary to permit successful application to the Oak Ridge Reservation. 
Consequently, the constraints were more s i te specif ic than the generic DOE 
s i te selection c r i t e r i a . 

The geologic units present on the reservation were evaluated in l ight 
of the i r general acceptabi l i ty for low-level radioactive waste disposal. 
An exclusion process was used to Ident i fy suitable areas for sol id waste 
disposal. The Conasauga Group was ident i f ied as the most favorable host 
unit based on the abundance of i l l i t e in the clays, the ava i lab i l i t y of 
hydrologic data for the Conasauga Group, and location requirements and 
engineering constraints. These requirements and constraints included 
maximum slope, permeability, and the presence of major fractures. The 
exclusion process ident i f ied three potential s i te areas for low-level 
radioactive waste disposal including two sites in Bear Creek Valley (the 
Exxon s i te and the Bear Creek Valley site) and the Melton Valley s i te . 
The study reconroended use of the Central Chestnut Ridge sites for sanitary 
l a n d f i l l s and retr ievable radioactive waste storage. The Bear Creek 
Valley s i te was reconmended for low-level radioactive waste disposal. 

The conclusions reached by the application of the generic s i te selec-
t ion methodology are similar to those of the previous study. The method-
ologies for applying the s i te selection c r i t e r i a were d i f fe ren t . The 
previous study did not ident i fy candidate areas or a slate of candidate 
s i tes; nor did i t comparatively rank the candidate sites to ident i fy a 
preferred s i t e . The previous study's method was exclusionary and gave 
equal emphasis to each s i te selection c r i t e r i a . This technique can result 
in d isqual i f icat ion of a potential s i te that has several outstanding 
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characteristics but has a deficiency Included 1n the c r i te r ia that 
potent ia l ly could be overcome with an engineered design feature. For 
example, the Chestnut Ridge sites were excluded as potential sites because 
of the selection of the Conasauga Group for a host unit prior to ident i fy-
ing potential sites or Investigating their characterist ics. The selection 
of the Conasauga Group as the disposal unit was made on the basis of so i l 
properties, the ava i lab i l i t y of hydrologlc data, and the overall features 
of the Conasauga Group. The constraints on s i t ing that were applied were 
much more f lex ib le than the DOE c r i t e r i a . Allowing regulatory require-
ments to be adapted to a predefined region can result in the ident i f i ca-
t ion of a preferred s i te that 1s in v iolat ion of s i te selection c r i t e r i a 
and protracted debate over the su i t ab i l i t y of the s i te that is selected. 
As a resul t , the previous m h o d for selecting a preferred site 1s 
d i f f i c u l t to defend. 

The s imi la r i t y of the conclusions in the present and previous studies 
suggests that the available technical information was s imi lar ly in ter-
preted and applied. However, the present study separates exclusionary 
requirements from desirable features and evaluates the comparative merit 
of each s i te . Consequently, the basis for Identi fying a preferred si te 
and excluding other candidate sites is apparent and well documented. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

The evaluation of the application of the DOE s i te selection c r i t e r i a 
provided insight into the usefulness of the c r i t e r i a and their ease of 
application. A methodology for applying the c r i t e r i a to the Oak Ridge 
Reservation was prepared. The application of the c r i t e r i a provided the 
basis for the conclusions and recommendations for future applications. 

4.1 Cr i ter ia Evaluation 

The DOE si te selection c r i t e r i a provide minimum technical guidelines 
to be met in low-level waste s i te selection. Adherence to these 
c r i t e r i a in s i te selection would result in the ident i f icat ion of a s i te 
that could meet the performance objectives required of low-level waste 
disposal f a c i l i t i e s . The si te selection c r i t e r i a encompass the important 
factors to be considered in si te selection; however, they are subject to 
interpretat ion and provide no guidance as to how they should be applied to 
a specif ic region of interest. 

The ease of application of the si te selection c r i t e r i a cannot be 
determined without consideration of the methodology used to select a s i te . 
Because of their generic nature, the c r i t e r i a alone cannot be d i rect ly 
applied to s i te selection. Consequently, the development of a methodology 
is necessary for their ef fect ive application. The methodology developed 
for th is study requires the development of regionally specif ic screening 
requirements to incorporate the si te selection c r i t e r i a in the 
ident i f i ca t ion of candidate areas, candidate s i tes, and a preferred s i te . 
The methodology applies the c r i t e r i a in a clear, e f f i c i en t , and logical 
manner so that the results are useful and defensible. The s i te selection 
c r i t e r i a when coupled with the methodoloqy that was developed were easily 
applied and would be adaptable to any region of interest . 

The s i te selection c r i t e r i a were made functional through the use of 
screening requirements, s i te selection parameters and regional 
signif icance of each selection parameter. These functional forms of the 
c r i t e r i a need to be reconsidered for each s i te selection study. As 
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functional forms of the site selection c r i t e r i a , they are the dominant 
Influence 1n ident i fy ing a preferred s i t e . The most res t r i c t i ve 
constraint 1n the use of the s i te selection c r i t e r i a is the def in i t ion of 
the region of in terest . While th is de f in i t ion is necessary, 1t l ies out-
side the scope of the s i te selection c r i t e r i a and can Inhib i t the ident i-
f i ca t ion of an obviously superior s i te . Therefore, def in i t ion of the 
region of interest should be made with a clear and defensible argument for 
i t s establishment. 

The methodology used in this study u t i l i zed an adaptive framework for 
establishing s i te screening requirements and s i te selection parameters. 
An adaptive framework provides the additional f l e x i b i l i t y required for 
considering the needs of the developer and alternative sites with varying 
degrees of s i te-speci f ic data. This approach contrasts with the approach 
incorporated in data-intensive, s i te performance models for s i te screen-
ing. Existing performance assessment models vrfiich estimate radiation 
doses as specified in the performance objectives were not applied to the 
evaluation of the s i te selection c r i t e r i a because the detailed, s i te-
specific data required for thei r application were not available. This 
l im i ta t ion would exist for pract ica l ly a l l s i te screening investigations. 

4.2 Application of DOE Site Selection Cr i ter ia 

This study indicates that the c r i t e r i a are useful in their applica-
t ion to s i te selection and speci f ica l ly in s i te screening. The applica-
t ion of the c r i t e r i a to the Oak Ridge Reservation provided the necessary 
technical guidance in ident i fy ing s i te selection parameters that were 
comprehensive. They also highlighted the deficiencies of the natural 
characterist ics of candidate sites that would require attention in the 
design of a low-level waste f a c i l i t y on the Oak Ridge Reservation. The 
c r i t e r i a provided the basis for making a defensible s i te selection when 
supplemented by a rat ional methodology capable of screening candidate 
s i tes . The c r i t e r i a are biased towards the geohydrologic characterist ics 
of the s i t e . The results of th is study indicate that th is bias is 
appropriate and useful in selecting a s i te . 
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Application of the DOE si te selection c r i t e r i a using the generic 
methodology was qual i tat ive and required considerable judgment at each 
step. The screening requirements for ident i fy ing candidate areas and 
candidate sites were somewhat arb i t rary. They included the s i te selection 
c r i t e r i a along with other requirements ref lect ing the need to consider 
alternative sites and the needs of the developer. These screening 
requirements, the s i te selection parameters in Table 2.1, and the regional 
significance attached to the s i te selection parameters were the functional 
form of the DOE si te selection c r i t e r i a . 

The def in i t ion of the region of interest was the most exclusionary 
step in the application of the si te selection c r i t e r i a . The def in i t ion of 
the Oak Ridge Reservation as the region of interest admitted only two 
viable geologic groups for consideration. Neither of these groups is an 
ideal geologic or hydrologic sett ing for low-level waste disposal. The 
s i te selection c r i t e r i a were applied in this context. As a result of the 
l imited region of interest , the preferred sites that were ident i f ied may 
not sat isfy al l of the technical requirements in the site selection 
c r i t e r i a without the incorporation of engineered design features or 
improved waste forms. The si te selection c r i t e r i a , however, do ident i fy 
those deficiencies which require further consideration in the design of a 
f a c i l i t y at a preferred s i te . Addit ional ly, the focus of s i te 
characterization ac t i v i t ies is more sharply established by using the s i te 
selection c r i te r ia during s i te screening. 

4.3 Recommendations for Use of Generic Methodology 

The generic methodology used to apply the DOE s i te selection c r i t e r i a 
provided a clear and defensible means for evaluating the use of the 
c r i t e r i a . The methodology is su f f i c ien t ly generic that i t s application to 
other regions of interest or with the NRC site selection c r i t e r i a would be 
pract ica l . Several recommendations concerning the application of the 
generic methodology are presented to assist in future si te selection 
investigations. 
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The candidate area Ident i f icat ion u t i l i zes somewhat arb i t rary , 
exclusionary requirements for focusing the s i te screening process. The 
experience in applying these requirements suggests that they should be 
formulated with as great an emphasis as possible on the desirable physical 
features for the s i te . For most applications the physical features of 
signif icance are geologic and hydrologic. Placing early emphasis on 
ins t i tu t iona l requirements for candidate area ident i f icat ion can result in 
the ident i f i ca t ion of candidate areas that are undesirable from a geologic 
and hydrologic perspective. Inst i tu t ional requirements are subject to 
frequent changes in pol icy, but l i t t l e can be done Lo s ign i f i cant ly alter 
the geologic or hydrologic setting thai w i l l result in stable conditions 
for waste disposal. 

Candidate s i te requirements should be formulated to include 
s i te -spec i f i c , exclusionary requirements that cannot be specified for area 
screening. The desirable features for candidate s i te screening should be 
selected so that the slate of candidate sites is su f f i c ien t l y large for 
comparison but not so lengthy as to inhib i t comparative analysis. 
Ins t i tu t iona l requirements should be incorporated into the candidate s i te 
screening requirements. 

The ident i f icat ion of a preferred si te results from a subjective 
comparison of the slate of candidate sites with regard to the prepared 
l i s t of s i te selection parameters. As was discussed in Sect. 2, the site 
selection parameters need to be based on the DOE s i te selection c r i t e r i a 
and the regionally relevant factors influencing s i te performance and 
acceptabi l i ty . The assignment of significance to each parameter and the 
parameters themselves largely influences the ident i f ica t ion of a candidate 
s i te as the preferred s i te . This point cannot be over emphasized and 
should serve as an important consideration in preferred s i te 
iden t i f i ca t ion . Many s i te selection methodologies ident i fy the preferred 
s i te using quantitative techniques. While these methods are quanti tat ive, 
they are not any more objective than qual i tat ive methods. Quantitative 
techniques could be adapted to th is methodology, but they are not 
recommended. Their application tends to obscure the subjective nature of 
the ident i f i ca t ion of a preferred s i te . 
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The characterization of a preferred s i te 1s expensive and time 
consuming. Therefore, the steps 1n the methodology discussed 1n 
Sect. 2.2 represent an evolutionary process for most s i tes. Adaptation of 
the methodology for specific sites should be considered and is recormiended 
for sites that are not easily characterized. The recommended process 1n 
the methodology 1s to encourage early Interaction among the f i e l d 
investigation program, pathways analysis, and site design. The s i te 
f eas ib i l i t y investigation is intended to f a c i l i t a t e integration of these 
ac t i v i t i es . By encouraging interaction of the f i e ld ac t iv i t ies with the 
pathways analysis and s i te design, costs, delays in l icensing, and delays 
in si te development can he reduced. For sites that are especially 
d i f f i c u l t to characterize, several phases of s i te characterization may be 
appropriate to ensure site acceptabil i ty and effect ive si te u t i l i za t i on . 

4.4 Conclusions 

The primary conclusions of this study are as fol low: 

• The DOE si te selection c r i t e r i a are useful in s i te selection and can 
be easily applied with the use of a rational methodology. 

• Application of the DOE s i te selection c r i t e r i a with the methodology 
developed in this study is qual i tat ive and requires considerable 
judgment at each step in the process. 

t Defini t ion of the region of interest , development of the functional 
form of the s i te selection c r i t e r i a as s i te screening requirements, 
and si te selection parameters, and regional significance of the 
parameters are the dominant influences in the ident i f icat ion of a 
preferred s i te . 

• The use of performance assessment computer models for s i te screening 
requires s i te-speci f ic data that are generally not available. 
Addit ional ly, these models are not well suited for considering the 
needs of the developer or alternative s i tes. 



The generic methodology developed 1n this study 1s applicable to 
other regions of Interest and could be used with other s i te selection 
c r i t e r i a . 
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