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ABSTRACT

A methodology was developed to-select an environmentally acceptable
site for low-level radioactive waste disposal for a predetermined region of
interest using prescribed site suitability requirements. The methodology
provides a defensible means for identifying candidate areas within the
region, candidate sites within the areas, and an environmentally preferred
site from the candidate sites. This is accomplished in site screening and
site characterization stages. The site screening stage relies on reconnais-
sance data to identify a preferred site. The site characterization stage
relies on a detailed site investigation to determine site acceptability.
The methodology was applied to the U.S. Department of Energy Oak Ridge
Reservation through the site screening stage.

INTRODUCTION

The disposal of low-level radioactive wastes in a safe and environ-
mentally acceptable manner is an issue of international concern. In the
United States, the current practice is by disposal in shallow land burial
facilities. Recent legislation mandates that each state assume responsibi-
lity for the disposal of low-level radioacti"e wastes generated within the
state.* This is expected to result in the development of additional
disposal facilities.

The sites selected for new shallow land burial facilities will be
subject to public review which necessitates the application of a defensible
methodology for site selection. The sit« selection methodology must iden-
tify sites in a region that are capable of satisfying regulatory require-
ments and can withstand the scrutiny of licensing proceedings and public
review. Acceptable sites must satisfy the applicable regulatory site
selection criteria and technical requirements for shallow land burial
facilities; remain a suitable choice after considering viable alternative
sites; and be suited to the needs of the prospective developer. The method
used for site selection should be clear, the bases for identifying potential
sites should be stated, and the judgments which lead to the selection of the
site should be apparent.



Site selection methodologies are commonly used to site major facili-
ties. '^ Generally, a region of interest is identified, critical fea-
tures for site acceptability are developed using site selection criteria,
data are collected , a sensitivity analysis is performed, and sites are
evaluated. Most site screening methodologies are qualitative because
reconnaissance-level data are typically variable in coverage for the
different sites being considered. The evaluation of candidate sites is a
comparison of site characteristics in either qualitative or quantitative
terms. Although characteristics may be weighted and ranked quantitatively,
the associated assumptions or judgments do not necessarily render these
evaluation methods more objective or valid than qualitative site
comparisons.

The selection of shallow land burial sites in the past was not
performed with use of a consistent set of criteria or guidelines. Lacking
regulatory guidance for site acceptability, the most prominent characteris-
tics shared between the sites that were selected were the availability of
land on or near a nuclear facility and government ownership of the land.1*
As a result, performance-based site selection methodologies have not been
developed and applied to existing disposal facilities. Processes for
selecting shallow land burial sites have been developed, although they have
not been developed to the extent that they could be easily applied to iden-
tify a specific site. Lacking an available and demonstrated methodology to
select a site, a methodology was developed that addresses the use of site
selection criteria, the needs of the developer, and the consideration of
alternative sites. The methodology was applied to the U.S. Department of
Energy Oak Ridge Reservation.

SITE SELECTION METHODOLOGY

Site selection encompasses the screening of potentially viable sites
within a region for a preferred site and the characterization of the pre-
ferred site for evaluation of site acceptability. Site screening is an
inherently qualitative process that requires the comparison of several site
factors of varying importance to identify a preferred site. Site character-
ization evaluates in depth the suitability of the preferred site for low-
level waste disposal based on conformance with the site selection criteria.
The site selection criteria used for this study are presented in Table 1. A
summary of the metho'ology is illustrated in Figure 1.

Site Screening Stage
The objective of the site screening stage is to identify a preferred

site for detailed characterization, performance analysis, and evaluation.
Site screening encompasses definition of candidate areas, identification of
candidate sites and identification of a preferred site. Site screening is
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performed using existing data and information sources and site reconnais-
sance. Site reconnaissance does not include detailed field studies but
provides for field inspection of the existing environmental conditions. The
methodology used in this study for site screening addresses the objectives
of site screening and the coals of site selection by identifying candidate
areas within a predefined region of interest, identifying a slate of

Table 1. Site selection criteria

1. New sites shall be of sufficient size to include a waste disposal area,
administrative area, and adequate buffer zone to allow unrestricted
human use beyond the site boundary.

2. New sites shall be located so that wastes can be buried either com-
pletely above or completely below the transition 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 hydrogeologic conditions allow-subsur-
face migration of radioactivity to be reliably predicted.

5. Buffer zones for new sites shall be designed in consideration of hydro-
geologic characteristics so that radioactivity releases comply with the
objective of this order.

6. New sites shall be selected with consideration given to current and
projected population distributions, land use, and resource development;
accessibility of all-weather highways, rail routes, and utilities; and
the location of waste generators.

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

Source: U.S. Department of Energy, DOE Manual, Chap. 5820 (Draft),
September 10, 1982.

candidate sites within the candidate areas and identifying a preferred site
from the slate of candidate sites (Fig. 1 ) . ^ Each step in the process
uses progressively more restrictive criteria based on the developer's needs
and the site selection criteria (Table 1).



The region of interest is predefined on the basis of need for
additional low-level waste disposal facilities to service waste generators.
The region may be a compact of states, a state, a DOE reservation, or some
other geographical unit. The region should be large enough in size to
include several candidate areas with at least one candidate site in each
area for a reasonable comparison of candidate sites.

Candidate areas are identified by applying area screening requirements.
These are exclusionary requirements that eliminate areas having features
that preclude them from further consideration. These requirements are based
on the essential needs for facility development (e.g., sufficient land area)
and the site selection criteria that can be applied to an area. These
requirements are used to identify areas within the region of interest having
the fewest obvious deficiencies that would inhibit site development. The
goal of area screening is to select enough candidate areas for identifying a
sufficient number of candidate sites that will allow a valid site comparison
incorporating regional variability.

Candidate sites are identified by applying site screening requirements.
Site screening requirements include requirements that must be met for a site
to be suitable for shallow land burial, that will be referred to as exclu-
sionary requirements, and features that are desirable for a site. The
exclusionary requirements are site-specific factors developed from the site
selection criteria which must be satisfied for the site to be suitable for
low-level waste disposal ('e.g., gentle slope, absence of wetlands).'
Desirable features to be included in the site screening requirements could
include facility needs (e.g., proximity to utilities) or other site
conditions derived from the site selection criteria. Site screening
requirements are used to identify a reasonable number of sites within the
candidate areas thac have the greatest potential as waste disposal sites and
represent the regional variability within the candidate areas.

The ranking of candidate sites is performed after reviewing all
4 available information on the candidate sites, a field inspection of existing
environmental conditions and developing site selection parameters. Site
selection parameters are derived from the site selection criteria. They are
reflective of the significant regional characteristics to be examined in
identifying a preferred site. The significance of each site selection
parameter is based on available data and subjective evaluation. This step
is critical to the ultimate results since the selection of parameters and
assignment of relative significance influence which site is designated as
the preferred site.

The preferred site is selected from the candidate sites using a
comparative matrix for each site selection parameter. A single parameter is
selected and the comparative superiority or inferiority of one site to
another relative to the parameter is determined. The sites are then ranked
from highest to lowest for each parameter. The composite of site rankings



and significance for all parameters is examined to identify a preferred
site. This last step in the site screening analysis is subjective and may
not result in a single obviously superior site. Site ranking may yield two
or three sites that, based upon available information, are essentially
equivalent and superior to all other sites. In such ca&.s, the preferred
site may be determined by the interests of the developer rather than by the
slight superiority established by the ranking exercise. The objective of
this process is 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 is best suited to the
needs of the developer and which can satisfy the site selection criteria.

Site Characterization Stage
The site characterization stage evaluates in depth the suitability of

the preferred site for waste disposal based on conformance with the site
selection criteria. Characterization includes a preliminary investigation
of the feasibility of site development, a comprehensive field study, a
laboratory analysis of field samples, a site monitoring program and a
pathways analysis. The methods employed at this stage are considerably more
costly and ti-e consuming than site screening.6 Chai-a-terization provides
the site-specific data needed for verifying the compliance of the site with
the site-selection criteria and for establishing the requirements for site
design and utilization.

The site feasibility investigation provides a preliminary concept of
site utilization and performance and initiates the interaction of site
design with the field investi~ation, laboratory studies, pathways analysis,
and environmental monitoring activities. The site feasibility study
includes characterization of the radioactive waste, a conceptual design, a
preliminary site utilization plan, and a preliminary analysis of site
performance. The site feasibility investigation can result in a field
investigation that is cost-effective, a pathways analysis that is more
representative of facility operation and environmental data more useful for
analysis and design.

The field investigation provides the necessary site-specific data for
the evaluation of site performance and for further site development. The
field investigation is comprehensive and requires the utilization of tech-
nical specialists and specialized equipment. Geological and hydrological
in**estigations of site conditions are the primary focus of the field
program. Additional areas of investigation may be significant depending on
site-specific conditions and on the results of the site feasibility investi-
gation.

Laboratory analysis of field samples and a monitoring program are
included to supplement the data base developed during the field study. The
hydrological aspects of the monitoring program are especially important for
establishing the data base for pathways analysis and site design.



The pathways analysis determines if the preferred site can satisfy the
site selection criteria. The potential pathways for consideration include
groundwater transport, intrusion, surface water transport, and atmospheric
transport. The pathways analysis considers conservative scenarios of site
operations and closure for investigation of the fate of potential releases
of radioactivity to the environment. The effects of engineered design
features proposed for the site are factored into the analysis as are the
site-specific data collected during the field and laboratory investigations.
If the pathways analysis results indicate thac the site is unacceptable for
low-level waste disposal, then additional design features, limitations on
site utilization, or alternative sites need to be considered (Fig. 1). If
the pathways analysis results indicate that the site is acceptable, the site
selection process is completed and site development proceeds to detailed
design.

APPLICATION TO OAK RIDGE RESERVATION

The application of the site selection methodology was performed with
DOE as the developer and the region of interest defined as the Oak Ridge
Reservation. The limited size of the Oak Ridge Reservation as a region of
interest narrowed the geologic and hydrologic environments from which a site
could be selected. The effect of the restricted region of interest is
evident in the application- of the criteria.

Candidate Area Identification

The candidate area screening requirements and the associated site
selection criteria for application to the Oak Ridge Reservation (ORR) are
presented in Table 2. The ORR is located in the valley and ridge province
and includes four major geologic units (Knox Group, Conasauga Group,
Chickaraauga Group, Rome Formation). Local and regional data for the
geologic formations that outcrop on the ORR were used for identification of
areas with adequate soil thickness. Terrains underlain by units of the
Conasauga and Knox Groups are more likely to have soil thicknesses exceeding
10 m than are terrains underlain by the Rome Formation and the Chickamauga
Group. These latter geologic units were excluded from further consideration
as was land area in the 100-year floodplain, land area with the presence of
wetlands, and land area previously used for burial of waste. Areas with
potentially adequate unsaturated zone thickness were estimated by excluding
all areas with less than 7 m of elevation above existing surface water
bodies. The candidate areas identified are shown in Fig. 2.
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Table 2. Candidate area screening requirements for the
Oak Ridge Reservation

"" - Related site
Requirement selection

criteriaa

1. Area should be outside the 100-year Jcloodplain and wetlands. 3
2. Estimated soil thickness should exceed 10 m (30 ft). 5
3. Estimated unsaturated zone thickness should exceed 7 tn

(20 ft). 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 utilized

land for the burial of waste. 6

aNumbers indicate the criteria presented in Table 1.

Candidate Site Identification

The candidate site screening requirements-for application to the
candidate areas are presented in Table 3. Tracts of land within the
security boundary and with less than 25% slope were identified using a
topographic map. Karst features, which are commonly observed as closed
topographic depressions, are prevalent in Knox Group areas and were identi-
fied by field inspection along with areas of residential development. On
the basis of excessive slope, karst, and close proximity to residential
development the Freels Bend, Copper Ridge, and Blackoak Ridge areas were
eliminated from further consideration (Fig. 2 ) . The Melton Valley area "was
excluded from further consideration because insufficient land area was
available for waste disposal. The remaining areas, Chestnut Ridge and Bear
Creek Valley, included seven candidate sites as shown in Fig. 3. These
sites included both geologic units suitable for disposal (Knox Group,
Conasauga Group) and the variability of terrestrial and bydrologic
environments within the ORR.
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Table 3. Candidate site screening requirements for the
Oak Ridge Reservation

Related site
Requirements selection

criteriaa

Exclusionary requirements:°
1. Exclude areas with evidence of karst topography 3
2. Exclude areas with slope greater than 25Z 6,3
3. Exclude areas that do not fall within a security

boundary defined as:
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 10% 6,3
3. Easy access to site .by road . . 6
4. Site in close proximity to waste generators 6
5. Utilities available for site development

aNumbers indicate the criteria presented in Table 1.
"Exclusionary requirements refer to site conditions which, if present,

would render the site unsuitable for shallow land burial.

Preferred Site Identification
The parameters of interest for preferred site identification derived

from the site selection criteria are presented in Table 4. Also shown is
the significance of each parameter as determined from site reconnaissance
and review of available information. The candidate sites were pairwise
compared as better, the same, or worse w t h respect to each other for these
parameters. The three sections of the Central Chestnut Ridge site were
treated separately with the understanding that they couid be recombined to
form a consolidated site later in the analysis.



Table 4. Site selection parameters for identification
of the preferred site

Associated Site
Site Selection Parameter Selection Criteria

(Table 1)

1. Land Use - Medium Significance 1.6.7
Preferred site should

o maximize land area
o minimize alernative uses

2. Hydrology - High Significance 2.3,4,5,7
Preferred site should
o minimize surface water interactions with site
o minimize groundwater interactions with site
o maximize predictability and monitorability

3. Geology - High Significance 3,4,5
Preferred site should

o avoid geologic hazards
o minimize slope
o minimize site complexity

4. Soils - Medium Significance 2,4,5
Preferred site should

o maximize soil thickness and stability
o minimize erosion

5. Socioeconomics - Low Significance 6,7
Preferred site should
o mini—ize offsite impacts
o maximize ease of site access and utilities

6. Ecology/Meteorology - Low Significance 7
Preferred site should
o avoid important habitats

Table 5 presents the comparison of the sites with respect to their
hydrologic characteristics. These include surface water, groundwater, water
quality, and hydrogeologic predictability. The Conasauga Group sites (Bear
Creek site, Exxon site) were comparatively worse than the Kr.ox Group sites
(West Chestnut Ridge, Central Chestnut Ridge, East Chestnut Ridge) because
of comparatively shallow groundwater. Surface water outlets and site inter-
faces with surface water are more common in the Conasauga Group sites than



Table 5. Comparison of sites - hydrology
Significance: High

Comparison sites

Central Chestnut Ridge

Exxon
Site

Bear West
Creek Chestnut West
Valley Ridge section

Central East
section section

East
Chestnut
Ridge

Exxon

Bear Creek
Valley

West Chestnut
Ridge

4J

a
4-1

West
section

•a
Central
section

u
4-1

a)
o

East
section

East Chestnu'-
Ridge

= same si te; + = better than, such as the presence of fewer
streams.; - = worse than, such as a shallower depth to the water table; 0 = no
difference.



Table 6. Ranking of sites for site selection parameters

Parameter

Significance:

Highest
rank

Lowest
rank

Socio— Ecology/
Hydrology Geology Soil Land use . .. iJ °J J economic meteorology

High High Medium Medium Low Low

East Chest.
Ridge

Cent. Chest.
Ridge-West

Cent. Chest.
Ridge-Cent.

West Chest.
Ridge

Exxon

Bear Creek
_Valley

"Cent. ChestT
Ridge-Cent.

West Chest.
Ridge

Cent. Chest. East Chest.
Ridge-East Ridge

*•#

Cent. Chest.
Ridge-Cent.

West Chest.
Ridge

East Chest.
Ridge

Cent. Chest.
Ridge-East

Cent. Chest.
Ridge-West

Bear Creek
Valley

_ Cent. Chest.
Exxon

Bear Creek
_Valley

Ridge-East

Cent. Chest.
Ridge-West

Exxon

Bear Creek
_Valley

Cent. Chest.
Ridge-Cent.

West Chest.
Ridge

East Chest.
Ridge

Exxon

*
Cent. Chest.
Ridge-West

Exxon

Bear Creek
_Valley

Cent. Chest.
Ridge-Cent.

Exxon

East Chest.
Ridge

Ceru . Chest.
Ridge-West _

Cent. Chest.
Ridge-East

East Chest.
Ridge

West Chest.
Ridge

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

Bear Creek
Valley

Cent. Chest.
Ridge-Cent.

Cent. Ch ::".
Ridge-East

West Chest.
Ridge

[]•
roughly
equivalent.



in the Knox Group sites. The Conasauga and Knox Groups' geohydrology is
difficult to model. Flow in the Conasauga Group is fracture dominated, and
flow in the Knox Group is dominated by solution cavities. 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 in monitorii.g site
runotf and the land is presently pasture with hydrological behavior similar
to that expected after facility development.

Similar comparisons were performed for each of the other parameters
identified in Table 4. The results of the comparative ranking were assem-
bled and are presented in Table 6. Sites that were comparatively better
than the other sites were ranked highest with equivalent rankings given to
sites with similar characteristics.. Several sites had equivalent rankings
fov several parameters which was expected because of the many similar
features of the candidate sites. The rankings of the sites were dramati-
cally different for hydrology and geology, the two parameters of high
concern.

The parametric rankings were interpreted to provide an overall ranking
of the candidate sites as shown in Table 7. The results are not definitive

Table 7. Summary of results - overall ranking

Conasauga Group sites Knjx Group sites

Highest
rank

Bear Creek Valley

Exxon

Lowest
rank

Central Chestnut Ridge-
Central Section

East Chestnut Ridge

West Chestnut Ridge

Central Chestiftit Ridge-
West Section

Central Chestnut Ridge-
East Section

roughly equivalent



for most of the sites. The ranking of the Conasauga Group sites over the
Knox Group sites is dependent on the relative importance assigned to
hydrologic and geologic characteristics. Debate surrounding this important
point is longstanding and ongoing. Naturally, the methodology cannot be
expected to resolve such a technical issue; however, the viability of the
procedure is enhanced because the basis for debate is clearly illustrated.
Further development of data would be necessary to establish which of the
four Knox Group sites is more advantageous. These results suggest that both
the Knox and Conasauga Group sites have deficiencies for low-level waste
disposal that must be addressed in the design of a disposal facility.

The results of this application do not identify a clearly
environmentally superior site. In such cases, the preferred site is best
determined by other factors rather than by attempting to force a defini:ive
conclusion from those factors considered. Other factors may include prior
experience in operating shallow land burial facilities, costs of site
development, and detailed facility needs. Use of either the Conasauga or
Knox Group for future disposal will depend on the results of the ongoing
technical studies and disposal requirements.

CONCLUSIONS

Site selection criteria provide minimum technical guidelines to be met
in low-level waste site selection. A methodology for use of the site
selection criteria is necessary for their effecti"e application in |ite
selection. The methodology used for this study requires the development of
regionally-specific screening requirements to utilize the site selection
criteria in the identification of candidate areas, candidate sites, and a
preferred site.

The site selection criteria were made functional through the use of
screening requirements, site selection parameters and the development of the
regional significance of each site selection parameter. These functional
forms of the criteria need to be reconsidered for each site selection study.
As functional forms of the site selection criteria, they are the dominant
influence in identifying a preferred site.

The candidate area identifica ion utixizes somewhat arbitrary,
exclusionary requirements for focusing the site 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 site. For most waste disposal applications the physical
features of significance are geologic and hydrologic. Placing early
emphasis on institutional requirements for candidate area identification can
result in the identification of candidate areas that are undesirable from a
geologic and hydrologic perspective. Institutional requirements are subject



to frequent changes in policy, but little can be done to significantly alter
the geologic or hydrologic setting that will result in stable conditions for
waste disposal.

Candidate site requirements should be formulated to include site-
specific, exclusionary requirements that cannot be specified for area
screening. The desirable features for candidate site screening should be
selected so that the slate of candidate sites is sufficiently large for
comparison but not so lengthy as to inhibit comparative analysis.
Institutional requirements should be incorporated into the candidate site
screening requirements.

The identification of a preferred site results from a comparison of the
slate of candidate sites with regard to the prepared list of site selection
parameters. The site selection parameters need to be based on the site
selection criteria and the regionally relevant factors influencing site
performance and acceptability. The assignment of significance to each
parameter and the parameters themselves largely influences the
identification of a candidate site as the preferred site.

The characterization of a preferred site is expensive and time consun-
ing. Adaptation of this methodology for other site selection investigations
should be considered and is recommended for sites that are not easily
characterized. The recommended process in the methodology is to encourage
early interaction among the field investigation program, pathways analysis,
and site design. The site feasibility investigation is intended to
facilitate integration of these activities. By encouraging interaction of
the field activities with the pathways analysis and site design, coses,
delays in licensing, and delays in site development can be reduced. For
sites that are especially difficult to characterize, several phases of site
characterization may be appropriate to ensure site acceptability and
effective site utilization.

Application of the site selection criteria using the methodology was
q»qlitative and required considerable judgment at each step. The screening
requirements for identifying candidate areas and candidate sites were
somewhat arbitrary. They included the site selection criteria along with
other requirements reflecting the need to consider alternative sites and the
needs of the developer.

The definition of the region of interest was the most exclusionary step
in the application of the site selection criteria. The definition of -,he
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 setting for low-level waste disposal. The site
selection criteria were applied in this context. As a result of the limited
region of interest, the preferred sites that were identified may not satisfy
all of the technical requirements in the site selection criteria without the



incorporation of engineered design features or improved waste forms. The
site selection criteria, however, do identify those deficiencies which
require further consiHeration in the design of a facility at a preferred
site.
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