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ABSTRACT

A methodology was developed for statewide low-level waste site
screening based on NRC site selection criteria. The methodology and
criteria were tested in Tennessee to determine their effectiveness in
narrowing the choice of sites for more intensive localized site
screening.

The statewide screening methodology entailed two steps. The first
step was to select one or more physiographic provinces wherein sites
meeting the criteria were most likely to be found. The second step was
to select one or more suitable outcrop bands from within the most
favorable physiographic provinces. These selections were based
entirely on examination of existing literature and maps at scales no
larger than 1:250,000.

The statewide screening project identified only one suitable
physiographic province (the Mississippi Embayment region) and one
favorable outcrop band (the Coon Creek Formation) within a three county
area of western Tennessee. Ground water monitoring and predictability
proved to be the most difficult criterion to meet. This criterion
alone eliminated other outcrop bands in the Mississippi Embayment as
well as the Eastern Highland Rim and Western Highland Rim physiographic
provinces. Other orovinces failed to meet several screening criteria.

INTRODUCTION

Site suitability requirements for land disposal of low-level
radioactive waste are included in the Nuclear Regulatory Commissi<
disposal regulation, 10 CFR 61. Table 1 provides site selection
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Table 1. Site selection criteria

1. The site shall be of sufficient area and depth to accommodate the
projected volume of waste and a three-dimensional buffer zone of
sufficient size to allow unrestricted human use beyond its boundary.

2. The site shall allow waste to be buried either completely above or
below the transition between the unsaturated and saturated zones.

3. The site shall be located where flooding will not jeopardize
performance.

4. The site shall be located where erosion, wind, and water will not
jeopardize performance.

5. The site shall be located in areas where hydrogeologic conditions
allow reliable prediction of performance.

6. The site shall be located where geological hazards will not
jeopardize performance.

7. The site shall be selected with consideration given to those
characteristics of earth materials and water chemistry that favor
increased residence times and/or attenuation of radionuclide
concentrations.

8. The site shall be selected with consideration given to current and
projected population distributions.

9. The site shall ba selected with consideration given to current and
projected land use and resource development.

10. To the extent consistent with other criteria, the site shall be
selected with consideration given to location of waste generation,
access to all-weather highways, rail routes, and access to
utilities.

11. Selection of the site shall be consistent with federal laws and
regulations.

12. The site shall not be located within areas that are protected from
such use by federal laws and regulations.



criteria which collectively provide a means of selecting a site that
meets the fundamental objectives of the regulation. The criteria were
used in this study to develop a set of screening factors or measures
applicable to the geologic, hydrologic, and geographic systems of
Tennessee. The screening factors were then employed in an orderly,
traceable site-selection screening process.

Criteria 1 through 7 proved to be most difficult to meet. Two or
more geologic or geomorphic factors were generally unfavorable in most
areas of Tennessee. Furthermore, Criteria 2 through 4 could only be
assessed in a perfunctory way during statewide screening because
insufficient detail is available at the reconnaissance level.
Criterion 7 was not addressed at all because the geochemical
characteristics of soils are generally site specific.

Criteria 8 through 12 were not serious obstacles in the site
selection process. Large areas of Tennessee are available where
cultural factors are favorable and lend use for this purpose is not
specifically precluded by federal or state laws and regulations.

PHYSIOGRAPHIC PROVINCES

Reconnaissance-levela screening was conducted to ascertain the
subregions within the state most likely to have suitable areas. The
subregions were defined as physiographic provinces that are finite
divisions of land with distinct geologic and geomorphic
characteristics. Tennessee's physiographic provinces include the
Mississippi Embayment, the Eastern Highland Rim, the Western Highland
Rim, the Central Basin, the Cumberland Plateau, the Valley and Ridge,
and the Blue Ridge (Figure I).

Based on the screening criteria and associated screening factors
only the eastern Mississippi Embayment was found to have all of the
desirable natural features to meet the criteria for shallow land burial
of low-level waste. The remaining phyiographic provinces were
excluded on the basis of one or a combination of the following: (a)
geological hazards such as subsidence^ landslides, and seismkity; (b)
complex features such as karst topography and faults that may not be
readily amenable to reliable hydrogeologic analysis; and (c)
insufficient overburden. Table 2 lists the various undesirable
geologic screening factors present in each physiographic province. A
large number of plus and zero symbols suggest that a province is
generally unsuitable for low-level waste sites.

a. Reconnaissance-level data consist of information that is available
from the open literature, published or unpublished reports, existing
records, authoritative sources, or information that can be obtained by
brief field surveys performed by recognized experts. It does not
include information that is obtained by onsite monitoring programs or
studies.
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Figure 1. Relief map of Tennessee showing the relationship of major geologic structures to physiographic
units. Source: R. A. Miller, "The Geologic History of Tennessee," Tennessee Division of
Geology, Bulletin 74, Nashville, Tenn., 1974.



TABLE 2. EXCLUSIONARY GEOLOGIC AND ASSOCIATED CHARACTERISTICS AS
A FUNCTION OF PHYSIOGRAPHIC PROVINCE
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a Likely (+), Possible (0), Unlikely (-).
b Overburden collapse into a sinkhole (karst), mine collapse, and/or

subsidence due to ground water or petroleum withdrawal.
c Lignite, presently undeveloped.



FORMATION OUTCROP BANDS OF THE EASTERN MISSISSIPPI EMBAYMENT

In the second step of the site screening process, the eastern
Mississippi Embayment region was analyzed for suitable formation
outcrop bands. Two outcrop bands were initially chosen, the Coon Creek
and Wilcox formations of Cretaceous and Eocene ages, respectively
(Figure 2) . Both of these strata consist of fine grained sandstones
and siltstones which are underlain by relatively impermeable strata,
thus providing a barrier to hydrologic communication with underlying
regional aquifers.

The Wilcox Formation proved to be unsuitable because ground water
monitoring and predictability would be difficult to achieve. Wilcox
strata were deposited on an erosion surface developed in the Porters
Creek Clay (Figure 2). Relief on this erosion surface exceeded 50 m in
places, and Wilcox strata were deposited on this surface in a network
of meandering stream channels which were subsequently buried beneath
younger strata . Because of this complex network of buried channel
deposits, the Wilcox Formation was not considered further for shallow
land burial.

Ground water flow should be more easily predicted and monitored in
the Coon Creek Formation. Unlike the Wilcox Formation which is a
fluvial deposit, the Coon Creek Formation is the middle member of a
regressive marine sequence of deposition beginning with tbe Demopolis
Chalk and ending with the fluvial McNairy Sand (Figure 3) .
Lithology within this interval changes gradually both vertically and
horizontally in contrast to the Wilcox channel deposits which lie
unconformably on the Porters Creek Clay.

CONCLUSION

The above described two-step statewide screening process is an
effective method for narrowing the choice of shallow land burial sites.
Physiographic provinces vary widely in their acceptability as a
function of their geologic and geomorphic characteristics. Formation
outcrop bands within a suitable physiographic province also vary widely
in their acceptability. Favorable areas were identified in this
project in an outcrop band which is a few kilometers wide by a few 10's
of kilometers long in a three county area of western Tennessee.

The next step in this process is to identify individual sites
based on more detailed information. Surface hydrology, ground water
geology and erosion resistance will play a much greater role in the
final site selection.

Ground water monitoring and predictability was the most difficult
criterion to satisfy. Most physiographic provinces were excluded from
consideration for shallow land burial because of complicated ground
water flow conditions. Furthermore, outcrop bands within a favorable
province varied considerably in their acceptability for shallow land
burial because buried stream channels and other fluvial features are
well developed in parts of the strati graphic section.



Figure 2. Stratigraphic relationship between the Wilcox Formation and
the Porters Creek Clay. Source: E. E. Russell and
W. S. Parks, "Stratigraphy of the outcropping Upper
Cretaceous, Paleocene, and Lower Eocene in Western
Tennessee," Tennessee Division of Geology, Bulletin 75,
Nashville, Tenn., 1975.

Figure 3. Stratiqraphic relationship between upper Cretaceous units in
western Tennessee. Source: E. E. Russell and W. S. Parks,
"Stratigraphy of the outcropping Upper Cretaceous, Paleocene, ,
and Lower Eocene in Western Tennessee," Tennessee Division of
Geology, Bulletin 75, Nashville, Tenn., 1J75.
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