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ABSTRACT

For over 30 years, the practiced method for the
disposal of low-level radioactive waste has been shallow land
burial. Federal facilities have been in operation for over
30 years, and the commercial facilities for from 12 to 21
years. Some of these facilities have not performed as
expected and have on occasion been erroneously labelled as
health hazards. The combination of underlying lithology,
nature of the surface soils, a humid climate, and subsidence
has created problems.

The consensus of scientific opinion was that changes in
site selection criteria were needed. Today's philosophy is
that a well drained site is to ba preferred, and this
approach has become codified in 10 CFR Part 61 and DOE
Order 5820. Subsidence must be controlled and this is
accomplished using requirements for the physical stability of
the waste form.

Shallow land burial is a relatively simple operation.
The waste is disposed of in trenches dug at properly selected
locations. The trenches may be up to 50 feet deep, 100 feet
wide, and a few hundred feet long. The trenches are sized
and arranged to maximize land use efficiency. The trenches
are backfilled completely and covered with materials designed
to reduce the infiltration of moisture. Finally, the area is
reseeded with short-rooted, natural vegetation. Such a
system will possess physical stability for hundreds of years
and, as a result, a predictable behavior.
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In much of the eastern United States, the geophysical
conditions do not favor a well drained site. The surface
soils are typically highly impermeable and the underlying
rock fractured and solid. The impermeable surface soils
contain effective fractures making the situation difficult to
analyze. Engineered features become necessary to enhance the
reliability and predictability of the site and to provide
isolation or containment of the radioactivity under all
conditions.

Under normal or expected conditions, a disposal site
does not represent a hazard to the biosphere. However, as a
result of unexpected occurrences, as subsidence, the disposal
site could be hazardous. Impermeable soils or liners
increase the likelihood of bad performance under
unanticipated events.

Engineered features can provide protection against
unanticipated events. Such features are only necessary in
humid climates and in impermeable soils. Passive drainage
systems, semi-impermeable trench liners, multilayer trench
caps with wicks, and backfill materials are such features and
will be reviewed in this paper.

BACKGROUND

Low-Level radioactive wastes (LLW) have been generated by the
U.S. Government since the beginning of operations of the Manhattan
Project in the early 1940's and, with the advent of commercial
application of nuclear technology, they have been generated by the
commercial sector since the 1950's. Waste volumes have grown to a
high of approximately 145.5 x 103 m3/yr in 1981 (DOE, 1982).
Current projections show the volume of LLW increasing '.o approximately
450.2 x 103 m3/yr in 2020 (DOE, 1982). Although the quantity of
waste generated is not overwhelming, particularly when compared to the
volume of hazardous waste generated each year (approximately
60 x 10° metric tons/yr), the unique radiological properties of the
waste require that LLW disposal facilities provide for a higher degree
of containment of radionuclides and isolation of the waste than
provided by conventional sanitary landfilling operations. This
conclusion was not made "a priori" or even early on in the development
of nuclear technology but rather evolved based on our operating
experience at various defense and commercial disposal sites acquired
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over the past 30 years. During that period of time, disposal
operations evolved from simple landfilling techniques to currently
employed shallow land burial technology.

Concurrent with this evolution in the technical approach to
disposing of LLW was an evolution in the criteria for siting LLW
disposal facilities. In the early years of generation and disposal,
LLW was considered to be akin to garbage and, therefore, required no
special siting, design, or operating considerations. Disposal sites
were selected in the absence of rigorous and formal site selection
criteria. Distance from the generator, availability of space, and
ease of excavation certainly were dominant considerations in the
siting of disposal facilities in the past. The selection of the
locations of Solid Waste Storage Areas (SWSA's) 1 and 2 at ORNL appear
to have been made on the basis of proximity to the source. In 1960
the AEC developed more formal disposal site selection criteria which
addressed geological, hydrogeological, hydrological, land use, and
socioeconomic issues (Meyer, 1982). However, the criteria did not
specify detailed technical requirements in these areas but rather
offered general guidance to be subjectively interpreted by the site
selector. The lack of understanding of the complexities of the
behavior of the wastes and their interactions with the environment
resulted in the unacceptable performance of several commercial and
defense LLW disposal sites. However, it is important to note that the
public health and safety were not and are not currently adversely
affected by off-site releases. Rather, the disposal sites failed to
perform as predicted (e.g., radionuclide movement occurred at rates in
excess of those predicted), resulting in a loss of credibility on the
part of the waste disposal operators and a loss of confidence by the
public in our ability to safely dispose of LLW.

GOVERNING PHILOSOPHY

Two divergent philosophies related to LLW disposal developed in
the 1960's and 1970's: (1) release and dispersion and (2) total
isolation. Under release and dispersion, waste is disposed of in a
manner which will result in its rapid movement from the disposal site
and dispersion into the environment in such low concentrations that no
health or safety hazard results. This philosophy is exemplified by
the ocean dumping of unsolidified LLW. Inherent to this philosophy is
the concept that the environment can assimilate a quantity of waste
without adverse effect.
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Total isolation represents the opposite philosophical approach
and is based on the underlying assumption that any release to the
environment will result in a significant health and safety impact and,
tht ,-efore, no releases to the environment are acceptable. The use of
concrete monoliths approximates this concept.

At the present time, the U. S. philosophy has evolved to reflect
a controlled release concept. This approach recognizes that it is
neither cost-effective nor necessary from a health and safety
perspective to totally isolate the waste from the environment.
However, it further recognizes that the uncontrolled release of
radionuclides may result in the violation of site performance
objectives. Site performance objectives define the acceptable release
rates based on pathways models for a specific site. These performance
objectives can be achieved by a combination of proper facility siting
and engineering design. Site selection criteria have been codified by
NRC in 10CFR61 and identified by DOE in Order 5820. This paper
focuses on the technical aspects of site performance.

As indicated previously, LLW disposal began in the early 1940's
at defense sites. Major defense LLW disposal sites are currently
located at ORNL, Hanford, Nevada Test Site, Idaho National Engineering
Laboratory, and Savannah River Plant. Other DOE facilities, for
example Y-12, K-25, Portsmouth, and Argonne National Laboratory (ANL)
also operate or have operated LLW disposal facilities. Commercial LLW
disposal sites were opened in the 1960's At the present time,
commercial disposal sites located at Barnwell, South Carolina;
Hanford, Washington; and Beatty, Nevada are accepting waste for
disposal. However, the Beatty site is in the process of closing.
Commercial disposal sites were previously operated at West Valley, New
York; Sheffield, Illinois; and Maxey Flats, Kentucky. The operating
experience at these facilities provides an excellent basis for
understanding the problems associated with the Shallow Land Burial of
LLW.

Reviews of these problems have been conducted by Clancy, Gray,
and Oztunali (1981); Jacobs, Epler, and Rose (1980); and Robertson
(1982)* These studies have identified the hydrologic isolation and
physical stability of the disposal unit as the most serious technical
problems associated with the shallow land burial of LLW.

The combined effects of poor hydrologic isolation and physical
stability and they relate to surface water infiltration and subsequent
migration of radionuclides was identified as-the major problem.
Inadequate performance of the trench cap allows precipitation and/or



-5-

surface runoff to infiltrate the trench cap and enter the trench. If
the bottom and sides of the trench are composed of materials of
sufficiently high permeability, the contaminated groundwater migrates
from the trench and enters the local groundwater flow system. This
type of unacceptable trench performance has been observed at Savannah
River Plant where + 3H plumes have been observed migrating from the
disposal trenches, at ORNL SWSA3 (Stueber et al, 1981a and b) where
*"Sr and other nuclides have migrated from the trenches, and at
Sheffield, Illinois where + 3H has migrated from the trenches
(Draqonnette et al, 1979, Cartwright, 1982, Foster, 1982, and NRC,
1982). If the trench bottom and sides are composed of materials of
relatively low permeabilities, the trench will fill with water until
the sides are topped and the contaminated groundwater leaves the
trench. This "bathtub effect" has been observed at West Valley,
New York (Kelleher, 1979; Prudic and Randal, 1979; and NRC, 1982);
ORNL SWSA 5 (Webster, 1979 and Arora, 1980), and Maxey Flats, Kentucky
(NRC, 1982).

These problems resulted primarily from poor disposal unit design
and/or performance and poor site selection. These discussions focus
on disposal unit design and performance and do not address site
selection criteria.

DESIGN APPROACHES

Based upon this operating experience and general philosophy,
several basic disposal site design principles may be formulated:

1. The waste should be as hydrologically isolated from
environment as practical.

2. The contact time between any infiltrated wastes and the waste
should be minimized.

3. The disposal unit should retain its physical stability so that
trench cap and overall site performance are not jeopardized.

As poor structural stability can also destroy barriers to
hydrologic isolation, let us first consider the causes and effects of
structural instability. Subsidence is the major factor affecting the
stability of the disposal unit and may result from one of several
causes:

o compaction of backfill material,
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o filling of void spaces between waste packages, and

o decomposition of waste materials (Roop et al, 1983).

As the material in the trench subsides, the trench cap is left
unsupported and collapses. The surface evidence of this collapse are
subsidence features ranging from less than 1m to 7m in diameter to
fissues or fractures on the surface (Kahle and Rowland, 1381 and
1983). Both types of subsidence features create conduits for
transporting surface water directly to the buried waste. Therefore, in
order for the disposal unit to function successfully over its lifetime,
it must either be resistant to the effects of subsidence or subsidence
effects must be reduced to insignificant levels.

Stability can be provided by improving the stability of the waste,
by filling the void spaces between the waste packages, or by installing
self-supporting trench caps. Wastes and backfilled material may be
compacted as it is placed on top of the waste: e.g., in lifts as is
normal construction practice. Surcharging, (placing a static load on
the trench, dynamic consolidation (dropping a weight on the trench),
and vibratory compactors (such as vibrating plates, tampers, or
rollers) are optional techniques for compacting the backfill (Staub
et al, 1983). Void space between waste packages can be minimized by
placing the wastes in the trench in an orderly fashion. Also, sand or
backfill (a non-cohesive material is preferred) may be placed between
the waste packages to fill the void space (Pangburn and Pennefill, 1981
and Pangburn, 1983). The problem of decomposition of the waste can be
addressed by sorting the waste into degradable and compactible and
non-degradable and non-compactible fractions. The waste form of
degradable and compactible wastes can be improved arid stabilized using
concrete, bitumen, or polymeric materials as the matrix for waste
packages. Concrete may also be used to construct large waste/concrete
monoliths. Another option involves compacting the waste before
emplacement.

Several trench cap design options which provide independent
structural integrity currently exist. These options use either
asphalt, concrete, soil cement, or geotextiles to provide structural
support for the trench cap. Asphaltic caps include asphaltic concrete
(a mixture of asphalt, aggregate, and filler), hydraulic asphalt
concrete (a mixture of asphalt, aggregate, and filler but with a
different asphalt content than asphaltic concrete and with a specific
aggregate particle size distribution), soil ..asphalt (a mixture of
asphalt and soil), and bitumen seals (bitumen air-blown in place in the
presence of a catalyst). Concrete caps consist of reinforced concrete
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slabs placed over the trench. Polymers may be added to the concrete to
reduce its permeability. Soil cement is a mixture of Portland cement
with the native soil. Final characteristics of the soil cement depend
on the composition and texture of the soil. Finally, geotextiles may
be used to "wrap" the soil or other cap material to form a soil beam or
arch. The geotextiles may be treated with bitumen or some other
material to provide improved strength.

Hydrologic isolation and limited waste/infiltrated water contact
time can be achieved using several difficult approaches. Hydrologic
isolation can be achieved by preventing infiltration through the use of
infiltration limiting covers. Infiltration control presents unique
problems for both arid and humid environments. In arid environments,
precipitation events are of high intensity but are infrequent. The
trench cap is unsaturated and water infiltrates in distinct pulses.
However, not all of the infiltrated water reaches the groundwater
system which is typically at substantial depths. Moisture cycling
driven by evapotranspiration brings the moisture and some radionuclides
to the surface. The trench cap design for arid environments must
address these conditions. The "wick" design appears to be an effective
means of controlling infiltration under unsaturated conditions. The
"wick" system uses differences in hydraulic properties (specifically
the suction pressures) of fine- and coarse-grained materials to control
and direct the flow of infiltrating water. The wick consists of a
fine-grained material overlying a coarse-grained material with either a
geotextile or graded material at the interface to prevent the movement
of the fine material into the coarse material. The layers may be
sloped to direct the flow of water away from the trench. Preliminary
results show that water infiltrates the surface and is held in the
fine-grained material until breakthrough is reached near the saturation
point (Johnson, 1983; Larson, 1982; Johnson et al, 1983). Sloping the
layers causes the water to flow away from the trench under gravity.
Once saturated, the waste moves through the fine-grained layer into the
coarse-grained material which then functions as a horizontal drain.
Infiltration may occur below the coarse material depending on the
amount of water present, the contact time, and the permeabilities of
the coarse layer and the underlying materials.

In humid regions, the intensity and duration of precipitation
events is highly variable, however, their frequency of occurrence is
high. Unsaturated and saturated flow conditions may both occur. The
initi.al soil moisture content is high. Any advanced trench cap design
must be able to limit if not eliminate infiltration and allow or,
better still, force any infiltrated water to move quickly away from the
trench. As stated previously, initial designs relied almost totally on
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impermeable covers to eliminate infiltration. Clay layers, usually
bentonite, were the predominant type although polymeric membranes were
investigated. Both clay and polymeric liners have problems associated
with their placement (e.g., uneven application and puncturing).
Polymeric liners also have the problem of a finite life span, estimated
to be less than the 100 year period of institutional control required
for LLW disposal sites. Recent evidence indicates that clay liners may
fail as a result of root penetration (DePoorter, 1982; Hakonnson,
1983). Roots penetrate the clay and remove the soil moisture. This
dewatering results in the shrinking and cracking of the clay, thus
violating liner integrity.

Recent designs incorporate a multi-layer system aimed at
minimizing infiltration, directing any infiltration quickly away from
the waste and limiting any infiltration below the drainage layer and
into the waste. This type of cap may include a layer of native soil
underlain by a drainage layer of coarser material (e.g., sand or
gravel) underlain by an impermeable barrier (e.g., a bentonite layer)
(Metry and Corbin, 1983). As indicated, the trench cap is sloped to
direct any infiltration away from the trench. The thickness and number
of layers may be varied to achieve site-specific requirements.

Hyrologic isolation can also be accomplished by using engineered
structures such as below ground concrete vaults and concrete
monoliths. In both cases, water is prevented from reaching the waste
by physical barriers surrounding the waste. Passive drainage systems
(e.g., french drains) can be designed to redirect groundwater away from
the site. Groundwater migration barriers such as cutoff trenches can
also be used to effectively redirect flow.

Contact time between any infiltrated water and the waste can be
minimized by designing the disposal unit to be free draining. As
stated previously, filling the void spaces between waste packages will
help control subsidence. If a granular material is used as the
backfill material, it will also function as a drain and provide for the
rapid movement of water away from the waste. However, unless the
bottom of the trench is drained or provides sufficient storage capacity
for infiltrated water, a bathtub will develop and the water will remain
in contact with the waste. The placement of gravel and/or sand on the
floor of the disposal unit will provide some storage capacity,
depending on the thickness of the layer. The layer will also provide
for drainage of the overlying waste. In order to function as a
drainage system, however, the captured water must have someplace to
go. Vertical holes can be placed in the base of the trench and
backfilled with granular material to function as dry wells and
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effectively drain the overlying sand and gravel layer. A second
approach uses gravity drainage to a PVC pipe (or similar type) drainage
system. These pipe drains can either be discharged to the surface or
to the subsurface in an infiltration type of system similar to that
used in septic systems.

CONCEPTUAL DESIGN FOR AN ALTERNATIVE DISPOSAL SYSTEM

With this limited discussion of the basic principles and problems
associated with conventional shallow land burial, let us consider the
design for hypothetical site in the humid waste. Generally, the soils
are clayey, derived from glacial tills or weathered shale bedrock. The
soils have low permeabilities but may be subject to fissuring as their
moisture content changes. Trench caps for disposal units in these
materials are designed to limit infiltration (i.e., clay caps) and have
properties similar to the native soil. If the trench caps retain their
integrity and no lateral inflow occurs, excellent hydrologic isolation
of the waste will occur.

However, as indicated previously our'experience has been that the
trench cap will not retail its integrity. The disposal unit will not
retain its structural stability; the trench cap will suffer the effects
of differential subsidence; and water will infiltrate into the trench.
However, because the surrounding host material is of low permeability a
bathtub will develop. The trench will fill with water, maximizing the
contact time between the waste and the water. As the system
equilibrates, the maximum amount of radioactivity possible is leached
from the waste. Eventually, the trench is topped and the contaminated
water is discharged to the biosphere.

The preferred situation would rely on a naturally well-drained
site, a high quality trench cap, properly backfilled and several
engineering approaches to minimize the contact time between the waste
and any infiltrated water. Such a system is described in the following
paragraphs.

Let us first note that the design discussed is general in nature
and would have to be tailored to the needs of a specific site; second,
it is not the only design available to address the problems; and,
finally, the advanced design is not a major departure from the current
approach.
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The trench is excavated in the conventional manner with a
relatively flat bottom. Holes about one to two feet in diameter are
augered into the bottom of the trench (the depth of the holes is a
function of the depth to the water table and the ease of augering) and
are backfilled with sand and gravel. A sand and gravel drainage layer
is placed on the bottom of the trench. The thickness of this layer
will depend on estimates of infiltration based on the soil
permeability, trench surface area, and design storm event. A layer of
geofabric is placed over the sand and gravel layer to prevent fine
material from entering into the pore spaces and clogging the drainage
layer. These are the principle components of the lower drainage
system. At this stage, monitoring wells may be installed to monitor
water levels and contaminant levels in the sand and gravel layer and in
the upper trench.

The waste is then stacked in the trench to within about 2.5 meters
of the surface. The trench is then backfilled. In well-drained soils,
a coarse granular fill should be sufficient to allow for rapid drainage
and to minimize the contact time between the waste and any infiltrated
water. In fine-grained, low permeability soils, several options are
available and potentially attractive. If infiltration is estimated to
be very low, a coarse granular fill should be sufficient as a backfill
material. In addition, the use of coarse material will create a
"wick-type" system and will result in the direction of water away from
the trench. In infiltration is estimated to be potentially higher, a
grout could be used to solidify the waste in the trench and effectively
hydrologically isolate the waste. Any infiltrated water would be
prohibited from contacting the waste and would be directed around the
waste to the underlying drain. The geofabric would prevent the grout
from entering the sand and gravel layer.

The final trench cap should be as impermeable as possible and
utilized on infiltration limiting cover as described earlier. A clay
layer should be placed over the backfilled trench with a gravel
drainage layer overlying the clay. A second clay layer is then placed
over the gravel. The gravel layer has two functions: (1) to create a
pressure differential with the overlying clay layer causing a wick
effect and (2) to provide a drainage layer to remove any infiltrated
water. These cover layers should be sloped away from the center of the
trench to encourage rapid drainage away from the waste. Also, the cap
should extend beyond the edge of the trench to prevent infiltration
along the sides of the trench.

The trench cap should be covered with soil and reseeded to control
erosion and infiltration. The vegetation will control erosion by
binding soil particles and reducing runoff rates and will control
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infiltration by increasing evapo-transpiration. Short-rooted grasses
are preferred because they are effective at controlling erosion and
infiltration but their root systems are shallow and will not disrupt
the trench cap. After the period of active maintenance has ended,
natives deep-rooted plant species will likely re-establish themselves
ojn the site and will disrupt the trench cap resulting in increased
infiltration. However, since the original design anticipated the slow
breakdown of the trench cap and increased infiltration over time, the
performance objective for the site should be met.

SUMMARY

Experience to date relative to the shallow land burial of LLW
indicates that the physical stability of the disposal unit and the
hydrologic isolation of the waste are the two most important factors in
assuring disposal site performance. Disposal unit stability can be
ensured by providing stable waste packages and waste forms, compacting
backfill material, and filling the void spaces between the packages.
Hydrologic isolation can be achieved though a combination of proper
site selection, subsurface drainage controls, internal trench drainage
systems, and immobilization of the waste.

A generalized design of a LLW disposal site that would provide the
desired lonrj-term isolation of the waste is discussed. While this
design will be more costly than current practices, it will provide
additional confidence in predicted and reliabilty and actual site
performance.


