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Abstract

This paper summarizes a master's thesis on the state-of-the-art for
shallow land burial of solid low-level radioactive wastes. The coverage
of the thesis, which is condensed for this paper, ranges from site selec-
tion to problem case histories. Inherent in such coverage is the assess-
ment of risk, the discussion of operational and management problems and
the real significance of off-site migration—this topic will be discussed
in light of the stands taken that the migration is a serious problem and
that it is not. Emphasis is on the engineering parameters of importance
in site selection, and what pretreatment, if any, is needed.

Introduction

This paper will present considerations .which should be included in
making the political decision to bury or not to bury. Such a decision
should be made with a background of what has been done, what problems
have occurred, what alternatives exist, and what risks are entailed.

History of Shallow Land Burial

Shallow land burial (SLB) of low-level radioactive wastes has been
practiced in the United States since the advent of the atomic age in the
1940's. SLB competed with disposal at sea until the 196C's when the
latter practice was abandoned (Lenneman, 1967). Starting in 1960, the
Atomic Energy Commission (AEC) set up criteria for licensing commercial
land burial sites (U. S. Congress, 1976). These criteria were:

1. "A written commitment from a ™sponsible state official that the
state-would assume control over the burial site in event of
default or abandonment of the site by the commercial operator."

2. "The geological and hydrological characteristics of the site
must be such that containment of the waste materials is assured
in a manner that will not endanger public health and safety."

3. "The waste must bs in solid form prior to burial."

4. "Establishment of an environmental monitoring program."

5. "The packages in which the wastes are transported to the burial
site meet the NRC and DOT standards for packaging and transpor-
tation-" (Note: NRC is the Nuclear Regulatory Commission and
DOT is the Department of Transportation.)



6. "As part of the licensing process, any future burial grounds
licensed by the NRC would require a review under the provisions
of the National Environmental Policy Act (NEPA)."

There have been 6 commercial sites licensed since September 1962;
they are: Beatty, Nevada; Maxey Flats, Kentucky; Richland, Washington;
and Sheffield, Illinois (Nuclear Engineering Co., Inc.); West Valley,
New York (Nuclear Fuel Services, Inc.); and Barnwell, South Carolina
(Chem-Nuclear Systems, Inc.). The Barnwell site is now receiving about
80% of all the wastes being buried commercially.

West Valley arid Maxey Flats are closed due to operational problems
and Sheffield has used up its authorized, space. In addition to the
commercial sites, there are 5 Department of Energy facilities which have
shallow land burial. They are Oak Ridge National Laboratory, Oak Ridge,
Tennessee; Los Alamos Scientific Laboratory, Los Alamos, New Mexico;
Idaho National Engineer Laboratory, Idaho; Hanford, Richland, Washington;
and Savannah River Plant, South Carolina.

The restrictions on wastes accepted at commercial sites include pack-
aging of the wastes, solidification of liquids and sludges, gases only
in containers (If at all), limits on transuranics, limits on fissile
material, and limits on chemical toxicity.

Problems with Shallow Land Burial

Problems arising at low-level solid radioactive waste burial grounds
may be site-specific, dependent on the regional hydrologic, geologic, and
climatic conditions, or they may be common to all sites. The major prob-
lem has been the migration of radioactivity away from the burial sites
in concentrations that have caused political concerns although knowledge-
able radiological health professionals have stated that the observed
levels of contamination posed no threat to the safety and health of the
public (Meyer, 1976b). These migrations have occurred at 4 sites: 2
commercial: Maxey Flats and West Valley; and 2 Federal facilities: Oak
Ridge National Laboratory and Idaho National Engineering Laboratory
(U. S. Congress, 1976; Meyer, 1976b).

The migration problems have probably been a result of the emphasis
on economics and convenience in the selection and operation of the dis-
posal sites. The criteria utilized for site selection included factors
such as isolation of the site from population centers and water supplies,
depth of burial to minimize radiation at surface, limits on form and type
of waste, and operational procedures. The only reference to geologic or
hydrologic considerations was the specification of the depth of the
groundwater table (U. S. Congress, 1976).

The migration problem at Maxey Flats has been attributed primarily
to the accumulation of water in the trenches, both those which had been
completed and those still receiving waste, and the subsequent hydrolog-
ical transport of the radioactivity from the site. In the period from



1972 to 1975, the State of Kentucky and the licensee were able to correct
most of the problems (Comptroller General of U. S.» 1976).

A problem of diversion of contaminated equipment that was to be buried
has received wide publicity in connection with the Beatty site. The State
of Nevada found that tools, clocks, and other contaminated equipment had
been removed from the site by employees. The license was suspended until
the problem was corrected (U. S. Congress, 1976).

Other problems have related primarily to poor management procedures
in that maps and records do not exist; they were never prepared or they
burned. There have been some problems with fires and explosions. There
is no record of any problems of migration or effects from the possible
emanation of gases from burial sites. Shrinkage of the buried wastes
resulted in accumulation of surface water in the burial trenches at West
Valley (Morton, 1968).

Mobilization of the Waste

Solid radioactive waste disposal in terrestrial environments is sub-
ject to infiltration and leaching by ground and surface waters. The
initial result of water contacting the waste would most likely be forma-
tion of leachate having the approximate characteristics jf ordinary
commercial landfill leachate plus the presence of radioactivity.

Because of the low density of the waste, oxygen is available for
aerobic decomposition during the early stages of organic breakdown; this
decomposition yields carbon dioxide, water, and nitrate. As the oxygen
supply diminishes, anaerobic decomposition produces methane, carbon
dioxide, water, organic acids, nitrogen, ammonia, and sulfides of iron,
manganese, and hydrogen. Carbon dioxide production, as an example, could
dissolve strontium in the bicarbonate form (Giardian etal., 1977; Mawson,
1965).

Other characteristics of landfill leachate include high chemical
oxygen demand (COD, up to many 1000's of mg/1), volatile acids, and a pH
in the range of 3.7 to 8.5. Constituents which release or mobilize con-
taminants from the waste include acetic, propionic, isobutyric, butyric,
and valeric acids. In brief, landfill leachate contains agents capable
of solubilizing cobalt, strontium, cesium, and other radionuclides, in-
cluding some of those generally considered relatively insoluble such as
Plutonium (Meyer, 1976b, a).

Alternatives for Waste Disposal

Treating and/or packaging of low-level radioactive waste prior to
burial can serve several purposes, including (1) volume reduction; (2)
the reduction of the mobility of the radioactivity; ^3) enhancement of
the safety associated with the handling and disposal; and (4) recovery
of plutonium and other transuranics (Gilmore, 1977). The most burdensome
problem facing SLB is not the radioactivity of the waste but the large
quantity of waste (National Research Council, 1976). This problem is



likely to get worse because of opposition to the establishment of new
sites (New York State, 1976).

Several methods are available for the pretreatment of waste before
disposal. These include sorting, incineration with or without pneumatic
classification beforehand, baling and compaction with or without prior
shredding, and acid digestion (Gilmore, 1977; National Research Council,
1976). Wastes may be hand sorted at its source or at the disposal site
into combustible/non-combustible, glass, metals, hazardous chemicals/
radioactive, and short/long lived radionuclides (Gilmore, 1977; National
Research Council, 1976).

Incineration is perhaps the ultimate volume reduction technique short
of chemical separation and concentration. Volume reductions of 70 to 90
percent can be achieved (McLain and Hungerford, 1970). Other advantages
of incineration include the stabilization of the organic waste, a product
with better understood properties for better leachate prediction and/or
prevention, and the end of the threats of long-burning, subterranean fires
at the sites (National Research Council, 1976). Incineration has received
widespread acceptance in Europe, but in the United States, the attitude
exists that the extra volume reduction often does not justify the addi-
tional cost (McLain and Hungerford, 1970). Because baling and compaction
offer relatively low cost volume reductions to 75 percent while requiring
little segregation or sorting, they have been more attractive than incin-
eration in the United States (McLain and Hungerford, 1970; Stone, 1975).

Acid digestion is still in the pilot plant research stage (Gilmore, 1977).

In addition to pretreatment schemes, there are probably viable alterna-
tives of engineering the containment of the wastes regardless of whether
any pretreatment has been applied. These alternatives include the catch-
ment and treatment of the leachate (especially the early flows), the in-
terruption of the water access to the burial trenches and/or the wastes
and the sorption of the radionuclides from the migrating water.

The catchment and treatment of leachate can be accomplished by pre-
leaching the wastes in containers or pits, by putting the trenches on an
impervious bed of clay or plastic, by pumping the waters in or beneath
the trenches, or by leaching the pretreated waste, especially the ashes
from incineration. The interruption of the water access to the wastes
can be accomplished by cutoff structures or by encapsulation of the
wastes. The sorption of the radionuclides from the migrating water can-
not be relied on to provide total containment of all the waste radio-
nuclides; however, sorption-may give enough holdup to reduce the migra-
tion rate to acceptable values.

Current research at several locations throughout thi United States,
including The University of Texas at Austin, is aimed at providing satis-
factory engineering designs for shallow land burial of low-level radio-
active wastes.



Ris.'. and Risi Assessment

The design of a waste disposal site is based on either complete con-
tainment of the waste, thereby allowing for zero planned discharge to
the environment and subsequently low risk to the environment, or the de-
sign may be based on a finite amount of radioactive contaminatici leakage.
The leakage would have maximum limits based on the existing or proposed
risk criteria developed by the regulatory agency. The level of risk
allowed will tend to dictate the disposal practice for low-level radio-
active waste.

Two of the major problems with risk assessment of a radioactive waste
burial site are: first, scientist and health physicists are unable to
determine the exact dose which would prove to be innocuous by both the
genetic and somatic definitions (National Academy of Sciences, 1972;
Ledbetter, 1965). This problem centers around the "how safe is safe
enough" cliche. Secondly, the design period of the burial sites can only
be verified by historical data, accelerated life testing, or models based
upon the experience of similar systems. This is a major problem with
radioactive waste burial sites due to the long hazardous lifetimes of the
radioactive waste (U. S. EPA, 1977; U. S. EPA, 1978a, b).

The range of possible risk associated with the disposal of low-level
radioactive waste is related to the amount of money spent on ensuring
containment of the radioactivity. The range of risk could be extreme.
High risk could be the result of very little research and maintenance of
a disposal site, and low risk could be the result of encapsulation and/or
solar disposal. Outside of the possibility of a moratorium being placed
on all waste production, the risk from future waste cannot be entirely
eliminated.

Conclusion

Why or why not utilize SLB as a method for disposing of low-level
radioactive waste must be decided in the near future. Maxey Flats, Shef-
field, and West Valley, three of the four eastern disposal sites, have
already quit receiving waste, resulting in 80% of all low-level radioac-
tive waste being sent to Barnwell.

The reasons why SLB should be utilized include economics and simpli-
city of site operations. Yet, these two advantages have also been major
sources of problems at existing sites. Economics, being the culprit, in
that dollars were saved by not practicing thorough site selection tech-
niques, and by inadequate engineering design of the burial sites. Simpli-
city of site operations has resulted in improper disposal practices and
lax operational management programs.

The past operational practices and problems, together with results
from ongoing research should provide enough data to allow for the proper
design and operation of disposal sites so as to ensure safe containment
of the radioactivity. Utilization of pretreatment and volume reduction
techniques together with proper site management should allow for optimal



use of areas allocated for disposal operations, and result in minimum
risks to public health and the environment.
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