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ABSTRACT

The lack of success of closed low-level radioactive waste disposal

sites has prompted the federal government to increase regulation of

these facilities. In order to meet these increased requirements,

several waste trench improvements are necessary. These improvements to

the trench include sandy-clay caps, compacted sandy-clay bottoms,

in-place geophysical instruments and vadose zone sampling equipment,

and concrete sidewalle. These design improvements presented in this

paper should increase the containment of the radionuclides by

decreasing the waste contact with infiltrating groundwater. The design

improves on the monitoring and sampling methods for detecting

radionuclides transported through the leachate or gas effluent streams.



INTRODUCTION

The need for adequate disposal methods for low-level radioactive

vastes has become a severe environmental problem because of the

increasing number of nuclear facilities and other sources discharging

radioactive wastes. The escape of radionuclides from closed

shallow-land burial disposal sites in the United States has prompted

the federal government to increase activities in improving methods of

disposal.

The Low-Level Waste Policy Act of 1980 (Public Law 96-573)

mandates that each state be responsible for the safe disposal of

low-level radioactive wastes generated within its boundaries and that

starting January 1, 1986 existing sites may exclude out-of-state ox

out-of-region wastes. The Act also authorizes states to form regional

compacts or to proceed individually for the disposal of low-level

radioactive waste. The U.S. Nuclear Regulatory Commission (NEC) has

promulgated regulations which requires that compacts or states must be

able to satisfy the technical licensing and operating requirements of a

neai--surface low-level radioactive waste disposal facility (NRC82).

Shallow-land burial of low-level radioactive wastes is the

disposal method used most commonly in the United States. Recently,

engineers have discovered that some of the radioactive waste had

migrated away from the burial pits into the surrounding environment.

Adequate disposal sites, which will safely contain the radionuclides,

are vital if further acceptance by the public_ of the usage of

radioactive materials is to be continued.

The objective of this paper is to present new design features and

ideas to improve the containment and leachate detection capabilities of

shallow-land burial trenches for the disposal of low-level radioactive

waste.



SHALLOW-LAND BURIAL

Shallow-land burial of low-level radioactive waste is currently

the most widely used disposal option in the United States. There are

six such commercial disposal sites with three of them now open.

The advantage of shallow-land burial over other disposal

alternatives are:

(a) cost effectiveness;

(b) ease of efficient monitoring; and

(c) requirement of little handling.

Some disposal sites (West Valley, New Ycrk; Sheffield, Illinois;

and Maxey Flats, Kentucky) (Th78) have baen closed and are under

investigation to find the reasons for migration of radioactive nuclides

beyond the containment barrier. The off-site doses of radiation at

these sites have not been large enough to cause significant

environmental impact, but the migrations have presented political and

public relations problems (Wa75,Le77).

The primary reason for the escape of the radionuclides was that

water (from precipitation and groundwater) infiltrated the burial

trench, completely filled the trench, and overflowed out into the

surrounding environment (Le77). The radionuclides were leached,

dissolved, and transported out with the corresponding water migration.

This has been described as the "bathtub" effect.

Subsequent investigations have shown that improvements must be

made in specific areas to increase the containment capabilities of

these trenches. The foremost restriction is to avoid burial of the

wtste below the groundwater table. Another critical focus is the

design of an adequate trench cap able to withstand water infiltration

and to retard gas migration (Le77).

Further support that has been evidenced by the "Oklo phenomenon"

(Wa75,BOE79) is the ability of the host soil to retair radionuclides. by

its ion-exchange properties for very long periods of time. If the

burial trench is situated in a proper soil medium such as clay, the

soil can be an effective barrier to retard the migration of the

mobilized radionuclides.



Burial of the waste deeper into the ground (30-50 meters) and

waste conditioning should receive further research if they are to

become viable design alternatives. However, deeper burial would

exclude most sites in the Eastern United States and preleaching and

immobilization would be more expensive than is currently warranted.

Pretreatment of the wastes before disposal will likely be done in

the future. Such processes as sorting, classification, shredding,

incineration, solidification, baling and compaction, acid digestion, or

conditioning of the wastes may be used before final disposal (Th78).

Volume reduction processes greatly reduce land requirements and

transportation costs and should be required before final

disposal (Le77,Th78).



DESIGN IMPROVEMENTS

Improvements to the design of a shallow-land burial trench are

aimed at improving containment of radionuclides for at least 500 years.

The typical waste burial trench currently in use' is depicted in Figure

1. When constructed properly, the typical waste burial trench is able

to contain the low-level radioactive waste for many years. But,

previous operating performances at the Maxey Flats, Sheffield, and West

Valley disposal sites have fueled increased public criticism of the

safety of disposing low-level radioactive wastes by shallow-land

burial..

The performance objectives governing the improvements to the

design of a shallow-land burial trench will be the abilities to:

- keep water out of the trench;

retard the migration of soluble solids and dissolved

gases;

- control gas production and its subsequent migration; and

: - reduce subsidence of the trench cover.

A past problem which plagued closed disposal sites has been the

management of water. Infiltration of water into the trench whether it

be groundwater, percolating rain water, or surface water runoff has led

to the migration of radionuclides. Therefore, movement of water must

be •curtailed so the contact of water with waste is minimized. The

following discussions will describe the use of sandy-clay soil, design

of trench caps, compaction of the trench floor, _a leachate and gas

monitoring system, and optional concrete sidewalls to retard

radionuclide migration.

Sandy-Clay Soil

Sandy:-clay soil is recommended over tight clay soils to diminish

the occurrence of the "bathtub" effect. The sandy fraction of the soil

reduces the shrink/swell properties of clays; as they undergo successive

wetting and drying cycles. Prevention of drought cracking in the spil

barriers vould eliminate the migration of radionuclides through the

fractures that develop under dehydrating conditions. The clay fraction

of the soil matrix is still capable of attenuating cationic

radionuclides dissolved in the percolating water.



\

Figure 1. TYPICAL 500 FT. x 50 FT. WASTE BURIAL TRENCH.

SOURCE: Thompson (1978) (Th78)



The composition of the san'yclay soil consists of sand making up

the full volume with clay filling the voids iu the sand. The porosity

of sands range from 25 to 50 percent. Therefore, if the selected sand

has a 40% porosity, the sandy-clay soil would consist of 60% sand and

40% clay. In-situ or laboratory test on the soil's hydraulic

conductivity would be required although a hydraulic conductivity of 5 X
—8

10 cm/sec has been observed (Li72). Adaitional laboratory work on

choosing the type of clay should determine if montmorillonite can be

used effectively when mixed with sand.

Trench Cap

The design of a low-level radioactive waste trench cap is based

upon its ability to retard the infiltration of water over a 500 year

period. The design criteria require that the physical integrity of the

cap be structurally sound during the design lifetime and will

necessitate the use of natural materials. The use of synthetic liners

which have apparent lifetimes of approximately 40 years are of highly

questionable benefit (TL83).

The best natural material available for the cap is sandy-clay

soil. As stated earlier, sandy-clay is relatively impermeable and

contains self-sealing properties. These properties will improve the

performance of the trench cap.

In designing the trench cap, one cannot neglect the method by

which wastes are emplaced in the trench. It must be properly filled

with the low-level waste and then backfilled with a free-draining

material, such as sand, in order to reduce future .subsidence problems.

Then a layer of compacted sandy-clay should be placed over the trench.

Last, a layer of top soil should be placed over the compacted clay.

Subsidence must be dealt with no matter what type of trench cap

material is used. The layer of compacted sandy-clay acts as an

impermeable layer for infiltrating water. The compacted sandy-clay

cap with a permeability of approximately 10 cm/sec will effectively

seal the top of the trench (NRC82). The sandy-clay soil is recommended

over a pure clay because the shrink-swell potential of this soil is

less dramatic. One facet of the clay is that it must be kept hydrated.

If the clay loses most of its moisture, large cracks will develop.

Therefore, a layer of topsoil acts as a protective barrier for the



compacted sandy clay. The topsoil will retard weathering of the clay

layer from wind, water, and sun.

Trench Floor

When excavating the trench, preparation of the trench floor is of

great importance. The two design criteria that the trench floor must

meet seem to be at odds with each other. The first criterion is that

the bottom should retard the migration of radionuclides. This would

suggest the use of low permeability materials. The second criterion is

that the bottom should also minimize the contact of the waste with any

water that enters the trench. This suggests the use of a free-draining

material. These two criteria can be met by using sandy-clay soil.

The primary design requirement of the trench bottom is that it

must retard the migration of radionuclides. This can be accomplished

by compacting the bottom of the trench, whatever material it may be,

and then compacting a layer of sandy-clay over this. The sandy-clay

should have a permeability of 10 cm/sec which allows water to travel

10 times as fast through the floor as through the cap. The sandy-clay

also acts as an ion exchange medi which absorbs cationic

radionuclides. Through proper compact and ion exchange, the

sandy-clay layer will retard the migration c£ radionuclides.

In order to prevent lateral migration, the sides and cap of the

trench must have a lower permeability than the bottom. In this design,

the permeability of the cap is 10 cm/sec which is an order of

magnitude lower than the trench bottom permeability. The sidewalls

will be discussed later.

Leachate and Gas Monitoring System

The need for continuous monitoring, to detect leachate and gas

migration has been cited as a major drawback to shallow-land burial

(Ta79). Theoretically, one should not have to rely on future

generations to carry out any monitoring and maintenance functions at

the burial facility. Therefore, if the length of time tc operate these

monitoring systems is shown to be of short-term " station, the

acceptance of shallow-land burial would be improved.

The leachate monitoring system consists of a french drain floor,

sump wells, in-situ geophysical implements and sampling wells. The gas



monitoring system consists of ventilation pipes installed at various

depths within the trench.

The operation of the collection sump system is required for at

least 10 years (Ta79). During this period, the leachate should be

collected, analyzed, and, if necessary, treated. Fenimore studied the

ground disposal of radioactive wastes at the Savannah River Plant,

(Aiken, South Carolina) for a 10-year period to determine whether

migration occurred (Fe64). A fraction of the total waste inventory was

buried in 1957 and the other fraction was buried in 1958. His research

consisted of obtaining core samples within and below the bottom of the

trench, profiling radioactivity with respect to depth. Figures 2 and 3

illustrate these results. In Figure 2, core sample;; C6 to C8 verify

that the wastes are gradually migrating downward. In core sample C9

(Figure 2) some of the radioactive wastes have traveled below the

bottom of the trench. In Figure 3, only core sample C14 shows further

downward migration of radionuclides. By 1961, the waste seemed to be

stabilized (cores C-15 and C-16). In approximately four years after

burial Cl957—1961), the mobile radionuclides had been leached out.

Therefore, the collection sump may be required to collect the leachate

for a period of only five years, but the actual time should be

determined by monitoring the leachate.

The production of radioactive gaseous compounds during aerobic and

anaerobic decomposition of rthe organic fraction of the waste requires

the need for a gas ventilation system. This system would be required

for monitoring gases produced from the Class A burial trench since the

wastes stabilized for Class B and C disposal would probably not be

conducive to microbial attack.

Typical sanitary landfill sites have been shown to produce gases

for periods of approximately 10 years (EPA75). Peak production of

aerobic gases occurs within the first six months. Anaerobic gases tend

to hit their peak production period in two to three years. Some

landfill sites have been producing gases for 25 years, but low-level

radioactive wastes do not contain high organic concentrations as does

municipal refuse and, therefore, would not be expected to have, extended

periods of gas production. Although the time period cannot be

definitely assured, one can conclude that a design period of 10 years

is adequate for the monitoring of the gas ventilation system.
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Sidewalls

The design of the trench walls is overlooked more than any other

portion of the trench. Water enters the trench not only from the top

and bottom, but also from the side. This also is one of the more

difficult aspects of trench design. As has been discussed for

closed low-level waste disposal facilities, horizontal communication

between the trenches can be severe (Mi83).

The primary purpose of the walls of the trench is to retard the

infiltration of water. The problem lies in the fact that it is

difficult, at best, to compact the walls of the trench. The other

option available is to line the walls of the trench. The problems

associated with the integrity of synthetic liners havt. already been

mentioned. The best possible solution for this.problem is the use of

reinforced concrete sidewalls. The concrete will not bs subjected to

unusual amounts of stress, therefore, its lifetime can easily be

greater than 100 to 200 years.



PROPOSED DESIGN

The incorporation of the design recommendations proposed in this

study are shown in Figure A. The improvements on the burial trench

include a sandy-clay floor, sandy-clay cap, concrete sidewalls,

in-place geophysical instruments, and vadose zone sampling equipment.

The sandy-clay cap should have a minimum thickness of three feet

with a hydraulic conductivity of # 10 cm/gec. The edge of tfce cap

needs to extend several feet beyond the walls of the trench to help

reduce water infiltration. The material used as fill should also be

compacted to help reduce problems caused by subsidence. The clay cap

should be constructed using a maximum of six to eight inch lifts in

order to obtain maximum compaction (NRC82). The top soil that is

placed on the cap should be planted with vegetation that requires

little maintenance and does not have roots that will penetrate the cap.

If the climate in the area is such that a vegetative cover is unlikely,

a layer of rip-rap would be more appropriate.

When constructing the floor of the trench, it is important to

compact the native soil disturbed during excavation. If the natural

soil happens to be a sandy-clay with a permeability of 10 cm/sec,

then this first step will finish the trench floor except for installing

the french-drain system. If sandy-clay, must be imported for the three

foot barrier, compaction must be done in six to eight inch lifts.

The design of the improved trench includes monitoring equipment

for detecting and sampling leachate migration. Both direct and

indirect methods must be implemented to effectively monitor moisture

movement in the vadose zone (Ev82). . Filter candles are used to collect

water samples from beneath the floor of the trench, should leachate

migration occur. The candles are preferred over suction-cap lysimeters

because of their larger contact area for sample collection.

In-situ geophysical instruments, such as terisiometers and

psychrometers, are used for detecting leachate movement by measuring

certain parameters of which a direct relationship exists with the

moisture content of the soil. Psychrometers are placed beneath the

cap, outside of the trench walls at various depths, and beneath the

first (shallower) layer of filter candles under the trench floor.



EQUIPMENT
HOUSING

PSYCHROMETERS-

-Q-*-T— TENSIOMETERS

rtK

COLLECTION SUMP
HOUSING

GROUND SURFACE

-o"

H3 i

%

•CONCRETE SIDEWALLS
(optional)

SAND LAYERS

-FILTER CANDLES'

FILTER CANDLE
. HOUSING

Figure U. IMPROVED DESIGN OF A
SHALLOW-LAND BURIAL TRENCH.



Tensiometers are placed at specific depths along the outside of

the trench walls where the psychrometers are similarly placed. Both

the tensiometers and psychrometers are connected to an automated

computerized network for continuous monitoring of moisture movement.

Neutron moisture logging through an adjacent borehole should also be

utilized for determining the lateral spread of water in the unsaturated

zone. The sensitivity of neutron probes maks it impractical to emplace

the probe in the ground for a sustained length of time. Therefore,

neutron logging should be conducted along with the regularly scheduled

(quarterly) environmental sampling program and the results compared

with the tensiometer and psychrometer data.

Sampling wells for each saturated groundwater region also will be

installed for additional information on the travel time of pollutants.

Gas ventilation tubes are installed within the sump collection

pipes to monitor gas evolution of the decomposing organic wastes.

Sampling ports are at specific depths along the length of the

collection pipe. Sampling ports are restricted to one side of the

trench. The minimization of additional boreholes through the trench

cap dictates the need for this design. Should radioactivity in the gas

stream exceed levels established by regulatory agencies, treatment will

be required.

The french drain and collection, sump system are designed to

collect water which infiltrates the trench. Monitoring of this system

will determine the amount of water entering the trench and the amount

of radionuclides dissolved or transported with the percolating water.

As shown in Figure 4, the trench walls are lined with concrete.

These walls are proposed only for low-level radioactive waste burial

sites located in areas where horizontal movement of water is severe.

The concrete should be four inches thick, with appropriate

reinforcement. None of the reinforcement bars should be exposed since

this would dramatically increase the corrosion time. The walls can be

constructed vertically since very little stress would be exerted upon

them.



CONCLUSIONS

The following conclusions were drawn from the design improvements

recommended for a shallow-land burial trench for disposing of low-level

radioactive waste.

Contact between the infiltrating water and waste should

be minimized.

The trench cap is the most important design

consideration in preventing water from entering intc the

trench. Impermeability of the cap and also the sidewalls

must restrict the movement of water toward the waste. On the

other hand, the trench floor should allow ready removal of

water in the trench.

Sandy clay soils are preferred over tight clay soils in

order to gain both the volumetric constancy of sand (prevent

cracking) and the exchange and permeability characteristics

of the. clay.

Proper compaction and composition of sandy-clay soils

should produce a cap with a hydraulic conductivity of 10

cm/sec.

The design of the trench floor utilizes a more permeable

sandy-clay soil (hydraulic conductivity of 10 cm/sec) than

the cap. The floor is also designed to utilize the cation

exchange properties of clays in attenuating radionuclide

migration.

- The monitoring program should include direct and

indirect vadose zone monitoring methods, groundwater

sampling, and gas ventilation analyses. Operation of these

monitoring systems should be continued until samples show

that further analyses are unwarranted,

- The likelihood of horizontal movement of groundwater

will necessitate the use of impermeable reinforced concrete

sidewalls.

- Finally, the design of the disposal trenches should

consider applicable standards and guidelines in 10 CFR 61.
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