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RELATED TO LOW-LEVEL RADIOACTIVE WASTES* 

William C. King 
Lawrence Livermore Laboratory, University of California 

Livermore, California 94550 

ABSTRACT 

The hazards associated with low-level radioactive waste, one of the 
nation's greatest concerns, are discussed from a health physicist's 
perspective. Potential biological hazards, four stages of the low-level 
radioactive waste disposal process, and suggested methods of reducing the 
risks of handling and disposal, based on previous studies, are defined. Also 
discussed are potential pathways of human exposure and two scenarios designed 
to demonstrate the complexity of modeling exposure pathways. The risks of 
developing a fatal cancer from exposure to the radioactive material, should it 
occur, is compared to other more commonly accepted risks. 

This work was performed under the auspices of the U.S. Department of 
Energy under contract No. W-7405-Eng-1S. 
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INTRODUCTION 

Within the past few years the general public has become extremely 
concerned about the hazards of nuclear radiation. The increased use of 
nuclear power plants to generate the electrical power needs of the nation, 
coupled with the growing inventory of radioactive wastes, is perceived as a 
great peril. Recently, .inti-nuclear advocates have become noticeably visible, 
with demonstrates and protests at the construction sites of nearly every 
power plant. Politicians sensing the concern of the public have, in some 
areas of the nation, enacted legislation to prevent both the disposal and the 
transportation of radioactive materials within their areas of representation. 

Health physicists who have worked with radioactive materials since the 
advent of the Atomic Age are somewhat perplexed at the apparent hysteria 
engulfing this nation about the hazards of radiation exposure. To us, t• •> 
emphasis is totally out of proportion to the actual risks involved. 

I am grateful, therr'ore, for an opportunity to present a health 
physicist's view on the potential hazards involved with the disposal of low-
level radioactive wastes (LLW). 

It is possible with today's instrumentation to detect a very few atoms of 
a radioactive material. Very small quantities of radioactive material c?~ be 
measured which are far below the amount that produces any observable effect on 
man. However, the public, who has been fed a large amount of misinformation 
about radiation, perceives the risks in proportion to the detectabi1ity of the 
radiation. Consequently, there are a rash of lawsuits being filed against the 
nuclear industry because of the harmful effects that supposedly have occurred 
to individuals from small levels of radiation exposure. 



In this paper I shall describe the risks involved with low-level 
radioactive wastes, based on current sciertific knowledge, and put those risks 
in perspective by comparing them to risks from activities we are familiar with. 

POTENTIAL BIOLOGICAL HAZARDS 

The Nuclear Requlatory Commission (NRC) is currently developing criteria 
for classifying radioactive wastes. Those wastes that will be classified as 
low level will have concentrations of radioactivity low enough that no 
specific provisions will be needed for the removal of decay heat. In 
addition, since the penetrating radiation levels will be low, only minimal or 
no biological shielding or remote handling will be necessary. Therefore, .he 
potential hazard i -he public is very small. 

However, accidents (fire, leakage), mismanagement, or improper disposal 
of the radioactive material pose the most serious hazards. 

There are four ways that radioactive material can be introduced into the 
body: by drinking or eating contaminated food; by breathing contaminated air; 
by absorption through breaks in the skin--a wound that comes in contact with 
radioactive materials or a wound inflicted with a contaminated object; or, in 
the case of a few radioactive isotopes, absorbed directly through the intact 
skin by diffusion. 

Internally, the body treats the material the same as it would a non
radioactive element; specific elements have the tendency to accumulate in 
certain body organs. For example, iodine accumulates in the thyroid, 
strontium and radium in the bone, cesium in the liver, spleen, and muscle 
tissues, and mercury in the kidney. When the element is radioactive, the 
affected organ is continuously irradiated until the material is eliminated 
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through natural biological turnover and radioactive decay. 
We know that radiation is carcinogenic at high doses of exposure, but at 

low doses we are uncertain of the effects, if any. We can conservatively 
estimate the exposure risks of low-lovel exposure by extrapolating from the 
observable effects of high-level exposures. This theory implies that any 
radiation exposure, regardless of how small, has some associated risks. 

To assess the potential biological hazards of low-level waste disposal, 
all feasible pathways by which the radioactive material can enter the body 
must be evaluated. 

LOW-LEVEL WASTE DISPOSAL PRACTICES 

Currently in the United States, low-level radioactive waste is disposed 
of in shallow-land burial sites. There are 22 disposal sites within the 
United States. The Department of Energy (DOE) has 16 burial sites, of which 
only 14 are in operation. Commercial operators maintain 6 sites, of which 
only 3 are receiving waste. 

There are other technically feasible methods for disposing of low-level 
radioactive wastes, but the most notable is sea dumping. For a short time the 
U.S. dumped waste off the Ferralon Islands in the Pacific and about 100 mi off 
the New Jersey coast. But, in 1960 the Atomic Energy Commission (AEC) placed a 
moratorium on issuing new licenses for sea disposal; however, existing 
licensees were permitted to continue disposal at sea. The AEC also in 1960 
authorized licensees to temporarily use its burial sites at the Reactor 
Testing Site in Idaho and at Oak Ridge, Tennessee. In September, 1962, the 
first commercial burial site at Beatty, Nevada became available for use, and 
the AEC withdrew authorization for the use of the Idaho and Tennessee sites 
shortly thereafter. 
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As other commercial land burial sites became available in Kentucky, New 

York, Washington, Illinois, and South Carolina, the interest in sea disposal 

waned. The last sea disposal in the U.S. occurred in June, 1970. In 
2 November, 1971 the AEC amended the regulations and made sea disposal no 

longer permissible. 

However, sea disposal is still used by others particularly the European 

nations. Public pressure to discontinue this practice is growing, and the 

European nations may be forced to use shallow land burial sites exclusively. 

Because land is at a premium in Europe, this may prove to be a costly 

alternative. 

Figure 1 shows the location of the major commercial and government LLW 
3 disposal sites in the U.S. This map does not indicate the locations of 

mill tailing sites, which are considered separately from LLW. 

RADIATION EXPOSURE FROM LOW-LEVEL WASTE DISPOSAL 

To examine the probable ways that man may be exposed to the radioactive 

material in LLW, one must examine the four stages through which LLW exists: 

• Temporary storage at the waste-generating site. 

• Transportation from the generating site to the disposal site. 

• Unloading and temporary storage at the depository. 

• Final burial and depository control for 100 years or more. 

Temporary Storage at the Generating Site 

Low-level radioactive wastes are stored at generating sites until enough 

has been accumulated for an economical shipment to the burial site. If, as in 

some cases, the waste contains an excessive amount of radioactivity, it may be 
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classified higher than LLW, The waste is then stored at the generating site 

to allow the radioactive decay process to reduce the activity to an LLW 

classification. 

There are two ways that this material could accidentally contaminate the 

public. First, release of some material would occur if the LLW was involved 

in a fire: the more volatile radioactive materials in the waste would vaporize 

and drift downwind with other smoke and gases, ^nd a person caught in the 

cloud would inhale the radioactive material. In addition, the runoff water 

used in fighting the fire won'id contain radioactive material and contaminate 

the surface soil in the drainage area for some distance downstream. The 

possibility also exists that the radioactive material might enter the local 

food chain or water supp 1/. 

The second possibility for accidental release to the public domain is 

through leaks in the waste containers. If the containers are stored outside, 

the soil in the vicinity would become contaminated. In rainy seasons when 

rainwater runoff drains from the contaminated area, the contamination is 

spread outside the plant boundary. Also, through resuspension the 

contaminated soil could become airborne and drift downwind to be deposited on 

the surface outside the plant area or inhaled by persons nearby. 

Transportation Accident 

Radioactive materials transported on public roads must be effectively 

contained in compliance with the regulations of the Department of 

Transportation (DOT) and Department of Energy (DOE) —Sections 49 CFR 173 and 

10 CFR 71. ' These regulations specify the type of container to be used 

for shipment, depending on the amount, type, and relative toxicity of the 

radioactive material. When shipped normally, there should be no leakage. 
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A few widely publicized accidents have occurred where a small amount of 

radioactivity was released to the environment. As far as known, no one 

suffered from any injury resulting from these accidents, nor is there expected 

to be any latent effects appearing in later years. Generally, the areas 

affected in transport accidents are small and confined to the immediate scene 

of the accident. The DOE maintains emergency response personnel at various 

regional offices around the country, and in case of a transportation accident, 

a team of specialists (including health physicists) are dispatched to the 

scene. They generally have the area decontaminated and returned to 

unrestricted use within a few days. 

Unloading and Temporary Storage at the Burial Site 

When the waste arrives at the burial site, it is either unloaded from the 

transport vehicle directly into the burial trench or placed at a temporary 

location to await burial. Waste containers have been known to break open as 

they are dropped into the burial trench or when fill is bulldozed on top of 

them. This procedure can produce some airborne activity which contaminates 

the ground outside the trench. The activity is further spread as vehicles 

travel back and forth through the area and when rainwater runoff carries the 

material to areas outside the boundary of the burial ground. 

When the material is temporarily stored, there are the added risks that 

the waste containers might leak or be involved in a fire; both instances would 

result in a release of activity to the environment, spreading to areas outside 

the boundaries by rainwater drainage or by resuspension in the air. 

Final Burial and Site Control 

The LLW is buried under 1 meter or more of earth, greatly reducing the 

possibility of it being released to the environment—at least for the near 
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future. Scientists now believe that radioactive material can be confined 

within the site boundaries for several hundreds of years if the burial site 

has been carefully selected. 

In our work for the NRC on waste classification, several scenarios 

were developed for various ways that man can be contaminated by waste buried 

in shallow trenches. Models were developed for mathematical evaluation of the 

risks. Fiqure 2 lists five scenarios that our studies showed posed the 

qreatest ris'< from the buried LLW: two involved inhalation and three involved 

inqesti on. 

MAKING A HAZARDS ANALYSIS 

Now that the ways in which radioactive LLW can contaminate man have been 

identified, we can evaluate the hazards. We do this by developing 

sophisticated mathematical models to trace the radioactive isotopes in their 

INHALATION EXPOSURE 

• Reclamation of the burial site after the removal of 
institutional control. 

• Surface erosion of the overburden cover and 
resuspension of the exposed radioactive material. 

• Potable water supply from a well drilled into an 
aquifer passing under an LLW burial site. 

• Surface erosion of the overburden cover and rainwater 
drainage through exposed radioactive material. 

• Leaching of radioactive material into an aquifer 
passing under the burial site. 

Fig. ?. Inhalation and ingestion scenarios that could potentially pose the 

greatest risks from low level radioactive waste. 
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.iourney from the waste container to a particular body organ of man. Although 
this procedure is very complex, once the quantity of an isotope in the organ 
is found, only a straightforward calculation is necessary to determine the 
adsorbed dose to the organ and the possible resulting health effects. 

Difficulties arise when we plug numbers into the transport equations. 
There is simply not enough empirical data for use in the equations and, 
therefore, we must make assumptions that cannot be vigorously defended. These 
assumptions are not just random guesses, because considerable thought is given 
to the selected values. Generally, we use the term "reasonably conservative 
assumptions"; that is, we work with assumed values that will give the highest 
index of risk, yet values that would most likely exist in a real case. We 
also attempt to establish values that will enable us to set upper and lower 
bounds on the risks. 

As an examole of the complexity involved in estimating exposure risks, 
assume some LLW containers are involved in a fire. We are not concerned with 
the location of the fire because it could occur at the generating site, or the 
burial site, or during transport. In any case the model is the same, only 
some of the values used in the equations will change. 

We must first find our source term, Q--the total activity that will be 
released. The value Q is generally not a single term but the sum of all the 
fractional releases of the individuals isotopes that are present in the waste 
material. Therefore, 

n 
0 = J ( f I )i • ( 1» 

i 

Once 0 is found, the released material must be moved from the initial 
site of release to a receptor point. In the case of airborne transport we use 
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the familiar equations for atmospheric diffusion. ]t is most convenient 
to use the integrated, instantaneous point-sourcs formula to obtain the total 
exposure experienced at the receptor point. 

lo do tnis, it is assumed that the release occurs over a short enough 
period of time that the dispersion coefficients and the wind velocity ren.din 
constant. Also, it is assumed that the receptor is exposed during the time of 
the entire cloud passage. 

Oniitt'io fallout between tn._ release point MO the receptor, a reasonably 
conservative assumption for distances less that 1000 in, the diffusion equation 
is 

-(4-4)1 
wht?:'e 

•| = the integrated exposure experienced at the receptor point (Ci-s/m J, 
y = the total source term (Ci), 
o , o = the horizontal and vertical dispersion coefficients (m), 
u = the mean wind velocity (m/s), 
y = the receptor's cross-wind distance fro-n the cloud renter i nn- as it. 

moves past (in), 
h = the effective height above the surface of the i m t u l reU-ase (m). 

V = exp 
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The values of a and o are obtained from experimental data and 
dre both dependent upon atmospheric stability and the distance downwind, as 
shown in Figs. 3 and 4. To be reasonably conservative, we assume the release 
occurs during moderately stable conditions. 

After the value of ¥ is obtained, we simply multiply it by the breathing 
rate of the person to det' nine q , the amount of initial material intake. 
It is generally known that man inhales at a rate of about 20 1pm while 
working, which converts to 3.3 x 10" in /s. Therefore, 

q o = V x 3.3 x 10"" Ci (3) 
The amount of intake, q , is not the amount that reaches the alveoli, -i0> 

because the body has a natural filtering mechanism in the respiratory tract. 
The actual amount deposited depends on the physical diameter and the 
aerodynamic behavior of the particles inhaled. Deposits occur in the naso
pharynx regions, the tracheo-bronchial regions, and in the lung. Extensive 
experimental data accumulated in this area have been used by the Internat.onal 
Radiation Protection Commission Task Group on Lung Dynamics (ICRP) to devalop 

Q 

a lung model. We have used this model to calculate the internal dose of 
inhaled radioactive material. 

In the ICRP model (Fig. 5) the movement of radioactive material from the 
site of initial deposit into the bloodstream, and hence to other organs of the 
body, depends on the solubility of the inhaled material and the affinity the 
organ has for collecting the material from the blood. 

Knowing the turnover rate of a specific organ, the distribution of the 
radioactivity within the organ, the mass of the organ, and the energy absorbed 
into the organ tissue per disintegrating atom, we can calculate the dose 
equivalent the organ receives for any given period of time. Once the dose is 
known, we can then determine the risks of developing harmful aftereffects 
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(cancer). Remember, this calculation is for individuals it one receptor 
point. We must now extend our calculation to include all receptor points 
where individuals are at risk—a rather large task. Extensive use of computer 
programs are necessary to make such ; complete evaluation. The risk of 
developing a fatal cancer as a result of radiation exposure is generally 
expressed as a probability or as the number of fatal cancers that will develop 
among the individuals at risk. 

Estimating the risks of contamination from LLW buried in shallow 
landfills is also quite complicated. Figure 6 shows a schematic of a closed 
burial site. In this example, institutional control maintained for 100 years 
after closure has been removed. The waste containers have disintegrated until 
the radioactive materials are mixed with the fill soil. Over the years, 
rainfall slowly percolated through the soil, leaching the radioactive material 
from the burial trench down through the soil into an aquifer. A river, used 
for city water supplies and irrigation purposes, at some point along its path 
to the sea comes in contact with the aquifer. The equation used to calculate 
the transport of radioactivity from the burial trench to the aquifers is : 

3 2C. 3C. / p K . \ 3 C / pK \ 
Do -^ - vo -5? - ( i + -r)-£ - *i (i+ -r) ci = ° W 

where D is the effective dispersion coefficient; >• is the distance of flow; 
K. is the empirical distribution coefficient; V is the average water 
velocity through the soil; p and E are the density and porosity of the soil; 
X. is the radioactive decay constant of tf-o _ith isotope; and C. is the 
concentration of the 2th isotope at distance x. 

Some of the parameters that must be used in the transport equation are: 
• In-situ concentration of each isotope buried. 
t Leach rate of each isotope. 
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• Dispersion coefficient of the material as it moved down through the 

soil to the aquifer. 

• Distribution coefficient- the density and the porosity of the soil. 

• Depth of the aquifer under the burial trenches. 

• Velocity of the percolating water flow. 

• Volume end flow rate of the aquifer under the burial trenches. 

Other information necessary to calculate the risk are: 

• Dilution of the material in rivers or streams. 

• Use cf the water downstream. 

• Demogriphy of the downstream areas at risk. 

One can readily see from the equation and parameters what a formidable 

task it is to calculate the risks involved. 

Fiq. 6. Schematic of a shallow-land burial site for low-level v.aste. 
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REDUCING THE RISKS OF LLW DISPOSAL 

Once we have identified all the important pathways of LLW exposure to man 
and calculated the risks, we can examine methods of reducing these risks. But 
first we have to look at the costs of such methods and the resulting benefits. 
When making a cost-benefit analysis, the seriousness of the risk must be 
included. For example, suppose it cost a plant operator $250,000 a year to 
implement a certain risk-reduction prograiv. Management would be willing to 
expend the moneys if the probability of accidental contamination was reduced 
from 10 to 10" . However, if the probability was reduced from 10 to 
10" , management might be yery reluctant to spend such money. 

Here are some methods that can be used to reduce risk. These methods 
have not been analyzed to any extent, therefore, some may not be feasible or 
compatible with other operational considerations. 

• Choose burial sites in arid climates where rainfall is minimal. 
Rainfall that does occur will be transpired by plant life and evaporate. 
(Desert areas are excellent locations.) 

• Select burial sites that are remote from large population 
centers--sites that would not be attractive for any type of commercial 
development for many years. 

• Select burial sites where wind or water erosion would not expose the 
waste for at least 300 years or more. 

• Classify the waste that will be permitted ir LLW burial grounds so 
that its in-situ concentration will have decayed to a low value by the time 
institutional control is abandoned. The level should be low enough that 
persons accidently intruding into the waste would risk negligible effects. 
This process requires that accurate records be maintained of the material's 
volume and isotope activity. 
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» Select burial sites near large waste-generating plants to reduce 
transport mileage to the burial site. 

« Select transport routes that avoid highly populated areas and 
congested roads. 

• Store waste in areas away from combustibles. Do not package 
materials that could ignite spontaneously. 

• Move waste to burial sites at reasonable intervals; do not store 
large inventories of waste. 

• Bury waste as it arrives at the burial site to eliminate the need 
for temporary storage. 

CONCLUSIONS 

As a result of modern technology it is possible to safely dispose of 
low-level waste. Land burial methods have been used since the advent of the 
nuclear era (35 years). Although a few accidents have occurred and two 
commercial sites have reported a small amount of leakage, not one person has 
been harmed from exposure to LLW. 

Table 1 lists the risks of contracting a fatal cancer from exposure to 
the radioactive wastes and compares them to other more common risks. ' 
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TABLE 1. Risks associated with radioactive waste exposure and other common 
activities. 

Identified Risk 
Probability 
of dying 

Cause 
of Death 

Drinking well water taken from an aquifer 78 x 10" 
passing jnder a burial site (exposure 
of 0.5 rem/yr to bone after drinking 
water for 50 yr) 
Inhaling resuspended radioactive material 
exposed by surface erosion of the 
overburden. (Exposure of 0.005 rem/yr 
for 50 yr.) 
Construction worker inhaling radioactive 
material whiV digging into buried waste 
after institutional control is abandoned 
(exposed for 30 d). 
Living from birth to age 72 0.50 

Traveling by bicycle (500 mi) 50 x 10" 6 

Traveling by car (10000 mi) 33 x 10" 6 

Traveling by commercial jet (5 h) 2.5 x 10-6 
Traveling by commercial jet (12 h) 10" 6 

Smoking 140 cigarettes (7 packs) 100 x 10" 5 

Living 1 yr with a cigarette smoker 6 x 10"6 

Spending 30 h in a coal mine 10 x 10~ 6 

Spending 10 h in a coal mine 10 x 10" 6 

Radiation-induced 
(to age 72) bone cancer 

5 x 1 0 - 6 Radiation-induced 
(to age 72) lung cancer 

25 x 10"6 Radiation-induced 
(to age 72) lung cancer 

Accident or 
disease 
Accident 
Accident 
Accident 
Cosmic ray-
induced cancer 
Lung cancer or 
heart disease 
Lung cancer or 
heart disease 
Accident 

Black lung 
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