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Production of uranium has become a major industry since 1942. The

initial demand for uranium was mostly limited to the production of nu-

clear weapons. The application for peaceful uses of atomic energy did

not start until 1954 when President Eisenhower initiated the program

"Atom for Peace". Application of nuclear energy for production of

electricity was delayed until 1966 when economical advantages over

other sources of energy was demonstrated. The major ore deposits have

been discovered in western Colorado, eastern Utah, northeastern Arizona,

northwestern New Mexico, Wyoming, Texas, North and South Dakota, and

Washington. The full scale production of uranium resulted in a radio-

active waste legacy that hunts the industry and government as the in-

active uranium mill tailings.

In 1957, and subsequently in 1959, the Colorado Department of

Health measured airborne concentration of radium in Durango and Grand

Junction. In 1966, a joint program was initiated between the Atomic

Energy Commission, the Public Health Service and uranium industry to

identify and limit the contamination of the Colorado River Basin.

These studies resulted in a joint statement by the Atomic Energy Com-

mission, the Department of Health, Education and Welfare, and the

Department of Interior. In summary, the joint statement mandated

that the water and the wind erosion of the inactive uranium tailings

piles should be minimized. The enforcement for mitigation, however,

was left to the individual states. The first regulation directed at

stabilization of uranium tailings was promulgated in 1966 by the

Colorado Board of Health. In 1970, the Surgeon General of the United
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States Public Health Service provided guidance for action and it was

dictated toward the remedial action in Grand Junction. Inspite of

these federal and state activities, a comprehensive study of the im-

pacts of uranium milling was not initiated until the passage of the

National Environmental Policy Act of 1969 (NEPA). This act dictates

preparation of an environmental impact statement for major federal

actions, including licensing of uranium mills. This act mandates that:

We are costudian of our environment for the succeeding gener-
ation, and

We are entitled to a safe, healthful, productive and pleasing
environment.

The first comprehensive analysis of environmental impacts of

uranium mining and milling in accordance with 10 CFR part 51 was

the Bear Creek Project (NUREG-0129, 1977), contracted by Argonne

National Laboratory. This analysis contained the following elements:

1. Sources of emission of the effluents,

2. rates of emission of the effluents,

3. pathways of transport and transfer of effluents,

4. physio-chemical characteristics of the effluents,

5. residency within the ecosystem,

6. uptake, and

7. estimation of dose and dose rate.

These predictions were directed toward the U.S. Nuclear Regulatory

Commission granting of license for mining and milling operations and

stipulation of decommissioning alternatives.



- 3 -

The major sources of emission from strip mining and milling

operations considered were:

1. Particulate emission, either as a fugative dust and/or as

consequence of mechanical or explosive disruption of the

ore zone.

2. Radon exhalation from the surface of exposed ore, stock-

piles, and tailings.

3. Water table disruption and contamination.

4. Washout of contamination from watersheds effecting the

streams and impounded water (watering hole) for cattle.

The rates of emission from each of these sources are site specific

and were discussed earlier. A selected reference pertaining to these

pathways is included for further information.

The pathways of exposures, if man is our focus of analysis, are:

• inhalation of airborne effluents,

• ingestion of airborne effluents,

• external exposure from airborne and ground contamination.

Inhalation of Particulates

The concentration of airborne effluents is dependent, in addition

to the rate of emission, on the physical characteristics of the

eff1uents:
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• size distribution

• density

• hydroscopic property

The size distribution for each source of emission is dependent on

the type of applied control technology, on the season, climate and

meteorologic factors. The airborne particles which are larger and

denser deposit on the ground closer to the source of emission. Oppo-

site, those which are lighter are transported downwind to long distances.

Thus, because of this differential deposition, the distribution of air-

borne effluents changes with distance from the source. For example,

the effluents from the yellowcake drier are the most important source

of uranium release. The total airborne concentration from this source,

i.e. irrespective of the size of the airborne particles, is about
-l 32 x 10 pCi/m for U-238 close to the source and it decreases to about

one-tenth at a distance of about 2 km, and to one-thousand by 10 km.

The effluent control mechanisms incorporated in the yellowcake drier

stack often removes all but submicron size particles. In this case,

because of the small differential deposition, the distribution of the

airborne particles does not change with distance from the source.

The concentration of thorium (Th-230) attributable to the opera-

tion of the yellowcake drier is about 10 times less than those of the

uranium at the same distance from the source, because of the lower con-

centration of the thorium in the emission rate. Only a small fraction
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of the thorium, less than 5%, is extracted at the mi l l . Thorium is

also present in the tail ings. Tailings sand are major sources of

particulates. At the tailings pond, the airborne concentration is
-2 3

about 5 x 10 pCi/m , dec:
one-hundred by about 5 km.

-2 3
about 5 x 10 pCi/m , decreasing to one-tenth by 1.5 km, and to

The concentration of Ra-226 in the yellowcake is very small,

about 1/10,000 that of uranium U-238. Here again, the major sources

of radium are from ore pad and the dried surfaces of the tai l ings.

Concentration of airborne radium decreases with increasing distance

from the sources in a similar fashion to that of thorium. These con-

centrations are only an order of magnitude approximations, with a

probable error of 300% for those mills located on relatively f la t

topography. Estimation beyond the 10 km ranges is a mathematical

extrapolation and exceeds the range of the data. For those mills

that are located in complex topography, the problem is even more

complicated and the estimation of concentration for these sites

should be based on the experimental data.

Ore pads and tailings are the major sources of particle ef f lu-

ents because the emission from the sources are not controlled. Air-

borne particle sizes from these sources exceed 100 vm., Because of

their size, the gravitation force effects the airborne particle size

distribution. Further from al l the sources, the size distribution

becomes nearly similar and resembles those of the natural environment.



- 6 -

The site of deposition within the respiratory system is dependent

on the size distribution of the airborne particles. The larger sizes

are deposited in the upper region of the respiratory system and the

smallest one's are passed to the pulmonary region. Because of the dif-

ferential modification of the airborne particle size distribution, the

site of respiratory deposition is indirectly related to the distance

from the source of particle emission. The particle size distribution

from the mining site and the ore pad region is coarse and the dust is

partially produced because of the mechanical disturbance of the sources.

These airborne contaminations are not readily transported to long dis-

tances, they are transported by creeping and rolling just above the

ground. These sources and tailings are responsible for the immediate

contamination of adjacent landscape and are responsible for contamina-

tion of forage, creeks, and rivers. Because cf the ground deposition

of the airborne particles, contamination of surface water could become

a problem from the contaminated watersheds.

Dose rate to an adult lung, characterized as standard man, from

all airborne particles to the milling operations is about 200 mrem/year

at a distance of about 0.5 km from the mill. The probable uncertainty

in this estimation is about 500% as applied to any site with a relatively

flat topography. The 0.5 km distance could be the boundary for many

mills. The mills with large areas, such as Anaconda Mill in New Mexico,

the boundary in some directions may exceed 1 km. The population centers

at closer distances than 0.5 km are typical of many older mills, for

example, Uravan (Colorado), Atlas Mill (Moab, Utah), and Homes tack

Partners (Grants, New Mexico). The dose rate at a distance of about
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2.5 km is about 25 mrem/year. This dose rate, 25 mrem/year, is just what

the regulation 40 CFR 190 permits for an individual exposure. On this

basis, it is imperative to question the compliance status of many mills

even without consideration of the other pathways of exposure. Even in

absence of active milling operations, the dose rate from many of these

sites to real population may exceed the dose rate limit. The dose rate

from inhalation is not only to the lung, because of the physiological

solubility, the nuclides deposited in the respiratory passages are trans-

ported from the lung to other tissues. For example, bone is a major

target for radium accumulation. The dose rate to bone from all parti-

culates is about 100 mrem/year at 0.5 km distance, decreasing to 25

mrem/year limit at a distance of about 1.5 km. The consequence of

exposure to the organs and the dose delivered from the inhalation

pathway may not be significant in comparison with the exposure to

the bone tissues.

Inhalation of Radon Daughters

The dose rate from radon daughters has been implicated as the

largest source of exposure from the mining and milling operations.

Estimated source strength for radon release rate from the mills

ranges from less than 1000 Ci/year to 15,000 Ci/year. The radon by

itself is not hazardous; the hazard is associated with its alpha

emitting daughter products, Po-218 and Po-214. Radon as an Inert

gas will readily disperse in air without the effect of gravitation
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and ground deposition. The average concentration of radon at a height

of 1 m on the surface of tailings is within 5 to 50 pCi/L, significantly

above the background (0.3 to 1.5 pCi/L). This concentration decreases

to one-half the value by 1 km and to a background level by about 2 km.

The concentration of radon in air shows both diurnal and seasonal varia-

tions. The highest daily concentration is by sunrise and the minimum

by midafternoon. This diurnal change is partially indeed by lower

windspeeds at night and the lower atmospheric mixing depth.

The dose rate to the lung from inhalation of radon daughters at

0.5 km exceeds 2500 mrem/year. At 1 km, the dose rate reduces to about

500 mrem/year. At a distance of about 10 km the dose rate from radon

daughters approaches the limit of 25 mrem/year; however, the 10 CFR 140

regulation does not pertain to radon daughters.

External Exposure

The airborne and ground deposited gamma and beta emitting nuclides

in the uranium U-238 series are potential sources of exposure. The in-

tensity of the exposure is directly related to the concentrations of

the nuclides in air and on the ground. The exposure rate on the tailings

is in the range of 5 to 25 rem/year. This exposure decreases to a 30

mrem/year at 1 km and 0.4 mrem/year at 10 km, in comparison with a

background of less than 100 mrem/year.

At 0.8 km distance, the external exposure is about 25 mrem/year

corresponding to 10 CFR 140 limit. The external exposure from the ore

pad is less than those from the tailings. The external exposure on the
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exposed ore at sites directly over the thick and extensive ore bed could

approach or exceed those on the tailings. But because of the distribution

of the ore within the secondary ore wastes, the exposure is often less

than those on the tailings. On some occasions the activity of the ore

may exceed the limits for a safe operation and may result in the over

exposure of the miners. In these cases, equipment with shells constructed

for protection against external and internal exposure had to be devised.

Due to lower quality of the ore processed today in the United States,

however, this is not often the present experience.

Ingestion Exposure

The contaminated forage either by direct foliar deposition or ground

deposition of the airborne radionuclides constitutes a prolonged potential

for human exposure. The main staples of mans diet are vegetables, meat

(beef, portk, and lamb), and milk. The others are not significant sources

of exposure except under very site specific conditions, for example nuts

and fish. Of all the exposure pathways, ingestion is the most dependent

on the site specific geochemical, land management and agricultural practices,

The exposure of a large segment of human population is readily feasible

because of the marketing practices and exportation of food. The details

for uptake and distribution of contaminants within the ecosystem are dis-

cussed later by one of my colleagues.

Estimation of ingestion dose is practically limited to two major al-

ternatives, those of adjacent residents depending solely on their own

agricultural productions and the other average smeared population dose.

Because of the factors listed above, the estimated dose is often
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conservative and at these days seldom any individual rancher or farmer

makes his subsistence soley from his own production.

The largest dose from ingestion of contaminated food is from Ra-226
-2 -2

received by bone, 9.4 x 10 mrem/pCi for infant, 8.8 x 10 mrem/pCi
-2 -2

for children, 4.9 x 10 for teenagers and 4.6 x 10 mrem/pCi for adults.

This age dependence is due to the age dependence of skeletal turnover and

growth rate, which is more active in the younger age groups. The next

radionuclide in the significance of dose delivered is Pb-210. For

infants and adults the dose yield from ingestion of Pb-210 is, re-
-2 -2

spectively, 5.3 x 10 and 1.5 x 10 mrem/pCi.

The dose to an adult from one year of ingestion of food contaminated

from a mill operating for a period of 15 years is about 20 mrem from

vegetables and 3 mrem from meat; assuming that he is practicing sub-

sidence farming (the maximum dose) and he is an adjacent neighbor to

the mill. Of course, the total dose is from accumulation of many years

of ingestion of the contaminated food, even after the milling is stopped

and the site has been decommissioned. This is a simple fact of pre-

sistence of radioactivity in soil especially in arid regions.

Risk of Radiation Induced Late Effects

The potential risk of radiation induced late effects, such as lung

and bone cancer, and genetic effects are inversely related to the dis-

tance from the mill and mine. At close distances to the site rates of
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exposure from external and inhalation pathways are significant. For

example, at 0.2 km from the edge of tailings, the external e.posure

rate may be about 600 mR/year, i.e. exceeding the natural background

by 6 times. This exposure may induce a probability of feta1 cancer

of 1 to 5 per 1000 exposed individuals. At communities which are

adjacent to the tailings this pathway alone is very high and unaccept-

able risk to the population.

The inhalation is a major pathway of exposure to lung and many

other organs for example bone. The radiation from the radon daughters

are, for example at 0.2 km within a range of 0.03 to 0.05 working level

with a probability of 5 to 10 out of 1000 to induce fetal lung cancer.

Even at a distance of 2 km, this probability is significant and may be

as high as 2 out of 100 exposed individuals. In contract, and in

general, the contribution from the ingestion pathway is 100 times

less than those from inhalation.

Mitigation

Since the tailings contribution are the most significant, reduction

of exposure from this source is the best procedure for control of human

exposure. Previously, we have discussed methods of reduction of both

radon and airborne particulates (EPA-520/3-79-002, page 307). In our

analysis, application of water to moister the surfaces a"!ciie will result

ir reduction of the fetal cancer probability by 10 to 100 times. Addi-

tional measures, such as elimination of the product as moist cake to
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refineries will all but eliminate the second most source of exposure.

I believe, we have not yet applied the Yankie ingeniutiy to the

development and the control technology in this industry which seems

often as old as the 1940 state of the art.


