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1. Background

In 1947, when the newly formed Atomic Energy Commission got underway
one of its most urgent needs was an adequate supply of uranium to meet
what was considered an enormous national defense need. Prospects for
finding adequate supplies within the continental United States were
considered very slim, and the search for adequate resources quickly
became world wide. The results of the vigorous search were very slow
at first, and it was not until 1956, when the size of the deposits in
the Ambrosia Lake area of New Mexico became apparent, that it was evi-
dent that the U.S. had adequate uranium resources to meet its near term
requirements.

Closely on the heels of ore discovery came ore processing mills to
treat the ore and recover the valuable uranium. The earliest processes
were crude by current standards, and recoveries of 60 or 70 percent of
the uranium were oiten the best that could be done. However, this
situation quickly changed with the introduction of new technology in
the early 1950's. Ion exchange, the improved carbonate leach process,
and solvent extraction were the three most notable process improvements



resulting in a period of year;, in which the domestic industry recovered
an average of 95 percent or better of the values in the ore. As a
result, there are only a few tailings piles from the older operations
that still contain economically significant amounts of uranium. These
are being considered for reprocessing.

The early plants, in response to the intense demand at the time, were
either old mills that had been used earlier, chiefly for vanadium pro-
duction, or plants that had been built originally for other purposes.
Many of them were located in or near cities and towns and close to
rivers, where many of the important raw materials were accessible and
good transportation facilities existed. The mill in Grand Junction,
Colorado, was a converted sugar beet processing plant; the mill on
the outskirts of Salt Lake City was built originally to process alunite
ore for aluminum. Water sources were of primary importance in the arid
areas of the western U.S. as many of the uranium production methods
used 2 to 4 tons of water per ton of ore processed. The distance to
the ore supply was not considered a major consideration in early opera-
tions, as AEC paid the miners a haulage allowance of 6 cents per ton
mile for distances up to 100 miies (160 kilometers). Most ore was
trucked to the mills, but some was deliverd by railroad. Frequently
a mill received its ore supplies from tens to a hundred or more small
mines.

One aspect of the uranium production operation received relatively
little attention and also relatively little concern until about ten
years ago. This was the question of what to do with the solid wastes.
Since the uranium content of the ores average well under 0.5 percent,
the treatment of a tonne of ore for uranium recovery results in a tonne
of solid waste, commonly called tailings. The processing methods are
reasonably selective resulting in a concentrated uranium produce con-
taining about 70-90 percent U,0R, and a tailing containing nearly all
(about 85 percent) of the radioactivity of the original ore, comprised
mainly of thorium-230, radium and its decay products. As is the normal
practice in the non-ferrous metal industry, the tailings were impounded
in a convenient area as close as possible to the mill. An earthen
starter dyke was usually erected originally, and then raised from time
to time with tailings sands whenever necessary. In a few plants the
milling process, following grinding of the ore, involved a separation
of the sands from the slimes generally minus 325 mesh. The sands were
sometimes disposed of to a separate area of the mill site from the
slimes, which were impounded in a pond.

From time to time, complaints were received from residents of the towns
in which the mills were located about the blowing dust from tailings
areas which became quite objectionable at times. Several studies were
made by AEC and the U.S. Public Health Service of the radiation levels



in the vicinity of the uranium ore processing mills. Thr?y concluded
that the levels of radioactive materials in the air were below estab-
lished guidelines or standards. In 1958, it was found that radiurc
concentrations in the Animas River below the mill at Durango, Colorado,
were excessive as a result of the mill releasing untreated effluents
directly into the river. This situation was fairly quickly brought
under control, and the development of radium precipitation methods
have reduced the radium content of effluents of uranium mills to very
low levels. Most mills now make no effluent discharges to surface
waters.

In 1966 the Colorado Department of Health found that tailings sand was
being removed from the mill site in Grand Junction and used in building
construction in the town. Radiation levels in these structures were
found to be excessive. Subsequent investigations revealed that the use
of tailings had been widespread over a period of about 15 years, and
that there were hundreds of buildings, including homes, schools and
commercial structures in which tailings were used, most commonly as a
fill around footings and beneath the concrete floor slabs. The Federal
Government is paying 75 percent of a State operated remedial action
program that has been underway since 1973. It is expected to cost
over $10 million. Over 200 structures have had remedial work to date,
involving usually the break up of the concrete floors and excavation
of the tailings. It is meticulous and costly work.

In the early survey work in Grand Juncticn, we used a drill hole
logging truck with a scintillation instrument mounted on the side to
canvas the town and record locations with radiation anomalias. Uhile
many anomalies were not due to tailings, the truck scanning system was
a very useful tool. The Environmental Protection Agency (EPA) subse-
quently used the truck for scanning towns in the uranium producing
states. While some structures were located having tailings present,
fortunately nothing was found elsewhere comparable to the situation in
Grand Junction. However, a somewhat similar situation to that in Grand
Junction was discovered only about 2 years ago in Port Hope, Canada,
where the Eldorado Refinery is located. Unless adequate precautions
are taken to control the use of tailings it could happen elsewhere
around the world as the industry expands to meet new market demands.

In 1974, AEC (now ERDA) in conjunction with the EPA and the
appropriate authorities in the states involved undertook a survey of
22 inactive uranium mill tailing? sites in the western states. An ini-
tial fact finding survey, designated Phase I, found that the conditions
of these sites varied greatly. Tailings stabilization at 5 sites has
not been attempted at all. The chemical surface coating used on one
site had broken up after only a few years of weathering. In Colorado,
where the State adopted regulations in 1966 for stabilization of tail-
ings, the substantial- efforts that were made by the owners have been



fairly successful. The usual practice has been to contour the site for
proper drainage, then plant grasses either directly in the tailings or
after covering with about 15 cm of topsoil. Nowhere have the results
been entirely satisfactory, The vegetation has generally not been self
sustaining without continued maintenance, usually including watering
and fertilization. Some erosion and loss of cover was noted in all
cases. Little attention has been given to the selection of species of
vegetation which might best survive in the desert environment typical
of the uranium producing areas. The stabilization work to date repre-
sents a holding action, reducing wind and water erosion, but certainly
not an adequate answer to the problem of long term stabilization.

2. Magnitude of the Control Problem

Of the 39 privately owned mills that produced and sold uranium to the
U.S. Government during 1948-1971, 22 have closed down due either to
exhaustion of reserves or lack of market. On the inactive mill sites
there remains 24 million metric tons of tailings containing 14,000
curies of radium. By 1975 the total quantity of tailings on all
uranium mill sites had reached about 125 million tonnes. Based on
estimates of future uranium requirements, the total is likely to
exceed one billion tonnes by the end of the century. Radium has a
half life of 1600 years, and its parent thorium-230, also present in
the tailings has a half life of 80,000 years. Thus, the radiation
from these elements in tailings will continue essentially undiminished
for as long as we care to consider.

There are two principal sources of radiation from tailings.
Bismuth-214 emits high energy gamma radiation. Radon, a noble gas with
a half life of about 4 days, escapes continuously from the tailings and
diffuses into the atmosphere. It decays into a series of short lived
daughter elements which are solids, and two of which are alpha emit-
ters. These daughters are considered a major contributor to the high
incidence of lung cancer among uranium miners.

The pathways by which radiation from tailings can cause exposure to
humans are as follows:

a. Airborne radon and its daughters

b. Direct gamma radiation

c. Airborne tailings dusts

(1) Direct inhalation

(2) Deposition on land surface



d. Water borne

(1) Solid tailings

(2) Dissolved solids

e. Physical removal for off-site use

In our measurements in the vicinity of the inactive mill tailings,
and off the mill sites themselves, item a, above, accounts for about
90 percent of the radiation, and item b, about 10 percent. The other
pathways have been very minor, and well within the limits of accuracy
in measurement of items a and b. An exception, of course, is item e,
off-site use, where it has occurred. We have observed that windblown
tailings, while certainly a nuisance, are not present in the atmosphere
enough of the time to cause a significant exposure by inhalation.
Radon, on the other hand, is released continuously, as is the gamma
radiation. Fortunately, water borne contamination from the inactive
millsites is relatively very minor. At most sites radium has pene-
trated the subsoil beneath the tailings areas only about 60 cm. The
ground directly under the mill foundations may be contaminated with
radium to a depth of 2 or 3 meters. The ore stockpiling areas may
also be contaminated to similar depths.

There have been very few instances where there has been evidence of
contamination of potable aquifers by chemicals from uranium milling
operations, and this has been confined largely to the Ambrosia Lake
area of northwestern Hew Mexico. The contaminants in these cases
were mainly sulfates and chlorides, and not the radioéléments.

•. windblown tailings do not represent significant exposure from
direct inhalation, they have resulted in large areas of ground
immediately adjacent to tailings piles and extending outward for
several hundred meters being coated with fine sand tailings. The
contamination is generally confined to the surface, but limits the
use of this land until it is cleaned.

Both direct gamma radiation and radon can usually be readily detected
at concentrations above background at distances out to half a mile (0.8
kilometer) from the perimeter of a tailings pile. In some instances
elevated radon levels may be found at greater distances depending on
weather conditions and other factors.

3. Potential Health Effects

The evaluation of the risk of incurring cancer as a result of long term
exposure to low level radiation is in itself a risky exercise. Never-
theless, in order to make some sense out of all the data which has been



gathered, arid to arrive at reasoned decisions on the desirability of
expending funds to lessen the exposures, it is necessary to make such
an evaulation. The BEIR report contains an analysis of lung cancer
incidence versus exposure to radon daughters in two groups of miners
in the U.S. The average incidence rate is 6 cancers per year per 10
person-working level months (WLM) exposure. When the exposure is con-
tinuous for periods of 30 years or more the risk estimator increases
to an ultimate value of 180 effects per 10 person WLM's annual expo-
sure. Expressed differently, an individual exposed to 1 WLM annually
has about a 2X10 probability each year of developing lung cancer from
this source. Whether or not such calculations are valid for low level
exposures has been a subject of debate for many years. Two recent
studies in Canada and Czechoslovakia arrived at about the same
figure among miners, and the relationship seems to remain constant over
a wide range of individual exposure levels.

As an illustration of the levels of radiation being found, Figure 1 is
a curve ofi radon concentration versus distance from the tailings pile
in Salt L̂ /ke City. A very similar curve was found for gamma radia-
tion. Both blend into the background at about 1/2 mile (0.8 kilometer)
from the perimeter of the tailings area. Figure 2 is an estimation of
lung cancer risk versus distance from the tailings. This says, in
effect, that for those residing continuously within 1/2 mile of the
tailings the risk of,lung cancer incidence is about double that for the
general population. It is on the basis of such findings that a ban
on further building has been put into effect for the area within a half
mile of this site. The land within this areas is valued at $27 million.
If the building ban were lifted and the 1/2 mile area developed on a
linear population projection in median density housing, by the year
2000 the rate of cancer incidence would be about 3 per year as a result
of radiation from the tailings, about double the rate in the State as a
whole. Clearly there is a problem. What are the possible solutions?

4. Basic Studies

There are many recently completed or ongoing studies designed to
evaluate the environmental impact of uranium ore processing operations.
This writer has been involved in three. An IAEA panel met in Canada
in 1974 and in Vienna in 1975 to develop a Code of Practice for uranium
and thorium ore processing operations. The code should be published
shortly. In 1975 the Nuclear Regulatory Commission initiated a task
force study as a preliminary step to a generic environmental impact
statement on uranium milling. In addition there is the ERDA Phase II
engineering analysis of inactive sites. All of these studies lead to
the same conclusions, namely that the environmental impacts of uranium
milling operations should be controlled, including the long term con-
trol and stabilization of tailings. However, the current state-of-the
art leaves much to be desired. According to theoretical calculations,



a 1 meter thick cover of sand or topsoil over tailings will effectively
shield the gamma radiation, and about 6 meters of cover would reduce
radon emanation to negligible levels. These measures would be expen-
sive but they can be done. Another alternative is to move the tailings
from cities or towns to locations away from populated areas. Various
alternative locations were examined for the 3 million tonnes of tail-
ings and contaminated soil on the Salt Lake City site. They ranged in
cost from $8 million for use as fill at a highway intersection, to
$31.5 million for a remote desert location. For the 22 sites on which
the Phase II engineering analysis has been done, the probable total
cost is roughly $80 million in calendar year 1976 dollars. This is
about $3 per ton of ore processed.

Table I shows the major alternatives examined for the Salt Lake City
site, their cost, benefits-t-o-cost ratio for land restored to use, and
benefits in terms of cancer cases avoided over a 25 year period.
One can place his own value on a human life, as it seems to vary
greatly from one study to another.

5. Research Needs

In connection with the Phase II effort, ERDA has initiattd a very
modest R&D effort. We don't pretend to know all the answers for tail-
ings stabilization, and we need to know some of them very soon. There
have been no attempts at long term stabilization of tailings including
minimization of radiation from the site. We are seeking answers to
such topics as:

a. The practicality of extracting all radioéléments from tailings
or ores

b. How should a site be contoured to minimize radon emanation?

c. Are there, practicable tailings surface sealants?

d. Can quick growing, self sustaining vegetative covers be developed?

We are encouraged by the results of the initial work, which has the
potential of greatly reducing stabilisation cost. As one example,
Figure 2 is a pair of curves illustrating by controlled experiments
the effect of changing moisture content on the radon flux. The results
are quite different from what would be expected. This type of work
is helping us to understanding some of the results obtained in field
measurements, in which temperature, barometric pressure, wind velocity
and moisture content of tailings are uncontrolled.

I consider that the problems of tailings stabilization could be solved
or greatly reduced with a modest applied research effort.
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TABLE I

Option
No.

1
II

III

IV

V

VI

í V"
thru
X

POTENTIAL VALUE OF REMEDIAL ACTION IN SALT LAKE CITY
IN LAND VALUE BENEFITS AND CANCER CASES AVOIDED

(1976 Thousands of Dollars)

Remedial
Action

Minimal
Stabilization
in place
Removal to HWY
Interchange Fill
Removal to Airport
Fill Area
Removal to the
Magna Lake Bed
Removal to the
Oquirrh Foothills
Removal to Remote
Site Out of Valley

Cost of
Remedial Action ($)

550
2,700

8,200

8,600

14,300

16,400

27,300 to
31,500

Benefit/Costa

Ratio

0
0

3.3

3.1

1.9

1.7

0.99-
0.86

Cancer15

Cases
Avoided

1.6
4

23

17

25

25

25

aBased on land value benefits on 1125 acres at $24,000 per acre = $27 million.

"Over a 25 year period.
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