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FOREWORD 

Since 1949, the Colorado Department of Health has been directly 

involved in the study and abatement of environmental radioactive contamin-

ation and other radiation problems. Much of the effort has gone into 

studying the health and safety aspects of uranium mine conditions and the 

air and water pollution problems which were created as a result of waste 

disposal practices of the mining and milling industry. This paper 

presents a brief historical review of the major studies and events which 

have helped bring about the present health and safety controls and prac-

tices in this industry today. These studies led to a recognition of a 

potential health hazard which may exist in Grand Junction, Colorado, as 

a result of the use of uranium mill tailings at numerous commercial and 

residential construction sites. This review of the study presently in 

progress brings the story of Colorado's radiation safety program in 

uranium mining and mill tailing control up to date. 



LUNG CANCER AND THE URANIUM MINING INDUSTRY 

Evaluations of the Uranium Mine Atmosphere 

A possible health hazard to miners in the domestic uranium mines 

of the United States was first recognized by the Colorado Department of 

Health and studied in cooperation with the United States Public Health 

Service (U.S.P.H.S.) in 1949. Earlier studies had outlined the nature of 

the hazard. From 1949 to 1964, several cooperative and independent studies 

of uranium mine environments were conducted by the Colorado Department of 

Health, U.S.P.H.S., U. S. Atomic Energy Commission (A.E.C.), the U. S. 

Bureau of Mines, and the Colorado Bureau of Mines. Concentrations of radon 

and short-lived daughters of radon in mine environments were studied and 

compared with epidemiological and mortality data. The deaths from lung 

cancer of four out of a total of 16 deaths recorded among mine workers from 

1955 to 1958 were enough to arouse concern. The accumulation of such 

deaths which followed convinced authorities that a definite health hazard 
( 1 ) existed. 

Control measures were taken to establish adequate ventilation and to 

limit radon and its daughter concentrations in mine atmospheres to meet 

the one working level (WL)* standard advocated by U.S.P.H.S. and several 

other agencies in 1957. Although vast improvements were made, a reduction 

to one WL was often extremely difficult to achieve, and in most cases, 

levels were maintained somewhere between one and three WL. Immediate 

improvements were required when levels between one WL and ten WL were 

detected, and areas which contained concentrations in excess of ten WL were 
(2,3) closed off. 

*A working level (WL) is defined as any combination of radon daughters in 1 
liter of air that will result in the ultimate emission of 1.3 x 10 MeV of 
potential alpha energy. This numerical value is derived from the alpha 
energy released by the total decay of the short-lived radon daughter pro-
ducts at equilibrium with 100 picocuries Radon 222 per liter. 



In 1960 the Secretary of Health, Education and Welfare called a 

conference of the governors of all interested states to urge them to imple-

ment more rigid control programs governing mine operations. The Colorado 

Department of Health at that time was training Colorado Bureau of Mines' 

personnel to do the uranium mine surveillance and compliance work. The 

Department, however, has remained active in consulting, training and 

evaluating the Bureau of Mines' program. 

An Evaluation of Safety Standards 

In 1959 the Federal Radiation Council (FRC) was established by 

executive order of President Eisenhower. In its 1960 Report on Radiation 

Standards the Council recommended a full review of the atmospheric condi-

tions and problems in underground uranium mining. 

FRC Report No. 8 covering that review provided the basis for its 

recommendation that miners should not be exposed to more than 1 WL concen-

tration averaged over 170 hours per month and 12 months per year, otherwise 

expressed as the 12 working level month (WLM) standard. In recommending this 

limit, the Council urged that actual exposure should be. kept as far below 
(6) 

this level as practicable and that improved control procedures be initiated 

On December 27, 1968, it further recommended that the annual exposure level 

be reduced to 4 WLM per year by January 1, 1971, and promised to review the 

practicality of that limit during 1970. 

In June 1967, the U. S. Department of Labor published a radiation 

exposure standard of 4 WLM per year applicable to public supply contracts 

for uranium under the provisions of the Walsh-Healey Public Contracts Act. 

The impracticality of that limit relative to present control means was soon 

recognized and a procedure for variance to tolerate exposures up to 12 WLM (9) 
per year was arranged. The application of this Act to uranium mines 

extends through A.E.C. procurement contracts, the last of which will 

terminate in 1970. 



Beginning in 1971, Federal authority in this matter will shift to the 

U. S. Bureau of Mines under the Federal Metal and Nonmetallic Mining Safety 

Act. The Bureau's promulgation of February 25, 1970, restricts annual 

exposures to 12 WLM per year pending further recommendations of the FRC. 

These rules also specify a limiting air concentration of radon daughters 
(10) 

in work areas presently in the amount of 2 WLM. 

An A.E.C. report published in December 1969 discussed the accuracy and 

reproducibility of monitoring techniques on the basis of studies in nine 

uranium mines. Measurements included determination of radon concentrations, 

dust concentrations and working levels. Techniques were generally found to 

be satisfactory, and average radon daughter concentrations ranged from 1.2 

to 4.3 WL's. The report tended to imply that an 0.3 WL could be monitored 

reliably if statistical validity were established by taking a sufficient (11) 

number of samples. 

Currently the U. S. Bureau of Mines and Colorado Bureau of Mines 

require operators to reduce the radon daughter concentration to one WL or 

less. Both bureaus require an area to be cleared of men and closed when 

concentrations exceed two WL. Some states have reduced this clearance 

level to 1.75 and 1.5; however, they are all striving for concentrations of 

one WL or less but still feel a reduction to the 0,3 WL will be absolutely 
impossible in some cases. 

Recognized and Compensated Lung Cancer Cases 

Between 60 and 70 claims have been filed against Workmen's Compensation 

in Colorado for lung cancer in uranium miners. Liability has been assumed 

in about half of these cases, approximately ten have been denied and the 

remainder are pending. The decision as to whether or not a particular lung 

cancer was a result of an occupational exposure is based on criteria such 



as documented cumulative exposure, concentration of lead-210 (the final 

decay product of radium) in bone, whether or not the claimant was a heavy 

cigarette smoker, the age of the claimant, the period from the time of 

exposure to the appearance of the cancer, and the type of cancer cells 
( 1 3 , 1 4 ) 

found. 



URANIUM MILL TAILINGS AND WATER POLLUTION 

A Potential Source of Radiocontaminants 

Uranium ore milling operations in the United States are subject to 

the licensing requirements of the A.E.C., or of Agreement States, such as 

Colorado. Regulatory control is applied at this point because of the 

separation and concentration of uranium from the other ore constituents. 

A.E.C. regulations were formalized in the publication of Title 10 CFR 

Part 20, of January 1957. Colorado regulations were first published in 

1967. These regulations were designed to control the possession and use 

of radioactive material. Health safeguards incorporated in the regulations 

restrict air and water concentrations of radionuclides to which radiation 

workers may be exposed on the one hand, and concentrations to which the 

general public may be exposed. Before 1967 there were no rules provided 

for controlling the transfer and ultimate use of tailings. 

For lack of knowledge of the chemical behavior in the various ore 

processing steps of the various radionuclides which accompany uranium in 

its natural mineral, it was necessary to carry out many studies in order 

that the ultimate disposition of each nuclide might be understood and con-

trolled. For example, radium was found in minute quantities in waste 

liquors and this necessitated development of control procedures. 

A summary report HASL-40, dated June 4, 1958, was issued by the Health 

and Safety Laboratory, A.E.C., titled "Environmental Hazards Associated with 

the Milling of Uranium Ore." Its primary objective was an analysis of the 

average daily exposure to radioactive and toxic materials of personnel in 

each of 12 uranium mills. However, cursory studies of radioactive materials 

in mill effluents and local streams were also conducted, and further study 



in this area was recommended. In addition, direct measurements of gamma 

radiation outside the plants, including the tailings pile areas, were 

obtained, and the levels were found to be,as expected from the nature of 

the ore processing, very nearly as high as those over a pile of unprocessed 

uranium ore. Radon concentrations over the tailing piles, in all cases, were 

determined to be at or above the permissible amount stated in Title 10 as it 

applies to the general population, and it was recommended that such areas be 
(15) 

restricted and the public excluded. 

These tailing piles are the result of the sudden demand for uranium 

during the post-World War II increase in nuclear weapons production in the 

United States. At that time technological efforts were concentrated on the 

development of ore refining facilities and economical refining processes 

with little attention being given to the materials which remained in the 
waste effluents from the mills. Thus, effective waste treatment or contain-

(16) ment was lacking for several years. 

Evolution of the Uranium Tailings Piles 

Most uranium mines produce an ore which is from 0.1 to 2 percent 

uranium (U308) with the average ore being about 0.25 percent. About 99 per-

cent by weight of the natural uranium is U-238 which has a decay scheme 

known as the uranium-radium series. The major radioactive materials (daughter 

products of uranium and radium) are shown in Figure 1. 
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Figure 1. Major Decay Products of the Natural Uranium-Radium Series, 

Most ores contain their radioactivity in secular equilibrium, which 

means that their daughter products are being formed at the same rate at 

which they are decaying. Thus, the total activity of each radionuclide, at 

a given time remains constant until the equilibrium is disturbed in the 

mining and milling process, where about 15 percent of the alpha and beta 

activity is removed with the uranium, leaving about 85 percent of the 
(17) 

activity in the mill waste. 

Milling processes vary somewhat, depending upon the nature of the ore 

received, but in general the overall process is as follows. Ore received 

at the mill is crushed in a series of jaw-crushers, followed by wet grinding 

in rod or ball mills, until the particle size is similar to fine sand. The 

resulting slurry is pumped into leaching tanks, where, depending on the ore 

type, either acid or alkaline solutions are added to dissolve the uranium. 



Various procedures are practiced in the separation and recovery of the 

dissolved uranium, and for disposition of the waste liquors and of the spent 

ore residues or tailings. Common practice is to suspend the tailings in the 

liquors and to pump the slurry to tailings dumps located alongside the mill. 

The liquor ultimately evaporates or seeps into the ground or is allowed to 

flow into natural waterways at a controlled rate dictated by applicable 

regulations. The sand-like material remains and the radioactive daughter 

products of uranium remain in the tailings pile. 

At the present time, there are twelve (12) uranium mill tailing piles 

in Colorado; one each at Canon City on the Eastern Slope and Grand Junction, 

Durango, Gunnison, Naturita, and Maybell on the Western Slope; two each at 

Rifle, Uravan and Slick Rock on the Western Slope. Of these twelve piles, 

three are currently active (fresh tailings being added). They are located 

at Canon City, Rifle and Uravan. In Durango and Gunnison the piles lie 

immediately adjacent to the city, and in Grand Junction they are at the 

center of the city. In other cases they are located less than two miles 

away from the city. These mills have a processing capacity of from 300 to 

3000 tons of ore per day and produce tailings at nearly the same rate. 

The most important radioactive constituent is radium-226 which has a half-

life of about 1600 years. 

One begins to visualize the magnitude of the tailings piles when it is 

recalled that only about five pounds of uranium and about 100 pounds of 

vanadium are removed from each ton of ore processed, and that the balance 

(about 1895 out of 2000 pounds) is heaped on a tailings pile as waste. 

At the end of 1969 the total accumulation of tailings in the United 
(19,20) States amounted to 83 million tons. 

Potential Health Hazards Investigated 

In 1941 it was evident that persons with radium body burdens greater 



than 1.5 microcuries (uCi)* may develop osteogenic sarcoma or other 

clinically detectable effects. At that time a safety factor of ten was used, 

by an advisory committee to the National Bureau of Standards, in establishing 

a maximum permissible body burden of 0.1 microcurie for radium-226. This 

value was later recommended by the International Commission for Radiation 

Protection (I.C.R.P.) and remains the accepted value today. It has since 

been determined in a study including persons with body burdens from less 

than 0.1 uCi up to about 2.00**microcuries, that abnormal and fragmented 

chromosomes are more likely to develop, thus the safety factor may not be as 
(21,22) 

large as originally anticipated. 

Radium ranks as a radionuclide of the highest relative degree of poten-

tial hazard to public health, and its Radiation Concentration Guide (RCG) 

level as presented by the FRC is the lowest permitted in water (RCGW)*** 

Radium was therefore given primary consideration in the studies concerning 

the possible contamination of potable water supplies. In the mid 1950's, 

the U.S.P.H.S. found that liquid effluent from the Durango mill was contri-

buting to elevated levels of radioactivity in the Animas River, and by 1955, 

the problem of radioactive contamination of water supplies from mill opera-(23) tions generally was recognized. This was soon followed by U.S.P.H.S. 

studies of Waste Characteristics for the Resin-in-Pulp Uranium Extraction 

Process the Effects of Uranium Ore Refining Wastes on Receiving 
C25) Waters and a series of studies in the A.E.C. Process Development Laboratory 

(26) 

in process modifications to control releases of radionuclides. 

*0ne uCi = 0.000001 Ci = 3.7 x 104 dps = 2.2 x 106 dpm 
**It can be assumed that body burdens greater than 2.00 uCi are not immune 

from this effect. ***The RCGw for radium in water is 3 picograms per liter. 



Tsivoglou examined the waste from the Durango mill in detail and 

found from 44 to 822 picograms (pg)* of radium per liter of waste effluent 

and up to 24 pg per liter in the river water below the mill. The levels 

upstream ranged from 0.1 to 0.4 pg per liter. Radium levels of twice RCG 

values were found as far as 30 miles below the mill and concentrations near 

the RCG values as far as 60 miles below the mill. He also reported that a 

study of the Colorado river at Grand Junction revealed about 39 pg of radium 

per liter of water downstream from the mill compared to 0.3 pg per liter 
(17,27,28,29) 

upstream. 

In 1957 the Colorado Department of Health requested and participated 

with the state health departments of Arizona, New Mexico, South Dakota, 

Utah and Wyoming in a series of uranium mill surveys conducted in coopera-

tion with the U.S.P.H.S. These surveys were to determine the composition 

and chemical characteristics of mill wastes in relation to the various 

uranium extraction processes and the efficiency of various control measures 

in decreasing the release of toxic and radioactive materials into our rivers 

and streams. Primary consideration was again given to radium, which was 

traced in both the dissolved and suspended form through each step of the 

acid and alkaline leaching processes. About 0.38 percent of the radium 

present in the ore was found to be dissolved in the acid leaching process. 

About 0.06 percent remained in the sands and slimes, and 0.02 percent was 

found in the finished yellow cake, leaving 0.30 percent dissolved radium 

in the liquid waste. The undissolved radium, 99.62%, of course, remained 

in the solid waste. In the alkaline leaching process, 2 percent of the 

radium was dissolved, and the entire 2 percent was found in the finished 
yellow cake, leaving 98 percent in the solid waste delivered to the tailings 

(30,31,32,33) pile. 
12 *One pg = 1 x 10 grams, approximately 1 pCi 



Effective Pollution Control 

On April 28, 1958, the New Mexico Department of Public Health requested 

an enforcement conference under the provisions of Public Law 660 to obtain 

abatement of radiation pollution in the Animas river, which flows from 

Colorado into New Mexico. The conference agreed that the waste from the 

uranium mill in Durango, Colorado had a definite adverse effect on the water 

quality of the river, and as a result of the conference, the first enforce-

ment measures were taken by the Federal Water Pollution Control Administration 

(F.W.P.C.A.).(34) 

In 1960, an enforcement conference was held by 6 states to control 

pollution of the Colorado River Basin. The Colorado River Basin Water 

Quality Control Enforcement Program was established at that time 

Also in 1960, the only government owned uranium processing mill at Monticello, 

Utah was closed, and the tailings soon began to dry out and become subject to 

water and wind erosion. Thus, to eliminate blowing dust and the potential 

for erosion and distribution of the silty slimes into the nearby river and the 

possibility of radioactive contamination, the A.E.C. in 1961 embarked on an 

extensive erosion control project. The project included grading and contour-

ing to promote drainage, stabilization with rock, covering with soil and 

seeding to establish vegetative cover on the exposed tailings area. 

In 1961, a Radium Monitoring Network of the F.W.P.C.A. was established 

throughout the Colorado River Basin. Contamination of surface waters was 

and is continuously monitored by routine sampling and analysis for radium-

226. 

Shearer in 1962 investigated the leachability of radium-226 from uranium 

mill solids and river sediments. He found that in terms of RCGw values, 

significant quantities of radium-226 could be leached from mill wastes, the 

amount being dependent primarily on the liquid to solid ratio and being rather 

independent of time after the first 15 minutes. Under the right set of condi-
tions, similar to those which may be found in a turbulent river, it was 



indicated that as much as 50 percent of the radium present could be leached 

by water. As a result of these reports, the U.S.P.H.S. and numerous individual 

investigators collected water, sediment, plants, insects, algae and a variety 

of fish, and a "flood" of papers were published on the effects of waste on 
(37) aquatic life. 

Later in 1962, the U.S.P.H.S. published detailed results of its studies 

on waste characteristics and a Waste Guide for the Uranium Milling Industry. 

The guide was intended to assist public health and water pollution control 

officials in planning and improving waste control and treatment. 

The measures taken at that time by the state and federal agencies and the 

milling industry included the use of dikes and tailings ponds which proved to 

be very effective. Data from the F.W.P.C.A. for the Colorado River Basin 

Water Quality Control Project (Radium Monitoring Network) indicated that this 

pollution problem has been corrected and that no immediate health hazard exists 

in the Colorado River basin. The average radium-226 concentration in the 

Colorado River basin was reduced to an average of 0.21 pCi per liter. 



AIR TRANSPORT OF TAILINGS MATERIALS 

State and Federal Evaluations 

In 1957, and later in 1958-59, during the time the water pollution 

studies were being conducted, the Colorado Department of Health began 

studying the levels of radium in airborne particulates in Durango and Grand 

Junction, as compared to the levels found in Cortez and Denver. These 

studies revealed a slight elevation in activity levels in the uranium mill-

ing towns as compared to the control cities, but the actual levels found 

were about 100 times below the Radiation Concentration Guide levels in air 

(RCGa)* in an area to which the general public has access. 

On February 1, 1960, the National Lead Company reported to the A.E.C. 

the results of its study on radium and thorium control and called attention 
(26) 

to possible hazards from tailings piles. On September 30, 1961, because of 

the apparent indication of possible airborne thorium-230 problems, additional 

studies were recommended. 

At the Fourth Session of the Conference in the Matter of Pollution of 

the Interstate Waters of the Colorado River and Tributaries, held in San 

Diego, California on May 27, 1963, the Division of Water Supply and Pollution 

Control of the Public Health Service made the following statement, which has 

been endorsed by the F.W.P.C.A. 
"Finally, it appears that we have reached a point at which the problem 
of ultimate disposal of uranium mill tailings should be given more 
serious consideration. Their radioactivity is very long lived. 
Occasional questions as to their suitability for land-fill operations 
and for highway subgrade material have gone unanswered. Field studies 
are not proposed at this time, but rather it is proposed that the 
industry as well as the responsible local and Federal agencies attempt 
to develop a rational approach to the long-term protection and contain-
ment of tailings piles as well as rational evaluation of proposals for 
their possible disposal by uses such as those noted above." 

-12 " The RCGa for radium in air is 2 x 10 microcuries per milliliter. 



A short time after the mill at Durango ceased operations in 1963, 

citizens began to register complaints about the blowing dust from its tail-

ings pile. As a result of these complaints and similar complaints from 

other populated areas, the A.E.C. conducted a study of airborne radionuclides 

around the piles in Durango, Colorado; Grants, New Mexico; and Salt Lake City, 

Utah. This study began on September 30 and was completed on October 14, 1963. 

It consisted of five to nine sampling stations utilizing two-stage low-volume 

air samplers around each pile and was designed only to confirm or deny the 

existence of a public health hazard; thus it did not constitute a complete 

evaluation of conditions in each area. The tailings piles, however, were 

without a doubt identified as the source of the dust by a direct correlation 

of dust concentrations with the distance down-wind from each pile. In Salt 

Lake City and Durango, average concentrations of natural uranium, thorium-230, 

radium-226 and lead-210 were determined on a composite basis to be much less 

than the RCGa for the general population. However, data indicated that had the 

physical location of the pile in Grants, New Mexico been as near a population 

center as were the piles in Durango and Salt Lake City, it would have been pos-

sible for those living nearest to the pile be exposed to air averaging above 

RCG. Unfortunately, sample results were admittedly biased by meteorological 

conditions for which reliable correction factors could not be applied. (43) 

Since the study covered such a short period of time and had limited 

objectives, the Division of Radiological Health of the U.S.P.H.S. in coopera-

tion with the Colorado Department of Health, undertook additional studies in 

Durango and Grand Junction. The studies were conducted in three major phases. 

Phase I, in late 1964, demonstrated by dust samples collected on gummed 

paper that increased amounts of radium-226 fell out from the air down-wind 

near tailings piles. Air contamination near the pile at Grand Junction was 

found to be approximately twice that found near the pile at Durango. The 



determined levels did not indicate a problem; however, neither agency was 
(44) 

convinced that a potential radiation exposure problem did not exist. 

In the Phase II study, conducted in 1965, an unexpectedly high gross 

alpha to radium ratio was observed, indicating there were unknown and 

unevaluated radionuclides contributing to the activity. Among the nuclides 

specifically measured, none approached the RCGa values. Thorium-230 ranged 

from 1/6 to 1/2, and polonium-210 from 1/20 to 1/100 of their respective 

RCG values. (45) a 
Phase III was conducted by U.S.P.H.S., and concentrated on measuring 

radon gas (Rn222), the direct and prominent product or radium decay. One 

liter "grab samples" were collected in Grand Junction and analyzed by 

Southwestern Radiological Health Laboratory (SWRHL) in Las Vegas indicated 

levels of radon in the air above the piles and also at a certain number of 

points down-wind which were higher than the RCGa. The results of this a 
study were not published as the U.S.P.H.S. and Colorado Department of Health 

soon repeated the Phase III effort with a more comprehensive exploratory 

study to determine how great a hazard might exist. The A.E.C. using the 

same Rn 2 2 2 approach, collected samples in 16 liter stainless steel tanks. 

Collections were made both in the afternoon and, under inversion conditions 

in the early morning hours. Five samples taken within 1/2 mile of their 

respective piles were reported as being between 1/3 and 1 times the RCGa (47) 
(3 pCi per liter) as permitted in Title 10 CFR Part 20. Inconsistent with 

the results of the Phase III study, the activities picked up downwind from 

the piles were considered insignificant. The difference between the two 

studies, however, was not particularly surprising as "grab samples" by 

nature are taken over relatively short periods of time, and outdoor radon 

levels can vary greatly from point to point and from day to day. It was 

generally agreed that under such conditions, hazards were very difficult to 

assess and that the RCG might occasionally be reached in an uncontrolled 



area. Thus, a need for a much larger, detailed and sophisticated study to 

determine the average yearly radon concentrations was advocated. 

Because of the need for long sampling periods, the Colorado Department 

of Health and the Division of Radiological Health of the U.S.P.H.S. placed 

radon film badges at various locations in Grand Junction, Delta, and Fruita, 

Colorado. The badges, originally intended for use as personnel dosimeters in 

uranium mines, had been developed by Eberline Instrument Company only a short 

time prior to the study. Sampling stations were located in both milling and 

nonmilling towns in an attempt to establish the natural background levels 

which were rather ill defined at that time. Unfortunately, the data were 
(19) 

quantitatively inconclusive because of sensitivity limitations of the badge. 

The results of later evaluations indicated that they were not useful in measur-

ing environmental radon levels of less than 10 pCi per liter. 

In May 1965, the A.E.C. began an evaluation of the effectiveness of its 

1961 stabilization project at Monticello, Utah. Examination of air, water, 

and vegetation indicated no evidence of radioactive material transported from 

the tailings. Exposure levels over the pile were less than established RCGa 

values, and a report published in February 1966 stated: 
"Surface occupancy can be permitted on a nonrestricted basis; however, 
the presence of subsurface contaminants at the tailings area require 
control, as any disturbance of existing terrain could materially 
change the radiological conditions found at the time of the survey. (50) 

Need for Extensive Control Measures Debated 

With regard to other uranium tailings piles, Mr. H. L. Price, Director of 

Regulations of the A.E.C., in a letter to the Joint Committee on Atomic Energy, 

February 11, 1966 stated: " ... from a radiological safety standpoint, licens-

ing control of such tailings is not required." (51,52,53) 

The Colorado Department of Health then assumed leadership in planning and 

presenting to the uranium processing mill owners in Colorado a proposal for 

regulatory action, which was presented at the annual meeting of the National 



Western Mining Conference in Denver on February 3, 1966. It called in general 

for grading, covering with earth and in some cases planting the tailings area 

after a mill ceased operating. Mill owners at that time indicated their 

willingness to cooperate and comply with the planned regulations. The F.W.P.C.A. 

Region VIII, in March of 1966, issued "Disposition and Control of Uranium Mill 

Tailings Piles in the Colorado River Basin". The report indicated that studies 

completed to that time demonstrated definite wind transport of radioactive 

materials from the tailings piles to surrounding community areas, but that the 

data were not sufficient to support a firm conclusion that a long-range poten-

tial hazard exists with respect to wind erosion. The F.W.P.C.A.'s concern was 

with the possibility of long-term rather then immediate hazards pertaining to 
(38) 

surface water contamination. 

Keeping in mind the statement by the National Committee on Radiation 

Protection in NBS Handbook 69, the Federal Radiation Council's statement (55) of minimum exposure in terms of the benefits versus risk philosophy and related 
(56) 

statements of the International Commission on Radiological Protection, the 

F.W.P.C.A. set forth its opinion on the long-term disposition and control of 

uranium mill tailings. 
The following are the respective above mentioned statements: 

"There remain many serious uncertainties in the basic biological data 
on which the calculations (of MPC and body burden values) are based 
and thus it is necessary again as in earlier handbooks, to urge that 
all exposures be kept to the minimum practically obtained." 

"There can be no single permissible or acceptable level of exposure 
without regard to the reason for permitting the exposure. It should 
be general practice to reduce exposure to radiation; and positive 
effort should be carried out to fulfill the sense of these recommenda-
tions. It is basic that exposure to radiation should result from a 
real determination of its necessity." 

In support of the F.W.P.C.A.'s recommendations the following facts were 
noted: 

(1) The major contaminants in the piles are radium-226 and thorium 230, 
which have half-lives of 1620 and 80,000 years respectively. 



(2) Water from the rivers under study is used for drinking and 
irrigation of crops, offering a route for radioactivity into 
the human food chain. 

(3) Water pollution control measures already taken by the milling 
industry have been effective in reducing the radium concentra-
tion in streams. 

(4) The only attempt at stabilizing a tailings pile in the United 
States has been carried out in Monticello, Utah and has been 
successful in reducing both wind and water erosion and the 
spread of radioactivity. 

The F.W.P.C.A. expressed its belief that many natural or man-made 

changes in river characteristics, courses and uses over a long-period are to 

be expected but impossible to predict; that conditions will change, present 

controls will break down, and erosion will result. It was therefore recom-

mended that the tailings be stabilized, their distribution offsite be dis-

continued, and agreements be made regarding designation of responsibilities 

for long-term maintenance of the piles. Some suggested stabilization pro-

cedures were included. Among them were contouring, earth covering, and seed-

ing, and the use of earth dikes, riprap, and plastic petroleum product 

covering. Concrete curbing was considered prohibitively expensive. 

On May 6, 1966, the A.E.C, presented a Statement on Disposition and 

Control of Uranium Mill Tailings to the Subcommittee on Air and Water 

Pollution, United States Senate Committee on Public Works. In its statement, 

views on the stabilization of tailings piles were presented as follows: 

"We have considered speculation that, because of the long half-lives 
of the radioactive material contained in the uranium piles, they may 
become hazardous at some future time. At the present time we find 
it difficult to conceive of any mechanism whereby the radioactive 
material which is now so widely dispersed, could become so concen-
trated as to exceed current applicable standards for protection 
against radiation. We recognize, however, that in their gross 
physical aspects the uranium mills piles are unsightly, are sources 
of disagreeable dust and, in general, constitute a nuisance to those 
communities which are adjacent to them. Amelioration of such nui-
sances would, of course, reduce any radiation now present. We share 
with others the desire that appropriate actions be undertaken, and 
we think the approach adopted in the proposed Colorado regulations, 
is a good one." (57) 



On May 9, 1966, the Colorado State Board of Health ordered uranium 

mill operators to submit plans by September of 1966 for stabilizing their 

tailings piles. Letters were submitted to Glen T. Seaborg, Chairman, A.E.C., 

by the health departments of Colorado, Wyoming, and Utah. All express: 

(1) A need for control measures which would provide for containment of 
the tailings at each of the mills, equivalent to that provided by 
the A.E.C. at its mill in Monticello, Utah. 

(2) Concern with the A.E.C.'s apparent lack of agreement in the inter-
pretation of the evidence which they and the U.S.P.H.S. felt 
strongly indicated a need for such control. 

All three states requested that the A.E.C., in cooperation with the 

uranium milling industry, effect satisfactory stabilization and control 

requirements and that the licenses of the mills not be terminated until such 

controls were completed, Colorado also expressed an opinion that stabiliza-

tion costs are a legitimate mill operating expense and that the A.E.C., in 

contracting for the uranium, should participate in paying the stabilization 
(51,52,53) costs. 

In a letter to the Colorado Department of Health dated June 9, 1966, the 

A.E.C. pointed out that the results of the study by the National Lead Company 

were not valid evidence of a potential exposure problem. The data of that 

study were obtained only to develop analytical techniques and not to evaluate 

radiological safety. It also reaffirmed that the results of all other studies 

to date did not appear to be a sufficient basis to warrant an A.E.C. licensing 

control and that tailings contained less than 0.05 percent source material and 

did not otherwise require licensing. 

With regard to the A.E.C.'s sharing in the expense of stabilization, it 

claimed no authority to make funds available for such purposes. However, it 

did indicate that stabilization expanses of milling companies might be 

reimbursed in part through a provision of existing contracts for purchases of 

uranium in 1969 and 1970. (58) 

The Colorado Department of Health was assured by the A.E.C. in a letter 

dated October 21, 1966 that "... if in the future, however, we should 



determine that the uranium and thorium were a cause of radiation problems we 

have the authority to impose the necessary controls. 

Action Taken at State and Federal Levels 

Although specific controls were not proposed by the A.E.C., on December 8, 

1966, the following Joint Federal Agency Position Regarding Control of Uranium 

Mill Tailings was prepared by the F.W.P.C.A., U.S.P.H.S. and A.E.C.: 

AGREEMENT 
JOINT FEDERAL AGENCY POSITION REGARDING CONTROL OF 

URANIUM MILL TAILINGS 

The Federal Water Pollution Control Administration, the Public 
Health Service, and the Atomic Energy Commission agree that inactive 
tailings piles resulting from uranium milling operations should be 
structurally stabilized and contained to prevent water and wind 
erosion. Active tailings piles should be managed to minimize such 
erosion during use. 

Planning, management, stabilization and containment of tailings 
piles are viewed as being the responsibility of the individual mill 
owners. Mill owners should develop, without undue delay, specific 
plans for accomplishing such management, stabilization and contain-
ment, and submit such plans through the appropriate state regulatory 
agencies for approval. The staffs of the Federal Water Pollution 
Control Administration, the Public Health Service, and the Atomic 
Energy Commission will be available to the state regulatory agencies, 
upon request, to provide advice and assistance regarding the develop-
ment of pile stabilization and containment objectives and measures 
for achieving them. 

Compliance by mill owners with approved plans for stabilization 
and containment should be recognized as constituting fulfillment of 
mill owner responsibility with regard to such tailings piles. Obtain-
ing and enforcement of tailings piles stabilization and containment 
plans should rest initially with the states concerned. 

General Manager, U.S. Atomic 
Energy Commission 

Assistant Secretary of Health, 
Education, and Welfare 

Assistant Secretary of the Interior 

After numerous meetings and conferences between the Colorado Department 

of Health personnel and representatives of the mill owners and operators, 



the Colorado State Board of Health conducted a public hearing on December 12, 

1966. The hearing was attended by representatives of the Atomic Energy 

Commission, Public Health Service, Colorado Department of Health, Colorado 

Bureau of Mines, the uranium milling companies, and other interested citizens. 

Regulations requiring stabilization of tailings were scrutinized and discussed 

in detail. Amendments were made, and the regulations were approved to go into 

effect 45 days from the date of approval by all agencies which had been 

involved in the problem. They became effective January 26, 1967. 

The sixth session of the Conference in the Matter of Pollution of the 

Interstate Waters of the Colorado River and its Tributaries was held on 

July 26, 1967. This conference dealt specifically with the control and disposi-

tion of uranium mill tailings and was officially attended by representatives of 

the U.S.P.H.S., F.W.P.C.A. and the seven states bordering the Colorado River 

Basin. The Conference propagated and unanimously agreed to the following 

recommendations, which (1) further defined the responsibilities of the mill 

owners and state and federal agencies and (2) set up a time table for the 

immediate and long-range action to be taken in developing a program for 

environmental protection from uranium mill tailings 

1. The Atomic Energy Commission, Department of Health, Education and Welfare, 
and the United States Department of the Interior shall be responsible for 
jointly developing, as soon as possible, a long-range program for the 
protection of the environment from uranium mill tailings. The program is 
to be developed in cooperation with the concerned State and Federal 
Agencies and submitted to the Conferees in six months. 

2. Uranium mill inactive tailings piles shall be contained and structurally 
stabilized to prevent wind and water erosion and leaching. Active tail-
ings piles shall be managed to minimize such erosion and leaching during 
use. 

3. The immediate planning, management and containment of the piles is the 
responsibility of the individual owners subject to the regulation of the 
appropriate state agency. The AEC as a major purchaser is to assume its 
responsibility in this activity. 

4. The primary responsibility for enforcing the necessary stabilization and 
containment of uranium mill tailings piles for both short-range and long-
range programs rests with the states concerned. 

5. The short-range remedial programs consisting of the necessary stabilization 
measures to prevent wind and water erosion and leaching at active and 
inactive piles in the Colorado River Basin shall be completed by the end 
of 1970. 



6. Reasonably uniform state requirements and implementation programs for 
the control of tailings piles are desirable in the Colorado River Basin. 

7. The surveillance activities performed by State and Federal agencies 
shall be continued for the purpose of providing a continuing evaluation 
of the adequacy of control measures in terms of the short-range and 
long-range environmental radioactivity levels. 

Continued Study and Evaluation 

Study of the tailings problem did not end at this point. A previously 

recommended, detailed and sophisticated study to determine average yearly 

radon concentrations in the vicinity of uranium tailings piles had not been 

conducted. Under a joint agreement between the Atomic Energy Commission and 
(19) 

the U. S. Public Health Service, this project was designed and initiated 

in June 1967, in cooperation with the state health departments of Colorado and 

Utah. Atmospheric concentrations of radon were studied at an active mill at 

Grand Junction and at inactive mill sites at Durango, Colorado, at Monticello, 

Utah, and at Salt Lake. City, Utah. Sampling sites were established on and 

near the piles and in nearby community areas. To minimize daily, seasonal, 

and meteorological variations 892 thirty-liter samples were collected, each 

extending over a 48 hour period at a rate of 10 ml/min. These samples were 

collected and analyzed every three weeks for one year. The results of the 

study revealed background levels of Rn222 at 0.80, 0.51, 0.34 and 0.38 pico-

curies per liter, respectively at Grand Junction, Durango, Monticello and 

Salt Lake City. Subtracting these values from the total Rn222 concentrations 
measured near the piles and in community areas, no appreciable concentrations 

222 

of Rn due to tailings were found in Grand Junction or Durango. 

At Monticello, where the A.E.C. had established its tailings pile, 

samples of radon collected directly on the pile were only slightly above the 

RCGa values for exposure to the general public and were much less than that 

found on the other piles. However, at Salt Lake City, one of the sites near 222 

the tailings pile showed a Rn concentration at that time of 1.3 times the 

RCGa for general population exposure. 



It was concluded that none of the tailings piles were significantly 
222 

affecting atmospheric Rn concentrations beyond 1/2 mile in the direction 

of prevailing winds and that no significant radiation exposure resulted from 

the concentrations detected. Stabilization and covering of tailings piles 

was believed, in theory, to be effective in reducing radon emanating from the 

piles; however, the data collected in this study did not provide conclusive 

evidence in support of this hypothesis, as the precise effect of stabilization 

would require sampling both before and after stabilization of a given site. (19) 

On December 1, 1967, an Interagency Technical Committee (A.E.C., 

F.W.P.C.A., U.S.P.H.S.) on Uranium Mill Tailings Piles met and discussed the 

possibilities for (1) chemical removal of the radium-226 in future milling 

operations as studies by the Bureau of Mines had shown that about 90% could 

be removed by a leaching process with versenate. However, additional cost 

was expected to double the price of the uranium. (2) The development of 

asphaltic sealants, and the long-term integrity of that type product, and 

possibilities for alternate uses of tailings material were also discussed. (60) 

The second session of the committee was held December 20. 196 7, in 

Washington, D. C.. At this session, an A.E.C. proposal for long-term control 

of tailings was evaluated. Long-term maintenance of the areas and the respon-

sibilities of future generations were the main issues. The following sugges-

tions were presented: 
1. Tailings should be processed, buried or covered so as not to create 

air or water pollution or adversely affect future land use in the area. 
2. States should be encouraged to enact and enforce regulatory requirements. 
3. That covered piles should have the assurance of "perpetual care". 
4. Criteria for locating future mills away from populated areas should be 

established. 
5. The F.W.P.C.A. should evaluate the economic aspect of burying the 

tailings in selected pits, and the possible effects of such action. 
6. Tailings pile leaching by rainfall should receive further study 

Guidelines for the Design, Operation and Maintenance of Mill Tailings 
Ponds to Prevent Water Pollution were adopted by the Colorado Department of 



Health's Water Pollution Control Commission on March 13, 1968. Also, in 

1968, Colorado State University and the Colorado State Forest Service 

initiated a research project designed to assist in the selection of plants 

which will require a minimum of fertilization and ground preparation and 

have the best growth characteristics for long-term maintenance of tailings 

piles. The study involves consideration of soil types, plant nutrient 

content, clay gravel and rock composition; elemental toxicity, acidity, 

alkalinity and salt content; soil texture, water-holding capacity, and 

aeration characteristics; and finally climate, environment, rainfall, 

temperature characteristics and susceptibility to wind and water erosion. 

This will be followed by a green house study for selection of the most 
(62) 

ideal plant species for each major soil type and climate encountered. 

At the present time, tailings piles at Rifle, Gunnison, Uravan, 

Naturita, and Slick Rock have been stabilized by contouring, covering and 

planting. The pile at Durango was stabilized by direct planing necessi-

tating continual maintenance. There are plans for reprocessing the piles 

at Maybell. 

The pile at Grand Junction became inactive in March of 1970, and the 

Colorado Department of Health is planning a comprehensive study of condi-

tions before and after stabilization to assess the specific effort. 



USE OF TAILINGS FOR CONSTRUCTION PURPOSES 

The Discovery of Radon Gas in Public and Private Buildings 

In 1966, when the radon film badges were being tested for use in mine 

atmospheres, public health personnel noticed that uranium mill tailings 

were being used in Grand Junction as fill under and around new buildings 

being constructed at that time. Because the opportunity presented itself, 

film badges were placed inside completed buildings where tailings material 

was known to have been used. Although it has already been pointed out 

that these badges later proved to lack sensitivity and did not provide 

quantitative data, from the results it was very evident that elevated 

radon gas concentrations did exist in these buildings. On August 1, 1966, 

the State ordered a halt to the release of additional tailings material 
(63) 

to anyone without prior approval by the Department of Health. 

Instrumentation capable of measuring the low level radon daughter 

concentrations in "Grab Samples" had been developed for use in uranium 

mines by a research group from New York University, and on request, a second 

instrument was built for the Colorado Department of Health. It was avail-

able for use in the spring of 1967, and samples collected and analyzed (63) 
with this equipment confirmed the radon badge results. The Colorado 

Department of Health, concerned about these results and the use of tailings 

in Grand Junction, felt that a thorough evaluation of this radon exposure, 

and associated radiation hazards should be made. 

Concern Over the Use of Tailings for Land Fill 

To understand the concern for the use of uranium tailings for fill, 

attention should be directed to the chain of radioactive uranium-238 

daughters delivered as waste to the mill tailings pile. Table 1 shows 

the major decay characteristics of the uranium-238 series. 



TABLE 1. THE URANIUM SERIES 

Historical Major 
Nuclide Symbol Name Half-life Radiation 

238 
Uranium 238 U 

234 
Uranium I 4.51 x 109 yrs. Alpha 

Thorium 234 Th Uranium X1 24.1 days Beta, gamma 
244 m Pa 
234 

Protactinium 234 
244 m Pa 
234 

Uranium X2 1.18 mins. Beta, gamma 

Uranium 234 U Uranium II 2.47 x 10 yrs. Beta, gamma 

Thorium 230 230 Th Ionium 8.0 x 104 yrs. Alpha , gamma 

Radium 22b 226 Ra Radium 1602 yrs. Alpha , gamma 

Radon 222 
222 

Rn 218 Radon 
(Emanation) 

3.82 days Alpha 

Polonium 218 Po Radium A 3.05 mins. Alpha 

Lead 214 2 1 4Pb Radium B 26.8 mins. Beta, gamma 

Bismuth 214 
214 

Radium C 19.7 mins. Beta, gamma 

Polonium 214 
214 

Radium C' 1.64 x 10-4 sec. Alpha 

Lead 210 2 1 0Pb Radium D 20.4 yrs. Beta, gamma 

Bismuth 210 2 1 0Bi Radium E 5.01 days Beta 

Polonium 210 210 Po Radium F 138.4 days Alpha 

Lead 206 206. Pb Radium G Stable 



A ton of 0.25 percent ore delivered to the mill contains approxi-

mately 630 microcuries ( Ci) of uranium-238. At equilibrium each daughter 

in the series also has the same activity; therefore, the total radioactivity 

in each ton of ore is about 8.8 millicuries (mCi). As previously stated 

the milling process recovers an estimated 15 percent of this radioactivity 

with the uranium concentrate product; the remaining radioactivity (85%) 

leaves the mill with the tailings material. 

The most significant radioactive waste product discharged in tailings 

is radium-226, a bone-seeking alpha emitter with the relatively long 

half-life of about 1600 years. Radium-226 supports a series of 8 of the 

13 major lineal decay products of uranium-238. The first daughter in the 

series is radon-222, a chemically inert radioactive gas which decays with a 

3.8-day half-life. The gaseous radon is able to diffuse through most 

porous materials, thus its short-lived particulate radioactive, daughters 

(3.05-minute polonium-218, 26.8-minute lead-214, 19.7-minute bismuth-214, 

and 164-microsecond polonium-214) can be deposited opposite such barriers. 

The potential radiation exposure from the use of radium-bearing 

tailings for fill is illustrated diagrammatically in Figure 2. A whole-

body exposure potential results from gamma radiation produced through 

decay of the radium series beneath the concrete. This gamma level depends 

on the amount of radium present, the distribution of tailings, shielding 

by the floor material and the rate of escape of radon gas. Radon can 

diffuse through the concrete and accumulate in the living space above, 

resulting in a potential lung exposure from internal deposition of these 

particulate short-lived daughter products. The exposure potential depends 

on the radon flux and characteristics of the room, expecially the ventilation 

rate. Deposition of radon daughters in the lungs has been shown to result 

in an increased risk of lung cancer among uranium miners. 



FIGURE 2, TAILINGS RADIATION EXPOSURE* 
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Initial Investigations 

On July 13, 1967 the Department formally requested the assistance of 

the National Center for Radiological Health (NCRH) in undertaking a complete 

study of this potential problem to determine the exposure, if any, to the 

occupants of such buildings. Funds were not available from NCRH at that 

time, and the Department was advised to negotiate directly with the South-

western Radiological Health Laboratory (SWRHL) in Las Vegas, Nevada. 

Because of SWRHL's involvement in the U.S.P.H.S.-A.E.C. outdoor radon 

study, they were also unable to provide support for the project at that 
(64,65,66) 

time. 

On September 4 and 5, 1968, again at the request of the Colorado 

Department of Health, a meeting was held with representatives of SWRHL 

in Grand Junction to design a jointly sponsored project outline for a 

study to determine the extent of human exposure to radon and radon 
daughters as a result of the use of mill tailings material for construction 

(67) purposes. The study was initiated in November 1968, with assurance of 
'(64,68,69) 

technical and some financial support from SWRHL in 1969. Grand 

Junction local health officials and Climax uranium mill officials were 

contacted. Mill officials agreed to give any cooperation necessary and 

supplied a list of known contractors to whom tailings had been given. 

The Mesa County Health Department provided liaison with local contractors 

and construction firms to obtain information relating to the building sites 

to which tailings had been delivered. Mill officials estimated that from 

150,000 to 200,000 tons of tailings had been distributed through Grand 
(64) 

Junction between 1953 and 1966. However, an inventory from 17 contrac-

tors accounted for approximately ten percent of that amount. This ten 

percent included about 400 habitable structures where tailings were used, 

primarily under concrete slabs and around foundations. In addition, it 



was found that tailings had also been used under streets, driveways, swim-

ming pools, water pipes and sewer mains. A total of 38 contractors were 

eventually contacted. 

Letters were also sent out by the Mesa County Health Department to 

about 100 owners of buildings to which contractors had indicated a delivery 

of 20 or more cubic yards of tailings. They were asked to cooperate in 

a screening project, which involved the collection in their homes of a 

5-minute air sample. Radon daughter particulates were collected on a mem-

brane filter and alpha counted at 5, 15 and 30 minute intervals to determine 

concentrations of RaA, RaB, RaC. and the associated work levels. Corrected 

radon and radon daughter concentrations ranged up to 1.88 WL at locations 

where tailings had been used. Where tailings had not been used, radon con-

centrations up to 0.007 WL were found. About 42% of the residences and 

62% of the businesses sampled had radon levels exceeding the screening 

value of 0.01 WL. (63,64) 

Federal. Recognition and Support of the Study 

After evaluation of this preliminary survey, in August 1969 an 

office was created in the Mesa County Health Department building with 

funds from the Environmental Control Administration (EGA) of the U.S. 

Department of Health, Education and Welfare and a full-time man assigned 

to the "screening" project. By the end of February 1970, 236 particulate 

air samples had been collected and counted at 222 locations. Sampling 

locations were categorized basically by type of structure and the radon 

concentrations observed. Additional data concerning conditions which might 

in some way influence radon concentrations were also collected. This in-

cluded the type of ventilation, heating and cooling systems being used and 

specific meteorological conditions at the time of sampling. It was noted that 

25 of 66 samples collected in the relatively warm months of August and 



September exceeded a 0.01 WL concentration which had been selected as 

the screening value about which the site would be considered for further 

study. In the colder months of October and November, 44 of 63 structures 

were found to exceed the screening value. Repeated sampling, however, 

indicated that results could vary considerably from one time to the next 

at a given location and that an integrated sampling technique was definitely 
(70) 

needed to establish meaningful average exposure values. 

In November 1969, a subcontract funded by ECA through the Colorado 

Department of Health was granted to Colorado State University to develop and 

produce 25 integrating alpha sensitive thermoluminescent dosimeter (TLD)* 

type air samplers, suitable for use in private homes and businesses where 

quiet, efficient, and economical operation was of the essence. Testing 

and evaluation of these units began in January 1970, and was largely completed 

by the end of March. 

In December 1969, a member of the Joint Committee on Atomic: Energy, 

Colorado Congressman Wayne Aspinall, suggested that the A.E.C. offer some 

assistance to the Colorado Department of Health in its efforts to evaluate (71) the Grand Junction situation. 

Elevated Radon Levels Found in Uravan, Colorado 

Late in January 1970, Union Carbide Corporation found elevated radon 

concentrations in two homes on its property at Uravan, Colorado, and asked 

these residents to move to other available housing. Company officials have 

indicated that these two buildings had been constructed over old radium 

processing tailings, which dated back to the 1920's. Since discovering 

these elevated radon levels, the company has surveyed about 200 homes in Uravan, 

"Irradiation of a TLD (dosimeter) activates sensitive sites within its crystal 
lattice which remain active over reasonably long periods of time. Later 
additional exposure to radiation can further activate other sites in the 
crystal; thus, cumulative dose information can be obtained. When the TLD 
material is heated to between 200 and 250°C, the crystals are deactivated and 
emit a measurable amount of light proportional to the total irradiating dose. 



at Union Carbide's request, to establish consistency with sampling results 

obtained in the Grand Junction study, the Department participated in screening 

some of them. As a result of this joint effort, an error was discovered in 

the calibration of the air sampler used in Grand Junction, and all previously 

collected data were multiplied by a correction factor of 3.2. In some cases 

where WL values were near the 0.01 WL, the corrected value exceeded the 

screening value, and additional sites were added to the list for more exten-
(72) sive evaluation. 

Indoor Radon Study Expanded 

On February 10 and 11, 1970, a joint meeting of personnel from the. 

A.E.C., U.S.P.H.S. and the Colorado Department of Health was held at the 

Southwestern Radiological Health Laboratory in Las Vegas, Nevada, to discuss 

the significance of the data collected at Grand Junction and Uravan and to 
(73) 

plan the future course of the study. Those in attendance agreed that: 

(1) The scope of the study should be expanded. (2) All structures built 

during the period when tailings were used for construction purposes should 

be inventoried and screened for tailings, (3) Additional funds should 

be made available by U.S.P.H.S. for procurement of additional TLD air 

samplers. (4) The A.E.C. would supply two men to help compile the inventory 

and conduct the screening program, (5) Bio-effects specialists of the 

U.S.P.H.S. also agreed to provide epidemiological recommendations to the 

Department, since Dr. Roy L. Cleere, Director of the Colorado Department 

of Health, had previously requested guidance from the U.S.P.H.S. in 

creating "Public Health Action Guides'1 for radon daughter concentrations 

in the structures being studied. 

On February 26, 1970, Governor Love authorized the transfer of 

$43,200 from the Governor's Research and Studies Fund, to the Department of 

Health. These funds were specifically designated for use in the Grand 

Junction Indoor Radon Study. 



In April, the U.S.P.H.S. funded $159,000 for a 3 year Colorado State 

University proposed control study to develop measures for reducing the 

rate of diffusion of radon through buildings constructed over tailings. 

The study, now under way, involves building structures over tailings fill 

using typical and experimental construction materials. Diffusion rates, 
(74) 

radon levels and exposure control methods will be investigated. 

Also in April 1970, the Department employed three additional men and 

because of additional space requirements moved its Grand Junction office to 

the Petroleum building at 1129 Colorado Avenue. The A.E.C. provided two 

men through their Lucius Pitkin, contractor. Late in April an integrated 

air sampling program referred to as the Indepth Study was initiated using 

the original 25 TLD samplers on hand, In June 1970 the U.S.P.H.S. made 

funds available for 50 additional TLD air samplers to be delivered by 

Colorado State University on or before September 1, 1970, to expedite 

additional indepth evaluations. 

The Indepth Study included sampling at each location six times through 

the year for a period of two weeks, using the TLD air sampler. During each 

sampling period, two samples are to be taken from each residence, one from 

the bedroom where the overall occupancy period is probably the greatest 

and one from another area of occupancy. In each non-residence, only one 

such sample was collected. 

The expanded, inventory project was started in June 1970. The city and 

county building records were checked for all significant construction in 

the period 1952 through 1966. Approximately 4000 structures were identified 

in this way and a gamma screening program was initiated to evaluate each 

address for the presence of tailings. The gamma screening consisted of a 

thorough survey of each property by a two-man team equipped with a port-

able scintillation survey meter. Pertinent data, including the owners 

name, address, type of structure, general location of tailings and significant 



instrument readings were recorded. If screening indicated the use of 

tailings under or adjacent to a habitable area, a sketch or map of the 

property was prepared showing instrument readings at surface and waist 

level for each 25 to 100 square feet of floor or ground space, respectively. 

This mapping procedure provides data which can be used to evaluate the 

gamma exposure potential and indicates the probable extent of tailings use. 

Surgeon General's Guidelines 

On July 27, 1970 the Surgeon General of the U.S. Public Health Service 

responded to the Colorado Department of Health request with recommendations 

of action for radiation levels in dwellings constructed on or with uranium 

mill tailings. The recommendations were stated as follows in terms of 

graded action levels: 

External Gamma Radiation Recommendations 

Greater than 0.1 mR/hr. Remedial action indicated 
From 0 05 to 0.1 mR/hr. Remedial action may be suggested 

Less than 0.05 mR/hr. No action indicated 

Indoor Radon Daughter Products Recommendations 

Greater than 0.05 WL Remedial action indicated 
From 0,01 to 0.05 WL Remedial action may be suggested 
Less than 0.01 WL No action indicated 

The levels presented are for exposures in addition to natural background." 

They are based on a linear, non-threshold dose effect relationship which 

assumes some biological and genetic damage at any exposure level. The 

recommendations with explanatory notes are presented in their entirety in 

the Appendix. 

"Natural background gamma radiation in Grand Junction is about 0.014 
milliroentgen per hour, and the natural background of radon daughter 
products is approximately 0.004 WL. 



The upper action levels of 0.1 mR per hour for external gamma and 

0.05 WL for radon daughters would result in maximum annual exposures of 

900 mR and 2.5 WL, respectively, under conditions of continuous occupancy. 

In terms of risk, the Surgeon General stated that exposure at these rates 

could double the risk of leukemia and lung cancer from protracted exposures. 

Inter-Agency Steering Committee 

In the fall of 1970 the interactions of the various agencies involved 

had become so complex that a committee composed of representatives from the 

PHS, the AEC and the Colorado Department of Health was appointed to coordinate 

and direct the overall Indoor Radon Study, In December 1970 the committee was 

expanded to include the newly formed U.S. Environmental Protection Agency 

(EPA) which assumed the operational aspects of the study from the PHS 

through its Western Environmental Research Laboratory (WERL). The committee, 

first met in December 1970 and has been meeting at intervals of about two 

months up to the present time. Committee recommendations have been instru-

mental in accelerating the study and extending the gamma screening to all 

of an estimated 18,000 structures in the Grand Junction area by assignment 

of an AEC mobile gamma screening vehicle, and the providing of gamma 

screening teams from the PHS and EPA. 

Remedial Action Studies 

Three investigations related to remedial actions for the use of tailings 
(76) 

in construction have been undertaken. One study, funded by the AEC, 

looked into the feasibility of removing tailings from under or against 

structures, and included cost estimates for removal of tailings from ail 

types of locations in which they were found. Cost estimates ranged from 

$43 for a minimum of tailings under or against a (slab-on-grade) building, 

to $15,000 for removal of tailings from under and around a basement structure 



The average estimated cost from a residence was $3,220. Cost estimates 

were presented solely as estimating guides and cannot be specifically 

applied to any given structure, due to variation from building to building. 

The EPA is supporting two studies of control actions not requiring 

removal of tailings. In one study, the WERL is investigating the effects 

of barometric pressure changes, wind loading and ventilation rate on radon 

daughter levels inside a structure built over tailings material. Information 

obtained from this study may aid in the recommendation of interim control 

measures. The other control study is the study originally funded by the 

U.S.P.H.S. in April 1970 and now being conducted by Colorado State University 

under an LPA research grant. This three year project is examining the radon 

diffusion rates through various materials and different methods which could 

be employed to control this diffusion on a permanent basis. 

Preliminary Results and Conclusions 

The data reported here are those available as of August 1971 Since 

the Indoor Radon Study has been projected as requiring at least an additional 

year-and-a-half for complete evaluation of the Grand Junction problem, 

these data and conclusions must be considered preliminary and subject to 
(75) 

reevaluation as data are accumulated. 

1. Air sample screening - the five-minute air sample screening 

which initiated the Indoor Radon Study was discontinued in 

August 1970, because of the radon daughter concentration 

variability noted during resampling of selected locations. 

Table 2 summarizes the complete air sample screening results 

obtained from 398 locations. The data indicate that 176, or 

approximately 44 percent of the locations sampled had radon 

daughter levels equal to or above the 0.01 WL screening valued 

and would require integrated air sampling to fully evaluate the 

exposure potential. 



TABLE 2. AIR SAMPLE SCREENING RESULTS 

WL Range Frequency Relative Frequency (%) 

<0.005 150 38 
0.005 - 0.009 70 18 
0.010 - 0.049 101 25 

> 0.050 75 19 
Total 398 100 

Integrated air sampling ~ the Indepth Study data obtained from 

incomplete integrated air sampling in 14 (non-tailings) control 

and 47 tailings locations are shown in Table 3. The WL ranges are 

broken down to indicate the relationships between the average 

natural background level of 0.004 WL and the two action guideline 

levels of 0.01 and 0.05 WL above the natural background. 

None of the 14 control locations were found to reach the basic 

action, guideline. Of the 47 tailings locations, 41, or about 

87 percent of those sampled had an average WL equal to or above 

the Surgeon General's lower action guideline of 0.014 WL. 

TABLE 3. INTEGRATED AIR SAMPLE RESULTS 

WL Range 

Control Locations: 
<0.005 
0.005 - 0.013 

> 0.014 
Total 

Tailings Locations 
<0.005 
0.005 - 0.013 
0.014 - 0.053 
0.054 
Total 

Frequency 

9 
5 
0 

14 

1 
5 
26 
15 
47 

Relative Frequency (%) 

64 
36 
0 

100 

2 
11 
55 
32 
100 



3. Gamma screening - Table 4 shows the results of the house-to-

house gamma screening surveys conducted up to August 20, 1971. 

To that date, 10,610 locations had been screened, resulting in 

4,853 locations with tailings somewhere within the boundaries of 

the property. Of this number (10,610), about 28 percent or a total 

of 2,935 locations were found to have tailings under or adjacent to 

the building. The decrease in percentage of tailings - under 

locations indicates the early success of the gamma screening in 

the 4,000 locations identified from the building permit records. 

TABLE 4. GAMMA SCREENING RESULTS 

Cumulative Totals 

Period No. of Screens No. With Tailings No. Tailings Under Under 

July - Dec. 1970 3678 1983 1357 37 

Jan. - Feb. 1971 5125 2801 1864 36 

March - April 1971 6664 3507 2228 33 

May - June 1971 8521 4108 2531 30 

July-Aug. 20, 1971 10610 4853 2935 28 

4. Extrapolation of existing data - the preliminary data obtained 

to date may be used for extrapolation of the trends observed to 

estimate the magnitude of the tailings problem in Grand Junction. 

An estimate of 18,000 habitable structures in the Grand Junction 

area can be obtained from the 1970 Census data for Colorado. If 

the gamma screening trend observed continues (Table 4), about 20 

percent of the structures surveyed, or about 3,600 will have tailings 



located against or under the building. Assuming that the data 

of Table 3 are representative, approximately 3,100 structures 

can be expected to have average radon daughter concentration of 

0.014 (that is 0.01 + 0.004 background)WL or higher. If the 

0.054 (0.05 + 0.004 background) WL guideline is selected as the 

action level, the estimated number of structures involved is 

reduced to a total of about 1,100. 

Regardless of which estimate one selects to predict the magnitude 

of the remedial action required, it is apparent that the use of 

uranium tailings for construction will have a significant social 
(75) 

and economic impact on. Grand Junction. 
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A P P E N D I X 

Recommendations of Action for Radiation Exposure Levels 

in Dwellings Constructed on or With Uranium Mill Tailing 



DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 
PUBLIC HEALTH SERVICE 

W A S H I N G T O N . D.C. 20201 

REFER TO: 

Dr. R. L. Cleere 
Executive Director 
Colorado State Department of Health 
4210 E. 11th Avenue 
Denver, Colorado 80220 

Dear Dr. Cleere: 

I am pleased to respond to your letter of January 29 in which you 
asked Dr. M. W. Carter, Director of our Southwestern Radiological 
Health Laboratory, for Public Health Service and/or U.S. Atomic 
Energy Commission assistance in providing exposure guidelines appli-
cable to homes with high concentrations of radon progeny. 

The enclosed graded recommendations for action have been developed 
within the framework of existing Federal Radiation Council guidance 
for occupational exposure to airborne concentrations of radon and 
its daughters (progeny). Also, graded action level applicable to 
external gamma radiation are included. 

You will note in the accompanying Explanatory Notes that these 
recommendations apply specifically to dwellings constructed with or 
on uranium mill tailings. Further qualifications in the Explanatory 
Notes should be consulted before these recommendations are applied. 

The specific information which your Department is developing on the 
variability of radon daughter concentrations in dwellings and on 
optimum control measures will be essential towards making those 
decisions necessary in applying the recommendations. 

These recommendations have been directed to the Atomic Energy 
Commission for comment. Because of the urgency attached to your 
receiving the recommendations as soon as possible, they have been 
forwarded to you in advance of receiving AEC views and comments. 
We will advise you of the AEC response when received. 

Enclosure 



RECOMMENDATIONS OF ACTION FOR RADIATION EXPOSURE LEVELS 
IN DWELLINGS CONSTRUCTED ON OR WITH URANIUM MILL TAILINGS 

External Gamma Radiation 

Level 

Greater than 0.1 mR/hr 

From 0.05 to 0.1 mR/hr 

Less than 0.05 mR/hr 

Indoor Radon Daughter Products 

Level 

Greater than 0.05 1.1 

From 0.01 to 0.05 WL 

Less than 0.01 WL 

Recommendations 

Remedial action indicated 

Remedial action may be suggested 

No action indicated 

Recommendations 

Remedial action indicated 

Remedial action may be suggested 

No action indicated 

EXPLANATORY NOTES 

1. These recommendations are written specifically for dwellings con-

structed on or with uranium mill tailings. This situation may involve 

continuous exposure of members of the public to radon daughter product 

activities and whole-body gamma irradiation levels in excess of the 

background radiation levels found within dwellings in the area not con-

structed with or on uranium mill tailings. 



2. Although the initial concern was the presence of radon daughter 

product activities within these dwellings, preliminary surveys have 

indicated that, in some instances, the gamma radiation levels were 

of prime importance. Thus, recommendations are made concerning both 

types of radiation. The recommendation applicable to a particular 

dwelling will be determined by whichever type of radiation has the 

higher level. 

3. Three levels for action are recommended for both external gamma 

and radon daughter product exposures. This graded system of actions 

is proposed to allow latitude in the middle ranges for the judgment 

of the on-site investigators. 

4. The external gamma and radon daughter product levels proposed 

constitute exposures which are in addition to the natural background 

levels found within dwellings in the area not constructed on or with 

uranium mill tailings. In the Grand Junction, Colorado, area these 

levels are approximately 0.01 mR/hr (approximately 90 mrem/yr) and 

0.004 Working Levels (WL) (approximately 0.2 CWLM/yr) respectively (1). 

5. The expected health effects of concern will be different for the 

two types of radiation, i.e., leukemia for whole body gamma radiation 

exposure and lung cancer for exposure to inhaled radon daughter 

products. This expectation is based, in part, on findings derived 

from population studies such as the Japanese atomic bomb survivors 

and uranium miners. These specific health effects are considered to 

be mutually exclusive. The basis for this assumption is that the 

expected radiation contribution to whole body exposure from inhaled 



radon and daughter products would be considerably less than the direct 

exposure from external gamma radiation at the levels encountered in 

the dwellings, Conversely, the external gamma radiation contribution 

to the lung dose is considered to comprise a negligible additional 

risk of lung cancer, 

6 a. A Working Level (WL) is the term used to describe radon daughter 

product activities in air. This term is defined as any combination 

of short-lived radon daughter products in 1 liter of air that will 

result in the ultimate emission of 1.3 x 10 MeV of potential alpha 

energy (2). The numerical value of the WL is derived from the alpha 

energy released by the total decay through Ra C' of the short-lived 

radon daughter products, Ra A, Ra B and Ra C, at radioactive equi-
222 librium with 100 pCi of Rn per liter of air (3). 

6 b A Working Level Month (WLM) is the term used to express the 

occupational exposure incurred in one working month of 170 hours by 

a uranium miner laboring in an atmosphere containing radon daughter 

products; i.e., one working month in a mine atmosphere containing 

1 WL of radon daughter products equals 1 WLM. 

6 c. Cumulative Working Level Months (CWLM) is the term used to 

express the total accumulated occupational exposure to radon daughter 

products in air, i.e., an air concentration of radon daughter prod-

ucts of 1 Ml would, in one working month, equal 1 WLM, and in 1 year 

or 12 months would equal 12 CWLM. 

6 d. Since occupational exposures are based upon 170 hours per 

month and continuous exposure involves approximately 170 hours per 



week, then an occupational exposure to an air concentration of 1 WL 

is equivalent to continuous exposure to 0.25 WL. 

7. These recommendations are based on the assumption of a linear, 

non-threshold dose-effect relationship. The lack of definitive 

information precludes allowances for possible differences in radio-

sensitivity due to age, sex, or other biological characteristics. 

8. No action is indicated when the external gamma exposure rate is 

loss than 0.05 mR/hr and the radon daughter product activity is less 

than 0.01 WL since under conditions of continuous exposure these 

levels would result in maximum annual exposures of approximately 

400 mrem and 0.5 CULM, respectively. The maximum annual value of 

400 mrem is less than the dose limits recommended for an individual 

member of the general public by the FRC (4) and ICRP (5) for whole 

body exposure to external gamma irradiation. 

The ICRP (5) recommends that the annual dose limit for members of 

the public, shall be 1/10 of the corresponding annual occupational 

maximum permissible dose. The maximum annual value of 0.5 CWLM of 

radon daughter product exposure is approximately 1/10 of the 4 CWLM 

annual occupational exposure limit recommended by the FRC (6) for 

implementation on 1 January 1971, and less than 1/20 of the annual 

occupational exposure limit of 12 CWLM recommended for uranium miners 

in the present FRC regulations (4). 

9. Remedial action may be suggested in the case of external gamma 

exposure rates of 0.05-0.10 mR/hr or radon daughter product activ-

ities of 0.01-0.05 WL since under conditions of continuous exposure 



these levels would result in maximum annual exposures of approximately 

400-900 mrem and 0.5-2.5 CWLM. The upper limit of these ranges 

exceeds the strictly applied recommendations of the FRC and ICRP for 

exposures of an individual member of the public. However, this 

extension seems justified in situations in which unforeseen exposures 

have occurred, since as stated by ICRP (5) "in general it will be 

appropriate to institute counter-measures only when their social cost 

and risk will be less than those resulting from the exposure." It 

is further stated by the ICRP (5) that very low levels of risk are 

implied in the dose limits for members of the public and that it is 

likely to be of minor consequence to their health if the dose limits 

are marginally or even substantially exceeded. 

10. Remedial action is indicated at gamma exposures greater than 

0.1 mR/hr or at radon daughter product activities greater than 

0.05 WL. Under conditions of continuous exposure, these levels 

would result in minimum annual exposures of 900 mrem and 2.5 CWLM. 

All values above these would indicate the necessity for remedial 

action, since at these levels the maximum annual exposures recommended 

by the FRC and ICRP for an individual member of the public is exceeded. 

11. With respect to the external gamma irradiation, from the esti-

mates published by ICRP (7), it can be interpolated that the annual 

risk of leukemia under conditions of continuous exposure to 500 mrem 

per year is an increased incidence of about 10 cases per year per 

million persons exposed. The natural annual incidence of leukemia 

for all ages is given by ICRP (S) as 10-100 cases per million persons. 



With respect to radon daughter product exposures, it has been estimated 

by Archer and Lundin (9) that an exposure of 120 CWLM to a group of 

white adult males in the United States appears to approximately 

double the normal lung cancer incidence which for this population is 

about 2-3 cases per year per 10,000 persons. At an annual exposure 

of 2.5 CWLM, 48 years would be required to reach 120 CWLM. 

12. It is considered that implementation of these recommendations 

for the various exposure ranges would make it highly unlikely that 

any serious health effects would result from exposure to radon 

daughter products or external gamma irradiation in this particular 

situation. 

13. It is suggested that remedial action be taken only after an 

adequate number of measurements taken under a diversity of temporal 

and climatic conditions have clearly established that the average 

exposure is in excess of 0.1 mR/hr or 0.05 WL. 

14. It is recognized that some time lapse will be inherent in 

establishing that radiation levels in excess of 0.1 mR/hr or 0.05 WL 

exist and in instituting corrective measures. However, it is con-

sidered that the additional health risks from continued exposure 

over this time period are of lesser consequence than the economic 

and social discomfitures of precipitous action. 
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