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SECTION I 

INTRODUCTION 

PURPOSE OF THE REPORT 

Uranium mining operations release some radioactive materials 

into both air and water and generate large quantities of solid 

uastes containing low levels of radioactive materials. Solid wastes 

produced by past mining operations remain on the surface at many 

inactive m1n1ng sites, and represent a potential health and 

environmental hazard similar in concept to uranium mill tailings. 

Cant ami nation of surface and subsurface water supp 1'i es a 1 so 

represents a potential proble!ll· To evaluate these potential 

problems, the Congress, in Section 114{c) of the Uranium Mill 

Tailings Radiation Control Act of 1978 (UMTRCA), instructed the 

Administrator of the Environmental Protection Agency {EPA) to 

prepare a report 11 Which identifies the location and potential 

health, safety, and environmental hazards of urani urn mine wastes 

together with recommendations, if any, for a program to eliminate 

these hazards." 

This report analyzes the potential health and environmental 

impacts of both active and inactive uranium mines, lists the 

locations of these mines, identifies additional information needs, 

and recommends needed actions. 

CONTENTS OF THE REPORT 

This Executive Summary contains a brief description of the 

material presented in the main text. including the principal 

findings, conc1 us ions, and recommendations. The full report 

consists of this Executive Summary, a main text, and appendices. 

The full report has been reviewed by the urani urn mining industry. 

States and the Nuclear Regulatory Commission. Comments have been 

i rcorporated where possible. 
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r~ai n text 

The main text consists of seven chapters covering the fallowing 
subject matter: 

--a general description of uranium m1n1ng 

--an inventory of both active and inactive uranium mines 
--sources and amounts of pollutants released to the 

environment 
--amounts of solid waste generated 
--pathways of human exposure to pollutants 
--health risks and environmental impacts 
--recommendations and conclusions 

Appendices 

The appendices cover the following subjects: 

--a detailed listing of the active and inactive 
uranium mines in the United States and their 
locations 

--observations of existing conditions at 
selected inactive mines 

--a description of the methodology used in the health 
risk and environmental impact assessments 

SCOPE OF THE REPORT 

This report addresses potential health impacts caused by 
air and water emissions and solid wastes at active and inactive 
underground and surface mines. We emphasize radiological impacts 
because we believe these to represent the most significant health 
hazards although nonradiological aspects of ground water and air 
contamination were also studied. Impacts from other mining 
activities, such as exploration, site preparation, and in situ 
leaching, were evaluated in proportion to their potential 
significance and the amount of available information about them. 
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Pathways of Exposure 

-' Underground and surface mining release radioactivity and 
:'chemicals into air and water and generate solid wastes that may 
:spread through wind and water erosion and release radon-222 into 
:air. We have examined the extent to which people may be exposed to 
·these released materials or residual solid wastes and thereby incur 
,an increased chance of cancer or other health effects from: 

--breathing air containing radon daughters, 
--drinking water containing uranium and its daughters, 
--eating food contaminated by either air or water, and 
--living in homes on land covered by mine wastes. 

Estimates of the health risks from each of these pathways are 
presented in this report. 

Method of Analysis 

Our preliminary evaluations indicated little actual 
environmental data is available to evaluate the impacts of releases 

fro,m uranium mines. Therefore, we developed models of active and 

inactive mines using the available data and evaluated these impacts 
on a broad generic basis. To the extent possible, operating 
parameters and pollutant release rates characteristic of the various 
classes of mines were used in our models. Finally we extrapolated 
the health risks from the model mines to obtain an estimate of the 
total health effects from all active and inactive mines on regional 
populations within 50 miles from each mine. We estimate the risk to 
the total U.S. population is no greater than a factor of 3 or 4 
h1gher than our estimates for regional populations. 

The availability of information to assess the health and 
environmental impact from uranium mines varied greatly depending 
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upon the type of re1ease and pathway of exposure. In some cases. we 

had to assume the most appropriate values to use in the analyses. 

For some release-pathway combinations, we were able to make a 
quantitative risk assessment. For other release-pathway 
combinations, the information \<las so limited that we could identify 
only the potential for impact. 

We have expressed the health and environmental impacts in this 
report in a number of different ways: 

--Estimates of the risk of cancer to individuals 
and to population groups 

--Estimates of the risk of genetic effects to 
the descendants of exposed individuals and 
population groups 

--Estimates of radioactiviy and chemical concentrations in 
the environment and a comparison of these 
concentrations with air or water standards or with 
existing background levels 

--Estimates of land areas disturbed, amounts of 
solid wastes generated, quantities of water 
discharged, and quantities of contaminants 
released to air and water 

--Qualitative observations of a potential health 
impact 

It must be recognized that the primary effect of radiation exposure 
is cancer although genetic effects are also evaluated. 

I 

Uncertainty of Health Risk Estimate 

To assess the increased chance of cancer and of genetic effects 
occurring after exposure to radiation, Federal agencies base risk 
estimates on studies of persons exposed at high doses and assume. 
that the effects at lower doses will be proportionately less. Such 
assessments are based on a stati stica 1 · risk to all persons 1 n a 

1 arge population exposed to a known radiation dose. Because of 
uncertainties in the health risk analyses presented in this report, 

these estimates shoula be used carefully. 
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BRIEF DESCRIPTION OF URANIUM MINING OPERATIONS 

The two major mining methods used in the United States are 

underground and surface (open pit) mining. During 1978, underground 

mines produced 5.5 million metric tons of ore containing 8300 metric 

tons of uranium oxide {U308 ) while surface mines produced 

7. 5 mi l1 ion metric tons of ore containing 8700 metric tons 

of u3o8• In situ leaching, heap leaching, and mine water 

extraction methods accounted for the remaining 1300 metric tons of 

u3o8 production. 

Underground Minin[ 

Underground mining uses shafts and tunnels to gain access to 

the ore. A mine may extend underground for a mile or more at 

several depths. The ore is moved to the surface and stored for 

transport to a urani urn mi 11. Waste rock and sub-ore* generated 

during mining are also stored at the surface as a waste pile. At 

most underground mines, these wastes remain on the surface when 

mining ceases. 

Large capacity ventilation systems are used at underground 

mines to keep the radon-222 decay product concentrations in the 

working areas below occupational exposure 1 imits. Air is usually 

forced down through the main shaft along the tunnels to the working 

areas and then exhausted through venti 1 ati on shafts. Large 

underground mines may have as many as a dozen ventilation shafts. 

However, while ventilation removes radon-222 decay products from the 

working are~s. it discharges radon-222 to the atmosphere. 

*Sub-ore contains urani urn at a concentration uneconomical to mill. 
This concentration -varies with the "cutoff level 11 of the mill 
receiving the ore. The cutoff level is usually detennined by the 
cost of milling vs. the value of the recovered uranium. 
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Surface Mining 

Surface mining is done by excavating one or more pits. The top 

soil and overburden above the ore are removed and stockpiled. The 

uranium ore is then removed and stockpiled for shipment to a uranium 

mill. Sub-ore is also removed from the pit during these operations 

and stockpiled for possible future use. 

The present practice at most surface uranium mines is to 

backfill the mined out pits with overburden as part of a reclamation 

program. However, even though backfilling is performed, some waste 

remains on the surface after mining is completed, and the final pit 

may not be backfilled. Most older inactive mines were not 

backfilled and little or no reclamation was done. 

Mine Dewatering 

Si oce most uranium ore deposits are below the water table, 

groundwater must be controlled to prevent mines from flooding. 

Underground mines and most surface mines are dewatered to allow for 

excavation or shaft sinking and ore removal. Both underground and 

surface mines discharge this water to natural surface drainage 

systems. The discharged water, if necessary, is treated with barium 

chloride and allowed to settle to reduce radium and suspended solids 

before it is released. In addition to local effects, the long-term 

impacts on regional water availability and quality are also 

important considerations. 

Exploratory and Development Drilling 

The uranium industry has drilled approximately 1,300,000 

exploratory and development drill holes through 1977. It appears 

from mine· site surveys and aer1 al photography that very few dri 11 

sites have been recl!i_imed. Some States do require backfilling of 

drill holes. 
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The average drilling depth has increased with time and will 
probably continue to do so in the future. Deeper drilling will tend 
to increase the possibility that aquifers with good qua 1 ity water 
may be degraded by being connected, via the drill holes, with 
aquifers of poorer quality water. 

SECTION I I 

ACTIVE MINES 

NUMBER OF MINES 

In 1978 there were about 340 active uranium mines in the United 
States. A list of these mines is presented in Appendix E and 
iocludes the type of mine, location, and owner. Table 1 summarizes 
the locations, numbers, and types of active mines: 

Table 1 

Location of Active Mines in United States in 1978 

State Surface Underground In situ Other 

Col'orado 5 106 0 4 
New Mexico 4 35 0 3 
Texas 16 0 8 1 
Utah 13 108 0 3 
Wyoming 19 6 3 2 
Other 3 1 0 0 

Total 60 256 11 13 

HEALTH IMPACT OF AIR EMISSIONS-ACTIVE MINES 

Radiological Impacts 

Exposure to radionuclide emissions into air from active uranium 
mines increases the chance of cancer. These risks of cancer are the 
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«_; i" 1 I ' :pr:imary public health impact from air emissions due to active 
,-~ t' .... ~ 

'uranium mines. Individuals who might be living near uranium mines 

~are/~xposed to higher radiation risks than those farther away. Our 

:~¥~~tinates of potential impacts are based on model mines in the 

::''a:b;~~ce of adequate field data. For our model of a 1 arge 

(t~derground mine we estimate that individuals living for a lifetime 
' ' . ' ' 
·~n:mile from the mine would have an increased chance of fatal lung 

t~c1.ncer of 2 in a thousand resulting primarily from breathing 

~--~~rtdon-222 decay- products. The increased risk caused by the mine to 

;,·.3:n 'individual living 25 miles away is several hundred times lower. 

1· it'; sks from other types of urani urn mines are somewhat 1 ower. 
' ( --,;· We estimated the health impact from all active uranium mines 

f~perating fn 1978 by multiplying the risks from the model mines by 
:~ • I;• I 'I 

'_the number of active mines of each type. This procedure pro vi des 
-... ,\ .,. 

r·hnly a very rough estimate of the total population risks from all 
; ~. 

z.:-mi nes and is accurate only to the extent the model mine represents 

:.·;~n average for all operations. Based on this rough extrapolation of 

-the total risks from all mines, we estimate that the radionuclide 

·'emissions into air from all active uranium mines operating in 1978 

wouid cause less than one fatal cancer in the regional population 

living around these sites. 

The risk of genetic defects in future generations due to 

a1rborne radiation exposure from uranium mines is very small 

compared to the natural occurrence of hereditary disease. The 

largest potential increase in genetic defects wou1d occur near large 

surface mines. Exposure of the population near a large surface mine 

for one year is estimated to result in a very small chance of 

addi ti ana 1 genetic effects to their descendants (1 ess than 0. 0001 

such effects in the population). 
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Nonradio1ogical Impacts 

We estimated the air concentrations of nonradioactive 
pollutants produced by our model mines at an assumed location of the 
nearest individual--1 mile from center of mine site--and determined 
the following emissions presented minimal potential risk to the 
population: 

--airborne stable trace metals 

--airborne combustion products from heavy equipment 
operation 

--nonradioactive gas emissions at in situ leach mines 

However, the estimated concentrations of particulates in the form of 
dust in ambient air near large surface mines exceeded the national 
ambient air quality standard. Most dust near active surface mines 

is caused by vehicle traffic. 

HEALTH IMPACT OF WATER EMISSIONS-ACTIVE MINES 

Radiological Impacts 

The health risks due to radionuclide emissions to water from 
active uranium mines are lower than those caused by radionuclide 

erni ssi ons to air. A 1 though we were ab1 e to estimate cancer risks 
caused by radi onucl ides in discharged water from our model 
underground and surface mines. we could not do so for in situ leach 
mines because of insufficient data. However. radionuclide releases 
in water appear to be low from in situ mines. As with our estimates 

of air emission fmpacts, models utflizing some actual data were used 
to develop this information. 
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For our model of an average underground mine, we estimated that 

individua1s living for a lifetime 1 mile from an underground mine 

waul d have an increased chance of cancer of about one in a hundred 

, thousand due to releases to surface water. We estimated that about 

one additional cancer in several hundred years might occur from the 

nonnal controlled releases from these mines. 

However, mine water discharged to nearby streams can recharge 

shallow aquifers, many of which are presently used for drinking 

water or may be in the future. We do not have enough information at 

this time to evaluate the potential health risks from using these 

aquifers, but using these aquifers for drinking water caul d result 

in increased radiation exposure. 

Where such a problem may exist, the state radiological program 

should investigate existing records to determine the cant ami nant 

levels in these aquifers due to mining, and evaluate the 

significance of the health risks from using these shallow aquifers. 

If a state determines that sufficient data do not exist to perform 

an evaluation, additional sampling and analyses should be performed 

by the state to acquire the necessa~ data. 

Nonradio1ogica1 Impacts 

We estimated the concentrations of nonradioactive pollutants in 

the streams used by the genera 1 population of the region from our 

mine models. These concentrations were from dewatering the model 

mines and were calculated after the discharge was di 1 uted by the 

receiving stream. Under these conditions, none of the pollutant 

concentrations alone or in combination exceeded the EPA Water 

Quality Criteria concentrations for use in irrigation and livestock 

water. However, the recharge of shallow aquifers and the use of 

these aquifers for drinking water· present a potential problem 

similar to 'that discussed for radi onucli de emissions. Thus States 

may want to eva 1 uate poll uti on concentrations to ensure drinking 

water standards are met. 
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HEAL1H IMPAC1 OF SOLID WASTES-ACTIVE MINES 

Radiological Impacts 

Uranium mining operations generate large quantities of solid 
wastes containing low levels of radioactive materials. An average 
surface mine ger:~erates about 6 million metric tons of solid waste 
per year, while an underground mine generates considerably 
less--about 20 thousand metric tons per year. These wastes consist 
of sub-ore, waste rock, and overburden. At surface mines the 
sub-ore comprises only a few percent of the waste while at 
underground mines, because much less waste is produced, the sub-ore 
may comprise up to 90 percent of the waste. 

Through wind, water erosion, and release of radon-222, these 
wastes can potentially contribute to air and water pollution. These 
wastes pose this hazard because they contain elevated concentrations 
of radium-226. Sub-ore (depending upon the cutoff grade for 
milling) may contain up to 50 picocuries per gram (pCi/g) of 
radi um-226. and, even though the overburden and waste rock contain 
1 ower concentrations of radi um-226 than the sub-ore, 1 arge 
quantities of these wastes can contain concentrations of radium-226 
in excess of 5 pCi /g.* EPA has proposed that urani urn mine wastes 
containing radium-226 in quantities greater than 5 pCi/g be listed 
as "hazardous wastes.. under the Resource Conservation and Recovery 

Act (RCRA) and has also proposed regulations for the treatment, 
storage, and disposal of these wastes (43 FR 58946, December 18, 

1978). The EPA is currently conducting an extensive study of solid 
wastes from mines, including uranium mines at the request of 
Congress. If warranted, further regulations on mining wou1d be 

promugated. 

*The radium-226 concentration of most soil and rock is about 1 pCi/g. 
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Use of Wastes in Building Construction 

Using wastes containing elevated levels of radium-226 as land 

fill for residential construction or building homes on land 

contaminated by these wastes can greatly increase the chance of lung 
cancer to individuals 1 iving in these structures. Radon-222 formed 

from the decay of radi um-226 is an inert gas that readily seeps 

through foundations. floors, and walls and accumulates in the inside 

air of a house. The radon-222 then decays to daughter products 

which, when breathed, will lodge in the lungs and cause radiation 

exposure to the lung tissues. For example. the use of uranium mill 

taflings in the construction of homes in Grand Junction, Colorado, 

resulted in radon-222 decay product concentrations inside the homes 

that required a Federal-State remedial action program for the 
affected structures (Public Law 92-314). These mi 11 wastes, 

however, contain much higher concentrations of radium-226 than mine 

wastes. A survey of homes in Florida on reclaimed land containing 

wastes from phosphate mining showed about 20 percent of these homes 

have radon-222 decay product concentrations in excess of 0.03 
working level OIL).* lifetime residency in a home with this level 

could increase the chance of lung cancer by as much as 4 in 

100--thus doubling the normal risk of lung cancer. 

The mechanisms by which uranium mine wastes may cause health 

risks are similar to ti10se which have occurred from uranium mill 

tailings and phosphate wastes. Although uranium mine wastes usually 

have a lower radionuclide content and are less suitable as a 

construction material than the sand-like tailings, these wastes are 

still a potential health hazard to individuals if effective waste 

disposal methods are not used. EPA has provided to the States 

survey reports of radiation anomalies that may be due to use of mine 

wastes in construction and will continue to support State use of 

this data:-

*A working level (WL) is any combination of short-lived radon decay 
products in one liter of air that will result in the ultimate 
emission of alpha rays with a total energy of 130,000 MeV. The 
working level expresses a concentration of radioactivity in the air, 
not how much radiation a person receives. EPA estimates that the 
average working level in U.S. homes is about 0.004 WL. 
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SECTION I I I 

INACTIVE MINES 

NUI~BER OF MINES 

There are about 3400 inactive uranium mines in the United 

States. A list of these mines developed from computer listings 

maintained by the u. S. Department of Energy is presented in 

Appendix F including the type of mine, location, and owner. The 

following table summarizes the numbers and types of inactive mines 

by State: 

Table 2 

Location of Inactive Mines in United States 

State Surface Underground Other 

Arizona 135 189 2 
Colorado 263 902 52 
New Mexico 34 142 12 
South Dakota 111 30 0 
Utah 378 698 17 
Wyoming 223 32 10 
Other 108 43 B 

Total 1252 2036 101 

HEALTH IMPACT OF AIR EMISSIONS- INACTIVE MINES 

Radiological Imeact 

Radionuclide emissions into air at inactive mine sites are 

small compared to the emissions from active mines according to our 

estimates of model mines. The principal radionuclide emitted, 
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radon-222, emanates from unsealed mine vents, portals and residual 

waste piles. This causes only small increases in the risk of 1 ung 

cancer to individuals living near these mine sites. Utilizing the 

same models as for the active mines, we estimated risks of cancer 

from radon-222 emissions to air from our model inactive mines. 

By multiplying the risks from our model mines by the number of 

inactive mines of each type, we extrapo1 ated the total number of 

potential cancers from all inactive mines. This procedure provides 

only a very rough approximation of the total risk from all inactive 

mines. 

By these estimates, radon-222 emissions frame inactive uranium 

mines would produce the following cancer risks: 

Individua1s living for a lifetime 1 mile from an inactive 

mine would have an increased chance of lung cancer of 

about 2-3 in 100,000. 

The amount of radon-222 released each year from all 

inactive uranium mine sites would cause about 0.1 lung 

cancers in the regional population around these sites. 

~onradiological Impacts 

We did not identify aey significant health impact associated 

with nonradiological air emissions at inactive uranium mines. Our 

estimates of dust emissions from wind erosion of waste piles showed 

that insignificant concentrations of nonradiological pollutants 

would exist in air at these inactive sites. 
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·"HEALTH IMPACT OF WATER EMISSIONS-INACTIVE MINES 

The extent to which inactive surface and underground mines harm 
water quality is poorly understood. Ground water in contact with 
ore bodies and consequently in mines typically contains 
radionuclides and trace elements, and the flow of the water away 
from the site carries dissolved and suspended radionuclides and 
trace elements. 

Site specific studies are needed to determine the present and 
potential impacts of inactive uranium mines on both surface and 
groundwater quality. As with active mines, the potential exists for 
contamination of drinking water supplies. States may desire to 
conduct sampling of drinking water at a few sites in the vicinfty of 
inactive mining districts to provide data to eva1uate whether such a 
potential is valid. 

HEALTH IMPACT OF SOLID WASTES-INACTIVE MINES 

Surface (1i nes 

We estimate that over 1 billion tons of solid wastes were 
generated at surface uranium mines through 1978. These wastes 

consist of sub-ore and overburden. The sub-ore, which may comprise 
about 3 percent of the total wastes, contains significantly elevated 
concentrations of radium-226 (up to 100 pCi/g).* Although the over
burden contains much lower concentrations of radi um-226 than the 
sub-ore, large quantities of these wastes can contain radium-226 in 
concentrations in excess of 5 pCi /g--the 1 evel EPA has proposed be 
used to judge whether wastes should be considered as a candidate for 
designation as hazardous waste under RCRA. Such a determination 
would require that specified disposal methods be developed for these 

mine wastes. 

*The radium-226 concentration of normal soil and rock is about 1 pCi/g. 
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J~· In many surface r.~ines opened since 1970, the general practice 

;J.s to backfill the mined-out pits with wastes as part of a recla

,·mation program. However, at most older inactive surface mines, 

•little or no reclamation was done. 

Underground Mines 

We estimate that about 30 million tons of solid waste 

consisting most-ly of sub-ore were generated at underground uranium 

mines through 1978. As in surface mining, the sub-ore contains 

significantly elevated concentrations of radium-226 {up to 

100 pCi/g). There has been very little reclamation at inactive 

underground mine sitesJ so most of these wastes remain on the 

surface at these sites. 

Use of Wastes in Building Construction 

As discussed in the section on active mines, urani urn mine 

wastes would present a significant hazard to individuals if homes 

are bui 1t on 1 and contaminated by these wastes or if these wastes 

are used in construction materials for homes. Individuals living in 

these homes could have an increased chance of 1 ung cancer from 

breathing radon-222 decay products. ihe extent to which uranium 

mine wastes have previously been used for these purposes is not well 

known. 

However, some information is available which shows that uranium 

mine wastes may have been widely used as landfill in the 

construction of various types of buildings. In 1972 EPA and the 

former Atomic Energy Commission (AEC) tried to identify locations of 

higher-than-normal levels of gamma radiation in an attempt to locate 

uranium mill tailings. During this studyt over 500 locations were 

identified where uranium ore was believed to be the source of 

elevated gamma radiation. Since it fs unlikely that ore-grade 
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material would be used as landfill, we suspect that uranium mine 

wastes (perhaps sub-ore) may be the source of the abnormal gamma 

radiation at these sites. 

In order to better define the off-site use of uranium mine 

wastes, EPA is studying the extent to which these wastes have been 

used away from the mine sites for landfill or in construction 

materials for use in homes. If mine wastes were involved in 

construction of homes, a health risk from radon-222 emissions would 

exist. A preliminary survey has already been completed and the 

infonnation has been shared with the interested agencies in 

appropriate States. 
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SECTION IV 

CONCLUSIONS AND RECOMMENDATIONS 

The evaluation of the potential impacts of uranium mining was 

perfonned largely by means of analytical studies of model 

facilities. We believe that the results give an adequate 

representation ~f the industry. In order to determine the extent of 

possible problems, our studies were specifically designed to give 

conservative results. It should be recognized that actual mines may 

operate under conditions producing substantially smaller impacts 

than the results presented. 

Compared to uranium milling, health and environmental effects 

of uranium mining are not as well understood, despite the existence 

of over 3000 active and inactive mines. We have noted throughout 

this report instances of the absence or inadequacy of pertinent 

information. 

CONCLUSIONS 

Solid Wastes 

Solid uranium mining wastes are potentially hazardous to health 

when used as building materials or when buildings are constructed on 

land containing such wastes. The hazard arises principally from 

increased risk of lung cancer due to radon-222. In a 1972 survey of 

communities in uranium milling and mining regions, EPA and the 

former Atomic Energy Commission found more than 500 locations where 

such \~astes had been used. 
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Airborne Effluents 

a) Individuals living very near active underground mine 

exhaust vents would have an increased risk of lung cancer caused by 

exposure to radon-222 emissions. Surface mines and in situ mines 

are less hazardous, and inactive mines do not have significant 

radon-222 emj ssj ons. Other airborne radioactive emi ss1 ons from all 

types of mines are judged to be smaller. 

b) The number of additional cancers committed per year in 

regional populations due to radionuclide air emissions from the 

approximately 340 active mines and 3300 inactive mines was estimated 

to be about 0.6 cancers in 1978. This number of estimated 

additional cancers is sma17, about one-third of the estimated 

additional cancers in regional populations due to t"adon emissions 

from the 24 inactive uranium mill tailings piles addressed by Title 

I of the Urani urn Mi 11 Tailings Radiation Control Act. (These mill 

tailings piles represent about 13 percent of all tailings currently 

existing due to U.S. 

effects are not of 

measures, especially 

involved. 

uranium milling and mining). These potential 

sufficient magnitude to warrant corrective 

considering the large number of sites 

c) The following emissions were judged to cause an 

i'nsignificant health risk at all types of mines: 

1. airbo~ne nonradioactive trace metals 

2. airborne combustion products from heavy-duty equipment 

operations 

3. nonradioactive emissions from in situ leach sites 

d) Airborne dust near 1 arge surface mines (primarily caused by 

vehicular traffic) may exceed the National Ambient Air Quality 

Standard for part1cuJate matter. 
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Waterborne Effluents 

a) We estimate that an insignificant health risk accrues 

currently to populations from waterborne radioactivity from an 

average existing mine. 

b) Uranium mine dewatering and water discharges, which are 

increasing as more and deeper mines are created, may in the future 

have significant effects on water quality. Current treatment 

practices are controlling the release of radi cacti vi ty into surface 

waters. 

c) Water in inactive surface and underground mines usually 

contains radionucl ides and trace elements in concentrations 

comparable to ground water in contact with ore bodies. Some 

abandoned underground mines in certain areas of Colorado and Utah 

probably discharge such waters to nearby streams and shallow 

aquifers. Available data is not sufficient to conclude whether or 

not there is a problem. 

d) We could not determine, using models, that there is no 

health hazard to individuals who drink water drawn from surface or 

underground sources. Water discharges from active mines to nearby 

streams and stream channels may extensively recharge shallow 

aquifers. many of which are either now used or could be used for 

drinking water. Such determinations must be made on a site-specific 

basis, and take account of the additive effects of multiple mines. 

These studtes can be made easily a part of State or utility 

surveillance programs. 

Exploratory and Development Drilling 

Harm from effluents due to exploratory and developmental 

drilling "is probably small compared to effects of operating mines. 

Under current regulations and practices, however, aquifers 

penetrated at different levels can mix, creating the potential for 

degrading good quality groundwater. 

<I 
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RECOMMENDATIONS TO CONGRESS 

1) Based on this study, we do not believe at this time that 

Congress needs to enact a remedial action program like that for 

uranium mill tailings. This is principally because uranium mine 

wastes are lower in radioactivity and not as desirable for 

construction purposes as urani urn mi 11 tai 1 i ngs. Nonetheless, some 

mining waste materia 1 s appear to have been moved from the mining 

sites, but not. to the extent that mill tailings were. 

2) Some potential problems were found that might require 

regulatory action, but none of these appear to require new 

Congressional action at this time. 
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SECT ION V 

OTHER FINDINGS 

1) Regulations may be needed to control wastes at active 

uranium mines to preclude off-site use and to minimize the health 

risks from these materials. These regulations would need to address 

the use of the materials for construction purposes as well as 

ultimate disposal of the materials. 

EPA proposed such regulations in 1978 under the Resource 

Conservation and Recovery Act ( RCRA). In 1980, Congress amended 

RCRA to require further EPA studies before promulgating genera 1 

regulations for mining wastes. An EPA study by the Office of Solid 

Wastes on all types of mines, including uranium mines, is currently 

being conducted. The amendment does not affect EPA's authority to 

regulate use of uranium mine wastes in construction or reclamation 

of lands containing such wastes. 

2) Standards are needed to control human exposure from 

radioactive air emissions from uranium mines. This is principally 

because of potential exposure to individuals living near large 

underground uranium rni nes rather than concerns regarding the 

exposure of regi ona 1 populations. We have proposed such standards 

under Section 112 of the Clean Air Act. 

3} EPA has conducted two field studies in 1972 and 1978 which 

define possible sites at which mine wastes may have been used in 

construction or placed around bui 1 dings. The fnfonnati on de vel oped 

in these studies has been sent to State health departments. The 

States should conduct fo1l ow-up studies, as appropriate, to 

determine whether there are problems at these sites. 

4) The adequacy with which NPDES permits protect individuals 

who may obtain drinking water near the discharge points for uranium 

rni ne dewatering should be eva 1 uated by States. Under the Public 

Water Systems provision of the Safe Drinking Water Act, radionuclide 

standards now exist for drinking water. 
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5) Some site specific studies should be considered by States 
to determine the extent to which inactive uranium mines may be 

significant water pollution sources. 
6) States with uranium mines should determine the feasibility 

of controlling fugitive dust from large surface mines and 
incorporate the recommendations in State Implementation Plans. 

7) States should require borehole plugs in dri11ing operations 
that will prevent interaquifer mixing (exchange) and also seal 

drilling holes at the surface. 
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FOREWORD 

The Uranium Mill Tailings Radiation Control Act of 1978 stipulates 
that " ••. the Administrator, in consultation with the Commission, shall 
provide to the Congress a report which identifies the location and 
potential health, safety, and environmental hazards of uranium mine 
wastes together with recommendations, if any, for a program to eliminate 
these hazards." It is our understanding that the intent of Congress was 
to determine if remedial actions similar to those for uranium mill 
tailings are required for mine wastes. 

The report was prepared by .the Office of Radiation Programs and 
addresses potential health effects caused by air emissions, water 
effluents7 and solid wastes at active and inactive. uranium.mines... Lt ts. 
probably the s-ingle most comprehensive report on the subject. The 
effects from other mining activities such as exploration, site 
preparation, and in situ leaching were evaluated in proportion to their 
potential significance and the amount of available informati~n about 
them. Comments on this report from the uranium mining industry, States, 
and the Nuc-lear Regu·latory._Commi.ss.ion have also.been considered. 

The conclusions· and· reconrnendations dre'··in the;Executive Summary and 
Chapter 7 of the report. The principal findings of this report are as 
follows: 

1. No problems were identified that require Congressional action. 

2. Standards, are probably- nee.ded, to. control human exposure from 
radioactive-emissions. from underground uranium mines •. We have proposed a 
standard for underground uranium mines under the Clean Air Act program to 
develop radionuclide standards. 

3. Regulations should be considered for maintaining the control of 
solid wastes at active uranium mines to prevent off-site use and to 
mfnimize the health risks from these materials. This is part of the 
overall agency consideration of mining wastes and is being carried out 
under the auspices of the Solid ~Jaste Disposal Act. 

4. The report also identifies additional studies that are needed to 
completely elucidate the potential for local adverse effects as a result 
of possible misuse of the mine waste materials in construction of 
buildings. Preliminary reports of field studies by EPA identifying 
possible sites at which mine wast~s may have been utilized in 
construction or around buildings have been sent to the States for 
follow-up studies. 

x.xi.x 

Glen L. Sjoblom, Director 
Office of Radiation Programs 
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1.0 Introduction 

1.10 Purpose 

This report was prepared in response to Section 114(c) of Public Law 

95-604 dated November 8, 1978 (USC78). This Section of th'e Law stipulates 

that, "Not later than January 1~ 1980. the Administrator, in consultation with 

the· Comm·ission-,- shall· pr{)vtde to- the Congres-s a report which ~identifies the· 

location and potential health. safety, and environmental hazards of uranium 

mine wastes together with recommendations, if any, for a program to eliminate 

these hazards." The purpose of this report is to comply fully with this re-
, 

quest, as accurately ,and completely· as available· information will permit. 

1.1.1 Contents 

This volume has seven major sections. The content of each section is 
described generally below: 

Section 1;. Brief reviews,of predic.ted fu.ture uranium production require-.· 
ments; descriptions of· methods of extracting-·uranium·from the earth; 

and presently enforced standards and regulations governing uranium 
mining. 

Section 2: A description of the active and inactive uranium mine in

ventory with a discussion of its limitations. The actual mine listings 

are presented in Appendixes E and F. 
Section 3: A comprehensive discussion of potentia 1 sources of radi a

active and stable contaminants to the environment and man from uranium 
mining operations. Annual release rates of contaminants from the identi

fied sources computed on a generic basis. 

Section 4: A description of model underground, surface, and in situ 

leach mines with operational parameters and source tenns. Both active 
and inactive model underground and surface mines are described. 

Section 5: A brief and general discussion of the environment that 

exists about uranium mines, including vegetation, wildlife, domestic 

animals, and human populations.·,:" The.potential. atmospheric and aquatic 
pathways: af)·.cantaminants .fr001.•·the m.i~es-· to:.man.·crre:. a:\so. defined .. , 
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Section 6: Computation of individual and population dose equivalents 

and potential health effects from mine wastes and effluents based on 

the source tenns developed in Section 3, the model mines defined in 
Section 4, and the pathways described in Section 5. A qualitative 

description of the environmental effects based on site visits is 

also presented. 

Section 7: A brief summary of the report. followed by ,the. concltJs.ians~ 

and recommendations. 

1.2 Uranium-Ore Production and Future Uranium Needs 

1.2.1 Past Production 
Table: 1 • .1'. listS;. the' quanti ti es,,.of -ore mined ·and dJ.rani urn { u3o8) produced , 

in .tha ·various u.ranium rrrining states· between.-:19.48 and. January. 1, 19.79. Two· 

states, New Mexico and Wyoming, have: been the source of about 64 percent of 

the 'tJ'rani·um mined"' in·, the' United'.,States·. 1 -The-colorado" Plateau; whidr· includes 

parts of New Mexico, Ariz.ona, Colorado,, and Utah (see Figure 1.1), has been 

the largest ·source area of mined uranium, accounting for about 70 percent of 

the u3o8 
production through 1976 (ST78). During this same period, the Gas 

Hills and the Shirley and Powder River Basins of Wyoming. produced about 22 .. , . ~ 

~ercent of the total u3o8 (ST78). 

To produce 302.,370 MT of u
3
o8 required the mining of 145,811,000 MT of 

uranium ore during the 31-year period from 1948 to 1979(00E79}. The average 
grade of ore, reported as percent of u3o8, was 0.208 percent during this 
period. 

1.2.2 Projected Needs for Uranium 

The expected growth in the use of nuclear energy for the pt uduction ·or·· 

electric power in the United States during the remainder of this century will 

require an expansion of the uranium mining industry. ~owever, the magnitude 

of this expansion is difficult to estimate, because the forecasts that pre-

eli ct the growth. of_ the nuclear power indu.s try differ cons ider.ab 1y (AEC74, 

ERDA75, EPA76, .. NRC76. NUS76.<Cu77, 'He?:?; 'NEP-77 ,i Ew78;·· Ni78;:· and· ;.St78}'. 

However,··al-Fforecasts· predict··a,continued·growth of. the industry•!. Expansion 

of the uranium mining industry will be influenced also by 'decisions regardiny· 

fuel reprocessing and commercial utilization of·oreeder reactors. 
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Table 1.2 gives examples of four typical forecasts. The Nuclear Regu

latory Commission•s {NRC) projected annual nuclear capacity is far below 

former predictions. This lower projection, which is in line with the admin

istration•s National Energy Plan {NEP77), is believed to be more realistic in 
view of recent drops in demand for electricity, labor problems, equipment 

delays, litigations initiated by environmental groups, the,absence"o;f._ a,. 

pub1 icly accepted waste disposal program, and concern over nuclear prolif

eration. The Department of Energy predicts that 293,120 MT of u3oa will be 
r-equired to provjde nucTear generating capacity through 1990 (OOE79). This 

assumes no uranium or plutonium recycling. 

Table 1.3, which gives domestic uranium reserves by state, shows that 
the reserves are near the areas already mined. Figure 1.2 shows the distri

button of $50 ore reserves 'bY state, and F1g: 1.3' shows reserves by resource 
region (see Fig. 1.1 for region locations).. Future major, mining activities 

probably will be in the- same· general areas·· that have' already beerr mined. To 

obtain the 834,600 MT of $50 u3o8 reserves will require mining about 1.14 x 

109 MT of ore- with .. an. av&rage grade·-of o·,.o73:'pe-rcentr· u3o8•' 

1.3 Overview of Uranium Mining Operations 

1.3.1 General 
' The two major u-ranium m1n1ng methods used in the United States are 

underground mining and surface {open pit) mining. These two methods ac

counted for more than 98 percent of the uranium mined in the United States in 

1971 {AEC74). This has decreased only slightly to about 93 percent in 1978 

(DOE79). However, various types of solution mining are currently being 

tested and probably will be employed commercially more frequently. 

Table 1.4 shows the current production capacities of u3o8 for the var

ious mining met_hods. A 1 though underground mines are far more numerous than 

surface mines, production by the two methods is nearly equal. This is be
cause surface_ mines have a much 1arger _capacity. During 1978, 305 under

ground mines accounted_ for about.46.per.cent (8,3.50 MT) of the- U308 production 

whtle 63 ·surface mines produced about 47'percent (8,710 MT) of th-e UjOg• In 

situ 1 e.ach.ing.,. heap" 1 eaching" 'mine-. •..tater·' extract ion; and'"· othel"' crlterna.t ive-· ·· 

methods accounted for the rema .. ininQ" ,]' per.cento·( 1'~27Q;~ MT} ~·: ':-. 
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Table 1.2 Projected annual nuclear capacity (GWe} in the U.S. 

Source 1980 1985 1990 1995 2000 

ERDA .. ( ERQA75} 71-92 .160-245 . 285-470 445-790 625-1250 

USEPA (EPA76} 80 188 350 578 820· 
Electr·ic World. (EW.78) 92 160 194 237 
NRC {NRC79)(a) 61 127 195 280 380 

~ {a }Schedu..hLassumed' for· thi.s document-;.,; · 

Note.--The. actua1 nuclear ·capacity. real ized··in· 1977 was· 49'.GWe~· · -· 
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Table 1.3 Domestic uranium reserves by state 
as of January 1' 1979 

Ore 
State Ore, MT Grade, % u3o8 

u
3
o8, Mr- ·, to Iota 1 u3o9 · 

New Mexico .. 482.,200,.000., () .. 09. '" 434,.0.00 52 
Wyoming 431,300,000 0.06 258,800 31 

Texas 83,400,000 0.05 41,700 5 

Arizona, 
Co.lorado, 

. & Utah_ 107.300~000· 0.07 75.100 9. 
Others(a) 35!700!000 0.07 25,000 3 

Total 1,139 2900.000 o. 073.( b) 834,600- 100 

(a}Includes Alaska, California, Idaho, Montana, Nevada, North Dakota, 
Oregon,- South Dakota and' ·w-a·shington-. 

(b)Weighted average. 

. 

Note.·-The uranium reserves in this table include ore from which u
3
o
8 

can 
be obtained at a forward cost of $50 per pound or less. Costs do not include 
profi,ts or cost of money. 

Source: DOE79. 
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Table 1.4 Quantities of u3o8 produced in 1978 
by the various mining methods 

t1intng Method 

Underground Mines (305)(a} 

Surface Mines (53) 

Other (23}: In situ leaching~ 

-~MT· of U 0 
3 8 

8350 
8710 

Percent(~) . " 

46 
47 

heap leaching, & mine water 1270 7 

Total 18,330 100 
(a) The numbe-r· of,,mi1\.es-: or.l s i.tes;, are, gi.ven.•. in~ ~un.'anttreses· ... ,: · , 
(b}Rounded to. total·lOO: percent·.!. ·-
Source: .OOE79_ .... 

Table 1.5 Predicted methods of mining ore reserves . 

Mining Method 

' Underground Mining 
~urface Mining 
Other: In situ leaching, 
heap leaching, & mine water 

Tota1 

MT of u3o8 Percent 

547,000 66 
260,400 31 

27,200 3 

834 600 

1-10 

Note.--These are reserves of th~ $50 per pound u3o8 or less cost category. 
Source: DOE79. 
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A1 though some mines produced much more than others, one can compute a 

rough estimate of the average capacity of underground and surface mines as 
fo 11 ows. The ave rage grades of ore removed from underground and surface 

mines in 1978 were reported to be 0.155 percent and 0.120 percent u3o8 , 

respective1y {OOE79). Dividing the annual u3o8 productions (Table 1.4) of 

the two mining methods by their.. respective grades indicates tha.t the 305 

underground mines accounted for 5,,387,100 MT of ore while 7,258,300 MT were 

removed from the 63 surface mines. Hence, the average ore production capac
ities of underground and surface mines are about 1.8 x 104 MT and 1.2 x 105 

MT, respectively. From this assessment, the average ore capacity of a sur

face mine is about seven times that of an underground mine. 

The trend .. during the past few. years of. an increasing percentage of u
3
o8 

being mirred underground wi T1' continue, because -shallow deposits of high grade ·0 

ore have tended .to-.be.surfacec--mined first .. Table 1.5, which displays the 

distribution of~ $50 reserves--by· mining- method,- shows the continued increase 

in the proportio~ 9f u3o8 mined by the underground method. By the Department 
of· Energy predicttons·• future·. pr-oduction' from· ·under.ground .. :mines will more 

than double that from surface mines. The NRC predicts u3oa production by in 

situ leaching to peak in 1990 at about 4000 MT/yr and total 76,000 MT by the 

year 2000 {NRC79). If this prediction is realized~ this resource will un

doubtedly draw from those assigned to underground and surface mining in Table 

1.5. The production of u3o8 by heap leaching and mine water extraction is 

predicted to be relatively small. 

It is very difficult to predict how much u3o8 will be produced as a 

by-product from other mineral mines, but by-product production should in-. 
crease total u3o8 production during the next 20 years. Approximately 180 MT 
of u3o8 are currently recovered each year from the phosphoric acid production 

at wet phosphate plants. The NRC predicts that this will increase to 1800 

MT/yr by 1985- and possibly to 7000 MT/yr by the year 2000 (NRC79). If planned 

leaching facilities are actually built at copper waste dumps at Yerington, 
Nevada; Butte~ Montana; and Twin Buttes, Arizona, to supplement the operating 
facility at Bingham Canyon,· Utah, recovery of. u3o8 from. _these oparations. 

could reach 900 MT/yr (NRC78); Hence, by-product u3o8 production could · 

conceivably account for· about~' eight= percent·:of~·the-- requ-i·red• annua.l,. 11308 pron·, 

duction.by the year 2000. 
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A 1 though the depth of the ore deposit is the fu ndamenta 1 cons idera ti on 
in selecting the mining method to be applied to a particular ore body, the 

size and grade of the deposit are also important factors. The shape of the 

deposit, the overburden rock strength, environmental considerations, and 

other factors may a1so influence the selection. Surface mining is generally 
used for relatively shallow deposits;.. rarely for those,.belaw.-4{}0 fee,t ... !S,t:78')l.:·"·. 

However, under some conditions, it may be cheaper to mine a small, shallow, 
high-grade ore deposit by underground methods; whereas, a larger low-grade 

deposit at a greater depth may be cheaper to mine by surface mining. Because 

productivity is greater by surface mining, it is generally preferred when 

conditions_ are favorab1e .... Other factors. must be examined when considering 
the use of in ~itu.leaching. (see Secttan.l~3.4)~ 

1.3.2. Surface Mining~ 

The use -of surface (open pitY mining methods fs most· prevalent' in the 
Gas··Hills· Region ·and·'the· Sh.irl'ey and' Powder Ri\ler·aasins- l'n'·\}lyom1ng, the· 

Laguna District of New. Mexic·o, .. the. coastaL plai.ns. in south Texas, .. and some 
areas of Colorado and Utah (St78). Fig. 1.4 illustrates a typical open pit 

mine. 
In surface mining,· an open pit is dug to expose the' uranium deposits~ 

After the topsoil is removed and stockpiled nearby, the overburden is removed .... ·· 

by .the method best suited to the nature of the rock. If the rock is easily 

crumbled, it is removed by tractor-mounted ripper bars, bulldozers, shovels,~ ·· ' 
or pushload scrapers; if it is not, blasting and drilling are required. The . . 
broken rock is then trucked to a nearby waste dump. Occasionally, dikes and 
ditches are constructed around these waste piles to collect runoff and divert 

it to sedimentation ponds. Overal), an area of a hundred or more acres may 
be covered by stored overburden wastes (AEC74). 

As mining progresses, the overburden is used as it is removed to back

fill mined out areas of the pit. When an area is completely backfilled, it 

is graded to conform to the surrounding topography and to restore the natural 

drainage. patterns.. .Tht; area. is then" co11.ered. wtth t.opso.U ... and- seeded. to b..l end , , · 
w1 th · the na-tu ra·1 terra.in .:.· .Mast· .of' the-·: older.' surface· mtnes' ··\'len! not·· back.,· .. · 
ft 11 ed · (see~ Sect ion. 3 .. 7.1 ):,.:.and n.e.i trter.r a rEr ·-many.- af the- cu.r.l'entl y,. active ; 

surface mines. 
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Contact with the ore zone is detennined by gamma and x-ray detection 

instruments, usually Geiger-Muller counters that have been calibrated to in

dicate the uranium content of the rock. Since uranium is usually in sand

stone formations, the ore is easily removed. Large backhoes and front-end 

1 oaders are often used to remove ore that has been loosened with tractor

mounted rippers. Large ore trucks carry the ore from the pit_ to s.tackpilesc 

at the mine or ·the mill. Uranium ore is usually stockpiled by grade, e.g., 
high-grade, average-grade, low-grade. Sub-ore grade rock is also usually 

stored separately in piles. This is rock that contains u3o8 at a concen

tration below what the mill wil1 now accept, but which might later be_worth 

recovering. 

Drifts. (small .tunnels)uare sometimes driven into, the pi.t.wa11 to recover 

small-~ narrow ore·-·pods~ Tlie'-rlrifts' are-· generaHy' short~ someti'mes' Tess than 

30 meters~ . The ·mining· technf'ques in these"',dr1fts' are'. like those used in 

Surfdce-:·mintng ,..-equires a··network.' of roads from'a:nd'aruund the pit area 

and to the mill. Heavy vehicles operating on these roads, and the digging 

itself, produce a certain amount of rock and ore-dust. However, the, dust can~ 

be kept down by routinely sprinkling the roads with water or using other dust 

suppressants. Treated water from the sedimentation ponds is sometimes used 

for this purpose. 

The ratio of overburden to the ore produced in an open pit mine can vary 

from 10:1 to as high as 80:1 (St78). One source has estimated the average 

ratio as 30:1 (Le77). A recent study of eight large open pit uranium mines 

re1;orted a ratio of 77 (t 36) to 1 (Ni79). Since the latter study did no'--. 

consider the many smaller surface mines where the overburden to ore ratio is 

likely to be smaller than 77 to 1, this report will assume an average ratio 

of 50:1. Considering that the average ore capacity of an open pit mine is 

approximately 1.2 x 105 MT/yr (see ~ection 1.3.1), about 6 x 106 MT of over
burden·. must· b.e removed-, annually •.. and. ini tia,ll y\ stored,· on.·. 'the. ~urface unt i 1-.:.' 1' 

reclamation procedu~es can ·ba·tnitiated~:· 
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Since most uranium deposits lie below the water table, groundwater must 

be prevented from flooding the mining area. One method is to surround the 
pit with several large capacity wells to lower the water table near the pit. 

This water is discharged directly into the natural surface drainage system, 

in accordance with the National Pollutant Discharge Elimination System 

{NPDES) discharge pe..rmit issued to, the mining company. Water. that d,aes. 
collect in the pit (mine sump water) is pumped to a sedimentation pond for 

solids removal and, if necessary, for subsequent treatment prior to discharge 

into the natural drainage system. Another mine dewatering procedure often 

used consists of ditches dug along the interior perimeter of the pit floor to 
channel the water to sumps located at the lowest levels of the pit floor. 

Water that collects in the sumps is pumped to one or more sedimentation 
basins for sol ids removal.-, pos.sible treatment, and final discharge into the 

existing natural drainage system in accordance· with water~quality ·standards 

specified .in the NPDES pennit. The rates,at which mines are dewatered range 

from· 0.28 m3tmtn ·to· 288 m3/mirr (AEC74, TVA78a, NRC77a,·· NRCNb·). 

Barium, cirlaride·;, to· coprecipi ta-te··' rad·ium·. ,and·. a.· flocculent·' (an agent 

causing aggregate fonnation) to remove other contaminants are usually added 

to pond water before lt is discharged. Water with a high concentration of 
dissolved uranium is often run through ion exchange columns, and the resin 

regenerant solution containing the uranium is sent to the mi11 for pro
cessing. The precipitated sludge that collects on the pond bottom consists 

primarily of ferric and calcium hydroxides, calcium sulfate, and barium 

sulfate with coprecipitated radium. At some sites, this precipitated sludge 

is transferred to the mi11 tailings pond at the end of the mining operation. 

A small amount of uncontrolled seepage may occur through the bottom of 

sedifllentation ponds and, depending upon soil penneability and direction of 

flow, may enter the water table. For example, the seepage rate through the 

bottoms of two settling ponds totaling 4.9 hectares at one site was less than 

0.57 m3tmin (NRC77a). In addition, seepage can be reduced by lining the 
ponds (well-compacted- bentonite c1 ay is sometimes used for this purpose), and 

by the sludge that .accumulates. on .. the _pond bottom .. , · 
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During active surface m1n1ng operations, a total of several thousand 
hectares of land area will be disturbed (St78, Th79). When all uranium has 

been mined and the operation is completed, a pit remains. The walls of the 
pit may be contoured and allowed to fill with water, creating a small man

made lake. 

1.3.3 Underground Mining 
Underground mining is ITIJCh less disruptive to the surface terrain than 

open pit mining. The surface affected generally involves less than 41 hect
ares, but the mine may extend laterally underground for more than a mile and 

at several depths. Figure 1 .. 5 illustrates a typical large, contemporary 
underground mine. 

In ·underground. mfning,: access: to. the. ore body· is.· gained. through one.or · 
more··'ler-tical'·shafts,-·generally,sunl< to a s11ghtl-y'-greater depth than the ore 
uody, or thruugn· il1cr·ines--; declines·; or'"ddits, an··cut· thr·ough~·waste rock. 

The waste rock is removed to a spoils area. that. may be, but usually is nott 

surrounded'by a ditch to contain runoff~ as discussed above. 

The sizes of the accesses vary considerably. The.vertical haulage shaft,. 
··:ay vary from less than 8 feet in diameter, sufficient to accommodate. one·,-~. 

small ore skip (a large bucket). to a diam~ter of 20 feet. which will accom

MOdate dual ore skips as well as a man and material skip. In some cases. the 
near horizontal accesses are sufficiently large to allow passage of large 
diesel-powered vehicles. 

Underground mines are devel9ped in a way that minimizes the removal of 

\.aste rock, resulting in much smaller spoil storage piles than those dt ·· 

surface mines. It is estimated that the ore to waste rock ratio generally 
ranges from 20:1 to 1:1 (ACE74, Th79). At seven presently active mines, the 
ore to waste rock ratio ranges from 1.5:1 to 16:1 with an average ratio of 

Q,l:l. (.Ja80) .•. Us..ing. the average ratio and"the .. aye.r.age annua.l.ore •. capacity of .. 

an· undel"ground·· mine•. {see·. Section· 1·.3.1)1
,·. each ryear· theYaverage.-·unde~round '· 

.nme will·produce·abcrut·2·.0 xM103 I~T: of waste: rock that fs. r:emaved·'andtstored 

on the surface.· Initially ·all waste rock is transported to the surface, but, 
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as mining progresses, it is sometimes transported to mined-out areas of the 

mine and retained beneath the surface. This practice may diminish as lower 
grade sub-ore becomes more economical to mi11. Since waste rock may contain 

sub-ore, some waste rock will likely be kept available for milling. 

Ore deposits, outlined by development drilling, are follawed.;,ts.c.lose.ly,. 
as possible. When ore lies in narrow, long deposits, drifts are cut through 

the ore body and raises or stapes are driven from the drift to reach small 

ore pods. Crosscuts are driven from the haul age drifts when necessary to 

reach nearby deposits. large area deposits are commonly mined by the "room 
and pillar" method. This involves mining out blocks of ore while leaving ad

jacent pillars of ore or waste as support for the roof. The size of the 

rooms depends. on. the. ra.of condit.i on.,.. The. roof . is usually .strengthened. by 

oo 1 ts, wire· .mesh';- ti'mber·sets·, and' steel'"arches~ Whetr an·' area .. is camp 1 etel y· 
min-ed, the. ore ptl'lars~ are removed in a systematic sequence· that ·all'ows safe· 

retreat; 

Ore 1s usua·l1y broken ·by' dn·lring···and blasting.· The broken ore is 

removed and transferred to mine rail cars. The ore is then carried by rail 

cars or wheeled vehicles either directly to the surface or to a skip at the 

hottom of the haulage shaft and lifted to the surface. Haulage in large area .~, 

mJnes is often accomplished by large diesel-powered loaders, haulers, and 

trucks. When the ore is sufficiently soft, it may be removed with continuous 

mining mach1nes instead of drilling and blasting techniques; however, most 

ore bodies are too small and irregular to mine economically this way. 

Ventilating systems are required in underground uranium mines to remove 

blasting fumes and radon-222 (Rn-222) that emanates from the ore and mine 

water and to control temperature. Fresh air is usually forced down the main 

haulage shaft and along the main haulage drifts to the working areas. The 

mine air is exhausted through ventilation shafts to the surface. The venti

lation air is diverted from inactive areas of the mine to reduce air contam
ination. · Inactive'. areas .. are:·usua1ly·<1-Sea~ed. wHn,• airtight ''bu]kheads'' to;·pre•· 

vent· r3don." gas~. in those areas'··from circulating. The .ventilation" ra:te. should · 
be sufficient to maintain ·the radon daughter concentration of the mine air 
d t, a r · be low,··~ e·vei :r ~. tttu·t ·11eet>-· feue t".Jl..,.·o.mr· s ta:t-e" OC(!upa t'fllHa P -expo!\: re'' :>'tdn.:...- • · '• . . 
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dards. The rate will vary depending upon mine size (volume), grade of ex

posed ore, size of the active working areas, rock characteristics (diffusion 

ratt:! of Rn-222), effectiveness of bulkhead partitions, atmospheric presstrr•e .. , 

and other factors. Ventilation rates in active mines vary from a few hundred 

m3/min to over a hundred thousand m3/min. For example, the ventilation rates 

for seven uranium mines in the Grants, New Mexico area ranged from 4.4 x 103 

to 1.1 x 104 m3/min, with an average of 7.4 x 103 m3/min (Ja79). 

Because ore bodies often lie in or beneath major aquifers, dewatering 
operations similar to those practiced in surface mining are required. These 

operations commence during the initial shaft-sinking process and may continue 

throughout the working· life··of the-mine. Water is pumped from wells that are 

driverr into the water-bearing strat~ near.' the mining· operation and· discharged· 

either directly into the natural surface drainage system, in accordance with 

an NPDES pennit, or to settling ponds. Water that collects in the mine is 

diverted to sumps and pumped to a settling pond. The impounded mine water is 

treated similarly to that described .. abave_-at .sur,faca·mines (.see Section 

1.3.2). The discharge of water from these- ponds· is· in, accordance with· water 

quality standards specified in the NPDES pennit. {Note.--About one-half of 

the active New Mexico mine discharges have NPDES permits that are presently 

under adjudication and, therefore, are not necessarily in accord with dis

charge limits [Pe79a].) 

1.3.4 In Situ leaching 

In situ leaching has less adverse impact on the environment than con
ventional uranium mining and milling methods. It also may pennit economical 

recovery of currently unrecoverable low-grade uranium deposits (NRC78). 

Though in situ leach mining currently produces only a small amount of the 

annual U.S. output of u3o8, variations of this technique are being widely 

tested for uranium extraction and have potential for becoming commercially 

significant (La78, NRC78, TVA78b, Ka78). Table 1.6 lists in situ leaching 

operations for uranium -as of January 1, 1978. The operations are concen

trated on the coastal plain of southwest Texas and in the Wyoming basin 
regions. .Most· commerc-iaL si-zed· ope-rat·tons··,·ar-e~ ·in ;,southe-rn Texa·s.; '.Jwf;lere;.' ·.· 

recent expansion is. expected to increase. .. the production "of u3o8 by this 
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technique to about 900 MT annually (TVA78b). Two Texas sites alone, Bruni 

and Lamprecht, are expected to produce annually 110 and 230 MT of u3o8, 

respectively (Wy77). A number of projects are currently testing the effec

tiveness of the in situ leaching technique, Though these studies usually last 

about 18 months to 3 years, some feasibility tests require up to 6 years 

before expanding to full or commercial scale operations {La78·)· .. ( E:-x<leHen·t· 
reviews of this mining method are available (La78, Ka78). 

Uranium extraction. by in situ leaching probably will not be restricted 

to one or two geographical areas. Uranium deposits potentially suitable for 

mining by this ,method are prevalent in, almost all of the established uranium 

mining ·areas in·the United ·States .• ·. Uranium deposits al"'e potential candidates 

for in.sttu •. mininq, .. tf tbey'-meet··the .. ,fatlowinq\·cr:-i.ter.ia-: ... 0) y the or.e deposi.t. 

is 1 oca ted . in ,a zone; saturated· with water;··. { Z} the ore depDS·it .1 i es above 

and preferably between geological layers· impervious -to water; (3) the 

deposit is adequately penneable to water; and (4} the· uranium· ·in the· ore 

deposit. isc in a, leachab.le··state. l:olor.ado and, New- M~x_ico ill ready have in. situ 

leaching activities at ,the pilot scale. and the mining industry has inquired 

about additional· pilot-~ale research" ancl. deveJopment sites. ,in South O~k.ota, 

Arizona, Utah, and Montana (La78). 

In the in situ leaching method, a leaching solution (lhiviant) is in

jected through wells into the uranium-bearing ore body. It fonns chemical 

complexes with the uranium, which dissolves in the solution,. Production 

wells bring the uranium-bearing solution to the surface where the uranium is 

extracted. The barren lixiviant can then be reconstituted and reused. To 

control groundwater flow, the .production (pumped) well operates as a sump or 

pressure sink in the formation, which produces a flow of groundwater and 

1ixiviant from the injection wells to the production well. Also, some of the 

bal"'ren lixiviant is not reinjected. This reduces the water level in the well 

field, allowing groundwater to migrate into the mining zone. This inflow 

t-~revents the f.l ow· of the· .. ti x ivJant . .nway~f~om .. t.ile". fj ~1 d,.ar.e.a .... 

Lixivian-ts for- in sHu• m'~>niR'l:·'COn,ta.JD. · c,;alts·~< of·. anions·· (ne~atively 

charged chemical. grougsl,,. ,such as .sulfate, carbonate, bicarbonate, and am

monium, that fonn stable aqueous complexes with hexavalent· \p~sittvery· 
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Table 1.6 Summary of current 1n situ leaching operations as of 

January 1, 1978 

Name Location 

Sundance Crook 
Project C:ounty, wr 
Red Desert Sweetwater 
Site I County, WY 

Red Desert Sweetwater 
Site II County •- W'f 

Charley JOhnson 
Site County. WY 

Highland Converse· 
Site County, WY 

Double Eagle Carbon 
Site County, WY 

North Rolling Camp be 11 
Pin Site County, WY 

Collins Draw Campbell 
Site II County, WY 

Bear Creek Converse 
Site County, WY 

Nine Mile Natrona 
Lake Site County, WY 

Red Desert Sweetwater 
Site County, WY 

I riga ray Site Johnson 
County, WY 

Site No. I McKinley 
County, NM 

site No-.._ 2 , Sandoval 
County, NM 

C rownpo tnt· -· McKfn1 ey 
Project - County, NM 

Well{a} 

Pattern 

5-SP 

5-SP 

5-SP 

S-SP 

7-SP 

s-.. sp 

5-SP 

s .. sp 

5-SP 

S-SP 

5-SP 

NO 

4-SP 

4-SP 

4-SP' 

Scale of(b) 

Operation 

RD-PS 

RD-I 

RD-PS 

RD. 

RO-C 

Ro·-

RD-I 

RD 

RD-1 

RD-PS 

PS 

c 

PS-I 

PS-I: 

;{0~ 

Flow Rate~c) 
{m3/min) 

NO( d) 

NO 

NO 

ND 

4.54 

NO 

NO 

0.38-0.57 

NO 

0.38 

0.38 

6.06 

NO 

NO 

~o-. -
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Table 1.6 Summary of current in situ leaching operations as of 
January 1, 1978 {continued) 

Name Location 

Grover Site Wel~ County, 
co 

Palangana Dome Duva 1 County, 
Site TX 

0' Hern Site Ouva.l County, 
;x 

Bruni Site Duval County'~ 
TX 

Lamprecht .... Bee County, 
Site TX 

Zamzow Site Live Oak 
County, TX 

Boots/Brown Live Oak 
Site County, TX 

Clay West Live Oak 
S1te County, TX 

Burns Ranch Live Oak 
Site County, TX 

Moser S1te Live Oak 
County, TX 

Well (a} 

Pattern 

5-SP 

ND{d) 

ND 

NO 

NO 

NO 

NO 

NO 

NO 

ND 

Scale of{b) 

Operation 

PS-C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

Flow Rate (c) 

(m3;min) 

0.76 

NO 

NO 

NO 

0.76 

NO 

ND 

NO 

NO 

NO 

(a)Well pattern: 5-SP indicates one or more 5-spot pattern(s}, etc. See 
F1gure I. 6. 

(b)Given are past or present operations - planned future operations: RD
resea.rch a.nd.. deve.lopment,_.PS- pilo.t scale, C- commercial seal~. ~ - pr:-esently 
1nactwe •. 

(c)Flow rate of leachate- to processi-ng· pl'qnt in··mJ/mi~. 

(d)No data. 

Source.: La78; Dul9. 
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charged in the +6 state) uranium. An oxidant, such as air, oxygen, hydrogen 

peroxide, sodium chlorate, sodium hypochlorite, or potassium permanganate, is 

added to oxidize the uranium to the hexavalent state. For example: 

Unfortunately, there is no 1 ixiviant speci fie for uranium. Consequently, 

other minerals commonly associated with uranium deposits,. such as iran,. s.ele-. 

nium, vanadium, molybdenum, and arsenic, may also be dissolved. This tends 

to contaminate the leach solution and deplete the lixiviant. Lix1viant 

agents and their concentrations are selected to maximize uranium recovery and 

minimize undesirable secondary reactions. Acidic so1utions (pH 2) are 

avoided because they are· less selective. Neutral or basic'" lixiv.iants ·'(pH 

6-10), such as ammonium or sodium carbonate or bicarbonate, are often used. 

Many variables affect the accumulation of trace elements in leaching 

solutions~ particularly the chemical and physical nature of the host for

mation. Table 1.7 HTustrates rela.tive cantaminant·-lev.els· in- the two 1ixi

viant types in a laboratory experiment. Except for Ra-226, significantly 

greater trace element concentrations occur in the acid lixiviant; the total 

dissolved solids is about eight times higher than in the alkaline solution. 

Hence,, it would be necessary to bleed much larger volumes of acidic lixiviant 

from the system prior to reinjection in order to maintain acceptable levels 

of these undesirable constituents. large volumes of liquid wastes containing 

higher toxic metal concentrations are generally produced when acidic 1 ixi

viants are employed. Also, because calcium minerals are abundant in geologic 

strata and carbonate minerals are highly soluble in acid solutions, partic

ularly calcium carbonate, large amounts of calcium accumulate in recirculated 

acid 1 ixiviant, and they must be removed by a purification process prior to 

reinjection. However, acid lixiviants leach more rapidly than alkaline ones, 

yield higher uranium recoveries -· about 90 percent with sulfuric acid com

pared to 60 to 70 percen_t with a bicarbonate solution -- and genera11y ex

tract less radium (Wy77). 

The number of wells, their spacing, and their pattern depend upon the 
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size and hydrologic characteristics of the fonnation. Figure 1.6 shows 

diagrams of some common well patterns. Several hundred injection wells with 

several recovery wells may be employed. Well spacing may vary from 10 to 60 

m. In addition, a number of monitoring wells are driven a short distance 

from the well field to detect any excursion of lixiviant from the leach 

field. A commercial-size operation may require a well· field area .. of·2(} 

hectares or more (TVA78b}. 

The pregnant {containing uranium) leachate from the production.wells is 

filtered through a sand filter to remove suspended particulates, then passed 

through a surge ·tank· (storage reservoir) to ion-exchange resin beds that se

lectively remove the uranium complex. The uranium is washed from the resin 

bed.s,.·, precipitated,;..., fitte~ed.,..r dr:ded,.<'(a.t '·most.( sites). .• ,. and :packag~d.. . . . ·. · .. · 

Some. processes. of solu.tion mining produce 1 iquid and solid wastes. The 

volume of liquid wastes produced is much smaller, per weight of u3o8 produced~ 
than_ that, fr.om the. _·dewatering .. act1vities .. "of, ·conventional mining 'methods. 

There is also no waste rock. Residues ,obtained from drilling are a solid 

waste. Those· that traverse ·the·-ore· zone' wi-11· contain some uranium· ore. If 

calcium or sulfate control of the lixiviant is necessary, additional solid 

wastes are impounded in waste ponds under a liquid seal to minimize atmo

spheric dispersion. Precipitation compounds will also be produced as evap

oration concentrates the impounded waste solutions. 

Liquid waste streams include lixiviant, filter and resin washes, resin 

eluant bleed, and water used in cleaning the injection we11s. The total 

production rate of these waste streams may vary between 0.19 to 0.38 m3/min 

(Ka78, Wy77, TVA78b). At most sites, all liquid wastes flow to waste ponds 

and evaporate. Pond size depends on the flow rate of the wastes and the 

evaporation rate. The pond bottoms are usually 1 ined with clay, asphalt, or 

a continu-ous plastic sheet to minimize the seepage rate, although some seep-

o.ge: may inadvertentil:r occtJr·;._ ·Deep:--Well · injection,.is~.al so•- used~ .. pr.ino,ipa,lly · · · · .1 

in Texas •. to dispose.of liquid.. wastes from·dn si'tu:-leaching (Ou_7.9.) .. , , · 
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Table 1.7 Trace metal concentrations of recirculated acid and 
alkaline lixiviants 

Concentrations, mg/£"-
Acidic(a) Alkaline(b) Trace Metal 

Arsenic <0.05 

Chromium 0.15 
Cobalt 0.2 

Copper 1.0 

Iron 25.4 

Lead 0.7 
Manganese 1.2 

Holybdem111 NR 
Nickel 0.6 
Selenium NR 

Strontium 3.7 
Vanadium 1.0 
Zinc ' 4.3 
Zirconium 3.3 
Radium-226(d} 390 
TDS (e) 7.8 

(a)Composition- 5 g/t H
2
so

4 
and 0.1 g/t NaCl0

3
• 

(b}Composition - 8 gh, NH
4

Hc0
3 

and 1 g/p_ H2o
2

• 

(c)NR - Not Reported. 
{d)units --- pCih. 

{e)Total dissolved solids in grams. 
Source: Ka78. 

<0.05 
0.07 

NR(c) 

0.04 

0.6 

0.2 

NR 

0.9 
0.06 
1~6 

1.5 
NR 

0.1 
0.9 

1750 
1.0 
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Atmospheric emissions from in situ leaching include Rn-222 that is 

vented mainly from the pregnant lixiviant surge tanks and particulate matter 

that may escape from the scrubbers (exhaust filters) of the yellowcake 

{uranium product} drying and packaging units. Radon-222 emanation from the 

waste ponds is probably negligible, since the sediment which contains the 

radium remains submerged and little_Radon-222 will_di.ffuse thr:oug,h the water 

and escape to the atmosphere. 

When the mining operation is comp1eted, the water volume of the leach 

zone will be restored to limits set by regulatory agencies. The primary 

method of aquifer restoration is flushing the zone with groundwater by 

pumping from the production wells and/or the injection wells. This process 

may produce. up to 1.70 m3/rnin additional liquid wastes that contain a high 

concentration of dissolved -solids (NRC78). This contaminated water passes 

through an ion,-exchange. unit and then. discharges to the. waste ponds. The 

barren effluent carr be··further treated·by desalination and·reinjected to the 

fonnation. Also, a barium chloride sol uti on can be injected into the leach 

zone to caprectptta:te- rad i tmr from· the· aquifer ·water prior· to the"· groundwater 

sweeps. 

1.3.5 Other Mining Methods 

1.3.5.1 Heap leaching 

Ore of a grade too low to be economically extracted in the mill opera

tion is sometimes treated by heap leaching. In this process, the low grade 

ore is placed in large, rectangular, open-air piles on a specially prepared 
pad. To construct the heap-leach pad, the topsoil is first removed and the 

cleared area graded to a 2 percent to 3 percent slope. The graded area is 

then covered by a plastic sheet. Perforated plastic pipe is placed on the 

plastic parallel to the slope and covered with approximately 30 em of clean, 

coarse gravel. A collecting trough is formed at the base of the slope and a 
benn surrounds the pile area. 

When the ore· is dumped on the pad, large solution reservoirs are fo·rmed~ 

on the top·.· Acidic-·or~allcaTtm:!·mine- l'later·pi's· pumped·into··the<-rese.rvoi.-rs.!·and<-. ,. 
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percolates through the pile. The percolated water is co11ected 1n the trough 

and recirculated until the concentration of uranium in solution is sufficient 
to be economically extracted. The leaching process may require up to six 

months to recover approximately 80 percent of the uranium in the ore 

(NRC77a). The heap-leach pile at one mine contained an annual accumulation of 

approximately 360,000 MT of low-grade ore (NRC77a). The pile measured 100 m 
x 90 m x 7.6 m with solution reservoirs of 22m x 90 m x 1.5 m. 

After leaching operations are completed, the leached pile is neutralized 

with lime to a pH of about 7. The site is then contoured to blend with the 
surrounding terrain, covered with layers of subsoil and topsoil, and seeded 

to control wind and water erosion. 

Because' necessary infcmrati'On'' fs· unavail'able·· and·' the· contribution of·· 

heap leaching to. the total uranium production is very minor and not expected· 

to become significant ( NRC79} J. an assessment of the env.i ronmenta-1 impact·.·of 

heap-leached piles has not been conducted. However, the NRC has recently 

concluded that·,· although,, the-haza·rd of·· tailings produced by heap leaching 

will be much less than the hazard of tailings at conventional uranium mills, 

the same tailings management and disposal criteria should possibly apply 
(NRC79). 

' 1.3.5.2 Mine Water Recirculation 
At several sites mine water is recirculated to leach 11 WOrked-out areas" 

of underground mines (Pe79b}. In the ear1y uranium mining years, ore with 

less than about 0.15 percent u3o8 was not mined. This grade is relatively 
high compared to present day markets. Consequently, significant quantities 

of uranium remain in these abandoned areas. Because the roofs of these areas 

collapsed during the initial mining retreat, this ore is difficult to re

trieve by conventional methods. To recover a portion of this uranium, holes 

are drilled_ to the top of the collapsed zone and mine water is sprayed from 

these holes onto the shattered ore. Water for leaching may be sprayed from 

the mine floor if the abandoned .area. is, accessible~ to the.workers ... (Pe19a) •. 
The oxidized uranium (uranyl ion) is leached by· the slightiy alkaline .. rnine 
water, which fl·ows to co11ection' sumps. The 'enriched water is pumped· to a 

resin ion-exchange.·- unt.t. , to: .extract· the' ·U\'I'anium, · . .and .. therr At·d-sl,:f<'..ec-yc l'ed·.,· ·- .· 
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After the available oxidized uranium has been leached, the process is dis

continued for a few weeks to allow more uranium to oxidize. Mine water is 

then circulated again through the ore. 

This process increases the recovery of uranium with minor effort and 

expense, but it contributes litt1e to the total domestic uranium production 

(NRC79). In addition, the quality of the stored mine water used will be en

hanced after passing through the resin ian-exchange unit. Hence, mine water 

recirculation has little impact an the environme11t. It was not assessed in 

this study. 

1.3.5.3. Borehole Slurry Mining 

Hydraulic borehole slurry mining is a recL)'~tly proposed technique for 

extracting uranium ore (Ka78. St78). As the nam~ suggests, this method uses 
pressurized water to loosen and combi~e with ore-bearing material to form a 

watery mixture known as 'slurry 1 that is transported from the borehole and 

then conventionally milled. This method could i)e applied to sandstone de

posits at depths of 30m to about 100m. By present estimates, yellowcake 

from ore containing 0.06 percent u3o8 and mined at a 60 m depth by this 

method would cost $42 per pound (Ka78). This method presently is not as 

economical as the more conventional methods of uranium mining. 

The process consists of drilling a 45-cm diameter hole to approximately 

2 m below the uranium-bearing strata. A cutting jet assembly is positioned 

in the hole at the end of a rigid service column containing conduits for the 

pressurized water and slurry transport. The slurry pump is placed at the 

bottom of the hole. The underground mining operation is started with the jet 

set at the lowest position. The rotating jet cuts material through an arc of 

somewhat less than 360° for a distance of up to 25 m, depending upon the 

design of the jet system. The segment of unmined ore acts to support the 

overlying strata. After the material is removed as a slurry, the jet is 

raised to the next level -of ore and the process is repeated. After milling, 

the decanted water from the slurry is recycled for slurrying more ore. The 

tailings from the mi11ing operation are used to backfill the borehole cavi

ties and minimize subsidence. 
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A 15 m to 25 m radius borehole can be mined in an 8- to 24- hour period 

(Ka78). Large ore bodies might be mined by drilling, slurrying, processing, 

and backfilling in a systematic pattern that leaves ore in between boreholes 

for support. These areas could be mined in a second phase after the original 
boreholes are backfilled. 

Borehole mining for uranium is currently only a proposed method with no 

pilot or commercial scale units in operation. Thus, the possible environ
mental impact from· this process was not assessed in this study. 

1.3.5.4. Uranium as a By-Product 

The recovery of uranium as a by-product from other mineral mining and 
milling operations was discussed briefly in Section 1.3.1. Since recovery i~ 

basically from the milling operation, any environmental problem that might 

exist is associated with milling rather than mining. Therefore, it was not 

assessed in this study. 

1.4 Current Applicable Standards and Regulations 

1.4.1 Federal Regulations 
Health, safety, and environmental hazards associated with uranium mining 

are regulated by Federal and State laws. This review focuses on laws and 

regulations app 1 icab 1 e to mine operations. Nuclear Regula tory Commission 

regulations for milling operations apply to in situ leach extraction and are 

therefore included. Some laws and regulations on exploration rights also 

cover the environmental impact of mining operations and wastes. 

Prior to the National Environmental Policy Act (NEPA) of 1969, there 

were few regulations protecting the environment of lands not controlled or 

owned by the Federal Government. Even with NEPA, much Federal authority on 

environmental problems was unused until recently. This Act established a 
national pol icy concerning the environment. Section 102(2) (C) states that 
every agency of the Federal Government must 11 include in every recommendation 

or report on proposals for legislation and other major Federal actions signi

ficantly affecting the quality of the human envjronment, a detal1ed state

ment" of the environmental impact of such an action. Major Federal actions 
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11 includes actions with effects that may be major and which are poten
tially subject to Federal control and responsibility ••• actions include new 
and continuing activities, including projects and programs entirely or partly 
financed, assisted, conducted, regula ted, or approved by Federal agencies; 
new or revised agency rules, regu1ations, plans, policies, or procedures; and 

legislative proposals (Sections 1506.8, 1508.17) •••• Approval of specific 
projects, such as construction or management activities located in a defined 
geographic area. Projects include actions approved by permit or other regula
tory decision as well as federal and federally-assisted activities 11 (40 CFR 
L500). 

1 .4.1.1 Federal Laws, Regulations, and Guides for Protection of Health and 
Environment 

Table 1.8 provides an overview of federal law::, and regulations for the 
protection of health or environment and the admini~tering agencies. Federal 
agency responsibilities for water use, conservation laws, and exploration and 

mining rights are indicated in columns 1-4. Laws and regulations for environ
mental quality and health and safety are indicated in columns 5-10. See 
Appendix A for an itemized list of the laws and regulations shown generally 
in Table 1.8. 

1.4.1~1.1 Air Quality 
Regulations on air quality have been promulgated pursuant to the Clean 

Air Act (42 u.s.c. 1857 et seq), which includes the Clean Air Act of 1963 

(Public Law 88-206) and amendments by the fo11owing: Public law 89-272, 
Public Law 89-675, Public Law 90-148, Public Law 91-604, Public Law 92-157, 
Public Law 93-319, Public Law 95-95, and Public Law 95-190. The Environ
mental Protection Agency establishes National Ambient Air Quality Standards, 
New Source Perfonnance Standards, and Nati anal Emissions Standards for Haz
ardous Air Pollutants under the Clean Air Act (CAA). Primary standards are 
set to protect public health and secondary standards are set to protect 
public welfare from known or anticipated adverse effects. 

National Ambient Air Quality Standards (NAAQS) have been established for 
seven pollutants in 40 CRF 50. The Administrator of EPA is authorized to set 
emission standards for hazardous air pollutants for which no ambient air 

quality standard is applicable. Asbestos, beryllium, mercury, and vinyl 



Table 1.8 Federal laws, regulations, and guides for uranium mining 

General Mining 
Conservation- Permits Environmental Qu~lit~ Health 

Water Preservation Exploration Mining Water Land and 
Federal Agency Use Statutes Rights Rights Air SurfUG Solids Reclam Safet~ - ---
Dept. of Int. X X X X X 

BIA(a) X X X 
BLM(a) X X X X 
USGS(a) X X 

Dept. of Energy )( X X X 
' Dept. of Agr. X X X 

USFS(a) X X X 
EPA X X X X X X 

AIR-OAQPS(a) X 

Water 
Surface OWPS(a) X 
Ground OSW(a) X 

land-OSW(a) X X X X 
Radiation-ORP(a) X X X X }( X 

U.S. Army 

Corps of Engrs. X X X X 

Dept. of labor X 
MSHA(a) X ....... 

OSHA(a) X 
I 
w 

Comm. (b) 
N 

Nuclear Reg. X X X. X X X 

(a)BIA-Bureau of Indian Affairs OWPS-Office of Water Planning and Standards 
BLM-Bureau of Land Management OSW-Office of Solid Waste 
USGS-United States Geological Survey ORP-Office of Radiation Programs 
USFS-Un)ted States Forest Service MSHA-Mining Safetv and Health Administration 

(b)OAQPS-Office of Air Quality. Planning and Standards OSHA-Occupational Safety and Health Administration 
Nuclear Regulatory Commission (NRC) regulations and guides for mi1ling do apply to in situ extraction or mining 
but not conventional surface or underground mining where NRC has no authority. 
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chloride emission standards are in subparts, B, C, E, and F of 40 CFR 61, 

respectively. Section 122 of the CAA directed the Administrator to determine 

whether emissions of radioactive pollutants, cadmium, arsenic, and polycyclic 

organic matter {such as benzene} into ambient air will cause or contribute to 

air pollution and endanger public health. If they do, EPA must propose emis

sion standards for them within 180 days after that decision. The EPA has 

1 isted radionucl ides as 11 hazardous pollutants" under Section 112 of the Clean 

Air Act in December 1979 (44FR76738, December 27, 1979). To date, no 
·-

standards for radionuclide emfssions in air have been promulgated. 

The particulate concentration values of the NAAUS apply to mining oper

ations. Emissions (including dust) must be controlled to meet the standards. 

Du.t from min1ng operations was excluded from any air quality impact assess

mer"~t for prevention of significant air quality deterioration (PSD) {see 43 
F.R. 26395). However, as a result of the court decision in Alabama Power 

Company v. Castle, 13 ERC 1225, EPA has proposed amendment of PSD regulations 
{44 F.R. 51924, September 5, 1979). 

The emission of radioactive substances or gases from gaseous release is 

controlled by NRC regulations 10 CFR Parts 20 and 40 for uranium milling and 

in situ leaching. The NRC does not have this authority over mining. There 

are 'no Federal regulations for radioactive pollution of air from mining at 

this time. However, MSHA enforces standards for radioactivity in air inside 

mines (30 CFR 57.5-37 through 57.5-42). Health and Safety standards of MSHA 
for f~etal and Nonmetallic Mine Safety are given in 30 CFR Parts 55, 57, and 

58. 

1.4.1.1.2 Water Qualitx 
Standards for water quality are promulgated by EPA under the Federal 

Water Pollution Control Act (FWPCA) of 1948 {as amended) and the Safe . 
Drinking Water Act (SOWA) (as amended). The FWPCA and SDWA regulate surface 
water quality and groundwater quality, respectively. 
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The Federal Water Pollution Control Act Amendments of 1972(Public Law 

92-500) established that no one has a right, without permit, to discharge 

pollutants into navigable waters of the nation. The Act provides for the 

establishment of both water quality standards and effluent limitations. In 

addition to requiring effluent standards for existing sources, it required 

EPA to set new source performance standards for uranium mining. The fol

lowing standards and guidelines apply to uranium mining and milling: Regu

lations on Policies and Procedures for the National Pollutant Discharge 

Elimination Sys.tem (40 CFR 125), Effluent Guidelines- Mining and Processing 

(40 CFR 116), Effluent Guidelines and Standards for Mining and Processing (40 

CFR 436), and Protection of the Environment-Ore Mining and Dressing - Point 

Source Category (40 CFR Part 440). Table 1.12 lists other pertinent regu

lations and guides. 

The Safe Drinking Water Act primarily protects municipal water systems. 

Part C of the Act requires that states establish underground waste water in

jection programs according to EPA regulations. Most mining operations dis

pose of waste water through surface discharges subject to the NPDES permit 

program and to the FWPCA. However, if a mine or mi 11 seeks to dispose of 

polluted water by injection and such injection may endanger public drinking 

water supplies, then the Safe Drinking Water Act would apply. Finally, EPA 

wi11 be developing regulations pursuant to Subtitle C of the Resource Con

servation and Recovery Act that wi 11 provide controls on hazardous uranium 

mining wastes, inc1uding protection of groundwater resources. Section 4004 

criteria, promulgated on September 13, 1979, apply to the nonhazardous 

portion of the wastes. 

The NRC•s water quality standards for radioactivity in discharges from 

uran i urn milling to the environment are in 10 GFR Parts 20 and 40. These 

would apply to in situ mining licensed by NRC or an agreement state. 

1.4.1.1.3 Land Quality 

Federal regulations on solid waste disposal and land reclamation speci

fically for uranium mining wastes are being developed pursuant to the Solid 

Waste Disposal Act (as amended}. The Surface Mining Control and Reclamation 

Act of 1977 only applies to coal mining. Uranium mining occurs on Federal 
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lands, where the Departments of Interior and Agriculture require reclamation. 

A large part of the western states is Federally owned land: Arizona (43 per

ce;.-c), California (45 percent), Colorado (36 percent), Idaho (64 percent), 

Montana (30 percent), Nevada (87 percent), New Mexico {34 percent), Texas (2 
percent), Utah ( 66 percent), Washington (29 percent), and Wyoming ( 48 per

cent). State laws and local zoning ordinances may affect waste disposal. 

Many states authorize counties to regulate land use outside incorporated 
areas. likewise, many states allow cities, towns, and villages to enact 

zoning ordinances for land use within their boundaries. Thus, mining oper

ations in each state are subject to different reclamaCon requirements, 

depending upon land ownership and location. 

Reg·Jl at ions for hazardous uranium mining wastes have been proposed by 

the EPA pursuant to Subtitle C of the Solid Waste Disposal Act as sub

stantially amended by the Resources Conservation and Recovery Act of 1976 

(Public Law 94-580}. These were published in the Federal Register (43 F.R. 

58946-59028) on December 18, 1978. Waste rock and overburden from uranium 

mining are listed as hazardous wastes, because they contain radioactive 

substances that meet the definition of hazardous wastes given in Section 1004 

{5} of the Act. Special waste standards {Part 250.46-4) were proposed for 

the treatment, storage, and disposal of overburden and waste rock. 

1.4.1.2 Federal Mineral Leasing and Location/Patent Laws 

Some Feder a 1 regulations govern mineral exploration and mining rights. 

The Mining Law of 1872 (30 USC §§ 21-50) permits persons to enter public 

lands to discover, locate, and mine valuable minerals. The law has no pro

visions for facility siting, surface protection, or reclamation. Free use of 

water and timber for the mining operation and land for a mill site are ancil

lary rights granted by the law. Most subsequent mineral leasing laws are 

sim1lar, designed to provide an orderly system for locating, removing. and 

utilizing valuable mineral deposits on federally owned and controlled lands. 
Pursuant to Section 603 (C) of the Federal Land Policy and Management Act of 

1976, 001 has proposed specific environmental protection regulations (43 CFR 

3800) for mining activities in potential or identified wilderness study areas 

( 44 FR 2620). 
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1.4.1.2.1 Prospecting and Mining Rights 

Consideration of environmental impacts may be required before obtaining 

the right to prospect or explore. Depending upon 1and category, prospectors 

may have to assess the environmental impact of mineral exploration before 

being permitted to explore. Table 1.9 summarizes these requirements. Pros

pectors on private lands simply must have permission from the owner of record 

of mineral estate. On the other hand, Tribal and Indian lands, National 

Forest System-lands, and public lands {not public domain) all have specific 

approval systems that require exploration plans or other appropriate consid

erations. 

Obtaining rights to mine usually involves the same Government agency 

involved with prospecting rights. Table 1.10 summarizes applicable Federal 

laws and regulations. 

1.4.1.2.2 Mining and Environmental Plans 

Before mining begins certain operating or mm1ng and reclamation plans 

must be submitted and approved. Table 1.11 summarizes these. The require

ments parallel those for prospecting and mining rights. 

1,4.1.3 Laws Having Potential Applicability 

Federal laws require regulation for quality of air, water, and land. In 

addition, though their direct influence has not been evaluated in this re

port, federal laws protecting wildlife and cultural resources could affect 

uranium mining activities. 

Water use is also of potential concern in regard to uranium mining. 

However, except for in situ mining, uranium mining operations have modest 

needs for water. In fact, most mines typically dispose of significant 

quantities from necessary dewatering. Appendix B lists federal water pro

grams and rights activities and the lead agencies administering them; and 
Appendix C 1 i sts Congressionally approved compacts that apportion water. 

These compacts apportion water to the affected states, and each state in turn 

allocates its share of the water among intrastate users on the basis of its 

own system of water rights. 



Table 1.9 Requirements to obtain rights to prospect or explore by federal, 
state and private lands 

Land Category Requirements 

Federal: 
Tribal ••••••• ~ •••• Prospecting permit issued by BIA with consent of tribe. 25 CFR 171.27a. 

Technical examination of environmental effects of prospecting by BIA, 25 
CFR 177.4. Exploration p1an submitted to USGS. Approval of plan by USGS 
required, 25 CFR 177.6. Enforcement of plan by USGS, 25 CFR 177.10. 

Allotted Indian •••• No specific provisions for prospecting. Procedure for leasing to prospect 
is same as for mining. If allotted land has been patented, treat same as 
private land. 

Public Domain •••••• No restriction on prospecting. Entry under General Mining Law of 1872 (30 
USC 22, 43 USC 1744, 43 CFR Part 3810), uranium included, 43 CFR 37461. 

Acquired Public •••• Prospecting permit from BLM, 43 CFR 3510.0-3 and 3511.2-1. Acquired lands not 
subject to prospecting permits are listed in 43 CFR 3501.2-1. If acquired 
land is not under BLM jurisdiction, consent of governmental entity having 
jurisdiction is required before permit issued by BLM {43 CFR 3501.2-6). 

Withdrawn Public ••• Public domain land withdrawn for power development is open to entry and lo
cation under General Mining law of 1872, 30 USC 621. Agency having control 
of withdrawn 1and reports any objections to mining activity based on land 
use for which withdrawal was made. If controlling agency recommends stipu
lations in the permit, they are included {43 CFR 3501.3-1 {a), {c). 

Reserved Public •••• Some Federal lands are disposed of with minerals reserved to the Govern
ment; e.g., see 43 USC 299, 43 CFR 3814.1, 30 us~ ~o. Fry~ t~ese lands, 
permit issued.by BLM requires conformance with law under which reservation 
was made, 43 CFR 35013-2(2). For lands reserved or segregated for partic
ular purpose, special requirements may be made by BLM for protection and 
use of land for purpose that it was reserved or segregated. Leases 
from Dept. of Energy may be possible under 42 USC 2097. 



lable 1.9 (Continued) 

.and Category Requirements 

~ational Forest System ••• Public domain lands inside National Forest System boundaries are subject 
to General Mining Law of 1872, with the following conditions: {a) If Dept. 
of Agriculture requires operations plan, it must be submitted. Dept. of 
Agriculture approves plan, 36 CFR 252.1; (b) Operations must minimize 
environmental impact on surface resources in System lands, 36 CFR 252.8; 
(c) Surface inspection and securing compliance with plan is responsibility 
of Dept. of Agriculture, 36 CFR 252.7. Acquired National Forest System 
land same as Acquired Public Land. 

)tate ••••••••••••••••••• Lease obtained from appropriate State Agency according to state law. 

)rivate ••••••••••••••••• Permission given by owner of record of mineral estate. 

Source: San Juan Basin Regional Uranium Study, Working Paper No. 28, Legal Infrastructure Related to 
Jranium Mining in the San Juan Basin, United States Department of Interior. 



Table 1.10 Requirements to obtain rights to mine ore by 
federal, state, and private lands 

Land Category Requirements 

Federal: 
Tribal ........... . Secretary of Interior has general authority for leases. 25 USC 396a. Tribe 

must approve. Leases given by bid. Approval of Secretary of Interior re
quired, 25 CFR 171.2. Tribe may negoLiate lease if Secretary grants per
mission. Secretary has discretion to reject lease negotiated by Tribe, 25 
CFR 171.2. Secretary may issue charter of incorporation to Tribe which may 
include authority for Tribe to negotiate mining leases without approval. 

Allotted Indian ..... Leases given by bid. If Secretary of Interior approves, leases may be nego
tiated by Indian owners, but negotiated lease subject to rejection by Secre
tary, 25 CFR 172.4 and 172.6. Approval of allottee required. If patented, 
treat same as private land. 

Public Domain ...... No lease required. Location of mineral deposit (staking a claim) after min
eral has been discovered, 43 CFR 3831.1 and 3841.3. File locations with BLM 
and in accordance with 43 USC 1744. Also record in accordance with State law. 
Obtain patent for land claimed, 30 USC 29, 43 CFR Part 3860. Mill sites may 
be claimed by location and patenting, 30 USC 42, 43 CFR Subpart 3844. If claim 
has been patented, treat same as private land. 

Acquired Public .... Mineral estate on acquired lands can be leased by BLM, 43 CFR 3501.3-1, subject 
to exceptions (43 CFR 3501.1-5 and 3501.2-1). Permittee who prospected and 
discovered is entitled to preference right lease, 43 CFR 3520.1-1(a)(3). BLM 
leases land which contains ~aluable minerals on competitive basis, 43 CFR 
3520.1-2(a}. If land is not under BLM jurisdiction, consent of governmental 
entity having jurisdiction is required before lease issues. 

Withdrawn Public ... For public domain land withdrawn for power development, laws are same as for 
land in Public Domain, 30 USC 621. !f withrirawal does not preclude mining, 
BLM can lease mineral estate. Agency having jurisdiction of withdrawn land 
reports any objections to mining activity, based on land use for which with
drawal was made. If controlling agency recommends stipulations in lease, 
they are included, 43 CFR 3501.3-l(a)(c). Leases from Dept. of Energy 
on lands withdrawn for DOE use under 42 USC 2097. 



Table 1.10 (Continued) 

6. 

7. 

8. 

9. 

Land Category 

Reserved Public 
I 

Nation a 1 Fares t 
System 

State 

Private 

Requirements 

Some Federal lands are disposed of with minerals reserved to the government; see 
e.g. 43 USC 299, 43 CFR 3814.1 and 30 USC 50. For these lands, lease issued by 
BLM requires conformance with law under which reservation was made, 43 CFR 3501. 
3-2(2). For lands reserved or segregated for particular purpose, special require
ments may be made by BLM for protection and use of land for purpose that it was 
reserved or segregated. 

Public Domain land inside National Forest System boundaries are subject to Gen
eral Mining Law of 1872, with the following exceptions: 36 CFR 252.1, (a} If 
Department of Agriculture requires operations plan, it must be submitted. 
Department of Agriculture approves plan; (b) Operations must minimize environ
mental impact on surface resources on System Lands, 36 CFR 252.8; (c) Surface 
reclamation required, 36 CFR 252.8{g}; (d) Inspection and compliance with plan 
responsibility of Department of Agriculture, 36 CFR 252.7. Acquired National 
Forest System land same as Acquired Public land. 

Leases obtained from appropriate State Agency according to state law. 

lease of mineral estate (or total estate) by private negotiation. 

Source: San Juan Basin Regional Uranium Study, Working Paper No. 28, Legal Infrastructure Related 
to Uranium Mining in the San Juan Basin, United States Department of Interior. 

....... 
I 
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Table 1.11 Requirements for mining and environmental plans by federal. 
state, and private lands 

Land Category Requirements 

Federa : 
Tribal ••••••••••••••••• Mining plan must be approved by USGS. If lease requires revegetation, the 

revegetation work is included in mining plan. Mining plan can be changed. 
by mutual consent of USGS and operator, 25 CFR 177.6. B!A evaluates environ
mental effect of proposed operations and formulates environmental mitigation 
requirements. BIA consults with USGS, 25 CFR 177.4. 

Allotted Indian •••••••••• Same as Tribal Land, 25 CFR 177.1., unless allotted land has been patented. If 
patented, treat same as private land. 

Public Domain ••••••••• Plan same.as acquired public land. 

Acquired Public ••••••• Geological survey approval of mining plan to mitigate adverse 
environmental effects for federal leases, 30 CFR 231.10. 

Withdrawn Public ••••••••• Stipulations can be put in the lease by the agency for whom the 
land was withdrawn. These could affect operations but no formal 
submission of plans required, 30 CFR 231.10. 

Reserved Public •••••••• lessee must conduct operations in conformance with such require
ments as may be made by BLM. Requirements will conform to pur
poses for which land was reserved, 43 CFR 350.3-2{b). Approval 
of mining plan required, 30 CFR 231.10. 

National Forest System ••• Operations plan submitted to District Ranger, Department of Agri· 
cultural, if he deems it necessary, 36 CFR 252.4. Reclamation 
of surface required under opertor's plan, 36 CFR 252.8(g). Com
pliance with Federal and State environmental laws. preserve 
scenic values, wildlife, etc., 36 CFR 252.8. District Ranger, 
Department of Agriculture, inspects and assures compliance 
with operations plan, 36 CFR 252.7. 

State ••••••••••••••••••••••• Mine plan filed with and approved by State. 

Private •••••••••••••••••••• Same as State Land. 

Note.--Some states require submission of mining and reclamation pians 1~a11 land. 
Source: San Juan Basin Regiona1 Uranium Study, Working Paper No. 28, Legal Infrastructure 

Related to Uranium Mining in the San Juan Basin, United States Department of Interior. 
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1.4.2. State Regulations 

Federal statutes and regulations control many areas of environmental 

quality. Most state licensing or regulatory authority is often the result of 

a Federal-State agreement. However, land reel amation for uranium mining on 

federal and nonfederal lands is principally under state control. Table 1.12 

shows the regulatory scheme for six states with uranium mining, and Appendix 

D lists the specific laws, regulations, and guides indicated generally in 

Table 1.12. 

Agreement states have made fonnal arrangertents with the NRC to develop 

programs to issue by-product, source material, and processing licenses. The 

Atomic Energy Act (Sec. 274), as amended, requires agreement states to pro

vide by 1981 regulatory programs that are equivalent to or more stringent 

than the federal requirements for mi11 operations. Much of the environmental 

regulation of mining operations outside of federally controlled lands, espec

ially for reclamation activities, currently depends upon state or local 

requirements. No NRC licenses are required for mining, except in situ. 

The Federal Water Pollution Control Act amendments of 1972 give EPA 

National Pollution Discharge Elimination System {NPDES) permitting authority. 

How~ver, Section 402 provides for approval of a state or interstate program 

to pennit. The Administrator has established guidelines specifying pro

cedural and other elements that must be present to obtain approval (40 CFR 

124}. Where states have not been approved, applicants app1y for discharge 

permits from EPA. However, EPA asks what state requirements should also be 

certified so that state standards are met. Column 2 of Table 1.12 lists 

states that are approved to issue NPDES permits. 

The Clean Air Act (CAA) amendments of 1970 and 1977 require, under 

Section 110, that State Implementation Plans (SIP's) must be submitted for 

approval to EPA for implementation of CAA on a local level. The approval and 

implementation of State plans are given in 40 CFR 52. In areas where NAAQS 

are violated, SIP's must produce compliance by 1982. If a state fails to 

enforce its plan, EPA may enforce it. There are current1y no emission stan

dard regulations specific for uranium mining by State governments. 



Table 1.12 State laws, regulations, and guides for uranium mining 

Genera in1n2 
NRC NPDES Penni ts Environmenta1 Qualitl Hea1tli 

Agreement Penni t Water Exploration Mining Water Land and 
State State State Use Rights Rights An Surf UG So1lds Rec 1 am Sa fet.z: 

COLORADO Yes Yes 
Department of Health 

Water Qual1ty Control D1v. x· X 

Air Quality Control 01 v. X 
Department of Natural Resources 

D1v. of Water Reserves (State X 
Board of Land Commissioners X X X 

M1ned Land Reclam Bd X X X X X 

D1vis1on of Mines X 

NEW MEXICO Yes No 
State Land Commission X X 
Dept. of Energy and Minera1s X X 

Oept. of Natural Resources X 

Env. Improvement Div. X X X X X 

TEXAS Yes No 
Dept. of Water Resources X X X X X 

R.R. Comm1ss1on of Texas X X X X X X 

General Land Office X X X 
Dept. of Health X X 

Air Control Board X 

UTAH No No 
State Engineer X 
Dept. of Soctal Servtces 
D1vision of Health X X X X 

Water Pollution Control Bd. X X 
Dept. of Natural Resources X X X 

,_. 
I 

.j::o 
w 



Table 1.12 {continued) 

State 

GENERAL 
NRC 

Agreement 
State 

WASHINGTON Yes 
Dept. of Natural Resources 
Dept. of Ecology 
Office of Water Programs 

Dept of Social Services & Health -
Health Serv1ces Division 
Air Quality Div1sion 

WYOMING 
State Inspector of Mines 
State Engineers Office 
Dept. of Env. Qua 1 ity 

II. w Qua 1 i ty 0 w. 
Water Quality OlV. 
Land Quality Div. 
Sol1d Waste Management 

No 

NPDES Penni ts 
Permit Water Exp1oration Mining 
State Use Rights R1ghts Air 

Yes 
X X 

X 

X 

Yes 
X X 

X 

X X 

Min in 
Environmental Qualita Health 

Water Lan and 
Surf UG Solids Reclam Safet~ 

X 

X 

(No) 

X 
X 
X 

X 

X X 

X 

Note.--An "x" indicates the existence of one or more controlling laws, regulations, or guides. See Appendix D for a list of 
the spec1fic laws. regulations. or guides. 
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Applicable laws, regulations, and guidelines that app1y to uranium 

mining in Colorado, New Mexico, Texas, Utah, Washington, and Wyoming are 

discussed below. Laws and regulations of other previously mined or potential 

uranium mining states, such as Arizona, California, Idaho, Montana, and South 

Dakota, are not reviewed. However, the basic environmental considerations 

of uranium mining should not be significantly different for other states. 

1.4.2.1. Colorado 

Colorado is an NRC 11Agreement State11 and has been approved by the EPA to 

issue NPDES discharge permits. Both radiation and water quality regulatory 

activities are under the jurisdiction of the Colorado Department of Health. 
The Health Department•s Radiation and Hazardous Wastes Control Division 

administers radiation contro1 activities and the control of hazardous wastes 

disposal. However, there are no operable rules or regulations for mining. 

Water quality is the responsibility of the Water Quality Control Commission 
(affiliated with the Hea 1 th Department), which promulgates water qua 1 i ty 

standards and control regulations. and the Health Department•s Water Quality 
Control Division, which administers and enforces the Commission's regulations . 
and issues NPDES pennits, as wel J as being responsible for numerous other 

water quality activities. 

Colorado's pennitting of discharges to "navigable 11 waters has been ap

proved by EPA. Unlike most states, Colorado has promulgated specific "Guide
lines for Control of Water Po11ution from rHne Drainage 11 (November 10, 1970). 

These guidelines have the status of regulation since the State does not issue 
the NPDES permit unless the guidelines will be met. Colorado also has "Rules 

for Subsurface Disposal Systems 11 that, in conjunction with other rules, may 
assure protection of groundwater. These 11 Rules'' cover all wastes that are 

disposed of underground. whether by direct or indirect means. 11 Wastes 11 

include 11 any substance, solid, liquid, or gaseous, including radioactive 

particles thereof, which pollute or may tend to pollute any waters of the 

State. 11 Solid waste and other land disposals are covered by Section 

25-8-501, CRS 1973, as amended. In cases where these regulations do not 

control, the rules for subsurface disposal systems may apply. 
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The Colorado Department of Natural Resources administers water use in 

Colorado. As with most Western States, water is not in great abundance in 

Colorado. Determination of priority of water rights to surface and tributary 

groundwater is under the jurisdiction of a system of Water Courts, while the 

Division of Water Resources (State Engineer) administers and controls the 

allocation of actually available waters on an annual basis according to water 

rights priorities. 

There are no State air quality standards or regulations that apply 

spec~fically to uranium mining. However, the National Ambient Air Quality 

Standards and various State emission control regulati0ns apply to uranium 

minirg activities as they do to all other types of emission sources. Colo

rado's air quality activities are the responsibility of the State Health 

Department's affiliated Air Quality Control Commissior. and its Air Quality 

Control Division. The Commission defines State air quality pol icy and prom

ulgates air quality ambient standards and emission control regulations, while 

the Division administers and enforces the air quality regulations and issues 

emission permits. 

The Board of Land Commissioners, affiliated with the Colorado Department 

of Natural Resources, issues pennits for prospecting and controls leases for 

mining on State lands. The Board has policies and regulations concerning 

environmental impacts on prospected or leased lands. 

The Colorado Mined Land Reel amation Board was created in 1976. It is 

adminstered by the Department of Natural Resources. The Board issues permits 

for all mining operations on all Federal and non-Federal lands in the State. 

The stated intent for Colorado Mined Land Reclamation Law is .. to allow for 

the continued development of the mining industry in this State, while re

quiring those persons involved in mining operations to reclaim land affected 

by such operations so that the affected land may be put to a use beneficial 

to the people of this State. It is the further intent ••• to conserve natural 

resources, aid in the protection of wildlife and aquatic resources, and 

establish agricultural, recreational, residential, and industrial sites and 

to protect and promote the health, safety, and general welfare of the 

people •••• " The Board has established rules and regulations to implement the 
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law. Rule 5 {Prospecting Notice and Reclamation Requirements) considers 

prospecting a separate activity, but still covered by certain reclamation 

requirements. The reclamation perfonnance standards of Rule 6 have specific 

requirements for grading, hydrology and water quality, wildlife safety and 

protection, topsoiling, and revegetation. Rule 7 ( 11 Surety 11 ) assures rec

lamation. Before the Board issues any permit and before any Notice of Intent 
to Prospect is valid, the applicant must post surety with the Board. The 

amount of surety, established by the Board, is to be sufficient to fully 

reimburse the St-ate for all expenses it would incur in completing the rec

lamation plan in the event of default by the operator. 

Colorado also has regulations that apply for health and safety in mining 

operations. For each invidudl employee of any mining operation within the 

state a lifetime history is maintained on exposure to radon daughter concen
trations when certain minimum values are reached. The State Department of 

Natural Resources Division of Mines administers these. 

1.4.2.2 New Mexico 
In New Mexico, a mine plan must be filed with and approved by the State 

Mining Inspector before he will issue a permit. The State Mining Inspector 

does not review the p 1 an for env i ronmenta 1 impact. Groundwater use r'i ghts 

are 'established by the State Engineer, and the Land Commission handles ex

ploration and mining rights. The engineer's office issues a permit for bene

ficial use of any water pumped from uranium mines. However, the Navajo tribe 
claims jurisdiction of the State's groundwater in the northwest region of New 

Mexico. It is lil<ely that the Departments of Interior and Justice will 

eventually become involved in this dispute as Trustees for the tribe. 

Approval status has been given, with some exceptions, by EPA to New Mex

ico's plan for the attainment and maintenance of national air standards (40 

CFR 52.162i). However, neither Federal nor State regulations include speci

fic emission standards_ for uranium mining. But 11 Ambient Air Quality Stan
dards11 {40 CFR 50.6) on suspended particulates apply to all sources of air 

pollution. 
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New Mexico is an NRC agreement state, but it is not an approved NPDES 

state. Part 2 of the amended Water Quality Control Commission regulations 

applies to any discharge that is not subject to a permit under the NPDES sys

tem. The State requires approved discharge plans for discharges that could 

contaminate groundwater. However, the applicable NPDES regulations (Subpart 

E-Uranium, Radium and Vanadium Ores Subcategory, 40 CFR 440.50) have been 

challenged by some mine operators. They claim that discharges to a dry 

arroyo do not constitute 11 the discharge of pollutants into the navigable 

water, water of the continguous zone, and the oceans." Because more than 

half 0f active New Mexico mine discharges have NPDES oermits that are now 

under adjudication, there is no enforcement and discharges may not be in 

accordance with Standards. If the NPDES challenge is :>ustained, then New 

Mexice's Part 2 regulations could be applied, even though they are not par

ticullrly suitable for uranium mining discharges. Pos~1bly only the regu
lations on chemical oxygen demand and settling of heavy metal solids would 

apply to uranium mine wastes. The Part 3 "Regulations for Discharges onto or 
below the Surface of the Ground 11 {3-100) that are designed to "protect all 
groundwater .. would also be important. A discharge plan is required for ef

fluent discharges that move directly or indirectly into groundwater, if the 

effluent contains any of the contaminants listed in Section 3-103 a, b, and 
c, or toxic pollutants. Since the list of contaminants includes uranium and 

rad'ium, New Mexico can approve only discharge plans meeting the drinking 

water standards. 

There are no state regulations for solid wastes and land reclamation for 

m1n1ng operations. The mining plan and bonding requirements associated with 

mining permits determine the extent of mining reclamation. 

Radiation safety requirements (Sections 74-3-1 et seq NMSA 1978) apply 

to both mining and milling. Air quality monitoring in underground mines cur

rently invorves potential duplication of effort by the New Mexico Mine In

spector (69-5-7 et seq NMSA 1978) and the Federa1 Mine Safety and Health 

Administration (30 CFR 57.5-37). 
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1.4.2.3 Texas 
Texas is an NRC agreement state, but not an EPA approved NPDES penn it 

state. The Department of Water Resources controls water use. Even though 
much of the water used in Texas comes from wells, there are no regulations on 
pumping groundwater. However, some counties have regulations that limit 
groundwater withdrawal to control subsidence. 

Specific re~ulations for in situ uranium mining are enforced by the 

Texas Department of Health (TDH). Since Texas is an agreement state, its 
regulations reflect all appropri~~e NRC regulations. The TDH also implements 
the Safe Drinking Water Act (SDWA) and monitors groundwater to assure that 
its provisions for radium and sel~nium concentrations are met. 

The General Land Office {GLO) issues prospecting pennits and mining 
leases on state-owned lands. Mining and reclamation plans for uranium mining 
on state-owned lands are reviewed for approval by GLO. The 11 Texas Uranium 
Surface Mining and Reclamation Act" exempts state-owned lands from regulation 
by the Railroad Commission. 

Surface mining is regulated by the Railroad Commission. All require
ments of state and federal laws must be fulfilled before a permit is issued. 
Mining and reclamation plans must be submitted and approved. A bond is 
required to assure reclamation after mining. 

The Texas Air Control Board administers provisions of the Clean Air Act. 
Except for suspended particulates, there are no applicable standards, i.e., 

there are no state source standards~ for uranium mining. 

The Texas Guides and Regulations for Control of Radiation {TRCR) do not 
apply to surface uranium mining. They do apply to in situ mining due to NRC 
agreement state licensing. The radioactive content of water discharged from 
all mines to the environment must not exceed TRCR limits. 

1.4.2.4 Utah 
Utah is neither an NRC agreement state nor an NPDES penni t approved 

state. The Utah State Engineer•s Office is responsible for approval of water 



1-50 

use rights. The Department of Natural Resources oversees exploration and 

mining rights on State lands. 

The Division of Oil, Gas, and Mining of the Department of Natural Re

sources issues permits for uraniur.J mining operations, except in situ mining 

licensed by the NRC. A mining and reclamation plan must be approved. Rule 

M-10 standards include consideration of land use, public safety and welfare, 
impoundment, slopes, high walls, toxic materials, roads and pads, draining, 

structures and equipment, shafts and portals, sediment control, revegetation, 

dams, and soils. Bonding requirements assure reclamation. 

Discharges to surface waters are regulated under the rPA administered 

NPDES syst~m and the Utah Water Pollution Committee. Utah dces have separate 

regulations administered by the Department of Social Serv~'..:es. These are 

applied to mining operations such as non-discharging waste water systems and 

in situ mining where no NPDES permit is required. 

No sources of pollution will be allowed to cause ground·t~aters to exceed 

drinking water standards. The applicable standards for classes lA and IB 

domestic water sources are given in Wastewater Disposal Regulations, Part II. 

Utah is developing radiation safety regulations. We do not expect that 

they will apply to uranium mining, since they are based on the model state 

suggested regulations. 

1.4.2.5 Washington 

Washington is an NRC agreement state and an NPDES approved permit state. 
The Department of Ecology regulates water use and water quality. Washington 

has no regulations for groundwater. These waters could be protected under 

the Safe Dri~king Water Act. 

The Department of Natural Resources controls exploration and mining 

rights for state-owned lands only. The mineral lease law covers both surface 

and underground mining but not in situ or heap leaching. The State Rec

lamation Act applies to state and private lands only. A mining and recla

mation bond is required before a penm1t is issued. Reclamation is assured 
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Washington has a Clean Air Act under which regulations have been prom

ulgated consistent with the Federal Clean Air Act. No source emission stan

dar.:'.; have been issued for uranium mining. National Ambient Air Quality 

Standards could apply to suspended particulates. 

Washington has rules and regulations for radiation protection, but they 

do not apply to uranium mining. 

1.4.2.6 Wyoming 

Wyoming is an approved NPDES permitting State but not an NRC Agreement 

State. The State Engineer• s Office r.ontrol s water use rights. Control is 

primarily on the quantity of water u~ed, but there is some statutory respon

sibility regarding sedimentation. Discharges to surface waters are regulated 

by the Water Quality Division of the Department of Environmental Quality. The 

construction of any water or waste water facility requires a construction 

permit. Groundwater regulations have been proposed. These include ground
water quality standards for any activity. Permitting requirements specific 

to in situ uranium operations is one· of a group of special process dis

charges. 

The Land Quality Division of the Wyoming Department of Environmental 

Quality is the principle agency responsible for enforcing environmental pro

tection standards and reclamation standards with respect to uranium mining 

operations. The Division also enforces mineral exploration regu1ations that 
afford protection to groundwater and restoration of significant surface dis

turbances. 

Wyoming law requires that uranium mined land must be restored to a use 
at least equal to its highest previous use (W.S. 35-ll-402(a){i) and (ii)) 

and mining operations must be conducted to prevent pollution of waters of the 

State (W.S. 35-11-402(a)(vi)). Before a mining operation receives a pennit 

it must submit to the Department a mining and reclamation plan that demon
strates compliance with the law and associated rules and regulations. The 

plan must contain a plan for the disposal of all acid-fanning, toxic mat

erials or materials constituting a fire, health, or safety hazard uncovered 
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or created by the mining process: radioactive material is included (W.S. 

35-ll-406(b)(ix}}. 

An operator must also, in accord with his approved mine and reclamation 

plan, cover, bury, impound, contain, or dispose of toxic, acid-forming, or 

radioactive material detennined to be hazardous to health and safety or conM 

stitute a threat of pollution to surface or subsurface waters (W.S. 
35-ll-415(b)( fv) ). A required surety bond assures that the operator will re

claim the land according to his approved plan. If the bond is forfeited, the 

State is r~sponsible for reclamation. 

Wyomit,g has legislated authority for a position on ra-jiological res

toration o·F mined lands. It is described in the Division's GlJidel ine No. 1, 

Section III. The Division is presently drafting regulations for radiation 

protection on uranium mined lands and handling of uranium mine wastes. These 

regulations shall set standards. 

Wyoming also has a solid waste management program that presently regu-

lates only refuse generated 

mitted at these facilities. 

that affect mining. 

at mines. Solid waste disposal sites are per

Solid waste regulations could be promulgated 

In Wyoming, Ambient Air Quality Standards are applied to mining oper

ations, and fugitive emissions are controlled to the extent that these stand

ards are met. An Air Quality Penna is required for the construction of a 
uranium mining and/or processing facility, and the applicant is required to 

demonstrate that applicable ambient and PSD {Prevention of Significant Deter

ioration} provisions are met. 

Wyoming has radiation protection regulations for the safety of mines 

while they are actually in process. These regulations are under the juris

diction of the State Inspector of Mines. According to Wyoming Law, the pro

tection of miners from hazardous exposure to radioactivity must conform to 

the American Standards Association revised Publication N 13.8, 11 Radiation 

Protection in Uranium Mines and Mills... The uranium regulations (94-R-11) 

are found in Chapter 3, Article 4 of Title 30 - Mines and Minerals. 
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2.0 Inventory of Uranium Mines 
To inventory the numbers, types, and locations of uranium mines in 

the United States, we used data from the Department of Energy, Grand Junction 
Office (OOE-GJO). We produced the inventory of uranium mines presented in 
this section and Appendixes E and F of this report from the DOE-GJO master 
data file (DOE79a) and personal communications with DOE-GJO (ChBO, ME80a, 
ME80b). These two sources combined yielded our own EPA master data file, 
which we divided into two parts - active and inactive mines. 

Table 2.1 classifies active and inactive U.S. uranium properties accor
ding to the method of uranium production (mine ty!Je) based on data that were 
current as of 1978 (Me80a). The major mining methods are surface and under
ground mines (DOE79b). The remaining mining methods are only minor contrib
utors to the total uranium ore production (DOE79b). 

Table 2.1 shows a total of 340 active mines. This final total, which is 
52 less than the original total of 392 active mines provided by DOE-GJO 
(Me80a), was derived, in consultation with DOE-GJu (Me80b), by eliminating 43 
mines that were duplicated on the list and 9 that were small producers (i.e •• 
producing only a few tons of ore for the entire year of 1978). Most {if not 
all) of the 52 eliminated mines were either underground or surface mines. 

The original totals of 305 active underground mines and 63 active sur
face mines {DOE79b), whose combined total of 368 mines accounts for the later 
eliminated 52 mines that were duplicate listings or small producers~ were the 
totals we used in modeling the average underground and surface mines in this 
study. The differences between these totals and the smaller Table 2.1 totals 
of 256 active underground mines and 60 active surface mines are insignificant 
compared with other uncertainties in predicting health effects. The smaller 
totals for underground and surface mines would introduce differences of less 
than 17% and less than 5% for the active average underground and average 
surface model mines, respectively. 

Table 2.2 gives locations and types of active uranium mines by state. 
With respect to the number of mines, Colorado and Utah dominate the inven
tory, especially for underground mines. However~ since New Mexico and 
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Wyoming have large mines (underground in New Mexico, and surface in Wyoming) 
and dominate ore production, New Mexico is the site of our model active 
underground mines and Wyoming is the site of our model active surface mines. 
Our model in situ leaching operation is also sited in Wyoming:. which is one 
of two states mining uranium with that method. Appendix E gives a complete 

inventory of active uranium mines. 

The numbers of inactive uranium mines according to state and m1n1ng 
method are given in Table 2.3. Colorado and Utah have the greatest number of 
inactive mines, but Arizona, Wyoming, New Mexico, and South Dakota also 
contain significant numbers. Since New Mexico and Wyoming have dominated ore 
production over the past 10 vears {DOE79b), New Mexico (because of its large 
underground mines) is our model site for inactive underground mining and 
Wyoming (because of its larg~ surface mines) is the site of our model inact
ive surface mine. Appendix F gives a complete inventory of inactive uranium 
mines. 

Figures 2.1 through 2.9 are maps showing the locations, status, and 
types of uranium mines in Colorado, New Mexico, Texas, Utah, and Wyoming 
(Ch77, Co78a, Co78b, Co78c, Ea73, G175, Hi69, Pe79, Ut77). Since it is not 
always possible to show all the mines in a given district, the maps indicate 
only the area and number of mines in some major mining districts, partic

ularly for Colorado and Utah. The maps do not show the 1ocat1on of many small 
mines started during the uranium boom of the 1950 1 s because their exact 
locations are unknown. In Colorado alone there are over a thousand such 
mines. 

Table 2,4 shows total ore production through January 1, 1979 for active 
and inactive surface and underground mines. The larger mines {>910 MT ore 
production) dominate the list of active mines, and the smaller mines (<910 
MT ore production) dominate the inactive list. If remedial action becomes 

necessary for inactive mines, the infonnation in Table 2.4 could help esti
mate the magnitude of such an action, at least affording a way to make rough 
estimates of waste rock, sub-ore, and overburden that are present at the 
inactive site. A recent DOE report (DOE79c) contains additional infonmation 
on mining waste tonnage and acreage of specific properties. 
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Table 2.1 Type of U.S. uranium properties 

Uranium Number of Number of 
Production Method(a) Active Properties Inactive Properties 

Surface mine 60 1252 
Underground mine 256 2036 
Mine water production 2 1 

Heap leach dumps 1 7 

Heap leach ores 0 1 

Dumps 1 42 

Sub-ore 1 12 
In-situ lerJching 11 2 

Miscellaneous 0 23 
Tailings dump 2 0 

Unknown 6 13 

TOTAL 340 3389 

(a)Categories listed in this column are modifications of the originals 
(DOE79a). Copper by-product and surface-underground combination categories 
were eliminated because they contained no properties. The miscellaneous
phosphate by-product category was reduced to miscellaneous because most phos
phate by-product properties were not included in the DOE-GJO master data file 
(DOE79a). The low grade or protore category was changed to sub-ore to be con
sistent with the rest of this report. 



Table 2.2 The 

M1ne 
Surface Under3round water 

State ___ M1oe 111ne Production 

~rHona 1 0 

Colorado 5 106 0 

New Mex1co 4 35 2 

Texas 16 0 0 

Utah 13 108 0 

Wash1ngton 2 D 0 

Wyomwg 19 6 0 

TOTAL 60 256 2 

locH1on and type of act1ve uranlll!'l propert1es 

lieap-leach Heap-Leach ln-S1tu 
DumRs Ores OumRs Sub-ore Leach1n9 

0 0 0 0 0 

0 0 0 0 0 

0 0 Q 0 

0 0 0 0 8 

0 0 0 0 0 

0 0 0 0 0 

0 0 3 

0 11 

Tal11ngs 
Miscellaneous DumQ 

0 0 

0 

0 0 

0 

0 0 

0 0 

0 0 

0 2 

Unknown 

0 

3 

0 

0 

3 

0 

0 

6 

Total 

2 

llS 

42 

25 

124 

2 

Jf) 

340 

N 
I ..,. 



Table 2.1 The locat1on and type of JnactlVP u rarl 1 u11 pr0pert1es 

Surface Under:~r·ound Water neap-Leach Heap-Leach !n-S1tu Ta1l1ngs 
) tnte M1ne MHle Product JOn Dume~ Ores Dumps Sub-ore leac•n ng iil scel ldneous Dump !In known fota1 -------- -
t~laska 0 l I) f) 0 0 () 0 0 0 0 l 
ll.rnona 135 1R9 0 l 0 0 0 0 0 0 1 326 
Ca l1 forrna 13 10 0 0 0 0 0 0 0 0 0 23 
ColorildO 263 902 0 0 0 35 1 i) 10 0 6 1217 
F1onda 0 0 0 0 0 0 0 0 1 0 0 1 
Idaho 2 4 0 0 0 0 0 0 0 0 0 6 
!41 nneso ta 0 0 0 0 0 0 0 0 1 0 0 l 
Montana 9 9 0 0 0 0 0 0 0 0 0 Hl 
Nevada 9 12 0 0 0 0 0 0 0 0 0 21 
New Jers<;y !) 1 0 0 0 0 0 0 0 0 0 l 
New Mex1co 34 142 l 0 0 0 8 0 1 0 2 183 
N •. oak.ota 13 0 0 0 0 0 0 0 0 0 0 13 
Oklahoma 3 0 0 0 0 0 0 0 0 0 0 3 
~regon " 1 0 0 0 0 0 0 0 0 0 3 <.. 

S. Dakota 111 30 0 0 0 0 0 0 0 0 0 141 
Texas 38 0 0 0 1 0 0 2 0 0 l 42 
lltah 378 698 0 0 0 7 l 0 6 0 3 1093 
1/ashwgton 13 0 0 0 0 0 0 0 0 0 0 13 
Wyomwg 223 32 0 6 0 0 2 0 2 0 0 265 
Unknown 6 5 0 0 0 0 () 0 2 0 0 13 

TOTAL 1252 2036 7 42 12 2 23 0 13 3389 
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Table 2.4 Cumulative Ore Production 

through January 1, 1979 

Ore Production Under-

MT No. Mines (% of total) Surface ground No. Mines 

< 91 16 (4.7) 8 3 1553 

91-910 33 (9.7) 5 24 753 

910-91,000 188 (55.3) 15 165 986 

> 91,000 103 {30.3) 32 64 97 

Total 340 (100. 0) 60 256 3389 

Inactive 

{% of total) 

(45.8) 

(22.2) 

(29.1) 

(2.9} 

{100. 0) 

Under-

Surface ground 

899 628 

134 588 

180 766 

39 54 

1252 2036 

N 
I -IJl 
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SECTION 3 

POTENTIAL SOURCES OF CONTAMINANTS 
TO THE ENVIRONMENT AND MAN 



3.0 Potential Sources of Contaminants to the Environment and Man 

3.1 Ba~kground Concentrations of Radionuclides and Trace Metals 

3.1.1 Naturally Occurring Radionuclides 

3-1 

Potassium-40 and radionucl ides in the decay chains of uranium-238 and 

thorium-232 are the principal sources in the earth's crust of background 

radiation. Figures 3.1 and 3.2 show the uranium-238 and thorium-232 decay 

chains. Potassium-40 constitutes 0.0118 percent of naturally occurring po

tassium. Its ha_lf-life is 1.26 x 109 years and, upon decay, potassium-40 

emits a 1.46 MeV gamma ray in 11 percent of its disintegrations. Table 3.1 

lists the average concentration of and garriTta-ray energy released by these 

radionuclides in one gram of rock. Table 3.? lists the radionuclide content 
and dose equivalent rates from common rocks dnd soils. Potassium-40 and the 

thorium-232 decay chain each contribute aboul 40 percent of the dose rate at 
3 feet above the ground while the uranium-23R decay chain contributes approxi

mately 20 percent of the total dose rate. 
Radon-222 occurs in the uranium-238 decay chain and has a hal f-1 ife of 

3.8 days. It is a noble gas and~ upon decay, produces a series of short

lived, alpha-emitting daughters {see Fig.3.1). The average atmospheric radon 

concentration in the continental U.S. is 0.26 pCi/liter (Oa72). Under most 

conditions, the radon daughters contribute less than 10 percent (a few tenths 

of a l.l rem/hr) to the terrestrial external dose equivalent rate. However, 
' inhaled radon daughters contribute a large fraction of the total dose equiva-

lent rate to the respiratory tract: about 50 percent (90 mrem/yr) to the lung 

and nearly all of the dose (450 mrem/yr) to the segmental bronchioles 
( NCRP75}. 

Eighty-five percent of the surface area of the United States~ and near1y 

all of its population, is underlain by rocks and soils of sedimentary origin. 

However, the carrel at ion between the bedrock activity and the aboveground 

activity is not clear. 

In most soils, the amount of water varies from 5 to 25 percent. The 

soil moisture attenuates gamma radiation from the soil. The potassium-40 

dose equivalent rate can decrease by 30 percent when the soil water content 

increases from 0 to 30 percent (OA72). Moisture can retard the diffusion of 

radon into the atmosphere and reduce the exposure to airborne radon daugh
ters. Since radon daughters account for 95 percent of the gamma-ray energy 

from the uranium-238 series, their accumulation in the ground increases 
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URANIUM - 238 DECAY SERIES 
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THORIUM - 232 DECAY SERIES 

232 228 
goTh goTh 

1 4 ~ 101'\.r 1.9 yr. 

v<, 0. 228 a, 'l' 

89Ae 

6 1 hr. 

~ 228 224 
88Ra 88 Ra 

5.8 '(r, 3.6 da. 

a, '>' 

220 
86Rn 

56 sec 

a., "I 

21S 212 
84Po 84Po 

0 \S f.ec 3 x 10-7sac. 

212 v; .. a 
8381 'Y a 

10 hr 

v{, 36% 
208 212 

82Pb a, 'Y 82Pb 

10.6 hr. Stable 

/~., 208 
atTI 

31 mil'l. 

F1gure 3 2 The thonum decay series showmg the half lives and mode of decay 



3-4 

Table 3.1 Gamma-ray energy released by one gram of rock 

Isotope 

Uranium-238 (in equilibrium with 
decay products) 

Uranium-235 (in equilibrium with 
decay products) 

Thorium-232 (in equilibrium with 
decay products) 

Potassium-40 

Other Elements 

Source: Oa72. 

Average 
Concentration, 

Percent 

2.98 X 10-4 

0.02 X 10-4 

11.4 X 10-4 

3.0 

Energy, 
KeV/sec. 

68.2 

1. 53 

87.8 

149 

2.7 

Table 3.2 Radionuclide content and dose equivalent rates from 
common rocks and soil 

Uranium Thorium Potassium-40 
Rock Type ppm mrem/yr(a) ppm mrem/yr(a) ppm mrem/y/a) 

Igneous(b) basic 0.9 5.2 2.7 7.3 1.2 14. 7 

Silicic (granite) 4.7 25.9 20.0 53.8 5.0 61.3 
Sedimentary(b) 

Shale 3. 7 21.2 12.0 32.3 3.2 39.2 

Sandstone 0.45 2.6 1.7 4.6 1.1 13.5 

Limestone 2.2 12.6 1.7 4.6 0.32 3.9 
Upper crustal 
average(c) 2.8 16.0 10 26.9 2.4 29.4 

u.s. surficial 
average(d) 1.8 10.3 9.0 24.2 1.8 21.8 

(a)mrem/yr/ppm. uranium, 5. 73; thori urn, 2.69; potassium-40, 12. 3 ( Be68) . 
(b)Source: Cl66. 
(c)Uranium and thorium averages (Ph64); potassium (He69). 
(d) Source: Lo64. 

Total 

mrem/yr 

27.2 

142.0 

92.7 

20.7 

21.1 

72.3 

56.3 
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the exposure from this series. Thus, soil moisture decreases the 

potassium-40 and thorium-232 dose equivalent rates and increases or leaves 

unchanged the uranium-238 series dose equivalent rate. 

Snow cover also affects the terrestrial dose equivalent rate and the 

radon emanation rate. Gamma radiation attenuates exponentially as a function 

of the density and thickness of the snow cover (Oa72). However, the overall 

influence of snow on population exposure is negligible since, in most popu

lated areas, there is relatively little snowfall that remains for long 

periods of time •. 

Table 3.3 shows the average dose equivalent rate due to radiation in 

srJr11e Western m1ning states (Oa72). Terrestrial radiation in the Western 

u..-c>nium mining states is higher than in the rest of the nation due to the 

g~eater concentration of the uranium-238 series. 

Table 3.3 Average dose equivalent rates due to terrestrial 

radiation in western mining states 

Terres tria 1 Dose, 

State mrem/yr 

Arizona 45.6 

Co1 orado 65.8 

New Mexico 51.7 
South Dakota 45.6 
Texas 29.0 
Utah 45.6 
Wyoming 45.6 

Concentrations of radionuclides measured in surface and groundwater 

samples collected on a proposed uranium project site are listed in Table 3.4 

(NRC79a). The large variations among concentrations at different collection 
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sites are typical of surface water concentrations. (Concentrations in sea 

water are more uniform.} Hence, generalizations about background concen

trations of radionuclides in fresh water systems are impractical. Extensive, 

site-specific studies over an extended period of time are necessary to obtain 

meaningful background concentrations for a site. 

3.1.2 Stable Elements 

Concentrations of metals occurring in the earth's crust generally range 

from several parts-per-billion (ppb) to a few parts-per-million (ppm). 
/ 

Measured concentrations vary widely from site to site and often in different 

samples taken from the same site. Table 3.5 lists the results of measure

ments for selected elements. It should be emphasized that these are general 

estimates of element compo:ition of rocks in the United States and do not 

reflect large variations that occur within the different rock types. 

Concentrations of metals measured in surface and groundwater samples 

collected from different locations on a proposed uranium project site are 

listed in Tables 3.6 and 3.7, respectively. There are 1arge differences in 

the c_omposition of surface and groundwaters. Table 3.8 shows the average 

concentrations of three trace metals that are sometimes associated with mine 

discharge water. These values, which were taken from the results of an 

extensive study (Tu69), approximate average concentrations in United States 

streams. Background concentrations at any specific site could be much 

:iifferent. 

Table 3.8 Estimated average concentrations {ppb) of three 

metals in U.S. streams 

Turekian's Other results 

Element Results Literature 

Chromium 1.4 1.0 
Molybdenum 1.8 1.0 
Selenium 0.2 0.2 

Source: Tu69. 

from 



Radi onucl ide 

U-238 
Ra-226 
Rn-222 
Th-230 
Th-232 

U-238 

Source: NRC79a. 

Table 3.4 Radionuclide concentrations in surface and groundwater 
in the vicinity of a proposed uranium project 

Concentrations~ pCi/t 
Location 1 Location 2 Location 3 Location 4 location 

Surface Water 
9.8 4.0 2.5 1.8 1.6 

0.4 0.5 < 0.1 0.08 <0.1 

145 108 42 <4 <4 

< 0.1 0.2 0.3 <0.1 <0.1 

< 0.1 <0.1 <0.1 <0.1 <0.1 

Groundwater 
z.o 4.5 2.3 3.2 3.8 

5 Location 6 

1.2 

w 
I 

........ 
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Element 

Aluminum 

Antimony l 

Arsenic 
Barium 
Beryllium 
Cadmium 
Cobalt 
Chromium 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 
Zinc 

Table 3.7 Concentrations of selected elements in groundwater at six locations 
in the vicinity of a proposed uranium project 

Concentrations 2 mg/ R-

Location 1 Location 2 Location 3 Location 4 Location 5 Location 6 

<0.1 1 0.8 14.7 0.2 10 
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
<0.01 <0.01 <0.01 <0.01 0.01 0.04 
<0.1 0.5 0.5 0.2 0.3 0.7 
0.001 <0.001 <0.001 0.003 0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
<0.01 <0.01 <0.01 0.01 <0.01 <0.01 
<0.001 0.003 0.003 0.004 0.001 0.003 
0.003 0.003 0.006 0.027 <0.001 0.006 
0.003 <0.001 <0.001 0.003 <0.001 0.002 

<0.0004 0.0012 0.0005 <0.001 <0.0004 0.0017 
0.001 0.002 0.002 0.001 0.001 0.003 

<0.01 <0.01 <0.01 0.02 <0.01 <0.01 
0.06 <0.01 <0.01 <0.01 0.13 <0.01 
0.01 0.01 0.02 0.01 0.02 0.08 
4.4 0.07 0.21 0.07 0.01 0.02 

Source: NRC79a. 

w 
I 

........ 
0 



3.2 Water-Related Aspects of Uranium Mining 

3.2.1 Previous and Ongoing Hydrologic and Water Quality Studies Related 

to Uranium Mining 

In the late 1950's and early 1960's, the U.S. Public Health Service con

ducted field studies to detennine the water quality impacts of the uranium 
' mining and milling industry. The studies emphasized uranium milling rather 

than mining. The Federal Water Pollution Control Administration conducted 

extensive stream surveys to assess the effects of uranium milling (but not 

mining) on the main stem and principal tributaries of the Colorado River. 

Subseque11t stream survey work in Colorado by the Water Pollution Control 

Commission and the U.S. Geological Survey (Mo74, We74) mentioned a portion of 

the Uravan Mineral Belt and uranium mines therein, but the work did not 

emphasiz,!! uranium mines. Significant amounts of acidity and total trace 
metal concentrations were found in streams from 18 different mining areas. 

Dilution and chemical precipitation below mine drainages decreased concen

tration and increased the pH. Given enough time and distance, the streams 

recover naturally~ but the accumulations of trace metals in the sediments 
increase. Field observations in 1971-72 of streams in most of Co1orado 
indicated that approximately 724 km of streams in 25 different mining areas 

were adversely affected by mine drainage (We74). 

Discussions of the impacts of urani urn mining on water quality or quan
tity are incidental in numerous impact statements and environmental reports 

prepared by industry and {or) the U.S Nuclear Regulatory Commission as an 

integral part of licensing or relicensing uranium mills. Coverage on mining 

is usually minor as the principal focus is on milling impacts. The same is 
true for the recently prepared generic EIS on regulation of uranium milling 

I 

( NRC79b) .' 

Radiochemical assessment of surface and groundwater in uranium mining 

districts of New Mexico is done by self-monitoring programs associated with 
NPDES pennits. Also, radiochemical assessment studies have been funded 

recently by the New Mexico Environmental Improvement Division and U.S Environ

mental Protect ion Agency., Sel f-moni to ring, particularly in the pre

operational phase, characterizes mining and milling operations in all of the 
concerned States. These, together with results of surveys by State per

sonnel, have resulted in extensive files of water quality data, flow measure-
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ments, field observations of mine conditions, and exchanges between industry~ 

regulatory agencies, and the public. Rarely are the data assembled and 

interpreted for dissemination outside a given agency. States experiencing 

rapid growth in uranium mining and milling are undoubtedly placing first 

priority on activities directly related to licensing, monitoring, and other

wise implementing regulations. Unfortunately, there is no concerted effort 

to prepare broad assessments of the cumulative impacts of mining and milling. 

Texas, New Mexico, and Wyoming are cases in point. Critical review and syn

thesis of these types of data can produce rather useful information. For 

example, the publication "Water Quality Impacts of Uranium Mining and Milling 

Activities in the Grants Mineral Belt, New Mexico" (EPA75) addresses the 

groundwater and surface water changes as the result of extensive uranium 

mining and milling production in a relatively confined area. 

Some states have since initiated review of their data files~ conducted 

field studies, and, in some cases~ contracted study teams to investigate 

similar water quality changes. For example~ a recent report by the Wyoming 

Department of Environmental Quality summarizes 16 years of aqueous radium and 

urani urn data. The study reports that significant amounts of Ra-226 and 

uranium were present in surface water in the Shirley Basin as a result of 

inadequate mine water treatment (Ha78). 

In Texas, surface water and groundwater monitoring conducted by indus

tr~, as well as by State and Federal agencies, reveal little or no change of 

chemical quality attributable to uranium mining and milling {Ge77~ Ka76). 

This conclusion is based on 586 samples collected from 198 stations over a 

period of 39 years but primarily from 1961 to 1975. The State monitoring 

program by several agencies is continuing, but either summary reports are not 

issued or are two years overdue, depending on the agency. Not all of the 

findings exonerate the industry. One survey (It75) showed that none of the 

mine water from the 10 lakes that were sampled was suitable for human use. 

The lakes were also unsuitable for irrigation due to mineralization of the 

water by sulfate, chloride, and TDS. One of the 10 was suitable for stock 

watering. 

The conditions or limits in the NPDES permits consider the quality of 

water being discharged, the quality of receiving water, and available~ prac

tical~ treatment technology. Industry is required to monitor the discharges 



3-13 

on a periodic basis, usually daily, weekly, or monthly, and report results to 

EPA. The NPDES pennits and related monitoring data help to estimate the 

quantity and quality of discharge allowed to enter the off-site environment. 

Intensive studies of the influence of uranium mining on water quality 

and availability have not been conducted. Most investigations to date have 

been site-specific, of relatively short duration, and focused on the influ

ence of surface discharge or subsurface seepage on water quality. Baseline 

studies from specific projects typically consist of quarterly or semi-annual 

sampling and are or:iented toward milling instead of mining activities. The 

effects of dewatering on depleted water supplies or on water quality shifts 

in the aquifers of an area are rarely considered, and, then 0'1ly on a mine

by-mine basis. Rarely are soil, stream sediment, and biologic samples 

collected in the preoperational period for radiologic analysisu 

3.2.2 Mine Water Management 

Figure 3.3 shows a scheme for considering the fate of water discharged 

from underground and open pit mines, including principal sources and sinks, 

most of which affect both water flow and quality. Broken lines in Fig. 3.3 

indicate less important sequences with respect to water quality. For ex

ample, those mines that handle all water by on-site evaporation are likely to 

involve. small volumes of water, and impacts on groundwater as a result of 

seepage are also likely to be small. 

Mine drainage is surface water or groundwater flowing from a mine or an 

area affected by mining activities. Mine related point and nonpoint pollu

tion sources can contaminate both surface water and groundwater throughout 

all phases of mining, that is, during mineral exploration, mine development, 

mineral extraction, processing, transport, and storage, and waste disposal. 

While mine-related point pollution sources usually include only milling and 

processing plant discharges and mine dewatering discharges, nonpoint sources 

can occur during_ any or all phases of mining. The chemical and physical 

characteristics and the mode of transfer of these nonpoint sources are vari

able and depend upon, among other things, the mineral being mined, its geo-
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logic environment, the interrelations of all associated hydrologic systems 
{both surface water and groundwater), and the type of processing, trans
portation, storage, and waste disposal methods. Some mine-related nonpoint 
pollution sources are as follows (EPA77a): 

1. suspended solids carried by immediate surface runoff 
2. dissolved solids carried by immediate surface runoff 
3. suspended and dissolved solids in proximate subsurface 

water seepage 
4. dissolved· sol ids in groundwater recharge 
5. dissolved solids in groundwater discharge 
6. uncontrolled contributions from mine-related point sources: 

a. high instantaneous concentrations of regulated pollutants 
in excess of effluent discharge guidelines, but fal1ing 
within the NPDES instantaneous and daily average discharge 
l imitations 

b. unregulated minor contaminants in point source discharges 
which are not specifically included under NPDES effluent 
1 imitations 

c. untreated mine dewatering discharges during or following 
major storm events (NPDES point source treatment systems 
may be bypassed during storm events of greater than a 10-
year, 24-hour intensity) 

7. reclaimed mine area and undisturbed area drainage diversion 
discharges 

8. surface water and groundwater contamination and degradation 
induced by mine-related hydro1 ogic d_i s turbances and imbalances 

Typically, waters affected by mine drainage are chemically altered by an 
increase in iron, sulfate, acidity {or alkalinity), hardness, TDS, and 

·various metals, and are physically altered by an increase in suspended solids 
such as silt and sediment (Anon69,Hi68). 

Many but not all uranium mines dewater at rates of 1 to perhaps 20 
m3 /min. Typically, the water from the mine goes to sett1 ing ponds and then 
either to the mill or a nearby stream, dry wash, river, etc. Depending on 
the amount of mine water recycled in the mill and the amount of water pumped 
from the mines, there may or may not be any release to streams or arroyos. 
In at least one-- instance in the Grants Mineral Belt, mine water is totally 
recycled through the mine to enhance solubilization of uranium which is 
removed with ion exchange columns. Large evaporation ponds and some seepage 
losses help maintain a water balance and minimize releases to streams, 
arroyos, etc. Increasing competition for water ir1 the western states is 
likely to induce maximum mine water reuse (in the mill), reinjection, or use 
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for potable supplies {Hi77) or power plant cooling. 

When mill tailings ponds are used for final disposal of mine water, 

there is significant addition of chemical and radiochemical contaminants to 

the water in the course of milling. After treatment to reduce suspended 

so1ids, mine water may be recycled for use in the milling process or released 

to nearby streams, necessitating radium removal and reduction of suspended 

solids. Dissolved uranium in mine water, if present in concentrations ex

ceeding about 3 mg/t, is recovered by ion exchange columns. Settling ponds at 

the mines remove suspended sol ids. The water is then conveyed to receiving 

streams or to the mills for uranium recovery and (or) to satisfy mill feed 

water requirements. There are rather rigid requirements for release to 

surface water compared to groundwater. 

A recent survey of 20 U.S. uranium mills {Ja79a} found large variation 

in the degree of water recycling. Where mine water is readily available, it 

probably is reused less than in water-short areas. More efficient water use 

by uranium mills possibly could increase the amount of {relatively) high 

quality mine water being discharged to the environment; lessen adverse impacts 

of mill tailings disposal by reducing the amount of liquid; and make mine 

water available as a source of potable water {after treatment) in water-short 

areas such as Churchrock and Gallup, New Mexico (Hi77). To date, water qual

ity deterioration related to seepage and accidental release of tailings to 

sur~ace streams has received the most study and has been the focus of regu-

1atory programs. In the future, it is likely that water quantity issues will 

become increasingly important, particularly in areas where water supplies are 

already limited and where extensive dewatering necessarily accompanies 

mining. 

Of 20 uranium mills surveyed, 6 reported part or all of the mill feed 

water came from mine drainage (Ja79a). In New Mexico, 19 of 30 mines sur

veyed by the State En vi rormenta 1 Improvement Division (J. Dudley, written 

communication) had off-site discharge to arroyos ranging up to 19 m3 per 

minute. Thos~ mines with no discharge utilized evaporation ponds or used the 

water for dust control. Most of the mines discharged to arroyos. In several 

instances, however, water was piped to a nearby mill at flow rates of 5 to 8 

m3 per minute. Relatively small quantities of mine water were used for sand 

backfill of mines~ in-situ leaching of old workings, and irrigation of grass

lands. In summary, New Mexico mines discharge 66 m3 per minute off-site. 
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Of this, 12 m3 per minute is routed to mills, and the balance is discharged 

directly off-site from the mine. Average discharge to streams and arroyos 

for the active underground mines in the Grants Mineral Belt on the whole was 

1.8 m3/min, whereas 12 mines in the Ambrosia Lake District averaged 1.7 

m3/min. In New Mexico, all mines discharging to an arroyo practice radium 

removal with approximately 90% efficiency. Uranium removal from mine water 
discharge occurs in all but two active mines. Future trends are likely to 

reflect increased discharge from the mine to the environment. Settling 

ponds, radium reMoval, or both will be used to meet discharge permit require

ments. 
In Wyoming, discharge from both surface and underground mines may be 

used as proces:: water for uranium mills, discharged to surface s·.:reams, or 

used for irri!=Jation. For example, at the North Morton undergrourd mining 

operation, approximately 2 m3 per minute of mine water discharge will be used 

to irrigate 800 hectares of alfalfa. At the South Morton surface mine oper

ation, a like amount of discharge will become mill feed water. 

A survey of all active U.S. uranium mills showed that 14 of 20 make no 

use of mine water {Ja79a). This may reflect mines where water simply is not 

encountered or the fact that mines and mills are not co-located. Most mills 

depend on deep wells, except in New Mexico where mine water is the main mill 

water supply. Table 3.9 summarizes water sources for U.S. uranium mills. 

Proposed NRC regulations on mi1l tailings disposal (44 Fed. Reg. 50012-59) 

purport to make long-term tailings isolation the primary consideration in 

mill siting. In areas subject to severe natural erosive or dispersive 

forces, this may mean that mills cannot be sited in the vicinity of mines. 

This may have effects on use of mine water for mi11ing. 

Table 3.9 Summary of feed water sources for active U.S. uranium mills 

Water Source 

Rivers, Reservoirs 
Wells 
Springs 
Unknown 
Mine Water 
Mine Water and Wells 

Source: Ja79a. 

No. of Mills 

4 
8 
1 
1 
3 
3 
2o 
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Although underground mining is now dominant in the Grants Mineral Belt, 
the greatest number of mines are small stripping operations that have long 
been inactive. This type of mining activity has apparently had little ad
verse impact on water resources. Few data are available on drainage assess
ment of large open pit mines such as the Jackpile-Paguate. The St. Anthony 
pit discharges about 0.076 m3 per minute. Usually, the ore is above the 
water table. Any water present on the mine floor presumably is flood runoff 
or discharge from a nearby underground mine. Other strip mines in the 
Mineral Belt were not studied; hence, no conclusions were drawn (J. L. Kunk
ler, USGS, in preparation). 

Mine dewatering is done either by pumping the mine pit/shaft directly or 
by drilling high capacity wells peripheral to the mine and pumping a suf ... 
ficient volume of water to at least partially dewater the sediments. Because 
of the great volume of water that must be removed from an aquifer, the latter 
method is impractical for deep underground uranium mines. This is partic
ularly true for the artesian aquifers of most of the deeper mines in the 
Grants Mineral Belt. More commonly this method is reserved for shaft sinking 
and open pit mines to depths of several hundred feet. Most underground mines 
are dewatered by pumping the water that collects in the mine itself. Borings 
{

11 longholes 11
) made into the ore body for assay work and explosives facilitate 

drainage. There is considerable difference in the quality of water depending 
ort the dewatering method used. Water removed from wells adjacent to the mine 
typically is representative of natural quality, but water removed from the 
mine can be high in radionuclides, stable elements, and suspended solids. In 
large part this is due to the disruptive nature of mining. However, more 
subtle, chemical processes of oxidation and bacterial action, aided by 
evaporation and free flow of air in the mine, are also operative. 

The extent to which uranium exploration adversely 1mpacts water re
sources is nat well understood. Land surface disruption from drilling pads 
and access roads obviously affects erosion rates and results in mud pits and 
piles of contaminated cuttings on or near the land surface. Subsurface 
effects are less obvious. A potentially serious one is interaquifer connec
tion via exploratory boreholes. In Wyoming. 5 million meters of exploratory 
drilling took place in 1979. Although State law requires mining companies to 
plug the ho1 es after drilling, it is common practice to install only a 
surface plug and to rely on the drilling mud to effect a seal at depth. 
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Similar situations are likely in New Mexico and Texas. Shortages of funds 

and personnel to oversee proper completion and abandonment exist at the State 

1 eve 1. 

Hydraulic effects of water released from mines, whether from pumping or 

gravity flow, include increased surface discharge, recharge of shallow 

aquifers by infiltration, and decline of static water levels in fonnations 
intersected by the mine or related cone of depression. Of most concern are 

the effects relating to mine water discharge on downstream users and any 

influences, direct or indirect, of pumping/dewatering on water quality in the 

ore body and contiguous strata. In some locations, the Grants Mineral Belt, 
for example, the ore body is also a major regional artesian aquifer; hence, 

dewatering affects present water levels and will affect water levels at least 

to the ,year 2000, with complete recovery taking much longer. The extent and 

significance of uranium mine dewatering are as yet poorly documented. ~ecent 

studies have been made in New Mexico where dewatering is of concern because 
of the influence on regional groundwater availability for municipal use and 
in relation to return flows to the San Juan River (NRC79b; Ly79). In 

Wyoming, static water levels in wells on ranches adjacent to uranium mines 
owned by Exxon, Kerr-McGee, Rocky Mountain Energy Co., and other companies 
southwest of Douglas and between Pumpkin Buttes and Douglas have reportedly 
dropped 7 to 10 meters (Anon79). Water quality changes associated with 

dewatering generally are unknown and not specifically monitored regardless of 
the mining area location. 

Water quality associated with dewatering is generally go_od, although 

suspended sol ids may be high, as expected. Discharge from dewatering wells 

will be low in suspended solids because of filtering by soi1 and rock 
aquifers. Overall water quality from dewatering wells, particularly for 

underground mines, is 1 ikely to be representative of ambient conditions in 
the ore body and, to a lesser extent, the adjacent formations that may also 

be dewa tered. 
-

Recent USGS work on groundwater in the San Juan Basin Region has in-

dicated that mining expansion will have a significant impact on the water 
yield of the Morrison Fonnation (Ly79). In this study, although no water 

quality data are derived, the recharge and mine dewatering parameters that 
impact the expected drawdowns in the aquifer imply that a total of 7.03 x 108 

m3 of water will be produced by the 33 planned or announced mines by the year 
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2000. If the projected development of 72 mines occurs, dewatering would 
9 3 exceed 1.48 x 10 m • The model also estimates that flow in the San Juan 

River will decline very slightly (0.05 m3/min). Similarly, flow in the Rio 

Grande Valley would be reduced by 0.85 m3/min. The impacts will continue 

after mining and dewatering cease. 

Table 3.10 summarizes New Mexico uranium mine discharge in relation to 

mine type, depth, and status (active or proposed). Note that projected 

mining is primarily underground and represents an average increase in mine 

depth of 275 percent and an increase in dewatering rate from 2.4 to 13.8 m3 

per minute. One would expect numerous water quality and quantity issues to 

arise if these projections materialize. For example, competition for water 

supply is 1 ikely to be widespread throughout ~he Upper Colorado River Basin, 

and uranium mines/mills are already relatively large water users. Dewatering 

and discharge require no water rights under State water laws in New Mexico, 

but the water is es$entially wasted. Use of water in mills constitutes a 

beneficial use of water, and state water laws therefore require filing for 

water rights. Such filings may be denied upon protest from existing water 
users. 

Inactive uranium mines and related wastes also influence water quality, 

particularly as a result of chemical and physical transport by surface water 

runoff. The main reasons why mine waste piles erode more quickly than un

di~turbed soils are lack of topsoil, steep angle of slopes, presence of toxic 

elements and buildup of salt in the near surface, and poor water retention 

characteristics. Usually, inactive surface and underground uranium mines are 

not a source of direct discharge of water, be it contaminated or of ambient 

quality, because of the 1ow rainfall-high evaporation characteristics of the 

western uranium regions, static groundwater levels deep below the land sur

face in mining areas~ and, in a few instances. recontouring of mined lands 

such that drainage is internal. Whether mines contaminate groundwater by 

groundwater leaching or by recharge contacting exposed oxidized ore bodies is 

poorly documented. Preliminary feasibility studies by the U.S. Geological 

Survey (Hi77) indicate generally good quality water from one inactive under-
-

ground mine in the Churchrock area of New Mexico. It is possible that this 

water may be used as a municipal water supply for Gallup, New Mexico. 
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in the Grants Mineral Belt, New Mexico 
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Number of Average Average Discharge 

Mine Type Mines Depth (m) (m3/min) 

Active 

Underground 33 248 2.42 
Open pit 3 48 0.045 

Proposed 

Underground 46 681 13.8 
Open pit 0 N/A N/A 

Source: Environmental Improvement Division, State of New Mexico. 

For most uranium regions, the volume of discharge from inactive mines to 
surface water bodies, though poorly documented, is believed to be less signi

ficant than that from active mines. The degree to which inactive mines 
contribute contaminants, directly or indirectly, to adjacent water resources 

can only be qualitatively assessed. The significance of inactive mines is 
highly dependent on regional setting and mine type. 

Inactive surface mines in Texas are, with rare exception, not a source 

of direct discharge to surface water. It is unknown if there is any adverse 

impact from standing water in the mine pits, the most recent of which have 

been final-contoured with an internal drainage plan. Various observers 

suspect that water qua 1 ity deteriorates when overland flow crosses mine 

spoils associated with overburden piles (It75 and He79). Water in the mine 

pits is unsu_!table for potable and stock use due to high stable element 
--

contents, but it is generally acceptable in terms of radioactivity. Water in 

Texas open pit mines is a combination of runoff and groundwater. Before 

release from a mine, water is put in retention ponds to reduce total sus

pended solids. Holding ponds are used for storing mine water, and discharge 

is not allowed unless such discharge does not adversely affect the receiving 
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Environnental problems associated with alkaline and saline drainages are not 

well documented (Hi73). 

Water quality impacts from uranium mining are a function of both quality 

and quantity of discharge. Underground and surface mines commonly require 

dewatering prior to or during the ore removal phase, although there is con

siderable variation from one area or mine to another. In New Mexico, large 

and medium sized mines are essentially dry, whereas mines in Texas and 

Wyoming require extensive dewatering. Regardless of location, underground 

mines rarely- are dry and many require extensive dewatering. Considering the 

variety of water management measures, region a 1 differences in contaminants 

and receiving waters, and geochemical characteristics of ore bodies, detailed 

discussion of the effects of mine drainage or mining, in general, on water 

quality must await further site - or area - specific study. It is ques

tionable if sufficient data on mine drainage exist to assess effects on biota 

and the fate of contaminants in surface or sub-surface water bodies. 

Limited data from Colorado, Texas, Wyoming, and New Mexico suggest 

adverse impacts on water quality from discharge of mine water. Effects of 

dewatering on deep groundwater quality are very poorly documented; hence, no 

conclusion as to relative significance is drawn. With respect to surface 

water resources, discharge of mine water and overland movement of water and 

suspended or dissolved contaminants may be significant. Because of the 

dearth of data on overland flow, emphasis herein is on contaminants dis

charged via mine drainage water. Substantial studies to evaluate sediment 

yield and quality from lands mined for uranium, particularly from areas of 

surface mining, have not been conducted, although recent work in Texas (He79) 

is a notable exception. 

Elements such as uranium, radium, molybdenum, selenium, zinc, and vana

dium may be enriched in point and nonpoint discharges from uranium mines. 

The dispersal, mobility, and uptake of such elements are directly relevant to 

the subject of this report. We reviewed selected literature and field data 

to at least qualitatively understand what processes and elements are most 

significant and to thereby strengthen some of the underlying source term 

assumptions in the transport and health effects modeling. Despite the annual 

chemical load introduced to ephemeral streams by both dissolved and suspended 

constituents in mine effluent and overland flow from mined lands, waste piles 

etc.9 a number of processes affect the concentrations in the ambient environ-
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ment. These include dilution, suspended sediment transport, sorption and 

desorption 2 precipitation, ion exchange, biological assimilation or de

gradation, and complexation. 

3~2.3.1.1 Qilution and Suspended Sediment Transport 

In many uranium mining regions there is f"looding or flash flooding. Such 
storms may well be the only runoff event for a year or more at a time. It is 

worthwhile then to consider some of the effects of such events on mobili

zation of contaminants associated with uranium mining wastes. Typically 

there is significant interdependence between the physical and chemical pro

cesses. 

A principal phys·kal process is dilution. This will reduce concen-

trations of pollutants released to surface waters, but is considered to p1=3y 

a relatively minor role over the short term For water percolating through the 
soil to sources of groundwater in arid or semiarid regions. 

Transport of suspended sediments in floods is another dominant process. 

Suspended load is largely a result of physical, hydraulic processes, hence 

elements that are rapidly and thoroughly removed from solution as a result of 

solubility limits, precipitation with other ions, ion exchange, and sorption 

may well be transported in the suspended Toad. In metal mining areas of 

central Colorado, total and dissolved metal loads in streams are greater 

during ~igh flow periods, apparently a result of flushing from mines and 

tailings piles and scouring of chemical precipitates from stream substrates 

(Mo74). Typically, total and dissolved loads decrease downstream, regardless 

of discharge. Increase in iron in the downstream direction reflects scouring 

of precipitate--an amorphous, hydrated ferric oxide. Oi spersa1 occurs for 

quite a distance downstream. 

3.2.3.1.2 _Sorption and Desorption 

Sorption can play an extremely important role in purifying waters, 

particularly if- infiltration or percolation is involved. This is especially 

true when contaminant concentrations are too 1 ow to undergo precipitation 

reactions. Virtually every ionic species will be sorbed and removed to some 

extent except for chloride and, to a lesser extent., sulfate and nitrate. 

These seem to pass through soils and alluvium without significant sorption 

(Ru76). Sorption processes can be highly specific, depending on the type of 
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contaminant and the physical and chemical properties of both the solution and 

the porous medium. 

There have been numerous laboratory studies on the sorption, 1 each

ability, and mobility of stable elements in various types of soil. A recent 

review of the literature on radionuclide interactions in soils specifically 

discusses radium, thorium, and uranium, which are especially pertinent to 

uranium mining (Am78). Distribution coefficients, the ratio of concentration 

in soil to that in water, ranged between 16 and 270 for uranium in various 

soil-river water systems, between 200 and 470 fo~ radium, and on the order of 

105 for thorium at pH6. These observations appear consistent with the 

generally accepted ideas that uranium is relatively mobile, thorium extremely 

immobile, and radium somewhere in between in ne~ural water systems (NRC79b; 

Ku79; Ga77a). 

Adsorption is believed to be important for cadmium, copper, lead, and 

nickel, insofar as these are transported in the suspended fraction, whereas 

manganese and zinc are primarily in the dissolved fraction. Adsorption of 

metals onto precipitated manganese oxides or hydroxides at elevated pH is 

probably insignificant in the case of most uranium mine discharges insofar as 

these are alkaline and, furthermore, discharge to or co-mingle with other 

streams that are alkaline. 

Radium sorption and desorption tests done on uranium mill waste sol ids 

and' river sediments collected from several locations in the Colorado Plateau 

(Sh64) and in Czechoslovakia (Ha68) showed that leaching is primarily con

trolled by the liquid-to-solid ratio, i.e., the volume of leaching liquid per 

unit weight of suspended sol ids. Natural leaching from mining and milling 

waste sol ids freely introduced to rivers in the past is one of the major 

factors in radium contamination of rivers (Ru58). Although settling ponds 

are now used to remove or at least reduce suspended solids from active mine 

discharges, the dissolved radium 1 oad sorbed on sediments presents a source 

tenn that may be somewhat analogous to river sediments contaminated by dis

solved and· suspended milling and mining wastes. The manner in which the 

radium is mobilized _and the significance is poorly understood and bears 

further investigation. Apparently there is a 11 leap frog'' transport mechanism 

involving combined chemical and physical weathering processes. There should 

be a marked downstream attenuation of both dissolved and sorbed/precipitated 

radium inventories insofar as sediment burial and dilution take place and 

leachability limits are reached, i.e., no more radium can be removed regard-
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less of the duration, frequency, or intensity of agitation. Should the 

stream eventually discharge into a reservoir, it is unlikely that renewed 

leaching will take place. Shearer and Lee (Sh64} did not account for some 

factors that may be locally significant, such as bio-uptake along the stream/ 

river, use of water for irrigation, number of uranium facilities discharging, 

and other local factors. 

Experiments were conducted in Japan (Va73) to determine uranium adsorp

tion and desorption using carbonate solutions and three soil types (alluvial, 

sandy, volcanic ash). Very high adsorption ratios and very low desorption 

ratios of uranium characterized the various soil types in contact with stream 

water and help explain tne decrease in soluble uranium with flow distance 

from mines (Ma69). When wastewater flows into streams at the maximum per

missible concentration (1.8 mg U/.v,) recommended (ICRP64}, Yamamoto et al. 

(Va73) conclude that the Ul'anium behaves as a uranyl carbonate complex anion 

and that essentially complete sorption readily occurs 1n the presence of 

(Japanese river) water which contains 15 to 39.9 mg/t bicarbonate. Since 

this is similar to concentrations in surface waters of uranium regions in the 

western states, similar results are expected. 

Sorption or desorption of heavy metals such as Co, Ni, Cu, and Zn in 

soils and fresh water sediments occurs in response to the aqueous concen

tration of metal, aqueous concentration of other metals, pH, and amount and 

strength. of organic chelates and inorganic complex ion formers in sol uti on 

(Je68). Other controls on the heavy metal concentrations in soil and fresh 

water include organic matter, clays, carbonates, and oxide and hydroxide 

precipitates. 

To what degree solubility acts as a limit on stable element concen

trations in natural waters is unclear. The crystallographic form or even the 

chemical composition of a precipitate are often unknown. Elements such as 

iron, aluminum, manganese, and titanium form insoluble hydroxides and are 

likely to exceed equilibrium solubility limits (An73). Hem (He60) partially 

disagrees, saying "it is not unreasonable to assume equilibirum for the iron 

species in water." Whether mine discharges or overland flow from mined areas 

are in equilibrium is unknown, but it is doubtful considering the underground 

or flash-flood origin of such waters. The non-equilibrium aspects of certain 

peak runoff events has been documented for major streams of the world (Durum 

and Haffty, 1963). Metals such as iron, aluminum, manganese, and titanium, 
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which readily fonn rather insoluble hydroxides as particulates or colloids, 

may be dissolved from suspended minerals during high flow conditions. 

Organics present in such flood waters may assist through fonnation of soluble 

complexes. Result1ng metal concentrations may be higher than solubility and 

redox relationships alone would indicate. 

3.2.3.1.3. Precipitation 

Probably one of the most significant processes affecting stable element 

solubility in natural water systems is adsorption on hydrous ferric and 

manganese oxides. Jenner {Je68} believes this is the principal control on 

the fixation of Co, Ni, Cu, and Zn (heavy metals} in soils and fresh water 

sediments. For example, ferric hydroxide adsorbs one to two orders of magni

tude more Se03 per unit weight than clays, and 90 to 99 percent adsorption is 
possible at a pH of seven to eight typical of most western streams {Ho72). At 

neutral or slightly alkaline pH, both iron and manganese are poorly soluble 

in oxidizing systems and, in general, exhibit very similar chemical behavior, 

although manganese is slightly more soluble. Fixation of selenium in soils, 
particularly by iron oxide or as ferric selenite, renders it unavailable to 

agricultural and forage crops, although specific selenium-accumulating plants 

can remove the element and, upon decomposition, release it in water soluble 

forms, such as selenate and organic selenium compounds .. available to other 
' plants {Ro64). The behavior and mechanism of selenium adsorption (as selen-

ium oxyanion) by hydrous ferric oxides is readily extended to the inter

pretation of other similarly bound minor elements {Ho72). Mobile selenium 

oxyanion in slightly al ka1 ine waters might be carried to streams by surface 
runoff or in groundwater. Selenite selenium sorbed upon ferric hydroxide 

should be transported in surface waters at neutral or slightly acid pH. Other 

metals fanning highly insoluble hydroxides in the pH range of 6 to 9 include 

copper (above pH 6.5}, zinc (above pH 7.5}, and nickel (above pH 9). Molyb
denum is thought to hydrolyze to the bimolybdate ion under acid conditions 

and precipitate with iron and aluminum. Aerobic or oxidizing conditions in 

the vadose zone are -favorable for the development of many of these oxides 

(Cu, Fe, Mn, Hg, Ni, Zn, Pb). Reducing conditions deep in saturated zones 

generally lead to increased mobility of these metals. 

Reducing conditions that can exist in the presence of organic material 

(bituminous or lower ranking coals, anaerobic bacteria, fluidized humates) 
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can lead to precipitation reactions favorable for removing contaminants from 

mine waters. Reduction of uranium to the quadrivalent state and its fixation 

on clays would play the major role in protecting groundwater supplies from 

uranium if the appropriate reducing agents were present in soils (Ga77a; 

Ku79). Inorganic reducing agents could include ferrous iron and hydrogen 

sulfide produced by the action of an aerobic bacteria on sulfates. Natural 

reducing conditions can alsos theoretically, cause the formation of such 

native elements as arsenic, copper, mercurys selenium, silvers and leads 

which are all quite insoluble in their elemental form (Ru76}. Hydrogen 

sulfide or other sulfides, if available, will serve to reduce the concen

trations of such metals a!: arsenic, cadmium, copper, iron, lead, mercury, 

molybdenum, nickel, si1ver, and lead. 

The metal-scavenging of hydrated iron oxide precipitate has been docu

mented in a mined area of C0lorado where relatively acid schists and gneisses 

give rise to acid runoff that dissolves large quantities of aluminum, mag

nesium, and zinc. Runoff from a nearby drainage basin underlain by basic 

rocks containing base and precious metal veins carries considerably less 

metal. However, manganese oxide precipitated with iron oxide contains large 

quantities of metals. F~rric hydroxide precipitates from aerated water 

solutions containing more than 0.01 ppm iron at pH values of 4.5 and above, 

aluminum hydroxide precipitates in the pH range of 5 to 7, and manganese 

hydroxjde precipitates above pHS {He60; Ch54). Considering the alkaline pH 

of most uranium mine discharges and overland flow from non-point sources such 

as mine waste piles, precipitation of iron and possibly manganese seems 

certain. The scavenging effect of iron hydroxide at neutral to alkaline pH is 

considerably less than that of manganese hydroxide precipitate. 

The extensive studies of mine drainage in Co1orado by Morgan and Wentz 

(1974) revealed the effects of solubility on stable element transport. In 

the downstream direction, dilution and neutralization of the acid mine drain

age by bicarbonate caused dissolved metal to decrease due to dilution, chem

ical precipitation, and probably adsorption onto ferric hydroxide preci

pitate. The latter creates a coating on the stream substrate for a con

siderable distance during low flow periods. Subsequently, flood events scour 

and transport the precipitates. Manganese and zinc remain primarily 1n the 

dissolved phase for a considerable distance, whereas cadmium, copper, iron, 

lead, and nickel concentrate in the suspended fraction and, when turbulence 
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decreases, precipitate. The mobility sequence for the metals studied in 

Colorado generally follows the order MnsrZn>Cu>Cd >Fe>Ni> Pb. Ferric 

hydroxide precipitation and scavenging seems to be more important at neutra 1 

than at acidic pH's (Je68). 

3.2.3.1.4 Biological Assimilation and Degradation 

Biological uptake and the role it has on stable element concentrations 

in water is not predictively understood (An73). Plant uptake of stable 

elements and resulting phytotoxicity is not merely a function of how much is 

present in the soils or water. In the case of arsenic, the chemical form of 

a(~enic appears more important than the total soil .:~rsenic (Wo71). For ex

a·Tlple, water-soluble arsenic in soil created more 1:hytotaxic effects than 

those with no detectable water-soluble arsenic. Soils high in reactive 

ahrminum remained less phytotoxic, despite heavy applications of arsenic, 

than soils with low reactive aluminum. Selenium in soils can be present as 

elemental selenium,. selenates, pyritic selenium, ferric selenitest and or

gonic selenium compounds of unknown composition. Selenates and organic 

compounds are most available to plants, although slow hydrolysis of the other 

forms can occur such that they become available for plant uptake. The im

portance of water soluble selenium versus total selenium as the major factor 

affecting plant uptake has been demonstrated (La72; Gr67). Where sufficient 

selepium is present in plant-available form, all species will take it up in 

sufficient amounts to be harmful to animals (la72). Naturally occurring 

soils containing such available forms are geographically confined to semiarid 

regions or areas of impeded drainage. Such soils are not hazardous to humans 

and only locally are they a threat to animals. 

Despite numerous examples of high selenium (up to 2.7 ppm) in surface 

water, pa rti cul arly that associ a ted with drainage from sel eni ferous soi 1 s in 

agricultural areas, Rosenfeld and Beath (Ro64) reported only a few cases of 

water-related selenosis in man or livestock. Water high in selenium is 

typically unpalatable to livestock and certainly to man. Lakin (La72) con

cluded that environmental contamination due to selenium is increasing, but 
-

hazardous concentrations are unlikely; mining and industrial wastes may cause 

local problems; and the effect of added selenium in waters in combination 

with other contaminants bears further study. 

Uranium uptake by several species of native plants in the southeastern 
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Utah portion of the Colorado Plateau varied, sometimes strikingly, with the 

species, time of year, part of plant, availability of uranium in the soil. 

and chemical composition of the underlying rocks (Ca57). The type of rooting 

system and the soil moisture conditions also were influential. In some 

cases, there was no consistent relationship between the amount of uranium in 

the soil versus that in the plant ash. Plants are much less selective with 

respect to cadmium uptake, and it has been conclusively demonstrated that 

plants absorb cadmium from cadmium containing solutions and soils (Pa73; 
Fu73). Phytotoxic·effects vary considerably with plant species. Cadmium and 

zinc sulfides tend to concentrate in the organic matter of soi 1 s. Upon 
oxidation to sulfate, plant availability increases along with solubility. 

Under alkaline conditions (ph8), cadmium is taken up rapidly by biota and by 

, sediments. However, model he of cadmium transport and its deposition in 

aquatic systems is very complex and encompasses many variables, most impor
tant of which are pH, carbonate content, chemical form, and competing ions. 

3.2.3.1.5 Complexation 
Published data on Gibbs free energies, enthalpies, and entropies of 42 

dissolved uranium species and 30 uranium-bearing solid phases were recently 
reviewed (la78). Uranium in natural waters is usually complexed with car

bonate, hydroxide, phosphate, fluoride, sulfate, and perhaps silicate. Such 
complf!xes greatly increase the solubility of uranium minerals and increase 

uranium mobi 1 ity in groundwater and surface water. In wat~rs with typical 

concentration of chloride, fluoride, phosphate, and sulfate, intermediate 

Eh 1 s, neutral to alkaline pH's, and the presence of phosphate or carbonate, 

uranyl phosphate or carbonate complexes form and increase mineral solubility 
by several orders of magnitude. Sorption of the uranyl minerals carnotite, 

tyuyamunite, autunite, potassium autunite, and uranophane onto natural mater

ials is greatest in the pH range of 5 to 8.5. Uranium content of small 
streams, in particular, can exhibit wide spatial and temporal variations due 

to pH and oxi qat ion state of the water, concentrations of comp 1 ex-forming 

species such as carbonate or sulfate, and presence of highly sorptive mater

ials such as organic matter, certain metallic hydroxides 1 and clays (La78). 

Whereas sorption is probably a dominant control on stable element concen

trations in low temperature aqueous conditions, there is insufficient infor

mation concerning specific sorbents to allow accurate prediction. 
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3.2.3.2 Results of Field Studies in Uranium Mining Areas 

3.2.3.2.1 Colorado 

Extensive studies of the effect of mine drainage on stream water quality 

and biota were done in central Colorado (Mo74). Although uranium was mined 

in 14 of the 25 areas studied, other metals were the principal products. 

Most of the ores were high in iron sulfides, and associated drainage was 

acidic. Also studied, but less intensely, was the Uravan district of western 

Colorado where the principal products are uranium and vanadium from Mesozoic 

sandstone. The Uravan Mineral Belt is different in terms of principal pro

duct Jnd geologic features from other mining areas studied in Colorado. For 

thes2 other areas, the drainage is acidic and heavi1y enriched in heavy 

meta15 and, therefore, somewhat atypical of most Colorado uranium mines in the 

Uravar. area. 

After a preliminary field survey of the temperature, specific conduc

tivity, pH, stream-bottom conditions, and aquatic biota at 995 stream sites, 

192 v1ere chosen for detailed sampling and analysis during 1971-1972. The 

data indicate the contamination of approximately 711 kilometers of streams in 

25 different areas, mostly in the Colorado Mineral Belt. The water quality 

effects in these areas arise from many varied causes, including active and 

inactive mine drainage, tailings pond seepage, drainage tunnels, and milling 

oper.ations. The length of the streams affected is not absolute as it varies 

with the time of the year and flow conditions (Mo74). 

The general findings indicate that Mn, Se, and so4 concentrations, and 

specific conductivity are poor indicators of mine drainage as natural sources 

can cause high values for these parameters even in undisturbed areas. Uranium 

mines make at least some contribution to problems of contaminated streams in 

central Colorado. In central Colorado, the exact impact of uranium mining on 

stream water quality is unknown but believed to be less important or signif

icant in most areas as compared to impact from other mining, with the pos

sible exception of the Boulder-Jamestown area (J. Goettl and D. Anderson, 
Colorado Game, Fish, and Parks Division and Water Pollution Control 

Commission, respectively, personal communication). Cadmium, As, and Pb 

exceed the U.S. Public Health Service toxicity limits, respectively, 12.5 

percent, 1.4 percent, and 2.1 percent of the time. Mercury and Ag limits 

were never exceeded, and Cr was never detected. Iron and Mn standards were 
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frequently exceeded by large percentages, however, these limits are only 

based on aesthetics. Concerning the negative impacts of the various 
constituents, Cu and Zn {exceeding the limits 7.8 and 9.0 percent of the 

time, respectively) pose the greatest threat to resident aquatic life. 

Mining operations in the Uravan area are a relatively minor source of metals 

for the San Miguel River (Mo74). Potential problem areas are settling ponds 

and tailings piles associated with the mining operation. Although not a 

source of acid drainage, these sources did cause increased concentrations of 

copper, iron, manganese, nickel, vanadium, and zinc in the river. Only 

manganese exceeded the standard for drinking water, and no metal concen

trations exceeded the biologicdl criteria. Seepage (0.003 m3;s, pH 6.8, 3300 

mg/t HC03) from a mine tailing3 area into Atkinson Creek, a tributary of the 

San Miguel River, observed in December 1972 caused no adverse impacts. 

Because of its size, proximity to population, and effects on surface 
water quality, extensive surface water quality investigations to assess the 

impacts of mine water discharge from the Schwarzwalder mine have been made 

(EPA72). Grab samples of the mine eff1uent taken in 1972 revealed 15 mg/£ 

uranium and 80 pCi/t radium-226. As of 1972, overflow and seepage from the 
settling ponds used to treat the mine effluent significantly degrade the 

radiochemical quality of nearby Ralston Creek. This was confirmed by both 

EPA and the State/Denver Water Boards monitoring program. With 20-fold dilu

tion., Ralston Creek downstream of the mine contained 3 pCih and 82 l-19/£ 
dissolved radium-225 and uranium, respectively. With no dilution, as during 

July, concentrations were 81 pCi/ Q. and 20,300 llg/9... Influx of contaminated 

stream water to nearby Long Lake raised dis so 1 ved rad i um-226 to 0. 8 pCi /2 

(4-fold increase over background) and uranium to 230 1-1 gh. {20 times back
ground). From these data, conclusions were reached that the mine water 

caused a 5 percent increase in the radiation dose to consumers in a local 

water system (based on FRC and NCRP standards and daily consumption of 1.0 

liter water). If the 4.5 mgft uranium limit proposed by ICRP was used, the 

estimated dose increases to nearly 40 percent of the dose limit for a popu

lation group. Since 1972, the effluent has been treated for radium-226 and 

uranium remova 1. Trace metals analysis of water samples collected from the 
creek and the water treatment plants revealed concentrations comparable to or 

greater than those in the effluent as of July 20, 1978. Concentrations 
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( l.lg/9. ) were as follows : 

As F* Pb Se Zn 
Mine Effluent 5 1 15 <2 18 

Ralston Creek (avg) 5 1.3 32 <2 56 

Water treatment plants (avg) 5 0.55 97 2 146 

*mg/t 

3.2.3.2.2 Wyoming 
we. assessed the effects of mine drainage by literature review and a 

limited field study in the Spring of 1979. Results of ·che latter conclude 
this section of the report. The effects of mine dewatering, in situ 

leach~ng, and mill tailings seepage on surface water quality in the Shirley 
Basin were previously studied by the Wyoming Department of Environmental 
Quality (Ha78). Sixteen years of data on aqueous radium and uranium indicated 

significant amounts of radi um-226 and uranium reached streams because of 

inadequate mine dewater treatment, mill tailings pond seepage, and improper 
operation of a precipitation treatment unit. Uranium concentrations in 

stream water increased 60-fold because of mine water discharge and possible 

tailings pond seepage. The effects of past loadings of uranium and radium on 

fish propagation or migration are not clear, although biologic uptake of 

uranium and radium has occurred. Phytoplankton~ algae. and bottom fauna 

organisms also do not appear to have been adversely affected, but no studies 
have been conducted since 1962. Long-term effects of increased radioactivity 

levels are known and merit further study: 11There exists real need for addi
tional studies to determine the mechanisms involved in the dispersion and 

ultimate disposal of uranium loaded into the drainage basin ••• Only after 

addi tiona1 studies have been completed t may we understand the total and long 

range impact that the· company's activities have had on the aqueous environ .. 
ment 11 (Ha78). This latter finding related specifically to the current (1978) 
loading of uranium from treated mine discharge. 

Previous studies by the State of Wyoming (Ha78) found that solution 
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mining by the Pathfinder Uranium Company noticeably affected ambient uranium 

concentrations in the study areas. A 1968 survey by the Department of 

Environmental Quality {Ha78) indicated relatively high loadings of soluble 

uranium and radium on stream sediments near the mine dewatering outfall. 

Analysis of fish skeletons indicated radium uptal<e corresponding to dissolved 

radium-226 concentration exceeding 1 pCi/L Resampl ing in 1970 showed a 

decrease in radioactivity values in sediment but a tenfold increase in fish 

uptake of uranium relative to other fish populations in the basin.. Radio

activity concentrations in fish tissue were highest near the mine effluent 

outfalls but did not constitute a major source of radioactive intake by 

consumers. 

In June 1971, the EPA Radiological Activities Section of Region VIII 

(Denver) made a field reconnaissanre of uranium mining and milling activities 

in the Shirley Basin area. Radiological analyses of water and sediment sam

ples in the Shirley Basin and in the Bates Hole drainage basin to the north 

unquestionably indicated significant increases in radioactivity levels in 

water, sediment, and fish because of effluent discharge from mines and mill 

tailings. Concentrations of dissolved radium-226 and uranium in mine efflu

ent were well above background. The discharges were not considered a source 
of radiation dose to the populace (residents and transients) because of 

remoteness and lack of water use, but toxic effects on fish were of concern 

(M. Lammering, written communications, 1979). Monitoring in 1972 by the 

Wyoming Game and Fish Department showed water quality effects as far as seven 

miles downstream. From 1970 to 1972, radium-226 concentrations remained 

stable, but uranium increased. Fish samples collected in 1972 showed in

creased amounts of radium in the flesh compared to the 1970 results. Soil 

samples from a creek that received mine effluent indicated relatively large 

transport and enrichment of uranium and radium. Radium in particular was 

enriched in the sediments and showed temporal variations indicative of suc

cessive scouring and removal. presumably in flood flows. Precipitation of 

uranium compounds was not apparent, probably because oxidized uranyl species 

are quite soluble in natural water. 

To further our understanding of the role aqueous pathways play in con~ 

taminant dispersal, we monitored stable and radioactive trace elements in the 

Spring of 1979 in surface runoff from ore, sub-ore, and overburden piles from 

the Morton Rdnch area of active mining in Wyoming. EPA personnel selected 
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the basic study areas and assisted in sample collecting. Most of the samp

ling, analysis, and interpretation was done under contract with Battelle, 

Pacific Northwest Laboratories and is the subject of a draft report (Wo79). 

Appendix G contains a more complete discussion and l1sting of the data. 

Since runoff samples were unavailable, the sampling program emphasized the 

collection of soil samples in well-defined runoff gullies originating at 

surface stockpiles of minerals. Where the drainage systems intersected 

flowing water, upstream and downstream samples were collected. Most of the 

samples consisted of the top five centimeters of soil in the bottom of the 

drainage channels and three core profiles. Samples of the source material 

were also collected. 

Tra•:e element and radi onucl ide analyses of runoff from the Morton Ranch 

area are primarly based on surface sediments and vertical sediment profiles 

from the dry stream beds, since few streams or other forms of runoff were 

encounter·ed. Figure 3.4 shows the waterways surrounding the inactive 1601 

pit area and the semi-active 1704 pit area. 

Three vertical soil profile samples were collected, two in an erosional 

drainage area from the ore and waste pits south of the 1601 pit and one in an 

erosional drainage bed on the east side of the waste pile of the 1704 pit. 

The radionuclide and chemical constituents of these samples along with analy

ses of other soil samples are reported in Appendix G. The results indicate 

aq~eous leaching based on the radium/uranium ratios of about 12 in rede

posited material in the alluvial fan area of the drainage, compared to a 

corresponding ratio of 0 .. 9 in the undisturbed (sub-surface) material in the 

top alluvium profile. 

Trace element data also indicate limited transport of mine contamination 

with respect to uranium, and to a lesser extent, Se and V. The profile 

samples containing 140 and 21 ppm U resulted from material transported from 

the adjacent ore piles. The aqueous samples similarly showed no unusual 

characteristics indicative of mine wastes. 

An aqueous sample and the soil profiles collected near the 1704 pit 

similarly showed no evidence of mine~related pollution or leaching of uran

ium. This observation is based on the water and particulate analyses and the 

radionuclide analyses. These samples constitute a worst case, since the 

sediment samples were collected in the redeposited material of the waste pile 

drainage and should show greater levels of pollutants there than would fin-
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ally reach the South Fork Cr~ek bed. 

Pollutant releases from the Morton Ranch, Wyoming uranium mining opeY"

ations were not observable in water drainages of the surrounding area. The 

only significant movement of mine-related wastes was the transpoY"t of the 
stockpiled ore in erosional drainage areas on and immediately adjacent to the 

waste pile of the 1601 pit. Long-distance transport of these pollutants 

(primarily uranium) into the South Fork of Box Creek was not observable. The 

strongest evi.dence that mine wastes are a source of local soil and water 
contamination is the radiochemical data, and uranium in particular. Pol

lutant transport is almost entirely confined to the immediate area of the 

mines, although there has been some dispersal via water in the ephemeral 

streams. There is considerable disequilibrium between radiur.1 and uranium 
which may indicate leaching and remobilization of uranium. The possibility 

of natural disequilibrium in the ore body should not be overloor.ed. 

3.2.3.2.3 Texas 
A very comprehensive field and literature survey of elements associated 

with uranium deposits in south Texas (He79) revealed high to very high con

centrations of molybdenum, arsenic, and selenium in areas of shallow miner

alization; drainages adjacent to older, abandoned mines; and in some re
claimed areas. Areas of shallow mineralization have concentrations of 

several tens of ppm molybdenum and arsenic and up to 14 ppm selenium. Near 
surface material exposed by mining may have several hundred ppm molybdenum 

and arsenic. Waterborne transport of suspended or dissolved solids away from 
open pit mines resulted from mine water discharge and (or) surface runoff and 
erosion of abandoned spoil piles. Molybdenum from the mining areas could 

potentially aggravate natural soil problems leading to molybdenosis {Kab79). 

Additional careful study is suggested, particularly of areas receiving mine 

drainage as pumped water or overland flow. 

Lakes or ponds associated with 10 mine locations in Karnes and Live Oak 
counties contained water unsuitable for drinking without prior treatment 

{It75). Generally, mineralization was also excessive and rendered the water 
unfit for irrigation. Air and terrestrial sampling revealed no health haz

ards from mining wastes and mined lands, but insects and other bottom fauna 

in the lakes concentrated radium-226 400 to BOO times the water concentration 

based on dry weight of the organisms. 
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3.2.3.2.4 New Mexico 
The principal investigations of the influence of uranium m1n1ng on water 

quality includes EPA and contracted (Wo79) work by the U.S. Environmental 

Protection Agency, the Department of Interior (Ku79), and ongoing studies by 

the State of New Mexico {J. Dudley~ oral communication, 1979). Because of 
the co-location of mining and milling facilities, it is difficult to identify 

impacts from one versus the other. 
Survey of groundwater and surface water quality in close proximity to 

the Jackpile-Paguate, Ambrosia Lake, and Churchrock mining areas (EPA75) 

revealed extensive discharges of mine water to the ambient environment, use 

of unlined ponds for settling suspended solids from mine dewatering, use of 
contaminated mine water as a potable supply (one facility), and failure of 

all facilities discharging to streams to have a valid NPDES permit. The 

volume of mine discharge, particularly in the Churchrock area and from a mine 
near Mount Taylor, led to use of the water for irrigation and stock. In 
other areas of Ambrosia lake and near Churchrock, infiltration of mine water 

mixed with seepage from mill tailings ponds is causing local contamination of 
shallow, potable aquifers, but the problem is not considered serious and 
ongoing studies are underway. The State of New Mexico has installed a moni
toring well network to detennine temporal and spatial trends in groundwater 

quality. The u.s. Geological Survey, in particular, is monitoring surface 

flows ~nd water quality in the Ambrosia Lake and Churchrock areas. 

As part of the San Juan Basin Regional Uranium Study, the Department of 
Interior (DOI79) assisted by the U.S. Geological Survey (Ku79) examined 

selected water quality impacts from mining and milling and concluded that 

much of the mine effluent is suitable for irrigation, stock, and industrial 

use. Locally, it supports aquatic life and wildlife. Additional data on 
stream sediments are needed to evaluate the impact on water resources of 
erosion of waste rock from mines and mill tailings. It is preliminarily 

suggested (Ku79) that such erosion may be difficult to detect at distances of 

more than a few miles from the source because of the 1 arge amount of 

{natural) regional soil erosion. The results of the study are presently in 

draft form and may therefore be revised. 
As part of the present study on uranium mining wastes, two New Mexico 

areas containing inactive mines were surveyed in the Spring of 1979. Stable 
and radioactive trace elements were monitored in surface runoff from sub-ore 
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and overburden piles in Ambrosia Lake and in the nearby Poison Canyon area. . . 
EPA staff selected the basic study areas and assisted in sample collection. 

The bulk of the sampling, analytical, and interpretation phases was done by 

Battelle, Pacific Northwest Laboratories (Wo79). Appendix G contains the 

data and discussion. As in the case of the Wyoming study area, the sampling 

program emphasized stream sediment sampling, cores, and shallow (5 em thick) 

grab samples at the land surface. Samples of the source material were also 

collected. Figures 3.5 and 3.6 show the location of the study areas and 

sampling stations in New Mexico. Samples of the source material were col

lected at one of the two New Mexico drainage systems investif!ated. One 

system in Poi5on Canyon, New Mexico, was adjacent to several sma-:1 surface 

operations as well as an underground mine site. For this system. no single 

source could bt defined for the runoff constituents. 

The Poison Canyon mine drainage system is a dry creek bed. 1he course 

of this creek passes an abandoned underground mine site from which it can 

receive runoff water. It then passes through a dirt roadway and follows a 

course adjacent to some small open pit mines. After a distance of several 
hundred kilometers, it joins a second branch drainage that originates next to 

a waste pile from one of the open pit mines. Samples were collected along 

this waterway starting with a background sample upstream of the underground 

mine about 200 m from the road. The first downstream sample was collected 
a,bout 130 m downstream from the roadway. This was upstream of the runoff 

source originating in the open pit mine. The remaining samples were col

lected along the drainage way {Fig. 3.5), below contamination sources from 

the open pit operations. 

A second site, the San Mateo Mine and environs, is located in the south

east portion of the Ambrosia Lake mining district. Large mine waste piles, a 

heap leaching operation, and a mine drainage pond are prominent at the site, 

which drains northward to San Mateo Creek. 

Soil composites were collected at the waste pile and heap leach pile. 

These represent the source tenn for possible contamination of the watershed. 

The drainage samples were collected following one channel down the waste pile 

face to the intersection with San Mateo Creek, which was followed for a 
distance of 500 to 600 m from the site. Additional samples were collected in 

the gullies leading from the heap leach area and one of the off-site gullies. 

The latter represents blank soil upstream of the drainage water. Sampling 

sites are noted in Fig. 3.6. No significant contamination from the under-
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gr·ound site was detected. ·rhe Ra-226 content oF the soil was about two times 
the background level at the furthest downstream site. This sample was col~ 
lected about 130 m from the apparent source. 

In summary, at the New Mexico inactive mine drainages the most prominent 
indicator of runoff from above-ground mineral storage is radium-226 in stream 
bed sediments. Concentrations in the source material are almost two orders 
of magnitude higher than those measured in the background soils. Elements 
such as uranium and selenium also have as large a concentration gradient, 
with concentrations .decreasing downstream. At Poison Canyon, the radium-226 
concentration diminished to two times background in a distance of approxi
mately 100 m, while at the San Mateo site the distance was about 400 to 500 
m. This may reflect either a more rapid transport by faster flowing water at 
the San Mateo site or, more likely, the larger source term there relative to , 
background. At the San Mateo mine, radium-226 concentrations in water and 
sediments are significantly eleva ted downstream relative to upstream of the 
mine drainage. 

3.2.3.3 Summary 
The field studies conducted to date on the impacts of uranium mining on 

water quality are somewhat contradictory. Although no cases of gross. wide
spread contamination of groundwater or streams can be documented for uranium 
mining, there are cases of local contamination of water and sediments. From 
standpoints of theory and field data, there is need for cautious optimism in 
the use of local soil and water resources as sinks for waste discharge. 
Although numerous studies indicate that considerable reliance can be placed 
on the various physical and chemical processes to protect natural waters from 
contamination, investigations generally warn against using such studies to 
predict what may happen in other situations (Ru76; NRC79b; Ku79; Fu77; Am78). 
Laboratory results are highly dependent on the chemical properties of the 
fluid matrix and the physical and chemical properties of the particular soil 
studied. Results of field studies are site and time specific and have often 
suffered from inconsistent and undefined sampling and sample preservation 
techniques and questionable analytical measurements (Ku79; Ha78; Si77). 

Our analyses reveal that there have been local water quality problems 
from mine water and wastes. Although widespread hazards have not been iden
tified, this may be false security insofar as the present status of knowledge 
concerning trace element mobility in aqueous settings representative of 
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uranium mining areas is rather unclear from both theoretical and real-data 

standpo1nts. Most often, effects of mining are interspersed with and masked 

by impacts from uranium milling. This complicates or renders impossible any 

meaningful interpretation of the mining-related data. Despite the attempt to 

sort out some of the infoi1Ttation on trace element mobility, there is in

sufficient understanding at th1s time to dismiss or otherwise reduce the 

significance of trace element contributions (from mining activities} to 

surface streams and, to a lesser extent, to groundwater. 

We conclude that there is considerable infonnation on the topics of 

trace element chemistry. It is also clear that trace element concentrations 

in natural fresh water ~re highly variable on both macro and micro geographic 

scales. There is great difficulty in correlating concentrations with such 

characteristics as streamflow or lithologic environment. Accurate predicti0n 

of the behavior and cycling of trace elements through water and sediments 

first involves characterization of physical states such as particle size and 

form (chelate, colloid, complex ion, precipitate, etc.), speciation, and 

availability to plants and animals (An73). Andelman concludes ..... that there 

can be large differences in trace element concentrations [in water], on both 

a macro and micro geographic scale, and that such variations often occur in 

an unsystematic and nonpredictable fashion ... 

We recommend additional studies of spatial and temporal variations, 

sources and sinks of trace elements, chemical interactions within the hydro

geologic system, interactions between surface and groundwater systems, 

effects on aquatic biota, and effects on water use (human consumption, stock 

watering, irrigation). Periodic monitoring in certain areas would allow for 

the detection of the long-term trends of potential changes that would accom

pany anticipated increases in future mining activity -- during a period of 

increased competition for scarce water resources. 

3.3 Surface Mining 

3.3.1 Solid Wastes 

Surface mining consists of removing materials, separating them into ore, 

sub-ore, and overburden, and storing them in separate piles on the surface 

near the mine for various periods of time (Section 1.3.2). The various 

storage piles are managed differently, vary in size and level of contami

nants, and exist for varying periods of time. All are potential sources of 
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contamination to the environment via dusts suspended and transported by the 

wind, precipitation runoff, and Rn-222 emanation (Fig. 3.7). 

3.3.1.1 Overburden Piles 

Surface m1ning produces spoils at a rate of millions to tens-of-millions 

of tons per year. Unless this material is used to backfill the pit, large 

surface areas -- 40 hectares to over 400 hectares -- are covered to depths 

varying from a few meters to over 100 meters ( Ka75, NRC77a, NRC77b, DOA78, 

Pe 79). 

Most of the mines begun since the early to mid 1970's use overburden to 

backfill mined-out areas of the pit (Ka75). Since older mines usually did 

not, erosion of their storage piles by water and wind may present an environ
.·,1ental problem (Ka75). In addition, the large amounts of overburden that 

past and present mines have used for road and dike ..:onstruction and backfill 

dlso may present an environmental problem. 

operating in The annual average ore production of the 63 surface mines 
the United States in 1978 was 1.2 x 105 MT (Section 1.3.1). Assuming an 
overburden to ore ratio of 50:1 (Section 1.3.2), the average annual pro

duction of overburden was about 6.0 x 106 MT per mine. A recent study of the 

eight large mines that accounted for 68 percent of the total 1977 United 

States u
3
o8 production from surface mines recommends the following average 

production parameters (Ni79): 

1. ore production = 5.1 x 105 MT/yr 

2. average ore grade = 0.11 percent u3o8 
3. overburden:ore ratio = 77 

4. overburden production = 4.0 x 107 MT/yr 

5. mining days/yr = 330 d/yr 

Surface areas of hypothetical overburden piles were computed using the 

above 63-mine and 8-mine overburden production rates and the following assump

tions: 

1. an average density of 2.0 MT/m3 - reported values vary between 
1.6 and 2.7 (Ro78, DOA78, NRC78a, Ni79) 

2. the dumps are on level terrain 

3. a rectangular waste dump with the length twice the width, and 

sides that slope at 45° angles (Fig. 3.8a) 



F1gure 3 7 Potent1al sources of environmental contammat1on from active open p1t uramum mmes. 
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4. a waste dump in the shape of a truncated right-circular cone with 
45° angled sides (Fig. 3.8b} 

5. a bulking factor of 25% or 1.25 {Burris. E., Navajo Engineering 
and Construction Authority, Shiprock, NM, 2/80 personal communi

cation) 

Table 3.11 li-sts the surface areas of the hypothetical overburden piles 
in the following three cases: 

~ase 1 - one year production with no backfilling 

Case 2- backfilling concurrent with mining- assumes 7 pits 
opened in a 17-year mine life with overburden from each 
successively mined pit used to backfill a previously com
pleted pit, resulting in an equivalent of one pit of over
burden {2.4-yr production) stored on the surface (Ni79) 

Case 3 - no backfilling during the 17-year mine life 

The quantities of dust and Rn-222 that become dirborne are directly 
proportional to the surface areas of waste piles. Table 3.11 shows the large 
variations possible between surface areas of waste piles at some active 

mines. Waste piles also cover various areas of terrain. However, for the 
same volumes, there are no significant differences in surface area or area of 
terrain covered for the two configurations of waste piles used in this study. 
Case 2 approximates recently activated mines, and Case 3 approximates older 
mines. 

The type of rock in overburden spoil piles depends on the locatio-ns of 
the ore zones. _Common rock types of New Mexico, Wyoming, and Texas mines in
clude sandstone, claystone, siltstone, shale, and limestone, and unconsoli
dated silt, gravel, and sand (Co78, Pe79, Wy77, Ri78). In Texas, there are 
a1so lignite beds, tuffaceous silts, and some nearly pure volcanic ash 
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(Ka75). Coal veins are often present in Wyoming and New Mexico {Wy77, Ri78). 

However, the most abundant material in waste rock dumps will probably be 

clastic sedimentary rocks: sandstone, siltstone, and shale. 

There is great variation in the particle size of material in waste 

piles, and this variation is important. Large particles ( >30].Jll1)*, because 

they usually settle within a few hundred feet of their origin, do not con

tribute to the airborne dust concentration (EPA77b). The potential for human 

respiration of the wind susp~nded du_sts ~s also st~ongly influenced by the 

mean particle -dia~eter (ICRP66). 

Overburden rock is as large as available equipment can load and haul to 

the st(lrage area. Rocks too large to handle with available equipment are 

broken into manageable sizes by small, explosive charges. Hence, rock parti

cles wfll vary from less than a J.lm to a meter or more in diameter. Since 

weathe~ing eventually breaks down the larger stonest the fraction of smaller 

particles increases over time. 

Particle size distributions of material in waste rock piles at uranium 

mines have not been detennined. It is likely that this material has a 

greater· fraction of larger particles than that associated with crushed uran

ium mill tailings. Table 3.12 shows an example of the pa~·ticle size distri

bution in the latter and the mean particle size distribution from a study of 

shale overburden removed from a surface mine in Pennsylvania {Ro78). Al

though the distribution fractions differ, a gross comparison can be made 

between the particle size of mill tailings and overburden waste. About 28 

percent of the tailings were less than 50 llm in diameter, and on1y about 12 

percent of the particles in the overburden pile had similarly small dia

meters. Because only particles smaller than 30 lJm are likely to remain 

suspended by the wind for any significant distance {EPA77b), probably less 

than 10 percent of the overburden is a potential source of environmental 

contamination via wind erosion. 

Table 3.13 shows the natural radi onuc1 ide concentrations in common rock 

types in the United States. In sedimentary rocks, which are common in the 

major uranium mining regions, the U-238 concentrations vary from less than 1 

ppm** to about 4 ppm. Natural radioactivity usually is somewhat higher in 

the western states, and the uranium content in overburden prior to mining 

*f.lm = micrometer = 10-6 meters. 

**ppm= parts-per-mi11ion = 10-6 grams per gram of rock. 



3-50 

Table 3.11 Estimated surface areas associated with overburden piles 

Pile 
Management(a) Height, m 

Rectangular Pile(c) 

Case 1 
Case 2 

Case 2 
Case 3 

Case 1 
Case 2 
Case 2 
Case 3 

Truncated Cone{f) 

Case 1 

Case 2 
Case 2 
Case 3 

Case 1 

Case 2 
Case 2 
Case 3 

65 

65 

30 

65 

65 

65 

30 

65 

65 

65 
30 

65 

65 

65 

30 

65 

Overburden 
Volume{b), m3 

Surface Area 
of Pile, m2 

Average Large Mine(d) 

2.5 X 107 

6.0 X 107 

6.0 ~· 107 

4.2 ')( 108 

Average Mine(e) 
3.8 X 106 

9.0 X 106 

9.0 X 106 

6.4 X 107 

Average Large Mine(d} 

2.5 X 107 

6.0 X 107 

6.0 X. 10 7 

4.2 X 108 

Average Mine(e) 
3.8 X 10° 

9.0 X 106 

9.0 X 106 

6.4 X 107 

5.2 X 105 

1.1 X 106 

2.2 X 106 

7.1 X 106 

1.0 X 105 

2.2 X 105 

3.6 X 105 

1 2 106 
• X 

5.2 X 105 

1.1 X 106 

2.1 X 106 

7.1 X 106 

1.1 X 105 

2.2 X 105 

3.5 )( 105 

1.2 X 106 

Terrain 
Covered~ Hectares 

48 

106 

209 

682 

10 
20 
34 

113 

46 

104 
208 

683 

9 

18 

33 

110 
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Table 3.11 (continued) 

(a)Management: 

Case 1 - one year production with no backfilling 

Case 2- backfilling concurrent with mining - assumes 7 pits 
opened in a 17-year mine life and equivalent of one
pit overburden {2.4 year production) remains on surface 

Case 3- no backfilling during 17-year mine life 

{b)Volume ~production {MT/yr) x production years x bulking fd~tor (1.25) 
+ by density (2.0 MT/m3). 

(c)Length of pile is twice the width and the sides slope at a 45° angle 

(Fig. 1. 8a). 
(d)Overburden production = 4.0 x 107 MT/yr. 
{e)Average 1978 overburden production of all 63 surface mines, assuming an 

overburden:ore ratio of 50/1, 6.0 x 106MT/yr per mine. 
{f)A frustum of a regular cone with 45° sloping sides (Fdg. 3.8b). 

is about 4 ppm (Ni79). However. during mining, some low-grade ore mixes with 
the overburden and may increase the concentration of the pile to as high as 
20 ppm u3o8 (Ni79). This is equivalent to 12.6 disintegrations per minute 
(dpm) per gram of overburden. The progeny of the uranium will contribute 
additional radioactivity. Although there are local disequilibria between 
U-238 and its principal daughters~ Th-230 and Ra-226, in ore·bearing rock, 
secular equilibrium will be assumed (Wo79). Small quantities of Th-232 and 
progeny will provide adqitional radioactivity. There is no apparent rela
tionship between the Th-232 and U-238 decay chains. Th-232 concentrations in 
ores and host rock range from less than a pCi/g to a few pCi/g regardless of 
the U-238 concentration (Wo79). 
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Table 3.12 Part 1cl e size distributions of m i11 ta i 1 i n g s 
and mine overburden 

Tailings\aJ Mill Overburden ( b} 

Particle Size, Weight Cone. (c) Particle Size, Weight 
Jlm Percent Avg. Cone. )Jm Percent 

250 60.3 0.15 >2000 75 

125-250 7.5 0.03 

53-125 4.2 0.(!3 50 .. 2000 13 
44-53 3.8 0.~3 

20-44 7 .a 0,75 2-50 8 

7-20 7.2 1.5 
1.4-7 9.1 4.6 <2 4 

< 1.4 0.0 

. 
(b)source: Ro78. 

(c)The concentration of radionuclides in that fraction divided by the 
average concentration. 

Table 3.13 

Rock Type ppm 

Igneous 

Basic 0.9 
Granite 4.7 

Sedimentary_ 

Shale 3.7 
' 

Sandstone 0.45 
Limestone 2.2 

Source: Oa72. 

Natural radionucl ide concentrations in various 

common rock types 

U-238 Th-232 K-40 

pCi/g ppm pCi/g ppm pCi/g 

0.3 2.7 0.3 1.2 8.4 

1.6 20 2.2 5.0 35 

1.2 12 1.3 3.2 22 

0.15 1.7 0.2 1.1 7.7 

0.7 1.7 0.2 0.32 2.2 
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Table 3.14 shows the results of an extended airborne particle sampling 

program near a surface mine in New Mexico (Ea79). Although the on-site 
source of the radioactwity measured on these filters is undetennined, ore 

and sub-ore piles, waste rock piles, and mining activity al1 probably con

tribute. The higher activities reflect a greater contribution from ore 

dusts. From these air measurements, the above assumed average uranium con

centration in overburden, 12.6 dpm/g {~ 6 pCi/g), appears reasonable. These 

data also indicate that the progeny of U-238 through Ra-226 are in near 

secular equilibrium. The Th-232 concentration is about 1 pCi/g and. as 

indicated above, independent of the uranium concentration. Considering all 
available da.:a, the radioactive source tenns for overburden pile:; will be as 

follows: (1) J-238 and progeny "" 6 pCi/g (0.0020 percent u3o8 ; (2) activity 

ratio (dust:overburden) ~ 2.5 (Section 3.3.1.2); and (3) Th-232 and progeny 

= 1 pCi/g. Figures 3.1 and 3.2 show the uranium and thorium decay series. 

Table 3.14 Annual average airborne radionuclide concentrations 

in the vicinity of an open pit uranium mine, pCi/g 

Location U-238 Th-230 Ra-226 Th-232 U-238/Th-232 

Jackpile Housing 76 80 70 1.2 63 

Paguate 13 12 13 1.3 10 

Bibo 9 7 5 1.3 7 

Mes ita 3 2 3 0.7 4 

Old Laguna(a) 5 2 3 0.4 13 

(a)Background location. 

Source: Ea79. 
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Little infonnation is available on stable element concentrations in 

overburden rock. Table 3.15 summarizes the analyses of a few grab samples of 
soil and rock from a uranium mine in New Mexico and one in Wyoming {Wo79) .. 

Except for poss'ibly Se, V, and As, there are no significant concentrations of 
stable elements attributable to uranium mining. Considering the typically 

high natural Se and V contents of many minerals common to these areas and the 
limited number of analyses, the inference of pollution is indefinite. A 

relationship between uranium and the stable element concentrations does not 
appear to exist. Thus, the stable element concentrations in overburden from 

the model surface mine will be the average concentrations of samples 6, 7, and 

8 in Table 3.15. Table 3.16 lists the average concentrations. 

3.3.1.2 Ore Stockeiles 
Ore is often stockpiled at the mine as well as the mill. Although ore 

stockpiles are much smaller than the overburden waste piles, the concen~ 

trations of most radioactive contaminants are much greater in ore-bearing 
rock than in overburden. In addition, ore is stockpiled at the mine for 

shorter periods of time than waste rock. Ore stockpile residence times vary 
from mine to mine and range from a few days to a few months. The recent 
study of 8 large surface mines cited 41 days as an average ore stockpile 
residence time (Ni79). We will use this va1ue to estimate the average area 

of ore stockpiles. 
The average of the 63 operating surface mines produced 1.2 x 105 MT of 

ore during 1978. Assuming 330 working days per year and a 41-day ore stock
pile residence time, a 1.5 x 104 MT ore stockpfle wou1d exist at the average 

mine.. In comparison, the recent Battelle study reported that the average of 
eight large surface mines produced 1550 MT of ore per day, which would yield 

a 6.3 x 104 MT ore storage pile, assuming the same residence time (Ni79). 
The ore piles vary 1n height at different mines and different times. One 

study reports a maximum pile height of 9.2 m (30 ft} (N179), and at another 
site the maximum and equi 1 ibrium ore pile heights are estimated to be 6. 7 m 
and 3.1 m, respectively {NRC78a). Using these parameters and a bulking 
factor of 1.25 (Burris, E., Navajo Engineering and Cons.truction Authority. 

Shiprock, NM, 2/80, personal communciation)~ the pi1e surface and pad areas 
were computed for the two production rates and two pile heights, 9 .. 2 m and 



Table 3.15 Uranium and stable element concentrations measured in rock and soil samples from 
two ur~nium mines 

Concentration,ug/g 
K{a} Sample As Ba Cu Cr Fe{a) Hg Mn Mo Pb Se Sr v 

Wloming 
1. Top Soil Piles 3.2 700 13 46 1.3 <4 2.2 190 2.9 23 <1 89 60 

2. Sub-ore <1.8 6800 9 <36 1.2 10 2.3 140 < 2.2 22 2.1 128 <100 

3. Ore 5.4 800 9 <27 1.1 <7 2.3 180 < 2.9 16 28 94 200 

New Mexico 

4. Background Soil 4.1 450 12 <23 0.9 <4 1.8 200 5.5 12 <1 72 <50 

5. Background Soil 2.3 440 9 <20 0.8 <4 1.6 190 4.9 13 <1 50 <50 

6. Waste Pile 7.8 540 11 <28 0.8 <5 1.4 260 2.5 10 < 1 99 <70 

7. Waste Pile 14 280 21 <43 0.7 <8 0.5 750 <2.8 31 3.1 178 180 

8. Sub-ore + waste 4.1 45 22 <51 0.3 <6 0.1 446 <1.8 25 < 1.4 179 <55 

9. Ore 6.0 64 27 <48 0.4 < 6 0.2 673 <1.8 31 1.5 323 <55 

Source: Wo79. 
(a)Units are percent. 

Zn 

37 
25 

25 

22 

19 

23 

23 
13 

14 

u 

6 

61 

370 

<5 

<5 

8 

189 
57 

w 
I 

(.J"I 

(.J"I 
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Table 3.16 Concentration of radionuclides {pCi/g) and stable elements 

(J.Jg/g) in overburden rock from the model surface mines 

Element Concentration Element Concentration 

Arsenic 9 Selenium 2 

Barium 290 Strontium 150 
r.opper 18 Vanadium 100 
·.:hromium <51 Zinc 20 
1 ron (a) 0.6 U-238 6 

ttercury <8 Th-230 6 
Fotassium(a) 0.7 Ra-226 6 

Manganese 485 Pb-210 6 

Molybdenum 2.5 Po-210 6 
Lead 22 Th-232 1 

(a)Units are percent. 

3.1 m, assuming the same geometric configurations as for the overburden piles 

(Fig. 3.8). Table 3.17 gives the results. The computed surface areas of an 

average ore stockpile vary with volume of ore stored and pi1e height, but 

they are relatively independent of the pile shape. 

Uranium deposits exist in sedimentary, metamorphic, and igneous for
mations. Sedimentary fonnations, primarily sandstone, s i 1 tstone, mudstone, 

and 1 imestone generally host stratifonn ore deposits often accompanied by 

carbonaceous material. Vein-type deposits usually occur in fractures of 

igneous an-a metamorphic formations. ln the Rocky Mountain mining regions, 

about 98 percent of_ the recovered u3o8 comes from sandstone and related-type 

rock (St78). Sedimentary fon11ations, principally sandstone, have been the 
predominant host for uranium in South Texas (Ka75). 
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Table 3.17 Estimated average areas of ore pile surface and pad 

Pi1e 
Configuration(a) 

Pile 

Height, m 
Surface Area 

of Pile, m2 
Ore Pad 

Area, m2 

Rectangular 
Truncated Cone 

Rectangular 

Truncated Cone 

Rectangu1 a r 
Truncated Cone 
Rectangular 
Truncated Cone 

9.2 

9.2 
3.1 
3.1 

9.2 

9.2 
3.1 
3.1 

(a)See Figure 3.8. 
(b)Volume of ore = 6.3 x 

+ 2.0 MT/m3 = 3.9 x 104 m3• 
{c}Volume of ore = 1.5 x 

~ 2.0 MT/m3 = 9.4 X 103m
3

• 

Average Large Mine{b) 

5,300 
6,200 

14,000 

13,700 

Average Mine(c) 

1,860 
2,000 
3,660 
3,590 

5,700 

5,300 
13,500 

13,200 

1,820 

1,580 
3,420 
3,340 

104 MT (41 day production} x 1.25 (bulking factor) 

104 MT (41 day production) x 1.25 (bulking factor) 



• 
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The DOE does not expect the mineralogical characteristics of uranium ore 

to change appreciably in the future, since the known reserves are mainly in 

sandstone or a related host (DOE79). This fact is apparent from the data in 

Table 3.18, which gives the distribution of ore reserves in the United States 

by type of host rock. More than 97 percent of the uranium reserves are in 

sedimentary formations, primarily sandstone. Hence, it is reasonable to 

assume that ore stockpiles in the future will continue to consist mainly of a 
friable (easily crumbled} sandstone rock. 

No data a·re presently available on the particle size distribution of 

matey··ial in ore stockpiles. Thus, the particle size distribution of ore will 

be a~sumed to be similar to that of overburden rock. 

The average grade of ore mined in 1978 was about 0.14 percent u3o8, but 

this will decline in future years (DOE79). The average ~trades of ore associ

ated with tnro d-30 and $50 reserves are 0.10 percent amJ 0.07 percent u3o8 , 

respectively {DOE79). Assuming the average grade of ore mined in the next 

decade to be about 0.10 percent u3o8, the average uranium concentration in 

ore stockpiles will be 285 pCi/g (632 dpm/g). Although secular equilibrium 

in the uranium decay chain may not totally exist in some cases due to 
leaching by groundwater with subsequent redeposition, it appears reasonable 

to assume that radioactive equilibrium exists in a general assessment. 

As discussed earlier, ambient Th-232 concentrations in the vicinity of a 
uranium mine range between 1 to 2 pCi/g. However, a concentration of 0.01 

percent thorium is typical for ore from some surface mines (Mi76). This 

concentration is equivalent to 11 pCi Th-232/g of ore. 
Uranium occurs in many ores as a secondary deposition. In a reducing 

environment, the soluble uranyl ion converts to insoluble uranium oxide and 

-deposits preferentially on the smaller particles. {The tota1 surface area of 

a given mass of smaller particles is greater than for larger particles.) 

Therefore, dusts that consist primarily of small particles have a greater 

specific concentration than ore as a whole (Table 3.12). The common pro

cedure fo·r canputing uranium concentration in dust is to multiply the average 

concentration in the~ore by 2.5 (NRC77a, NRC78a} • 
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Table 3.18 Distribution of ore reserves by the type of host 

MT of MT of Percent Tota 1 

Host Type Ore (106} U308 Tons, u3o8 

Sedimentary( a) 1,143.2 810,000 97.1 

Lignite Materials 2.2 3,000 0.4 

Limestone 1.3 1,200 0.1 
Igneous and Metamorphic 32.7 20,400 2.4 

Totals 1,179.4 834,600 100.0 

{a)Principally sandstone, but includes conglomerates, shale, mudstone, etc. 
Note.--The reserves are $50 or less per pound u3o8, effective January 1, 

1979 (DOE79). 

Table 3.19 Average stable element concentrations in sandstone 

ores of New Mexico 

Metal Concentration, ~g/g{a) Metal 

' Arsenic 86 (10-890) Manganese 

Barium 920 (150-1500) Molybdenum 

Cadmium ND(b) Nickel 
Cobalt 16 {3-150} lead 
Copper 61 (15-300) Ruthenium 
Chromium 20 ( 7-70) Selenium 
Iron 15,700 {3,000-70,000) Strontium 
Mercury ND Vanadium 
Potassium 25,000 (7,000-30,000) Zinc 
Magnesium 3,500 (700-15,000) 

(a)Range of concentrations given in parentheses. 
{b}ND - not detected 

Concentration, ~g/g(aJ 

960 (70-3,000) 

115 (3-700) 

20 {7-70) 

78 (3-300) 

ND 

110 (1-625) 

130 (1.5-300) 

1410 {70-7 ,000) 

29 (10-70} 

Note.--Ore samples are Dakota and Morrison sandstone from 25 uranium 
mines (Hi69). 
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In accord with the above discuss ion, we assume the following estimated 

average radionuc1ide source terms for ore stockpiles: (1) U-238 and progeny= 

285 pCi/g ore (0.10 percent u
3
o8); {2) Activity ratio (dust:ore} = 2.5; and 

{3) Th-232 and progeny = 10 pCi/g ore. 

Stable elements -- molybdenum, selenium, arsenic, manganese, vanadium, 

copper, zinc, and lead -- often associated with uranium ore at elevated 

concentrations may cause deleterious environmental and health effects. Mer

cury and cadmium are present only on rare occasions (Th78). However, as 

discussed above, there is no apparent relationship between concentration of 

stable ~lements and ore grade (Wo79}. Table 3.19 lists measured (Hi69) 

concentrdtions of stable elements in 25 sandstone ores from New Mexico and 

average concentrations computed from these data. We assume the average 

concentrdtion for the ore from the model surface mine. 

3.3.1.3 Sub-ore Piles 

All mines recover some rock containing uranium ore that at the time of 

mining is uneconomic to mill. The grade of this 11 Sub-ore 11 varies with the 
11 cutoff11 1 eve 1 assigned by the mill. Some mines process sub-ore by heap 
1 each i ng, which changes the chemica 1 properties and constituents of the pile 

(Section 1. 3. 5.1). However, most mines store the sub-ore in separate piles 

and recover it when it becomes economically feasible. 

The sizes of sub-ore dump piles vary with the quantity of ore mined and 
its grade. One study suggests that the sub-ore accumulation rate equals the 

ore production rate (Ni79}, a ratio similar to that reported for the Sweet

water uranium mining operation (NRC77a). Using this assumption with the ore 
production rates given above for the average large mine and average mine, 5.1 

x 105 MT/yr and 1.2 x 105 MT/yr, respectively, the average sizes of sub-ore 

piles generated at a constant rate during the 17-year active life of a mine 

were based on an 8.5 year accumulation and a bulking factor of 1.25. Figure 

3.8 shows the shapes of the piles assumed, and Table 3.20 gives the results 

for piles 30m high. The surface areas of the two pile configurations differ 

very 1 ittle. 

The mineralogical characteristics of ore and sub-ore are very similar. 

Thus, the distribution in Table 3.18 will apply to sub-ore. This study 

considers the particle size distribution of sub-ore the same as for over

burden and ore. 
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In the early mining years, the ore cutoff grade was usually about 0.15 

percent u3o8• However, this has continually decreased until today the cutoff 

ore grade is about 0.03 percent u3o8 (Ni79, NRC77a). Hence the ore content of 

these piles will be 1 ess than 0.03 percent u3o8, and the average content has 

been estimated to be one-half the cutoff grade, or 0.015 percent u3o8 (Ni79}, 

which is equivalent to 43 pCi U-238/g (95 dpm/g}. Also, the uranium in the 

sub-ore, as in ore, ts assumed to be in secular equilibrium with its progeny. 

Because the occurrence of uranium in sub-ore is the same as in ore and the 

mineralogies are similar~ the uranium in sub-ore should be concentrated on 
small particles by the same factor as in ore, 2.5. 

The Th-232 concentration in sub-ore is between the ambient level and 

that 1n the associated ore, 1 pCi/g to 11 pCi/g. For lack of measured Th-232 
concentrations, we assume that less than 2 pCi/g of Th-232 will be present 
(Table 3.14). The radiolog1cal significance of an error in this assumption 

wi l1 be small. 
From the above discussion, we assume the following estimated average 

radionucl ide source terms for sub-ore pi1es: U-238 and progeny = 40 pCi /g 
(0.015 percent u3o8 ); activity ratio {dust:sub-ore) = 2.5; and Th-232 and 

progeny = 2 pCi/g. Figures 3.1 and 3.2 show the uranium and thorium progeny. 

Table 3.20 Estimated average surface areas of sub-ore piles during 

the 17-year active mining period 

Pi1e 
Configuration( a) 

Rectangular 

Truncated Cone 

Surface Area 

of Pile, m2 

Average Large Mine(b) 

1.2 X 105 

1.2 X 105 

Average Mine(c) 

Terrain 

Covered, Hectares 

11 

11 

Rectangular 3.5 x 104 3.2 

Truncated Cone 3.6 x 104 3.0 

a See Fig. 3.8. 

(b)Volume of sub-ore= 8.5 yr x 5.1 x 105 MT/yr x 1.25 ~ 2.0 MT/m3 = 2.7 

x 106 m3• 

(c)Volume of sub-ore = 8.5 yr x 1.2 x 105 MT/yr x 1.25 ~ 2.0 MT/m3 ~ 6.4 

x 105m3• 
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Stable elements observed in ore will also be present in sub-ore. Because 

stab1e element concentrations specific to sub-ore are unavailable and are 
unrelated to ore grade, concentrations in the sub-ore from the model surface 

mine will be assumed equal to those in the ore (Table 3.19). 

3.3.1.4 Reclamation of Overburden Piles 

Reclamation is usually done only for overburden piles. Ore stockpiles 

are continually being disturbed and their residence time is short. Also, 
sub-ore piles generally are not stabilized in anticipation of recovering the 

uranium at a later time. Hence, only overburden and waste rock piles are 

considered for stabilization and reclamation. Section 1.3.2. gives a brief 

description of these practices. 
Backfilling mined out areas of the pit is necessary for an adequate 

reclamation program. Because of the swelling of earthern n1aterial once 
mined, sufficient material should be available to completely fill the pit 

when mining is completed. However, even though backfilling is generally 
being perfonned at most recently active mine sites, sufficient overburden is 
often not replaced to elfminate the pit. 

Improperly stabilized spoil piles may become sources of contaminants to 

the environment. The wind can suspend and transport small-sized particles 
containing elevated levels of contaminants. Radon-222, produced by the 

radi.oactive decay of Ra-226 contained in the rocks, can emanate from the pile 

surfaces. Precipitation runoff from the piles can carry particulate matter 

and dissolved contaminants into ·the natural surface drainage system if 

rainfall exceeds the infiltration and holding capacity of the pile. The 

genera 1 procedure for reducing wind and water erosion is to grade the pi 1 es 

to confonn to the natural terrain, cover the area with a layer of topsoil, 

and seed it with a native grass. 
These spoils consist of unweathered and unconsolidated rock, coarse 

gravels, and sands and allied materials isolated from the natural processes 

that occur -011 surface soils. Consequently, spoils have poor textural prop

erties and low water-holding capacities. Having no established flora to 
aerate the surface and make nutrients available, spoils are barren of nut

rients required for plant growth. Hence, to sustain vegetation on these 
piles may be difficult because of poor soil quality and the arid conditions 
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in the principal m1n1ng regions. Therefore, all plant growth depends on the 

topsoil cover, which is generally less than 30 em thick (Re76). This is 

often inadequate to store sufficient water and nutrients to sustain plant 

growth during extended dry periods. Soil irrigation and fertilization may be 

required for several years until plants can sustain themselves. 

Proper grading of the spoil piles, with water management and conser

vation, can help reclamation. The pi1es should have less than a 3:1 slope to 

reduce surface water runoff and erosion (St78). Forming catchment basins and 

terraces to hold .water on the spoils and reduce water erosion will also 

increase the amount of runoff available to the plants. It also has been 

detennined that vegetation on north-facing slopes requires about half the 

applied water of that on south-facing slopes (Re76). Water requirements of 

vegetation on horizontal surfaces and east and west slopes are about inter
mediate between those of the north and south slopes. Hence. spoil piles with 

long, north slopes will conserve water and reduce the irrigation required. 

Locating piles on leeward slopes and away from natural drainage will also 

reduce wind and water erosion. 

The reestablishment of native grasses and shrubs is essential for con

trolling wind and water erosion and providing wildlife habitat. Wyoming 

requires a pre-mining vegetation inventory for use in evaluating post-mining 

reclamation (Wy76}. Similar statutes governing mine reclamation are in 

effect in other states (Section 1.4). The Soil Conservation Service has 

recommended seed mixtures that are best sui ted to climatic and soi 1 con

ditions in different areas of the West {St78). Newly seeded areas are usu

ally protected from grazing by fencing for at least two growing seasons to 
allow the plants to become established. 

Abandoned pits fill with water and form small lakes that 1 ivestock and 

wildlife can use for drinking water, if the water is uncontaminated. But, 

unless properly managed, final pits may be hazards to people and wildlife. 

Therefore, steep wa11s should be graded to give safe access into the pit, and 

after grading, the pit banks should be seeded to minimize erosion and prevent 

the sides from sloughing off. 

3.3.2 Mine Water Discharge 

3.3.2.1 Data Sources 

The principal sources of infonnation used to model the mining region in 
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Wyoming are the site-specific EIS's and ER 1 s for active and proposed mining/ 

milling operations and the NPOES permit data on discharge volume and quality. 

Several reports by state and federal agencies supplemented the foregoing, 

particularly with respect to estimating ambient water quality and flood 

volumes for various return periods and annual or monthly flows in principal 

streams of the region. Foremost among these is work by the State (Ha78}, the 

U.S. Geological Survey (Cr78, Ho73), and the Soil Conservation Service 

(DOA75). 
Self-monitqring data collected by industry and reported to EPA were also 

checked to ascertain compliance with NPDES permit conditions. Unfortunately, 

the permits do not specify limits on the volume of discharge; hence, the 

total mass or flux per unit of time may or may not agree with the values 

orig.inally estimated by the discharges in the EIS, .ER, or 1 icense appl i

cation. 

3.3.2.2 Quantity and Quality of Discharge 

The purpose of this section is to identify water quality associated with 

surface uranium mining in the Wyoming Basin. This area was selected for 

detailed source term characterization and pathways analysis because of past 

and ongoing uranium production, primarily by surface mining. A subsequent 

section (3.4.2) similarly addresses underground mining. The analysis to 

follow is incomplete and preliminary, owing to the limited existing data, the 

lack of opportunity for significant new investigations in the time of this 

study, and the decision to pursue the objectives on a "model area/model mine" 

approach. So many variables of ore occurrence, mining practices, climate, 

geology, and hydrology exist that a detailed investigation is unrealistic. 

Table 3.21 summarizes water quality data for seven surface and three 

underground mines in Wyoming. Uranium averages 0.62 mg/i and ranges from 

0.02 to 1.3 mg/9. • Dissolved radium-226 is typically less than 4 pCih, 

although one mine reportedly discharged 10.66 pCi /9.. Suspended so 1 ids 

average 24~9 mg/2.. There is considerable variation from one facility to 

another; the observed range is 2. 7 to 87.2 mgh. • Zinc is the only stab 1 e 

element consistently monitored, probably because the NPDES permit addresses 

it. Concentrations average 0.04 mg/R.and are well below the 0.5 mg/tlimit in 

the permits. Barium and arsenic are less frequently monitored but appear to 

be in the range of 0.05 mg/2- for barium to 0.005 mgh. for arsenic. Both of 

these values are well below the discharge limits. 



Table 3.21 Summary of average discharge and water quality data for uranium mines 
in WyoAing and a comparison with NPDES limits 

Radi oact i vi t~ 

Mine Discharge Total u Ra-226 Major and trace constituents, mg/& 
I 

m3/min Project Type mgh pCi/9. TSS so4 Zn Fe Ba Cd As 

1 u 0.85 0.95 3.92 87.2 0.08 1.25 
2 u 6.57 0.41 2.28 2.7 234 0.02 0.02 0.05 
3 u 0.70 0.02 7.41 8.8 0.01 
4 s 1.89 1.30 10.66 5.0 0.01 
5 s 3.60 0.63 3.94 11.1 0.14 
6 s 5.68 0.02 2.85 10 0.05 
7 s 3.52 0.98 0.67 19.4 875 o.os 0.004 0.005 
8 s 1.21 0.14 3.03 17.3 0.02 
9 s 0.10 1.14 3.6 62.5 0.16 

10 s 4.55 

All Mine T~~es ( 1 through 10): 
Average: 2.87 0.62 4.26 24.9 555 0.06 0.64 0.05 0.004 0.005 
Standard 
Deviation: 2.25 0.50 3.00 29.5 453 0.06 0.87 

Underground Mines (1 through 3): 
Average 2. 71 0.46 4.54 32.9 234 0.04 0.64 0.05 
Standard 
Deviation: 3.35 0.47 2.62 47.1 0.04 0.87 

Surface Mines (4 through 10): 
Average 2.94 0.70 4.1 20.88 875 0.071 0.004 0.005 
Standard 
Deviation: 1.96 o. 53 3.4 21.04 0.063 - w 

Summary of NPDES Permit Limits I 

3/lO(a) 20/30 
0'\ 

Daily Average/Daily r~aximum 2/4 0.5/10 -12 -/1 0.05/0.1 0.5/1 U1 

10/30 Total Radium 

{a}Total Ra-226 limit is not monitored. 

Source: NPDES pennits from Region VIII (R. Walline, written communciation), site-specific 
reports (EIS, ER), and self-monitoring data. 
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Mean values from six surface m1n1ng projects in Wyoming were the basis 
for estimating the effects of mine discharge on water quality. Values from 
mines in the South Powder River Basin model area compare very well with the 
Wyoming mines, thus supporting adoption of a model mine in the Basin. There 
were no strong differences in water quality between surface and underground 
mines. Table 3.21 shows that discharge is highly variable, ranging from 0.1 
to 6.57 m3/min, with an average of 2.87 m3/min. In surface mining projects, 
the average is· 2.94 m3/min, with a standard deviation of 1.96, indicating 
considerable discharge variation among facilities. This study'assumes an 
overall average fiow of 3 m3/min from each surface mine in the calc.ulations 
of chemical loading of local and regional streams (see Section :J.3.3 and 
Appendix H). 

Table 3.22 shows water quality and flow rates associated with open pit 
mines in other areas and in various stages of operation. Ongoing development 
of an open pit mine in Colorado involves 28m3/min discharge and is therefore 
well above the average. Radium, uranium, and suspended solids are rr.latively 
low. Producing open pit mines in New Mexico are usually dry or nearly so and 
are dewatered at rates of 0.6 m3/min or less. The water is used for dust 
control. Radium concentrations can be very high (New Mexico Projects) due to 
long residence time of groundwater in the ore body and the concentrating 
effects of evaporation. Similary, groundwater associated with ore bodies in 
Texas and Wyoming may contain several hundred picocuries per liter. 

Mine dewatering has the greatest potential for adverse environmental and 
public health impacts. Although contaminant concentrations in the effluent 
conform to NPDES requirements, there 1s long .. term contaminant loading to the 
ambient environment. Contaminants concentrate on stream sediments because of 
sorption and evaporation and become available for transport by flood water. 
Regional or at least local dewatering of ore bodies may deplete high quality 
groundwater. Theoretically, dewatering may induce horizontal or vertical 
influx of poorer quality groundwater into productive or potentially pro
ductive aquifers. but_ the extent of this phenomenon is poorly documented. We 
strongly recommend further study because the work done to date is largely 
oriented toward detennining engineering feasibility versus the overall en .. 
vironmental impact. 



Table 3.22 Water quality associated ~ith surface and underground mines in various stages of 

construction and operation 

Milligrams ~er 1 iter 
Discharge Total u Dissolved Pb-210 TSS $04 As Mo Se 

Project m3/min mg/t Ra-226 pCi/ t 
pCi/ .t. 

Colorado 
Open pit mine: 
Development stage 28 1.044 4.10 16.2 

New Mexico 
Producing open pit 
mine, seepage to 
pit 0.13 2.5 180 17 168 2151 0.005 0.018 0.019 

Open pit mine, 
ponded inflow water 0.58 2.6 220 26 23 842 0.005 0.545 0.043 

Texas 
Active open pit mine 
holding pond. 50 to 100 380 < 0.01 < 0.01 < 0.01 
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Overland flow is not dismissed herein as a significant pathway, although 

its impact is of lesser importance according to data from April 1979 field 

studies in New Mexico and Wyoming (see Section 3.2.3.2 and Appendix G). A 

recent U.S. Geological Survey study for the Bureau of Indian Affairs {Ku79} 

addresses projected effects of runoff over long time periods if wastes and 

sub-ore are not stabilized or covered. The study concludes, with essentially 

no real data, that stream flows are too small in the sub-basin to transport 

wastes. In the larger basins, such as the Rio Puerco, sediment loads are so 

great that addition of tailings and, presumably, mine wastes would be insig

nificant. It is our opinion that additional field study is needed. Overland 

flow in a long time period could move radionucl ides in the wastes into the 

main stream channels. Since this source will be available for many years 

after mine closure, if wastes are not stabilized, it may become a maJor one. 

Seepage of contaminated water from mine holding ponds, which df~e op

erated to reduce suspended solids concentrations in mine discharge water, is 

believed to be insignificant. Since the ponds have relatively small areas, 

their seepage losses are small compared to losses by infiltration of releases 

to the watercourses. In some mining areas, such as the Powder River Basin, 

shallow groundwater quality is naturally poor. Maximum attenuation of con

taminants is expected in the shallow, poorly permeable bedrock strata of the 

Wasatch and Fort Union Formations. 

3.3.3 Hydraulic and Water Quality Effects of Surface Mine Discharge 

3.3.3.1 Runoff and Flooding in the Model Surface Mine Area 

3.3.3.1.1 Study Approach 

Precipitation and runoff estimation for the model surface mine scenario 

in Wyoming considers three hydrographic units: sub-basin, basin, and 

regional basin. Respective surface areas are 11.4, 5,400, and 13,650 square 

kilometers (km2). The mine is located in the sub-basin. The sub-basin, the 

basin, and the regional basin are all drained by ephemeral streams. The 

latter is drained by a major regional river that has wide seasonal variations 

in flow and is dry or nearly so about 180 days each year. The sub-basin has 

similar flow variability. Figure 3.9 depicts the mine in relation to the 

sub-basin, basin, and regional basin. 
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The first general approach defined quality and volume of mine water 

discharge. Hypothetical hydrographic basins were then delineated and flood 

flows calculated for return periods ranging from 2 to 100 years. The indi

vidual and collective effects of discharge from three mines were then evalu

ated in tenns of perennial flow, flood flow, and chemical transport. Of key 

importance was an estimation of the extent of perennial streams created by 

mine discharge and the influence of contaminants on water quality in the 

river draining the regional basin. 

3.3.3.1.2 Description of Area 

We selected an area of active m1ntng and milling in the South Powder 

River Basin of Wyom;ng for analysis. The area has four active or imminently 

active uranium mills: and a number of open pit mines. Available data \111 the 

geology, hydrology, and water quality of the area are sparse, but beca~se of 

the mining and milling activity are relatively well known for a remote region 

1 ike northeastern Wyoming. The study team chose one mining and milling pro~ 

Ject in the area for field investigation in April 1979; hence. additional 

data became available and are used herein as appropr1ate. 

Terrain fn the area has low rolling hills and an average elevation of 

1414 m (MSL datum}. Since the climate is not very different from that of 

nearby Caspt;!r, Wyoming, meteorological data from that station are fairly 

'representative of the region. There are no relatively large seasonal and 

annual variations in precipitation intensity, frequency. and duration. Mean 

annual precipitation over a 30-year record period is 28.5 em and occurs 

mainly as scattered thunderstonns in late spring and early summer. These 

thunderstonns supply 25 to 50 percent of the total annual precipitation and 

are usually of high intensity, short duration. and can be quite local. 

Potential pan evaporation averages 110 em per year and greatly exceeds pre

cipitation. 

Streams in the study area are ephemeral and only exhibit measurable 
-

surface f1ow during snowmelt and heavy thunderstonn activity. Average total 

monthly flow for the period 1948 through 1970 for Lance Creek and the Chey

enne River at Spencer, ~yoming reveal distinct high- and low-flow periods in 

the year (Fig. 3.10). We believe that the streams represent the basin and 

regional basin hydrographic units used herein. Large watersheds usually 

exhibit measurable surface flow for about 180 days per year. Small water

sheds, 30 to 40 square kilometers, may not flow at all for several consec-
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__ Cheyenne River 
mean annual flow 

--Lance Creek 
mean annual flow 

--- 3 mines mean 
monthly flow 

--- 2 mi n!'!s mean 
mo11thly flow 

___ 1 mine mean 
monthly flow 

F1gure 3 10 Average monthly flows for the Cheyenne R1ver and Lance Creek near Spencer, Wyommg, for the penod 
1948-1970 (00159. 00164, 00169, 00173) 



3-72 

utive years. Mean annual runoff is 0.8 to 1.3 em or 0.0023 to 0.004 m3;sec 

per km2• 
Peak flows in the regional basin and basin area are a result of snowmelt 

in at least 50 percent of the cases. This is commonly due to temporary but 

rapid melting from January to March. High flows can also result from wide

spread summer stonns, but these are the exception. For small basins on the 

order of forty square kilometers or less, peak flows occur because of thunder
stonns in the summer months. Thus peak flows in small basins versus the 

basin or regional basin commonly occur for different reasons and at differ£nt 

times in the year. A period of peak runoff from the sub-basin might co i:l

cide with a low flow or zero discharge condition in the basin or regio,al 

basin. 
In the area of thP Morton Ranch project (DOA75} there are 14 sub-basir•s, 

the average of which is about 11.4 km2• Channel slopes are 11.4 to 31.4 m,'1~m 
(average 21.2 m/km), and basin slopes are about 88 m/km. These are tributary 

to larger streams with channel slopes of 2.17 to 17.0 m/km (average 6.63 

m/km), and which drain basins with an area of 5,400 km2 and a mean annual 

flow of 0.80 m3/sec. These, in turn, are tributary to a regional basin with 

an area of 13,650 km2 and mean annual flow of 1.47 m3Jsec. All three hydro
graphic units are drained by ephemeral streams. The main stem of the re

gional system is dry an average of 180 days per year. The basin drains into 

the regional basin, assumed here to be the Cheyenne River Basin, which drains 

an area of 13,650 km2 (Oa75, Lo76, Ra77). 

Surface water in the model area is used mainly for stock watering and 

irrigation. The amount of irrigated area in the basin is 1400 hectares, 

compared to 2800 in the regional basin. Because of extreme variability in 

surface flow volume and water quality, almost all municipal water comes from 

wells completed in bedrock. Stock water is from both wells and impoundments, 

whereas single-family domestic supplies are primarily from wells. 

3.3.3.1.3 Method of Studx 

Because of dilution considerations, flow volume rather than peak dis

charge rate is of prime concern. For the basin and regional basin areas, 

only peak flow rate can be readily estimated on a probability basis for 

annual and longer time periods of perhaps 2, 5, 10. etc. years. Peak flow in 

the larger hydrographic areas commonly does not coincide with that in the 
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smaller basins. Also. there is poor correlation between peak flow rate (Q) 

and total flow volume (V) for streams draining large basins. Total flow 
volume in the larger basins can be estimated from partial duration flow data. 

That is, we can estimate the percentage of the time, during the yeart flow 

will be of a given magnitude. 

Relationships among runoff volume, rainfall, and surface area in small 
basins (encompassing less than 30 square kilometers) in the Powder River 

Basin have been developed by the U.S. Geological Survey (Cr78) and the Soil 

Conservation Service (DOA75). Peak dischar·ge and total annual flow in the 

basin and regional basin units were measured by the U.S. Geological Survey 
fo~· Lance Creek at Spencer, Wyoming and for the Cheyenne River near Spencer. 

We analyzed the effects of perennial or chronic mine discharge on chang
in~ existing ephemeral streams in the sub-basin, basin, and regional basin to 

perennial streams using a crude seepage and evaporation model. The basic 
equations and approach, explained in Appendix H, are similar to those used in 

the Generic Environmental Impact Statement on Uranium Milling (NRC79b). 
Adjustments were made for mine discharge rates and infiltration and evap
oration losses. The main output of the model is an estimate of which stream 
segments might become perennial and what the net discharge would be from a 

number of mines operating in the same sub-basin. Water quality impacts can 

only be very roughly assessed .. For the time being, we assume that infil

tration and evaporation decrease flow but do not effect the chemical mass in 
the system. That is, we assume contaminants in mine drainage are deposited 

on or in the stream/wash substrate and remain available for transport by 
flood water. 

The sub-basin is as shown in Fig. H.l (Appendix H) and contains three 
active uranium mines, each of which discharges 4,320 m3 /day. Quaternary 

alluvium constituting the channel is assumed to have a porosity of 40 per

cent. The sub-basin contains seven streams or wash segments, three receiving 

mine water directly. Water from the mines dissipates by infiltration, evap
oration, and as surface flow that may leave the sub-basin entirely. Appendix 

H shows the basic equations and assumptions and gives a complete summary of 
.. 

"losses .. due to seepage and evaporation as well as any net outflow from the 

sub-basin. 
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Precipitation-runoff in the Wyom1ng study area correlates rather closely 

to basin size. Basins of about 10,000 km2 area have an annual unit-area 

runoff of 0.43 cm/yr; whereas an area of perhaps 25 km2 might have a runoff 

of only 5 em/yr. Decreased runoff (on a unit area basis) associates with 

larger basins and reflects water storage, channel losses, and evapo

transpiration that occur mainly in the tributaries. Impoundments are rarely 

on the main stem of streams, where washouts are a problem, but rather on 

tributaries. The average impoundment is located about every 130 square 

kilometers, is ·rather small, and is used for stock water. Very infrequently 9 

small flood-irrigation projects may use impounded water for grasslands. 

Seventy-five percent of the annual runoff occurs during the summer thunder

storm activity in May, June, and July. Snowmelt occurs rather slowly and is 

captured in the headwater areas, whereas rainfall events are rather intense 

and localized, causing excess flows that reach the main stem, Lance Creek and 

Cheyenne River. Sediment loads are high in both the tributary and main stem 

streams. 

Contaminant concentrations in overland and channel flow during peak run

off events in the sub-basin are expected to follow the pattern shown in Fig. 

3.11, the data for which are from the U.S. Geological Survey (H. Lowham, in 

preparation) for a small basin, Salt Wells Creek, in the Green River Basin of 

southwestern Wyoming. 

Note in the inset of Fig. 3.11 that the washoff peak, that portion of 

the runoff enriched in disso1ved and suspended materials, precedes the runoff 

peak. Runoff in small basins is typically associated with brief but intense 

thunderstonns that flush the land surface. Total suspenped sol ids (TSS) 

concentrat1ons are disproportionately high in the peak flow events. Dis

charges of 170 m3/min carry 100,000 mg/t TSS; whereas flows of 1 cfs might 

carry only 500 mgh. The leading edge of the high flow has the greatest 

concentration of suspended sol ids and dissolved chemical load. Figure 3.12 

depicts discharge and specific conductance values as a function of time for 

the same small basin in Wyoming. Specific conductance (SC} is a rough mea

sure of the total dissolved solids (OS) content, following the approximate 
relationship: DS = 0.71 SC. Note that the first rise in the flow hydrograph 

occurs about three hours after the peak for specific conductance, indicating 

the presence of a contaminated 11 front 11 laden with salts and other suspended 

and soluble materials. The second peak on the flow hydrograph similarly 

precedes and is associated with degraded water quality due to this flushing 
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action. About 33 hours after precipitation begins, runoff water quality and 

flow very nearly approximate antecedent conditions. This indicates 

rather thorough flushing, most of which occurred in an 18-hour period. 

Assuming similarity between the surface mining area and the situation 

described above, we believe intense flows of rather short duration flush most 

of the contaminants from the land surface and stream channels. Although 

sub-basin floods are expressed in terms of return period for Wyoming and in 

terms of partial duration (1-day, 7-days) and varying return periods for New 

Mexico, we believe· the basic approaches (total flow vs. partial duration) to 

be rather similar because of the "flashy 11 nature of runoff in both study 

areas. In the New Mexico case, the mean discharge rate and the flow volume 

for the !-day event are very often less than that for the 1-day event for the 

same return period. This also confirms the intense, short-term nature of 

runoff ~wocesses in the Wyoming and New Mexico model areas. 

3.3.3.1.4 Discussion of Results 

This section addresses the interaction between mine drainage and flood 

waters. Flood magnitude is addressed first, followed by calculation of water 

quality effects due to mine water. The U.S. Geological Survey technique 

(Cr78) for estimating floods in small basins in northeastern Wyoming was used 

to estimate peak discharge and total flow volume in the sub-basin. Multiple 

regress.ion analysis reveals that the variables of area, slope, and relief 

provide roughly 90 percent correlation between rainfall and runoff (Cr78). 

Considering the numerous assumptions made throughout the analysis, only the 

area variable is used herein. It accounts for 70 percent of the flow. Table 

3.23 shows the peak discharge rate and total flow val ume from the sub-basin 

for floods with recurrence intervals (r) of 2 to 100 years. The basic equa

tion for calculating discharge rate or flow volume is--

Q or V = a Ab1 (3.1} r r 
where a = regression constant 

b1 =drainage area coefficient for area: peak discharge area: volume 

relationships 

A = basin area 

= 11.4 km2 

Qr, Vr = discharge rate and flow volume for flooding events with return 

periods of 2, 5, 10, 25, 50, 100 years. 
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The flow volume for the two-year flood is 32,921 m3, and the instan

taneous peak flow rate is 387 m3 /min. For comparison, we assume that the 

model mine discharges 3. 00 m3 /min or 1. 6 x 106 m3 per year. Assuming the 

annual flood volume is 30,000 m3 
t it is apparent that annual dilution is 

essentially nil and can be expected to be zero for perhaps 8 to 10 months of 

the year when there is no natural runoff. As Table 3.24 shows, flow volumes 

calculated using the Soil Conservation Service (DOA75) methodology average 

1.5 times greater than those derived using the USGS approach. The latter are 

used herein in the -interests of conservatism, i.e., there is less volume for 

dilution of contaminants. 

Table 3.23 Peak discharge and total volume for floods of 2, 5) 10, 25, 50 

and 100 year recurrence intervals 

Recurrence Peak 

Interval, r, Regression .volume Regression Discharge 

in years Constant, a bl (m3) Constant, a b1 (m3/min.} 

2 9.62 0.689 32921 96.21 0.582 387 

5 18.08 0.713 64116 199.6 0.612 840 

10 24.87 0.727 90009 292.8 0.632 747 

25 34.71 0.739 127862 441.1 0.660 1269 

50 42.82 0.748 159920 575.4 0.679 2674 
100 51.58 0.756 194937 731.1 0.699 3500 

Peak flood discharges in the basin and regional basin range from 4,053 

to 31,401 m3/min for recurrence intervals of 25 years or less. For 50- and 

100- year flooding events, peak discharge approximates 19,370 to 44,860 

m3/min. In the regional basin, discharge is 1.7 m3/min or less approximately 

eight months of the year and equa 1 s or exceeds 17 m3 /min for about three 

months of the year, typically in the winter and early spring. 
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Maxinrum discharge from the basin and sub-basin is expected in the late 

spring and early summer months because of thunderstonns. At this time, flow 

in the river draining the regional basin is also at or near maximum, thus 

there is high probability for considerable dilution of runoff contaminated by 

mine drainage. 

Total flow volumes for the basin and regional basin were estimated from 

u.s. Geological Survey records for the period 1948 to 1970. Figure 3.10 
shows average monthly flows in cubic meters for the Cheyenne River and Lance 

Creek near Spencer,.Wyoming. Immediately apparent is the close similarity in 

overall runoff pattern for the year. 

Table 3.24 Summary of. calculated total flow in the Wyoming model area 

sub-basin using the USGS and SCS methods 

Recurrence 
Interva 1, r, 

in years 

2 

5 

10 

25 

50 

100 

(a)Source: Cr78. 
(b)Source: DOA7,. 

Sub-basin 
Total flow (m3)(a) 

32,921 

64,116 

90,009 

127,862 

159,920 

194,937 

(c}NC = Not calculated. 

Sub-basin 
Total flow (m3)(b) 

14,467 
NC (c) 

98,419 

170,815 

231,618 

295,257 

Minimum flows occur in November, December, and January, and peak runoff in 

both basins occurs in May, June, and July. Long-tenn average annual flow in 

the basin is 2.18 x 107 m3 and 5.64 x 107 m3 in the Cheyenne River. These 
- 2 

are almost exactly proportional to the respective basin areas of 5,360 km 
and 13,650 km2, indicating similar climatic and runoff conditions. 
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Assuming there are 3 mines operating for a 17-year period and that each 

mine discharges on the average 3.00 m3/min continuously, total annual flow 

volume from the mines is 4.7 x 106 m3• Cumulative discharge from the sub

basin is 7.04 m3/min or 3.7 x 106 m3/yr, which causes development of a 

perennial stream 12.8 km long within the basin. Insofar as the basin channel 

length is 141 km, the perennial stream ceases to flow well within the basin. 
Appendix H explains the methodology and intermediate steps involved in 

deriving these foregoing values. Mine drainage water is not expected to flow 

the full length- of Lance Creek or reach the Cheyenne River. However, on the 

basis of total monthly flow, the volume of mine drainage from one mine ex

ceeds the flow in Lance Creek and the Cheyenne River for three months of the 

year, whereas flow from three mines exceeds basin flow for five months and 

regional basin flow for four months each year (Fig. 3.10). 

The aqueous pathway for mine drainage is considered in terms of chronic, 
perennial transport in the mine water, per se, and transport by flood waters 

that periodically scour the channels where most of the sorbed contaminants 

would be located. Considering the random nature of flooding and the re

sulting uncertainty as to when the next 2-, 5-, or 10-year, etc. flood may 
occur, it is assumed that most contaminants accumulate on an annual basis and 

are redissolved by floods of varying return periods {2 to 10 years) and 

volumes. Many combinations of buildup and flooding are possible, such as 

buildup for 5 years or 10 years with perhaps several 2-year storms and one 

5-year storm. Insofar as numerous assumptions are made in calculating volume 

and qua 1 i ty of mine discharge, basin runoff, and fate of the contaminants in 

the aqueous system, use of annual accretion and varying flood volumes in the 

sub-basin is considered adequate for estimating flood water quality. 
' 

Dilution of contaminated flows originating in the sub-basin and ex-

tending into the basin were conservatively calculated by assuming that the 

total flow during the low period equaled the mean annual flow. Thus, high 

flows and associated increased dilution are ignored, tending to make the 

analysis conservative. Contaminated flows from the sub-basin are diluted 

into these adjusted mean annual flows. Definition of the source term on an 

annual basis is most compatible with the radiation dose and health effects 

calculations in Section 6. Use of the low flow segment of the total annual 
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flow regime is decidedly conservative since total flow during the five months 

of low flow conditions amounts to 111.610 m3 and 218,336 m3 for the basin and 

regional basin, respectively. Average annual flow for the period of record 

(22 years) is considerably higher, amounting to 2.184 x 107 m3 for the basin 

and 5.64 x 107 m3 for the regional basin. 

Runoff in the basin and regional basin is expected to markedly dilute 

contaminated flood flows originating in the basin. Such floods would scour 

contaminants from about 23 kilometers of channel affected by contaminants 

from the three active mines. Peak runoff events in the sub-basin are most 

1 ikely in the late spring-early summer season when runoff in the basin and 

regional bas1n is the maximum or near maximum, on the average. However, peak 

runoff from the sub-basin could also occur when the basin and r~qional basin 

are at low flow or zero discharge. Such contrasts are present between the 

basin and reQional basin flow regimes. From September through December, 

Lance Creek tdn be expected to have no discharge from 45 to 65 percent of the 

time, whereas the Cheyenne River will be dry, on the average, from 65 to 85 

percent of the time (Fig. 3.13}. Thus there is a distinct chance that 
contaminants transported in Lance Creek would not be immediately diluted upon 

reaching the Cheyenne River. 

Before discussing the calculated concentrations of contaminants in the 

basin and regional basin streams, several other conditions need to be men
tioned. In water-short regions like Wyoming, extensive use is made of im

poundments to capture and store runoff. On Lance Creek, the model for the 

basin, the volume of existing impoundments is 15.78 x 106 m3 or 72 percent of 

the annual average runoff. In the regional basin, modeled 'after the Cheyenne 

River, there are 4.2 x 107 m3 of storage volume, which is 74 percent of the 

average flow of 56.4 x 106 m3• Thus, it is very likely that discharge from 

the sub-basin or basin will not exit the basin, particularly in the periods 
1 

of low flow. Contaminant concentrations, particularly those affected by 

sorption and precipitation. reactions, are likely to be reduced as a result of 

sedimentation ~nd long residence time in the impoundments, although there is 

some potential for overtopping, disturbance by cattle, and so on. Signif

icant adverse impacts are not 1 ikely considering precipitation and sorption 
reactions which are likely to remove contaminants from the food chain. Proof 

of this is lacking and we recommend confirmatory studies for the stable ele

ments. Previous studies (Ha78; Wh76) emphasized radiological contaminants. 
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Radium-226 is strongly sorbed onto stream sediments and {or) it is 

subject to precipitation. Partial re~sol uti on in subsequent floods occurs 

but it is assumed that only 10 percent of the mass deposited on an annual 

basis goes back into solution in flood waters. The rationale for this 
assumption is based on laboratory studies (Sh64; Ha68}. field data from New 

Mexico (Ka75; Ku79), and review of the literature. Pertinent field and 
laboratory data specific to surface water quality in the Wyoming uranium 

mining areas are· scarce. although studies by the State (summarized by Harp. 

1978) are noteworthy. Sulfate is regarded herein as rather mobile and. as 

such, most of it infiltrates the shallow aquifer. Therefore, only 20 percent 

of the mass frcm a given mine on an annual basis is assumed available for 

re-solution in flood waters. The fate of zinc, arsenic, and cadmium is in
sufficiently understood to predict what fraction in the mine disci'ldrge will 

be removed from solution versus remain available for re-solution. Studies 
along these lines are necessary. Similarly, not all of the contaminants 

potentially pr~sent in mine waters from Wyoming are necessarily shown in 
Tables 3.21 and 3.25, which were developed based on available data from NPDES 
pennits, environmental reports, and environmental impact statements. In the 
case of suspended sol ids, there is no calculation of non-point source con

tributions from mined lands. Sediment loads from such sources could be 
locally significant. but mined land reclamation and natural recovery seems to 

effectively mitigate problems. Only suspended solids from mine drainage, per 

se, are considered. 

Table 3.25 shows the flood flow volumes (in the sub-basin) associated 
with events having return periods of 2, 5, 10, 25, 50, and 100 years. Also 

shown are the contaminant concentrations calculated from the annual contami

nant loading diluted into the foregoing floods. As expected, concentrations 

are high because of the low dilution volumes associated with the small sub

basin. Surface water in the sub-basin might be impounded therein for use by 

stock or, less- possibly, irrigation, but it is more likely that the principal 

impoundments would be in the larger hydrographic unit, the basin. The flood 

flow volumes shown represent runoff from the entire sub-basin. When the 
second and third mines begin to discharge, the annual loading and concen

tration values shown would have to be doubled or tripled. The reader should 

remember that background concentrations already present in flood runoff would 

he additive to the values in Table 3.25. However. these have been assumed 



Table 3 25 Annual contaminant loading from one uran1um m1ne and resulting concentrat1ons 

1n floods w1th1n the sub-basin for return periods of 2 to 100 years 

Flood flow volumes (m3) and contaminant concentrations associated 

Contam1nant and Chemical mass available w1th return Eeriods of 2 to 100 ~ears{c) 
concentration Jn for transport on an annual v

2 
:;; 32921 v

5 
;;: 64116 v10 = 90009 v25 :;; 127862 v50 = 159920 

mine effluent bas1s c2 cs c10 czs cso 

Total uranium 0. 070 mg/ t 110 kg/yr 3.34 1.72 1 22 0 86 0.69 

RadJum-226 4 1 pC1/ .t 0.00065 C1/yr(a) 19.7 10 l 7.2 5.1 4.1 

iotal sus- 20.9 mg/ t 32,9'55 kg/yr 1001 514 366 253 206 
pended sollds 

Su1 fate 875 mgll 275,940 \:.g/yr(b) 83B1 4304 3066 2158 17Zl 

Z1nc 0 071 mg/ t 112.0 kg/yr 3.40 1. 75 1 24 0.876 0.700 

Cadm1um 0. 004 mg/ t 6. 31 k.g/yr 0.192 0.098 0 070 0.049 0.039 

Arsen1c < 0. 005 mg/ .t 7 as kg/yr O.Z39 0.123 0 088 0.062 0.049 

v100 :::: 194937 

ClOO 

0 56 

3 3 

169 

1416 

0.575 

0.032 

0 040 

(a)Ten percent of the annual loading 1s assumed available for solution. The balance 1s assumed sorbed onto sediments or present 1n 

1nsoluble preclpitates. 

(b)T~enty percent of the annual loading IS assumed available for transport and the balance 1s assumed to have infiltrated to the water 

table or it is present as an 1nsoluble precip1tate. 

(c)Vr and Cr refer to, respectively, flood volume, in cubic meters, and concentration 1n milligrams per liter or picocuries per liter for an&: 
-l>o r-year flood. Concentrat1ons are 10 m11ligrams per liter except radium-226, in pC1/ 1 • 

~.--Assumptions: M1ne d1scharges continuously at a rate of 3.00 m3/m1n and concentrat1ons are the average of those shown 1n Table 3.21. 

All suspended and dissolved contaminants remain in or on the stream sediments and are mobilized by flood flow. 
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equal to zero in order to estimate incremental increases due to mining and to 

simplify the calculations. 

Table 3.26 shows contaminant concentrations in the basin and regional 

bas in streams from the discharge of one mine. For cases involving two or 

more mines, the concentration shown would be scaled up by a factor of two or 

more. Basically, the table shows the effects of taking contaminated flood 

waters from the sub-basin and diluting them in the low flow volume of the 

basin and regional .basin. As expected, concentrations decrease with floods of 

greater volume and longer return period. Additional dilution occurs when .. 
discharge from the basin enters the regional basin. Taking the two-year 

runoff event in the <;•lb-basin, for example, uranium is diluted from 3.34 mgh 

(Table 3.25) to 0.76 mg/! in the basin and then to 0.44 mg/1 in the regional 

basin. There is somt.) question as to whether the lesser sub-basin floods, 

particularly those with return periods of 25 years or less, wou1d actually 

flow the length of the basin and enter the regional basin. Because much of 

the 22.7 km reach of stream directly affected by mine discharge is located in 

the basint it is conservatively assumed that the contaminants will reach the 

basin and eventually the regional basin. The foregoing analysis is struc

tured as a worst-case, maximum-concentration scenario. 

Concentrations of contaminants in flood waters affected by mine drainage 

are COf!!pared to water standards for potable and irrigation uses (Table 3.27}. 

Radium-226 concentrations in the basin and· regional basin streams (Table 

3.27) range from 1.6 to 4.5 pCih, and are below the drinking water standard 

(for Ra-226 + Ra-228) of 5 pCih,. Uranium concentrations range from 0.26 to 

0.76 mgh,, which is roughly equivalent to 176 to 514 pCift. On the basis of 

chemical toxicity alone, such concentrat1ons would probably present no prob

lem for short periods, but radioactivity is another matter. Reevaluation of 

the standard for uranium in potable water is presently receiving attention 

within the Agency (R. Sullivan and J. Giedt, USEPA, oral communication, 

1980). Briefly, there is consensus that the radiotoxicity of uranium is 

similar to that of radium-226 and 228. For continuous ingestion at a rate of 

2 liters per day, it 1s suggested that potable water contain no more than 10 

pCih (0.015 mg/ .d natural uranium to reduce the incidence of fatal cancers 

to no more than 0.7 to 3 per year per million population (Office of Drinking 

Water guidance to the State of Colorado, July 7, 1979). Realizing that the 



Table 3,26 Concentrations in bas1n and reg10nal basin streams as a result of surface m1ne d1scharge 

Parameter 

Total Uranium 

Radium-226 

Concentrat1ons (mgk ; pCi! in the case of radium) 
1n bas1n discharge under law flow cond1t1ons due 
to influ~ of sub-basin floods with 2, 25, and 100 
year return periods{a) 

c2 c2s ctoo 

0. 76 0.46 0.36 
4.5 2.7 2.1 

Total Susp. Sol ids 228 138 107 
Sulfate 1909 1152 900 

Z1nc 0.774 0.468 0.366 
Cadmium 0.044 0.026 0.020 
Arsenic 0.054 0.033 0.025 

Concentrations {mgft. ; pCih. in the case of rad1um) 1n regional 
bas1n d1scharge under low-flow cond1tions due to influx of basin 
discharge, also under low-flow condltions, and sub-basin floods 
with 2, 25. and 100 year return per1ods(b) 

cz Czs c1oo 

0.44 0.32 0.26 
2.6 1.9 1.6 

131 95 79 
1098 797 668 

0.445 0.324 0.211 

0.025 0.018 0.015 

0.031 0.023 0.019 

(a)Calculated as follows: Assuming a two year flood, uranium concentration in the outflow from the sub-basin equals 3.34 mg/1 and flow 
equals 32.921 m3 (see Table 3.25). Average total flow for 5 months of low flow conditions 1n the bdSin equals 111.610 m3• The concentration 
in the basin outflow. after dilution of the contaminated inflow from the sub-basin for floods of varying recurrence intervals equals: 

CBasin -= Ysub-basin xCSub-basin "' {32921 m3) (3.34 mgb. ) "' 0.76 mg/t. 
{VSub-bas1n + VBasin) 32921 m3 + 111610 m3) 

{b}Calculations sim1lar to gau above, except average total flow volume for 5 months of low flow in the regional basin equals 218.336 
m3• Hence, CRegional basin = Ysub-basin x CSub-basin 

(VSub-basin + VRegional Basin) 



Table 3.27 Compar1son of potable and 1rr1gat10n water standards antj surfdce water quality affected by surface rnine drawage 

Range of contam1nant toncen-
j 

'trations in flood flow 

affected bX m1ne discharge{ a} 

?arametl!r Basin Regional Basin 

M1n. Max. Min. Max. 

1otal u 0.36 0.76 0.26 0.44 
Ra-226 + 228 2.1 4.5 1.6 2.6 

TSS 107 228 79 131 

Sulfate 900 1909 668 1098 

Zinc 0.366 0.714 0.2.71 0.445 
Cadmium 0.02 0.044 0.015 0.025 
Arsenic 0.025 0.054 0.019 0.031 

Potable water standards.(b) 

Maximum Pennissable Recommended limit 1 ng 
Concentration Concentration 

(mgft l (l!lg/,.) 

0.015/3.5/0.21(~) 
5 pCl/.t 

250 

s.o 
0.01 
0.05 0.01 

Recommendations for maximum concentration 
for cont1nuous use on all soils {mg/~ ) 

5 pCifr. 

200 

z.o 
0.010 

0.10 

(a)Concentrations in milligrams per lfter, except Ra-226 -228 which are in p1cocuries per liter. 
(b)Sources: U.s. Environnental Protection Agency (EPA76) and. 1n the case of uraniu~. suggested guidance from the Hat1onal Academy of 

Sc1ences (NAS79) to the USEPA and from USEPA (Office of Drinking Water) to the State of Colorado (La79}. 
(clsource: NAS72. 

(d}0.015 mgA: Suggested maximum daily limit based on radiotoxfclty for potable water consumed at a rate of 2 liters per day on a 

continuous basis. 

3.5 m~: Suggested maximum 1-day limit based on chemical toxicity and intake of 2 liters in any one day. 
0.21 mgA: Suggested max1mum 7-day lim1t based on chemical tox1city and intake of 2 liters per day for 7 days. 
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1 imit of 10 pCih, (0.015 mg/t) may not be cost effective, the Agency is 

contracting to develop the economic and technical basis for a uranium (in 

water} standard. The National Academy of Science, at the request of the 

Agency, evaluated the chemical toxicity of uranium. A maximum, 1-day concen

tration of 3.5 mg/Q, (7 mg/day based on daily intake of 2 liters) is the 

••suggested No Adverse Response Level 11 (SNARL). The corresponding concen

tration for a. 7-day period is 0.21 mgh.,. 

There are numerous compl icatiog factors surrounding the foregoing sug

gested radiotoxicity and chemical toxicity limits for uranium. These include 

economic justification, technical feasibility, gu~ to blood transfer factors, 

and overall health of the receptor, to name a few. Of importance is the fact 

that a stricter standard for uranium in water .s likely and that present 

NPOES limits of 1 mgk or previous drinking water limits on the order of 5 to 

8 mg/.2. are or will be superseded. For these reasons~ the calculated uranium 
concentrations in the aqueous pathway are considered relative to the more 

recent, suggested limits of 0.015, 3.5, and 0.21 mg/t. 

Although mine effluents are not considered potable water, they infil

trate shallow aquifers that are potable in terms of the Safe Drinking vlater 

Act. The extent to which shallow -aquifers in uranium mining areas are used 

~or potable water supply is presently small, but accurate surveys of well lo
cations and water quality are scarce. If a 1 imit of 0.015 mgh, for urani urn 

in potable water is set~ it appears that uranium instead of radium-226 may be 

the primary pollutant of conceri"l in both surface runoff and related shallow 

groundwater. 
Of the remaining contaminants, sulfate and possibly cadmium might exceed 

drinking water standards. Cadmium may also limit use of the water for irri

gation. These results provide only a rough estimate of water quality ef

fects. There are other stable toxic elements to consider, but there are 

insuffiGi~_nt data. Multiple mine sources would increase the concentration. 

but ion exchange, sorption, etc. would reduce them. The net effect is simply 
unknown. It does appear that uranium, in particular, deserves additional 

stud.Y in 1 ight of new intet~pretations concerning radiotoxicity. 



3.3.3.2 Impacts of Seepage on Groundwater 

The previous analysis assumed no infi1tration (to groundwater) of dis

solved or suspended contaminants, thereby creating a maximum or wars t-ease 

situation with respect to transport via floodwaters. In fact, contaminants 

will also infiltrate through the stream deposits. Anions and selected stable 

elements like uranium, selenium, and molybdenum are most likely to migrate 

downward. Insofar as the alluvial, valley fill aquifer may be used locally, 

particularly in the case of larger drainage basins and the regional basin, 

some analysis of pot~ntial impacts is offered herein. 

Effects of mine drainage impoundments used to settle suspended sol ids 

are excluded from the present analysis. Such impoundments are relatively 

small, commonly less than 1 or 2 hectares.,. and tend to become self-sealing 

due to settling of fines. Potable water supplies at the mines are usually 

from deep exploration borings 'converted to water wells or from mine water. 

Problems may exist with such water being contaminated, as has been documented 

in the Grants Mineral Belt (EPA75), but we do not believe seepage from set

tling ponds to be a factor. 

Infiltration of water discharged to ephemeral stream courses was not 

calculated separately. It was combined into a lumped tenn incorporating 

infi 1 tration and evaporation. Both losses are, in part, a function of sur

face area. Infiltration takes place primarily in the basin. When three 

mines ar.e operating, 22.7 l<m of perennial stream is created and extends into 

a portion of the basin. Infiltration of the mine effluent adds primarily to 

the amount of water in storage in the alluvium, versus acting as a source of 

recharge to the deeper, consolidated strata. 

As with many of the intermontane basins in Wyoming, water in the South 

Powder River Basin is primarily groundwater recharged by sporadic runoff from 

1 imi ted preci pi tat ion (Ke77). Some stock ponds that collect surface runoff 

are supplemented by groundwater from wells or springs. Mine water discharged 

from one underground mine is used to irrigate approximately 65 hectares of 

native grass, alfalfa, oats, and barley. In general, groundwater is not used 

for irrigation (Ho73). Groundwater use for domestic supplies is largely 

confined to the Dry Fork of the Cheyenne River (Ke77). The number of we11s is 

close to a density of one per 400_ ha (Ke77). Typical wells are completed in 

the alluvium and yield less than 100£ /min. 
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Geologi<;:al formations in the southern portion of the Powder River Basin 

include in descending order and increasing age; the 1) Alluvium, 2) Wasatch 
Formation, 3} Fort Union Formation, 4) Lance Formation, 5) Fox Hills Forma

tion, and 6) older rocks too deep to be affected by uranium mining (NRC78c). 

Table 3.28 shows the well depth for each formation, anticipated well yields, 

and the total dissolved solids content in the vicinity of an active uranium 
mining and milling project in the South Powder River Basin. 

Water quality in the Wasatch and Fort Union Formations ranges widely and 
appears to carrel ate with the permeability of the water-bearing sand and 

proximity to outcrops. No relation of water quality to depth is apparent. 
Ana:yses of water from Cenozoic rocks show dissolved so'!ids ranging from less 

thar. 100 to more than 8000 mg/.9.. {Ho73). Of the 258 ana: \'Ses performed by the 

USG~ ., 55 showed dissolved sol ids less than 500 mgh., 13J 1 ess than 1000 mg/i, 

and 125 more than 1000 mgh.. Sodium, sulfate, and bi•;arbonate are the dom
inant ions, and water is usually excessively hard. Iron is character

istically a problem in water from the Wasatch and Fort Union Formations 
(Ho7.3). Element distributions show considerable var~ability due to clay 

lenses in the sandy units (NRC7Bc). The clays act as barriers to groundwater 
movement and preferentially concentrate some elements. Table 3.29 shows the 
ambient groundwater qua 1 i ty in the immediate area of three active mills in 

\the South Powder River Basin. 
\ 

. In the Wyoming model mine sub-basin, total inflow equals 9 m3tmin or 

4.73 x 106 m3/yr, and total annual infiltration loss equals 4.65 x 106 m3 

(calculated in Appendix H). Restated, 98.2 percent of the discharge infil .. 

trates and the remainder evaporates. 

Infiltration of 4.65 x 106 m3/yr is not likely to continue for the full 
duration of mining unless the bedrock strata have the same or similar perme
ability as the alluvium and (or) there is an extensive zone of unsaturated 

alluvium to provide storage. The alluvium in the Wyoming study area is 

concentrated along the stream axes. is relatively thin, and is underlain by 

less permeable bedrock strata. It is probable that a zone of saturated 

alluvium will gradually develop and extend downstream as mine discharge con
tinues. Recharge from the alluvium to the underlying Wasatch or Fort Union 

Fonnations will occur but at a low rate compared to infiltration. Water 
quality in the alluvium is highly variable (Table 3.29); it may or may not be 

affected by mine drainage. Adverse impacts, if any, are likely to be a 

result of uranium, sulfate, and mobile elements. 



Table 3.28 Northeastern Wyoming groundwater sources 

Depth Range Antici~ated Well Yield, .q~m Total Dissolved 
Geologic Period Aquifer of Wells, m Common 1-iigh Solids, mg/t 

Quaternary I Alluvium 3-30 20-945 1140-2270 106-7340 
Tertiary Wasatch 12-300 4-150 380-2370 160-6620 

Fort Union 45-180 4-110 380 484-3250 
Cretaceous lance 45-365 4-190 1900 450-3060 

Fox Hills 210-700 75-260 760-1900 1240-3290 
Mesaverde 12-915 57-150 225-265 550-1360 

Cody 30-335 4-20 380-7b0 6392-12,380 

Frontier 20-610 4-20 380-1135 390-2360 

Dakota 75-1830 95-380 760-3410 218-1820 
Jurassic Sundance 120-210 4-20 95 894-2310 

Triassic Spearfish 6-275+ 4-115 380-760 2590 
Pennsylvanian Minnelusa 75-1980 95-950 1860-7470 255-3620 

~Hssissippian Pahasapa 150-2320 380-9460 26,500-35.600 290-3290 

Ordovician Bighorn 0-60 3785 3785 427-3219 

Cambrian Flathead 20-1800 760 124 

Source: NRC78b. 

w 
I 
ID ....... 
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Table 3.29 Groundwater quality of wells sampled by the three major 
uranium producers in the South Powder River Basin, Wyoming 

Kerr-McGee(a) TVA(b} Exxon(c) 
Range of Concentration Reported (mgh ) 

Parameter 

pH 

Spec. cond. 

1-Imhos/::m 
Ca 
Mg 
Na 

HC03 
504 
Cl 
Zn 

Fe 
Ba 

Rad i urn ( pCi I .d 
Urani urn (mg/.d 

7.4-8.0 

210-1100 
28-343 

8-81 
5-71 

30-380 
28-980 

<5-57 
0.006-18.0 

0.41 - 5.18 
< 0.002- 2.3 

7.4 - 8.5 

250-1300 
10-200 

2-80 
10-300 

70-110 
8-1000 

11-25 
0.03 -3 
0.2 -20 

0.2 -18 
0.002-60 

7.3-8.1 

290-600 
26-150 

1-13 
54-121 

90-412 
58-575 
6-16 

NO- 0.14(d) 

0.01- 1.64 
NO- 0.05 

0.4 -12.0 
0.0004 - 0.21 

(a)Shallow wells up to 61 meters depth, Tables 2.6-7 through 2.6-10 of 

reference Ke77. 
(b}From Figs. C1 and C3 of reference NRC78b. 
(c)Table 2.12 of reference NRC78d. 
(d)ND: Not detectable. 
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An actua1 example of this saturated front developing and moving down

gradient is present at the Kerr-McGee Nuclear Corporation's Bill Smith Mine 
in South Powder River Basin (Ke77). The mine discharges to a tributary of 

Sage Creel< at a rate of about 1. 7 m3 /min. From the period January 1974 to 

late 1976, a flow front 23 km long developed as a result of infiltration into 

the sandy alluvium. The discharge water maintains a high groundwater level 

in the stream bed. Unfortunately, no infonnation is available on the geo

metry of the stream channel to evaluate the volume of water that has infil

trated in the three-year period or on any water quality changes that have 

occurred. 
In summary, additional field data are needed to properly- address the 

water quality effects of infiltrat.on. Both theory and at least one field 

example indicate extensive infiltration of effluent containing at least some 

mobile stable and radioactive contaminants. Therefore, we recommend addi
tional fie1d investigations to determine, at the minimum, any hydraulic and 

water quality effects of mine discharge on shallow aquifers and the influence 

of dewatering on regional water levels and water quality, regardless of pre
existing or anticipated local water use patterns. 

3.3.4 Gases and Dusts from Mining Activities 

Ousts and toxic gases are generated from routine m1n1ng operations. 

Combus,ti on products are produced by 1 a rge diesel and gasoline-powered equip
ment in the mine and by trucks transporting the overburden, ore, and sub-ore 

from the pit to storage pile areas. Dusts are produced by blasting, 

breaking, loading, and unloading rock and ore and by haula.ge trucks moving 

along dirt roads. Finally, Rn-222 will emanate from exposed ore in the pit 
and from the ore as it is broken, loaded, and unloaded. These sources will 

be discussed individually. 

3.3.4.1 Dusts and Fumes 
Most vehicular emissions are from the combustion of hydrocarbon fuels in 

heavy-duty, diesel-powered mining equipment. Surface mines produce con

siderably more emissions than underground mines, since the overburden must be 
removed before the ore can be mined. The principal emissions are pJrti
culates, sulfur oxides, carbon monoxidet nitrogen oxides, and hydrocarbons. 

The quantity of these combustion products released to the atmosphere depends 

on the number, size, and types of equipment used. 
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The EPA estimates the following emissions from mining 1350 MT of ore per 
day from a surface mine (Re76). 

Emissions per Operating Day, kg/d 
Pollutant 
Particulates 
Sulfur oxides 
Carbon monoxide 
Nitrogen oxides 
Hydrocarbons 

Mining Operations 
17.0 

35.4 

294.2 

484.6 
48.4 

Overburden Removal 
18.9 

39.3 

327.4 

53>3.4 

51.8 

Assuming a 330 orErating-day-year (Ni79), we adjusted these emission :ates to 
ore production for the average surface mine (1.2 x 105 MT/yr) and the average 
large surface mine (5 .. 1 x 105 MT/yr) as described in Sections 1 .. 3.1 and 
3.3.1. Table 3.30 shows the total airborne combustion product e'l!issions. 
These estimated emission rates are somewhat higher than rates previously 
suggested by the U.S. Atomic Energy Commission (AEC74). 

Pollutant 

Particulates 
Sulfur oxides 
Carbon monoxide 
Nitrogen oxides 
Hydrocarbons 

Table 3.30 Estimated air pollutant emissions from heavy-duty 
equipment at surface mines 

Average Mine(b} 

3 

7 

55 

91 

9 

Emissions, MT/yr(a) 
Average Large Mine(c) 

14 

28 

235 

387 
39 

(a)Based on (Re76) and 330 operating days per year (Ni79). 
(b}ore production = 1.2 x 105 MT/yr. 
(c)Ore production = 5.1 x 105 MT/yr. 
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Oust is produced from blasting, scraping, loading, transporting, and 

dumping ore, sub-ore, and overburden. Additional dust is produced when the 

ore is reloaded from the stockpi1e for transportation to the mill. Dust 

emissions vary widely, depending upon moisture content, amount of fines, 

number and types of equipment operating, and climatic conditions. Recause 

ore is usually wet, the relative amounts of dust produced from mining and 

handling it are usually small. We selected the following emission factors 

from those suggested by the EPA for the above listed mining activities (Hu76, 

Ra78, Da79): 

Blasting = 5 x 10-4 kg dust/MT 

Scraping and bulldozing = 8.5 x 10-3 kg dust/MT 

Truck loading = 2.5 x 10~ 2 kg dust/MT 

Truck dumping = 2 x 10·2 kg dust/MT 

We applied these emission factors to the ore, sub-ore, and overburden 

production rates of the average mine and average large mine and estimated 

average annual dust emissions for these mining activities (see Table 3.31). 

These are probably maximum emission rates because blasting is not always 

required, and some emission factors appear to have been based upon data from 

crushed rock operations, which would contain more fines than rock removed 

from surface mines. One-half the emission factor values were applied to ore 
and su~-ore because they are usually wet, except when reloading ore from the 

stockpile, in which case it is assumed to have dried during the 4l·day resi

dence period (Section 3.3.1.2). 

The movement of heavy-duty haul trucks is probably the largest single 
source of dust emissions at surface mines. An emission factor (EF) for this 

source can be computed by the following equation (EPA77b). 

EF = 2.28 x 10-4 (s) 

where, 

365-W (TF} (f) 
365 

(3.2) 

EF =Emission factor, MT/vehicle kilometer traveled (MT/VKmt), 

S = Silt content of road surfacet percent, 



V =Vehicle velocity, kmph LNote: This tenn becomes (ta) 2 

for velocities less than 48 km/hr (EPA77b, DA79)], 

W =Mean annual number of days with 0.254 mm or more rainfall, 

TF = Wheel correction factor, and 
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f = Average fraction of emitted particles in the <30 ~m diameter sus

pended particle size range; particles having diameters greater 

than 30 ~m will settle rapidly near the roadway. 

Values selected for these terms in the solution of Equation 3.2 are --

S = 10 pe1·cent (Da79), 

V = 32 km/hr for heavy-duty vehicles and 48 km/hr for light vehicles 

(therefore, the velocity term is (32/48) 2 and (48/48), respectively), 

W = 90 days {EPA77b), 
TF = 2.5 (Da79) (heavy-duty vehicles only), and 

f = 0.60, since the weight percent of particles of less than 30 lJm 
and greater than 30 ~ m in diameter is generally considered to 

be 60 and 40 percent, respectively (EPA77b). 

Substituting these values into Equation 3.2 yields l.l5 x 10-3 MT/VKmT and 

1.03 x 10-3 MT/VKmt for the emission factors of heavy-duty haul trucks and 
light duty vehicles, respectively. 

Table 3.31 shows estimated dust emissions for the movement of heavy-duty 

haul trucks using the following information: 



Table 3.31 Average annual dust emissions from mining activities 

Average Mine(a) 
Dust Emissions, MT/yr 

Average Large Mine(b) 
Ore{c) Sub-ore(c} Overburden 

Mining Activity 
' Ore(c} Sub-ore(cj Overburden 

Blasting 0.03 0.03 3.0 0.13 0.13 20 
Scraping/bulldozing NA (d) NA 51 NA NA 340 

' Truck Loading 1.5 1.5 150 6.4 6.4 1000 
Total at Pit Site 1.53 1.53 204 6.53 6.53 1360 

Truck Dumping 1.2 1.2 120 5.1 5.1 800 
Reloading stockpiled ore(e} 3.0 NA NA 13 NA NA 

Total at Pile Sites 4.2 1 .. 2 120 18.1 5.1 800 
Veh1cular dust(f) 14 14 304 5Y 59 2020 
Wind suspended dust 

(a)Based on annual production rates of 1.2 x 105 MT of ore and sub-ore and 6.0 x 106 MT of overburden. 
(b)Based on annual production rates of 5.1 x 105 MT of ore and sub-ore and 4.0 x 107 MT of overburden. 
(c)Assumed wet. 

{d)NA- not applicable. 
(e)Assumed dry. 

(f)Dust emissions from heavy-duty vehicular traffic along ore, sub-ore and overburden haul roads. 



EF = 1.15 x 10-3 MT/VKmt, 

Truck capacities = 31.8 MT for ore and sub-ore and 

109.1 MT for overburden (Oa79), 

Round-trip haul distance = 3.2 km to ore and sub-ore piles 

and 4.8 km to overburden dump, and 
Annual production· rates = given in Section 3.3.1 and in the 

footnotes of Table 3.31. 
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Additional dust emissions will occur from the movement of light-duty 
vehicles along access roads. Using the emission factor derived above (1.03 x 
10-3 MT /VKmT) and assuming that there are 24 km of access roads ~.raveled 4 
times a day fiJr 330 operating days per year, about 33 MT of du!-.t will be 

produced from this source annually. Emissions during haulage road main
tenance is relatively small and will not be considered. 

Table 3.31 also shows average annual dust emissions from wind erosion of 

overburden, sub-ore, and ore piles at the model surface mines. For these 
computations, we assumed the model overburden pile to be that of Case 2 and 
in the shape of a 65-m high truncated cone (Table 3.11). The same was 
assumed for the average mine, except the pile height was 30 m. The sub-ore 
piles of both mines were assumed to have a truncated cone configuration 
(Tftble 3.20). The same configuration was also assumed for the ore piles, but 
the pile heights were 9.2 m for the average large mine and 3.1 m for the 
average mine (Table 3.17). 

Emission factors, computed in Appendix I, are 0.850 MT/hectare-yr for 

overburden and sub-ore piles and 0.086 kg/MT for the ore stockpiles. The 
first emission factor was multiplied by the overburden and average sub-ore 

pile areas; the second factor was multiplied by the annual ore production. 

In computing the Table 3.31 dust emissions. we assumed no effective dus~ 

control program and that there was no vegetation on overburden and sub-ore 
piles. Haul roads are nonnally sprinkled routinely during dry periods, and 
stabilizing chemicals are applied primarily to ore haul roadways at some 

mines. Sprinkling can reduce dust emissions along haul roads by 50 percent, 
and up to 85 percent by applying stabilizing chemicals (EPA77b, Da79). 
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The dust emissions from vehicular traffic (Table 3.31) (transportation) 
were summed with those produced by light vehicular traffic (33 MT/yr) and 
considered as one source of emissions. Concentrations of contaminants in the 

dust are unknown. Some spillage of ore and sub-ore along haul roads will 

undoubtedly raise uranium levels in roadbed dust. As an estimate, uranium 
and daughter concentrations in the dust were considered to be twice back
ground, 8 ppm (2.7 pCi/g), while concentrations of all other contaminants 

were considered to be similar to those in overburden rock (Section 3.3.1.1, 

Table 3.16). Table 3.32 shows the annual emissions computed with these 
assumptions. 

Table 3.33 1 ists annual contaminant emissions from mining activities 
(scraping) loading, dumping, etc.) accordir1g to source locations at the pit 

and at the piles. Contaminant emissions were computed by multiplying the 
total annual dust emissions at each pile {Table 3.31} by the respective 
contaminant concentrations in each source -- overburden (Section 3.3.1.1.; 

Table 3.16), sub-ore (Section 3.3.1.3; Table 3.19) and ore (Section 3.3.1.2; 

Table 3.19). Contaminant emissions at the site of the pit were computed by 
multiplying the total annual dust emissions of ore, sub-ore, and overburden 
(Table 3.31) by their respective contaminant concentrations. The three pro
ducts of the multiplication were then summed to give the values in the 4th 

and 8th data columns of Table 3.33. The health impact of the sources at each 
location will be assessed separately in Section 6.1. 

Table 3.34 lists annual contaminant emissions due to wind suspension and 

transport of dust. These values were computed by multiplyi~g the annual mass 

emissions (Table 3.31) by the contaminant concentrations in overburden, 
sub-ore, and ore listed in Sections 3.3.1.1, 3.3.1.3, and 3.3.1.2, respec
tively. The uranium and uranium daughter concentrations were also multiplied 

by an activity ratio (dust/source) of 2.5 (Section 3.3.1.2). Although some 
metals may also be present as secondary deposits, it was believed that there 
were insufficient data to justify multiplying their concentrations by the 2.5 

ratio. 

3.3.4.2 Radon-222 from the Pit, Storage Piles, and Ore Handling 
Rn-222 will be released from the following sources during surface mining 

operations: 



Contaminant 

Arsenic 
Barium 
Copper 
Chromium 
Iron 
Mercury 
Potassium 
Manganese 
Molybdenum 
Lead 
Selenium 
Strontium 
Vanadium 
Z1nc 
Uranium-238 and 

each daughter 
Thorium-232 and 

egch daughter 
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Table 3.32 Average annual emissions of radionucl ides (JJ Ci) 
and stable elements {Kg) from vehicular dust at 
the model surface mines 

Ave rage Large Average 
Surface Mine( a) Surface Mine(b) 

20 3.3 
630 106 

39 6.6 

< 111 < 19 

13,030 2,190 

< 17 < 2.9 

15,200 2,560 

1,050 177 
5.4 0.9 

48 8.0 

4.3 0.7 
330 55 
220 37 

43 7.3 

5,860 990 

2,170 370 

(a)Mass emissions = 2,170 MT/yr. 
(b)Mass emissions = 365 MT/yr. 



Table 3.33 Average annual emissions of radionuc1ides {~Ci) and stable elements 
(kg) from mining activities at the model surface mines 

Average Surface Mine(a} Average Large Surface Mine(a) 
Overburden Sub-ore Ore Pit Site Overburden Sub-Ore Ore Pit Site 

Contaminant Pile Site Pile Site Pile Site Pile Site Pile Site Pile Site 
Arsenic 1.1 0.10 0.36 2.1 7.2 0.44 1.6 13 
Barium 35 1.1 3.9 62 232 4.7 17 406 
Coba 1 t NR{b) 0.02 0.07 0.05 NR 0.08 0.29 0.21 
Copper 2.2 0.07 0.26 3.9 14 0.31 1.1 25 
Chromium <6 0.02 0.08 <10 <41 0.10 0.36 <70 

Iron 720 19 66 1,270 4,800 80 284 8,360 

lead 2.6 0.09 0.33 4.7 18 0.40 1.4 31 

Magnesium NR 4.2 15 11 NR 18 63 46 

Manganese 58 1.2 4.0 102 388 4.9 17 672 

Mercury <l ND(c) ND < 1.6 <6.4 ND ND <11 
Molybdenum 0.3 0.14 0.48 0.86 2.0 0.59 2.1 4.9 

Nickel NR 0.02 0.08 0.06 NR 0.10 0.36 0.26 
Potassium 840 30 105 1,500 5,600 128 453 9,850 

Selenium 0.2 0.13 0.46 0.74 1.6 0.56 2.0 4.2 
Strontium 18 0.16 0.55 31 120 0.66 2.4 206 
Vanadium 12 1.7 5.9 25 80 7.2 26 154 
Zinc 2.4 0.04 0.12 4.2 16 0.15 0.52 28 

Uranium-238 & 
each daughter 1,800 120 2,990 4,300 12,000 510 12,900 25,700 

Thorium-232 & 
each daughter 120 2.4 42 220 800 10 180 1!440 

(a)Mass emissions from Table 3.31. w 

{b)NR - Not reported. 
I 

...... 
0 

(c)ND - Not detected. 
....... 



Table 3.34 Average annua 1 emissions of radionuclides (~Ci) and stable elements 

~kg} in wind susEended- dust at the model surface mines 
Average Large Surface Mine Average Surface Mine 

Contaminan~ Overburden Sub-Ore Ore Overburden Sub-Ore Ore 
Pile Pile Stock[!ile Pi 1 e Pile Stock[!ile 

Arsenic 0.85 0.86 3.8 0.27 0.·26 0.86 
Barium 27 9.2 40 8.7 2.8 9.2 
Coba1 t NR(a) 0.16 0.70 NR 0.05 0.16 
Copper 1.7 0.61 2.7 0.54 0.18 0.61 
Chromium < 4.8 0.20 0.88 <1.5 0.06 0.20 
Iron 564 157 690 180 47 157 

Mercury < o. 75 ND(b) NO <0.24 NO NO 
Potassium 660 [ 250 1,100 210 75 250 
Magnesium NR 35 154 NR 11 35 
Manganese 46 9.6 42 15 2.9 9.5 

Molybdenum 0.24 1.2 5.0 0.08 0.35 1.2 
Nickel NR 0.20 0.88 NR 0.06 0.20 
Lead 2.1 0.78 3.4 0.66 0.23 0.78 
Selenium 0.19 1.1 4.8 0.06 0.33 1.1 
Strontium 14 1.3 5.7 4.5 0.39 1.3 
Vanadium 9.4 14 62 3.0 4.2 14 
Zinc 1.9 0.29 1.3 0.60 0.09 0.29 w 

I 

Uranium-238 & 1-' 
0 
N 

each daughter 1,410 1,000 31,300 450 300 7,100 
Thori um-232 & 

each daughter 94 20 440 30 6.0 100 
(a)NR - Not reported. 

(b)No - Not detected. 
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1. Ore, sub-ore, and overburden during rock breakage and loading 

in the pit and unloading on the respective piles. {Since rock 

breakage, loading, transporting, and unloading usually occur in 

a short time period, they are considered one release.) 

2. Ore during reloading from the stockpile after a 41-day residence 

time (Section 3.3.1.2). 
3. Exposed surfaces of overburden, ore, and sub-ore in the active 

pit area. 
4. Overburden, ore, and sub-ore pile surfaces. 

The annual quantities of Rn-222 released from sources 1 and 2 above were com

puted using the following factors and assumptions: 
1. Rn-222 is in secular equilibrium with U-~38. 

2. 

3. 

3 The density of ore, sub-ore, and overburden is 2.0 MT/m • 
Annual production rates of ore, sub-ore, and overburden are those 
given previously in this Section and in footnotes 11 3 11 and "b" of 

Table 3.31. 
4. All Rn-222 present, 0.00565 Ci/m3 per percent u3o8, is available 

with an emanation coefficient of 0.27. LAlthough an emanation co

efficient of 0.2 is commonly used {Ni79}, recent emanation-coeffi
cient measurements for 950 samples of domestic uranium ores by 

the Bureau of Mines indicate a value between 0.25 and 0.3 to be 
more appropriate (Au78, Tanner, A.B., Department of Interior, Geo

logical Survey, Reston, VA, 11/79, personal communication). 

Therefore, an emanation coefficient of 0.27 was selected.] 

5. The quantities of u3o8 present in ore, sub-ore, and overburden are 

0.10, 0.015, and 0.0020 percent, respectively. 

Substituting these values into the following equation yields the Rn-222 re
leases given in Table 3.35 for the average mine and the average large mine. 

(
0.00565 Ci ) 

Rn-222 (Ci/yr} = (Percen~~u3o8 ) m3 x percent 

X (Production Rate, MT ) 
yr 

(0.27) (3.3) 

The quantities of Rn-222 that emanate from exposed overburden, ore, and 

sub-ore surfaces in the pit were estimated by the following method. Exposed 
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surface areas of ore and sub-ore are assumed equal since equal quantities of 

each are mined. The computation assumes an ore plus sub-ore zone 12 m thick 

(h1) in the shape of a truncated cone with 45 degree sloping sides (Fig. 

3.14). The radii of the zone, r 1 and r 2, can be computed using the following 

equation from the relationship r2 = r 1 + 12 and the volumes of ore plus 

sub-ore mined in a 2.4 year period -- 1.22 x 106m3 and 2.8 x 105m3 at the 

average large mine and average mine, respectively (the bulking factor is not 

considered in computing the pit volume). 

The computed radii~ r 1 and r 2 , were 174m and 186m at the average large 

mine and 80 m and 9.~ m at the average mine. The surface areas (SA) of 

exposed ore and sub-ore in the pit are then one-half that given by the 

equation, 

where d1 and d2 are the diameters related to r 1 and r
2

• Exposed surface 

areas of ore and sub-ore were computed to be equal and 57,170 m2 at the 

average large mine and 14,650 m2 at the average mine. 

The shape of the overburden zone was assumed to be the same as the ore 

and sub .. ore zone (Fig. 3.14). The thickness, h2, and radius, r
3

, of this 

zone can be computed using the following equation with the relationship, r 3 = 
r2 + h2 , and knowing the volume--4.8 x 107m3 and 7.2 x 106m3--at the 

average large mine and average mine, respectively. 

Since r2 was computed above to be 186 m at the average large mine and 92 m at 

the average mine, Equation 3.6 becomes 

4.8 X 107 _= 1.087 X 105h2 + 584h2
2 + 1.047h2

3 (3.7) 

for the average large mine, and 



Overburden Zone 
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Ore plus sub-ore Zone 

F1gure 3.14 Conf1gurat1on of open p1t model mmes. 
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for the average mine. 

Solving these equations yields the following parameters: 

average large mine 
average mine · 

188 m 
105 m 

374 m 
197 m 

(3 .. 8) 

3·106 

186 m 
92 m 

The surface area (SA) of the exposed overburden is then given by the 
following equation. 

SA= l/21T {d
2 

+ d
3

} (slant height}, (3.9) 

where d1 and ct2 are the diameters related to r2 and rr Areas computed were 
4.68 x 105m2 and 1.34 x 105m2 for the average large mine and average mine, 
respectively. 

Multiplying the exposed ore, sub-ore, and overburden areas by their u3o8 
contents {0.10%, 0.015% and 0.002%, respectively) and by a Rn-222 exhalation 
rate of 0.092 Ci/m2 per year per percent u3o8* and summing gives the annual 
Rn-222 releases shown in Table 3.35. 

The emanation of Rn-222 from overburden, sub-ore, and ore storage piles 
is. based on an exhalation rate of 0.092 Ci/m2 per yr per percent u3o8 (Ni79), 
and ore grades of 0.002 percent, 0.015 percent, and 0.10 percent, respec
tively. The surface areas used were those computed previously for the case 2 
model mines and listed in Tables 3.11, 3.17 and 3.20. The areas for the 
average large mine and average mine are 1.1 x 106m2 and 2.2 x 105m2 for 
overburden piles, 1.2 x 105m2 and 3.6 x 104m2 for sub-ore piles, and 6.2 x 
103m2 and 3.6 x 103m2 for the ore piles, respectively. Applying these para
meters, the annual Rn-222 emissions from the overburden, sub-ore, and ore 
piles at the average mine and average large mine were computed. Table 3.35 

presents the results. 
The total annual Rn-222 released during surface mfning operations is the 

sum of the releases from the sources considered: 331 Ci from the average 
mine and 1261 Ci from the average large mine. Considering ore production and 

*The average value of measured exhalation rates at surface uranium mines 
(Ni79). 
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Table 3.35 Radon-222 releases during surface mining, Ci/yr 

Source Average Mine Average Large Mine 

Ore loading and unloading 9 39 

Reloading ore from stockpile 9 39 

Sub-ore loading and unloading 1 6 
Overburden loading and unloading 9 61 

Exposed surface of overburden, 
orer and sub-ore in the pit 180 691 

Ore stockpile exhalation 33 57 

Sub-o~e pile exhalation 50 166 

Overbut·den pile exhalation 40 202 

Totdl 331 1261 

grade differences, these values agree reasonably well with those computed by 
other procedures (Tr79). 

3.4 Underground Mining 

3.4.1 Solid Wastes 
During underground m1n1ng, like surface m1mng, materials are removed, 

separated according to ore content, and stored on the surface for various 
periods of time {Section 1.3.3). These separate piles consist of waste rock 

produced from shaft sinking operations and from cutting inclines, declines, 
and haulage drifts through barren rock, sub-ore, and ore. The waste rock is 

similar to overburden removed at surface mines, except much smaller quan

tities are involved and none are returned to the mine. However, as mining 

progresses, waste rock is sometimes used to backfill mined out areas of the 
mine and retained beneath· the surface. The ore and sub-ore will also be 
similar in nature to those described previously for surface mines, as is their 

potential to be sources of contamination to the environment (Fig. 3.15). 



Ftgure 3 15 Potential sources of envtronmental contamtnat1on from acttve underground uran1um mmes 
(,..) 

I ,..... 
0 
00 
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3.4.1.1 Waste Rock Piles 

Much smaller quantities of waste rock accumulate at underground mines 

than overburden at surface mines. The weight ratio of waste rock to ore 

depends mainly upon the size, depth, and age of the mine. During the initial 

mining stages, all material removed is waste rock. As entry into the ore 

body occurs and ore mining begins, the quantity of waste rock removed per 

metric ton of ore decreases sizably. Once in the ore body, as 1 ittle waste 

rock as possible .is mined. The ratio of ore to waste rock removed from 

underground mines varies considerably. At seven presently active underground 

mines, the ore to waste rock ratio varies from 1.5:1 to 16:1 1 with an average 

ratio of 9.1:1 (Jackson, P.O., Battelle Pacific Northt1est Laboratory, 

Richland) WA, 12/79, personal communication}. As future min~s become larger 

and deep~r, the overall ore to waste rock ratio will probably decrease. 

SinGe the annual average ore capacity of underground mines was 1.8 x 104 

MT in 1978 (Section 1.3.1}, the average of the 305 underground mines would 

have produced 2.0 x 103 MT of waste rock during that year, assuming the 

average 9.1:1 ore to waste rock ratio. This will be considered the pro

duction rate of the 11 average underground mine. 11 Like surface mines, rela

tively few of the 305 active underground mines account for a significant 

portion of the total ore produced by the underground method. Also, future 

undergr:ound mines are expected to have larger capacities than many of the 

current mines {Th79). Therefore, a second underground mine will be con

sidered, which is defined as the "average large mine. 11 Its annual ore pro

duction rate is assumed to be 2 x 105 MT, the average ore capacity of five 

large underground operations (Ja79b, TVA79, TVA76, TVA78a, TVA78b). The 

quantity of waste rock removed annually will be 2.2 x 104 MT, assuming the 

ore to waste rock ratio to be the same as for the average mine. Assuming the 

density of waste rock to be about 2.0 MT/m3 and a bulking factor of 1.25 

(Burris, E., Navajo Engineering Construction Authority, Shiprock, N.M., 2/80, 

personal communi~ation), the average mine and average large mine will produce 

waste rock at an annual rate of 1.3 x 103 m3 and 1.4 x 104 m3, respectively. 

Since waste rock is not presently used to backfill mined-out areas, this rate 

of accumulation will continue for the life of the mine, which is assumed to 

be the same as that for an open pit mineJ 17 years. 

Table 3.36 lists estimated average surface areas of the waste rock piles 

during the lifetimes of the two mines defined above. The following para-
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Parameter Average Mine Average Large Mine 
Waste rock production rate, MT/yr 2.0 X 103 2.2 X 104 

Rock density. MT/m3 2.0 2.0 
Bulking factor 1.25 1.25 
Waste rock volume, m3/yr 1.3 X 103 1.4 )( 104 

Active mine life, yr 17 17 
Pile height, m 6 12 

These estimated areas assume no backfilling and that the piles are on 
level terrain. Because waste rock is sometimes used to backfill and is often 
dumped into a gorge or ravine, these surface areas represent maximum 
conditions. 

The mineralogy, physical characteristics, and composition of waste rock 
from underground mines are assumed to be identical to the overburden removed 
from open pit mines {Section 3.3.1.1). Also, reclamation procedures for 
waste rock piles at underground mines should be similar to those described in 
Section 3.3.1.4 for overburden dumps. 

3.4.1.2 Ore Stockpiles 
Because ore is often stockpiled at the mine and/or at the mill. it be

com~s a potential source of contamination to the mine environment during the 
storage period. These piles will be smaller than the waste rock piles, but 
the concentration of most contaminants in the ore·bearing rock will be much 
greater. 

Ore stockpile residence times can vary considerably with time and ore 
management. Residence times commonly range from a few days to a few months. 
The same residence time will be assumed for underground mines as was selected 
above for surface mines, 41 days. Assuming a 330 operating-day-year and a 

1.25 bulking factor, the ore stockpiles of the average mine and average large 
mine will co~tain 1,400 m3 and 15,500 m3 of ore, respectively. The surface 
areas of the ore stockpiles were computed using these volumes and assuming 
3.1 m high rectangular piles (NRC78a). Table 3.37 lists the estimated 
surface areas. 
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Table 3.36 Estimated average surface areas of waste 
rock piles at underground mines 

Mine Size 
Average 

Accumulation,(a) m3 

Average mine(b) 
Average large mine(c) 

Surface Area 
of Pile, m2 

2,700 

14,100 

Surface Area 
of Pad, m2 

2,460 

12,800 

(a)Assumes average volume of waste rock accumulated during 17-yr. mitte 
life with no backfilling (1/2 total volume accumulation). 

(b)Annual waste rock production = 2.0 x 103 MT. 
(c}Annual waste rock production = 2.2 x 104 MT. 
Note.--Waste rock piles are rectangular with length twice the width 

and sides sloping at 45° (Fig. 3.8 a). 

Table 3.37 Estimated surface areas of ore stockpiles 
at underground mines 

Mine Size 
Steady State 

Accumulation,(a) m3 

Average mine(b} 
Average large mine(c) 

1,400 
15,500 

{a)Assume 41-day residence time. 
(b}Annual ore production = 1.8 x 104 MT. 
(c)Annual ore production= 2 x 105 MT. 

Surface Area 
of Pile, m2 

680 
5,800 

Surface Area 
of Pad, m2 

620 

5,480 

Note.--Ore stockpiles are rectangular with length twice the width and 
sides sloping at 45° (Fig. 3.8 a). Pile height is assumed to be 3.1 m 
(NRC78a). 
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The mineralogy, physical characteristics, and composition of ore from 

underground mines are assumed to be identical to the ore removed from surface 

mines (Section 3.3.1.2). The u3o8 grade of ore may average somewhat higher 
from underground mines than from surface mines. However, a grade of 0.1 

percent u3o8 probably approximates reasonably well the ore reserves minable 

by the underground method (D0£79). Uranium and its decay products in air

borne dust from these ore piles will be concentrated by a factor of 2.5 

{Section 3.3.1.2). 

3.4.1.3 Sub-Ore Piles 

a surface 

1.8 X 104 

Assuming 

The quantity of sub-ore mined at an undetground mine, as at 

mine, is considered to be about equal to the quantity of ore mined, 
MT at the average mine and 2 x 105 MT at the ~verage large mine. 

sub-ore to have a density of 2.0 MT/m3 and aftEr removal a bulking factor of 

1.25, the average volume of sub-ore to be on the surface during the 17-yr 
operational life of the average mine and average large mine will be 9.6 x 104 

m3 and 1.1 x 106 m3, respectively (i.e., one-hulf the total of 17-yr accumu

lation). 
Although sub-ore is often placed on top of piles of previously mined 

waste rock {Perkins, B.L., New Mexico Energy and Minerals Department, Santa 
Fe, NM, 12/79, personal communication), we assumed separate rectangular piles 

in computing the surface areas of the piles at the model mines. Table 3.38 
lists the estimated surface and pad areas of the sub-ore piles. These compu
tations were based on pile heights of 6 m at the average mine and 12 m at the 

average large mine. 
At underground mines, the cutoff grade ranges from 0.02 to 0.05 percent 

u3o8, yielding ~n average sub-ore grade of 0.035 percent u3o8 {99 pCi/g) 
(Perkins, B.L., New Mexico Energy and Minerals Department, Santa Fe, N.M., 

12/79, personal communication). The mineralogy, physical characteristics, 

and other constituents of sub-ore from underground mines are assumed ident

ical to the sub-ore removed from surface mines (Section 3.3.1.3). 



Table 3.38 Estimated average surface areas of sub-ore 
piles at underground mines 

3-113 

Average Surface Area Surface Area 

Mine Size Ac cumu 1 at i on 1 (a ) m3 of Pile, m2 of Pad, m2 

Average mine(b) 9.6 X 104 18,800 17.700 
Average large mine{c) 1.1 X 106 104,900 99,.400 

(a)One-half that which will accumulate during the 17~yr mine life. 
(b)Annual sub-ore production= 1.8 x 104 MT. 
(c)Annual sub-ore production = 2.0 x 105 MT. 
Note.--Sub-ore piles are rectangular with length twice the width and 

sides sloping at 45° (Fig. 3.8a). 

3.4.2 Mine Water Discharge 

3.4.2.1 Data Sources 
Information concerning the amount and quality of water discharged from 

underground uranium mines in New Mexico is from field surveys conducted 'in 
1975 (EPA75, P. Frenzel, USGS, written communication, 1979) and Wagman 
(Wo791, from site-specific environmental impact statements and reports, from 
NPDES permits~ and from a State study (Pe79). 

Many mining companies maintain that permits are not required because the 
fonnerly ephemeral streams into which discharge occurs are, in effect, a 
result of the discharges and do not meet the definition of navigable bodies 
of water. Nevertheless, the companies have applied for permits, together 
with a request to the courts for a ruling concerning their necessity. 

The New Mexico district office of the U.S. Geological Survey (L. Beal, 
USGS, written communication, 1979) provided discharge rate and volume for the 
regional drainage systems, namely the Rio San Jose, Rio Puerco (east), and 
the Rio Grande. We followed procedures developed by the USGS {Bo70) to 

calculate runoff from ungaged basins. 
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3.4.2.2 Quality and Quantity of Discharge 

To estimate average or typical conditions for mine water discharge, 11 

projects in Colorado, New Mexico, and Utah were selected. Table 3.39 shows 

the summarized flow and water quality data. The center of current domestic 

underground mining is in the Colorado Plateau and the San Juan Basin. In 

this area, there is an increasing trend toward underground mining. In 

Wyoming, both underground and surface mining activity are significant. In 

Texas, surface mining and, to a lesser extent, in situ leaching are the 

principal meth_ods used. Climatic and geologic characteristics and land and 

water use patterns in the Colorado-Utah-New Mexir.o uranium area are broadly 

similar; and the Grants Mineral Belt in general and the Ambrosia Lake Dis

trict in particular are representative of this at·ea. There are many comp

licating variables such as the geologic and geor.hemical characteristics of 

the ore body and host rock. Water-yield and qult.ity associated with mines 

also vary within the region, as do the size anu relative location of the 

populace. The Grants Mineral Belt scenario is conservative. The mines 

discharge relatively large amounts of water to streams that are used for 
irrigation and stock watering and that flow by or through local centers of 

population. 

Tab 1 e 3.39 shows discharge from selected underground uranium mines in 

the Colorado Plateau areas of Colorado, New Mexico~ and Utah. On the aver

age, discharge is 2.78 m3tmin, with a standard deviation of 4.34 m3;min. The . 
selected underground mines discharge an amount of water similar to that from 

the Wyoming surface mines. In the Grants Mineral Belt area, average flow 

from 28 underground mines is 2.4 m3tmin (J. Dudley, New Mexico Environmental 

Improvement Division, written communication). Of the 27 active underground 

mines being dewatered, 17 discharge to the environment at an average rate of 

3.2 m3;min. The remainder are in a closed circuit. That is, their discharge 

is used as mill feed water. The range for 17 mines is 0.2 to 19 m3/min. 

Average discharges from New Mexico underground mines are significantly 

greater than those from mines in Colorado and Utah, which average 0.68 

m3/min. Most of the ore production in New Mexico has been from mines 200 to 

300 meters deep. In recent years, mines have become progressively deeper and 

involve more dewatering. For example, the Gulf Mount Taylor mine, which is 

not yet producing ore~ discharges 15 m3/min and will produce ore from a depth 
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of 1,200 meters. Most of the water is now diverted to a nearby ranch for 

irrigation and stock watering. When the mill goes on line, most of the mine 

water will be used there. 

Of the 16 active mines in the Ambrosia Lake district, 13 discharge to 

offsite areas at an average rate of approximately 1.6 m3/min. For modeling 

and to be conservative, we assumed that 14 active mines are present in the 

model mine area and that the average discharge rate per mine is 2.0 m3/min. 
This is somewhat less than the average condition for the Grants Mineral Belt 

(3.2 m3/min) as ~ whole in terms of discharge rate, but the high density of 

mines assumed present in the model area partly compensates for the differ-
ence. 

For the New Mexico project shown in Table 3.39, numbers 4, 5, 6, and 7 

have discharge that comes directly from the mine portal to settling ponds 
before discharge. Neither ion exchange for uranium recovery nor barium 

chloride treatment for radium removal is used. Facilities 8 through 11 use 
ion exchange columns for uranium removal before discharge. Settling may or 

may not be used, depending on the suspended solids content of the particular 
discharge. Project number 10 removes radium prior to discharge. Radium 

concentrations in the combined effluent from two active mines in the Church
rock area (projects 8 and 4), both of which use settling ponds as the only 

treatment, have ranged from 1.9 to 8.9 pCi/t since 1975. In the first survey 
(EPA75), effluent from these same mines contained 30.8 and 7.9 pCi/ t. The 

combined discharge from both mines was sampled by the U.S. Geological Survey 
in 1975, 1977, and 1978 (P. Frenzel, written communciation) and by the EPA 

(EPA75) in 1975. Concentrations were 30, 14, 2.6, and 2.6 pCi/t , 
respectively. 

It is apparent that there are marked temporal trends in mine water 

quality and quantity. Major factors responsible include changes in the 

dewatering rate accompany; ng shaft sinking versus actual ore production. 

Simultaneously, there are changes in the mineral quality and leaching rate of 

strata as t~e ore body is approached and then penetrated_. Mining practices, 
oxidation of the ore body and possibly bacterial action may also assist in 

the solubilization of toxic stable and radioactive trace elements. Sample 
handling and analytical procedures can also markedly affect results. For 

example, if suspended sol ids are high and a sample is acidified prior to 
filtering, soluble radium, uranium, and other trace constituents typically 



Table 3.39 Summary of average discharge and water quality data for underground 
uranium mines in the Colorado Plateau Region (Colorado, New Mexico, 
Utah) and a comparison with NPDES 1 imits -

Dissolved 
Radioactivit~ 

Discharge Total U, Ra-226, Pb-210, Major and trace constituents, mg/£ 

Project m3/min mg/t pCi/R. pCi/R.. TSS so4 Zn Ba Cd As Mo Se 

Utah(a) 
1 0.67 1.35 1.25 7.5 

Colorado 
2 1.31 2.20 0.53 14.3 872 0.02 0.19 < 0.01 < 0.01 0.4 
3 0.06 0.25 10.00 144.9 0.065 0.003 0.055 0.054 

New Mexico 
89(b) 4 14.67 1.0 15 25.4 60.6 2.13 <0.005 < 0.01 0.03 

5 3.79 0.67 23(c) 33 2.6 213.7 0.011 0.24 0.008 
6 1.89 0.02 14(c) 15 51.5 744 0.005 0.004 
7 0.95 0.18 0.1 0 1045 <0.005 0.05 0.002 

~(a) 0.18 4.2 1.9 9.7 67.2 0.88 <0.005 < 0.01 0.094 
0.82 1.9 4.7 16 1 675 0.17 0.011 0.45 0.407 

lO(a) 6.06 1.1 2.3 14 1.08 705 < 0.005 0.52 0.027 
11 (a) 0.216 2.6 4.3 14 2.2 837 0.66 0.012 0. 79 0.036 

Average 2.78 1.41 13.7 14.6 27.8 580 0.81 0.012 0.29 0.076 
Standard 
Deviation 4.34 1.25 25.9 9.1 46.9 368 0.80 0.015 0.29 0.137 

w 
I 

....... 

....... 

"' 



Table 3.39 (continued) 

Summary of NPDES permit 1im1ts for daily average/daily maximums mg& except Ra-226,- eCi/& 
Total Total 
Suspended Dissolved 

State Solids Solids Zinc Barium Cadmium Arsenic Vanadium 

New Mexico 3/10 2/4 50/150( day} ( d} 
20/30{month) 

0.5/1.0 

Utah 

10/30 Total 
Radium 

3/10 
and 
-/3 

2/4 
and 
-/2 

20/30(e) NA/650 

3500 

0.5/1.0 

Colorado 3/10 
and 
-/3 

3/5 
and 
2/4 

20/30 48990/(f) 0.5/1 .• 0 1/2 0.05/0.1 1/2 
and 
0.5/1 

122476 and 
kg/day -/1 

(a}Average discharge rate per mine is shown. Two or more mines constitute the project. 

(b}Bacl 2 treatment for radium removal faulty; repaired in late 1979. 

(c)Values shown are for untreated water. BaCl 2 treatment now used. 

(d)Applies to discharge associated with shaft construction. 

(e)Maximum of 10 mg/t for 30-day period and ZO mgk for 7-day period effective July 1, 1980. 

(f)Receiving water standard. 

5/10 

Source: Chemical analyses from in-house studies (EPA75) and State of New Mexico {J. Dudley, Environmental 
Improvement Division~ written communication). NPDES permit data from Regions VI, VIII (H. May, R. Walline, 
written communication). Other references include site-specific reports {EIS,ER) and company monitoring data. 

w 
I 
I-' 
I-' 
'""-l 
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will increase~ as c001pared to samples that are filtered prior to acidifi

cation {Ka77). Therefore, development of 11 average" or "typical .. trace ele

ment concentration dat? is questionable and may be erroneous without detailed 

knowledge of the many variables affecting the final results. 

Despite the foregoing difficulties, available chemical data assembled in 

Table 3.39 provide much of the source term input data used in subsequent cal

culations. The reader should bear in mind that uranium concentrations are 

likely to be less than 3 mgh, simply because 1t is economically practical to 

use ion exchange recovery for concentrations greater than this level. Daily 

average radium-226 concentrations on the order of 3 pCih are specified in 

va 1 id NPDES penn its, and· reliable data from USGS, EPA, and state sources re

veal stream concentrations near the point of discharge to be on the order of 

3 to 14 pCi/1 in recent years. Therefore, the "average" radium-226 concen

tration of 13.7 pCi/i used in the subsequent modeling calculations is at 

least slightly conservative. Actual concentrations of stable elements {Zn~ 

Ba, Cd, etc.) appear to be well below the NPDES limits, which were also de

veloped from analysis of uranium mine effluent. Thus, it is presumed that 

the average values in Table 3.39 for these elements are reasonably correct. 

The variables of mine size, age, host rock, and water treatment {ion ex
change, barium chloride, settling ponds) are reflected in the data. Water 

quality for mines examined in Utah and Colorado generally agrees with the New 

Mexico cases, with the exception of Project Number 3 mine, which is being 

dewatered and may. therefore, temporarily have excessive suspended solids. 

We recommend that the NPDES data for uranfum mine discharges be evaluated and 

that additional compliance monitoring be conducted to confirm .the quality of 

mine discharge. Such studies should focus on situations where mine water is 

being used for irrigation and stock watering. 

Table 3.40 shows discharge and water quality characteristics for under· 

ground mines under construction and not yet producing ore. The first example 

involves water pumped from a deep mine shaft under construction. Cons id

erable -water is encountered above the ore body; water quality is good and 

representative of natural conditions; and suspended solids are high as a 

result of construction. The second case is similar except that flow is re· 

duced, but radium and suspended sol ids concentrations are greatly elevated 

due to construction and possible ore body oxidation. The third case involves 



Table 3.40 Water.quality associated with underground mines in various 
-stages of construction and operation 

Dissolved 
Discharge 

m3/min 

Total U Ra-226 P6-210 Concentration, mg/1 

Project mg/t pCi/R. pCi/t TSS As 

New Mexico 

1. Underground mine 5.76 0.03 0.07 10 23.8 134 <0.005 
shaft construction; 
dewatering 

2. Underground mine 1.73 <0.01 29 0 554 527 0.012 
shaft construction; 
dewatering 

3. Underground mine; 1.43 0.08 0.2 0 1 144 <0.005 
dewatering wells 

4. Underground mine 0 0.32 29 17 1.1 1060 <0.005 
recirculating leach 
solution from stapes 
(after ion exchange) 

Source: J. Dudley, State of New Mexico, written communication, 1979. 

Mo Se 

0.01 0.003 

0.007 o.oos 

0.01 0.003 

3.2 0.268 
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dewatering wells used to dewater the ore body before m1nmg. There is no 
oxidation and suspended sol ids are very low as is radium-226. Dissolved 
radium-226 in the ore body is on the order of 10 pCik or less in the natural 
state, but concentrations rise to 100 pCi/t or more after mining takes place, 
possibly due to oxidation and bacterial action in the workings (EPA75). 

Project Number 4, in the Ambrosia Lake district, is an inactive underground 
mine now used as a type of in situ leach facility. Mine water is recir
culated through the workings. Leached uranium is selectively recovered using 
ion exchange. The process is a closed one, hence no effluent is involved. 
Water quality after uranium removal reflects the buildup in radium, lead-210, 
sulfate, molybdenum, and selenium. 

3.4.3. Hydraulic and Water gualitx Effects of Underground Mine Discharge 

3.4.3.1 Runoff and Flooding in the Model Underground Mine Area 

3.4.3.1.1 Study Approach 

We chose to study an area of rather concentrated underground m1m ng, 
similar to the Ambrosia Lake district of New Mexico. All of the mines in the 
9istrict dewater to different degrees because the principal ore body is in 
the Westwater Canyon Member of the Morrison Formation, which is also a major 
aquifer. In the ana1ysis, flows from some 14 active mines discharge to 
fonnerly dry washes and dissipate downstream by evaporation and. more impor
tantly, infiltration. Suspended and dissolved constituents persist at the 
land surface and become available for resuspension and transport in surface 
floods with recurrence intervals of 2 to 25 years. Contaminated runoff from 
the sub-basin is then diluted in average annual flows of progressively larger 
streams and rivers of the region. 

Similar to the analysis presented for surface mines in Wyoming, there is 
a three-basin hierarchy: sub-basin, basin, and regional basin (Fig. 3.16). 
These correspond to Arroyo del Puerto-San Mateo Creek, Rio San Jose and Rio 
Puerco, and the Rio Grande. Of these, the Ri,o Puerco is distinctly ephe
meral. The Rio Puerco drains into the Rio Grande, which is perennial, due in 
large part to the heavily regulated flows and storage reservoirs. Because 
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Figure 3 16 Sketch of sub-bastn, basm, and regional basin showmg or~enta
tton of pnnc1pal dra1nage courses. areas of drainage, and loca
tion of mmes in the New Mex1co model area 
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the Rio Grande is the major regional river and the basis of extensive irri

gation projects, it is included in the. analysis. The mining area is well 

away from the Rio Grande Valley, and it is unlikely that noticeable changes 

in flow or water quality because of mining would occur. 

Flow volumes for the sub-basin and open file USGS data {L. Beal, written 

communication, 1979) for flows in the basin and regional basin are used to 

transport and dilute contaminants originating in the mine effluent. It is 

initially assumed that all contaminants are available for transport by sur

face flow so .as to deliberately create a worst-case situation. Section 

3.4.3.2 reviews infiltration of water and solute for possible effects on 

groundwater. 

We do not address the effects of seepage from settling ponds because 

such ponds are relatively small, tend to be self-sealing, and are well away 

from inhabited areas. Supposedly, settled solids from th~te ponds are 

removed and incorporated with uranium mill tailings. Limited field studies 

to determine whether such ponds cause groundwater contamination is warranted. 

In some instances, the ponds have synthetic liners, and leakage is expected 

to be minimal. The influence of mine dewatering {by wells, shafts~ and 

pumping of mine workings) on groundwater quality or availability is not 

addressed primarily because of the lack of data. We strongly recommend 

further study of the hydraulic and groundwater quality effects of dewatering. 

Th,is aspect of mining is coming under increased scrutiny by regulatory 

agencies at the State and Federal level because of the influence on water 

quality and availability. 

In summary, our approach defines the quality and volume of mine water 

discharge; outlines hydrographic basins; and calculates flood flows for 

various return periods ranging from 2 to 25 years in the sub-basfn. These 

flows are then diluted into the average annual flow in the basin and regional 

basin. The principal objective is to develop a rough estimate of contaminant 

loads resulting from mine discharge. 

3.4.3.1.2 Description of Area 

The Grants Mineral Belt of northwestern New Mexico is in the Navajo and 

Datil sections of the Colorado Plateau physiographic province (Fe31}. Char

acteristic landforms in the study area include rugged mountains, broad, flat 



3-123 

valleys, mesas, cuestas, rock terraces, steep escarpments, canyons, 1 ava 

flows, volcanic cones, buttes, and arroyos (Ki67; Co68). Elevations in the 

area range from 1,980 m at Grants to an average of 2,160 m near Ambrosia 

Lake. Just north of Grants is Mount Taylor, the highest point in the region. 

It rises from Mesa Chivato to an elevation of 3,471 m (Co68). 

The study area has a mild, semiarid, continental climate. Precipitation 

averages 25.4 em/year, and there is abundant sunshine, low relative humidity, 

and a comparatively large annual and diurnal temperature range. Average 

annual precipitation at Gallup, Bluewater, and Laguna is 27.12, 24.55, and 

22.31 em, respectively. In the higher elevations, the average is 51 em or 

more because of thunderstorms in July, August, and September and snow accumu

lations in the winter months (Co68, Go61, Jo63). Only thunderstorms are 

significant fn the lowlands. Heavy summer thunderstorms {40 to 70 in number} 

of high intensity and local extent can r£su1t in 5 em of rain with local, 

damaging flash floods. 

The watersheds of the Rio San Jose and Rio Puerco encompass 19,037 km2• 

Most of the larger communities in the basin are located in the floodplain of 

the Rio Grande and principal tributaries. Extensive irrigation with surface 

water occurs in the watersheds of the Rio San Jose, Rio Puerco, and Rio 

Grande. In the sub-basin, there was no perennial flow before mining and, 

thus no irrigation, but increasing use is being made of the mine discharge, 

which is regarded as an asset in a water-short area. Subsequent sections 

summarize the surface water quantity at some of the principal gauging 

. stations in th~ Middle Rio Grande Basin and the irrigated areas below these 

stations. Groundwater is used for essentially all public water supplies as 

the temperature, quality, and year-round availability are assured. Numerous 

wells scattered across the landscape, particularly in the stream valleys, are 

used for stock water and, to a lesser extent, for potable use on the scat

tered ranches and Indian settlements. 

Under completely natural conditions, streams in the study area were 

distinctly ephemeral, and many of the sma11er ones did not experience flow 

for periods of ·several years. The Rio Grande experiences peak flows in the 

April-June period when snowmelt and precipitation cause gradual rises to 

moderate discharge levels involving large volumes of flow and long durations. 

Peak discharge rates (volume per time) occur in the summer flash floods. 
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Construction of dams and conveyance channels to eliminate flooding problems 

has been extensive. In the tributaries such as the Rio San Jose and upper 

reaches of the Rio Puerco, there is considerable streamflow regulation to 

minimize flood damage and maximize use of available water for irrigation. 

Condi tfons in the Arnbros ia Lake district with respect to the type of 

mining operations and discharge of effluent to ephemeral streams are dupli

cated elsewhere in the Grants Mineral Belt. In the Churchrock district, two 

mines discharge to the Rio Puerco at rates of 4.7 to 15m3/min. Most of the 

4.7 m3/min discharge from one mine is now used in a nearby mill. At Mariano 

Lake, located between Ambrosia Lake and Churchrock, and at the Marquez and 

Rio Puerco mines east of Ambrosia Lake, mines 

to 4.5 m3/min to various ephemeral streams. 

discharge up to 5. 3 m3;mi n northward into the 

are expected to disrharge 0.8 

Another large mine wi 11 soon 

San Juan River Basin. In the 

mid 1980's~ construction is expected to begin on five large underground 

mining projects that will have a combined discharge on the ot·der of 71 

m3/min. Most discharge will be into the San Juan Basin, reflecting the trend 

of mines becoming deeper and requiring more dewatering as the mining center 

moves from the south flank of the San Juan Basin into more interior portions. 

3.4.3.1.3 Estimate of Sub-basin Flood F1ow 

Since we use a dilution-model, emphasis is on flow volume rather than 

pei'ik discharge rate in the sub-basin~ basin, and regional basin hydrographic 

units. Gaging records from the U.S. Geological Survey WATSTORE system (L. 

Beal, written communication, 1979) provide average discharge rates for runoff 

events with various return periods and durations. The latter specify the 

time, in days, and the associated flow rate that will be equaled or exceeded. 

Flows for arbitrary periods of time ranging from 1 to 183 days are specified. 

Probability can be stated in tenns of N-year recurrence interval. By 
combining discharge rate (volume per time} and time (partial duration), flow 

volume can be calculated. 

In the ungaged sub-basin, runoff volumes associated with events having 

return periods of 2, 5, 10, and 25 years were calculated from regression 

equations deve1oped by the USGS (BolO). The equations were generated from 

multiple regression of discharge records from gaged basins against various 

basin characteristics. These are area (A), precipitation (Pa), longitude 
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at the center of the sub-basin (Lo), soils infiltration index (Si), and mean 

basin elevation (Em). Through use of appropriate constants and coefficients 

(Bo70), flow volumes can be calculated for 1-day and 7-day events with return 

periods of 2, 5, 10, and 25 years. For the sub-basin, the basic equation has 

the following fonn: 

where A = 95 mt2 

Pa = 2.9 inches 
Lo = 7.85 {longitude in decimal degrees minus 100) 

s. = 8.5 
1 

Em = 7.0 thousand feet 

{3.10) 

Table 3.41 contains the regression coefficients and total flow volume data. 

Short-term, 1-day and 7-day, events were of main interest because these would 

be expected to provide greater flushing of contaminants stored at or near the 
water-substrate interface in the streams receiving mine discharge. 

The extent to which mine discharge transforms existing ephemeral streams 

into perennial ones is eva1uated with a crude seepage and evaporation model 

(see Appendix H). The basic equations and approach are patterned after a 

similar analysis in the Generic Environmental Impact Statement on Uranium 

Milling (NRC79b). 

Figure 3.16 shows the relationship of the sub-basin, basio, and regional 

basin boundaries and the principal drainage courses and gaging stations. The 

confluence of the Rio Puerco and Rio San Jose is shown approximately 55 km 

closer to the Rio Grande than is actually the case in order to simplify flow 

routing and to reduce the number of dilution calculations. Table 3.42 sum

marizes the key characteristics of these basins in terms of catchment area, 

discharge, and irrigated fannlands downstream from points where mine dis

charge might be tributary to the streams. Mine discharge occurs in the 

sub-basin which in turn discharges to the Rio San Jose and then to the Rio 

Puerco. No mine discharge and no significant runoff are associated with that 

portion of the basin tributary to San ~lateo Creek between the Rio San Jose 

and the sub-basin. For modeling. flooding within and runoff from the sub-



Table 3.41 Total flow volume for sub-basin floods of 1- and 7-day durations 

and return periods of 2, 5, 10, and 25 years 

Flood Regression Coefficients Volume 

Volume a bl b9 b14 b15 b4 (m3) 

FV 1 2(a) -4 0.931 1.83 -1.43 4.09 2.16 X 104 
I 1. 08 X 10 

FV 1,5 1. 27 X 10-J 0.941 1.40 -1.89 4.07 6.23 X 10 4 

FV 1,10 5.07 X 10 -3 0.953 1.17 -2.18 4.02 1. 02 X 105 

FV 1,25 2.39 X 10-2 0.972 0.929 -2.51 3'. 95 1. 76 X 10 5 

FV 7,2 8.60 X 10-7 0.965 2.36 -1.61 4.22 1. 50 5.95 X 10 3 

FV 7,5 2.99 X 10-4 0.904 2.55 -2.09 3.53 8.79 X 10 3 

FV 7,10 8.97 X 10-4 0.910 2.37 -2.39 3.61 1. 43 X 104 

FV 7,25 3.06 X 10-J 0.922 2.17 -2.76 3.68 2.26 X 10 4 

(a)FV 1,2 indicates a flood of 1-day duration and a return period of 2 years. 

w 
I ,.... 
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able 3.42 Summary of area, discharge, and irrigated acreage for the sub-basin~ basin, and 
regional basin hydrographic units in New Mexico 

Number of km2 Average m3/min 
Period of Under Irrigation Discharge (for 

Average Annual 
Discharge {m3) 

USGS 

Station 
Number Area {km2) Record Yrs. Below Station Period o{ Record) for Period of Record 

;ub-bas in 
:a sins 

Rio San Jose 3435 
near Grants 
Rio Puerco 3530 
near Bernardo 

tegional Basin 
Rio Grande at 3320 

Bernardo 

{a)N/C = Not Calculated. 

246 

5957 42 
{2927 non-contributing) 

19037 38 

(2927+ non-contributing) 

49810 41 
(7610 non-contributing) 

2.43+ 11.09 

81.05 

N/C{a) 1649.35 

5.83 X 106 

4.26 X 107 

86.69 X 107 

w 
I 

....... 
N ...., 
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basin is, in effect, routed without change in flow and quality and allowed to 

enter the Rio San Jose. Flow from the San Jose is further diluted in the Rio 

Puerco, then diluted again in the Rio Grande. In actuality, flow from the 

Ambrosia Lake district rarely, if ever, enters the Rio San Jose because flood 

volumes are small and infiltration losses are large. This departure from 

true conditions is justified within the context of the modeling approach 

used. Basically, the model draws from a specific area but does not attempt 

to closely dupli_cate its conditions. If a specific area were exactly repre

sented, the model would still be incorrect to varying degrees for othe::r 

areas, and the generic ~alue of the assessment would depreciate. 

Of special interest is the effect of contaminated flows on irrigation 

projects present on the Rio San Jose and Rio Grande. An extensive system of 

dams and conveyance chcnnels regulates flow in the Rio Grande, and partidl 

duration flow data are unavailable. Instead, the average annual flow volume 

is used to provide the final dilution estimate. For the sub-basin in which 

the mines are located, flood volumes are calculated using the USGS regression 

equations (Bo70). The maximum return period for which flows are calculated 

is 50 years. The remainder of this section first considers the flow or 

hydraulic aspects of the surface water pathway. Finally, several factors 

concerning the quality of runoff water are mentioned to balance conservatism 

and realism in the pathway analysis and, subsequently, in the health effects 
' 

modeling to follow. The emphasis here is on surface water impacts, and we 

assume maximum transport for this pathway. The influence of infiltrating 

mine water is discussed in Section 3.4.3.2. 

All of the streams, except the Rio Grande and certain reaches of the Rio 

San Jose are distinctly ephemeral under natural conditions. In the sub

basin, there is perennial flotrJ because of mine discharge. In Fig. 3.17 are 

the average monthly and annual discharges for the Rio San Jose and the Rio 

Puerco in comparison to cumulative annual flow from 14 mines, each dis

charging a~. 2_ m3/min. The monthly data reveal pronounced seasonal variations 

approaching 1 to 2 orders of magnitude. The streams do not show the same 

seasonal variations, further attesting to varied patterns of runoff, irri

gation diversion, and control features such as impoundments and conveyance/ 

irrigation channels. Figure 3.18 shows the percentage of each month during 
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Rio San Jose near Grants, N.i'1. 

lb.o Puerco at RJ..o Puerco, N.~l. 
fZZZ2':.l2Z2Z?7 Rlo Puerco near Bemardo, N.M. 

F1gure 3 17 Average monthly flows for the penod of record for the R1o San Jose 
and the R10 Puerco in New Mex•rntc:. •. ...., .... anzed from flow records prov1ded by 
L Beal, US Geotog1cal Surve erque) 
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which there is no flow in the Rio San Jose and Rio Puerco. The average 

period of annual or monthly no flow is as follows: 

Rio San Jose near Grants: 

Rio Puerco at Rio Puerco: 

Rio Puerco at Bernardo 

0 Percent 

45 Percent 

71 Percent 

It is also assumed that flow from the sub-basin reaches the first major 

stream, the ~io San Jose, ·with no change in flow or quality. Runoff is 

minimal in the lower recches of San Mateo Creek because of internal drainaga 

and considerable infiltration. Historical evidence indicates that only 

rarely, if ever, would -Flood runoff from Ambrosia Lake enter the Rio Sc •. , 

Jose. In the interests of conservatism, total flow laden with contaminants 

is transported to the Ri1 San Jose. Dilution first occurs within the sub

basin and then, successively, in the Rio San Jose, Rio Puerco, and Rio 

Grande. The latter is the regional basin. 

There is an infinite number of combinations of flood volumes and dilu

tion volumes for the sub-basin, basin. and regional basin streams. Use of 

average annual discharge volumes in the receiving streams simplifies what 

would otherwise be a burdensome, confusing series of calculations. Flushing 

action from the sub-basin is handled on a probabilistic basis in tenns of 

flow duration and return period. Concentration values are based on 14 mines, 

a 'loading period of two years, and flow and water quality data shown in Table 

3.39. When, for example, 5-year or 10-year events are considered, it is 

conservatively assumed that events with shorter return periods do not occur. 

The accretion period remains constant (2 years}, and only the return period 

and duration are varied, resulting in varying flow volumes. It is conceiv

able that contaminants could concentrate for 3, 4, or 5 years and then be 

flushed by a 2-year event, but this was not evaluated. 

Minimum and maximum return periods for floods from the sub-basin were 

set at 2 ,and 25 years, respectively, for several reasons. The 2-year event, 
-

i.e., runoff volume over a duration of 1 day or 7 days and occurring on the 

average of every 2 years, is expected to occur rather frequently over the 

life of the mines (17 years}. The intermediate-sized storms with return 

periods of 5 or 10 years would result in considerable contaminant transport, 
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but concentrations would be low owing to dilution and to annual or semiannual 

scouring prov1ded by smaller floods. The 25-year event is a practical maxi

mum expected to occur during the lifetime of the mining district. Still 

larger floods, with return periods of 50 or 100 years, can be calculated but 

are less important because of their infrequent occurrence. Figures 3.19 and 

3.20 show calculated flow volumes from the sub-basin for 1-day and 7-day 

durations and return periods of 2 years to 50 years. The extreme range in 

flow volume is from 2.16 x 104 m3 to 2.55 x 105 m3• 

Figures 3.19 and 3.20 show flow values in the Rio San Jose and Rio 

Puerco for 1-day and 7-day durations and return periods of 1 to 100 years. 

For the Rio San Jose, 1-day volumes range from 1.24 x 104 m3 to 1.68 x 106 

m3• The mean annual discharge rate in the Rio San Jose is 1i.o9 m3/min. Flow 

from the Rio San Jose enters the Rio Puerco where corresponding flows (1-day 

duration) range from 0.6 x 106 to 2.15 x 107 m3 at the point of inflow to the 

Rio Grande. Average daily d1scharge in the Rio Grande seasonally ranges from 

8.87 x 105 m3 to 59.5 x 105 m3• Average annual flows rather than peak 1-day 

or 7-day flows were used in the subsequent calculations. 

The maximum probability for peak runoff from the sub-basin and resulting 

contaminant transport is in the summer months, at which time the Rio Puerco 
has no flow about 22 to 75 percent of the time. Flow in the Rio San Jose and 

Rio Puerco from June through September ranges from 3.96 x 105 to 1.97 x 107 

m3 per month for the period of record (Fig. 3.17). 

3.4.3.1.4 Prediction of Sub-basin Water Quality 

Table 3.43 outlines dilutions based on the foregoing discussion of flow 
patterns and discharges and cons ide ring only the 1-day sub-basin flood event 

with a 2-year recurrence interval. The dilution constant is the ratio of 

concentration in the receiving water to that in the contaminated (relatively) 

inflow. It is more commonly expressed as the dilution factor, which is the 

reciprocal. Thus, in the case of the sub-basin flood flow entering the mean 

annual flow of the Rio San Jose, there is a 271:1 dilution (Table 3.43)a 

With- development of the foregoing (mine water) source tenn and surface 

water pathway, the -remaining discussion emphasizes contaminant concen

trations in surface water. This, in turn, serves as input data to health 

effects modeling for the water pathway. Chemical concentrations in the Rio 
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L[GEl\JD 
o Sub-basrn (Arroyo del 

Puerto @ San ~!ateo Creek) 

"6. Basm (!ho San Jose near 
Grants, lt343S) 

0 Basin (~o Puerco near 
Bernardo, "3530) 

NOTE: Total flood flo1v for 
one day duratlon not calcu
lated for reglonal basw 
(HJ.o Grande). 

10 4~~--~------~--------,--------,--------.--------,--------.---~ 
1 2 5 10 25 so 

RECURRENCEINTERVAL(YEAAS) 
F1gure 3 19 Total flow volumes m one-day periods for lloods of vanous 
recurrence Intervals m the sub-basm and basms m New Mex•co (Summanzed 
lrom flow records prov1ded by L Beal, \.J S GeologiC<'I Survey, Albuquerque) 
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o Sub-basw (Arroyo del Puerto @ 

San ~lateo Creek) 

ll. Bas1n (R1o San Jose near 
Grants, 113435) 

<> Bas1n (Rio Puerco 
near Bernardo, #3530) 

NOTE: Total flood for seven days 
clurat1on not calculated for reg1onuJ 
basm (Rlo Grande). 
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RECURRENC INTERVAL YEA~) 
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F1gure 3 20 Total flow volumes m seven-day penods tor floods of var1ous 
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Table 3.43 Dilution factors for the Rio San Jose, Rio Puerco, and Rio Grande 
l 

for 1-day fl~od flows with a 2-year recurrence interval 

Flow Ratio Oii~Ation 

Hydrographic. Basins (m3/m3) Constant 

Rio San Jose near Grants(a) 2.16 X 104 = 0.0037 
5.83 X 106 + 2.16 X 104 

Rio Puerco(b) 2.16 X 104 = 0.00051 

4.26 X 107 + 2.16 X 104 

Rio Grande near Bernardo{c) 2.16 X 104 = 0.000025 

86.69 X 107 + 2.16 X 104 

(a)Calculated using mean annual flow in the Rio San Jose (near Grants, NM) station: 
Dilution = Sub-basin flood flow 

Rio San Jose flow + Sub-basin flood flow 
(b)Assumes Rio San Jose enters the Rio Puerco at Bernardo: 

Dilution = Sub-basin flood flow 
Rio Puerco flow (includes Rio San Jose flow) + Sub-basin flood flow 

(c)Dilution = Sub-basin flood flow 
• 

Rio Puerco flow + Rio Grande flow (at Bernardo) + Sub-basin flood flow 

Dilution 
Factor 

271 

1973 

40135 

w 
I 

........ 
w 
01 
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San Jose, Rio Puerco (at Bernardo), and in the Rio Grande (near Bernardo) are 
shown in Table 3.44 along with 1-day and 7-day flood flow volumes from the 
sub-basin for return periods of 2, 5, 10, and 25 years. These flood volumes 
are diluted into t~e mean annual flow of the Rio San Jose (near Grants), Rio 
Puerco (at Bernardo), and Rio Grande (near Bernardo). The principal reason 
for using mean annual flow is that the radiation dose and health effects 
model (Section 6.0) stresses estimating average annual dose to the population 
over the duration of mining activity. 

For example, the 1-day duration flood flow {with a 2-year return period) 
contains 1920 mg/t uranium, which decreases to 7.09 mg!t in the Rio San Jose 
and 0.973 mg/t in the Rio Puerco. Because of the short duration of most 
floods in the sub-basin, there is little difference in flow volume and, thus, 
dilution between the 1-day and 7~day events. With progressive dilution down
stream, the difference in size between sub-basin floods of varying durations 
and return periods becomes insignificant relative to the mean annual flow 
volumes of the basin and regional basin streams. As a result, concentrations 
tend to reach a minimum and remain unchanged at this degree of accuracy. 

As 1n the case of the Wyoming surface-mine scenario, we assume 
that most contaminants in the mine water collect on or near the land 
surface and are available for transport. This assumption is open to ques
tion, but field data are scarce to support contentions as to the fraction of 
c9ntaminant load that becomes unavailable. For example, extensive field 
studies along the Animas, San Miguel, and Dolores Rivers in Colorado con
cluded that " ••• once radium becomes a part of a stream's environment, it 
constitutes a relatively long-term and continuous source of water and aquatic 
biota contamination~• (Si66). However, cessation of uranium mill discharges 
to the Colorado River tributaries effectively negated this source, which is 
now believed to be buried behind the Lake Powell and Lake Mead impoundments. 
Similarly, dissolved radium reverts to background levels of several pica
curies per liter in natural streams receiving mine water in Colorado and New 
Mexico. Although it is likely that flood waters resuspend precipitates and 
sediments with sorbed radium, laboratory experiments (Sh64; Ha68) indicate 
that only minor re-solution takes place. This phenomenon is supported by 
recent surface water data collected in the Grants Mineral Belt of New Mexico 
(Ku79}. Therefore, concentration~ of dissolved radium in flood water are 



Table 3.44 Annual contam1nant load1ng from 14 uranium mines and result1ng concentrattons in sub-basin floods and 1n the 
average annual flow of the Rio San Jose, R1o Puerco, and R1o Grande 

Contam1nant Mass ava1lable 1- and 7-day flood flow volumes (m3} and contam1nant concentr~tior.~ a~$nc1ated w1th return periods of 2 to 25 years(b) 
concentrat10n for transport 1-Da 7-0a 
10 m1ne (kg/yr ex1e~t 4 v5=6.2Jxio4 1110"'1,02x105 v25=1.76xl05 4 4 effluent (mg/1 as noted) a v2-...2.16x10 1/2=5947 v5=a794 v10 .. t.4JdO v25 =2.26xl0 
except as noted} c2 c5 CIO c2s c2 cs clO c2s 
Total Urarnum 1480 1920 665 406 235 6970 4710 2900 1830 
1.41 7.09 7.03 6.98 6.89 7.10 7.09 7.10 7.07 

0.973 0.971 0.970 0.967 0.973 0.972 0.973 0.970 
0.0456 0.0456 0.0455 0.0455 0.0456 0.0455 0.0456 0.0456 

Radlum-226 0.00144 Ci/yr 1870 647 395 229 6780 4580 2820 1780 
13.7 pCi/.r. 5.9 6.8 6.8 6.7 6.9 6.9 6.9 6.9 

0,95 0.95 0.94 0.94 0,95 0.95 0.95 0.94 
0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044 

Lead-210 0.00153 C1/yr 19800 6880 4200 2430 72000 48700 30000 19000 
14.6 pC1/.t 73.1 72.7 72.2 71.2 73.4 73.3 73.4 73.4 

10.0 10.0 10.0 10.0 10.0 10.1 10.1 10.1 
0.470 0.471 0.471 0.470 0.471 0.471 0.472 0.472 

Cadmnm 7 9 3 2 l 30 20 10 9 
0.007 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 

0.004 0.004 0.005 0.004 0.004 0.004 0.003 0.005 
0,0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

Arsenic 13 17 5.8 3.6 2.1 61 41 25 16 
0.012 0.063 0.061 0.062 0.062 0.062 0.062 0.061 0.062 

0.0086 0.0085 0.0086 0.0086 0.0065 0.0085 0.0084 0.0085 
0.00040 0.00040 0.00040 0.00041 0.00040 0.00040 0.00039 0.00040 

Selenium 60 100 36 22 13 376 254 156 99 w 
0.076 0.38 0,38 0.36 0.37 0.38 0.38 0.38 0.38 I ....... 

0.053 0.052 0.052 0.052 0,053 0.053 0.053 0.053 w ..... 
0.0026 0.0026 0.0026 0,0026 0.0026 0.0026 0.0026 0.0026 



Table 3.44 (continued) 

Contamnant Mass available 1- and 7-day flood flow volumes tm3) and contaminant concentrations associated with return periods of 2 to 25 years(b) 
concentratl on for transport 1-Da 7-Da 
1n m1ne (kg/yr except(a) 

v2=2.l6x!04 4 - 5 5 v10"'1,43xro4 v25=z.z6xio4 effluent (mgh as noted) v
5 
.. 6.23xiO v10-I.02xl0 v25=I. 76xiO v2=5947 v

5
;8794 

except as noted) cz cs c10 c2s cz cs c1o czs 
Molybdenum 3M 390 130 82 48 1400 960 590 370 
0.29 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 

0.20 0.19 0.20 0.20 0,20 0.20 0.20 0.20 
0.0093 0,0089 0.0092 0.0091 0.0092 0,0093 0,0091 0.0092 

BarJIJill 850 1100 380 230 140 4000 2700 1700 1100 
0.81 4.1 4.0 4.0 4.1 4.1 4.1 4.2 4.2 

0.56 0.55 0.55 0.58 0.56 0.56 0,57 0.58 
0.026 0.026 0.026 0.027 0.026 0.026 0.027 0.027 

Zinc 45 58 20 12 7.2 210 140 88 56 
0.043 0.21 0.21 0.21 0.21 0.21 0.21 0.22 0.22 

0.029 0.029 0.029 0.030 0.029 0.029 0,030 0.030 
0,0014 0.0014 . 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 

Sulfate },22 X 10, 1.58 )( 105 5,48 X 104 3.35 I( 104 1,94 X 104 !l. 74 X 105 3,8R X 105 2.38 x 105 1.51 X 105 

580 584 580 574 568 586 584 582 584 
80 80 80 80 80 80 80 80 
3.8 3.8 3.7 3.8 3.8 3.8 3.7 3.8 

Tota 1 Suspended 29000 38000 13000 8000 4600 140000 92000 57000 36000 
SOlfds 140 140 140 130 140 140 140 140 
27.8 19 19 19 19 20 19 19 19 

0.90 0.89 0.90 0.89 0.92 0.89 0.90 0.89 

(a)Mass values shown are on an annual. per-mine basis. 

(b)yr and Cr refer respectively to flood volume. in cubic meters, and concentration in runoff for an r-year flood. Concentrations are in 
mg/t, except for radium-226 and lead-210, which are in pCi/t. Concentrations shown are from accretion or loading in the sub-basfn for 2, s. 10. 
25 years. yielding the first value shown 1n each set. The next three values below this initfal value represent. in downward order, concentrations 
in the flood flow as diluted by the mean annual flow 1n 1) the Rio San Jose near Grants (5.83 x 106 m3), 2) the Rio Puerco at Bernardo (4.26 x 107 

m3). and 3) the R1o Grande near Bernardo (86.69 x 107 m3). 
~.--Assumptions: Mines d1scharge continuously at a rate of 2.0 m3/min. Concentrations are the average of those shown in Table 3.39. Except 

for radium and sulfate, all suspended and dissolved contaminants remain 1n or on the stream sediments and are mobilized by flood flow. Twenty per
cent of the sulfate and 10 percent of the radtum are available for resolution. 
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arbitrarily set at 0.00144 Ci/yr or 10 percent of the annual loading from the 

model mine. 

Sulfate is also considered an important exception in the total "trans

port" concept. Because sulfate can be a highly mobile anion, it is assumed 

that 80 percent of the load enters the shallow groundwater reservoirs and 20 

percent is available for solubilization and chemical transport in surface 

flows. No distinct pattern of groundwater contamination from mine water, per 

se, was documented in an earlier Grants Mineral Belt survey (EPA75), but 

recent data from _the State indicate groundwater deterioration as a result of 

mine drainage {J. Dudley, New Mexico Environmental Improvement Division, oral 

communication, 1979). It is likely that considerable fractionation L'F other 

stable and radioactive trace elements occurs, but field data specific to the 

uranium mining regions are quite scarce, with the exception of Texas \He79), 

where only stable elements were studied. Because of our imperfect, nun-pre

dictive understanding of trace element transport in aqueous syste>ms, our 

analysis assumes total transport for most constituents in lieu of numerous, 

equally unfounded assumptions for resuspension factors, fractionation, etc. 

Floods of 1-day and 7-day duration and return peri ads of 2,. 5, 10,. and 25 

years are arbitrarily selected as providing the necessary flushing action 

associated with intense, short-term runoff events. It is likely that storms 

of shorter (less than 1-day) duration and possibly greater discharge rate 

also transport contaminants. The flow volume and thus the dilution Cdnnot be 
' estimated for these events. 

Calculated water quality in basin and regional basin streams is shown in 

Table 3.45 along with established and suggested standards for selected con

taminants. For uranium, concentrations in the basin exceed the suggested 

limits based on chemical toxicity and radiotoxicity. Radium-226/228 exceeds 

the standard in the basin but is well below the standard for the regional 

basin. The same is true for sulfate, cadmium, arsenic, barium, and selenium. 

Zinc is the only contaminant consistently below the potable and irrigation 

water standards. As in the case of the surface mine scenario for Wyoming, 

uranium is apparently well above suggested limits and warrants further study, 

as do the stable toxic elements in the basin area(s) closest to the mining 

centers. 

With the exception of radium-226 and sulfate, the concentrations of 

radionuclides and other parameters shown in Tables 3.44 and 3.45 reflect no 



Parameter 

Total U 
Ra-226 + 228 
TSS 
Sulfate 
Zn 
Cd 
As 
Ba 
Se 

Table 3.45 Comparison of potable and 1rr1gation water standards and 
surface water qual1ty affected by underground m1ne drainage 

' 
Range of contam1nant concen-

tratiOns 10 flood flow 
affected by m1ne d1scharge(a) 

Basin Regional Basin 
Min. Max. Min. Max. 

6.9 7.1 0.045 0.046 
6.7 6.9 0.044 0.044 

130 140 0.89 0.92 
574 584 3.7 3.8 

0.21 0.22 0,0014 0.0014 
0.03 0.03 0.0002 0.0002 
0.061 0.063 0.00039 0.00041 
4.0 4.2 0.026 0.027 
0.37 0.38 0.0026 0.0026 

Potable water standards (mg/t }(b) 
Maximum Perm1ssable Recommended Limiting 
Concentration Concentration 

0.015/3.5/0.Z(d) 
5 pCi/t 

250 
5.0 

0.01 
o.os 0.01 
1 
0.01 

.Irr1gat 1on( c) 
Recommendations for maximum concentration 
for cont1nuous use on all sods (mg/t ) 

5 pCift 

200 
2.0 
0.010 
0.10 

0.02 

(a}Concentrations 1n milligrams per liter, except Ra-226 -228 wh1ch are In p1cocuries per liter. Data shown apply to the Bas1n (R1o San 
Jose near Grants) and Regional Basin (Rio Grande near Bernardo) streams {Table 3.44). 

(b)Sources: U.S. Env1ronmental Protection Agency (EPA76) and, in the case of uran1urn, sugge~ted guidance from the National Academy of 
Sciences {NAS79) to the USEPA and from USEPA, (Off1ce of Drinking Water) to the State of Colorado {la79). 

(c >source: { NAS7Z). 

(d)O.OlS mgA :Suggested max1mum daily lim1t based on radiotox1city for potable water consumed at a rate of 2 liters per day on a cont1nuous bas1s 
l.S mg/.t.: Suggested maximum daily 1 imi t based on chemical tox1city and intake of 2 1 iters in any one day 
0.21 mgft: Suggested maximum da1ly lim1t based on chemical toxic1ty and intake of 2 liters per day for 7 days 

w 
I ..... 

A 
0 
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reductions for ion exchange, preci pi tat ion, or sorption. Rather, a simple 

dilution model is used in which the mass loading from mine discharge is 

calculated as the product of concentration and discharge (volume). There are 

problems with this approach. In some cases, the calculated concentrations in 

flood waters probably exceed the solubility limits, as in the case of sulfate 

in the presence of barium. In other instances, precipitation of barium 

sulfate or iron and manganese hydroxides might greatly reduce the concen

tration of radium and uranium, both of which would coprecipitate. Thus the 

stream concentrations shown in Table 3.44 are probably high (conservative}. 

To improve the analysis, additional comparisons or parallels were drawn using 

mill tailings solutior1s and stream water quality as affected by mine drainage 

and a mill tailings spill. 

Contaminant concentrations in uranium mill tailings 1 iquids provid~ an 

upper limit estimate llf runoff concentrations insofar as the solvent act1on 

of tailings solutions maximize dissolution of minerals present in the ore (J. 
Kunkler, USGS, written communication, 1979). Table 3.46 is a compilation of 

mill tailings water quality data from numerous previous reports and sum

marized by EPA and USGS staff (Ka79; Ku79). It is apparent that there are 

wide variations as a function of mining region and whether an acid or alka

line leach mill circuit is used. The Nuclear Regulatory Commission (NRC79b) 

assumption for the composition of a 11 typica1" acid leach mill is shown along 

with o~her average or representative analyses. A conservative (worst qual

ity) analysis for uranium mill pond water quality is estimated as follows 

(Table 3.47) and compared to the average concentrations calculated from the 

mixing of mine effluent and flood volumes (Table 3.44). 

The data in Table 3.47 suggest that calculated concentrations in the 

sub-basin almost without exception exceed those in uranium mill tailings 

solutions. Thus, the calculated values are probably erroneously high. Calcu

lated concentrations in flood waters of the basin and regional basin streams 

are considerably less and are in rough agreement with field data, at least 

for the stable constituents. Radium-226 and lead-210, however, still seem 

excessively high considering the various natural processes of sorption, 

precipitation, and so on. To understand the degree to which natural streams 

transport contaminants, we reviewed water quality data from selected New 

Mexico streams receiving mine drainage. 



Table 3 46 Radiochemical & stable element/compound water quality for selected acid & alkaline leach uran1um mill tail1ngs ponds 1n the United States 

Tailings Pile u Th·230 Ra-226 Pb-210 Po-210 As Hn Cu Se Ho v so Na Fe TDS NH Ca NO Cl 
Location (mg/t) (pCilt) (mg r.) 

1. Split Rock, WY 10.5 41600 4800 940 1.1 15.5 0.2 1 0.05 280 11810 374 560 43.5 65 
(acid) 

2. Canon C1 ty, CO 10.1 25.0 18 0.6 190 7.1 34000 19000 280 77400 380 140 6500 
(ac1d) 

3. Moab, UT 2.0 50 100 7.0 100 150000 300 

4. United Nuclear, 14 38 50 3 0.005 3 30 300 1000 700 
NM (acid)(a) 

5. Anaconda Inj. 130 53 340 0.03 6.3 4900 1200 69 7.4 
Well Feed, NM 

6. Kerr-McGee, NM 32 58 30 5 0.18 7 10 500 1000 300 
(acid)(a) 

7. UN-HP, Grants, 150 52 0. 92 70 6.8 4300 4300 4.4 4.4 2 
NM (alk.aline) 

8. Humeca. WY 68.4 110 240 0.4 0.1 6500 11700 0 5 460 --- 16 16000 
(acid) 

9. USNRC-Uranium 8 0 150000 400 400 400 0.2 500 50 20 100 0.1 J:lOOO 500 1000 35000 500 500 --- 300 
"illing EIS(ac1d} 

10. Representative 
acid millpond( ) 

300(b) in Hew Mexico a 44000 170 --- lBOO w 
"Average" (Exclusive I .... 
of 9 and 10) 58 13920 760 6 160 6.5 0.31 54 10 10000 6200 510 80000 227 485 40 1700 .&>o 

Maximum value: 
N 

"Average" versus 
NRC GEIS 58 150000 760 400 400 6 500 so 20 100 10 30000 6200 1000 80000 500 500 40 1700 

~:~sourc~: ~u79. 
Ammonium 1on. 



Table 3.47 Summary of flood runoff water quality and 
uranium millpond quality 

Concentration in 
uranium mill 

Parameters ta i1 ings solution 

Uranium (mg/i.) 58 

Radium-226 (pCi/.t) 760 
Lead-210 (pCi/R.} 400 
Polonium-210 {pCih,) 400 

Arsen1c (mg/t) 6 

Manganese {mgh ) 500 
Copper (mg/JI.) 50 
Selenium (mg/t) 20 

Molybdenum (mg/.2.) 100 

Vanadium (mg/1'.) 10 

Sulfate (mgh) 30,000 

(a)Refer to Table 3.44. 
(b)Not calculated. 

Concentration in 
flood waters of the 
sub-basin(a} 

235 - 6970 

229 - 6780 
2430 - 72000 

NC{b) 

2.1 - 61 
NC 

NC 

11- 220 

48 - 2400 
NC 

4 6 9.7 X 10 - 2.87 X 10 

Concentration in 
flood waters of the 
Rio San Jose(a) 

7 

6.9 
73 

NC 
0.062 

NC 
NC 

0.34 

1.4 
NC 

2901 

w 
I ,_. 

..p. 
w 
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The USGS, by water sampling in the Churchrock area of New Mexico (J.L. 

Kunkler, USGS, written communication, 1979), determined water quality in an 

ephemeral stream receiving rather large and continuous mine discharges. Data 

are also available from the Schwarzwalder Mine near Golden, Colorado (EPA72). 

Until 1972, this mine discharged effluent high in uranium, radium, and trace 

elements to Ralston Creek and subsequently to two lakes/reservoirs used for 

irrigation and potable supply (Section 3.2.3.2.1). 

The way in which surface runoff water quality is created or affected by 

rr.ine discharge is complex. In the Churchrock area, numerous water quality 

changes occur as the mine discharges flow toward Gallup (Fig. 3.21 and Table 

3.48). As in other uranium mining areas in New Mexico, stream volume con

stantly decreases with flow distance, but water que 1ity changes are erratic. 

infiltration, discussed in more detail in the following section of the report 

and in Appendix H, amounts to about 90 percent or more of the water loss. 

The balance is by evaporation. On a percentage basis, similar losses occur 

)n the principal drainage courses in Ambrosia Lake. Dissolved Ra-226 de

creases from 30 to 0.88 pCi/l in a reach of 9.2 km and, on a later date, from 

14 to 0.95 pCi/l in a distance of 26.7 km. Based on the limited flow and 

water quality data, it appears that radium is strongly sorbed onto the stream 

sediments. In October 1975, soluble uranium decreased from 1150 to 740 llgll 

in the reach immediately below the mine discharges, yet in July 1977 and May 

1978 uranium increased in the downstream direction from 580 to 860 ug/l and 

from 970 to 2800 ].lg/l. These changes bear no consistent relation to fluctu

ations in dissolved or suspended solids along the flow path. Both of the 

1 atter parameters appear to increase in the direction of flow and may be a 

result of flash floods in lower reaches of the basin. Uranium appears to 

undergo little change and may actually increase in the downstream direction. 

Of the stable trace elements, vanadium, selen\um, iron, molybdenum, and zinc 

show no consistent change with distance. 

A third approach used to assess surface runoff quality involved a brief 

review of some of the data collected to monitor a July 1979 tailings accident 

in New Mexico. The mill tailings dam at the Churchrock mill breached and 

dumped 223,000 m3 of liquid and 1,000 metric tons of solids into the Rio 

Puerco drainage system. The catastrophe immediately spurred numerous water 

quality studies by State and Federal agencies. Numerous inter-
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No. 

1 

2 

3 

4 

5 

6 

1 

8 

.Stat1on Name 

Mrne Ellluent, I<M & UNC mrnes and Puerco R1ver tnbutary 
below mtnes 

P•pehne Canyon at Trestle near Churctlrock. N M 

f:ffluent lrom P1pel1£1e Canyon. N M 

Puerco R1ver near Sprmgstead, N M 

Puerco F\1ver at the Hogback near Gallup N M 

Puerco R1ver at Gallup N M 

Puerco Rwer a\ Manuel1to. N M 

Puerco Rrver near state hne of N M and Anl. 

Ftgure 3.21 Prrnctpal streams and surface water samphng stat1ons m the Churchrock and Gallup areas 



Table 3.48 Flow and water quality in the Puerco River near Churchrock and Gallup, New Mexico 

Suspended sol1ds, 
Locat1on and 

m3/m1n 
U nat. Ra-226 Total Solids 1 m~la metric tons Concentrations ~g/t 

(Stat1on Number) 119/t as u3o8 pCih. Dissolved Suspen e per day Ba ca Cr Pb Mo v Zn Se As Fe 

{)ct. 16, 19 5 

Puerco River tr1butary 14.5 1150 30 430 410 9.5 21 27 20 
below m1nes - (1) 

Puerco R1ver near 12.4 740 0.88 480 1600 8.67 13 25 30 
Springstead, NH -(4) 

Puerco River at 5.11 0.52 640 2300 5.14 5.7 . 26 40 
Gallup, HM- (6) 

Puerco RlVer at 6.8(est) 540 0.25 800 2800 
Manuel1to- (7) 

Jul,l 61 1977 

Puerco River tributary 11.55 580 14 41()- 260 800 1 0 6 0 25 1{3) 10 
below mines - (1) 

Puerco River at the 6.47 860 0.95 520 15000 100 1 0 11 50 20 1(19) 80 
Hogback, near Gallup, 
NM • (5) 

Puerco River near 15.5 83 0.27 600 44000 1706 4 0 2 30 5 6(7) 90 
State line (NMIAZ) - (8) 



Table 3.48 , (Continued) 

s, 
location and 

m3/mln 
U nat. Ra-226 Total Sol1ds 1 mg/t Concentrations yg/t 

(Stat1on Number) 1Jg/R. as u3o8 pCl/t Dlssolved Suspended Ba Cd Cr Pb Mo v Zn Se As Fe 

Ma,r: 25 1 1978 
Effluent from Kerr 10.9 807 2.6 12 19 4 
McGee and United Nuclear 
H1nes, Churchrock. NH-
(1) 

Effluent from Pipeline 9 2800 1.5 820 28 110 
Canyon, NM - (3) 

Puerco R1ver near 10.88 1100 0.8 12 16 0 - 15 
Springstead, NH - (4) 
(sampled 5/18/78) 

Jull 11-12 1 1978 ·' 

Pipeline Canyon at 14.45 940 8.6 230 11 - 540 
trestle near Churchrock. 
NM - (2) 

Effluent from Pipeline 
Canyon. NH - {3) 

14.3 1120 1.3 260 6 11 - 70 

Puerco River near 1130 2.2 240 9 13 - 40 
Springstead. NM - {4) 

Source: New Mexico District office of the U.S. Geological Survey (Peter Frenzel, written communication. 1979 and KUnkler. 1979). 
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pretations of the data have led to some confusion, compounded in some 

instances by inconsistent sample collection and preservation. However, 

several general findings seem true. Dissolution of stable and radioactive 

trace contaminants in flood waters does not seem significant providing that 

pH of the flood is in the range of 4 to 7. After sever a 1 days, the mi 11 

tailings 1 iquid was diluted and neutralized and contaminant concentrations 

decreased -- sometimes to levels lower than before the accident {J. Kunkler, 

USGS, written communication, 1979). At a downstream sampling station near 

Gallup, some 30 kilometers from the spill, dissolved uranium and radium-226 

about 36 hours after the spill were 3.1 mg/t and 0.9f pCi/R,, respectively. 

Susp~;;!nded sediments contained 19 ppm uranium and 0.72 pl.i/g radium-226. For 

the 1~tter, this is less than background. 

The surface water quality data pertaining to dischar·ge of mine effluents 

and to the July 1979 spill seem to indicate rapid and thorough removal of 

radium-226 as a result of sorption, precipitation, pH adjustment, etc. How

ever, stream sediment analyses in the Grants Mineral Belt are scarce, and 

there are no analyses of suspended solids in flood waters. Stream-bed sedi

ment analyses by the USGS indicate less sorbed radium~226 and uranium than 

expected (Ku79}. During this spill incident, uranium and selenium were 

relatively mobile in surface streams. 

From the foregoing review of the literature and field data and prelim

inary calculations of runoff quality (Table 3.44), the following general con

e 1 us ions are offered : 

1. Radium-226 is removed from surface water in the New Mexico study 

area at rates of 0.5 to 3 pCi/2 per kilometer of stream. Final concen

trations are on the order of 0.25 pCi/ to Resolution in successive surface 

flows occurs, but it is not significant. 

2. Uranium and certain stable trace elements, such as selenium, van

adium, molybdenum, and iron, show no consistent reduction with flow distance 

and may show an increase, at times. 

3. Considerable more data collection is needed to understand the fate 

of dissolved and suspended contaminants from mine drainage. The present data 
base is rather limited in tenns of sampling frequency, variety of contam

inants measured, and types of measurements, for example, suspended sol ids 

analyses for flood waters. 
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4. With the exception of radium-226, the preliminary calculations of 

runoff quality in Table 3.44 are believed to be a first approximation of 

field conditions. Additional studies specific to the principal mining dis

trlcts are needed. 

5. Dissolved radium-226 concentrations in runoff are believed to be 

several picocuries per liter or less under natural conditions. 

6. Uranium is fairly mobile and probably the most significant radio

nuclide in uranium mine effluent. 

3.4.3.2 Impacts of Seepage on Groundwater 

The principal use of groundwater in the immediate area of the mines is 

for stock water. Wells in the high1and areas are typically one to two hun

dred meters deep and completed 1n underlying bedrock strata (Co68; Ka75). 

Contamination of such wells by 

likely. Shallow wells are few 

that are typically ephemeral. 

mine discharge is considered extremely un

in number and located along major drainages 

Such shallow wells are susceptible to con-

tamination if located downgrade from mine discharges. Municipal water 

supplies are usually developed from wells because groundwater is consistently 

available and has acceptable suspended and dissolved mineral contents. The 

aquifers tapped by municipal wells are mostly either quaternary lava flows or 

deeper mesozoic sandstone and carbonate sequences. Considering the distance 

from the mining centers to the communities and the hydrogeologic conditions, 

it is 'unlikely that mining will cause measurable deterioration of municipal 

water quality. The greatest likelihood for contaminated groundwater is in the 

shallow, alluvial aquifer beneath streams receiving mine drainage. It is 

extremely unlikely that water quality in deeper, artesian aquifers will be 

adversely affected by mine discharge or overland flow affected by solid 

wastes. Shallow wells in these locations have been constructed in the past, 

but there are only a few and they are used for stock watering. It is poss

ible that recharge of substantial quantities of mine water to the shallow 

aquifer will encourage additional use of it, in which case water quality will 

be of concern. 

Tab 1 e 3.49 shows average and extreme concentrations of various common 

and trace constituents in groundwater and other measures of water quality. 

The data are composited from a previous study {EPA75) and from unpublished 
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analyses by the New Mexico Environnental Improvement Division (J. Lazarus:. 

NMEIO, oral communication:. 1979). We have categorized the data according to 

principal aquifers, which are in areas where the groundwater is not believed 

to be contaminated by mining. Because it is common for a well to tap more 

than one aquifer, the differences in water quality in Table 3.49 are approxi~ 

mate at best. The data reveal no sharp differences in water quality amongst 

the three major aquifers. The San Andres limestone, a major aquifer for 

municipal and industrial uses in the Grants and Milan areas, has equal or 

greater concentrations of most constituents as compared to the Westwater 

Canyon Member and Gallup Sandstone units, which are closely associated with 

uranium mineralization. 

1 heoretica 1 analysis of radi onucl ide transport in groundwater beneath 

and ac,jacent to a uranium mill tailings pond reveals very limited migration 

of radionuclides in groundwater (Se75}. Using a seepage rate of 4 x 10- 7 

em/sec and a 10 percent loss of soluble radionuclides, numerical solutions 

for steady state flow and transport into unconsolidated sand for periods of 5 

years and 20 years reveal up to several meters movement of radium-226, thor

ium-230/ 234, uranium, and lead-210 after 20 years of leaching. For example, 

radium in groundwater to a depth of 3 meters is 10 percent of that in the 

tailings pond. Because the other isotopes tend to have even greater sorption, 

migration distances are further reduced. Although field studies at three 

~ranium mil 1 tailings piles in the Grants Mineral Belt substantiate only 

local migration of radionuclides {EPA75},· extensive lateral migration of 

stable chemical species has been observed at uranium mills in Colorado, 

Wyoming, and Washington (Ka79, Ka78a, He79). For example, with respect to 

the old Cotter uranium mine at Canon City, Colorado, the Colorado Department 

of Health has stated in its Final Executive licensing Summary, August 17, 

1979, that 11 contamination attributed to tailings liquid was observed in an 

off-site water well ten years after the mill began depositing tailings., a 

[migration] rate of over five hundred feet per year." With respect to the 

same site._ one researcher has stated that "the soluble uranium content of 

Lincoln Park ground waters is highly elevated with respect to Arkansas River 

water and exceeds suggested thresholds below which ecological and health 

effects are not expected. Molybdenum concentrations in these ground waters 

greatly exceed irrigation standards as well as the ALG based on health and 

ecological effects .... •• (Or79). Near neutral pH and relatively low concen-
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Table 3.49 Groundwater quality in principal aquifers in the 
Grants Mineral Belt, New Mexico 

Agui fer 
Westwater Canyon Quaternary 
Member, Morrison Fm. Alluvium, Tertiary 

-San Andres and Volcanics, and 
Parameter Limestone Ga 11 up Sands tone Chinle Formation 

pH 7.2(a) 7.9 7.6 
(6.9 - 7.5) (6.7 - 9.15) {6.25 - 8.8} 

Spec. cond. 1900 1800 1715 
J.lrnhos/cm {720 - 3500} (550- 4250) (700 - 4000) 

TDS 1680 1160 1240 
{490 - 4500) (340 - 2300) (490 - 3800) 

Cl 98 15 57 
mg/R. ( < 0.2 - 270) ( 0 - 98) {6.2 - 260} 

Se 0.31 0.02 0.59 
mg/t (0.01 - 1.52) (0.01 - 0.13) (0.02 - 1.06} 

v 0.88 0.3 o.ss 
mg/t (0.4 - 1.3) (0.3 - 0.3) (0.3 - 1.3) 

Radium-226 0.47 o. 71 0.22 
pCi/R., (0.11 - 1.92) {0.07 - 3.7} (0.05- 0.72) 

Uranium, 1.31 0.35 4. 72 
mg/t (0.04 - 2.6) (0.02 - 1.0) (0.07 - 14) 

Th-230, 0.12 0.030 0.212 
pCi/R. (0.017 - 0.52) (0.015 - 0.053) (0.018 - 0.65) 

Th-232, 0.11 0.015 ' 0.123 
pCih (0.0053-0.54) {<0.01-0.036) (0.0094-0.99) 

Po-210, 0.75 0.42 0.193 
pCi/9. (0.070 - 2.3) (0.19 - 0.79) (0.010 - 0.55} 

(a)Mean an~-- range of values shown. 

Note.--Selenium, vanadium, and uranium values for the limestone and alluvium/ 
chinle aquifers are based on 4 to 5 analyses and must be regarded as tentative. 
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trations in mine effluents, together with low hydraulic heads, indicate short 

migration distances in groundwater for radionucl ides and most stable trace 

elements in mine effluents. 

Discharge of water pumped from mines to arroyos has both hydraulic and 
water quality impacts on shallow groundwater in the alluvial aquifer. The 

seepage model (Appendix H) and scattered field measurements in the Grants 
Mineral Belt substantiate that s1gnificant groundwater recharge is associated 

with mine discharge. Water quality effects on groundwater are pearly docu

mented, however. We do not address the influence of impovndments used to 

remove su5pended sol ids from mine effluents before di scharg,!. Seepage water 
losses fr:1m such impoundments ar·e believed to be small, especially when 

compared t.o infiltration losses in the arroyos and open fields receiving most 
of the wastes not piped to mills for process water. The ',mpoundments are 

rather small and tend to become self-sealing due to settlement of fines. In 
at least one instance in Ambrosia Lake, the mine ·pond is lined to prevent 

seepage. 
Unpublished f1ow and water quality data from the u.s. Geological Survey 

(P. Frenzel, written communication~ 1979} document conditions in the Rio 
Puerco drainage near Churchrock and Gallup, New Mexico. Figure 3.21 shows 

the sampling station locations, and the chemical data are in Table 3.47. 
From October 1975 gaging data, seepage and evaporation reduce flow 9.39 

m3/min in a reach of 30.2 km~ a loss of 0.31 m3/min/km. Conservatively 
assuming 20 percent of this is by e1taporation, seepage is 7.5 m3/min or 3.94 

x 106 m3/yr. Gaging data fol"' July 1977 and May 1978 similarly indicate 

average bed losses of 0.24 m3/min/km. In the Ambrosia Lake district (data 
not shown), discharges (to San Mateo Creek and Arroyo del Puerto) from about 

a dozen mines total about 10.8 x 106 m3 /year: and the total length of 

perennial stream is about 15 kilometers. Assuming an average stream width of 
one meter and the dbove evaporation rate, evaporation and infiltration are 

0.06 m3/min and 7o54 m3/min, respectively. In this case, infiltration 
amounts to 99 percent of total loss. Dissolved solids range from 520 to 1231 

mg/ i (mean 743 mg/t ), and Ra"226 ranges from 0.2 to 23 pCi/i (mean 6.6 pCi /9- ) • 
Selenium and molybdenum average 0.010 and 0.22 mg/.t, respectively. 

Considering these t~\fO a teas I) evaporation averages about 4 percent of 
mine discharge versus the value of one percent calculated in Appendix H .. 

Obviously 9 inc,reased evapo~"'ation is accompanied by decreased infiltration. 
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Infiltration ranges from at least 90 perc€'nt to perhaps 99 percent of mine 

discharge, or from 1.8 to 1.98 m3/min per mine~ The foregoing field data and 

the more theoretical approach used in Appendix H show reasonable agreement on 

the relative amounts of infiltration and evaporation. We conclude then that 

most of the mine effluent infiltrates within relatively short distances of 

the mine(s) and recharges the shallow water table. The dissolved, generally 

nonreactive contaminants such as chloride and sulfate are expected to reach 

the water table, but reactive contaminant~ such as radium-226 and most trace 

metals would sorb or precipitate in the son (stlbstrate) in the course of 

infiltration. 

The influence of mine discharge on groundwater quality beneath formerly 

ephemeral streams now receiving the dir,charge is currently under investi

gation by the New Mexico Environmental Improvement Division. Monitoring 

wells have been installed at several loccLions along the Rio Puerco {west) in 

the Churchrock area and San Mateo Creek in the Ambrosia Lake district. Table 

3.50 summarizes partial results of samples taken in the last-12 to lB months. 

In the Ambrosia Lake district, marked deterioration in water quality between 

the Lee Ranch and Sandoval Ranch stations on San Mateo Creek is a result of 

either natural causes and (or) mine drainage from a nearby deep underground 

~ranium mine. Between Sandoval Ranch and Otero Ranch even more pronounced 

changes occur. In this short reach of 2.5 km, contaminated flows from uranium 

mines, ion-exchange plants, and seepage from an acid leach uranium mill enter 

Arroyo del Puerto, a tributary of San Mateo Creek. Additional study of 

surface water quality in the Arroyo del Puerto is reco~ended to further 

characterize the obviously interconnected surface water and groundwater 

systems. 

In the Churchrock area. drained by the Rio Puerco, groundwater quality 

changes in the downstream direction are not readily apparent (Table 3.50). 

A 1 though there is an acid 1 each mi 11 a 1 so adjacent to the Rio Puerco tri b

utary receiving the mine dischargest the mi11 is relatively new (1978 start

up) and may not_yet influence stream quality. Most of the discharge from one 

of the two mines is used as mill feed water, thereby causing decreased,dis

charge from the mines to the stream. Nevertheless, the reach of the perennial 

stream is increasing, indicating infiltration of remaining mine effluent and 

addition of water to storage in the shall ow a qui fer. Storage changes have 

been confirmed by static groundwater level measurements in the area east of 
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Table 3.50 Groundwater quality associated with the San Mateo Creek 
and Rio Puerco (west) drainages in the Grants Mineral 
Belt, New Mexico 

Sulfate Mol~bdenum Selenium Uranium 
Station {mg/ t ) { ug7t J 

San Mateo Creek 

Lee Ranch 125.7 < 10 < 5 <10 

Sandoval Ranch 225-274 103-235 4-14.7 293-400 

Otero Ranch 463-989 350-516 33-59 680-860 

Rio Puerco (west} 

Hwy. 566 Bridge on 
N. Fork Rio Puerco 

101-223 d0-284 20-22 530-760 

Rio Puerco at 
Fourth St. Bridge, 
Gallup 

163-244 d0-215 9-26 

Source: 'Based on unpublished 1978 data developed by the New Mexico 
Environmental Improvement Division (J. Lazarus, oral 
communication, 1979).' 

Gallup. A massive spill of mill tailings into the Rio Puerco occurred in July 
1979 and will complicate water quality investigation, insofar as the mine and 
mill influences are now superimposed in tenns of both solid and 1 iquid waste 
loadings in the watershed. The tailings 11 flood," estimated to contain about 
360,000 m3 of fluid and 1000 MT of solids, was traced into Arizona. 

In summary and considering the high volume of dilute mine discharges~ 

550-625 
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wn ich are enriched in certain stab 1e and radioactive toxic trace elements 

(EPA75; Hi77)t we recommend that water quali'ty effects of mine discharge be 

very carefully evaluated in at least a few selected areas. Available stream

flow data indicate that infiltration is the principal means of disposal, yet 

the water quality data base, in particular, is rather weak to assess whether 

adverse impacts are likely. It is expected that future discharges in the 

Churchrock area alone will amount to about 40m3/min and will contain less 

than 400 mg/£. dissolved sol ids, most of which is sodium and bicarbonate. 

Dissolved concentratjons of uranium, radium, iron, selenium, and vanadium are 

elevated relative to drinking water limits and infiltration of uranium, 

selenium, and possibly other stable element5 warrants study. Use of settling 

ponds and barium chloride treatment greatly reduces the suspended sol ids, 

uranium, and radium concentrations. The final composition and ultimate 

disposal of pond sediments and added chemicals is essentially undocumented 

and bears additional investigation. Lastly, mine dewatering creates marked 

regional cones of depression and reduces the flow of water to existing supply 

wells and the baseflow component in major drainage systems such as the San 

Juan River {Ly79). 

3.4.4 Gases and Dusts from Mining Activities 

3.4.4.1 Radon-222 in Mine Exhaust Air 

Unlike surface minest large capacity ventilating systems are required in 

underground uranium mines, primarily to d11 ute and remove Rn·222 that em

anates from the ore (Section 1.3.3). Ventilation rates vary from a few 

hundred to a few hundred thousand cubic meters of air per minute, and mea

sured Rn-222 concentrations in mine vent air range from 7 pC1/.t to 22,000 

pCi/ R. (Ja79b). The concentration of Rn-222 in mine exhaust air varies de

pending upon ventilation rate, mine size (volume} and age, grade of exposed 

ore, size of active working areas, rock characteristics (moisture content and 

porosity), effe~tiveness of bulkhead partitions, barometric pressure, ore 

production rates, and mining practices. The emanation of Rn-222 dissolved in 

water that seeps into most mines may also contribute to Rn-222 in the exhaust 

air. 
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Because of the numerous variables that affect Rn-222 concentrations in 

mine air, it is difficult to confidently model radon releases from under

ground mines. A useful model would be one that would relate radon emissions 

to the production of u3o8• Measurements relating radon emissions to ore 

production have been made at seven underground uranium mines in New Mexico 

(Ja79b). The r~sults of these measurements varied at the different mines 

from 1,380 to 23,500 Ci Rn-222 per AFR*, with an average rate of 4,300 Ci 

Rn-222 per AFR. The higher emission rates were noted to occur at the o1der 

mines. This was believed due to larger surface areas of exposed ore and 

sub-ore in the older mines. That is, inactive mined-out areas increase with 

mine age, and the ceiling, floors, and walls of these areas sti;·, contain 

certain amounts of ore and sub-ore. Radon emanating from these sur~ 1ce areas 

tend to increaH the Rn-222 content of exhausted mine air unless ~hese in

active areas of the mine {rooms, stapes, drifts, etc.) are e.-:ectively 

sealed. Because the radon emission factor is so variable in terms of Ci per 

AFR, an emission rate based on cumulative u3o8 mined has been proposed for 
modeling purpo~es (Ja79b). It is believed that this relatiomhip would 

reduce the apparent dependence of the emission rate on the mine age. However, 

data are not presently available to make this latter correlation. 

Although the average measured Rn-222 exhaust factor of 4,300 Ci/AFR is 

tentative and may be improved by studies in progress (Ja79b), it is the only 

value currently available for modeling purposes and will, therefore, be used 

in the present assessment. Assuming that 1 AFR is equivalent to 245 MT** of 

u3o8 {Ja79b), 0.017 Ci of Rn-222 will be released from the mine vents per 

metric ton of 0.1 percent grade ore mined. This emission rate will include 

ali underground sources, i.e., emanation from exposed ore and blasting, 
s 1ushi ng, 1 oadi ng, and transporting ore bearing rock. Radon-222 emissions 

were estimated for the two model underground mines by multiplying their 

*AFR = An-nlia 1 Fue 1 Requirement for a 1000 MWe LWR. 

**The AFR value on which the exhaust factor was based. 
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respective annual ore capacities by the above emission rate. Table 3.51 
lists the results. 

The estimated annua 1 radon release computed for the average underground 
mine is compared below with releases reported elsewhere. Agreement is rea

sonab 1 y goad. 

Source Annual Release of Rn-222, Ci 
This Study 306 
Tr79 289 - 467(a) 

TVA78a 1577 

TVA78b 180 
TVA79 215 

Th79 87 

(a) Adjusted for 0.1 percent ore grade. 

By properly capping the exhaust vents and sealing the shaft and mine 
entrance, radon emission rates from inactive mines will be a negligible 
fraction of the radon release rate that occurs during active mining. 

3.4.4.2 Aboveground Radon-222 Sources 
Radon-222 will be released from the following aboveground sources. 
1. Dumping ore, sub-ore, and waste rock from the ore skip into haul 

trucks and unloading them on their respective piles. 
2. Reloading ore from the stockpile after a 41-day residence time. 
3. Emanation from waste rock, sub-ore, and ore storage pile surfaces. 
The annual quantities of Rn-222 released by sources 1 and 2 were esti-

mated using the following factors and assumptions. 
Radon-222 is in secular equilibrium with U-238. 
The density of ore, sub-ore, and waste rock is 2.0 MT/m3• 
Annual production rates of ore and sub-ore are equal and 

assumed to be t.8 x 104 MT at the average mine and 2 x 105 

MT at the average large mine (Sections 3.4.1.1 to 3.4.1.3). 
The production rate ratio of ore to waste rock is 9.1:1 (Sec
tion 3.4. 1.1). 
All Rn-222 present 1s available for release, 0.00565 Ci/m3 per 



Table 3.51 Estimated annual radon-222 emissions from 
underground uranium mining sources 

Source 

Underground 

Mine vent air 

Aboveground 

f)re loading and 
Jumping 

::ub-ore 1 cadi ng 
1nd dumping 

Waste rock loading 
and dumping 

Reloading ore from 
stockpile 

Ore stockpile exhalation 

Sub-ore pile exhalation 

Average 

Mine(a), Ci/yr 

306 

1.4 

0.5 

0.003 

1.4 

6.3 

61 

Waste rock pile exhalation 0.5 

Total 377 

Average Large 

Mine(b), Ci/yr 

3,400 

15.3 

5.3 

0.03 

15.3 

53 

338 

2.6 

3830 
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(a)Annual production of ore and sub-ore= 1.8 x 104 MT, waste rock= 
3 2.0 x 10 MT. 

(b}Annual production of ore and sub-ore= 2 x 105 MT, waste rock= 2.2 
X 104 MT. 



percent u3o8 (Ni79), with an emanation coefficient of 0.27 
(Au78, Tanner, A.B., Department of Interior, Geological 
Survey, Reston, VA., 11/79, personal communication). 
The quantities of u3o8 present in ore, sub-ore, and waste 

rock are 0.10 percent, 0.035 percent and 0.0020 percent, 
respectively {Sections 3.4.1.1 to 3.4.1.3). 
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Substituting the above values into the fo1lowtng equation yields the 

Rn-222 releases given in Table 3.51 for the average mine and the average 

large mine. ( ) 
Rn-222 (Ci/yr) = {percent u3o8) o3oo565 Ci (0.27) ( m3 ) 

m • percent 2.0 ~ 
x (Production Rate, MT) (3.11) 

yr 
These releases are maximum values since very little time will have elapsed 
between the underground (blasting, slushing, loading, etc.) and surface 
operations. A significant amount of the radon that is available for release 
will emanate during the underground operations and invalidate the first 
assumption above concerning radioactive equilibrium. Nevertheless, these 
estimated maximum releases are very small in comparison to the radon released 
from the mine exhaust vents. 

The emanation of Rn-222 from waste rock, sub-ore, and ore piles is based 
on an e~halation rate of 0.092 Ci/m2• yr·percent u3o8 (Ni79) and ore grades of 
0.002 percent, 0.035 percent, and 0.10 percent, respectively. Surface areas 
of the ore piles (Table 3.37), sub-ore piles (Table 3.38}., and waste rock 
piles (Table 3.36} were used in these calculations. Applying these para
meters, the annual Rn-222 emissions from the waste rock, sub-ore, and ore 
piles at the average mine and average large mine were computed. Table 3.51 
gives the results. Total annual Rn-222 emissions during underground mining 
operations is the sum of the releases from all sources considered: 377 Ci 
from the average mtne and 3830 Ci from the average large mine. More than 80% 
of the Rn-222 emissions results from the mine vent air. 

3.4.4.3 Dusts and Fumes 
Vehicular emissions resulting from the combustion of hydrocarbon fuels 

in gasoline and diesel-powered equipment are considerably less at underground 
mines than at surface mines (Section 3.3.4.1). The principal emissions are 
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particulates, sulfur oxides, carbon monoxide, nitrogen oxides, and hydro
carbons. The quantity of these combustion products released to the atmosphere 
depends on the number, size, and types of equipment used, all of which are 
directly related to ore production. 

EPA has estimated the following emissions from mining 1350 MT of ore per 
day from an underground mine (Re76). 

Pollutant Emissions ~er O~erating oax, Kg(d 

Part i c 14l a tes 2.4 
Sulfur Oxides s.o 
Carbon Monoxide 41.9 
Nitrogen Oxides 68.1 
Hydrocarbons 6.9 

Assuming a 330 operating-day year {Ni79), these emissions were adjusted 
according to the annual ore production of the average mine (1.8 x 104 MT) and 
the average large mine (2 x 105 MT). Table 3.52 lists the total airborne 
combustion product emissions. 
surface mines (Table 3.30). 

These emissions are small compared to those at 
For example, these estimates indicate that the 

emissions of combustion products at the average surface mine are more than 
100 times greater than those at the average underground mine. 

At underground mines, dust Is produced by both underground and surface 
operations. No measurements have been made of dust concentrations in mine 
exhaust air. Because underground mines are wet, which greatly reduces dust 
p\"'odu-:tion, and since a large portion of the dust produced would probably 
deposit underground, dust emissions from underground operations are probably 
relatively small. Hence, dust emissions from underground operations will not 
be assessed. 

Aboveground sources of dust include dumping ore, sub-ore, and waste rock 
from the skip into haul trucks; dumping these materials onto their respective 
piles; reloi'!_~~ng ore from the stockpile; using dirt haul roads by vehicular 
traffic; and dust suspended by the wind from the waste rock, sub-ore, and ore 
piles. These sources \~ill be assessed as was done previously for surface 
mines (Section 3.3.4.1}. 
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Table 3.52 Estimated air pollutant emissions from heavy-duty 
equipment at underground uranium mines 

Ave rage Mine (b) 

Emissions, Kg/yr(a} 

Average Large Mine(c) Pollutant 

Particulates 
Sulfur oxides 
Carbon monoxide 
Nitrogen oxides 
Hydrocarbons 

32 
67 

560 

910 

92 

350 

740 

6,210 

10,100 
1,020 

(a)Based on Re76 and 330 operating days per year. 
(b)Annual ore production = 1.8 x 104 MT. 
(c)Annual ore production= 2 x 105 MT. 

Dust emissions will vary over a wide range depending upon moisture 
content, amount of fines, number and types of equipment operating, and cli

matic conditions. Because ore is generally wet, the relative amounts of dust 
produced from its mining and handling are usually small. The following 

emi~sion factors were selected from those suggested by the EPA for loading 
and dumping operations {Hu76, Ra78, Da79): 

truck loading = 2.5 x 10-2 kg/MT; and 
truck dumping = 2.0 x 10·2 kg/MT. 

Average annual dust emissions were estimated for the aboveground mining 
activities by applying these emission factors to the ore, sub-ore, and waste 

rock production rates of the average mine and average large mine. Table 3.53 
lists the results. One·half the emission factor values were applied to ore 
and sub-ore because they are genera1ly wet, except when reloading ore from 
the stockpile~ In that case, it is assumed to have dried during the 41-day 

residence period {Section 3.4.1.2). Also, the emission factor for truck 
loading was assumed valid for loading the haul trucks from the mine skip. The 
dust emission for truck dumping may be high since it was based on dumping of 
aggregate, which would have a smaller particle size distribution than the 

ore, sub-ore, or waste rock {Hu76). 
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The movement of heavy-duty trucks is a large source of dust at most 

uranium mines. The magn1 tude of this source depends upon a number of 

factors, including the particle size distribution and moisture content of the 

road bed material, vehicular speed and distance trave1edt and meteorological 

conditions. Emission factors for heavy-duty haul trucks (1.15 kg/VKmT} and 

light duty vehicles (1.03 kg/VKmt) are the same as those computed for these 

vehicles at surface mines (Section 3.3.4.1). Dust emissions for the movement 

of heavy-duty haul trucks were estimated using the appropriate emission 

factor and ass~ming --

• 

31.8 MT truck capacities; 

round-trip hau1 distances of 1.61 km to the ore and sub-ore 

~i1es and 3.22 km to the waste rock pile; and 

the annual production rates given in Sections 3.4.1.1, 3.4.1.2 
.1.nd 3.4.1.3. 

Table 3.53 lists the results. 

Additional dust emissions wi 11 occur from 1 ight-duty vehicular traffic 

along access roads. Using the emission factor derived in Section 3.3.4.1 

{1.03 kg/VKmt) and assuming that there are 16 km of access roads traveled 4 

times a day during the 330 operating days per year, about 22 MT of dust will 

be produced fran this source annually. Emissions that occur during haulage 

road maintenance is relatively small and will not be considered. 

Heavy-duty, haul truck traffic at underground uranium mines produces 

considerably less dust than at surface mines. This is to be expected because 

of the vast quantities of overburden that must be transported as well as 

larger ore and sub-ore capacities at surface-type mines. 

The dust emissions computed above for transportation assume no effective 

dust control program. But, haul roads are normally sprinkled routinely 

during dry periods, and stabilizing chemicals are applied to roadways, 

usually to the ore haul roads. Dust emissions along haul roads can be 

reduced by 50 percent from sprinkling and up to 85 percent by the application 

of stabilizing chemicals {EPA77b, Da79). 

Table 3.53 also lists average annual dust emissions caused by wind 

erosion of waste rock, -sub-ore, and ore piles at the model underground mines. 

Emission factors, computed in Appendix I, are 2.12 MT/hectare-yr for waste 

rock and sub-ore piles and 0.040 kg/MT for the ore stockpiles. The first 

emission factor was multiplied by the waste rock and sub-ore pile surface 



Table 3.53 Estimated average annual dust emissions from underground mining activities -

Average Mine(a} 
Dust Emissions, MT/xr 

Average Lar1e Mine{b) 
: Source(d) Ore(c) Sub-ore( c) Waste Rock Ore(c} Sub-ore(c Waste Rock 

Loading truck from 
skip at mine·shaft 0.23 0.23 0.05 2.5 2.5 0.6 

Truck dumping at 
piles 0.18 0.18 0.04 2.0 2.0 0.4 

Reloading stock-
pi 1 ed ore ( e ) 0.45 NA{f) NA 5.0 NA NA 

Wind suspended dust 
from piles 0.72 4.0 0.57 8.0 22 3.0 

Transportation(g) 1.0 1.0 0.23 11.6 11.6 2.6 

(a)Based on annual production rates of 1.8 x 104 MT of ore and sub-ore, and 2.0 x 103 MT of waste rock. 
{b}Based on annual production rates of 2 x 105 MT of ore and sub-ore. and 2.2 x 104 MT of waste rock. 
(c) Assumed wet. 
{d)Aboveground activities. 
(e)Assumed dry. 
(f)NA - Not applicable. 
(g)Dust emissions from heavy-duty, vehicular traffic along ore, sub-ore, and waste rock haul roads. 
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areas given in Tables 3.36 and 3.38, respectively, while the second 

factor was multiplied by the annual ore production. 

Table 3.54 shows annual contaminant emissions caused by mining activ

ities {loading and dumping) according to source 1ocation, at the mine shaft 

and at the piles. Contaminant emissions were computed by multiplying the 

total annual dust emissions at each pile (Table 3.53) by the respective 

contaminant concentrations in each source--waste rock (Section 3.4.1.1; 

Table 3.16), sub-ore (Section 3.4.1.3; Table 3.19), and ore (Section 3.4.1.2; 

Table 3.19) •. Contaminant emissions at the site of the mine shaft were com

puted by multiplying the annual dust emissions of ore, sub-ore, and over

burden (loading truck from skip - Table 3.53) by their respective contaminant 

concentrations. The three products of the multiplication were then summed to 

give the values listed in the 4th and 8th data columns of Table 3.54.. The 

health impact of the sources at each location will be assessed ~eparately in 

Section 6.1. 

Annual contaminant emissions due to wind suspension and transport of 

dust are listed in Table 3.55. These values were computed by multiplying the 

annual mass emissions (Table 3.53) by the contaminant concentrations in waste 

rock, sub-ore, and ore listed in Sections 3.4.1.1, 3.4.1.3, and 3.4.1.2, 

respectively. The uranium and uranium daughter concentrations in dusts from 

all sources were also multiplied by an activity ratio (dust/source) of 2.5 

{S,ection 3.3.1.2). Although some metals may also be present as secondary 

deposits, it was believed that there were insufficient data to justify multi

plying their concentrations by the 2.5 ratio. 

The dust emissions from vehicular traffic listed in Table 3.53 (trans

portation) were summed with that produced by light vehicular traffic (22 

MT/yr) and considered one source of emissions. Concentrations of contam

inants in haul road dust have not been measured and are not known. Some 

spillage of ore and sub-ore along haul roads will undoubtedly raise uranium 

levels in roadbed dust. As an estimate, uranium and daughter concentrations 

in the dust were considered to be twice background, 8ppm (2.7 pCi/g), while 

concentrations of all other contaminants were considered to be similar to 

those in the waste--rock (Section 3.4.1.1}. Table 3.56 shows the annual 

emissions computed with these assumptions. 



Table 3.54 Average annual emissions of radionuclides (~Ci) and stable elements (kg) from 
mining activities at the model underground mines 

Average Underground Mine{a} Average Large Underground M;ne(a) 
Waste Rock Sub-ore Ore Mine Waste Rock Sub-ore Ore Mine 

Contaminant Pile Site Pile Site Pile Site Site Pile Site Pile Site Pile Site Site 
Arsenic 0.0004 0.02 0.05 0.04 0.004 0.17 0.60 0.44 

Bari urn 0.012 0.17 0.58 0.44 0.12 1.8 6.4 4.8 

Cobalt NR(b) 0.003 0.01 0.007 NR . 0.03 0.11 0.08 
Copper 0.0007 0.01 0.04 0.03 0.007 0.12 0.43 0.32 

Chromium < 0.002 0.004 0.01 <0.01 < 0.02 0.04 0.14 < 0.13 

Iron 0.24 2.8 9.9 7.5 2.4 3.1 110 82 
Mercury < 0.0003 ND(c} ND <0.001 < 0.003 NO NO 0.005 
Potassium 0.28 4.5 16 12 2.8 50 175 129 

Magnesium NR 0.63 2.2 1.6 NR 7 .o 25 18 
Manganese 0.02 0.17 0.60 0.47 0.19 1.9 6.7 5.1 
Molybdenum 0.0001 0.02 0.07 0.05 0.001 0.23 0.81 0.58 
Nickel NR 0.004 0.01 0.009 NR 0.04 0.14 0.10 
Lead 0.0009 0.01 0.05 0.04 0.009 0.16 0.55 0.40 
Selenium 0.0001 0.02 0.07 0.05 0.001 0.22 o. 77 0.55 
Strontium 0.006 0.02 0.08 0.07 0.06 0.26 0.91 0.74 
Vanadium 0.004 0.25 0.89 0.65 0.04 2.8 9.9 7.1 
Zinc 0.0008 0.005 0.02 0401 0.008 0.06 0.20 0.16 
Uranium-238 and 
each daughter 0.6 45 450 222 6 495 4,990 2,410 

Thorium-232 and 
each daughter 0.04 0.4 6.3 2.8 0.4 4 70 31 

(a}Mass emissions from Table 3.53. 
(b)N~ - Not reported. w 

I 

(c}ND - Not detected. ...... 
m 
U1 



Table 3.55 Average annual emissions of radionuclides (~Ci} and stable elements 
{kg) in wind suspended dust at the model underground mines 

-
Average Large Underground Mine 

Waste Rock · Sub-Ore Ore 
Average Underground Mine 

Waste Rock Sub-Ore Ore 
ntaminant Pile Pile 

! 
Stockpile Pile Pile Stockpile 

Arsenic 0.03 1.9 0.69 0.005 0.34 0.06 
Barium 0.87 20 7.4 0.17 3.7 0.66 

Cobalt NR{a) 0.35 0.13 NR 0.06 0.01 
Copper 0.05 1.3 0.49 0.01 0.24 0.04 
Chromium < 0.15 0.44 0.16 < 0.03 0.08 0.01 
Iron 18 345 126 3.4 63 11 

Mercury < 0.02 ND{b) ND < 0.005 NO NO 
Potassium 21 550 200 4.0 100 18 

Magnesium NR 77 28 NR 14 2.5 
Manganese 1.5 21 7.7 0.28 3.8 0.69 
Molybdenum 0.008 2.5 0.92 0.001 0.46 0.08 
Nickel NR 0.44 0.16 NR 0.08 0.01 
Lead 0.07 1.7 0.62 0.01 0.31 0.06 
Selenium 0.006 2.4 0.88 0.001 0.44 0.08 
Strontium 0.45 2.9 1.0 0.09 0.52 0.09 
Vanadium 0.30 31 11 0.06 5.6 1.0 
Zinc 0.06 0.64 0.23 0.01 0.12 0.02 
Uranium-238 and 
each daughter 45 5,450 5,700 9 990 513 

Thorium-232 and 
each daughter 3 44 80 0.6 8 7.2 w 

I 
1-' 
0"1 

{a)NR -
0"1 

Not reported • 
(b)ND - Not detected. 
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Table 3.56 Average annual emissions of radionuclides (~Ci) and 
stable elements (kg} from vehicular dust at the model 
underground mines 

Contaminant 

Ave rage Large 
Underground Mine{a) 

Arsenic 0.43 
Barium 14 
Copper 0.86 
Chromium <2.4 

Iron 287 

Mercury <0.38 
Potassium 335 
Manganese 23 

Molybdenum 0.12 
Lead 1.1 

Selenium 0.10 

Strontium 7.2 
Vanadium 4.8 
Zinc 0.96 

Uranium-238 and 
each daughter 129 

Thorium-232 and 
each daughter 48 

(a)Mass emissions = 47.8 MT/yr. 
{b)Mass emissions = 24.2 MT/yr. 

Average 

Underground Mine{b) 

0.22 
7.0 
0.44 

<1.2 
145 

<0.19 
170 

12 

0.06 
0.53 

0.05 
3.6 
2.4 
0.48 

65 

24 
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3.5 In Situ leach Mining 

Because in situ leaching of uranium (see general description in Section 

1.3.4} is in its infancy, a data base for performing a detailed generic 

environmental assessment does not presently exist. The fact that the para

meters for assessing this process are so site specific and depend upon oper

ational procedures further impedes a generic assessment. Current research 

projects may help to resolve many of the present uncertainties and provide 

the data needed to better quantify the potential source terms (La78). 

In view _of the expected future expansion of this uranium mining method 

(Section 1.3.4), a qualitative assessment that can be modified later when 

additional data become ava i1 ab 1 e was deemed necessary. This assessment was 

possible because of recent laboratory experiments and field measurements at 

pilot-scale plants (Wy77, Ka78b, NRC78b, Tw79). 

Similar to uther uranium mining methods, in situ leaching also produces 

liquid, solid, and airborne wastes. However, the quantities of these wastes 

and their characteri sties differ considerably from those produced at surface 

or underground mines. Also, because the recovery, drying, and packaging of 

the u3o8 produced is often perfonned at the mine site, wastes from these 

processes should probably be included in the mine assessment. 

This assessment uses the parameters of a hypothetical 11 typical 11 com

mercial-sized in situ solution mine. Unlike surface or underground mines, 

relatively few in situ facilities exist, and they are all somewhat different 

because of site specificity and the rapid development of new or modified 

techniques. The following parameters for the hypothetical mine were based 

upon those of the Highland, Crownpoint, and Irigaray uranium projects and 

those reported by Kasper et al. (1978) (Wy77, NRC78b, TVA7Bb). 

The Hypothetical In Situ Solution Mine 

(~) Size of deposit = 52.6 hectares 

(2) Average thickness of ore body = 8 m {Ka7Bb~ NRC78b} 

(3) Average ore grade = 0.06 percent u3o8 (Ka78b. Tw79) 

(4) Mineralogy ~ Sandstone 



(5) Ore density = 2 MT/m3 

(6) Ore body depth = 153 m 
(7) Mine life = 10 years (2-yr leach period in each of 

5 sectors} 
(B) Well pattern= 5 spot (NRC78b, TVA78b, Ka78b) 

Injection wells = 260 

Production wells = 200 

Monitoring wells = 80 
(9) Annual u3o8 production= 227 MT (Wy77, NRC78b, Ka78b) 

(10) Uranium leaching efficiency = 80 percent (Ka78b) 
(11) Lixiviant =Alkaline 
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(12) lixiviant flow capacity = 2,000t/min (Ka78b, Wy77, NRC78b) 

(13) Lixiviant bleed= 50i/min (2.5 percent) (Wy77, NRC78b, TVA78b) 
(14) Uranium in lixiviant : 183 mg/i (TVA78b, Ka78b, NRC78b) 
{15) Calcite (CaC03) removal required = 2 kg calcite per kg u3o8 

(Wy77) 

The solid, liquid, and airborne wastes generated by this facility are 

described below. Wastes and quantities generated, as well as operations and 

procedures selected, will naturally differ to varying degrees from those at 

some operating sites. 

3. 5.1 , So 1 id Wastes 

The quantity of solid wastes generated depends upon the leachate, the 

ore body, and operational procedures that effect the mobilization of ore 

constituents. Little information is available on the quantities of solids 

generated because of this site dependence, the newness of the process, and 

the apparent relatively small quantities that are produced. Examples of 

solid wastes that might be expected to be generated by the alkaline leach 

process are listed below: 

(1) Materials filtered from the lixiviant line 

{2) Sediments from the surge tanks 
(3) Calcium carbonate from the calcium control unit 



{4) Barium sulfate from the contaminant control in the 
elution/precipitation circuit of the recovery process 

(5) Materials deposited in the evaporation ponds 
(6) Drill hole residues 
(7) Solids from aquifer restoration 

Sources 1 and 2 
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No infonnation concerning quantities of solids from these two sources 
could be found. in the literature, but they are described as being relathely 
small compared to other sources (NRC78b). These wastes are transferred to 
evaporation ponds and retained beneath a liquid seal. 
Source 3 

One of the larger sources of solids is the calcium control unit (Wy77). 
Calcite, Caco3, which is removed prior to injection of the refortified 1ixi
viant, coprecipitates radium and any residual uranium. It has been reported 
that the amount of calcite produced is less than 2.8 kg per 1 kg of u3o8 
recovered (Wy77). Assuming this ratio to be 2.0, and if Ra-226 is in secular 
equilibrium with U-238 in the ore, and 2.5 percent is solubilized by the 
lixiviant (Wy77, NRC7Bb), 454 MT of calcite will be produced annually and 
contain a total of 1.6 Ci of Ra-226. Also, calcite has been observed to 
contain between 1 to 2 percent u3o8 by weight (Wy77). Assuming an average of 
1~5 percent u3o8, about 1.9 Ci {6.8 MT u3o8) of U-238 may also be present in 
the calcite waste. 

Radium-226 and its daughter, Rn-222, are probably the most radiologically 
significant radionuclides associated with uranium mine wastes, and the small 
amount of Ra-226 retrieved by in situ leaching is a distinct advantage. 
Conventionally mining the quantity of ore assumed for the hypothetical in 
situ mine would contribute 64 Ci of Ra-226 per year to the surface. Because 
of the insolubility of Raso4, acid lixiviants containing H2so4 mobilize even 
less radium than alkaline lixiviants. It is reported that the latter mobi
lizes up _tQ 4.5 times the radium as acid leach solutions (Wy77). 

If practical, the calcite waste is transferred to the mill to recover 
the coprecipitated uranium. Otherwise, the waste is transferred to an evap
oration pond and retained beneath a liquid seal to minimize atmospheric dis
persion and radon emanation. 
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Source 4 

If necessary, the sulfate concentration in the eluant circuit of the 

uranium recovery unit may be controlled by the precipitation of Baso4• There 

are no data on the contaminant levels expected in the Baso4 waste, although 

less than 730 MT per year are anticipated (Wy77). These wastes are impounded 

beneath a liquid seal of an evaporation pond. 

Source 5 

An assortment of precipitation compounds will be produced by evaporative 

concentration of impounded waste solutions. The principal products expected 

are alkali chlorideS, carbonates, and sulfates. The quantity of solids pro

duced by this mechanism and their rate of accumulation on the pond bottom has 

not been reported. 

Source 6 

Residues produced from drilling the numerous !"Jells required for in situ 

leaching constitute another solid waste. The hypothetical in situ leaching 

facility defined above requires a total of 540 wells drilled to a depth of 

153 m: 200 production, 260 injection, and 80 monitoring wells. A diameter of 

10.2 em will be assumed for all wells, although 5.1 em, 12.7 em, and 15.2 em 

diameter wells have been used (Wy77). To accommodate a concrete and steel 

casing, a drill hole of approximately 20 em will be required. The residue 

from drilling the monitoring wells will consist mostly of barren rock; how

ever, an equivalent of an 8-m section of each injection and recovery well 

will contain 0.06 percent grade ore. Hence, drill hole residues will consist 

of 4,960 MT of barren waste rock and 230 MT of ore containing 138 kg of u
3

o8• 

These wastes are in relatively small quantities and should be·manageable. The 

waste rock and ore, if mixed and stored in a 2-m-high rectangular pile, would 

only cover an area of about 0.15 hectares and average 0.0027 percent u
3
o
8 

.. 

Source 7 

During the active mining period, all solid wastes are generally 

retained beneath a liquid seal in lined evaporation ponds to minimize atmo

spheric dispersion and radon emanation. A plan for the final disposal of 

solid wastes has- not been determined. Suggested procedures are to transport 

the wastes to a conventional uranium mi 11 for further treatment to recover 

any u3o8 present, treat the effluent as mill wastes, construct long-term 

tailings ponds on the site, or ship the wastes to a licensed off-site burial 

ground. Solid wastes probably comprise the least significant type waste 

relative to health and the environment. Solid wastes generated from reel a

mat ion procedures will be discussed in Section 3.5,5. 
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3.5.2 Associated Wastewater 
Water flushed through the leached area when restoring the well field is 

the largest source of wastewater (see Section 3.5.5). The principal sources 
of wastewater generated by the hypothetical facility during the leaching and 
recovery operat'ions are as fo11 ows: 

(1) Lixiviant bleed --barren lixiviant removed from the 
leach circuit to produce a net inflow into the well-field 
area and to control contaminant concentrations 

(2) Resin wash -- water to wash resin of excess NH4Cl used to 
regenerate the resin. Lixiviant bleed is sometimes used for 
this operation, and it reduces the total quantity of waste
water produced (Ka78b) 

(3) Eluant bleed -- barren eluant removed to control salt accum
ulation, principally NaCl and Na 2co3, and maintain proper 
volume 

(4) Well cleaning -- water used to flush injection wells to pre
vent clogging 

The sources of wastewater and the quantities produced vary at different 
sites, depending upon the lixiviant and recovery circuit chemistry as we11 as 
the production rates. However, estimates were made of the quantities of 

was'tewater generated by the four principal sources for the hypothetical in 
situ facility, and they are listed in Table 3.57. It is assumed that waste 
from backwashing the sand filters is l1xiviant bleed waste water and does not 
contribute to the total wastewater generated. The total volume of wastewater 
estimated to be generated is 8.43 x 104 m3;yr. Assuming the evaporation 
ponds are 3.05 m deep with a 0.604 m freeboard (Wy77) and a natural evap
oration rate of 142 cm/yr {TVA78b}, a pond capacity of 34,770 m3Jyr which 
would encompass a surface area of about 1.4 hectares/yr would be required. 
Using evaporation data assumed for the Irigaray Uranium Project, about 75 
percent of the annual wastewater inventory would evaporate, which would leave 
2.11 x 104 m3/yr and require a surface area of 0.85 hectares/yr. If 
necessary, the pond size can be reduced by using mechanical evaporators. 
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Table 3.57 Estimated quantities of wastewater produced by an 
in situ leaching operation 

Flow Rate, Annual Accumulation, 
Source ( .2/min) (m3/yr) 

Lixiviant bleed (2.5%} 50 2.63 X 104 

Resin wash(a) 26 1.37 X 104 

Eluant bleed 17 8.9 X 103 

Well cleaning(b} 3.54 X 104 

Total 8,43 X 104 

(a)This may be included in the lixiviant bleed. 
(b)Assumes 250 injection wells flushed twice each month with 5680 liters 

I 
of water. 

Source: Data from Wy77 and Ka78b proportioned to an annual u3o8 production 
of 227 MT and a lixiviant flow of 2000umin; aquifer restoration is excluded 
(Section 3.5.5). 
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The 1 iquid wastes are generally brines. They_ contain large amounts of 

sodium chloride consisting of 1,500 to 5,000 mg/l!. total dissolved solids 

(TDS), trace metals ranging from 0 to 10 mg/t, and small quantities of radio

activity. The quantities of contaminants generated each year were estimated 

for the hypothetical solution mine by using the annual mass emissions esti

mated for the Highland Uranium Project and adjusting the flow rates to pre

dict the concentrations (NRC78b). Table 3.58 1 ists these estimated concen
trations and annual emissions. Because the contaminants from the 1 ixiviant 

bleed were not included in the source document, the trace metals that are 
mobilized by the leachate do not appear in the tabulation, and Ra-226 

presence is grossly underestimated (Table 1.7, Section 1.3.4). Considering 

possible trace metal concentrations and their toxicities, their presence in 

the lixiviant bleed wastewater may be significant. Assuming that 2.5 percent 

of the Ra-226 in the ore is extracted, the pregnant leachate will contain 

about 1,520 pCi/t, yielding J.6 Ci/yr. However, it is assumed that most of 
this radium will be removed by the calcium control unit. 

There are no planned releases of liquid wastes to the environment at in 
situ solution mines. The contaminants dissolved in ,the liquid wastes will 
accumulate on the pond bottoms as the liquid evaporates. Barring dike fail
ure and seepage through the 1 ined pond bottoms, no impact should be imposed 
upon the environment by this source during operation. 

Another method, other than evaporation, to remove wastewater from an in 

situ ·site is deep well injection. This is the dominant method of wastewater 
removal at operations in South Texas (Durler, D.L., U.S. Steel Corporation, 

Texas Uranium Operations, Corpus Cristi, TX, 9/79, written communication). 

3.5.3 Airborne Emissions 
Airborne emissions from an in situ solution mining operation will origi

nate from three principal sources: the uranium recovery and processing unit, 
the waste storage evaporation ponds, and the radon released from the pregnant 

leach surge tanks. The primary radioactive species emitted is Rn-222. The 
nonradioactive-- species emitted are a function of the lixiviant and the 

uranium recovery proces.s_es employed. Fugitive dust emissions, primarily from 

vehicular traffic, will also occur on the site. However, because very little 

heavy equipment is used:t the potential for adverse environmental impact from 
this source will not be significant and is not considered jn this assessment. 
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Table 3.58 Estimated average concentrations and annual 

accumulation of some contaminants in wastewater 

Contaminant Concentration, mg/ i Annual Accumulation, kg 

Calcium 64 5,380 

Chlorine 2,070 173,880 

Carbonate 31 2,600 
Bicarbonate 36 3,020 
Magnesium 24 2,020 
So:lium 1,320 110,880 

Uranium-238 1 84 
Radium-226 21(a) 1.8(b) 

Thc'l'i um-230 6(a) o.sCb) 

(a)Units are pCi/ .t 
(b)Units are mCi. 
Note.--Mass emissions est1mated for the Highland Uranium Project 

(NRC78b), adjusted for flow rates and U308 production of the hypothetical 
solution mine. 

Estimated average annual airborne emissions were computed for the hypo
thetical facility using data supplied by the Irigaray and Highland Uranium 

Projects and from the report of Kasper, et al. (1978) (Wy77, NRC78b). Table 

3.59 gives the results, proportioned to a production rate of 227 MT/ yr. 
The major sources of emissions from the urani urn recovery p 1 ant are 

by-products of combustion from the dryers, volatilized solution residuals, 

and u3o8 fines generated during product drying. Carbon dioxide is the major 

combustion product emitted, although sulfur dioxide may also be significant 

if oil is used_~o fuel the dryers. Ammonium salts, used in the precipitation 
of uranium and resin regeneration, will volatilize as both ammonia and 

ammonium chloride during yellow cake drying. Airborne particulates that 
include uranium and some decay products are generated during the drying and 

packaging processes. The emission rates of u3o8 and daughter products were 

computed on the basis of an average release rate of 363 kg of u3o8 per year 
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Source 

Recovery Plant{a) 

Uranium-238 
Uranium-234 
Uranium-235-
Thorium-230 
Radium-226 
Lead-210 
Polonium-210 
Ammonia 
Ammonium chloride 
Carbon dioxide 

Surge Tank 
Radon-222(b) 

Storage Ponds (c) 

, Ammonia 
Ammonium chloride 
Carbon dioxide 
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Estimated average annual airborne emissions from the 
hypothetical in situ leaching facility 

Annual Release Rate 

1.0 X 10-1 Ci 

1.0 X 10-1 Ci 
4.8 X 10-3 Ci 
1.7 X 10-3 Ci 
1.0 X 10-4 Ci 

1.0 X 10-4 Ci 
1.0 X 10-4 Ci 
3.2 x 10° MT 
1.2 X 101 MT 
6.8 x 102 MT 

6.5 X 102 Ci 

1.0 X 102 MT 

3.0 X 102 MT 
7.5 X 101 MT 

{a)Includes the calcium control unit. 
(b)Assumes all radon formed dissolves in the lixiviant and 100 percent 

is released on contact with the atmosphere. 
(c)Based on a release rate of 14.6 MT/yr of NH3, 10.6 MT/yr of co2 and 

42.0 MT/yr of NH4Cl per hectare of pond surface (Wy77), and an average pond 
surface area of 7.1 hectares (1.42 ha/yr x 5 yrs). 
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from a 227 MT/yr facility (Wy77, Ka78b). High efficiency filters and scrub

bers are used, which significantly reduce the releases from the uranium 

recovery p 1 ant. 

Emission rates from the wastewater storage ponds are determined by the 

composition of the waste solutions, evaporation rate, feed rate to the ponds, 

and the water temperature. The principal emissions from storage ponds ser

vicing an alkaline leach process, as defined for the hypothetical facility, 

are ammonia, ammonium chloride, and carbon dioxide. Different atmospheric 

releases would result from waste ponds servicing an acid leach facility. The 

release of Rn-222 from the pond surfaces has not been measured. The emission 

rate of Rn-222 resulting from the decay of Ra-226 contained in the pond 

sediments will be inhibited by the liquid seal maintained over the entire 

surface area of the pond. Because of its low solubility in the unagitated 

pond water, it is reasonable to conclude that the rate of release for radon 

from the water surface will be small compared to that from the pregnant leach 

surge tanks. The liquid seal maintained over the pond area minimizes air

borne particulate emissions from the storage ponds. 

The principal source of airborne radioactive emissions is the release of 

Rn-222 from the pregnant leach surge tanks. Rn-222 is mobilized from the ore 

zone during solution mining and will be largely soluble in the lixiviant 

under the very high pressure ( ~ 15 atm) that exists at the ore zone depth 

(~500 ft). Upon reaching the atmosphere at the surge tank, nearly complete 

release of the absorbed radon will take place. Since nearly all Ra-226 

remains underground in the leach zone--only 2.5 percent is assumed to be 

extracted--Rn-222 will continue to be generated in areas leached of uranium. 

Consider a 2-year leach period in each of 5 sectors that is 80 percent 

efficient and yields an average of 227 MT of u3o8 per year. If U-238 and 

Ra-226 are initially in secular equilibrium and 97.5 percent of the Ra-226 

remains underground, 156 Ci of Ra-226 will be continually available for 

Rn-222 production. This quantity of Ra-226 will yield a lixiviant concen

tration in the 252,800 m3 aquifer (Section 3.5.5) of 6.18 x 105 pCi/it, , 

assuming a maximum emanating power of 100 percent. The latter assumption 

will result in a maximum Rn-222 concentration in the lixiviant. A high 

emanating power is probable considering the conditions that exist in the 

aquifer: high pressure, high permeability due to leaching, the presence of 

water in the rock pores, radium present on grain surfaces, and the flow rate 

of water through the ore zone (Ta78, Tanner, A.B., Department of Interior, 



3-178 

Geological Survey, Reston, Va, 11/79, personal communication). T~erefore, 

applying these maximizing conditions with a pumping rate of 2,000 t/min, 650 
Ci/yr of Rn-222 will be released at the pregnant leachate surge tanks. 

Apparently very few measurements of Rn-222 concentrations in pregnant 
1 eachates have been made at operating facilities. One investigator reports 
that measured concentrations range from 10,000 pCi/t to over 500,000 pCi/t 
and may vary with time at the same well by factors greater than ten 
{Waligora, S., Eberline Instrument Corp., Albuquerque, N.M., 1979, personal 
communication). The concentration computed above for the model facility lies 
above the observed range. 

3.5.4 Excursion of Lixiviant 
A production zone excursion refers to the event when the leach solution 

flows from the leach field contami~ating the surrounding aquifer. Production 
zone excursions are usually prevented by bleeding a small fraction (2 to 7 
percent} of the lixiviant before reinjection. This imposes an imbalance in 
the injection-recovery volumes and causes groundwater to flow into the leach 
field from the surrounding stratum. 

Production zone excursions are detected by wells placed 60 m to 300m 
from the well field. These wells are routinely monitored, generally bi
weekly, to detect concentration increases of one or more constituents of the 
1 ixiviant. Lixiviant constituents monitored may be chloride, ammonia, bi
carbonate, sulfate, calcium, or uranium. In addition, conductivity and pH 
measurements are usually included. When one or more of the indicators ex
ceeds a maximum limit specified in the operator's permit, the observation is 
verified by resampling. If positive, sampling frequency is increased, appro
priate government agencies are notified and corrective actions are begun. 

An excursion from the production zone may be terminated by one of the 
following suggested methods (Wy77): 

(1) Overpumping - increasing the flow rate of the recovery 
wells to increase the inward flow of native groundwater 

(2) Reordering - applying different pumping rates of the recovery 
wells to different areas of the well field, providing a 
greater inflow of native groundwater at specific points 
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(a variation of overpumping} 
(3) Reducing Injection - another method of increasing the ratio 

of recovery flow to injection flow providing the same effect 
as overpumping 

(4) Ceasing to Pump - stopping both recovery and injection flows 
(migration is then due entirely to natural groundwater flow. 
which is many orders of magnitude less than with wells pumping) 

(5) Begin Restoration - initiated when all other efforts have 
failed to stop the migration of lixiviant from the leach 
field (Section 3.5.5) 

Excursions are likely to occur during the operation of an in situ leach 
mine. Adverse consequences of an excursion will be determined by its extent, 
the rate of outward flow, contamination levels, aquifer hydr·ology, and the 
effectiveness of corrective measures applied. 

3.5.5 Restoration and Reclamation 
Restoration is the process by which the in situ leach site is returned 

to an environmentally acceptable state after mining is complete. Surface 
restoration consists of removing all structures, pipelines, and so on and 
sealing the evaporation ponds. Subsurface restoration, the primary area of 
concern, is done by discontinuing lixiviant injection and continuing pumping 
to sweep fresh groundwater from the surrounding area through the leached ore 
zone •. It is anticipated that this process wi11 flush out the remaining 11xi
viant and chemical compounds or elements that have adsorbed or reacted with 
the mineral content of the aquifer. The water recovered can be purified by 

chemical precipitation, ion exchange, reverse osmosis, or other processes, 
and then recycled. This reduces considerably the quantity of water that must 
be managed. Between 75 and 80 percent of the water can be reinjected while 
the remainder containing the contaminants is transferred to an evaporation 

pond (Wy77, NRC78b). During the initial restoration process, it is generally 
cost effective to recover the uranium from the process wastewater. 

Aquifer restoration continues until the groundwater quality in the 
mining zone meets a criterion established on a basis of the premining water 
quality. In many cases~ the premining groundwater quality criterion is diffi
cult to establish because water quality can vary considerably over the ore 
zone region and may contain high natural levels of contaminants. Samples of 
water from wells monitored prior to mining in Texa5 contained concentrations 
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of Rn-222 approaching 20,000 pCi/9. (Tanner, A.B., Department of Interior,. 

Geological Survey,. Reston, Va, 11/79,. personal communication),. and it is 

probably unrealistic to attempt to restore an aquifer to a better quality 

than existed naturally before mining. Wells and flow rates used in this 

process must be carefully selected and controlled to provide efficient 

groundwater sweeps and to insure that all affected areas of the leach zone 

are res tared. 

The affected aquifer volume that is to be restored may be estimated by 

the following equation: 

affected volume= area of well field x aquifer thickness (3.12) 

x (porosity} 

100 percent 

Assuming a porosity for sandstone of 30 percent (NRC78b), the affected volume 

of the hypothetical in situ solutiO!~ mine defined in Section 3.5 would be: 

affected volume = 52.6 hectares x 8 m x 
30 percent/100 percent = 1.26 x 106 m3• 

Because of mixing leach solution with the incoming sweep water and the grad

ual desorption of some contaminants from clays present in the ore body, more 

water is required to adequately flush the contaminants than one pore vo 1 ume. 

It has been estimated that five to seven pore volumes of water would be 

required for adequate restoration (Wy77, NRC78b). Using the seven pore 

volume value and assuming that 80 percent of the sweep water is reinjected 

after purification, a total of 1.76 x 106 m3 of wastewater having high TDS 

would be transferred to the evaporation ponds during the restoration phase. 

If the aquifer is swept at a f1ow rate of 2,000 £/min, restoration would take 

8 years (1.6 yr per sector), and wastewater will accumulate at about 2.22 x 
105m3;yr during this period. With careful control, restoration can be con

current with leaching in different areas of the well field. 

Table 3.60 lists estimated average concentrations of contaminants in the 

restoration wastewater (NRC78b) and annual accumulation rates of the con

taminants based on a flow rate of 2,000 £/min. In the last column are esti

mates or the total mass of substances produced by restoration that waul d 

became sediments in ._the evaporation ponds. Data were not provided for cal

cium, magnesium, chloride, and ammonium ions, even though the latter two are 

major constituents expected from an alkaline leach process (Wy77}. These 

concentrations reflect average values, but concentrations in the wastewater 

during the initial phase of the restoration process will be much higher. For 
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Table 3.60 Estimated average concentrations and annual and total accumula-
tions of some contaminants in restoration wastewater 

Concentration Annual Total 

Contaminant mgh, Accumulation, Kg {a) Accumu1ation, MT(b) 

Arsenic 0.2 210 1.7 

Calcium NA( c) NA NA 
Chloride NA NA NA 
Carbonate 450 473,000 3,780 

B ica rbona te 550 578,000 4,620 

Magnesium NA NA NA 
Sodium 550 578,000 4,620 

Ammonium NA NA NA 
Selenium 0.10 100 0.8 

Sulfate 150 157,000 1,250 

Uranium-238 < 1 (d) < 900 < 7.2 
Thorium-230 lOO(e) o.lo(f) o.a<f) 
Radium-226 75(e) o.oa<f) 0.6(f) 

Radon-222 618,000(e) 650(f} 5,200(f) 

' 

(a)Produced only during the estimated 8-yr restoration period. 
(b)Total accumulation during the estimated 8-yr restoration period. 
(c)NA - Data not available. 
(d}Concentration after uranium extraction. 
(e)Units are pCi/1 • 

(f)Units are Ci/yr or total curies. 

Source: Concentrations based on those estimated for the Highland Urani
um Project (NRC78b}, adjusted for a flow rate of 2,000 ~/min. 

' ' 
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Table 3.61 A comparison of contaminant concentrations in pre-mining 
groundwater and pre~restoration mine water (Wy77) 

Pre-mining Pre-restoration 
Contaminant Water, mgft Water, mg/t 

Arsenic < 0.0025 0.021 

Barium 0.12 0.069 

Boron 0.16 0.283 

Cadmium < 0.005 0.014 
Chromium 0.0135 0.002 

Copper 0.019 0.220 
Manganese 0.12 0.97 

Mercury 0.0028 <0.0002 
Nickel 0.018 0.218 
Selenium 0.013 1.75 
Silver <0.005 0.015 

Zinc 0.003 0.22 
Lead 0.0035 0.110 

Ch1oride 10 .. 75 524 
Ammonia < 1.0 235 

Bicarbonate 139 805 
Uranium (U3o8) 0.098 24.4 
Radium-226 27(a) 371 (a) 

Total dissolved sol ids 793 1324 

(a)Un1ts are pC1/i. 
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example, Table 3.61 compares concentrations of substances in the groundwater 

before mining with those after mining but before restoration. These data are 

from tests conducted for the Irigaray Project (Wy77} and indicate those sub

stances whose groundwater concentrations may be elevated by in situ leaching. 

Radon emission during the restoration process has not been considered 

(Wy77, NRC78b, Ka78b). Because essentially all Ra-226 remains in the ore 

zone (about 97.5 percent), it appears reasonable to expect Rn-222 emissions 

to continue during restoration. A leached-out sector of the model mine will 

contain 156 Ci of Ra-226 in an aquifer volume of 2.53 x 105 m3 (1.26 x 106 

m3 + 5). Although no measurements have been made, it would appear that the 

restoration wastewater will contain about the same Rn-222 concentration as 

the pregnant leachate during leaching, 6.18 x 105 pCi/1 (Section 3.5.3). 

Assuming a pumping r·a.te of 2,000 £/min, a maximum of 650 Ci of Rn-222 will be 

released during each year of restoration, resulting in a maximum tot-:tl re

lease of 5,200 Ci during the estimated 8-yr restoration. 

Restoration is presently in the experimental stages. No com-
mercial-sized facility has reached that phase of operation. Although restor

ation by flushing appears feasible, there have been problems when alkaline 

11xiviants were used, particularly those containing ammonium ions. Ammonium 

is the preferred cation because sodium causes the clays to swell and plug the 

fonnation, and calcium fonns an insoluble sulfate that also decreases the 

permeability of the fonnation. However. ammonium ions adsorb tightiy on to 

clays by replacing the calcium and magnesium atoms in the. clays. Mont

morillonite, prevalent in the Texas mining areas, has extensive surface areas 

that result in very large ion-exchange capacities. Once adsorbed, the 

ammonium ions desorb at a very slow rate and prolong the restoration. It has 

been reported that after sweeping a leached ore zone with 10 ore zone volumes 

of water, the ammonium concentration of the water was reduced to 15 to 25 mg~ 
(Ka78b). This concentration of ammonium may not be significant, although, 

under aerobic conditions, ammonium ions can be oxidized to the more toxic 

nitrate. In a deep aquifer, this oxidation process is not likely to occur, 

and, because of the very low leachability of ammonium ions from clays, any 
ammonium retained after restoration will move to surrounding aquifers at a 

very slow rate. 
Several ongoing research studies are trying to solve the ammonium prob

lem (Ka78b). Potassium is being tested as a cation replacement for ammonium 
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in hopes that its adsorption and swelling characteristics will be favorable. 
Sweep solut10ns enriched in calcium and magnesium are being tested to deter
mine if they will facilitate the flushing of the ammonium ion by replacing it 
on the clays by ion-exchange. 

Restoration of the aquifer after mining stops is in the research stage. 
The adequacy of the restoration process and the procedures required will 
depend on a number of factors: the lixiviant used, concentration of specific 
ions in the lixiviant, the physical character of the stratigraphic unit, and 
the geochemical nature of the ore deposit. Undoubtedly, research will im
prove the process in the next few years. If the criteria of the restoration 
process are met, it is unlikely that there will be any adverse environmental 
impact from a properly restored aquifer. 

Generally, the goal of reclaiming the site surface is to return the area 
to a state similar to that which existed naturally before mining. This often 
means one suitable for livestock grazing and wildlife habitat. The following 
site reclamation actions have been proposed {Wy77): 

(1} Remove all structures and exposed pipes and plug all wells with 
concrete. 

{2) After all impounded liquids have completely evaporated, cover 
the remains with overburden to a depth [2 m has been suggested at the 
Irigaray site (Wy77)j that will support plant growth and suppress 
Rn-222 emissions or transport and deposit the remains in a mill tailings 

' 
impoundment. 

(3) Before backfilling, dispose of the solids containing sufficient 
radioactivity to warrant removal by one of the methods suggested in 
Section 3.5.1. 

(4) Grade surfaces of the backfilled ponds and all other barren areas 
to create a suitable topography and then revegetate them. 

(5) Irrigate and fertilize sites to develop adequate plant cover. 
(6) Maintain fences to prevent grazing by livestock until stable vege

tative cover becomes established. 
-

(7) Monitor reclaimed sites for radiation. verification of vegetative 
cover, and the absence of adverse erosiono 

(8) Sample monitoring wells one year after restoration to verify aquifer 
restoration. 
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3.6 Other Sources 

3.6.1 Mineral Exploration 

During early exploration, uranium was identified by its mineral color, 

i.e., pitchblende from the Central City District in Colorado and carnotite in 

the Uravan Mineral Belt in Utah and Colorado. It was usually mined in con

junction with other metals and minerals. Later, when portable radiation 

survey meters became available, a substantial portion of the uranium findings 

(generally outcrops) were made by non-geologic prospectors (UGS54). Current 

uranium exploration ·uses extensive geological studies to locate form3tions 

with a strong potential for uranium ore content. These formations are then 

explored and field surveyed to verify the presence of ore. Much of the 

current exp 1 ora tory activity is directed at expanding known deposits afld 

mining areas. 

As the surface and near-surface uranium deposits are found, mined, and 

depleted, exploration for reserves must be conducted at greater depths. The 

deeper uranium deposits, however, offer few radiometric clues on the surface 

regarding their location. In these cases, geologic studies and field work 

postulate the existence of promising geological formations. Actual explor

ation must be done by drilling. Drilling is also used to extend and explore 

known uranium producing areas. 

There are two categories of drilling: exploratory and developmental. 

Exp 1 ora to·ry dri 11 i ng is used to samp 1 e a promising fonnati on to detenni ne if 

uranium ore is present. The drilling is generally done· on a grid with the 

drill holes spaced 60 m to 1.6 km or more apart. Development drilling, to 

define the size and uranium content of the ore body, occurs when ore is 

struck in an exploratory hole. The development hole spacing ranges from 8 m 

to 100 m, depending on the characteristics and depth of the ore body. 

Usually, the same drilling equipment is used for both the exploratory and 

development drilling. 

Ordinarily, there are three vehicles in a drilling unit. One vehicle 

carries and operates the drill rig, the second carries the drill rods, and 

the third carries water. Although the drill rig is a well-engineered, com
pact design, its physical size is increasing to meet the demands of deeper 

drilling (Personal communication with G. C. Ritter, 1979, Bendix Field En

gineering Corp.~ Grand Junction» CO). 
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Early drilling (1948-1956) was predominantly done with percussion 
drills. These drills could drill to depths of about 76 m using 2.8 em dia
meter drill steel. The drill bit was cooled and cuttings were removed from 
the drill hole by forcing air down the center of the drill stem. The 
cuttings (chips~ sands~ and dusts) were carried up and out of the drill hole 
by the air stream with velocities of 914-1520 m per minute (Ni76}. The chips 
and coarse sands collected near the bore hole while the fine sands drifted 
and deposited around the drill site. Dusts, however, were free to drift with 
the winds. 

Rotary drilling, used for boring deep holes~ generally has replaced 
percussion drilling. Drill stems of 7.3· em diameter are used to bore holes 
to depths of about 1300 m. Stems with diameters of 11.4 em and 1 arger are 
used for drilling holes in excess of 1300 m. The rotary drill bits are 
cooled generally in the same manner as percur,sion drills. When groundwater 
is encountered, water fs used as a drilling medium and for removing cuttings. 
The cuttings are removed from the drill hale in the form of a slurry or 
drilling mud. They are usually stored in basins, either fabricated or dug in 
the ground. If unavailablet water is hauled to the drill site by truck. The 
drilling muds and water are stored in portable tanks or an earth impoundment 
for recirculation. After the drilling is completed, very often the cuttings 
are scattered and the drilling mud left at the site. This practice has been 
d~scouraged over the past 10 years in the Uravan area (Personal communication 
with G.C. Ritter, 1979, Bendix Field Engineering Corp., Grand Junction, CO). 
In some cases, the cuttings are disposed of in a trench and covered up with 
earth. Drilling muds are also sometimes covered. In either case, 
containment of the drilling wastes does not appear to be a prevalent 
practice. 

Development driJ 1 ing is conducted if ore is struck in an exploratory 
hole. The offset distance (i.e, the distance between development drill 
holes) is dependent on the previous history of the ore body sfzes in the 
area. OJf_setting may occur as soon as ore is struck, or it may be delayed 
until the exploratory drilling is completed. 
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The ore body may be evaluated by bore hole logging or by examining and 

analyzing cores. Core drilling, if used, usually begins at the top of the 

ore horizon. Ore {cores and cuttings) removed from the bore hole are some

times removed from the drill site. In cases where the ore is not removed 

from the drill site, it remains with the dry cuttings or in the drilling 

muds. The drill hole collar is sometimes plugged with 0.9 - 1.5 m of concrete 

after the bore hole has been evaluated. In some states, the drill hole must 

be p 1 ugged to sea 1 off aquifers in order to minimize groundwater 

contamination. 

3.6.1.1 Environmental Considerations 

By 1977, the uranium industry had completed 101 x 106 meters of surface 

drilling, with an all-time yearly high of 12 x 106 meters (OOE79). From 

1958-1977, about 821,900 surface holes were drilled, resulting in 87.8 x 106 

meters of bore holes. No statistics are available on the number of holes 

drilled from 1948-1958, but the annual and cumulative meters drilled for that 

period is known {DOE79}. In order to estimate the number of drill rig place

ments for that period, the total annual meters of drilling was divided by the 

annual average bore hole depth. The average depth per bore hole was esti

mated by plotting the average annual bore hole depths for 1958-1977 then 

using that data to estimate the annual bore hole depths for 1948-1957 by 

linear r-egression analysis {Fig. 3.22). 

The data points in Fig. 3.22 appear to fall into two groups: 1958-1966 

and 1966-1977. The average drilling depth of the 1966-1977 group of data 

points probably reflects the deep drilling in the Grants, New Mexico area 

that became significant in 1969. Using this information, the 1948-1958 

average drilling depths were estimated from regression analysis using the 

1958-1966 data points only. Table 3.62 is a summary of the DOE drilling data 

and the number of estimated bore holes by type and year. 
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Table 3.62 Estimates of exploratory and development drill holes (1948-1979) 

Surface Drilling (106 Meters) Average Hole Number of Holes 
Year Exploration Development Depth(Meters) Exploration Development 

1948 
1949 
1950 
1951 
1952 
1953 
1954 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

0.052 
0.110 
0.174 
0.329 
0.415 
1.11 
1. 24 

1.61 
2.22 
2.24 
1.15 
0.722 
0.427 
0.402 
0.451 
0.268 
0.294 
0.354 
0.549 
1. 67 
4.97 
6.25 
5.49 
3.47 
3.60 
3.29 
4.88 
5.03 
5.94 
7.89 

10.8 
9.94 

TOTAL 286 

0.012 
0.016 
0.063 
0.106 
0.091 
0.112 
0.169 

0.232 
0.4f.7 
0.564 
1. 06 
1. 00 
1.28 
0.972 
0.741 
0.604 
0.381 
0.289 
0.731 
1.62 
2.30 
2.86 
1. 69 
1. 23 
1.10 
1. 70 
1. 83 
2. 74 
4.48 
4.45 
5.24 
5.18 

149 

38.1l:~ 
38.1(a) 
39.6(a) 
41.1(a) 
41. \a) 
42.7( ) 
42.7 a 

44. /a) 
45.7(a) 
45.7(a) 
45.7 
48.2 
53.9 
50.0 
61.9 
39.6 
42.4 
47.5 
67.7 

110 
125 
120 
122 
121 
128 
146 
168 
139 
154 
132 
155(a) 
158(a) 

(b) 
1,360(b) 
2,880(b) 
4,380(b) 
8,ooo(b) 

10,100(b) 
26,100(b) 
29,000 

(b) 
36,300(b) 
48,600(b) 
49,000 
25,300 
16,300 
7,340 
8,260 
6,440 
8,470 
5,970 
6,230 
5,750 

12,800 
38,500 
47,900 
44,000 
28,400 
26,900 
22,600 
27,400 
34,300 
40,400 
62,600(b) 
69,200(b) 
62,700 

823,000 

(a)Indicates estimated average depth from Fig. 3.22. 

320(b) 
424(b) 

(b) 
1,600(b) 
2,580(b) 
2,220(b) 
2,620 

(b) 
3,950(b) 
5,260(b) 

lO,OOO(b) 
12,300 
22,900 
19,600 
24,400 
19,300 
12,900 
13,500 
9,910 
7,330 

13,200 
16,900 
19,500 
28,000 
14,900 
10,400 

9,710 
11,700 
12,300 
21,600 
27,200 
30,900(b) 
33,700(b) 
32,700 

454,000 

(b)Indicat~s number of drill holes estimated by dividing the annual 
exploration and surface dri]ling depths by the average hole depth. 
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Cuttings produced by drilling can degrade the drill site area and the 

local air quality. For convenience of evaluation, the cuttings are divided 

into two general categories--dusts and wastes. The dusts are drilling fines 

that become airborne, and wastes are drilling chips and sands deposited 

around the borehole. The maximum dust production occurs when compressed air 

is used solely for cleaning the boreholes. Generally the drilling industry 

uses foaming agents injected into the compressed air stream to help remove 

drill cuttings. The foam traps and contains the fine particulates and sub

stantially reduces the airborne dust. In practice, the drillers minimize 

airborne dust,·because it causes excessive wear on engines and compressors. 

Dust production also indicates improper drilling energy being used to grind 

up cuttings in the borehole rather than bore. Occasionally some water may 

Qlso be injected into the air stream to remove cuttings and to keep the drill 

hile from collapsing when loose materials are encountered. 

There are some estimates of airborne dust production and general assump

tions concerning drilling practices (Private communication with Mr. T. Price, 

Bendix Corp., Grand Junction, CO and E. Borgerding, Borgerding Drilling Co. 

Inc., Montrose, CO). They are as follows: 

(1) The ratio by weight of the chips, sands, and dusts produced by 

drilling is approximately 60:37:3, respectively {i.e., 3 Kg of every 100 Kg 

of cuttings removed from a borehole is available as airborne dust). 

(2) Fifty percent of all drill holes are wet (mud) drilled and 50 per

cent are air drilled; ninety-five percent of the latter are drilled using 

mist or foam {i.e., 2.5 percent are dry-drilled). 

{3) The first 6.6 m of all drill holes are drilled dry (i.e., no mist 

or foam is used). 

We estimated dust production from contemporary drilling by averaging 

drilling data from Table 3.62 for the years 1975 through 1979. The average 

depth of the holes for this period is 148 m. The annual average numbers of 

exploration and development holes are 53,800 and 29,200, respectively. Air

borne dust production from those holes that are drilled with mud (wet), foam, 

or mists (97.5 percent of both the exploratory and development holes} will 

originate only from the first 6.6 m depth. The weight of dust generated per 

hole will be as follows: 

Airborne dust (kg) = Volume of borehole (m3) x density (kg/m3) x air

borne dust fraction {.03) per drill hole 
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where h = 6.6 m 

r = 0.0865 m (assumed average rad

ius of 2 bit sizes r = 7.3 em 

and 10 em) (Pe79) 

= {3.14)(7.48 X 10-J) m2 X 6.6 m X 2000 !g X 0.03 
m3 

= 9.3 kg 
The average weight of airborne dust (kg) produced from all contemporary 

annual drilling (first 6.6 m) is 

83,000 drill ho 1 es x _...;;.9;..;.·...;..3~kgii..-.- - 5 - 7 . 7 )( 10 kg. 

drill hole 
The annual total weight (kg) of airborne dust produced from 2.5 percent 

of the annual number of drill holes bored (dry) where no mud, mists, or foams 

are used 

= 83,000 drill holes x ---~1~4~8-m~- x 0.025 x 47 ~ cuttings x 
drill hole m 

0.03 kg dust/kg cuttings = 4.3 x 105 kg/yr. (3.13) 

The total weight of airborne dust produced annually from each dry-drilled 
borehole is 209 kg. 

Assuming that each development hole penetrates the 3.6 m ore body, the 
total amount of airborne ore and sub-ore dust produced from development 
drilling annually is 

·29,200 drill holes x 3.6 m (ore and sub-ore) x 47 kg cuttings x 
yr drill hole m 

0.03 kg dust/kg cutting x 0.025 = 3.7 x 103 kg. (3.14) 

The total weight of airborne ore and sub-ore dust produced from each develop

ment drill hole (no mud, mists, or foams used) is 5.1 kg. 

The estimated annual quantity of ore and sub-ore brought to the surface 
by contemporary drilling equals: 

29,200 drill holes x 3.6 m x 47 kg cuttings (3.15) 

yr drill hole m 

= 4.9 x 106 ~or 4.9 X 103 MT 
yr yr 

Most of the ore will remain at the drill site with drilling muds or with 

the drilling wastes around the drill holes. Since the ore most usually will 

be the last material removed from the boreholes, it will be deposited on the 
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surface of the cuttings and drilling muds. This will expose the ore to the 
elements and subject it to erosion. 

3.6.1.2 Radon Losses from Drill Holes 
When the development drill penetrates an ore body, some of the ore and 

sub-ore bearing formations wi 11 be exposed to air in the dri 11 ho 1 e. Some of 
the radon gas produced in the ore can enter into the air in the drill hole 
and escape to the atmosphere. The mechanisms affecting the release rate of 
radon from boreholes are poorly understood. Tanner observed a wide variation 
in radon concentrations as a function of depth in an open borehole as com
pared to a closed borehole (Ta58}. Tanner also noted that strong winds could 
signi ricantly reduce the total radon content of an uncovered borehole. Since 
so 1 it.tl e is known about radon discharges from devel opm~flt boreholes, radon 
1 osse~ in this report are assessed on a 11 Worst case .. b1s is using the fol
lowin~ assumptions: 

is 

1. The drill hole is not plugged. 
2. About 3.6 m of ore and sub-ore were drilled. 
3. All radon released into the borehole esca~es to the 

atmosphere. 
4. The average grade of the ore and sub-ore is 0.17 percent. 
5. No water accumulates in the borehole. 

The surface area of the borehole passing through the ore and sub-ore body 

2 mrh = 2 x 3.14 x 0.0865 m x 3.6 m = 2.0 m2• (3.16) 
The raqon relea~ rate is estimated for ore and sub-ore in the boreho1e using 
an exhalation rate of 0.092 Ci/m2 per year per percent of u3o8 (Ni79). The 
quantity of radon (Q} per development hole escaping per unit time is 
0.092 Ci X 0.17% X 2.0 m2 X l X 1012 Efi = 990 pCi/sec (3.17) 
2 7 Ci m yr% 3.15 xlO sec/yr 

The total quantity of radon per annum escaping from all development holes 

drilled through 1979 
= 4.5 x 105 drill holes x 990 pCi x 3.15 x 107 sec/yr 

sec-dri 11 hale 
X 1 

1012.E.£i 

Ci 

"' 14,000 Ci/yr (3.18) 
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The "worst case estimate can be modified by assuming 50 percent of the 

holes are wet and 30 percent of the remaining holes are plugged or have 

collapsed. In this case, the total source tenn would be about 4,900 Ci/yr. 

Since about 31 percent of the development drill holes are at surface mines 

and are consumed by the pits, the annual Rn-222 release from the remaining 

holes will be 3,400 Ci/yr. 

3.6.1.3 Groundwater 

Progressively deeper holes are being drilled as the ore bodies near the 

surface become depleted. As the drilling depths increase, one or more 

aquifers may be intercepted by a drill hole, and an aquifer with poor water 

quality may be connected with an aquifer with good water quality. Depending 

on the direction of flow, the quality of water may be downgraded in a good 

aquifer. Most states require some plugging of the drill holes to seal the 

aquifer in order to maintain water quality. Adequate plugging of the drill 

holes requires a conscientious effort on the part of the driller and the 

regulatory agency. Since the movement of groundwater is relatively slow, the 

change in the quality of water in an aquifer wi1l not be apparent for some 

time. Thus, it may take a long time to correct the quality of water in a 

downgraded aquifer. 

3.6.1.4 Fumes 

I.t is estimated (Pe79) that 11.2 liters of diesel fuel are needed to 

drill 1.0 m. In 1979, the average borehole depth was estimated to be 158 m 

and would require about 1770 liters of diesel fuel. This fuel would be 

burned at a rate of approximately 173 1 i ters per hour. Some individual 

holes, however, are dri11ed in excess of 914 m and require 10,200 liters of 

diesel fuel. It is estimated that about 170 million liters of diesel fuel 

were consumed for all 1979 drilling. 

The principal emissions from the drilling power sources are partic

ulates: sulfur oxides, carbon monoxide, nitrogen oxides, and hydrocarbons. 

Because of the transient nature of the drilling, these releases are not ex

pected to substantially lpwer air quality over time. 
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3.6.1.5 Model Drilling 

About 1.3 x 106 holes have been drilled and bored for all uranium mining 

from 1948 through 1979 for approximately 3000 mines. This would amount to 

about 430 holes per mine. Thirty-six percent of the holes were for develop

ment drilling, and 64 percent were for exploratory drilling. Assuming that 

50 percent of the exploratory and development holes are air drilled (see 

Section 3.6.1.1), the airborne dust production for an average mine may be 

estimated as follows: 

Airborne dust from all drill holes (first 6.6 m of depth air drilled dry) 

= 430 drill holes x 9.3 kg = 4000 kg. (3.19) 
drill hole 

Airborne dust from all dry air drilling. less the first 6.6 m~ (3.20) 
= (430 drill holes x 209 kg dust x 0.5 x 0.05) - 100 kg = 2100 kg. 

drill hole 

AirbornP. ore and sub-ore dust produced by dry air drilling 

= 430 drill holes x 0.36 x 0.5 x 0.05 x 5.1 kg dust = 20 kg. (3.21) 
drill hole 

Total airborne dust produced from all drilling at an average mine site 

= 4000 kg+ 2100 kg = 6100 Kg = 6.1 MT. (3.22) 
Twenty kilograms of the total dust produced will be ore and sub-ore 

dusts. The Rn-222 emissions from the bore holes at an average mine site would 

be 

430 drill holes (0.5)(0.36} {990 pCi ) = 7.7 x 104 QCi, (3.23} 
sec-drill hole sec 

or 2.4 Ci /yr. 

Development drill holes at a surface mine would be consumed by the pit. 

Tables 3.63--3.65 show airborne particulate source tenns for uranium 

drilling for individual drill holes and for an average uranium mine. Table 

3.63 lists the airborne dust produced for each type exploratory and develop

ment borehole; Table 3.64 summarizes the quantity of airborne dust produced 

by all types of drilling at an average mine site; and Table 3.65 lists the 

pollutants emitted from a drill rig power source. 

3.6.2 Preci~itation Runoff from Uranium Mines 

Unquestionably,. overland flow or surface runoff from precipitation 

transports dissolved and suspended contaminants from mining areas to the 

offsite environment. Unfortunately, the significance of this pathway rela-



Table 3.63 Estimated source terms per borehole for contemporary surface drilling for uranium 

Type of Drilling 

Exploratory 
Air (dry) 
Air (mist or foam) 
Wet (mud) 

Development 
Air (dry) 
Air (mist or foam) 
Wet (mud} 

Thickness of Ore 
and Sub-ore Bodies 

(m) 

NA(b) 

NA 

NA 

3.6 
3.6 

3.6 

Airborne Dust Production 
Total(kg) Rate(kg/min)(a) 

209 0.27 
9.3 0.27 
9.3 0.27 

209 0.27 
9.3 0.27 
9.3 0.27 

(a)Based on an air drilling rate of 11.5 m/hr. 
{b)NA- not applicable. 

Airborne Ore and Sub-Ore 
Dust Production 

Total(kg) Rate(kg/min)(a) 

NA NA 

NA NA 
NA NA 

5.1 0.27 
NA NA 
NA NA 
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Table 3.64 Airborne dusts produced at an average mine site 
from exploratory and development drilling 

Type of Drilling Quantity of Airborne Dust (kg) 

All types (first 6.6 m depth) 
Air drilling (dry) 

Total 

4,000 

2,100 
6,100 kg(a) 

(a)Twenty kg of the total will be ore and sub-ore dusts. 

Table 3.65 Estimates of emissions 
diesel power source 

Production Rate 
Pollutant (kg/103 liters fuel) 

Carbon monoxide 12.2 
Hydrocarbons 4.49 
Nitrogen oxides 56.2 
Aldehydes 0.84 
Sulfur oxides 3.74 
Particulates 4.01 

(a~Based on a drilling rate of llm/hr. 
Source: EPA77b. 

from dri 11 rig 

Quanti ty(a} 

(kg/ d r i 11 ho 1 e) 

20.2 

7.4 
93 

1.39 

6.2 
6.6 

Rate (a) 

(kg/hr) 

1.5 
0.55 
6.9 
0.10 
0.46 
0.49 
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tive to uranium mines is highly site specific and poorly understood. Very few 

fie1d studies of runoff from uranium mining areas have been conducted, and 

what field data do exi·;t frequently relate to the combined and probably 

greater influences of mine water discharge and milling. Most of the NRC 

regulations apply to mill operations, since mining is generally exempt from 

the agency's charter. The EPA regulations (Environmental Radiation Pro

tection Standards for Nuclear Power Operations; 40 CFR Part 190) applicable 

to the uranium fuel cycle establish dose limits for individuals to provide 

protection for populations living in the vicinity of uranium mills. Uranium 

mines are excluded, and ;o are liquid effluent guidelines for ore mining and 

dressing {40 CFR 440, Subpart E). Regulations being developed under the 

Resource Conservation and Recovery Act (RCRA) of 1976 apply to radioactive 

wastes not covered by the Atomic Energy Act of 1954, as amended. Solid and 

1 iquid waste categories will be defined in forthcoming EPA regulations de

veloped under RCRA, but it is not anticipated that runoff from mined lands 

will meet the waste characteristics in the regulations. Similarly, the 

Federal Water Pollution Control Act Amendment of 1972, the Clean Water Act of 

1977, the Safe Drinking Water Act, and State regulations in general do not 

address surface runoff effects of mining. Without the regulatory base, 

studies and field data are, not surprisingly, rather scarce. In New Mexico, 

the State's 208 Water Quality Management Plan calls for, among other things, 

improved data collection on runoff from active and inactive tailings piles 

and fr:om drilling, exploration, and development activities such as access 

road and drill site construction (So79). 

We have not estimated chemical transport by overland flow because of the 

1imited time for the study. But, it is reasonable to expect that such trans

port may be quite signifi:ant in an arid and semiarid climate where much of 

the precipitation that does infiltrate is discharged back into the atmosphere 

as water vapor. This has been well demonstrated in the case of uranium mill 

tailings (Kl78). Water moving back out of the soil transports dissolved 

salts that are deposited on the soil surface when the carrier (water) evap

orates. Subsequent precipitation further transports these salts downward ,, 

into the soil and laterally to offsite areas. So-called "blooms" of salt 

crystals, composed mainly of sulfate and chloride compounds, characterize 

uranium ore bodies, mill tailings piles, and mine wastes in a number of 

Western States, and we must presume that such salts solubilize in runoff. 
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This also indicates that there may be large concentrations of contaminants 

available for plant uptake. Molybdenum, in particular, is one of the toxic 

elements on such blooms, and uranium is also highly suspect. Selenium, 

arsenic, and vanadium may also be present, since their anions are mobile 

under oxidizing conditions characteristic of the near-surface, unsaturated 

zone { Fu78). 

Overburden has been used extensively to backfill surface mines operating 

since the earJy to mid 1970's, but this is not true at many if not most older 

and now inactive min·:s. Erosion of these piles by water and win0 may present 

the greatest j)roblem (Ka75). Using overburden to construct acC}':;s roads and 

dikes distri~~tes contaminants in the local environment and may iJgravate air 

and water p·;ll uti on.. Considering that 75 percent of the oved"~urden has a 

grain size e)ceeding 2000 pm (see Table 3.12), it is unlikely th~~ widespread 

physical trar.sport \'/ill result from overburden piles. However~ using over

burden for roads decreases the grain size. The association of uranium and 

progeny with the smaller sediment-size fractions, by a factor of 2.5, in

creases the potent1al for transport by overland flow. 

Tables 3.15, 3.16, and 3.19 show stable and radioactive trace elements 

in ores, sub-ore, and overburden from uranium mines. Understandably, uran

ium, thorium, and radium are high. Arsenic, selenium, vanadium, and moly-

9denum are almost :.tlways closely associated with uranium. Barium, zinc, 

manganese, copper, iron, and potassium may also be associated in certain 

mineral provinces and districts. Mercury and cadmium are occasionally pre

sent {Th78). There is no consistent relationship between ore grade and trace 

metal content in selected New Mexico and Wyoming study areas (Wo79). 

Particularly in the case of active or recently active mines, surface 

runoff is collected with dikes and ditches that route water to settling 

ponds. Water spray or chemical additives can control road dust. They are 

commonly used in the active mining stage, but almost never used during ex

ploratory_drilling. Grading piles to a slope of 3:1 or less also helps to 

reduce runoff (St7B), and this practice is becoming common in Texas and 

Wyoming. Proper lftanting techniques further reduce runoff by increasing 

infiltration and decreasing sediment transport. 

The significance of surface runoff from m1n1ng areas as a dispersal 

mechanism was investigated as part of this study (Wo79) (see also Section 

3.2.3.2). We examined stable and radioactive trace elements in soils 
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affected by runoff from ore, sub-ore, and mine waste/overburden piles from 

one active surface mining area in Wyoming and two inactive areas (surface and 

underground mines) in New Mexico. Although there was evidence of offsite 

movement of uranium and radium at all sites, transport is limited and de

creases with distance from the site. In Wyoming, pollutant releases from the 

mine studied do not reach nearby water courses although onsite transport of 

stockpiled ore as a result of precipitation runoff does occur. 

A U.S. Bureau of Mines (BOM, no date) study of strip and surface mining 

operations and thei·r effects in the United States involved questionnaires, 

literature survey, and onsite examinations of 693 selected sites, among which 

were uranium mines in New Mexico and Wyoming. At 60 percent of the sites, on 

a national basis, there were no serious problems because vegetation was 

rees tab 1 i shed and the slope of the land was gentle both before and after 

mining. Thirty percent of the sites had eroded to depths of 0.3 m or less, 

and the remainder were gul Hed to greater depths. There were sediments from 

mined 1 ands in 56 percent of the ponds and 52 percent of the streams on or 

adjacent to the sample sites. Spoil bank materials ranged in pH from 3 to 5 

at 47 percent of the sites and are thus not amenable to plant growth. Field 

observations substantiate that mined land areas, be they former forests or 

grasslands, did not return to the pre-mining condition. Idle land increased 

almost fourfold because of mining. The study concluded that natural pro~ 

cesses need to be strongly supplemented if mined sites are to revert to 

fanner uses. Since only 6.3 percent of lands mined for uranium were re

claimed from 193Q through 1971 (Pa74), it seems reasonable to conclude that 

there are increased sediment loads, gu11yi ng, and poor revegetation at most 

older inactive mines that were poorly stabilized, if at all. 

The Bureau of Mines study concluded that peak sediment loads in runoff 

are characteristic of areas with high intensity storms and steep slopes, 

particularly during and shortly after mining. Such problems are less severe 
in arid regions, but large quantities of sediment are discharged from mine 

workings, spoil -heaps, and access roads. In some instances, effects of wind 

and water erosion on steep spoil banks in arid lands are evident many years 

after abandonment. In areas outside Appalachia, 86 percent of the areas 

investigated had sufficient runoff control, and those areas where there was a 

problem almost exclusively involved coal, phosphate, manganese, clay, and 

gold. 
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Incidences of radioactive contamination of local surface water have been 

documented for the Shirley Basin uranium mine (Utah International, Inc.) in 

Wyoming (Ha78). The most pronounced changes in water and stream sediment 

quality coincided with initial str·ip mining and mi11 processing operations. 

Early acid-leach solution mining also had a decided impact. Pollutant 

loadings from overland flow, per se, were not determined but are presumed to 

be minor compared to aqueous discharges from mines and mills. These findings 

contradict those of an earlier study (Wh76) of the same mine. Soil and 

vegetation collected from 1971 through 1975 at 28 stations in the vicinity of 

the mine were c.na lyzed for gross a 1 pha and gross beta (1971 to 1974) and 

total uranium, Rd-226 and Pb-2!0 (1975}.. The study (Wh76) concludP.d that--

1. concentrations of the foregoing parameters were extremel~· variable 

but reasonably consistent with previously reported inform~';ion; 

2. there is no evidence that radionuclide concentration in snil or 

vegetation collected from routine monitoring stations are changing 

with time; 

3. concentrations of radioactivity in soil and vegetation correlate 

with distance from the mill area to a distance of 1.2 miles; and 

4. measurable ecological effects from radiation in the environs of 

the Shirley Basin mine cannot be demonstrated. 

T,he absence of statistically significant soil and vegetation contamination 

from the mine versus the mill is noteworthy. Overall, vegetation tends 

toward higher alpha and beta concentrations than soil, except at the 

close-in, upwind sampling areas. This selective concentration in vegetation 

suggests aerial deposition of contaminated dust particles on vegetation, with 

some additional possibility for root uptake. 

Estimates of surface drilling for uranium reveal that relatively large 

land areas are involved. The volume of cuttings removed from borings in the 

period 1948 through 1979 is calculated using 286 x 106 m of exploratory 

dri1ling __ ~nd 104 x 106 m of development drilling {from Table 3.62). We 

assumed that 30 percent of the mines are surface mines, which eliminates the 

borings and related debris. Thus the value of 149 x 106 (in Table 3.62) is 

reduced by 30 percent. Average diameter for 8. 5 x 106 m of borings in the 

period 1948 through 1956 is 2.8 em versus 7.3 em for the period 1957 through 

1979 (see Section 3~6.1) when 426 x 106 m of drilling took place. A sample 

calculation for the volume removed from borings made in the period 1975-1979 

fn llnW<:: • 
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v = 1T r
2 

h ( ) 
• (3.14) 7.43

2
crn 2 (146m) 

(3 .. 24) 

= 0.632 m3 

Assuming a bulk density of 2000 Kg per m3, each boring results in 1265 Kg of 

cuttings at land surface. There were 415,300 borings, resulting in 263,000 

m3 of cuttings. Assuming that the average thickness of cuttings is 0.5 m, 

526,000 m2 or 0.53 Km 2 is affected. The inclusive area affected by drilling 

from 1948 through 1979 is 3.6 Km2• 

Table 3.66 summarizes tha surface areas affected by mine wastes, ore 

piles, and exploration and development activities. Maximum use was made of 

data developed elsewhere in this report on the number of mines, waste pile 

dimensions and surface areas, tl:ld the summary of exploration and development. 

The estimate is, at best, a first approximation and needs considerable re-

finement. 

For example, grain size, degree of consolidation, slope, vegetative 

cover, and other characteristics may vary considerably between ambient soil 

and rock materials versus mine wastes. The latter very often occur in steep, 

un.vegetated piles and are composed of easily-eroded, friable sandstone, 

boulders, and fines. It is likely, therefore, that the sediment yield on a 

mass per time per area basis exceeds that of the surrounding areas; thus the 

estimate developed below may well be on the low side. 

Sediment yields from areas affected by various mining ·operations are 

roughly estimated fran consideration of land areas affected and unit soil 

loss values for the surrounding regions. Actual values for individual tail

ings or waste piles may be considerably different, but refining the values 

given will require additional analysis beyond the scope of the present study. 

Potential coal mining lands in the Northeastern Wyoming range lose soil 

at rates of 4.8 to 167 m3!¥Jn2/yr {Ke76). Upland erosion and stream channel 

eros ion in the Gillette study area are not generally serious problems, since 

land dissection -is presently minimal and vegetative cover is well estab

lished. The potential for_ increased sediment yield is large, if vegetative 

cover were to be reduced or eliminated and slopes steepened because of 

mining. Certainly, during active mining, these conditions will be at least 

locally present. Erosion rates of 600 to 1,100 m3;Km2/yr from mined lands in 

the South Powder River Basin are expected, and they are reasonably close to 



Table 3.66 Sediment yields in overland flow from uranium mining areas 

Cumulative Annual Sediment 
Source Term Factor No. Installations Source, Km2 Loading, m3(a) 

Active Mines 
Underground 

' 
603 m2/mine Ore piles 251 mines 0.15 143 

Sub-ore piles 26,700 m2/mine 251 mines 6.7 6385 
Waste rock. piles 26,700 m2/mine 251 mines 6.7 6385 

Surface 
Ore piles 4.15 x 103 m2/mine 36 mines 0.15 143 
Sub-ore piles 67 x 103 m2/mine 36 mines 2.4 2287 
Overburden piles 380 x 103 m2/mine 36 mines 13.7 13056 

Inactive Mines 
Underground 
Waste piles and 

sub-ore 4.07 x 103 m2/mine 2108 mines 0.86 820 

Surface 
Overburden and 

sub-ore 6.73 x 104 m2/mine 944 mines 64 61000 
w 
I 

N 
0 
N 



Table 3.66 {Continued) 

Source Tenn : Factor 

Exploration and Development 

Drilling 
1948-1979 
1975-1979 

Access roads and 
pads 

435 x 106 m 
1265 kg/boring 

1.25 acres or 
0.5 ha/boring 

Cumulative 

No. Installations Source, Km2 

1.28 x 106 borings 3.6 
415,300 0.53 

1.28 X 106 6500 

{a)Assumes average sediment yield of 953 m3JKm2• 

Annual Sediment 
Loading, m3(a) 

3431 
506 

Note.--Data in this table are based on average mine vs. average large mine as defined in Section 3 of 

report. 

w 
I 

N 
0 
w 
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natural, pre-mining conditions (R. Loeper, Soil Conservation Service, 1979, 

personal communication). At the Bear Creek mine, the reclamation design 

calls for maximum losses from overburden piles of 1,100 m3/Km2/yr initially 

and 600 m3;Km2/yr after the first 3 years. In general, erosion and soil loss 

from uranium mining in this part of Wyoming is not a significant problem, 

mainly because of reclamation by industry. Sediment yields in the Grants 

Mineral Belt range from 95 to 240 m3/Km2 /yr in the area of the 1 arge Jack

pile-Paguate surface mfne to 500 to 1,400 m3;Km2/yr near the underground 

mining centers ·around Smith Lake, Ambrosia lake, and Churchrock (P. Boden, 

Soil Conservation Service, 1979, personal communication). Considering both 

the Wyoming and New Mexico model mine areas, this study used an overall 

average ennual soil l.oss rate of 953 m3/Km2• This average sediment yield 

rate is !:'lased on studies by the Soi1 Conservation Service of 1arge areas in 

New Mexico, Wyoming, and other Western States. 

In summary, the total land area directly affected by uranium m1n1ng is 

about 6600 Km2• Assuming an overall average sediment yield of 953 m3/Km2, 

annual sediment transported by overland flow is approximately 6.3 x 106 m3• 

Obviously exploration and development activities affect the greatest area 

( 6500 Kli), but they do not necessarily have the greatest impact. 

Exploration and development, for example, affect large areas, but most of the 

area affected is a result of constructing access roads and drill pads. 

Whereas sediment yields from ore, sub-ore, overburden, and waste rock is 

estimated at 90,000 m3 per year. Surface mining, although it supplies only 

about 30 percent of U.S. production, affects the second greatest area (80 

Km2). We have not attempted to characterize the quality of sediment runoff. 

The fate of these sediments is very poorly understood and has not been the 

subject of intensive investigation. Further study in the area of intens1ve 
surface mining such as in Texas and Wyoming is needed to determine changes in 

erosion rates resulting from mining and to quantify the contaminant flux and 

fate. 

3.7 Inactive Mines 

3.7.1 Inactive Surface Mines 

For generic purposes, a model inactive open pit or surface uranium mine 

must be defined in order to estimate the environmental impact from this type 
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of m1mng. We have assumed that an inactive surface mine has a single hole 

or pit in the ground, with all of the materials (wastes) stacked into piles 

adjacent to the pit area. The size or volume of the pit would be approxi

mately equal to the volume of the ore and wastes removed from it. Since only 

6.3 percent of all of the land used for uranium mining has been reel aimed 

from 1930 through 1971 (Pa74), no credit for reclamation is given to the 

mode 1 mine. 

Ideally, the model mine size could be established by averaging the ore 

and waste production for each inactive surface mine. Unfortunately, these 

statistics are either not thoroughly documented or they are retained as 

company confidential information. In lieu of specific information, the model 

surface mine size was established from annual ore and waste production sta
tistics for all surface mines, divided by the number of inactive surface 

mines. 
Table 3.67 is a summary of inactive mines, obtained from the Department 

of Energy mine listing. The mines are listed by type, surface and under

ground. Most of the inactive surface mines are in Colorado, Utah, Arizona 

and New Mexico. For model derivation purposes, we assumed that there are 

presently 1250 inactive surface uranium mines. 

Table 3.68 lists mine waste and ore production information from 1932 to 

1977. Uranium mine waste and ore production statistics, on an annual basis, 

were available from both surface and underground uranium producers from 1959 

to 1976 (DOI59-76). Annual uranium ore production statistics for each 

uranium mining type (surface and underground) are available for 1948 to 1959 

(DOE79) and for combined uranium production from 1932 to 1942 (DOI32-42}. In 

order to estimate waste production for the years prior to 1956, the annual 
mine type ore product ion records were mul tip 1 ied by waste-to-ore ratios. 

These ratios were estimated from published 1959 to 1976 ore and waste produc
tion stati.stics (00159-75). Very little uranium ore was mined from 1942 to 

1948, since most of the uranium was obtained by reprocessing vanadium and 

radium tailings_ (personal communication with G. Ritter, Bendix Field Engi

neering Corp., Grand Junction, CO, 1979). The annual waste production for 

surface mining from 1948 to 1959 was estimated by extrapolating rnown 

waste-to-ore ratios (1959 to 1976) through the 1948 to 1959 time period using 
a "best fit .. regression analysis (Fig. 3.23). Th1s method cannot be used to 

estimate waste-to-ore ratios because the waste production is finite and will 

always or.cut', and a1 so surface mining for uranium essentially began in 1950. 



State 

Al 
AZ 
CA 
co 
ID 

MT 
NV 

NJ 
NM 
ND 

OK 
OR 
so 
TX 
UT 
WA 
WY 

Total 
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Table 3.67 Consolidated list of inactive uranium producers by 
State and type of mining 

Surface Underground 

0 1 

135 189 

13 10 

263 902 

2 4 

9 9 

9 12 

0 1 
34 142 

13 0 
3 0 

2 1 

111 30 

38 0 

378 698 

13 0 

223 32 

1246 2031 

Percent of Total 
Surface Mines 

o.o 
11 

1.0 

21 
0.16 

0.72 
o. 72 

o.o 
2.7 

1.0 
0.24 

0.16 
8.9 

3.0 

30 

1.0 
18 

Percent of Tota 1 
Underground Mines 

{ 0.1 

9.3 
0.49 

44 
0.20 

0.44 
0.59 

< 0.1 

7.0 
o.o 
o.o 

< 0.1 

1.5 

0.0 
34 

o.o 
1.6 



Table 3.68 Uranium mine ~aste and ore production (MT x 1000) 

Total Ore 
Underground Produced By 

Surface Mining Underground Mining Surface Mining Mining Surface and/or 
Year Crude Ore Waste Crude Ore Waste Waste/Ore Waste/Ore Underground Mines 

1977 5059 237800 4305 3487 47 0.81 . 9364 
1976 4238 190700 3569 2605 45 0.73 7807 
1975 3809 139700 2485 2195 37 0.88 6295 
1974 : 3510 129700 2222 1424 37 0.64 5732 
1973 3800 182300 1614 934 48 0.58 5414 
1972 3447 155100 2439 593 45 0.24 5886 
1971 2656 120200 2836 858 45 0.30 5492 
1970 2490 76870 3304 962 31 0.29 5794 
1969 1653 81000 3171 1184 49 0.37 4824 
1968 1989 31360 3382 1163 16 0.34 5371 
1967 1393 32510 2897 1024 23 0.35 4290 
1966 905 24400 2777 863 27 0.31 1768 
1965 1630 17710 3055 809 11 0.26 4685 
1964 2344 26680 3227 941 11 0.29 5571 
1963 3578 33120 3575 946 9.0 0.26 7153 
1962 2895 44640 4892 1087 15 0.22 7787 
1961 3051 42500 5017 1117 14 0.22 8068 
1960 2691 73570 5104 1868 27 0.37 7795 
1959 2494 46790 3796 941 19 (a) 0.25(b) 6290 
1958 2139 19240 2558 690 9.0 0.27 4697 
1957 1462 11700 1888 510 8.0 0.27 3350 
1956 1131 9048 1595 414 8.0 0.26 2726 
1955 339 2650 1043 271 8.0 0.26 1382 
1954 241 1930 762 198 B.O 0 .. 26 1003 

w 
I 

N 
0 
-...u 



Table 3.68 (continued) 

Underground 
Surface Mining Underground Mining Surface Mining Mining 

Year Crude Ore Waste Crude Ore Waste Waste/Ore Waste/Ore 

1953 1'62 1300 503 126 8.0 0.25 
1952 59 472 341 85 8.0 0.25 
1951 25 203 289 73 8.0 0.25 
1950 21 167 207 50 8.0 0.24 
1949 156 37 0.24 
1948 34 8.3 0.24 
1947 0 0.24 
1946 0 0.23 
1945 0 0.23 
1944 0 0.23 
1943 0 0.22 
1942 0 0.22 
1941 0.824 0.181 0.22 
1940 o. 7221 0.151 0.21 
1939 5.68 1 .. 19 0.21 
1938 3.89 0.817 0.21 
1937 1.55 0.310 0.20 
1936 1.31 0.261 0.20 
1935 1.03 0.207 0.20 
1934 0.230 0.0461 0.20 
1933 0.047 0.00896 0.19 
1932 0.0553 0.0105 0.19 

~~~Waste to ore ratios from 1950 - 1958 estimated from 1959 - 1972 ratios. 
Waste to ore ratios from 1932 - 1958 estimated from 1959 - 1972 ratios. 

Total Ore 
Produced By 

Surface and/or 
Underground Mines 

665 
400 
314 
228 
156 

34 

0.824 
o. 722 
5.68 
3.89 
1.55 
1.31 
1.03 
0.230 
0.047 
0.0553 

w 
I 
I') 

0 
\..0 
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Since early surface mines recovered ore bodies very close to the sur

face, the ore-to·waste ratio would be expected to be relatively small. A 

range of waste to ore ratios of 8:1 to 35:1 for surface mining has been 
estimated (C174). The lower ratio was selected to be typical for surface 

mining from 1948 to 1957 and was used to estimate the waste production for 

that period. The increase ·in waste-to-ore ratios from 1959 to 1976 was 

probably due to several reasons. The gradual depletion of near surface ore 

deposits required mining deposits at increasing depths, and the development 
of surface mining equipment now permits economical recovery of ore at greater 

depths below grade. The waste-to-ore ratios for 1976 to 1977 were projected 

with the previou~ regression analysis line fit. 
The estimated annual cumulative waste production from uraniur.1 surface 

mining for 1950 to 1978 (Table 3.69) is 1.73 x 109 MT. A crude estimate of 

the waste production for the model inactive surface mine can be made by 
dividing the. total waste produced to 1978 by the number of inactive mines. 
But, this overestimates waste production because some of the contemporary 
wastes are being produced by active mines, and the waste production per mine 
has increased with increasing contemporary waste-to-ore ratios. To adjust 
the contemporary waste production for the actwe mines and the increasing 
waste~to-ore ratios, we assumed a cutoff date of 1970, based on the descrip

tion of a contemporary active surface mine {Ni79). The model mine age is 

ab9ut 1 year as of June 1978, and has an expected life of approximately 17 
years. Those mines that were active in 1970 are all assumed to have become 
inactive between 1970 and 1978. Their percentage of the annual waste of 

about 12.5 percent was assumed to decrease linearly with time from 1970-1978. 

For example, all of the wastes produced by surface mines in 1970 (i.e., 7.69 

x 107 MT) were produced by surface mines that waul d be inactive by 1978. The 
waste production for the following years (1971-1977) was: 1.05 x 108 MT in 
1971; 1.16 x 108 MT in 1972; 1.14 x 108 MT in 1973; 6.49 x 107 MT in 1974; 

5.24 x 107 MT in 1975; 4.77 x 107 MT in 1976; 2.97 x 107 MT in 1977. The ore 

production was calculated in the same manner as for the wastes and was 3.27 x 
107 MT in 1970. The ore production for the following years was: 2.32 x 106 

MT in 1971; 2.58 x 106 MT in 1972; 2.38 x 106 MT in 1973; 1.76 x 10
6 

MT in 
1974; 1.43 x 106 MT in 1975; 1.06 x 106 MT in 1976, and 6.32 x 105 MT in 
1977. The adjusted cumulative wastes from surface mining from 1950-1978 was 
1.11 x 109 MT, and the adjusted cumulative ore production was 4.49 x 107 MT. 



Table 3.69 Cumulative uranium mine waste and ore production 

Year Surface Underground Surface Underground 

1977 1733000 29250 59220 73100 
1976 1496000 24950 54160 68840 
1975 1305000 21380 49920 65210 
1974 1165000 19180 46110 62760 
1973 1036000 17760 42600 60500 
1972 853200 16820 38800 58960 
1971 698100 16240 35350 56510 
1970 577800 15370 32700 53600 
1969 501000 14410 30200 50330 
1968 420000 13220 28550 47160 
1967 388600 12060 26560 43810 
1966 356200 11040 25170 40910 
1965 331800 10180 24260 38090 
1964 314000 9369 22640 35000 
1963 287300 8425 20290 31750 
1962 254200 7479 16720 28210 
1961 209600 6391 13810 23310 
1960 167100 5273 10770 18320 
1959 93510 3406 8075 13150 
1958 46720 2466 5580 9433 
1957 27470 1776 3442 6839 
1956 15770 1266 1979 4943 
1955 6720 852 848 3356 



1 Table 3.69 (Continued) 

Year Surface Underground 

1954 4071 580 
1953 370 171 
1952 842 257 
1951 370 171 
1950 167 98.9 
1949 48.6 
1948 11.4 
1947 3.18 
1946 3.18 
1945 3.18 
1944 3.18 
1943 3.18 
1942 3.18 
1941 3.18 
1940 3.00 
1939 2.85 
1938 1.67 
1937 0.844 
1936 0.533 
1935 0.272 
1934 0.0656 
1933 0.0195 
1932 0 .. 0105 

Surface 

509 
46.3 

105 
46.3 
20.9 

Underground 

2313 
702 

1043 
702 
413 
206 
49.8 
15.3 
15.3 
15.3 
15.3 
15.3 
15.3 
15.3 
14.5 
13.8 
8.12 
4.24 
2.68 
1.37 
0.333 
0.102 
0.0553 

w 
I 

N 
...... 
N 
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Using these adjusted waste and ore values, the model inactive uranium surface 

mine produced 8.88 x 105 MT of waste and 3~59 x 104 MT of ore. 

The volume of the remaining pit of the model surface mine would be equal 

to the total of the volume of wastes and ore that were removed from the mine. 

Assuming a density of 2. 00 MT /m3, the vo 1 ume of wastes and ore removed from 

the mine pit would be 4.44 x. 105 and 1.80 x 104 m3, respectively. The pit 

was assumed to have the shape of an inverted truncated cone with a wall angle 

of 45° (Fig. 3.24). The ore body was assumed to be a solid right cylinder 

with a radius of 43.7 rn and height of 3.0 m. The pit depth (ground surface 

to bottom of ore bed) was 36.7 m, and the ground surface area of the pit 

opening was calculated to be 2.03 x 104 m2• 

3.7.1.1 Waste Rock Piles 

Overburden and sub-ore wastes from surface mines have been handled in 

several ways in the past. In one case, the sub-ore {generally the last 

material removed from the pit) was piled on top of the overburden. In an

other case the sub-ore was piled separately and blended with higher grade ore 

for shipment to the ore buying stations or mills. If the quantity of sub-ore 

was in excess of that required for blending, it was also dumped on top of the 

overburden (personal communication with G. Ritter, Bendix Field Engineering 

Corp.; Grand Junction, CO, 1979). The earlier surface mining practices, 

therefore, generally produced waste piles with their cores containing over

burden and their outer surface containing a mixture of overburden and 
' 

sub-ore. 

The actual method of removing and stacking overburden and sub-ore varies 

from mine to mine. In many cases the wastes were dumped in depressions or 

washes or stacked in more than one pile. For calculation purposes, we assume 

that wastes are stacked on a single pile in the shape of a solid truncated 

cone 10 m high with a 45 degree slope. It is further assumed that the 

sub-ore removed from the pit is placed evenly on top of the stacked over

burden. The area and depth of the sub-ore placed on the waste pile is esti

mated by determ_injng the areas of the base and top of the pile by iteration, 

computing the exposed surface area of the pile, computing the volume of the 

sub-ore, and calculating the depth of the sub-ore. 

The areas of the base and top of the waste pile (truncated cone) were 

determined from the following equation: 



80.4 ... I 

ORE 

43.7 

Figure 3.24 Cross section of model mact1ve surface mine ~meters). 



V = b_ (A8 + AT +~ 
3 

where V = volume of wastes (overburden 
and sub-ore) (m3) 

A8 = area of the base (m2) 

AT = area of the top (m2) 

h = perpendicular distance between 
the base and top (10 m) 
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(3.25) 

Different values of A8 were substituted into the equation until the value of 
V was equal to the combined volumes of the overburden and sub-ore (i.e; 5.55 

x 105 m3} using a· bulking factor of 25%. The area of the cone top was com
puted (assuming a 45 degree slope} from the diam~ter of the top (DT), which 
is equal to the diameter of the base (D8). minus 20 meters or DT = o8 - 20-. 
The calculated diameters, Dr and 08 , are 256 m and 276 m, respectively. 

The exposed surface area of the waste pile was calculated using the 
following equation: 

where \ = lateral surface area (m2) (3.26) 

\ = ~ (CB + CT) 

and ST = area of the top {m2) 
2 

= 1T rT 

where c8 = circumference of the base (m) 
~ = circumference of the top {m) 

L = slant height (m} 

rT = radius of the top (m} 
S = 14.1 (nOT +1rDB) + 1rr2 where D =diameter of the top (m) 

2 D~ = diameter of the base {m) 
s = 14.1 (3.14) {256 + 276) + 3.14 (16384) 

2 
S = 6.33 x 104 m2 (exposed surface area of waste pile} 
The volume of- sub-ore removed from the pit is assumed to be equal to the 
volume of ore removed from the pit. The thickness (T) of the sub-ore plate on 
the overburden is--

4 3 T = Vo = 2.25 x 10 m = 0.36m. 
s- 6.33 x 104m2 (3.27) 
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In summary, the waste pile produced at an inactive uranium surface mine 
is to be in the shape of a truncated cone having a surface area of 5.33 x 10

4 

m2• The pile is assumed to have an 1nner-core of overburden plated with 0.36 

m of sub-ore on its exposed surface. In practice, the plate would be a 
mixture of overburden and sub-ore with the sub-ore concentrations increasing 
towards the pile surface. 

Table 3.70 lists average annual emissions of contaminants due to wind 
erosion of the overburden pile. To compute these values, an emission factor 
of 0.850 MT/hectare-yr, computed in Appendix I, was multiplied by the pilP. 
surface area, 6.33 hectares, and the stable element concentrations listed in 

Table 3.19. Uranium and thorium concentrations were assumed to be 110 pCi/g 
and 2 pCi/g, respectively. 

3.7.1.2 Radon-222 from Jhe Mine Area 
After the termination of active mining, Rn-222 will continue to exhale 

from the wall and floor of the pit. Since all of the ore has been removed, 
the Rn-222 will originate from the overburden and sub-ore surfaces. The sur
face area of the sub-ore region of the pit is estimated from the volume of 
ore and sub-ore (3.6 x 104 m3) and the shape ancJ size. of the pit using the 

following equations: 
V = 1/3 h (AT + A8 + \fYs) where: AT = 1T ri {3.28) 

2 
= 11"rB (3.29) 

The terms in the equations are defined in the previous Section. By sub
stituting the terms r8 + h for rT in Equation 3.28, h can be solved by 
iteration. 
V = 3.6 x 104 m3 = 1/3 h [rr (r8 + h)2 + rrr~ + 

V 1T { ~B + h} 2 ( 1f r;} ] when h = 5. 3 m 

The exposed surface-area of the pit that contains the sub-ore is 
Ss = 1/2 (7.50) rr(87.4 + 98.0} + 6000 = 8.18 x 103 m2, 

and the surface area of the overburden section of the pit is 
S

0 
= 1/2 (44.4) (1r) (98.0 + 161.0) = 1.81 x 104 m2• 
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Table 3.71 shows the results of radon flux measurements made at 20 of 

the tailings piles at inactive uranium mill sites. Also shown is the esti

mated average Ra-226 content of the tailings and the average Ra-226 content 

Table 3.70 Average annua 1 emissions of radionuclides (~Ci) and stable 

elements (kg) in wind suspended dust at the model inactive 

surface mine 

Contaminant Overburden 
Pi 1 e (a) 

Arsenic 0.46 

Ban urn 4.9 
Cadmium ND(b) 

Cobalt 0.09 

Copper 0.33 

Chromi urn 0.11 

Iron 84 

Mercury NO 
Potassium 135 

Magnesium 19 

Manganese 5.2 

(a)Mass Emissions = 5.38 x 106 g/yr. 

(b)ND - Not detected. 

Contaminant Overburden 
Pile(a} 

Molybdenum 0.62 

Nickel 0.11 

Lead 0.42 
Ruthenium NO 
Selenium 0.59 
Strontium 0.70 

Vanadium 7.6 
Zinc 0.16 
Uranium-238 and 

each daughter 1480 

Thorium-232 and 

each daughter 11 
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Table 3. 71 Average radon flux of inactive uranium mill tailings piles 

Average Estimated Average 
Radon Fl u.x (a) Ra-226{b) Ra-226 

Location (pCi/m2-sec) Tailings Content Background 
((!Ci/g) So i 1 s ( a ) ( EC i I g l Reference(a} 

ARIZONA 
Monument Valley 20 50 0.95 FBD-GJT-4 ( 1977} 
Tuba City 193 924 0.95 FBD-GJT-5 ( 1977) 

COLORADO 
Durango 197 840 1.48 FBD-GJT-9 {1977) 
Grand Junction 359 784 1.52 FBD-GJT-9 p977) 
Gunnison 470 420 1.48 FBD-GJT-12 1977) 
Maybell 86 252 1.52 FBD-GJT-11 (1977) 
Naturita 1446 756 1.48 FBD-GJT-8 ~1977~ 
New Rifle 458 504 1.52 FBD-GJT-10 1977) 
Old Rifle 553 980 1.52 FBO-GJT-10 {1977} 
Slick Rock 70 171 1.48 FBD-GJT-7 ( 1977' 

IDAHO 
LoY~man 125 1.12 FBD-GJT-17 {1977) 

NEW MEXICO 
Ambrosia Lake 173 760 1.02 FBD-GJT-13 {1977) 
Shiprock 340 700 1.7 Bernhardt et a1. 

(1975) 

OREGON 
Lakeview 660 420 0.81 FBD-GJT-18 (1977) 

SOUTH DAKOTA 
Edgemont 143 1.33 FBD-211 (1978) 

TEXAS 
Falls City 65 448 0.93 FBD-GJT-16 (1977) 
Ray Point 430 518 0.93 FBD-GJT-20 (1977) 

UTAH 
Green River 77 140 1.43 FBD-GJT-14 ~1977} 
Mexican Hat 290 784 0.83 FBD-GJT-3 1977) 
Sa 1 t Lake City 1200 896 1.4 Bernhardt et al. 

(1975) 
WYOMING 
Spook Site 1770 356 0.99 FBD-GJT-15 {1977) 

--
Average All Sites 466 563 1.26 

~~~FB077. 
Sw76. 
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measured in representative background soils for each site. The average radon 

exhalation rate per average Ra-226 content of tailings material from these 

data is 0.83 pCi of Rn/m2-sec per pCi of Ra/g. 
Data analysis by Schiager (Sc74} indicates a radon exhalation rate of 

1.6 pCi of Rn/m2-sec per pCi of Ra/g. This value has often been used in the 

environmental impact statements to assess the radon flux from tailings mater

ials. 

Table 3.72 summarizes data obtained during radiological surveys of 

inactive uranium mine sites in New Mexico and Wyoming during the spring of 

1979 (Wo79}. Radon exhalation rates were measured with charcoal canni sters 

and thf: radium-226 concentrations were determined for composite surface 

samples taken from overburden, sub-ore, and waste rock pi 1 es. The average 

radon-222 exha 1 a ti on rate per average radi um-226 content of the overburden, 

sub-ore 1 and waste rock piles was 0.27, 0.11, and 0.12 pCi of Rn/m2-sec per 

pCi of Ra-226/g, respectively. 

Measurenents of the background flux and Ra-226 content of typical back

ground soils were reported for the Edgemont, South Dakota site (FBD78). 

These data indtcate a value of 1.05 pCi of Rn/m2-sec per pCi of Ra/g. Table 

3. 73 summarizes background radon flux estimates for several regions of the 

United States. Considering the average U.S. background flux to be 0.82 pCi 

of Rn/m2-sec (Tr79) and the average U.S. background soil Ra-226 content to be 

1.26 pCi of Ra/g (Oa72), the average U.S. background radon exhalation rate is 

estimated to be 0.65 pCi of Rn;m2-sec per pCi of Ra/g. The average back

ground radon exhalation rate for New Mexico and Wyoming {Table 3.72) was 0.33 

pCi of Rn/m2-sec per pCi of Ra/g. Therefore, the grand average U.S. back

ground radon exhalation rate has been estimated to be 0.68 pCi of Rntm2-sec 

per pCi of Ra/g, and the ·grand average U.S. background soi 1 Ra-226 content 

has been estimated to be 1.6 pCi/g. 

We estimated the total radon released from the model abandoned surface 

mine area from the following parameters: 

1. Radon._exchalation from the sub-ore surface area of the pit--

• the exposed sub-ore surface area (S
5

) = 8.18 x 103 m2 ; 

• the average radium-226 content of the sub-ore = 110 pCi/g; and 

the radon flux rate for sub-ore = 12 pCi of Rn/m2-sec. 



·able 3. 72 Average radon flux measured at inactive uranium mine sites -

.oca ti on Area Average Radon Number of Average Radium-226 
Flux (pCi/m2-sec) Flux Measurements Content of Surface 

Sample (pCi/g) 

lnderground Mines 
I 

San Mateo Mine, Waste pile 18 11 117 
New Mexico Heap leach pond 38 3 81 

Background 0.29 1 o. 77 

Barbara J # 1 Mine, Waste pile 7.9 6 110 
New Mexico Background 0.41 1 3 

;urface Mines 
Poison Canyon 1., Sub-ore 7.0 1 43 
New Mexico Overburden piles 6.7 5 62 

Background 0.33 1 2.1 
Poi son Canyon 2, Sub-ore 5.3 3 
New Mexico Overburden pile 9.8 6 

Poison Canyon 3, Sub-ore 11 2 
New Mexico 

Morton Ranch Sub-ore 24 12 170 
(Pit 1601), Overburden 9.7 4 23 
Wyoming Background 2.3 2 3 

!rand Averages Sub-ore 12 110 
Overburden 8.7 32 w 

waste Rock 13 11.0 
I 

N 

Background 0.83 2.2 N 
0 

Source: Wo79. 
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Table 3.73 Background radon flux estimates 

Radon Flux 

Location pCi/m2-sec 

Background Soils of the U.S. 
Champaign County, Illinois 1.4 
Argonne, Illinois · 0.56 
Lincoln, Massachusetts 1.3 
Socorro, New Mexico 0.90 
Socorro~ New Mexico 1.0 
Socorro, l'ew Mexico 0.64 
Yucca Flat, Nevada 0.47 
Texas 0.27 

Average U.S. Background Radon Flux = 0.82 pCi/m2-sec. 

Source: Tr79. 

Therefare, the radon released from the sub-ore surface area of the pit is 
8.18 x 103 m2 x 12 pCi of Rn/m2-sec x 86400 sec/day ;:: 8.48 mCi of Rn/day. 

2. Radon exhalation from the overburden surface area of the pit--
• the exposed overburden surface area (S ) = 

1.81 x 104 m2; 
0 

the average radium-226 content of the overburden = 32 pCi/g; and 
the radon flux rate for overburden is 8.7 pCi of Rn/m2-sec. 

Therefore, the radon released from the overburden surface area of the pit is 

1.81 x 104 m2 x 8.7 pCi of Rn/m2-sec x 86400 sec/day = 13.6 mCi of Rn/day. 
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3. Radon exhalation from the overburden pile rema1n1ng at the pit-
the exposed surface area of the waste pile (S ) = 

4 2 w 
6.33 x 10 m ; 

the Ra-226 ~content of the surface of the overburden pile is 
the same as the sub-ore content = 32 pCi/g; and 
the radon flux rate for the overburden pile is 8.7 pCi 

of Rn/m2-sec .. 

Therefore, the radon exhalation rate from the overburden pile is 6.33 x 104 

m2 x 8.7 pCi of Rn/m2-sec x 86400 sec/day = 47.6 mCi of Rn/day. 
The total radon release rate at the abandoned surface mine site is the 

sum of the above three source terms, 69.7 mCi/day. The estimated radon 
release rate for background soils for an undisturbed area equivalent to the 
surface mine area uses the following parameters: 

• 

the ground surface area equivalent to the area of the pit opening 
(2.03 x 104 m2) and the overburden pad area (5.98 x 104 m2) = 8.01 

4 2 x 10 m , and 
the radon flux rate for background soils in uranium mining 

areas = 0.83 pCi of Rn/m2-sec (Table 3.72). 

Therefore, the radon exhalation rate from an undisturbed area equivalent to 
the model surface mine is 

8.01 x 104 m2 x 0.83 pCi of Rn/m2-sec x 86400 sec/day = 
5.7 mCi of Rn/day. 

Table 3.74 summarizes the annual radon-222 release from the model 
inactive uranium surface mine and all inactive uranium surface mines. 

3.7.1.3 Land Surface Gamma Radiation 
The surface mine uranium overlying strata must be removed in order to 

gain access __ tQ the uranium-bearing host materials and the ore body. The ore 
body consists of ore and sub-ore, and the sub-ore is simply that fraction of 
the ore body that contains ore uneconomical to recover. The end result of 
the mining is that the residues {sub-ore) enhance natural radioactive 
materials. That is, they are exposed or brought to the earth's surface. The 
enhancement will cause, in most cases, increased aboveground radiation 



Table 3.74 Summary of estimated radon-222 releases from 
inactive surface mines 
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Source Estimation Method Annual Release, Ci 

Mine Pit 

Sub-ore arel 

Ove rbu rde n ct rea 

Total 

Overburden Pile 

Background 

Model Mine 

All Inactive 
Mines 

Model mine and limited field 
measurements 

Model mine and limited field 
measurements 

Model mine and limited field 
measurements 

Rn-222 flux measurements and 
projected surface areas of 
model mine pit and overburden 
pile 

Net Rn-222 release 

Annual net Rn-222 release from 
model times 1250 mines 

3.1 

5.0 

8.1 

17.4 

2.1 

23.4 

29,000 
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exposure rates around the mining area. Ore and sub-ore lost through handling 

are subject to wind and water erosion. This effectively increases the mine 

site area in a radiological sense. The gamma radiation exposure levels on 

and around a mine site can be high enough to restrict use of the area after 

mining. 

Gamma radiation surveys were conducted at some inactive uranium surface 

mining areas. Table 3.75 lists the ranges of exposure rates found. Appendix 

G contains more specific information concerning the surveys. The residual 

exposure rate levels would probably preclude unrestricted use of the pits, 

waste piles, and overburden. 

Figure 3.25 depicts gamma radi at~on measurements made on radials ex

tending outward from an inactive surface mine pit. The measurements were 

made with a pressurized ion chamber (PIC} at approximately 61 m intervals on 

each radial. As expected, the exposure rate decreases with distance away from 

the pit, indicating surface contamination from wind and water erosion of the 

spoils and ore piles. Some of the contamination may also have originated 

from ore and sub-ore dust losses during mining. 

Since the pit resides over a former ore body and connecting or adjacent 

ore bodies may be located near the mine, some caution is necessary when 

interpreting the gamma exposure rates as indicative of surface contamination. 

Development drilling, indicating the presence of ore bodies, is prevalent 

thr~ughout the north, west, and south areas Jround the pit. The northeast, 

east, and southeast areas around the pit have exploratory drill holes only. 

They indicate the probable absence of ore bodies. Although the north, north

west, west, and southwest radials cross below grade ore bodies, it is not 

reflected by the gamma measurements. Unless the ore body is very close to 

the surface, its gamma radiation will not be measured (i.e., the 1/10 value 

layer for earth shielding is about 0.3 m). The south radial, however, did 

cross an ore outcropping. 

If the exposure rate measurements made at the end points of the radials 

(south radial excepted) are assumed to be near background, their mean value 

is 14.4 J.lR/hr with a 2 sigma error of 1.6\.1 R/hr. 

Assuming all measurements in excess of 14.4 + 1.6 ~ R/hr or 16.0 J.lR/hr 

are a result of eroded ore and sub-ore from the mining activities, an iso

exposure rate line enclosing the eroded materials can be constructed around 

the mine site. The line is constructed on Fig. 3.25 and is qualitatively 



Table 3.75 Summary of land surface gamma radiation surveys 
in New Mexico, Texas and Wyoming 
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Location Area 
Gamma Radiation 
Exposure Rate (~ R/hr) 

Poison Canyon, Pits 40 to 190 
New Mexico Waste piles 65 to 250 

Overburden 25 to 65 

Texas Pits 5 to 400 

Morton Ranch, Wyoming Pit 16 to 63 
(1601 Pit) Ore piles ?.JO 

Overburden 59 to 138 

Source: Wo79 for New Mexico and Wyoming and Co77 for Texas. 

adjusted on the south radial to compensate for the ore outcropping. The line 
bulges, into the southeast quadrant indicating erosion by the predominant 
northwest winds and contamination of about 0.3 km2• 

In summary, it appears that the residual gamma radiation exposure levels 
at surface mining pits and overburden piles would preclude these areas from 
unrestricted use. It also appears that wind and water erosions of the spoils, 
ore, and sub-ore are occurring and causing land contamination far removed 
from the mining area. Several surface mines were gamma surveyed in New 
Mexico. The mines could not be individually gamma radiation surveyed because 
of their close proximity, cross contamination from eroded ore and sub-ore, 
and possible ore outcrops. 
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3.7.2 Inactive Underground Mines 
The model inactive underground mine is basically defined by dividing the 

total reported volumes of ore and waste removed by inactive underground 
mining by the number of inactive underground mines. The number of inactive 
underground mines has been obtained from the U.S. Department of Energy mine 
listing in Table 3.67. Table 3.67 lists the mines by state and type of mine. 
Forty-four percent of the inactive underground mines are located in Colorado, 
34 percent in Utah, 9.3 percent in Arizona, and 7.0 percent in New Mexico. 

For modeling·purposes, we assume that there are presently 2030 innctive 
underground uranium mines. Table 3.69 lists the estimated underground mine 
waste and ore production for 1932 to 1977. Uranium mine waste and ore pro
duction statistics, on an annual basis, were available for underground pro
ducers from 1959 r.o 1977 (00159-76). Annual uranium ore production stJtis
tics for underground mining are available from 1948 to 1959 (DOE79) and from 
1932 to 1942 {00132-42). We estimated the mine waste production for the period 
of 1932 to 1960 from underground mining waste-to-ore ratios and established 
waste-to-ore ratios using the published ore and wastes production statistics 
from 1959 to 1976 (DOI59-76). These ratios were fitted with a line by re
gression analysis in order to estimate the waste-to-ore ratios from 1932 to 
1959 (Fig. 3.26). Two lines were fitted to the known waste-to-ore ratios 
because of the abrupt change in the ratios from 1972 to 1976. We assumed 
that the steeper slope was caused by increased waste production from the 
larger and deeper underground mines operated during this time. The estimated 
annual waste-to-ore ratios were multiplied by the published annual ore pro
duction values to estimate the annual waste production from 1932 to 1959. We 
assumed that no ore was produced from 1942 to 1948 because most of the uran
ium was obtained by reprocessing vanadium and radium tailings during that 
period (Private communication with G. C. Ritter, 1979, Bendix Field Engi
neering Corporation, Grand Junction, Colorado). Table 3.69 lists the cumu
lative annual waste production from underground mining from 1932 through 
1977. The total waste produced for this period was 2.92 x 107 MT, and the 
total ore produced was 7~31 x 107 MT. 

A simplistic way to identify a model inactive underground mine would be 
to divide the cumulative tonnage of ore and wastes by the number of inactive 
mines. We estimated the number of inactive mines from the U.S. Department of 
Energy mine listing (Section 2.0 and Table 3.67). The model inactive under-
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ground mine produced 3.60 x 104 MT of ore and 1.44 x 104 MT of waste. Unfor
tunately, some of the contemporary waste and ore production has been produced 
by roth active and inactive mines. In order to adjust the contemporary ore 
and waste production for that portion of the ore and wastes generated by 
active mining, we assumed a model active mine having a mining life of 15 
years (St79). The mid-life of the mine was assumed to have occurred in 1978, 
with production beginning in 1971. 

We also assumed that some of the mines became inactive during the 
1971-1978 period and that their numbers decreased linearly. For example, 
2.44 x 106 MT of ore was produced in 1972 and 85.7 percent of that ore pro·· 
duced was from mines trat were inactive by 1978. Therefore, adju5ted ore 
production was 2.09 x 106 MT for 1971. The ore production for 1973 was 1.:, 

x 106 MT and 1.27 X 106 MT in 1974; 1.06 X 106 MT in 1975; 1.02 X 106 MT i~ 
1976; and 6.16 x 105 MT in 1977. The adjusted waste production was: 5.08 x 
105 MT in 1972; 6.67 x 105 MT in 1973; 8.13 x 105 MT in 1974; 9.43 x 105 MT 
in 1975; 7.43 x 105 MT in 1976; and 4.99 x 105 MT in 1977. 

Through 1978, the cumulative adjusted ore production from inactive 
underground mines was 6.37 x 107 MT, and the cumulative adjusted waste pro
duction was 2.04 x 107 MT. The model inactive underground mine was assumed 
to have produced 3.14 x 1·04 MT of ore and 1.00 x 104 MT of waste. Assuming a 
density of 2.0 MT per m3• the volume of ore and waste removed were 1.6 x 104 

and 5.Q x 103 m3, respectively. 
Fifty percent of the waste volume mined we assumed to be sub-ore. The 

volume of waste rock (i.e., containing no sub-ore) removed during the mining 
is 2.5 x 103 m3• Assuming an entry dimension of 1.83 m x 2.13 m. about 615 m 
of shafts and haulways are in the model mine. The ore body we assumed to 
have an average thickness of 1.8 m with a length and width of 91.2 m each. 

3 2 The surface area of the passages would be 4.83 x 10 m • The surface area of 
the mined-out ore body would be 1.71 x 104 m2• 

3.7.2.1 Waste Rock Piles 
Wastes produced from underground uranium mining were generally cast or 

dumped near the mine entries. Those wastes that were dumped on relatively 
flat terrain fanned dome-shaped piles. Wastes cast from rim mines generally 
fanned long, thin sheets down the canyon slopes. Since most of the inactive 
underground mines are in the Uravan Mineral Belt, the waste pile shape (dome) 



is assumed to be predominant (see Appendix G.l.2) and is used for the 
calculations of the waste pile dimensions. 
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The waste produced at a typical underground mine consists of waste rock 
and sub-ore. The waste rock is assumed to be on the bottom of the waste pile 
since it was generally removed first. Sub-ore, which was removed later, is 
assumed to cover or plate the waste pile. The waste piles are assumed to be 

dome shaped, covering a circular area of 0.40 hectares. The dome is assumed 
to be a spherical segment with a height (b} and base (c) of 71.8 m. The 
volume (V) of the spherical segment, 6.3 x 103 m3 when corrected for bulking, 
is equal to the volume of wastes and is expressed as 

V = 1 1rb (3c2 + 4b2). (3.30) 

24 

The surface area of the spherical segment is given by the expression 
S = 1 1T(4b2 + c2) where S = Surface area (m2). 

4 
(3.31) 

The term b is solved by substitution and iteration in the former equation and 
is substituted in the latter equation to detennine the surface area of the 

wastes: 
V = 6.3 x 103 m3 = 1 1T b {15465 + 4b2) where: b = 3.1 m. 

24 

The surface area of the waste pile is 

S = 1 1r(4b2 + c2) 
4 

= 1 (3.14) (38 + 5155) 
4 

= 4.08 x 103 m2• 
The thickness (T) of sub-ore on the surface of 

volume of sub-ore = 3.2 x 103 m3 

area of waste pile 4.08 x 103m2 

the waste pile is 

= 0.78 m. 

(3.32) 

(3.33) 

(3.34} 

In summary, the waste pile at an inactive underground uranium mine is 
assumed to_ __ have the shape of a spherica1 segment with a surface area 4.08 x 
103 m2 • The pile is assumed to have an inner core of waste rock covered or 
p1ated with 0.78 m··of sub-ore on its exposed surface. It is expected that 
the p1ate of sub-ore on the waste pile would be more pronounced than the 
sub-ore plates on overburden piles at surface mines because of diminished 
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blending, m1n1ng practices, and the lower waste-to-ore ratio. The grand 
average of the radium .. 226 concentrations in the waste roc!<' and overburden 
piles {Table 3.72) appear to confirm this expectation. 

Table 3.76 lists average annual emissions of contaminants due to wind 
erosion of the waste rock pile. These values were estimated by multiplying 

an emission factor of 2.12 MT/hectare-yr, derived in Appendix I, by the waste 
pile surface area, 0.408 hectares, and the stable element concentrations 
given in Table 3.19. We assumed uranium and thorium concentrations to be 110 
pCi/g and 2 pCi/g, respectively. 

Table 3.76 Average annual emissions of radionuclides (uCi) and stable elements 
(kg) in wind suspended dust at the model inactive underground mine 

Waste Rock 
Contaminant Pi 1 e (a) 

Arsenic 0.07 
r". 

0.80 Barium , ' 

Cadmium ND(b} 

Cobalt 0.01 
Copper 0.05 
Chromium 0.02 
Iron 14 
Mercury NO 
Potassium 22 

Magnesium 3.0 
Manganese 0.83 

(a)Mass emissions = 8.65 x 105 g/yr. 
(b)ND - Not detected. 

Waste Rock 
Contaminant Pile(a) 

r~olybdenum 0.10 
Nickel 0.02 
Lead 0.07 
Ruthenium NO 

Selenium 0.10 
Strontium 0.11 

Vanadium 1.2 
Zinc 0.03 
Uranium-238 and each 

daughter 238 

Thorium-232 and each 
daughter 1.7 
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3.7.2.2 Radon-222 from the Mine Area 
We estimated the total radon released from the model inactive under

ground mi~e from the following parameters: 

1. Radon exhalation from the waste rock pile--

the exposed surface area of the waste pile= 4.1 x 103 m2; 

the average Ra-226 content of the waste pile is 110 pCi/g; and 

• the radon flux rate for the waste pile is 13 pCi of Rn/m2-sec. 

Therefore, the radon released from the waste pile is 

4.1 x 103 m2 x 13 pCi of Rntm2-sec x 86400 sec/day = 4.6 mCi of Rn/day. 

2. Typical background release rate--
the ground surface area equivalent t(.l the area covered by 

the waste pile = 4.1 x 103 m2, and 
the radon flux rate for background soils in uranium mining 
areas = 0.83 pCi of Rn;m2-sec (Table 3.72). 

Therefore, the radon exhalation rate from an undisturbed area equivalent to 
the waste pile of a model underground mine is 

4.1 x 103 m2 x 0.83 pCi of Rn;m2-sec x 86400 sec/day = 0.29 mCi of Rn/day. 

The net radon release rate due to the waste pile at the inactive underground 

mine is 4.6 minus 0.29 or about 4.3 mCi of Rn/day above normal background. 
Natural ventilation will occur in most mines and usually is considered 

by mine venti 1 at ion engineers when planning the forced ventilation systems. 
The natural force that can maintain a natural air flow due to temperature 

differences is thermal energy4 The thermal energy added to a system is 

converted into a pressure difference. If the pressure difference is suffi

cient to overcome head losses, a flow of air will occur. 
Natural ventilation depends upon the difference between the temperature 

inside and outside _of a mine and the difference between the elevation of the 
mine workings and the surface. Air flow by natural ventilation is generally 

small (140 - 566 m3/m'in) in shallow mines {Pe52). In deep mines, natural 
ventilation flows may range from 1,420 to 4,250 m3tmin {Pe52). The flow in 

either the shallow or deep mines depends upon the depths size, and number of 
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openings. The intensity of thennal energy-induced natural pressure usually 

ranges from a few hundredths to a few tenths em of water in shallow (less 

than 460 m deep} mines (Pe52). The maximum pressure drop per 305 m of depth 

in deep mines is about 2.54 em of water in winter and about 0.84 em during 

the summer (Pe52). 
In general, natJJral ventilation is subject to considerable fluctuation. 

It usually increases to a maximum in winter and a minimum in summer for deep 
mines. The typical inactive underground uranium mine would be shallow; 

therefore, the natural ventilation would be expected to reach Hs maximum in 
the winter and summer·and its minimum in the spring and fall (air temperature 

in the mine closely approaches the outside temperature during the spring and 

fall). 

A first approximation of the annual release of Rn ... 222 from an inactive 
underground mine simply would ba that all Rn-222 released into the mine air 
will be exhausted by natural v~ntilation before a significant radioactive 

decay occurs. That is, the quantity of radon released into the mine is equal 

to the quantity of radon released from the mine.. The quantity of Rn-222 
released from the sub-ore surfaces remaining in the mined-out ore body is 

Q (pCi Rn-222) = A x $so' 
sec 

(3.35) 

where A is the surface area of the mined out 

ore body (m2) 
~o = exhalation rate of the Rn-222 from 

sub-ore per unit area per unit time, 12 
~ {Section 3.7.1.2) 
m -sec 

Q = {1.71 x 104 m2) (12 pCi) = 2.1 x 105 pCi/sec. 

m2-sec 

It should be noted that 4>so is the average radon flux physically mea
sured from sub-ore bodies in inactive surface mines (Section 3. 7 .1.2). Be

cause of safety considerations, no measurements were made from sub-ore bodies 
in inactive underground mines during the April 1979 field surveys. The annual 
Rn-222 source tenn from the mined-out ore body in an inactive underground 

uranium mine, using the preceding assumptions, is 
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Q (Ci) = 2.1 X lOS ..e£1. X 3.6 X 103 sec X 24 hr X 365 d X 
yr sec hr d yr 

1 "' 6.6 Ci 
-~'--
1012 .£.£! yr (3.36) 

Ci 

The annual Rn-222 source term (Q) from the passageways, assuming an exhalation 

rate of 8.7 ££1 for overburden, is (Section 3.7.1.2) 

m2-sec 

(4.8 X 103 m2) (2.7 X 10-4 Ci ) 
yr-m2 

= 1.3 fi. 
yr 

(3.37) 

The uir flow rate from the mine, assuming 140m3/min for an average shallow 
min~, will exchange the mine air every three hours. The average annual 

radon-222 concentration will be 

7.9 Ci/yr x 1 X 1 = 107 pCih,. 
7 .. 4 x 107 m3/yr 1000 9Jm3 

The radon daughter concentration will be about 87 percent of equilibrium with 

the radon, assuming a mean residence time of the radon in the mine to be 1.5 

hours. 

Several inactive mines in the Grants, New Mexico area were monitored for 

radon discharges by natural ventilation. One of the mines monitored was 

relatively small and had a vertical shaft access. Five cased 30 em diameter 

vent:; were found and were assumed to be connected with the mine. The shaft 

was covered with steel plate, but access holes were cut in the plate and one 

corner had been pried up. Four vents were capped with buckets. Just one 

cover was gas tight. One vent was partially covered with a piece of wood. 

Only very small flow rates due to natural ventilation were measured at the 

shaft and vents. The maximum radon emission from the mine per day was esti

mated to be 2.8 x 103 \.lCi. This low radon discharge rate is probably due to 

partial blockage of the vents and water in the mine. The mine was partially 

flooded, and flowing water could be seen at the bottom of the shaft. The 
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effect of the water would be to partially or completely close off the mine 
workings and substantially reduce natural ventilation. The water would also 

dissolve and substantially suppress the radon exhaling from the surface areas 

of the mine. Thus, we believe that the radon discharges from wet inactive 

mines via natural ventilation will be minimal. 

Investigation at another inactive mine revealed that it was connected to 

three other inactive mines that were subsequently connected to two active 

mines. Ventilation fans at the connecting active mines were usually shut 

down after the end of the day shift and on weekends. Mine air was exhausted 
by natural ventilation through the shaft (h1ghest opening} and vents of the 

mine investigated. A flow rate up to 88m3/min was observed coming from the 

shaft, and radon-222 concentrations reached 11,000 pCi/t. The average flow 

rate observed over a weekend was 75 m3;min, with an average radon-222 concen
tration of 9,800 pCi/!. The aver~ge radon emission was 1.1 Ci/day. 

Figure 3.27 is a plot of the changes in the Rn-222 concentration in the 

air from the shaft of the inactive mine investigated. The average of the 

measurements of the air flow rate from the shaft was about 76 m3/min. The 
Rn-222 concentration increased almost linearly with time for about 20 hours 
after the fans were shut down at the end of the day shift on April 27, 1979. 
The Rn-222 concentrations also leveled off at about '10,000 pCih.. A dip, 

presumed to have been caused by high winds, occurred in the Rn-222 concen
tration curve from about 1000 to 1600 hours on April 28, 1979. 

Sjnce the curve is relatively flat at 10,000 pCi/R,, it is assumed that 

the rate of production of the Rn-222 is equal to the rate of removal of the 

Rn-222 from the six mines. The average residence time of the radon in the 
mine air is assumed to be approximately 10 hours, and the radon daughters 

would be in near-equilibrium (assumed to be~ 90 percent). Assuming that all 

six interconnecting mines contributed equally to the source tenn measured, 
the release rate of Rn-222 for a single mine will be 

10,000 pCi/1 x 76,000 ~/minx 1440 min/day x Io-12Ci/pCi + 6 

= 0.18 Ci/day. 

Based on the preceding estimation of Rn-222 and progeny released from a 
-

typical mine on the Colorado plateau and physical measurements at six con-
nected mines) the annual radon release rate may range from 7.9 to 66 Ci/yr. 

These source term estimates, of course, are based on a single mine. Many mine 

workings are, in fact, interconnected. If these interconnected workings are 
assumed to constitute a single mine, then the upper limit of Rn-222 and 
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progeny discharge known at this time wi 11 be about 10,000 pCih. with an 

annual Rn-222 source term of about 400 Ci/yr. For example, 67 percent of all 
inactive underground uranium mines are in or near the Uravan mineral belt and 

are probably dry. Their aggregate Rn-222 discharge by natural ventilation is 

estimated to be 
1360 mines x 66 Ci Rn-222 = 9.0 x 104 Ci/yr. 

yr-mine 

In summary, there is little information available on the discharge of 

Rn-222 and its progeny from the vents and entries of inactive uranium mines 

by natural ventilation. Some physical measurements indicate that the dis

charges may be substantial. It is known, through surveys conducted to 
support this study, that a large majority of the inactive uranium mines are 

not isolated from the atmosphere and are capable of discharging their Rn-222 

and progeny into the local environme.lt. It is also known that some self

sealing will probably occur at some of the mines, due to flooding, cave-ins, 

and subsidence. Table 3.77 summarizes estimates of the annual radon-222 

releases from inactive underground uranium mines. This potential source of 
exposure could be practica1ly e1 imina ted by proper sealing of the inactive 

mines. 

3.7.2.3 Land Surface Gamma Radiation 

Gamma radiation surveys were conducted around underground m1 n1 ng areas 

in Colorado and New Mexico. Table 3.78 lists the ranges of gamma radiation 

exposure rates measured at some of the mines. The elevated gamma ray ex

posure rates on the waste piles are due primarily to plating those piles with 

sub-ore removed during the mining process. 

Some radioactive materials originating from ore and sub-ore handling can 

be lost into the local environment around a mine site. Erosion of the mine 

wastes can also disperse contaminants into the local environment. Figure 3.28 

illustrates gross gamma radiation exposure rate measurements around an in

active underground uranium mine in New Mexico. Background gamma-ray exposure 

rate measurements made around the mine area ranged from 12 to 15 lJR/hr. 

According to the measurements made. exposure rate levels exceeded background 

from 50 to more than 100 meters from the waste piles. The area that has been 

contaminated far exceeds the area physically disturbed at the mine site. 

Gross gamma exposure rates measured on the waste piles averaged about 95 
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Table 3.77 Summary of radon-222 releases from inactive underground mines 

Source Estimation Methods 

Model Mine 

Waste Rock Piles Calculated volume & surface 
area; limited field measure
ments of radon flux 

Underground workings Radon release based on natural 
ventilation rate for shallow 
mines 

Sub-or~ Surfaces Calculated surface area; limited 

Annual Release, Ci 

1.7 

radon flux measurements of sub-ore 6.6 
Passageways 

Background 

Model Mine 

Actual Mine 
Underground workings 

Calculated passageway surface 
area; limited measurements of 
radon flux from overburden 

Field measurements of radon flux; 
and projected area of waste 
rock pile 

Total radon .source miryus back
ground 

(dry) Field measurements 
Underground workings 
(wet) Field measurements 

Waste rock piles Calculated volume & surface area; 
Limited field measurements of 

radon flux 

1.3 

0.11 

9.5 

66 

1.1 

1.7 



Table 3.78 

Location 

Boulder, Colorado 
Uravan, Co 1 or ado 
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Summary of land surface gamma radiation surveys in 
Colorado and New Mexfco 

Area 

Waste piles 
Waste piles 

Gamma Radiation 
Exposure Rate (~ R/hr) 

40 to 100 
50 to 220 

San Mateo, New Mexico Waste pile 35 to 275 
Ore 100 to 350 
Overburden 20 to 120 
Background 10 to 13 

Mesa Top Mines, Waste piles 25 to 290 
New Mexico 

Barbara J #1 Mfne, Waste piles 21 to 170 
New Mexico Background 12 to 15 

Source: Wo79. 
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~R/hr, which would make them unsuitable for unrestricted use. 

In summary, wastes from underground uranium mining techno1ogica11y 

enhance natural radioactivity and may .be considered low-level radioactive 

wastes. Improperly controlled wastes will be dispersed into the surrounding 

environment by the mining activities and erosion. 
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4.0 Description of Mode1 Mines 

Section 1.3 describes uranium mines and their operations, and Section 3 

describes the potential sources of contamination at the principal types of 

active and inactive mines. These discussions include an analysis of the 

potential sources of contamination, quantities of contaminants associated 

with the different sources, variations in the sources, and estimates of the 

values needed to define the impact that these sources may impose upon the 

environment and nearby populations. We attempted to define these terms and 

mining parameters in a way that would reflect a general view of the uranium 

mining industry a~d permit a generic assessment. The parametric values that 

we have chosen for this assessment are listed below. The sections of thi;; 

report from which they were derived are given in parentheses. 

4.1 Surface Mine 
The model open pit (surface) mine will be located in Wyoming. It is the 

mine defined in Section 3.3 as the "average large mine. 11 However. to define 
the total impact of all 63 open pit mines operating in the United States in 

1978 we used the parameters developed in Section 3.3 for the 11 average mine. 11 

Parameter 

Ore, MT /yr 
Sub-ore, MT /yr 

' 
Overburden, MT /yr 

Parameter 

Mining days 
\ 

per year 

Mine life, yr 

Ore s tock.pi1e 

residence time, 

Overburden 

management 

Production Parameters {1.3.1, 3.3.1} 

days 

Average Large Mine 

5.1 X 105 

5.1 X 105 

4.0 X 107 

Mining Parameters {3.3.1} 

Average Large Mine 

330 

17 

41 

Case 2* 

Average Mine 

1.2 X 105 

1.2 X 105 

6.0 X 106 

Average Mine 

330 

17 

41 

Case 2* 

*Case 2--Backfilling concurrent with mining - assumes 7 pits opened in 17-yr. 

mine life and the equivalent of one-pit overburden (2.4 yr. production) 

remains on the surface. 
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Ore Parameters {3.3.1.2) 

Parameter Average Large Mine Average Mine 
Average grade, 

percent u3o8 0.1 0.1 
Th-232 concentration, 

pCf/g 10 10 

Activity ratio 
(dust/ore) 2.5 2.5 

Mineralogy Sandstone Sandstone 
Density, MT /m3 2.0 2.0 
Surface'area of 

stockpile, m2 6,200 3,590 
Area of pad, m2 5,300 3,340 
Stockpile height, m 9.2 3.1 
Thickness of ore 

zone, m 12 12 

Sub-Ore Parameters {3.3.1.3} 
Parameter Average large Mine Average Mine 
Average grade, 

percent u3o8 0.015 0.015 
Th-232 concentration, 

pCi/g 2 2 
Activity ratio 

(dust/sub-ore) 2.5 2.5 
Mineralogy Sandstone Sandstone 
Density, MT 1m3 2.0 2.0 
Surface area of 

stockpile, m2 120,000 36,000 
Stockpile height, m 30 30 
Area of pad, hectares 11 3 
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Overburden Parameters (3.3.1.1) 
Parameter Average Large Mine Average Mine 
Average grade, 

percent u3o8 0.0020 0.0020 
Th-232 concentration, 

pCi/g 1 1 
Mineralogy Sedimentary Sedimentary 
Density, MT 1m3 2.0 2.0 
Surface area of 

dump, m2 1.1 X 106 3.5 x·ro5 

Dump height, m 65 30 
Area of terrain, 

hectares 104 33 

. Wastewater Discharge Parameters (3.3.2.2) 
Parameters (mg/.2. except as noted} Average Mi_!!.e 
Discharge volume, 2.94 

m3/min {Assumed value of 3.0) 

Total uranium 
Radium-226, pCi/~ (a) 

Total suspended solids 
Sul fate(b} 

Zinc 
Cadmium 
Arsenic 

0.07 

0.41 
20.88 

175 
0.071 

0.004 
0.005 

(a)Concentration of_Ra-226 and its daughters are reduced to 10% of the 
amount actually released due to i rrevers ib le sorption and precipitation. 

(b)Concentration of sulfate is reduced to 20% of the amount actually 
released due to irreversible sorption and precipitation. 
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Airborne Source Terms (3.3.4) 
Section 3.3.4 identifies and describes potential sources of airborne 

contamination at surface mines. The principal sources are dusts produced 
by mining operations and wind erosion and Rn-222 released by exposed uranium 
in the pit and overburden, sub-ore, and ore piles. The tables of Section 
3.3.4 present the average annual emissions of contaminants from these sources 
during active mining. 

Source 
Combustion Products 
Vehicular Ousts 
Oust from Mining Activities 
Wind Suspended Oust 
Rn-222 Emissions 

4.2 Underground Mine 

Table 
3.30 

3.32 

3.33 
3.34 

3.35 

The model underground mine, defined in Section 3.4 as the "average large 
mine, .. will be located in New Mexico. However, to determine the total impact 
of all 305 underground uranium mines in the United States we used the 
parameters developed in Section 3.4 for the 11 average mine. 11 

Parameter 
Ore, MT /yr 
Sub-ore, MT/yr 
Waste rockt MT/yr 

Production Parameters {1.3.1, 3.4.1) 
Average Lar~e Mine 

2 X 10 

Parameter 
Mining days per year 
Mine 1 ife t yr 
Ore stockpile residence 

time, days 
Waste rock management 

2 X 105 

2.2 X 104 

Mining Parameters (3.4.11 
Average Large Mine 

330 
17 

41 

No backfill 

Average Mine 

1.8 X 104 

1.8 X 104 

2.0 X 103 

Average Mine 
330 

17 

41 

No backfill 
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Ore Parameters (3.4.1.21 

Parameter Average Large Mine Average Mine 
Ave rage grade, 

percent u3o8 0.10 0.10 

Th-232 concentration, 

pCi/g 10 10 
Activity ratio 

{dust/ore) 2.5 2.5 

Mineralogy Sandstone Sandstone 
Density, MT ;m3 2.0 2.0 
Surface area of 

stockpile, m 2 5,800 680 

Stockpile height, m 3.1 3.1 

Area of pad, m 2 5,480 620 

Sub-Ore Parameters (3.4.1.3} 

Parameter Ave rage Large Mine Average Mine 
Average grade, 

percent u3o8 0.035 0.035 

Th-232 concentration, 

pCi/g 2 2 
Activity ratio 

(dust/sub-ore) 2.5 2.5 
Mineralogy Sandstone Sandstone 
Density, MT ;m3 2.0 2.0 

Surface area of 
dump, m2 104,900 18,800 

Dump height, m 12 6 

Area of pad, m2 99,400 17,700 
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Waste Rock Parameters (}.4.1.1) 

Parameters 
Average grade, 

percent u3o8 
Th-232 concentration, 

pCi/g 
Mineralogy 
Density, MT /m3 

Surface area of 
dump, :n2 

Dump he:·,·.:Jht, m 
Area oi Lerrain, m2 

Average Large Mine 

0.0020 

1 
Sedimentary 

2.0 

14,100 
12 

12,800 

Average Mine 

0.0020 

1 

Sedimentary 
2.0 

2,700 
6 

2,ti.~,Q 

Wastewater Discharge Parameters (3.4.2.2} 

Parameter (mgk except as noted) 
Discharge volume, 

m3/min 
Total Uranium 
Radium-226, pCi/ t (a) 
Lead-210, pCi/ t {a) 

Total suspended solids 
Sulfate(b) 

Zinc 
Barium 
Cadmium 
Arsenic 
Molybdenum 
Selenium 

Average Mine 
2.78 

(assume value of 2.0) 
1.41 
1.37 
1.46 

27.8 
116 

0.043 
0.81 
0.007 
0.012 
0.29 
0.076 

( a)Concentratio~-s of Ra-226 and its daughters are reduced to 10 per

cent of the amount actually released due to irreversible sorption and pre
ci pi tati on. 

(b)Concentr~tions of sulfate are reduced to 20 percent of the amount 

actually released due to irreversible sorption and precipitation. 
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Airborne Source Terms (3.4.4) 
Section 3.4.4 identifies and describes potential sources of airborne 

contamination at underground mines. The principal sources are contaminated 

dusts due to mining operations and wind erosion and Rn-222 that is released 
from the mine exhaust vents during mining and from waste rock, sub-ore, and 

ore pile surfaces. Average annual emissions of contaminants from these 
sources during active mining operations are presented in the following tables 
of Section 3.4.4. 

Source 
Combustion Products 
Vehicular Dusts 
Dust from Mining Activities 
Wind Suspended Dust 
Rn-222 Emissions 

4.3 In Situ Leach Mine 

Table 
3.52 
3.56 
3.54 
3.55 
3.51 

The following parameters are for a model (hypothetical) in situ solution 
mine as defined in Section 3.5: 

1. Size of deposit = 52.6 hectares 
2. Average thickness of ore body = 8 m 
3. Average ore grade = 0.06 percent u3o8 
4. Mineralogy = Sandstone 
5. Ore density = 2 MT/m3 

6. Ore body depth = 153 m 
7. Mine life = 10 years (2-yr leach period in each of 5 sectors) 
8. Well pattern= 5 spot 

Injection wells= 260 
Production wells= 200 
Monitoring wells= 80 

9. Annual u3oa production = 227 MT 
10. Uranium leaching efficiency = 80 percent 
11. Lixiviant =Alkaline· 
12. Li X ivi ant flOW capacity = 2,000 Ji'min 
13. Lixiviant bleed = 50 !/min (2.5 percent) 
14. Uranium in Lixiviant = 183 mg/t 
15. Calcite.(CaC03) removal required= 2 kg calcite per kg u3o8 
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Data were insufficient to estimate aqueous releases of contaminants from 
these type mines. However, since these facilities are planned to operate 
with no aqueous discharges, releases of contaminants via this pathway, except 
for possible excursions, should be small. Annual releases of contaminants to 
the atmosphere were computed in Section 3.5.3 for the model mine and listed 
in Table 3.59. These estimated annual airborne releases will be used to 
compute dose and indicate adverse health effects that might be associated 
with in situ leach mining. 

4.4 Inactive Surface Mine 
The model inactive surface mine will be located in Wyomir.q. It is 

defined in St~ction 3 .. 7.1. The model mine parameters are listed below. 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

Mine Parameters 
Period of active mining = 17 years 
Total waste rock production = 8.88 x 105 MT 
Total ore production = 3.59 x 104 MT 

- 3 Density of ore and waste rock - 2.0 MT/m 
Size of abandoned pit: 

Volume = 4.62 x 105 m3 

Ground surface area ~ 2.03 x 104 m2 

Pit bottom area = 6.00 x 103 m2 

Depth= 36.7 m 
Surface area and composition of waste rock pile = 
6 .. 33 x 104 m2 uni fonnly covered to a depth of 
0.36 m with sub-ore 
Reclamation = none 

Airborne Source Terms 

Sections 3.7.1.1 and 3.7.1.2 identify and describe potential sources of 
airborne contaminatfon at inactive surface uranium mines. The principal 
sources are contaminated, wind-suspended dust from the waste rock pile and 

Rn-222 re1eased from exposed ore and sub-ore bearing surfaces in the pit and 
the waste rock pile. Tables 3.70 and 3.74 show average annua1 emissions of 
contaminants from these sources. 
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4.5 Inactive Underground Mine 
The model inactive underground mine will be located in New Mexico. It is 

defined in Section 3.7.2, and its parameters are listed below. 

t~ine Parameters 

1. Period of active mining = 15 yrs 
4. Total waste rock production = 1.00 x 104 MT 
3. Total ore production = 3.14 x 104 MT 
4. Density of ore and waste rock = 2.0 MT/m3 

5. Surface area and composition of waste rock pile = 
4.08 x 103 m2 uniformly covered to a depth of 
0.78 m with sub-ore 

6. Mine entrance and exhaust vents not sealed 

Airborne Source Terms 

Sections 3.7.2.1 and 3.7.2.2 identify and define potential sources of 
airborne contamination at inactive underground uranium mines. The principal 
sources are contaminated, wind-suspended dust from the waste rock pile and 
Rn-222 released from the unsea 1 ed mine entrance and exhaust vents and the . 
waste rock pile. Tables 3.76 and 3.77 list average annual emission of con-
taminants from these sources. 



SECTION 5 

POTENTIAL PATHWAYS 



5-1 

5.0 Potential Pathways 

5.1 General 

5.1.1 Vegetation 
Airborne particulate radioactivity may be deposited directly on the 

edible foliar surfaces of crops or on the soil and then migrate through the 
soil into the plant's root system and into an edible crop. Such crops may be 
consumed directly by man or by animals which are ultimately consumed by man. 
The use of contaminated water (either groundwater or surface) to irrigate 
crops may also lead to the ingestion of radionuclides from either the direct 
consumption of the crop or the crop-to-animal-ta-man pathway. 

The reconnaissance surveys of some inactive uranium mine sites indicated 
that no crops for human consumption were being farmed at or near any of the 
sites. Although the potential for man's ingestion of radionuclides in edible 
crops due to the direct deposition or the root uptake of either airborne par
ticulates or contaminated mine water is a greater possibility near the active 
mines, farming in such areas is not extensive. 

Almost every inactive and active mine site visited had range cattle and/ 
or sheep grazing on the natural vegetation growing at the site; hence, the 
possible consumpt1on of such animals could be a potential pathway for man's 
ingestion of radionuclides released into the environment surrounding the mine 
sites. 

' 

5.1.2 Wildlife 

There are numerous specfes of mammals, birds, reptiles, and amphibians 
at both active and inactive uranium mine sites. Though mining may destroy 
their natural habitat, there are no significant radiological impacts on 
wildlife in these areas. Dewatering and drainage from active mines sometimes 
create ponds or streams that may be used by migratory waterfowl and local 
wildlife as a source of water, but, when mining ts completed, the ponds dry 
up, probably_ without leaving any permanent or significant radiological impact 
on wildlife. The small lakes formed in inactive surface mine pits, however, 
may remain for a long -period of time and have a significant environmental 
impact. It would be expected that sedimentation and eutrophication of the 
lakes would progressively diminish the impact with time by reducing the con
tact of ore bodies with the biosphere. The potential food pathway of animal-
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ta-man via wildlife hunting at these sites is also minimal. Hunting is poor 

and hunting restrictions are usually observed at the mine sites. 

5.1. 3 Land Use 
Most uranium mining activities have been conducted in areas away from 

population centers. Most mines are located on private property or are on 
Federal lands such as national forests. The predominant land use is as 

rangeland (or forest) and only minor areas are cropland. The fraction of land 

used for vegetable crop production for Wyoming and New Mexico is 1.59 x 10-3 

and 1.38 x 10-3., respectively. This fraction is based on the assumption that 
the statewide fractions apply to uranium mining areas within each state. 

Average population densities are typically rural, i.e., less than one person 
2 per 2.6 km • 

5.1.4 Population Near Mining Areas 
Uranium mines occur in clusters throughout many western states and are 

somewhat scattered throughout the eastern states. In order to estimate the 
number of persons residing within 50 miles (80km) of a mine, we used county 
populations where there either is or has been mining. Table 5.1 lists the 
states and their respective mining counties plus the numbers of inactive and 
active surface and underground uranium mines in each county. We derived the 
county population statistics from U.S. Department of Commerce census data 
(DOC78), which are January 1, 1975 estimates. The county areas were obtained 

I 

from the same· reference. 

The area, 20,106 km2, within a circle with a radius of 80 km usually 

exceeds the area of most counties. Because of this, the number of persons 
residing within 80 km of a mine will be underestimated using county popula
tion statistics. In other words, we consider the 'estimates of populations 

within the mining regions to be somewhat low. 

Persons residing in a mining area are 1 ike1y to be exposed from more 
than one mine because of the aforementioned clustering. To account for this, 
Table 5.1 Jists the product (person-mines) for both active and inactive uran
ium mines. The total number of person-mines for inactive mines is approxiM 

mately 82,000,000 persons. The total number of person-mines for active mines 
is approximately 14,000,000 persons. The combined equivalent population 
exposed to inactive and active uranium mining is approximately 96,000,000 
persons. 



Table 5.1 Number of uran1um mines and populat1on statist1cs for count1es 
,I 

containing uranium m1nes 

Number of Populat1on County 
Uranium Hines Dens1 ty County Area Population Person-Mines Person-Hines 

State County Inactive Act1ve ( persons/km2) (km)2 (persons) Inactive Active 

Alask.a Southeast{a) 1 0 1).03 44,501 1,282 1,282 0 
Arizona Apache 140 0 1.1 28,930 32,304 4.522,560 0 

Cochise 2 0 3.8 16,203 61,918 123,836 0 

Coconino 113 0 1.0 48,019 48,326 5,460,838 0 

G1la 18 0 2.4 12,297 29,255 526,590 0 

Graham 1 0 1.4 11,961 16,578 16,578 0 

Maricopa 3 0 41. 23,711 971,228 2,913,684 0 

Mohave 5 0 0.76 34,232 25,857 129,285 0 

Navajo 35 1 2.3 25,666 59,649 2.088,715 59,649 
Pima 2 1 19. 23.931 443,958 887,916 443,958 
Santa Cruz 3 0 4.3 3,227 13,966 41,898 0 

Yavapai 3 0 1.8 20,956 37,005 111,015 0 

Ca11forma Imperial 2 0 6.8 10,984 74,492 148,984 0 
Inyo 1 0 0.77 26,237 17,259 17,259 0 

Kern 6 0 17 21.113 349,874 2,099,244 0 

Lassen 2 0 1.4 11,816 16,796 33,592 0 

..... 
I 
w 



Table 5.1 ( Cont wued) 

Number of Popu l at 10n County, 

Uran lum Mines Density County Area Population Person-M1nes Person-M1nes 

State County lnactlVe Act1Ve { persons/km2) (km) 2 (persons) Inact1ve Act1Ve 

Cal Horma Madera 0 7.5 5,556 41,519 41,519 0 

Mono 0 0.51 7,840 4,016 4,016 0 
R1vers1de 5 0 25. 18,586 456,916 2,284,580 0 

San Bernaro:llh> 3 0 14 52,103 696,1371 2,090,613 0 

S1erra 0 1.2 2,481 2,842 2,842 0 

Tuolumne 0 4.6 5,832 25,996 25,996 0 
Colorado Boulder 7 0 68 1,937 131,889 923,223 0 

Clear Creek 4 0 4.8 995 4,819 19,276 0 

Custer 3 0 0.59 1,909 1,120 3,360 0 

Dolores 6 0 0.62 2,657 1,641 9,846 0 
Eagle 2 0 1.7 4,353 7,498 14,996 0 

El Paso l 0 42 5,587 235,972 235,972 0 

Fremont 25 0 6.6 4,022 26,545 663,625 0 

Garfield 10 0 2.3 7,759 17,845 178,450 0 
G!lpm 4 a 5.0 383 1,915 7,660 0 

Grand 4 0 0.86 4,802 4,107 16,428 0 

Vl 
I 

""' 



Table 5.1 (Cont1nued) 

Number of Populat1on County 

Uraniufll M1nes Oens l ty County 1\rea Populat1on Person-Mlnes Person-Mmes 

State County lnactlVe Active ( persons{km2) {km) 2 {persons) Inact1ve Active 

Colorudo Gunnison 0 1.2 8,339 10,006 10,006 0 

Hinsda J e 0 0.19 2,729 519 519 0 
Huerfano 2 0 1.6 4,077 6,590 1.1,180 0 

Jefferson 13 1 120 2,028 235,368 3,059,784 235,368 
La Plata 3 0 5.4 4,358 23,533 70,599 0 

Lanmer 5 0 17 6,762 114,954 574,770 0 

Mesa 185 20 7.3 8,549 62,407 11,545,295 1,248,140 
Moffat 18 3 0.77 12,284 9,459 170,262 28,377 

Montezuma 6 1 2.7 5,423 14,642 87,852 14,642 
Montrose 479 63 3.5 5,796 20,286 9,716,994 1,278,018 
Park 7 0 0.77 5,599 4,311 30,177 0 

P1 tldn l 0 3.5 2,520 8,820 8,820 0 

Pueblo l 0 20 6,228 124,560 124,560 0 
Rio Blanco 26 0 0.77 8,451 6,507 169,182 0 

Saguache 13 1 0.39 8,142 3,175 41.275 3,175 
San Juan z 0 0.77 1,012 779 1,558 0 

(Jl 
I 
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Table 5.1 (Continued) 

Number of Population County 

Uranium Mwes Dens 1ty County Area Population Person-H1ne~ Person-H1nes 

State County lnactlVe Active { pe rsons/km2) ( km)2 {persons) Inact1ve Active 

Colorado San Miguel 339 25 0.77 3,322 2,557 866,823 63,925 

Teller 3 0 3.9 1,432 5,584 16.752 0 

Idaho Custer 5 0 0.23 12,766 2,967 14,835 0 
Lemh1 1 0 0.39 11,862 5,395 6,395 0 

Mcmtana Broadwater 1 0 0.82 3,090 2,526 2,526 0 
Carbon 11 0 1.5 5,325 7,797 85,767 0 

Fallon 1 0 0.96 4,229 4,,050 4,050 0 

Hill 1 0 2.3 7,581 17,358 17,358 0 

Jefferson 3 0 1.5 4,278 6,839 20,517 0 

Madfson 1 0 0.55 9,138 5,014 5,014 0 

Nevada Clark 2 0 16.2 20,393 330,714 661,428 0 

Elko 3 0 0.31 44,452 13,958 41,874 0 

Humboldt 1 0 0.25 25,128 6,375 6,375 0 

lander 2 0 0.39 14,558 2,992 5,984 0 

Lincoln 2 0 0.19 27,114 2,647 5,294 0 

lyon 2 0 1.9 5,257 10,508 21,016 0 

Ut 
I 
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Table 5.1 (Continued) 

Number of Population County 

Uranium Mmes Dens 1 ty County Area Population Person-l''llnes Person-Mines 
State County Inactive Active (persons/km2) (km) 2 (persons) Inactive Act we 

Nevada Mineral 2 0 o. 71 9,751 7,051 14,102 0 
Nye 1 0 0.12 46,786 5,599 5,599 0 

Washoe 6 0 8.9 16,487 144,750 868,500 0 

New Jersey Sussex 1 0 73 1,364 99,299 99,299 0 
tlew Mexico Catron 4 0 0.12 17,863 2,198 8, 792 0 

Dona Ana 1 0 7.1 9,852 69,773 69.773 0 
Grant 3 0 2.1 10,282 22,030 66,090 0 
Hard1ng l 0 0.25 5,527 1,348 1,348 0 
Hidalgo 1 0 0,53 8,927 4,734 4,734 
McKinley 73 35 3.5 14,138 49,483 3,612,259 1,731,905 
Mora 1 0 0.93 5,025 4,673 4,673 0 
Quay 3 0 1.5 7,446 10,903 32,709 0 
Rio Arriba 8 0 1,9 15,133 28,752 230,016 0 
Sandova 1 3 0 2.3 9,619 22,123 66,369 0 
San Juan 41 0 4.6 14,245 65,527 2,686,607 0 

San Miguel 3 0 1.8 12,279 21,951 65,853 0 
Santa Fe 2 0 13 4,926 64,038 128,076 0 

..... 
• ...... 



Table 5.1 ( Cont 1 nued} 

Number of Populat1on County 

Uran 1 um Mmes Dens1ty County Area Population Person-M1nes Person-M1 nes 

State County lnactlVe Act1ve ( persons/km2) (km) 2 (persons) Inactive Act1ve 

New Mex1co Sierra 6 0 0.67 10,790 7,189 43,134 0 

Socorro 7 i) 0.57 17,102 9,763 68,341 0 
Taos 1 0 3.0 5,843 17,516 17,516 a 
Valencia 19 4 3.1 14,649 45,411 862,809 181,644 

North Dakota B1lltngs 9 0 0.39 2,950 1,153 10,377 0 

Slope 1 (,) 0.39 3,172 1,360 1,360 0 

Stark 3 G 5.8 3,408 19,650 58,950 0 

Oklahoma Caddo 2 0 8.8 3,294 28,931 57,862 0 

Custer 1 0 8.3 2,538 21,040 21,040 0 

Orego,n Crook 1 0 1.3 7,705 9,985 9,985 0 
Lal(e 2 0 0.34 21,318 7,158 14,316 0 

South Dakota Butte 3 0 1.3 5,827 7,825 23,475 0 

Custer 10 0 1.2 4,032 5,196 51,960 0 
Fall R1ver 93 0 1.9 4,514 8,066 750,138 0 
Hard1ng 28 0 0.39 6,946 1,879 52,612 0 
Lawrence 2 0 8.4 2,072 17,453 34,906 0 
Pennington 5 0 8,3 7,198 59,349 296,745 0 

()'I 
I 
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Table 5.1 (Coot inued) 

Number" of Populat10n County 

Uranwm Mines Density County Aree~ Popul at 100 Per"son-Ml nes Person~M1nes. 

State County Inact 1Ve Active ( persons/k.m2) (km)2 (persons) Inactive Act1Ve 

Te>:as Bn scoe 2 0 1.2 2,264 2,794 5,588 0 

Burnet 0 4.4 2,577 11,420 11,420 0 
Crosby 1 0 3.9 2,359 9,085 9,085 0 

Garza 6 0 2.8 2,367 6,611 39,666 0 
Gonzales 2 0 5.8 2,735 16,342 32,684 0 

Karnes 23 10 6.6 1,963 12,955 297,965 129,550 

llVe Oak 6 5 2.3 2,732 6,453 38,718 32,265 
Utah Beaver 9 1 0.77 6,692 5,152 46,368 5,152 

Box Elder 1 0 1.9 14,512 28,129 28,129 0 

Duchesne 4 0 1.5 8,430 12,645 50,580 0 
Emery 186 18 0.39 11,497 4,483 833,838 80,694 
Garfield 131 15 0.39 13,359 5,210 682,510 78,150 
Grand 164 17 0.77 9,536 7,342 1,204,088 124,814 
Iron 1 0 1.4 8,547 12,177 12,177 0 
Juab 4 0 0.52 8,837 4,574 18,296 0 

Xane 3 0 0.39 10,111 3,943 11,829 0 



Table 5.1 ( Cont 1 nueti) 
I 

Number of Population County 

Uranium Mines Dens 1 ty County Area Population Person-M1 nes Person~Ml nes 

State County Inact1ve Active ( persons/km2) (km)2 (persons) Inact1Ve Act1Ve 

I 
Utah P1ute 10 0 0.77 1,952 1.503 15.030 0 

San Juan 241 24 0.77 19,961 15,369 3,703,929 368,856 

Sevier 2 0 2.3 4,996 11,490 22,980 0 

U1ntah 14 0 1.5 11.621 17,431 244,034 0 

Wcash1ngton 6 0 2.7 6,285 16,969 101,814 0 

Wayne 32 0 0.39 6,438 2,510 80,320 0 

Wash1ngton Pend Oreille 3 0 1. 9 3,631 7,361 22,083 0 

Spokane 9 0 67 4,553 306,338 2,757.042 0 

Stevens 1 2 3.5 o,4lS 22,489 22.489 44,978 

Wyoming Albany 4 0 2.3 11,002 25,304 101.216 0 

Big Horn 9 0 1.5 8,176 12,264 110,376 0 

Campbell 55 0 1.2 12,318 14,781 812,955 0 

Carbon 16 3 0.77 20,473 15,764 252,224 47,292 

Converse 31 5 0.77 11,087 8,536 264,616 42,680 

Crook 23 0 0.77 7,464 5,747 132,181 0 

Franont 65 13 1.2 23,817 28.580 1,857,700 371,540 

U1 
I ...... 

0 



Table 5.1 (Cont1nued) 

Number of 

Uranium Hines 

State County Inact1ve Active 

Wyoming Johnson 
Natrona 
Niobrara 
Sublette 
Sweetwater 

Washakie 
Weston 

15 

16 

13 
1 

4 

2 

1 

Note.--Population statistics from (OOC78). 
~ngressional District. 

0 

2 

0 

0 

2 

0 

0 

County Population 
Density 

(persons/km2) 

r.ountt Area 

(km)
2 

Population Person-Mines Person-M1nes 
Active (persons) Inact1ve 

0.39 10,813 4.217 63,255 0 

3.9 13,835 53,956 863,296 107,912 

0.39 6,770 2,640 34,320 0 

0.39 12,564 4,899 4,899 0 

1.2 27 ,Oll 32,413 129,652 64,826 

1.5 5,858 8,787 17,574 0 

1.0 6,234 6,307 6,307 0 

Average Population Total County Total Person-Mines Total Person-Mines 
Density Area (Km)2 Population (Inact1ve} (Act he) 

4.4 persons/km2 1,492,136 6.625,099 82,327,885 14,035,161 

(,TI 
I .... .... 
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5.1.5 Population Statistics of Humans and Beef Cattle 
Table 5.2 lists some population statistics for humans in New Mexico and 

Wyoming, humans in all uranium mining stateslt and beef cattle in New Mexico 
and Wyoming. 

Table 5.2 Population statistics for humans and beef cattle 

Total Human and Beef Cattle Population Within 80 km Radius of Mines 

Human 
Beef cattle 

New Mexico Wyoming All Uranium Mining States 

447,412 
753,000 

224,195 
905,000 

6,625,099 

Average Human and Beef Cattle Population Densities Within 80 km Radius 
of Uranium Mines (number/km2}(a) 

Human 
Beef Cattle 

2.4 
4.1 

1.3 
5.1 

4.4 

{a}Areas taken from Table 5.1: New Mexico= 183,646 km2;, Wyoming= 177,422 

km2, and the total county area = 1,492,136 km2• 

5.2 Prominent Environmental Pathways and Parameters for Agueous Releases 
From a computer code prepared within EPA, we calculated annual committed 

dose equivalents to individuals and annual collective dose equivalents to a 
population for these assessments. Table 5.3 lists the aqueous pathways that 
were initially-- considered potential pathways of exposure. As indicated in 
Table 5.3, these pathw~ys result in computation of dose equivalents due to 
inhalation, ingestion, ground surface exposure, and air submersion. For above 
surface crop ingestion, milk ingestion, and beef ingestion (pathways 3, 4, 
and 5), we considered only uptake through the plant root systems to predict 
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concentrations of radionuclides in crops, since essentially all irrigation is 

ditch irrigation. Appendix J contains a detailed explanation of the 

environmental transport and dosimetry models used in these analyses. 

The maximum individual for the aquatic pathways is the individual at 

maxirrum risk. He is exposed to radionucl ides discharged in mine effluent 
through_ pathways 2 through 10 of Table 5.3. The water contributing radionu

clides to these pathways comes from a creek into which a mine discharges. The 
average individual is exposed to the average risk of all persons included in 

the population of the assessment area. He is exposed to radionucl ides dis
charged in mine effluent through pathways 2 through 8 and 10 of Table 5.3. 

The water contributing radionucl ides to these pathways is taken from the 
regional river after the creek water has been diluted in this rtver. The 

population considered in the assessment of the aquatic pathways is obtained 
by multiplying the regional assessment area size by the population density 

within this area. This assessment area contains the drainage basin for the 

mine effluent stream, the creek and the regional river discussed in defining 

the maximum and average individuals. 

5.2.1 Individual Committed Oose Equivalent Assessment 
Section 6 of this report contains the computed dose equivalents to the 

maximum individual and to the average individual. For the maximum indi
vidual; we included all pathways in Table 5.3 except drinking water (pathway 

1). It is known that the releases to the aquatic environment occur through 

discharge of mine water to surface streams. Potentially, drinking water 
could be one of the most significant pathways for the maximum individual dose 
equivalents, if surface water containing mine wastes was drunk. However, it 

appears that all drinking water for both the New Mexico and the Wyoming sites 
comes from wells {Robert Kaufmann, 1979, U.S. Environmental Protection 
Agency, Las Vegas, NV, personal communication). Thus~ the only way mine 

discharges can enter human drinking water is by percolating through the soi1. 

Since we do not know the soil chemistry for these sit@s well enough to 

predict the ion-exchange- parameters for the soil, we can not predict! 

realistically, the quantity of mine-related radionucl ides that would "'!"!ach 
the groundwater. We expect that these ion-exchange factors would be large 

for several of the rad'ionucl ides con~ ide red in these analyses and that 
groundwater concentrations of radionuclides discharged in mine water 
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would be quite sma 11 compared to concentrations in the surface water down
stream from the mines. Further study is needed before dose equivalents for 
the maxirrum individual by drinking groundwater can be adequately addressed. 

The following are other assumptions used to calculate maximum individual 
dose equivalents: 

1. Ground surface concentrations of radionuclides (used for 
pathways 6 through 8) are for 8.5 years, the assumed 
midpoint of mine life. The assumed period of mine oper
ation is 17 years. The organ annual dose equivalents for 
the external surface exposure pathway are based on the 
ground concentrations after the 8.5 years buildup time. 

2. For inhaled or ingested radionuclides, the dose equivalents 
are the annual committed dose equivalents that will be 
accumulated over 70 years after inta!<e for an adult. 

We calculated dose equivalents to the average individual in the assess
ment area by taking the population dose equivalents (discussed in Subsection 
5.2.a) and dividing by the population living in the area. 

Table 5.3 Aquatic environmental transport pathways initially considered 

Pathway No. 

. 1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

Drinking water ingestion 
Freshwater fish ingestion 

Pathway 

Above surface crops ingestion - irrigated cropland 
Milk ingestion- cows grazing on irrigated pasture 
Beef ingestion - cows grazing 9n irrigated pasture 
Inhalation - material resuspended which was deposite~ 
during irrigation 
External dose due to ground contamination by material 
originally deposited during irrigation 
External dose due to air submersion in resuspend~d 

material originally deposited during irrigation 
Milk ingestion - cows drinking contaminated 

surface water 
Beef ingestion - cows drinking contaminated surface 
water 
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5.2.2 Collective {Population} Dose Equivalent Assessment 
For the population dose equivalent assessment calculations, we concluded 

that the pathways of concern are pathways 2, 3, 4, 5, 6, 7, 8, and 10 of 
Table 5.3 (detailed discussion in Appendix J, subsection J2). The size of 
the assessment areas for New Mexico is 19,037 km2 and 13,650 km2 for Wyoming. 
We used the following considerations to calculate population dose equivalents 
for the assessment area: 

1. Ground surface concentrations of radionuclides are for 8.5 
years, tne assumed midpoint mine life. (The period of 
mine operation is 17 years.) The organ annual collective 
dose equivalent rates for the external surface exposure 
pathway are based on the ground concentrations after the 
8.5 year buiidup time. 

2. For inhaled or ingested radionuclides, the dose equivalents 
are the annual collective dose equivalents that will be ac
cumulated over the 70 years after intake for adults. 

3. The population distributions around the sites are based 
on estimates by county planners (John Zaboroc, 1979, 
Converse Area Planning Office, Douglas, Wyoming, personal 
communication) and agricultural personnel {Tony Ramo, 1979, 
Valencia County Agent, Los Lunas, New Mexico, personal 
communication) for 1979. The populations, assumed to remain 
constant in time~ were estimated to be 16,230 and 64,950 
persons in the Wyoming and New Mexico assessment areas, 
respectively. 

4. Average agricultural production data for the county which con
tains a major portion of the assessment area are used. 

5. The population in the assessment area eats food from the as
sessment area. We assume that any imported food is free ot 
radionucl ides. 

As mentioned previously, Appendix J contains the details regarding the 
models and values for parameters used in these analyses. 
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5.3 Prominent Environmental Pathways and Parameters for Atmospheric Releases 
We used the AIRDOS-EPA (Mo79) computer code to calculate radionucl ide 

air and ground concentrations, ingestion and inhalation intakes, and working 
level exposures; and we used the DARTAB {Be80) computer code to calculate dose 
and risk from the AIRDOS-EPA intennediate output using dose and risk factors 
from the RADRISK (Du80) computer code. We calculated working levels associ
a ted with Rn-222 emi ss i ens assuming that Rn-222 decay products were 70 per
cent in equilibrium with Rn-222, a value considered representative of indoor 
exposure conditions (Ge78}. Appendix K contains a detailed discussion of the 
application of the AIRDOS-EPA and RADRISK computer codes. 

Figure 5.1 shows the general airborne pathways evaluated for uranium 
mines. We calculated doses due to air immersion, ground surface exposure, 
inhalation, and ingestion of radionuclides, but w: did not address the resus
pension pathway, since the AIRDOS-EPA code did n~t provide a method for cal
culating resuspended air concentrations or sub<>~quent redeposition to the 
ground surface. We used the modification to the AIRDOS-EPA computer code 
made by Nelson (Ne80) to include the effect of environmental removal of 
radioactivity from the soil. For ingestion, transfers associated with both 
root uptake and foliar deposition on food and forage are considered. 

5.3.1 Individual Committed Dose Equivalent Assessment 
We assessed the maximum individual on the following basis: 

1. The maximum individual for each source category is intended 
to represent an average of the individuals living close to 
each model uranium mine. The individual is assumed to be 
located about 1600 meters from the center of the model site. 

2. Ground surface concentrations of radionuclides used in the 
assessment are those that would occur during the midpoint of 
the active life of the model uranium mine. Buildup times 
used in the assessment are 8.5 years for active surface and 
underground mines, 5 years for the in situ leach mine, and 
26.5 years fo~ the inactive surface and underground mines. 
The 26.5-year buildup time for the inactive mines is chosen 
to represent the midpoint of the 53-year exposure time that 
a resident living a lifetime in the region around the model 
mine is estimated to experience. The organ dose equivalent 
rates for the external surface exposure pathway are based on 
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'the concentrations for the indicated buildup time. 

3. For inhaled or ingested radionuclides, the dose equivalent 
rates are actually the 70wyear committed dose equivalent 
rates for an adu1t receptor, i.e., the internal dose equiva
lent that would be delivered up to 70 years after an intake. 
The individual dose equivalent rates in the tables are in 
units of mrem/yr. 

4. The individual is assumed to home grow a portion of his or 
her diet consistent with the rural setting for each model 
uranium mine site. Appendix K contains the actual fractions 
of home-produced food consumed by individuals for the model 
mine sites. The portion of the individual•s diet that was 
not locally produced is assumed to be imported and uncontam
inated by the assessment source. 

5.3.2 Collective {Population) Dose Equivalent Assessment 

The collective dose equivalent assessment to the population out to 80 km 
from the facility under consideration is performed as follows: 

1. The population distribution around the model mine sites is 
based on the 1970 census. The population is assumed to re
main constant in time. 

2. Ground surface concentrations and organ dose equivalent rates 
for the external surface exposure pathway (as for the individ
ual case) are those that would occur over the active life of 
the model mine. 

3. Average agricultural production data for the state in which the 
model uranium mine fs located are assumed. 

4. ~The population in the assessment area eats food from the assess
ment area to the extent that the calculated production allows, 
and any balance is assumed to be imported without contamination 
by the assessment source. 

5. Seventy-year committed dose equivalent factors for an adult 
receptor (as for the individual case) are used for ingestion 
and inhalation. 
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5.4 Mine Wastes Used In the Construction of Habitable Structures 

Using uranium mine wastes under or around habitable structures or 

building habitable structures on land contaminated with uranium mine wastes 

can result in increased radiation exposures to individuals occupying these 

structures. The radium-226 present in these wastes elevates the concen

trations of radon-222 and its decay products and produces increased gamma 

radiation inside these structures. The health risk to individuals occupying 

these structures is generally much greater from inhaling radon-222 decay 

products than the risk received from gamma radiation. 

Radon-222, formed from the decay of radium-226, is an inert gas that 

diffuses through the soil and migrates readily through foundations, floors, 

and walls and accumulate~ in the inside air of a structure. Breathing 

radon-222 and its short-lived decay products (principally polonium-218, 

bismuth-214, and polonium-214) exposes the lungs to radiation. 

The radon-222 decay product concentration (working level} inside a 

structure from radon-222 gas diffusing from underlying soil is extremely 

variable and influenced by many complex factors. These would include the 

radium-226 concentration of the soil, the fraction of radon-222 emanating 

from the soil, the diffusion coefficient of radon-222 in soil. the rate of 

influx of radon-222 into the structure, the ventilation rate of the 

structure, and the amount of plate-out (adsorption) of radon-222 decay 

products on inside surfaces. 

,The potential risks of fatal lung cancer that could occur to individuals 

living in homes built on land contaminated by uranium mine wastes have been 

estimated using measurements and calculational methodology relating radon-222 

decay product concentrations inside homes to the radium-226 concentrations in 

outside soil (He78, Wi78). These estimates are shown in Section 6.1.5. 
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SECTION 6 

HEALTH AND ENVIRONMENTAL EFFECTS 



6.0 Health and Environmental Effects 
6.1 Health Effects and Radiation Dosimetry 
6.1.1 Radioactive Airborne Emissions 

6 - 1 

We used data on radioactive emissions (Section 3} to estimate the 
public health impact of these emissions. Our assessments include estimates 
of the following radiation exposures and health risks: 

1. Dose equivalent rates and working level exposures to the 
most exposed individuals (mlximum individual) and to the 
average exposed individuals in the regional population 
(average individual} 

2. Collective dose equivalent rates and working level exposures 
to the regional population 

3. Lifetime fatal cancer risks to the maximum and average indi
viduals in the regional population 

4. Genetic effect risk to the descendants of the maximum and 
average individuals in the regional population 

5. The number of fatal cancers committed in the regional popu
lation per year of model mine operation 

6. The number of genetic effects committed to the descendants of 
the regional population per year of model mine operation 

The somatic health impact risks estimated in this report are for fatal 
cancers only. For whole body exposure, the risk of nonfatal cancer is 
about the same or slightly less than for fatal cancer. Thus, for whole 
body doses, it is conservatively estimated that one nonfatal cancer could 
occur for each additional fatal cancer. The somatic health impact for the 
regional population {additional cancers per year) is calculated at equi
librium for continuous exposure and this is equal to the additional cancers 
committed over all time per year of exposure; thus we used the tenn 
committed additional cancers {see Appendix L}. 

The genetic effect risks estimated in this report are for effects in 
descendants of an irradiated parent or parents. Genetic effects per year 
in the regional population due to radionuclide releases from the mines are 
calculated for an equilibrium exposure situation. The calculated genetic 
effects per year at equilibrium is equal to the genetic effects committed 
over all time from one vear exoosure. Thus. the calculated additional 



Table 6.1 Annual-release rates {Ci) used in the dose equivalent and health 
effects computations for active uranium mines 

Classifi
cation 

Mining 
activities 

Ore 

Sub-ore 

Overburden/ 
waste rock 

Vehicular 
dust 

Total 

Location 

Pit/mine site 

Pile site 

Pile site 

Pile site 

Mining area 

All sources 

Average Surface Mine(a) 
U Th Rn-222 

4.3E-3 2.2E-4 1.99E+2 

l.OlE-2 1.42E-4 4.2E+l 

4.2E-4 8.4E-6 5.0E+l 

2.25E-3 l.SOE-4 4.0E+l 

9.9E-4 3. 7E-4 0 

l.BlE-2 8.90E-4 3.31E+2 

{a)Release rates taken from Tables 3.32 to 3.35. 
{b)Release rates taken from Tables 3.51 and 3.54 to 3.56. 

Average Large Surface Mine {a) 
U Th Rn-222 

2.57E-2 L.44E-3 7o97£+2 

4.42E-2 6.20£-4 9.6E+l 

1.51E-3 3.00E-5 1.66E+2 

1.34E-2 8.94E-4 2.02E+2 

5.86E-3 2.17£-3 0 

9.07E-2 5.15E-3 1.26E+3 

01 
I 

N 



Table 6.1 (cont.) 

Average Underground Mine {b) Average large Underground Mine (b) 
I 

u Th Rn-222 u 
2.22E-4 2.BE-6 3.08E+2 2.41E-3 
9.63E-4 1.35E-5 7.7 1.07E-2 
1 .. 04E-3 8.4E-6 6.1E+l 5.95E-3 
9.6E-6 6.4E-7 5.0E-l S.lOE-5 
6.5E-5 2.4E-5 0 1.29E-4 
2.30E-3 4.93E-5 3.77E+2 1.92E-2 

(c)Release rates taken from Table 3.59. 
(d)N.A.- Not Applicable. 

Th Rn-222 

3.10E-5 3.42E+3 
l.SOE-4 6.83E+l 

4.8E-5 3 .. 38E+2 
3.40E-6 2.6 

4.80E-5 0 
2.80E-4 3.83E+3 

In Situ Leach Mine {c) 

U Th Rn-222 
l.OE-1 , 0 6.50E+2 

(d) N.A. N.A. N.A. 
N.A. N.A. N.A. 
N.A. N.A. N.A. 
N.A. N.A. N.A. 
l.OE-1 0 6.50E+2 

~.--Columns labeled U and Th include each daughter of the decay chain in secular equilibrium. 

0'1 
I 

w 
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Table 6.2 Annual release rates (Ci) used in the dose equivalent and health 
effects computations for inactive uranium mines 

Surface Mine {al Underground Mine (b) 

Location u Th Rn-222 u Th 
Pit/vents- 0 0 8.1 0 0 

portals 

Waste rock/ 1.48E-3 l.lE-5 1. 74E+l 2.38E ... 4 1.7E-6 
sub-ore pile 

(a} Release rates taken from Tables 3.70 and 3.74. 

(b) Release rates taken from Tables 3.76 and 3.77. 

~.--Column headings U and Th include each daughter of the decay chain 
in secular equilibrium. 

Rn .. 222 

7.55 

1.7 
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genetic effects are committed effects to al 1 future generations for one 

year of exposure to the regional population. 

We calculated individually each major source of radionuclide airborne 

emissions for each model uranium mine site so that we could determine the 

extent that each source contributed to the total health impact. Tables 6.1 

and 6.2 contain the annual release rates for each source classification (or 

location) that we used to calculate dose equivalent rates and health 

effects for active and inactive uranium mines. 

The estimated ·annual working level exposures from Rn-222 emissions by 

the model uranium mines are listed in Table 6.3. The working level ex
posures presented for the maximum indiv:dual are the Rn-222 decay product 

levels to which an individual would be continuously exposed for an entire 

year. Working level exposure to the regional population is the sum of the 

exposures to all individuals in the e)(posed population from the annual 

release from the model mine. 

We estimated radiological impacts of radioactive airborne emissions 

from the model uranium mines with the ArRDOS-EPA {Mo79), RAORISK (Ou80), 

and OARTAB (Be80) computer codes. Appendixes K and L contain explanations 

of our use of these computer codes. 

Where emissions for U-238 plus daughters and Th-232 plus daughters 

were reported (Section 3), a source term for both the parent and important 

daughters were input into the AIRDOS-EPA code. For example, a reported 

emission rate of 0.01 Ci/yr of U-238 plus daughters (U in Tables 6.1 and 

6.2) would be input into the AIRDOS-EPA code as 0.01 Ci/yr of U-238, 0.01 

Ci/yr of U-234, 0.01 Ci/yr of Th-230, 0.01 Ci/yr of Ra-226, 0.01 Ci/yr of 

Pb-214, 0.01 Ci/yr of Bi-214, 0.01 Ci/yr of Pb-210, and 0.01 Ci/yr of 

Po-210. A reported emission rate of 0.01 Ci/yr of Th-232 plus daughters 

(Th in Tables 6.1 and 6.2) would be input into the AIRDOS-EPA code as 0.01 

Ci/yr of Th-232, 0.01 Ci/yr of Ra-228, 0.01 Ci/yr of Ac-228, 0.01 Ci/yr of 

Th-228, 0.01 Ci/yr of Ra-224, 0.01 Ci/yr of Pb-212, 0.01 Ci/yr of Bi-212, 

and 0.0036 Ci /yr of Tl-208. The Tl-208 source term is approximately one

third that of Bi-212 bec~use of the branching ratio. 

The maximum individual, average individual, and population dose equiv-



Source 

Average Surface Mine 
Average Large 
Surface Mine 
Average Underground 
Mine 

Average Large 
Underground Mine 
Inactive Surface 
t1ine 
Inactive Underground 
Mine 
In Situ Leach Mine 

(a) Working level. 

Table 6.3 Annual working level exposure from radon-222 
emissions from model uranium mines 

Maximum Average 
Individual Individual 

(WL)(a) (WL) 

2.3E-4 4.5E-7 

8.4E-4 1. 7E-6 

4.6E-4 2.1E-6 

4.7E-3 2.1E-5 

l.BE-5 3.5E-8 

1.1£-5 5.1£-8 

4.5£-4 8.9£-7 

Regional 
Population 
{person-WL) 

6.5E-3 

2.5E-2 

7.5E-2 

7.6E-1 

5.0E-4 

1.8£-3 

1.3E-2 

0'1 
I 

0'1 
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Table 6.4 Annual radiation dose equivalents due to atmospheric radioactive 
particulate and Rn-222 emissions from a model average surface 
uranium mine 

Maximum Average Population 
Organ Individual Individual 

{mrem/yr) (mrem/yr) ( person-rem/yr) 

Red marrow 2.4 5.4E-3 7.7E-2 

Endosteal 3.4E+l 7.5E-2 1.1 

Pulmonary 1.2E+l 6.3E-3 9.0E-2 

Muscle S.SE-1 2.0E-3 2.7E-2 

liver 1.6 6.3E-3 9.1E-2 

Stomach wall 9.7E-2 8.9E-5 1.3E-3 

Pancreas 5.2E-1 1.9E-3 2.7E-2 

LLI(a} wall 4.6E-l 1.6E-3 2.3E-2 

Kidney 4.2 I.BE-2 2.5E-1 

Bladder wa 11 J.OE-1 9.7E-4 1.4E-2 

ULI{b) wall 2.1E-1 5.2E-4 7.4E-3 

SI(c) wall 9.4E-2 1.2E-4 1.7E-3 

Ovaries S.lE-1 1.9E-3 2.7E-2 

Testes 5.4E-l 1.9E-3 2. 7E-2 

Spleen 6.4 2.8E-2 4.0E-l 

Uterus 5.1E-1 1.9E-3 2. 7E-2 

Thymus 5.2E-l 1.9E-3 2.7E-2 

Thyroid 5.4E-l 1.9E-3 2.7E-2 
---

Weighted mean 4.9 5.5E-3 7.8E-2 

~~}Lower large intestine wall. 
(c) Upper large intestine wall. 

Small intestine wall. 
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Table 6.5 Annual radiation dose equivalents due to atmospheric radio-
active particulate and Rn-222 emissions from a model average 
large surface uranium mine 

Organ Maximum Average Population 
Individual Individual 
{mrem/yr) (mrem/yr) ( person-rem/yr) 

Red marrow 1.35E+l 2.7E-2 3. 9E-1 

Endosteal 1.9E+2 3.8E-1 5.4 

Pulmonary 6.6E+l 3.1E-2 4. SE-1 

Muscle 3.0 9.5E-3 1.4E~ 1 

Liver 8.9 3.2E-2 4.6E-l 

Stomach wa 11 5.4E-1 4.5E-4 6.4E-3 

Pancreas 3.0 9.6E-3 1.4E-l 

LLI wall 2.5 8.2E-3 1.2E-1 

Kidney 2.1E+l 9.0E-2 1.3 

Bladder wall 1.7 4.9E-3 7.0E-2 

ULI wall 1.1 2.6E-3 3.8E-2 

SI wall 5.2E-1 6.0E-4 8.6E-3 

Ovaries 2.8 9.6E-3 1.4E-1 

Testes 3.0 9.6E-3 1.4E-l 

Spleen 3.5E+l 1.4E-l 2.0 

Uterus 2.8 9.6E-3 1.4E-l 

Thymus 2.9 9.6E-3 1.4E-1 

Thyroid 3.0 9.6E-3 1.4E-1 

Weighted mean - 2.7E+l 2. 7E-2 3.8E-1 
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Table 6.6 Annual radiation dose equivalents due to atmospheric radio-
active particulate and Rn-222 emissions from a model average 
underground uranium mine 

Maximum Average Population 
Organ Individual Individual 

(mrem/yr) (mrem/yr} ( person-rem/yr) 

Red marrow 5.1E-l 8.3E-4 2.9E-2 

Endosteal 7.2 1.2E-2 4.1E-1 

Pulmonary 2.9 S.OE-3 l.SE-1 

Muscle 1.2E-l 2.3E-4 8.3E-3 

Liver 3.5E-l 7 .2E-4 2.7E-2 

Stomach wa 11 2.0E-2 2.8E-5 l.OE-3 

Pancreas l.lE-1 2.2E-4 B.OE-3 

LLI wall 9.4E-2 l.SE-4 6.5E-3 

Kidney 9.1E-l 2.0E-3 7 .4E-2 

Bladder wa 11 6.4E-2 1.2E-4 4.4E-3 

ULI wall 4.3£-2 7 .3E-5 2.7E-3 

Sl wall 2.0E-2 2.8E-5 l.OE-3 
' 

Ovaries l.lE-1 2.2E-4 S.OE-3 

Testes l.lE-1 2.3E-4 B.OE-3 

Spleen 1.4 3.1E-3 l.lE-1 

Uterus l.lE-1 2.2E-4 7.9E-3 

Thymus l.lE-1 2.2E-4 B.OE-3 

Thyroid 1.1 E-1 2.3E-4 8.1E-3 

Weighted mean -- 1.1 2.0E-3 7.1E-2 
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Table 6.7 Annual radiation dose equivalents due to atmospheric radioactive 
particulate and Rn-222 emissions from a model average large 
underground uranium mine 

Maximum Average Population 
Organ Individual Individual 

(mrem/yr) (mrem/yr) { person-rem/yr) 

Red marrow 4.2 6.9E-3 2.5E-1 

Endosteal 6.0E+l 9.6E-2 3.5 

Pulmonary 2.5E+l 4.7E-2 1.7 

Muscle 9.7E-1 1.9E-3 6.9E-2 

Liver 2.9 6.0E-3 2.2£ ... 1 

Stomach wall l.lE-1 2.3E-4 8.5E-3 

Pancreas 9.4E-1 l.SE-3 6.8E-2 

LLI wall 7.8E-1 1.5E-3 5.5E-2 

Kidney 7.7 1.7E-2 6.2E-1 

Bladder wall 5.4E-1 l.OE-3 3.6E-2 

ULI wall 3.6E-1 6.0E-4 2.2E-2 

SI wall . 1.6E-l 2.3E-4 8.4E-3 

Ovaries 9.2E-l l.BE-3 6.6E-2 

Testes 9.4E-1 l.SE-3 6.8E-2 

Spleen 1.2E+l 2.6E-2 9.2E-1 

Uterus 9.2E-l l.BE-3 6.6E-2 

Thymus 9.4E-l l.BE-3 6.7E-2 

Thyroid 9.4E-l 1.9E-3 6.8E-2 

Weighted mean 9.8 1.8E-2 6.2E-l 
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Table 6.8 Annual radiation dose equivalents due to atmospheric radioactive 
particulate and Rn-222 emissions from a model inactive surface 
uranium mine 

Maximum Average Population 
Organ Individual Individual 

(mrem/yr) (mrem/yr) {person- rem/yr) 

Red marrow 2.1E-1 4.8E-4 6.9E-3 

Endosteal 2.9 6.8E-3 9.8E-2 

Pulmonary 9.5E-1 S.OE-4 7.2E-3 

Muscle 5.6E-2 1.8£-4 2.6£-3 

Liver 1.4£-1 5.5E-4 7.8E-3 

Stomach wal 1 1.5E-2 l.lE-5 1.6E-4 

Pancreas 5.4E-2 l.BE-4 2.6E-3 

LLI wa 11 4.4E-2 1.4E-4 2.0E-3 

Kidney 3.SE-l l.SE-3 2.1E-2 

Bl adder wa 11 3.3E-2 9.2E-5 1.3E-3 

ULI wall 2.4E-2 4.7£-5 6.7E-4 

sr wall 1.4E-2 1.3E-5 l.BE-4 

Ovaries 5.2E-2 l.BE-4 2.5E-3 

Testes 5.5E-2 l.BE-4 2.6E-3 

Spleen 5.3E-1 2.3E-3 3.3E-2 

Uterus 5.2E-2 l.BE-4 2.5E-3 

Thymus 5.3E-2 l.BE-4 2.5E-3 

Thyroid S.SE-2 l.BE-4 2.6E-3 

Weighted mean 3.9E-1 4.7E-4 6.8E-3 



6 - 12 

Table 6.9 Annual radiation dose equivalents due to atmospheric radioactive 
particulate and Rn-222 emissions from a model inactive underground 
uraniym mine 

Maximum Average Popu1ation 
Organ Individual Individual 

(mrem/yr) {mrem/yr) ( person-rem/yr) 

Red marrow 5.8E-2 9.3E-5 3.4E-3 

Endosteal B.OE-1 1.3E-3 4.6E-2 

Pulmonary 2.7E-1 3.4E-4 l.JE-2 

Muscle 1.6f-2 2.9E-5 l.OE-3 

Liver 3,9E-2 7.9E-5 2.8E-3 

Stomach wa T 1 4.0E-3 5. 2E-6 l.BE-4 

Pancreas 1.5E-2 2.8E-5 l.OE-3 

LLI wall 1.2E-2 2. 2E-5 a.OE-4 

Kidney 9.7E-2 2.1E-4 7.6E-3 

Bladder wall 9.1E-3 1.6E-5 5.8E-4 

ULI wall 6.6E-3 l.OE-5 3.7E-4 

SI wall 3.7E-3 4.9E-6 l.BE-4 

Ovaries 1.4E-2 2.7E-5 9.7E-4 

Testes 1.5E-2 2.8E-5 l.QE ... 3 

Spleen l.SE-1 3.2E-4 1.2E-2 

Uterus 1.4E-2 2. 7E-5 9.8E-4 

Thymus 1.5E-2 2.8E-5 l.OE-3 

Thyro1d l.SE-2 2.8E-5 l.OE-3 

Weighted mean l.lE-1 1.5E-4 5.7E-3 
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Table 6.10 Annual radiation dose equivalents due to atmospheric radioactive 
particulate and Rn-222 emissions from a hypothetical in situ 
uranium solution mine 

Maximum Average Population 
Organ Individual Individual 

(mrem/yr) (mrem/yr) ( person-rem/yr) 

Red marrow 1.6E-l 2.7E-4 3.8E-3 

Endosteal 2.8 S.OE-3 7.1 E-2 

Pulmonary 3.9E+l 2.0E-2 2.9E-1 

Muscle 8.4E-3 2.2E-5 3.1E-4 

Liver 1.9E-2 5.4E-5 7.7E-4 

Stomach wall 1.6E-2 5.7E-5 S.IE-4 

Pancreas 7.6E-3 2.1E-5 3.0E-4 

LLI wall 6.1E-1 2.5E-3 3.5E-2 

Kidney 3.3E-1 l.OE-3 l.SE-2 

B ladder wall 4.8E-3 1.2E-5 1.6E-4 

ULI wall 2.0E-1 B.IE-4 1.2E-2 

SI wall 3.6E-2 1.4E-4 2.0E-3 
I 

Ovaries 7.3E-3 2.1E-5 3.0E-4 

Testes 8.9E-3 2.2E-5 3.1E-4 

Spleen 4.6E-2 l.BE-4 2.5E-3 

Uterus 7.4E-3 2.1E-5 3.0E-4 

Thymus 7. 9E-3 2.1E-5 3.0E-4 

Thyroid 8.4E-3 2.1E-5 3.1 E-4 

Weighted mean- 1.2E+l 6.2E-3 B.BE-2 
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alent rates* due to atmospheric radioactive particulate and Rn-222 emis

sions from the model uranium mine sites are presented in Tables 6.4 through 

6.10. The Rn-222 dose equivalent rate is only for the inhalation and air 

immersion pathways and excludes Rn-222 daughters. The impact from Rn-222 

daughters is addressed separately with a working level calculation. The 

dose equivalent estimates are for the model sites described for use with 

the AIRDOS-EPA.code in Appendix K. Assumptions about food production and 

consumption for the maximum individual were selected for a rural setting. 

The maximum ·individual dose equivalent rate occurred about 1600 meters 

downwind from the center of the model site. The tenn 11 populationn refers 

to the population livinc within a radius of 80 kilometers of the source. 

Population dose equivalents are the sum of the exposures to all individuals 

in the exposed population for the annual release from the model uranium 

mine. 

Dose equivalent rates in Tables 6.4 through 6.10 indicate that the red 

marrow, endosteal cells, lung, kidneys, and spleen are generally the 

highest exposed target organs. A dose equivalent rate is presented for the 
11Weighted mean" target organ, but this calculated result was not used in 

the health effect calculations. We calculated .. weighted mean 11 dose equiv

alents by using organ dose equivalent weighting factors (see Appendix l) 

and summing the results. The weighted mean dose equivalent rate was pre

s~nted instead of the total body dose equivalent rate. 

Individual lifetime fatal cancer risks and estimated additional fatal 

cancers to the regional population due to atmospheric radioactive emissions 

from the model uranium mine sites are presented in Tables 6.11 and 6.12. 

The individual lifetime risks in Table 6.11 are those that would result 

from one year of exposure {external and internal) and the working levels 

estimated for those individuals. Except for the in situ leach mine, the 

individual lifetime risks in Table 6.12 are those that would result from a 

lifetime of exposure (71 years average life expectancy). The individual 

lifetime- risks in Table 6.12 for the in situ leach mine are based on an 

exposure time of 18 years, which is the expected life, including restor-
-

ation, of this type of model uranium mine. 

*The dose equivalent rates were not used to calculate risk and are only 

presented for perspective purposes. Risks of health impact were calcu-

lated directly from external and internal radionuclide exposure data. 
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Table 6.11 Individua 1 lifetime fatal cancer risk for one year of exposure 
and estimated additional fatal cancers to the regional popula-
tion due to annual radioactive airborne emissions from model 
uranium mines 

Maximum Average Regional 
Source Exposed Exposed 

Individual Individual Population 

Average surface mine 

Particulates and Rn-222 6.7E-7 7.5E-10 l.lE-5 
Radon-222 daughters 5.5E-6 1 .• lE-8 1.6E-4 
Total 6.2 E-6 1.2E-8 1. 7E-4 

Aver·dge large surface mine 

Particulates and Rn-222 3.7E-6 J~ 7E-9 5.4E-5 
Radon-222 daughters 1.9E-5 4.1E-8 5.9E-4 
Total 2.3E-5 4.5E-8 6.4E-4 

Average underground mine 

Particulates and Rn-222 1.6E-7 2.8E-10 l.OE-5 
Radon-222 daughters l.lE-5 4.9E-8 1. 7E-3 
Total l.lE-5 4.9E-8 1.7E-3 

Average large underground mine 

Particulates and Rn-222 1.4E-6 2.5£-9 9.0E-5 
Ra'don-222 daughters l.lE-4 S.OE-7 l.BE-2 
Total l.lE-4 S.OE-7 1.8E-2 

Inactive surface mine 

Particulates and Rn-222 S.SE-8 6.4E-11 9.1E-7 
Radon-222 daughters 4.2E-7 8.3E-10 1.2E-5 
Total 4.7E-7 8.9E-10 1.3E-5 

Inactive underground mine 

Particulates and Rn-222 l.SE-8 2.0E-11 7.4E-7 
Radon-222 daughters 2.7E-7 1.2E-9 4.4E-5 
Total 2.8E-7 1.2E-9 4.5E-5 

In situ leaching facility-

Particulates and Rn-222 1.6E-6 8. 7E-10 1.2E-5 
Radon-222 daughters l.lE-5 2.1E-8 3.0E-4 
Total 1.3E-5 2.2E-8 3.1E-4 
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Table 6.12 Individual lifetime fatal cancer risk due to lifetime exposure 
to radioactive airborne emissions from mode1 uranium mines 

Maximum Average 
Source Exposed Exposed (c) Individual Individual 

Average surface mine(a) 
Particulates and Rn-222 1.4E-5 1.6E-8 
Radon-222 daughters 1.2E-4 2.3E-7 
Total 1.3E-4 2.5E-7 

Average large surface mine(a) 
Particulates and Rn-222 6.6E-5 6.6E-8 
Radon-222 daughters 3.5E-4 7.4£-7 
Total 4.2E-4 B.1E-7 

Average underground mine(a) 
Particulates and Rn-222 3.5E-6 S.BE-9 
Radon-222 daughters 2.0E-4 9.0E-7 
Total 2.0E-4 9.1E-7 

Average large underground mine(a) 
Particulates and Rn-222 2.5E-5 4.4E-8 
Radon-222 daughters 1.9E-3 8.6E-6 
Total 1.9E-3 8.6E-6 

Inactive surface mine(b) 
Particulates and Rn-222 3.9E-6 4.5E-9 
Radon-222 daughters 3.0E-5 5.9E-8 
Total 3.4E-5 6.3E-8 

Inactive underground mine(b) 
Particulates and Rn-222 l.lE-6 1.4E-9 
Radon-222 daughters 1.9E-5 8.5E-8 
Total 2.0E-5 8.6E-8 

In situ leaching facility(d) 
Particulates and Rn-222 1.6E-5 8.7£-9 
Radon-222 daughters 2.0E-4 3.8E-7 
Total 2.2£-4 3.9E-7 

{a)Consi~e;s exposure for 17 years to active mining and 54 years to 
inactive mine effluents. 

(b)Considers exposure for 71 years to inactive mine effluents. 

(c)Considers the average individual in the regional population within an 
80-km radius of the model mine. 

(d) Considers 10-year operation and 8-year restoration. 
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Table 6.13 Genetic effect risk to descendants for one year of parental 
exposure to atmospheric radioactive airborne emissions from 
model uranium mines 

Descendants of Descendants of Descendants of 
Maximum Exposed Average Exposed Regional 

Source Individual Individual Population 
{effects/ (effects/ ( effects/yr) 
birth) birth} 

.. 
Average surface mine 6.3E-7 2.6E-9 1.6E-5 

Averagf. large surface mine 3.7E-6 1.3£-8 7.9E-5 

Average underground mine 1.4E-7 2.9E-10 4.4E-6 

Average large underground mine l.lE-6 2.4E-9 3.6E-5 

Inactive surface mine 6.0E-8 2.4E-10 1.4E-6 

Inactive underground mine 1. 6E-8 3.4E-ll S.OE-7 

In situ leach facility B.OE-9 2.7E-ll 1.6E-7 
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Table 6.14 Genetic effect dsk to descendants for a 30-year parental 
exposure to atmospheric radioactive airborne emissions from 
model uranium mines 

Source 

Average surface mine(a) 
Average large surface mine(a) 
Average underground mine(a) 
Average large underground mine(a) 
Inactive surface mine(b) 
Inactive underground mine{b) 
In situ leach facility{d) 

Effects/birth 
Descendants of 

Maximum Exposed 
Individual 

1.2E-5 

6.4E-5 

2.6E-6 
2.0E-5 
l.BE-6 
S.OE-7 
1.4E-7 

Descendants of 
Average Exposed 

Individual(c) 

4.6E-8 
2.2E-7 
5.4E-9 

4.0E-8 
7.2E-9 
5.8£-10 
4.8E-10 

· (a)Considers exposure to 17 years active mining and 13 years inactive 
mine effluents. 

(b)Considers exposure for 30 years to inactive mine effluents. 

{c)Considers the average individual in the regional population within an 

80-km radius of the model mine. 

(d)Considers 10-year operation and 8-year restoration. 
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Genetic effect risks due to atmospheric radioactive emissions from the 

model uranium mine sites are presented in lables 6.13 and 6.14. The risks 

to descendants in Table 6.13 are those that would result from one year of 

exposure to the parent or parents of first generation individuals. The de

scendant risks in Table 6.14 are those thot would result from 30 years ex

posure to the first generation parent or parents, except for the in situ 

leach mine where we used an 18-year exposure time. The 30-year time period 

represents the mean years of 1 i fe where gonada 1 doses are genetically 

significant. 

We estimated the health impact risks i·lith the DARTAB ode using ex

posure dat.:t from the AIRDOS-EPA code. The dose equivalent and risk con

version factors that we used with the DARTAB code are tabulatec in Appendix 

l. The son•atic risk conversion factors are based on a lifetime (71 years 

average 1 i fetime) exposure time, and the genetic effect rhk conversion 
factors are based on a 30-year exposure time. When the exposure time for 

calculated risks was only one year, we calculated the risk by multiplying 

the risk calculated by OARTAB with the ratio of the one year exposure time 

to the exposure times used to calculate the risk conversion factors (1/71 
for somatic effects and 1/30 for genetic effects to descendants of maximum 

and average exposed indiv1duals).* Appendix L contains a discussion of the 

health ris~ assessment methodology. 

We developed several tables to present the calculated health impact 

risk. The percentage contributions to the fatal cancer risks for indi

vidual sources at each model uranium mine site are contained in Table 6.15 

for the maximum individual and Table 6.16 for the average individual. The 

fatal cancer risks by source term for one year of exposure which we used to 

calculate percentage contributions are contained in Tables L.4 to L.6 in 

Appendix L. Tables L.7 to l.9 contain genetic risks by source term at each 

model uranium mine site. The percent of the fatal cancer risk due to 

radon-222 daughter concentrations at model uranium mine sites is indicated 

in Table 6.17. The percent of the fatal cancer risk for principal nuclides 

and pathways due to radioactive particulate and Rn-222 emissions at each 

model uranium mine site are contained in Table 6.18. 

*A correction factor was not needed for OARTAB ca 1 cul a ted genetic 

effects committed per year to the regional population. 



Table 6.15 Percent of the fatal cancer risk for the maximum individual 
due to the sources of radioactive emissions at mode1 uranium 
mines 

Percent of fatal cancer risk (a,b} 
Mining 

Mine type Activities Ore Sub-ore Spoils 

Average surface mine 56 (95) 18 (66) 14 (98) 12 { 89) 

Average large surface mine 59 (93) 14 (41) 12 (98) 14 (86) 

Average underground mine 80 (,;100} 3 (79) 17 (97) <1 (96) 

Average large underground mine 89 (;100) 2 (76) 9 {96) <1 (96) 

Inactive surface mine 2B{c) {100) 0 0 72 {84) 

Inactive underground mine 77( c) (100) 0 0 23 ( 77) 

In situ leach facility 100 {87) 0 0 0 

(a)See Table L. 4, Appendix L, 

(b)Values in parentheses are percent contribution of radon-222 daughters. 

(c)Ernissions from abandoned pit (surface mine} or vents and portals (underground mine). 

Vehicular 
Dust 

<l (0) 

1 ( O) 

<1 {0) 

<1 {D) 

0 

0 

0 

0'\ 
I 

N 
0 



Table 6.16 Percent of the fatal cancer risk for the average individual 
in the regional population due to the sources of radioactive 
emissions at model uranium mines 

Percent of fatal ~ancer ~i~k(a,b) 
Mining 

Mine type, 'Activities Ore Sub-ore Spoils 

Average surface mine 58 (97) 16 (78) 14 (99) 12 (93) 

Average large surface mine 60 (96) 11 {64) 12 {99) 16 (92) 

Average underground mine 81 {~ 100) 2 (93) 16 {99) <1 (99) 

Average large underground mine 89 (3 100} 2 (91) 9 (99} <1 (99) 

Inactive surface mine 29(c) {100) 0 0 71 (90) 

Inactive underground mine 80(c) (100) 0 0 20 (92) 

In situ leach facility 100 (96) 0 0 0 

(a)See Table L.S, Appendix L. 

(b)Values in parentheses are percent contribution of radon-222 daughters. 

{c)Emissions from abandoned pit ·(surface mine) or vents and portals (underground mines). 

Vehicular 
Dust 

< 1 ( 0) 

1 { 0) 

< 1 ( 0) 

<I (0} 

0 

0 

0 

0'\ 
I 

N ....... 



Table 6.17 

Source 

Average surface mine 

6 - 22 

Percent of fatal cancer risks due to radon-222 
daughter concentrations at model uranium mine 
sites 

Percent fa ta 1 cancer risk(a) 

89 

Average large surface mine 84 

Average underground mine 99 

Average large underground mine 99 
Inactive surface mine 88 

Inactive underground mine 95 

In situ 1 each facility 87 

(a)Remainder due to radioactive particulate and Rn-222 emissions. 



Table &.18 Percent of the fatal cancer r1sk for pr1nc1pal nucl1des and pathways due to rad1oact1ve 
eartlculate and Rn-222 emiSSIOns at model uran1um m1nes 

Percent or fata1 cancer risk 
Internal PathwaTs External Pathwa~? 

I nges- Inha - Air Groun 
M1ne T,n~e Receetor Pr1nc1~al Nucl1des t1on at1on Immersion Surface 

Average f.1ax. lndiv1dual U-238(20.0), U-234(22.1), Th-230(31.7), 15.8 80.2 0.003 4.02 
Surface M1ne Ra-226(7.94), Po-210{7.33) 

Av. [nd1v1dual U-238(9.17), U-234{10.1}, ih-230(22.7), 
or population Ra-226{21.3), Pb-210(6.92), Po-210(22.4) 60.1 38.1 0.005 1.81 

Average Larye Max. Indiv1dual U-238(20.0), U-234(22.2), Th-230(31.8), 
Surface M1ne Ra-226(7.98) 15.9 80.0 0.002 4.05 

Av. Ind1v1dual U-238(9.19), U-234(10,1), Th-230(22.7), 
or Population Ra-226(21.4), Pb-210(6.94), Po-210(22.4} 60.5 37.7 0.004 1.83 

Average Max, Ind1v1dual U-238(17.9), U-234(19,8), Th-230(28.4), 
Underground M1ne Ra-226(7.14), Po-210(6.59), Rn-222(13,6) 14.0 82.5 0.025 3.52 

Av. Indw1dual U-238(12,0), U-234(13.2), Th-230(20.1), 
or Population Ra-226(7.24), Po-210(7.31), Rn-222(34.6) 16.9 80.6 0.063 2.43 

Average LanJe Max. lndlvidual U-238(17.5), U-234(19.3), Th-230(27.7), 
Underground Mine ~a-226(6.97), Po-210(6.43), Rn-222(16.0) 13.6 82.9 0.029 3.39 

Av. Ind1 Vldual U-238(11.2), U-234(12,4), Th-230(18.8), 
or Population ~a-226(6.76), Po-210(6.83), Rn-222(39.2) 15.7 82.0 0.071 2.25 

lnact1ve Max. Ind1vidual U-238(19.5), U-234(21.6), Th-230(31.0), 
Surface M1ne{a) ~a,226(9.4), Bi-214(5.31), Po-210(7,17) 16.8 75.4 0.002 7.85 

Av. Ind1v1dual U-238{8.76), U-234(9,68), Th-230(21.7) 
or Populat1on Ra-226(26.1), Pb-210(6.77), Po-210(21.4) 62.2 34.3 0.003 3.48 

Inactive a Max. Ind1 vidua 1 U-238(19.6), U-234(21,6), Th-230(31.1), 
Underground Mine( ) Ra-226(9.45}, Bl-214(5.33), Po-210(7.21) 16.9 75.2 0.001 7.88 

Av. Indi vidua 1 U-238{17.0), U-234(18.8), Th-230(28,5), 
or Populat1on Ra-226(12.7), Bi-214(4,81), Po-210(10.4) 26.3 66.6 0.004 7.09 "' In situ ' N 

Leachlng Factllty Max. Individual U-238(45.2), U-234(50.0), U-235(2.21) 0,46 99.5 0,002 0.039 w 

Av. Ind i v1dua 1 U-238(43,3), U-234(47.8), U·235(2.l2) 3.50 96.5 0.009 0.038 
or Po ulation 

(alspoils source tenn only. 
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The fatal cancer health risk at each of the model uranium mine sites 

is dominated by the lung cancer risk from radon-222 daughter exposures (see 

Table 6.17). Radioactive particulates and Rn-222 contributed to a little 

over 10 percent of the total fatal cancer health risk at the model surface 

mines and at the in situ leaching facility (see Table 6.11). Essentially 

all the risks from the model underground mines are due to radon-222 daugh

ter exposures. The fatal cancer health risks from the active model under

ground mines are greater than the risks from the active model surface mines 

because of the -larger quantity of Rn-222 released. The risks are similar 

at inactive surface and underground mines. 

The largest fatal cancer risk is f·~om the average large underground 

mine (see Tables 6.11 and 6.12)--an estimated 1.9E-3 lifetime fatal cancer 

risk to the maximum exposed individual for a lifetime exposure. The life

t1me fatal cancer risk to the average individual in the regional population 

is estimated to be 8.6E-6 for a lifetime exposure period. The number of 

estimated additional fatal cancers in the regional population per year of 

mine operation is estimated to be I.BE-2. 

For the active surface mines, about 60 percent of the radon daughter 
impact is from the exposed pit surfaces {see Table L.4). For the active 

underground mines, the predominate radon daughter impact is from mine vent 

air. For the inactive surface mine, about 70 percent of the radon daughter 

im~act is from waste rock pile exhalation and about 30 percent was from the 

pit interior surfaces. About 80 percent of the radon daughter impact for 

the inactive underground mine was due to radon releases from the mine vents 

and entrance. The release of radon from the pregnant leach surge tanks was 

the predominate source of the radon daughter health impact risk for the 

model in situ leach mine. Detailed percentages of the lifetime fatal 

cancer risks by source term for each model uranium mine are contained in 

Tables 6.15 and 6.16. 

The health impact from particulate radi onucl ides and Rn-222 was pre

dominately d~e to U-238 and daughter radionuclides (see Table 6.18). Thor

ium-232 and daughters were only minor contributors to the particulate and 

Rn-222 fatal cancer risk with Rn-222 only contributing significantly (14 to 

40 percent) at active underground mines. The majority of the exposure to 

individuals around the model uranium mines is received from the internal 

pathways. Inhalation was the most important internal pathway except for 

the average ind1vidua1 and regional population impact at surface mines 
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where ingestion was the major pathway (see Table 6.18). For active surface 

mines, about 52 percent of the particulate and Rn-222 impact to the maximum 

individual was from the ore source tenn, and about 25 percent of the 

health impact was from the mining activities source term (see Table L.4). 

For active underground mines~ between 28 and 46 percent of the particulate 

and Rn-222 impact was from the ore source tenn and between 26 and 41 per

cent of the particulate and Rn-222 impact was from the sub-ore source term. 

The predominant source of the particulate and Rn-222 impact from the in

active mines was _particulate radionuc1 ides in wind-suspended dust from the 

waste rock pile. The release of particulate radionuclides from the uranium 

recovery plant was the predominant source of the particulate h~alth impact 

risk for the model in situ leach mine. 

For perspective, the calculated fatal cancer risks can be compared to 

the estimated cancer risk from all causes. The American Cancer Society 

estimates the risk of cancer death from all causes to be 0.15 (Ba79). The 

maximum exposed individual around the model average large underground mine 

is estimated to incur an addi.tional lifetime fatal cancer risk of 0.0019 

(1.3 percent) due to radioactive airborne emissions from the model mine. 

There is a regional population of 36,004 persons for the model average 

large underground mine site located in New Mexico. The cancer death rate 

for the State of New Mexico for whites of both sexes was 154.5 deaths per 

year yor 1973 to 1976 per 100,000 people (NCI78). Applying this statistic 

to the regional population, about 56 cancer deaths are estimated to occur 

each year in the regional population from all causes. Applying the approxi

mate fatal cancer risk coefficient of 0.15 to the regional population of 

36,004 persons, about 5,400 people in the regional area would normally die 

of cancer. About 0.018 additional cancer deaths (0.00033 percent) in the 

regional population are estimated per year of operation from radioactive 

airborne emissions at the model average large underground mine. 

The risk of genetic effects from radiation exposure at model uranium 

mine sites is very small ccmpared to the nonnal occurrence of hereditary 

disease. The national incidence of genetic effects is 60,000 per 106 births 

(NAS72). The normal occurrence of hereditary disease for the descendants of 

the regional population of 14,297 at the model average large surface mine 

in Wyoming is 0.06 effects per birth and 12.1 effects per year, based on 

202 1 ive births per year in the regional population. (We present sta

tistics for the site of the average large surface mine since the largest 
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genetic risk for all the evaluated model uranium mines occurred at this 

site [see Tables 6.13 and 6.14]}. We estimated the genetic effect risk to 

the descendants of the maximum exposed individual to be an additional 

6.4E-5 effects/birth (0.1 percent increase) for a 30-year exposure period. 

The genetic effect risk to the descendants of the average exposed i ndi

vidual in the regional population is estimated to be an additional 2.2E-7 

effects/birth (0. 00036 percent increase) for a 30-year exposure period. 

The number of additional genetic effects committed to the descendants of 

the regional population per year of operation of the average large surface 

m1ne is estimated to be 7.9E-5. The additional committed genetic effects 

c.·,st i tute a very sma 11 increase to the 12.1 effe\· .• s that wi 11 normally 

ol -ur each year in the live births within the region~~ population. 

6 "l. 2 Nonradioactive Airborne Emissions 
To calculate atmospheric concentrations at the ·~cation of the maximum 

individual, we used the data on nonradioactive air pollutant emissions from 

Section 3. We compared these pollutant air concentrations with calculated 
nonoccupational threshold limit values> natural background concentrations, 

and average urban concentrations of se 1 ected airborne po 11 utants in the 
United States. 

The 11 natura 111 background atmospheric concentration has been defined 

(Va7~) as the concentration of pollutants in areas dbsent of activities by 

man which cause significant pollution. Variations in background levels may 

result from differences in mineral content of the soil, vegetation, wind 

conditions, and the proximity to the ocean or metropolitan areas. Based on 

an extensive literature survey and consideration of the abundance and dis

tribution of the chemical elements in the ocean and earth's crust, a set of 
11 natural" background airborne concentrations has been developed for the 

United States (Va71). Natural background airborne concentrations for 

selected pollutants are listed in the second column of Table 6.19. Also 

listed in the. table are average concentrations of airborne pollutants in 

urban areas. The latter are arithmetic mean concentrations obtained from 

measurements taken over a period of several years (Va71). 

6.1.2.1 Combustion Products 

Airborne concentrations of combustion products released from diesel 

and gasoline-powered equipment were estimated for the site of the maximum 
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Table 6.19 Natural background concentrations and average urban 
concentrations of selected airborne pollutants in 
the United States 

Pollutant 

Gases 

Suspended particles 

Total 
As 
Ba 
Cd 
Co 
Cr 
Cu 
Hg 
Fe 
Pb 
Mg 
Mn 
Mo 
Ni 
Se 
Sr 
Th 
u 
v 
Zn 
Zr 

(a)NR - Not Reported. 

Natural Background 3 Concentration, ll g/m 

100 
40 
10 

5 
594,000( ) 

NR a 

20 - 40 
0.005 
0.005 
0.0001 
0.0001 
0.001 
0.01 
0.0005 

0.2- 0.5 
0.001 
0.1 
0.01 
0.0005 
0.001 
0.001 
0.005 
0.0005 
0.0001 
0.001 
0.01 
0.001 

Source: Va71; except for co2 , Ba76. 

Average Urban 3 Concentration, 1.1 g/m 

7000 
141 
80 
62 
NR 

500 

105 
0.02 ( 1) 

NR 
0.002 
0.0005 
0.015 
0.09 
0.1 
1. 58 
0.79 

NR 
0.1 
0.005 
0.034 

NR 
NR 
NR 
NR 

0.05 
0.67 

NR 
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individual. The concentrations were computed using the annual release 

rates given in Tables 3.30 and 3.52 with dispersion parameters applicable 

for the model underground (New Mexico) and surface (Wyoming) mining areas 

(Appendix K). The estimated combustion product concentrations are low 

compared to the natural background and average urban concentrations (see 

Table 6.20). A conservative threshold limit value (TLV} was computed" as 

described in Section 6.1.2.3 for so2, CO, and N02• Of these pollutants, 

only the nitrogen oxide concentrations at the average large surface mine 

exceed the nonoccupational TLV. Considering these comparisons and the 

conservative nature of the analyses, combustion products released from 

he11vy uranium mining equipment do not appear to rose a health hazard. 

6.1.2.2 Nonradioactive Gases 
Airborne concentrations of the three principal nonradioactive gases 

released from the hypothetical in situ leach mining site were computed 
using the source tenns from Table 3.59 and the meteorological parameters 

and dispersion model described in Appendix K. Table 6.21 shows the esti
mated atmospheric concentrations at the location of a maximum individual; 

occupational threshold limit values (TLV's); adjusted TLV's applicable to 

nonoccupational exposuresi and the percent the estimated concentrations are 

of the adjusted TLV's. The occupational TLV's have been conservatively 

a~justed. They were adjusted on the basis of a 168-hr week, instead of a 

40-hour week and a safety factor of 100. 

The results of this analysis indicate that two of the estimated con

centrations fall below their respective TLV's, and the concentration of 

ammonium chloride is approximately equal to its TLV. Considering the 

conservative nature of the adjusted nonoccupational TLV on which the com

parisons were made, none of the nonradioactive gases appear to be at con

centrations that might pose a serious health hazard. The ammonia level is 

about 80 percent of the estimated ''natura1 11 background concentration and 

only abo!Jt_lO percent of the average urban concentration (Table 6.19). 

6.1.2.3 Trace Metals and Particulates in the Form of Dust 

We identified seventeen trace metals and particulates in the fonn of 

dust as potential airborne emissions from uranium mines. Table 6.22 pre

sents projected airborne concentrations of the metals and particulates at 

the site of the maximum individual for six mine classifications. As might 



Table 6.20 Combustion product concentrations at the site of the maximum individual 

with comparisons, ~g/m3 

· Average Average large Average Average large Natural 
underground underground surface surface background 

Pollutant mine mine mine mine concentration( a) 

Particulates 
of ccxnbustion 1.4E-3 1.6E-2 9. 7E-2 4.5E-1 NR(c) 

sox 1.2E-2 1.3E-1 5.5E-1 2.2E+O 5E+O 

co 9. 7E-2 l.IE+O 4.3E+O 1.8E+l l.OE+2 

NOX 1.6E-l 1.8E+O 7.1E+O 3.0E+l 4.0E+l 
Hydrocarbons 1.6E-2 1.8E-l 7.1E-1 3.1E+O NR 

a See Table 6.19. 
(b)Nonoccupational TLV = TLV (mg/m3) x 40 hr/168 hr x 10-2 x 103 ~g/mg {ACGIH76). 
{c)NR - Not reported. 

Average Non-
urban occupational 

concentration{a) TLV{b) 

NR 
6.2E+l 
7.0E+3 
1.4E+2 
5.0E+2 

NR 

3.1E+l 
1.3E+2 
2.IE+l 
NR 

m 
I 

N 
\,0 
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Table 6.21 A comparison of the airborne concentrations of nonradioactive 
gases at the hypothetical in situ leach site with threshold 
1 imi t va 1 ues 

Atmospheric Non- Percent of 
Concentration(a) TlV(b) occupational{c) Nonoccupational .. 

Contaminant ( ~ g/m3) (mg/m3) TlV (~ g/m3) TLV 

NH3 
NH4Cl 
C02 

8.1 18 

24 10 

60 9000 

(a)Location of maximum individual. 
(b}Source: ACGIH76. 

43 19 
24 100 

21,400 0.3 

(c}Nonoccupational TLV = TLV (mg/m3) x 40 hr/168 hr x 10-2 x 103 ~g/mg. 
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be expected, large surface mine emissions usually have the greatest concen

trations, and those from inactive underground mines the least. Projected 

metal concentrations range from a low of about 5 x 10-7 J.lgm/m3 of cobalt 

frum inactive underground mines to a high of about 1 1-19m/m3 of potassium 

from large surface mines. 

Table 6.23 shows where particulates (dust) or trace metal air concen

trations are estimated to exceed natural background or average urban air 

concentrations {Table 6.19). Several trace metal air concentrations exceed 
11 natural 11 background; however, only the estimated air concentration of par

ticulates (dust) exceeds the air concentration of airborne pollutants in 

urban areas. 

We evaluated the significance of these concentrations by comparing 

them with threshold limit values (TLV 1 s) for workroom environments pub-

1 ished by the American Conference of Governmental Industrial Hygienists 

{ACGIH76). These TLV 1 s, which are for occupational workers and a 40-hour 

workweek, were adjusted by multiplying by 40/168 to convert them to con
tinuous exposure values and dividing by 100 to make them applicable to the 

general public. Table 6.24 is a tabulation of the adjusted TLV 1 S, the pro

jected concentrations of metals and particulates (from Table 6.22), and the 

ratio of these concentrations to the adjusted TLV' s. The sums of these 

ratios provide a measure of whether a mixture of the metals would be a 

significant problem, a sum greater than one indicating that the 11 Composite 11 

TLV has 'been exceeded. 

Table 6.24 shows that in no case does a single metal exceed its TLV, 

nor do any of the mixtures exceed a 11 COmposite 11 TLV. Although TLV 1 s were 

not available for potassium and strontium, their low toxicity and low con

centrations make it unlikely that their addition to the sums would change 

this conclusion. For the worst case, large surface mines, the sum of 

ratios is only about 17 percent of the limit. 

Particulates, on the other hand, present a different picture. The TLV 

for nonspecific particulates, nuisance dust, was chosen for comparison. It 

can be seen that-the TLV is exceeded by a factor of six at the large model 

surface mine and nearly exceeded at the average model surface m,.ne. About 

50% of the exposure to dust is from vehicular traffic, and about 30% re

sults from mining activities within the pit. 

In summary, specific trace metal airborne emissions from uranium mines 

do not appear to present a significant hazard, either singly or as com-



Table 6.22 Stable tr~ce metal a1rborne concentratlons at tne s1te of the ma.xilllur.t 

1ndH1dual, ~g/m3 

Trace Avg. und<!r~ Avg. large Avg. s•Jrface Avg. large lnact 1 ve under- InactlVe surface 

metal 9round mine underground m1ne 1nine surface mine ground m1ne mine 

As 3.1£~5 l.<lE-4 2.6£-4 l.SE-3 3. lE-6 l.SE-5 
Ba 'l.lE-4 1.8£-3 7.0£-3 4.2£-2 3.6E-5 l.GE-4 

Co 4.0E-6 J.lE-5 l.lE-5 4.7£-5 4,5E-7 2.9£-6 
Cu J.JE-5 1. 5E-4 4.4E-4 7..6£~3 .{'.2E-6 l.lE-5 

Cr S.OE-5 1.4E-4 l.lE-3 6.9£-3 8.9E-7 3.6£-5 
Fe 9.7£-3 4.1E-2 1.4E-l a.sE-1 6.3E-4 2. 7E~J 

Hg 7.2£-6 l.SE-5 l.SE-4 l.lE-3 NA(a) NA 
K l.JE-2 6.3E-2 1. 7E-l 1.0 9.8£-4 4.4£-3 

Mg 9.4E-4 6.9E-3 2.5E-3 l,OE-2 1.3E-4 6.2£-4 
Mn 7.1E-4 2.8£-3 l.lE~2 6.8£-2 3.7E-5 1.7£-4 

Mo 3.3E-5 2.3£-4 1.4£~4 6.7E-4 4.5E-6 2.0E-5 

Nl 4.9E-6 3.9E-5 1.4£-5 5.8E-5 8.9£-7 3.6£-6 

Pb 4.1E-5 2.0£-4 5.4E-4 3.2£-3 J.lE-6 1.4E-5 

Se 3.1E-5 2.2E-4 1.2£-4 5.9E-4 4.5E-6 1.9E-5 

Sr 1.7E-4 5.5E-4 3.4E-3 2.1F.-2 4.9E-6 2.3E-5 

v 4.7E-4 3.0£~3 2.2E-3 l.BE-2 5.4E-5 2.5E-4 

Zn 2.6E~5 9.6[-5 4.6E-4 Z.BE-3 1.3£-6 s.z£-6 
(1\ 

Part(b) 1.2 3.9 2.3E+l 1.4£+2 3.9E-2 1.7E-1 
I 
w 
N 

a NA - Not available. 

(b)Part. - Part1culates (dust). 
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Table 6.23 Comparison of stable trace metal airborne concentrations at the 
location of the maximum individual with natural bac~ground con
centrations and average urban concentrations of these airborne 
pollutants 

Exceed Natural Background{a) Exceed Average Urban Concentration(a) 

Average Large Surface Mine 
Ba, Cr (possible), Fe, Hg (possible), Particulates 
Mn, Mo, Pb, Sr, V, 
particulates 

Average Surface Mine 
Ba, Cr (possible), Mn, V 

Average Large Underground Mine 
v 

Average Underground Mine 
None 

(a) See Tables 6.19 and 6.22. 

None 

None 

None 



Table 6 24 Compar1son of trace metal a1rborne coneentrat1ons at ~he s1te of the maxlmum lndlvidual with threshold 11mit values 

(TlV's) 1n the workroom environment adjusted for cont1nuous exposure to the general publlc, ug/m3 

AdJusted( a} 
Average Average large Average Average Large Inact we lnact\Ve 

Trace Underground Mine Underground mine Surface Mine Surface m1ne Und~round m1ne Surface m1ne 
metal nv Cone Cone /TLV Cone. Cone /TLV Cone. Conc./TLV Cone Cone /Tl'.' Cone Conc./TlV Cone. Cone ./TL\f 
As 1.2 3 1£·5 3E-5 1. 9E-4 2£·4 2.6£·4 ZE-4 1. SE-3 lE-3 3 lE-6 3E-6 l. SE-5 lE-!:o 

Ba 1 2 S.lE-4 4E-4 1.8£-3 2£-3 7 OE-3 GE-3 4 ZE-2 4E-z 3 GE-5 3£-5 1 GE-4 lE-4 

Co 0 24 4. OE-6 2£-5 J.lE-5 lE-4 l.lE-5 5E-5 4.7£-5 2£·4 4 5£-7 2£-6 2.9£-6 lE-5 
Cu 0.48 3 3£-5 7£-5 l. 5£-4 JE-4 4 4E-4 9£-4 2.6[-3 5E-3 2.2E·6 SE-6 l.lE-5 ZE-5 

Cr 1 2 5E-5 4E-5 1. 4£-4 lE-4 l lE-3 9£-4 6 9£-3 6£-3 8 9E-7 7E-7 3 GE-6 3£-6 

Fe 12 9.7£-3 8£-4 4.1E-2 3£-3 l.4E-1 lE-2 8.5E-l 7E-2 6.3£-4 5E-5 2 7E-3 2E-4 

Hg 0.12 7.2E~6 6E-5 1. SE-5 lE-4 l.SE~4 2E-3 l.lE-3 9E-3 NA NA 

l: H!l(b} l. JE-2 6.3£-2 1 7£-1 l.OE+O 9 BE-4 4.4E-: 
V.g 24 9.4E-4 4E-5 6 9E-3 3[-.; 2.5£-3 lE-4 l.OE-2 4E-4 1 3E-4 SE-6 ii.2E·4 3E-5 
Mn !2 7.1E-4 6E-5 2.8E-3 2£-4 l.lE-2 9£-4 6.8£-2 6E-3 3. 7E-5 3E-6 I. 7E·4 1£-5 
Mo 12 3.3£-5 3E-6 2.3£-4 ZE-5 1. 4E·4 lE-5 6.7E-4 6E-S 4.5£-6 4E-7 2 OE-5 ZE-6 

Ni 0.24 4.9E-6 2E-S 3.9E-5 ZE-4 1.4E·5 6E-5 S.BE-5 ZE-4 8.9E-7 4E-6 3.6£-6 ZE-5 
Pb 0.36 4.1£-5 lE-4 Z.OE-4 6E-4 5.4E-4 2E·3 3 2E-3 9E·3 l.lE-6 9E-6 1.4E-S 4E-5 

Se 0.48 3.1E·S 6E-S 2.2£-4 SE-4 1.2E-4 2E·4 5.9E-4 lE-3 4.5E-6 9E-6 1. 9E-5 4E-5 

Sr NA 1. 7E-4 5.5£-4 3.4E-3 2.1E-2 4.9£-6 Z.3E-5 
v 1.2 4.7E-4 4E-4 3.0E-3 ZE-3 2.2E-3 2E-3 1.8£-2 2E-2 5. 4E-S 4E·S 2.5E-4 2£-4 0\ 

' Zn 12 2.6£-5 ZE-6 9.6£-5 8£-6 4 6£-4 4E-5 2. 8[-3 ZE-4 l.JE-6 lE-7 5.2£-6 4E·7 w 

""" 
Total of ratios ZE~J lE-2 3£-2 l.7E-l 2E-4 7E·4 
Particulates: 

Oust 24(c) 1. 2E+O SE-2 3.9E+O 2E-l 2.3E+l lE+O 1.4E+2 GE+O 3.9E-2 2E-3 1. 7E-l 7E-l 
(a)Adjusted TLV = Occupat1onal TlV (mg/m3) x 40 hr/168hr x 103 

~g/mg X 1/100. 
(b)NA- Not available. 

(c)limit for nuisance dust ~ total mass. 

Source: Workroom TLV's from ACGIH76. 
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posite mixtures, when evaluated against adjusted threshold limit values. 

However, particulate emissions, at least for surface mines, require further 

evaluation. If model predictions can be verified by measurement, control 

measures are indicated. 

6.1.3 Radioactive Aquatic Emissions 

We used the data on radioactive releases from mine dewatering (Sec ... 

tions 3.3.3 and 3.4.3) to estimate the public health impact of mining 

operations at a typical active underground mining site (New Mexico) and a 

typical active surf.ace mining site {Wyoming). The health risks estimated 

in this section are of fatal cancers and genetic effects to succeeding 

generations. Dose equivalents and health risks per year of active mine 

operation are estimated for the maximum and average individuals and for the 

population of each assessment area. These calculated dose equivalents and 

health risk estimates are believed to be hiqher than the actual dose equiv

alents and health risks because of the consenative as~ .ptions required to 

predict movement of radionucl ides in surface waters (see Section J.2 of 

Appendix J). Very few data are available on aquatic releases from inactive 

mines; hence, the significance of these releases, particularly for Colorado 

and Utah where inactive mines are numer·ous, could not be determined. 

The individual and population dose equivalents presented in this sec ... 

tion are computed using the models and parameters discussed in Appendix J. 

The he~lth risk estimates are generated by the following procedures: 

a. For inhalation or ingestion of radionuclides, the quantity 

of radionuclides taken into the body is determined as part 

of the dose equivalent calculations. This quantity is mul

tiplied by a health risk per unit intake conversion factor. 

b. For external irradiation from ground deposited radionuclides 

or from air submersion, the dose equivalents are calculated 

and rultiplied by a health risk per unit dose equivalent con

version factor. 

The health risk __ per unit intake and health risk per unit external dose 

equivalent conversion factors for aquatic releases are listed in Tables 

J.13 and J.l4, Appendix J. This appendix also discusses the health risk 

assessment methodology used to obtain the risks presented in this section. 

Uranium and Ra·226 releases are given for both active mining siteso It is 

assumed that the stated uranium releases are entirely U-238 and that U·234 

is in equilibrium with the U-238 but that Th~230 precipitates out of the 



Table 6.25 

Organ 

Endosteal 
Red Marrow 
Lung 
Liver 
Stomach Wa 1l 
lli Wall (a) 

Thyroid 
Kidney 
Muscle 
Ovaries 
Testes 
Weighted Mean 

(a)Lower large 
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Annual radiation dose equivalent rates due to aquatic releases 
from the New Mexico model underground mine 

Maximum Individual Average Individual Population Dose 
Dose Rate (mrem/y) Oose Rate (mrem/y) Rate (person-rem/y) 

5.6E+l 5.0 3.2E+2 
2.0 1.6E-l l.lE+l 
1.3 2.1E-3 1.4E-l 
5.5E-l 2.9E-2 1.9 
1.9E-l 3.8E-3 2.5E-l 
9.4E-1 6.6E-2 4.3 
4.5E-1 2.5E-2 1.6 
2.8E+l 2.4 1.6E+2 
4.9E-1 2.5E-2 1.6 
4.1E-l 2.4E-2 7 .BE-l 

4.7E-1 2.4E-2 7.8E-1 
2.2 1.5E-1 9.9 

intestine wall. 



Table 6.26 

Organ 

Endosteal 
Red Marrow 
Lung 
liver 
Stomach Wall 
LLI Wall{a) 

Thyroid 
Kidney 
Muscle 
Ovaries 
Testes 
Weighted Mean 

{a)lo~er 

6 - 37 

Annual radiation dose equivalent rates due to aquatic releases 
from the Wyoming model surface mine 

large 

Maximum Individual Average Individual Population Dose 
Dose Rate {mrem/y) Dose Rate (mrem/y) Rate (person-rem/y) 

6.8E-l 2.1E-1 3.4 

3.8E-2 7.4E-3 1.2E-1 
2.3E-2 l.OE-4 1.7E-3 
3.0E.-2 2.8E-3 4.5E-2 
l.OE-2 2.8E-4 4.6E-3 
2.9E-2 7.7E-3 1.3E-1 

l.SE-2 1.4E-3 2.3E-2 
4.0E-l l.lE-1 1.8 
1.9E-2 1.5E-3 2.4E-2 
l .. SE-2 l.SE-3 1.2E-2 
l.BE-2 1.4E-3 1.2E-2 
4.0E-2 7 .lE-3 1.2E-l 

intestine wall. 



Table 6.27 

Source 

Underground 

mine site 

(New Mexico) 

Surface mine 

Site (Wyoming) 

Individual lifetime fatal cancer risk and committed fatal cancers to the population 

residing within the assessment areas 

Maximum exposed individual 

lifetime fatal cancer risk 

for operation of the mine 

17 yrs. 

3.3E-7 5.6E-6 

7.1E-9 1. 2E-7 

Average exposed individual 

lifetime fatal cancer risk 

for operation of the mine(a) 

:LY!:· 17 yrs. 

2.0E-8 3.4E-7 

9.6E-10 1. 6E-8 

Cpmmitted fatal cancers 

for the assessment area 

population for operation 

of the mine 

17 yrs. 

1. 3E-3 2.2E-2 

1. 6E-5 2.7E-4 

(a)The average individual risk is the cumulative population risk divided by the population 

residing within the assessment area. 

O'l 
I 
w co 
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Also, it is assumed that Rn-222, Pb-214, Bi-214. Pb-210, and Po-210 are in 

equilibrium with the Ra-226. For example, a reported release rate of 0.01 

Ci/yr of U-238 would be reflected in the analyses as 0.01 Ci/yr of U-238 

and 0.01 Ci/yr of U-234. In 1 ike manner, a release of 0.001 Ci/yr of 

Ra-226 would be reflected in the analyses as 0.001 C1/yr Ra-226, 0.001 

Ci/yr Rn-222, 0.001 Ci/yr Pb-214, 0.001 Ci/yr Bi-214, 0.001 Ci/yr Pb-210, 

and 0.001 Ci/yr Po-210. 

The maximum individual, average individual, and population annual dose 

equivalent rates ~ue to release of mine water containing radionuclides are 

g1ven in Tables 6.25 and 6.26 for the two active uranium mine sites. The 

population dose equivalent rates are the sum of the dose equh.alent rates 

to all individuals residing within the assessment areas due to the annual 

release from the model uranium mine. Average individual dose equivalent 

rates are computed by dividing the population dose equivalent rates by the 

number of persons in the assessment area. 

The dose equivalent rates in Tables 6.25 and 6.26 indicate that the 

endosteal cells and kidney are the highest exposed target organs. Inges

tion is the predominant exposure mode for both the endosteal cells and the 

kidney. 

Individual lifetime fatal cancer risks and committed fatal cancers to 

the population within the assessment area for radionucl ide releases due to 

mine.dewatering are presented in Table 6.27. The maximum and average indi

vidual lifetime risks (columns 2 and 3,. respectively) and the committed 

fatal cancers to the population within the assessment area (column 4} are 

shown for both one year of release of radionuclides due to mine dewatering 

and. in parenthesis, for the cumulative release over the 17 years of mine 

operation. To compute the 17-year risks, the one-year risks are multiplied 

by 17, which assumes equal annual radionuclide discharges. At both the 

model underground (New Mexico) and surface (Wyoming) mines, the majority of 

the risk is from releases of U-238, U-234, and Po-210. 

A perspective on the additional fatal cancers estimated for the popu

lation (Table 6.27} can be gained by realizing that the probability of an 

individual dying of cancer of all types is 0.15 (Ba79). Taking the New 

Mexico assessment area (64,950 persons} as an example, the expected number 

of deaths from all forms of cancer for this population is 9,743 persons. 

For the 17 years of mine operations. the estimated increase in the number 

of deaths from cancer in the assessment area population is 0.022 deaths 
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(Table 6.27). This represents a 0.00023 percent increase in the expected 

fatal cancer occurrences in the assessment area population as a result of 

operation of the underground mine in New Mexico over its 17-year active 

life. For the Wyoming assessment area {16,230 persons), the estimated 

increase in the expected fatal cancer deaths due to operation of the sur

face mine for 17 years is 0.000011 percent. 

Table 6.28 presents the genetic risks to succeeding generat;ons, for 

exposure to both individuals and the population within the assessment area, 

caused by mine dewatering radionucl ide releases. The genetic risks to 

succeeding generations of maximum and average exposed individuals (columns 

2 and 3, respectively) and the committed genetic effects to the descendants 

of the present population within the assessment area (column 4) are shown 

for one year of releases. The mechanics and assumptions used to estimate 

the genetic effects are simtlar to those used to estimate fatal cancer 

risks {see Appendix J). For both the model underground (New Mexico) and 

surface {Wyoming} mines the majority of the risk is from releases of U-238, 

U-234, and Po-210. 

The risks of additional genetic effects due to the discharge of con

taminated mine water from model uranium mine sites are very small when com

pared to the normal occurrence of hereditary diseases. As given in Section 

6.1.1, the natural incidence of genetic effects 1 s 60,000 per mill ion 

birth~ (NAS72). or 0.06 effects per birth. This natural incidence rate is 

equivalent to 848 effects per year per million persons, considering a birth 

rate of 0.01413 births per person-year. Taking the New Mexico site as an 

example, the normal incidence of genetic effects for the assessment area 

population (64,950 persons) during the 17 years of operation of the mine 

would be 936 genetic effects. The increase in genetic effects commftted to 

the assessment area population during the 17 years of operation is 0.015 

genetic effects committed. Thus, the genetic effects committed due to 

aquatic wastes released during the operation of the New Mexico underground 

mine are only~ 0.0016% of the genetic effects which occur due to other 

causes during the mine operating life. For the Wyoming site (16,230 per

sons), the genetic effects committed due to aquatic wastes released during 

the operation of the model surface mine are only 0.0001% of the genetic 

effects which occur due to other causes during the mine operating life. It 



Table 6.28 Genetic risks to succeeding generations of an indi~irl~al and committed genetic effects 
to descendants of the present population residing within the assessment area 

Source 

Underground mine 
site (New Mexico) 

Surface mine 
site (Wyoming} 

Genetic effects committed to succeeding 
generations of an individual for operation 
of the mine for 1 year(a) 
Maximum Individual Average Individual 

4.5E-7 3.3E-8 

1.4E-8 2.0E-9 

{a)Genetic effects assume 1 birth per person. 

Genetic effects committed to the 
descendants of the present population 
for operation of the mine for 1 year 

9.0E-4 

1.4E-5 
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should be noted that genetic effect risks to descendants of individuals 

cannot be added to somatic effect risks for these individuals. 

6.1.4 Nonradioactive Aquatic Emissions 

Data on nonradiological emissions from uranium mines via the water 

pathway are limited. Table 6.29 presents available estimates of concen

trations of four trace metals plus sulfate and suspended solids in dis

charge streams. from the model surface mine located in Wyoming and seven 

trace metals plus sulfate and suspended solids from the model underground 

mine located in New Mexico. These concentrations are calculated after 

dilution in the first order tributaries (Appendix J) and represent average 

concentrations for the assessment areas. The concentrations presented in 

Table 6.29 are conservative since, with the exception of sulfates, loss of 

contaminants due to precipitation, adsorption, and infiltration to shallow 

aquifers are not considered. The concentrations are calculated by diluting 

discharges from a mine into the first order surface streams with no losses. 

For sulfate, a more realistic approach is taken since only 20 percent of it 

1s assumed to remain in solution in the surface stream, as discussed in 

Section 3.3.3.1.4. 
Also presented in Table 6.29 are recommended agricultural water con

centration limits for livestock and irrigation for several of these ele

rnen,ts (EPA73). Drinking water 1 imits are not presented because public 

water supplies are normally derived from groundwater rather than surface 

water, so drinking water would not be a pathway of concern for the average 

individual in the assessment area. Though drinking water would be a po

tentially significant pathway for the maximum individual, the data avail

able for this analysis did not allow a reliable prediction of groundwater 

concentrations due to mine dewatering (Appendix J). For this reason, the 

impact of nonradioactive waterborne emission on the maximum exposed indi

vidual could not be evaluated. The ratios of the average water concen

trations to these limits are also listed in Table 6.29 and show that only 

molybdenum from the underground mine approaches its 1imit (lrrigation) .. 

Also, the sums of the ratios being less than one indicate that mixtures of 

the metals would not exceed a 11 Composite limit" for an average individual 

in the assessment area. 



Table 6,29 Companson of nonradtologtcal waterborne emissions from uran1um m111es w1 th 

recommended agrtcultura 1 water qua 11 ty 11111Hs 

Recommended L1nnts 1 mg/t 

Ltvestock 
Parameter 

Arsen1c 0.2 
Barium NA{a) 

Cadmium o.os 
Molybdenum NA 

Selenium 0.05 

Zinc 25 

Uramum NA 
Sulfate NA 

Total suspended solids NA 

Totals 

a NA - ~ot avaflabTe. 
(b)Excluding molybdenum. 

[rri gat ion 

0.1 
NA 

0.01 

0.01 
0.02 

2.0 
NA 

NA 
NA 

Model Surface M1ne 

Avg. Water Ratio 

Cone., mg/t Avg./L ivestock 

llmlt 

1.4E-4 0.0007 

l.lE-4 0.0022 

4.8E-4 0,00002 
2.0E-3 

4.9 
S.SE-1 

0.0029 

Ratto, Avg./ 

lrrtgation 

Liml t 

0,0014 

o.ou 

0.00024 

0.013 

Model Under~round Mine 

Avg. Water RatlO' Ratio, Avg./ 

Cone •• mg/ t Avg./Lhestock lrr1gatton 

Limit Limit 

3.1E-4 0.0016 0.0031 

2.0E-2 
1.6E-4 0.0032 0.016 

7.0E-3 o. 70 

1.6E-3 0.032 0.08 

l.lE-3 0,00004 0,00055 
J.SE-2 
2.9 
6.8£-1 

0.037 0.80 
{O.l)(b) 
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Because of the limited number of data available, it is difficult 'to 

evaluate the significance of these discharges. Although molybdenum could 

be a problem, it is not possible to quantify the risk from molybdenum to 

the maxi mum i ndi vidua 1 without having estimates of drinking water con
centrations. Uranium, the metal estimated to be in highest concentration 

{Table 6.29). has no established limits based on chemical toxicity in the 
United States. in Canada, the maximum acceptable concentration for uranium 
in drinking water based on chemical toxicity has been set at 0.02 mg/t 
(0.04 mg/day),·considering a continuous lifetime intake rate of 2 liters of 

water per day (HWC78). It is reasonable to assume that limits for uranium 

in water used for irrigation and to water livestock would exceed the 

drinking water limit. Hence, based on the estimated uranium concentrations 

at surface ( 0. 002 mg/ t ) and underground ( 0. 035 mg/ t ) uran i urn mines, the 

water would probably be i':Ceptable for irrigation and 1 ivestock watering. 
The other constituents. such as sol ids and sulfates, for which 1 imits are 

not available, have minimal or no toxic properties. 
It is premature to conclude the health hazard caused by non

radi oi ogical waterborne emissions from uranium mines.. Before definitive 

conclusions can be reached. additional infonnation is needed. Of par
ticular interest would be data on water use patterns in the vicinity of the 
mines and the degree to which the mine discharges may infiltrate ground

water supplies. 

6.1.5 Solid Wastes 

6.1.5.1 Radium-226 Content 

Solid wastes, consisting of sub-ore, waste rock, and overburden, at 

active and inactive uranium mines contain elevated concentrations of 

radium-226.* The sub~ore may contain as much as 100 pCi/g of radium-226. 

Even though the overburden and waste rock contain lower concentrations than 

the sub-ore, most of these wastes contain concentrations of radium-226 in 

quantities greater than 5 pCi/g (see Sections 3.3.1, 3.4.1, 3.7.1, and 

3.7.2}. 

* The radium-226 concentration in natural soil and rock is about 1 pCi/g. 
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Uranium mine wastes containing radium~226 in quantities greater than 5 

pCi/g have been designated as 11 hazardous wastes" in a recently proposed EPA 

regulation (43FR58946, December 18, 1978) under the Resource Conservation 

and Recovery Act {RCRA}. This is primarily due to the fact that the use of 

these wastes under or around habitable structures could significantly 

increase the chance of lung cancer to individuals occupying these struc

tures. 

6.1.5.2 Estimates of Potential Risk 

We have estimated the risk of fatal lung cancer that could occur to 
individuals living in houses built on land contaminated by uranium mine 

wastes {Table 6.30). Risks were estimated for homes built on land con

taining radium-226 soil concentrations ranging from 5 to 30 pCi/g. The 

relationship between the indoor radon-222 decay product concentration and 

the radium-226 concentration in soil under a structure is extremely vari

able and depends upon many complex factors. Therefore, the data in Table 

6.30 only illustrate the levels of risks that could occur to individuals 

living in structures built on contaminated land. These data should not be 

interpreted as establishing a finn relationship between radium-226 concen

trations in soil and indoor radon-222 decay product concentrations. 

Table 6.30 , 

226Ra in Soil 

(pCi/g} 

5 

10 

20 

30 

Estimated lifetime risk of fatal lung cancer to 

individuals living in homes built on land 

contaminated by uranium mine wastes 

Lifetime Risk of 

Indoor Working Levels Fatal Lung Cancer{a) 

(WL) (per 100 persons) 

0.02 2.!? 
0.04 5.0 

0.08 10 

0.12 15 

(a) Based on an individual being inside the home 75 percent of the time. 



6 - 46 

The working level concentrations in Table 6.30 were derived from 

calculations made by Healey (He78), who estimated that 1 pCi/g of 

radium-226 in underlying loam-type soil waul d result in about 0.004 Wl 

inside a house wfth an air change rate of 0.5 per hour. These calculated 

working levels are in reasonable agreement with measurements made by EPA 

(Fig. 6.1) at 21 house sites in Florida (S.T. Windham, U.S. Environmental 

Protection Agency, Written Communication, 1980). The Florida data were 

derived from the average radium-226 concentration in soil (core samples 

were taken to a . maximum depth of three feet at each site) and the average 

radon-222 decay product concentration inside each structure. 

6.1.5.3 Using Radium Bearing Wastes In The Construction of Habitable 

Structures 

Wastes containing elevated levels of radium-226 have been used at a 

number of locations in the construction of habitable structures.. In Grand 

Junction, Colorado, uranium mill tailings were widely used as landfill 

under and around the foundations of homes and other structures causing high 

radon-222 decay product concentrations inside many structures. To remedy 

this situation, Public Law 92-314 was passed in 1972 to establish a fed

eral-state remedial action program to correct the affected structures. In 

Mesa County, Colorado, which includes Grand Junction, uranium mill tailings 

were identified at about 6,000 locations. About 800 of these locations are 
' 

expected to receive corrective action because the radon decay product 

concentrations inside buildings constructed at these locatio~s exceeded the 

remedial action criteria (DOE79). According to the criteria, dwellings and 

school houses waul d be recommended for remedial action if the indoor radon 

decay product concentration exceeded 0.01 WL above background; other struc

tures would be recommended for remedial action if the indoor radon decay 

product concentration exceeded 0.03 WL above background. 

In central Florida., structures have been bui 1t on reel aimed phosphate 

land. The reclaimed land is composed of phosphate mining wastes that con

tain elevated radium-226 concentrations. EPA estimates that about 1,500 to 

4,000 residential or commercial structures are located on 7,500 acres of 

the total 50,000 acres of reclaimed phosphate-mined lands {EPA79). A 

survey of 93 structures built on reclaimed phosphate land showed that about 

40 percent of the structures had indoor radon-222 decay product concen

trations in excess of 0.01 WL and about 20 percent had concentrations in 
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excess of 0.03 Wl (EPA79). Lifetime residency in a structure with a 

radon-222 decay product concentration of 0.03 WL could result in twice the 

normal 3 to 4 percent risk of fatal lung cancer. 

6.1.5.3.1 Use of Uranium Mine Wastes 

We do not know to what extent the wastes from uranium mines have been 

removed from mining sites and used in local and nearby communities. How

ever, while surveying in 1972 for locations with higher·than-normal gamma 

radiation in the Western States to locate uranium mill tailings material 

used in local communities, EPA and AEC identified more than 500 locations 

where 11 Uranium ore" was believed to be the source of the elevated gamma 

radiation (ORP73). The specific type of ore {mill-grade, sub~ore, low-grade 

waste rock) was not determined ds this was beyond the scope of the survey. 

At some locations, however, sur"eyors attempted to characterize the ore by 

using such tenns as "ore spil1age, 11 11 0re specimens," "low-grade crushed 

ore," or "mine waste dump material." Some locations were identified as 

sites of former ore-buying stations (ORP73). 
Since it is unlikely that valuable mill-grade ore would have been 

·widely available for off-site use, we suspect that uranium mine waste 

{perhaps sub-ore) may be the source of the eleva ted gamma radiation levels 

at many of the locations where large quantities of ore material are pre

sent. Table 6.31 shows the locations where higher-than-nonmal gamma radi

ation levels were detected during these surveys and the suspected sources 

of the elevated levels. 

6.2 

6.2.1 

Environmental Effects 

General Considerations 

Minerals are necessary to augment man's existence and welfare; in 

order to obtain them, some form of mining is necessary. The very nature of 

mining requires disturbing the land surface, but may be considered tran

sitory. To discuss the environmental effects of uranium mining in partic

ular, it is convenient to divide the mining operations into three phases. 

The first phase includes the exploration for, and the delineation of, the 

ore body. This involves, in most cases, substantial exploratory and de

velopment drilling. The second phase involves the preparation of the mine 

site and the mining process itself. This phase includes the construction 

of service areas, dewatering impoundments, and access roads, digging or 

drilling of mine entries, etc. During the actual mining process~ waste 
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Table 6.31 Gamma radiation anomalies and causes 

Number of Cause of Anomai;t 
Anomalies Uranium Radioactive Natural 

Location Detected Tailings Ore Source Rad i oactiv1 t;t Unknown 

Arizona (a} 
Cane Valley 19 15 4 
Cameron 3 1 2 
Cutter 5 4 1 
Tuba Cit 17 7 3 7 

State Total 44 22 9 1 3 9 

Colorado(b) 
Cameo 3 1 2 
Canon City 187 36 24 99 28 
Clifton 1083 159 31 3 14 876 
Collbran 145 4 2 139 
Craig 86 8 7 46 25 
Debeque 109 2 1 106 
Delta 43 1 3 29 10 
Dove Cre~l· 83 59 17 2 2 3 
Durango 354 118 18 49 67 102 
Fruita 1276 58 47 1 26 1144 
Gateway 17 12 1 1 3 
Glade Park 1 1 
Grand Valley 110 10 2 98 
Gunnison 47 3 8 1 28 7 
Leadv1lle 91 18 2 65 6 
Lorna 199 10 3 1 4 181 
Mack 90 6 2 1 82 
Mesa 123 1 1 120 
Mesa Lakes 3 3 
Molina 43 43 
Naturita 33 10 15 5 1 2 
Nucla 13 3 6 2 2 
Pa 1 i sade 939 107 36 3 14 779 
Plateau City 28 1 27 
R1fle 810 168 20 7 1 614 
Sa 1 ida 64 6 2 52 4 
Slick Rock 9 3 5 1 
Uravan 209 208 1 
Whltewater 55 4 2 49 

State Total 6253 1013 256 75 453 4456 

Idaho 
--raiho c i ty 3 2 1 

Lowman 12 9 J 
Salmon 77 1 2 65 9 

State Total 92 10 2 70 10 
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Table 6.31 ~cant 1 nued Z 
Number of Cause of Anoma1~ 
Anomaltes Uranwm Radioactive Natural 

Location Detected Ta1lings Ore Source Rad10activit.z: Unknown 

New Mexico 
Bluewater 2 1 1 
Gamerco 5 5 
Grants 101 7 49 1 25 19 
Milan 41 5 23 4 1 8 
Sh1~rock 9 8 1 0 

State Total 158 21 74 5 31 27 

Oregon 
Lakev1ew 18 2 10 6 
New Pine Creek 4 1 3 

State Total 22 3 10- 9 

South Dakota 
Edgemont 55 43 2 1 1 8 
Hot Springs 45 3 17 25 
Provo 4 3 1 

State Total 104 46 5 2 18 33 

Texas 
---camp be 11 ton 7 1 6 

Coughran 1 1 
f"alls City 5 2 3 
FasliTng 1 1 
Floresville 15 14 2 
George West 10 10 
Karnes City 10 2 6 2 
Kenedy 22 1 1 13 7 
Panna Mana 3 3 
Pawnee 1 1 
Pleasanton 21 1 2 17 1 
Poth 15 14 1 
Three Rivers 5 1 2 2 
Tilden 11 11 
Whitsett 1 1 

State Total 129 6 5 2 101 15 
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Table 6.31 'cont wued l 
Number of Cause or Anoma1~ 
Anomalies Uranium Radioactive Natural 

Locat1on Detected Ta1l1ngs Ore Source Radioactivitl Unknown 

Utah 
-sland1ng 38 10 21 3 4 

Bluff 2 1 1 
Cisco 2 2 
Crescent Junction 2 1 1 
Green River 23 1 14 1 7 
Magna 27 1 1 1 21 3 
Mexican Hat 5 4 1 
Mex1can Hat 

{Old Mill) . 14 10 1 2 1 
Moab 125 15 76 7 6 21 
Mont1cello 1 ) 59 31 16 3 9 
Salt Lake C1ty'c 225 70 10 5 76 64 
Thom~son 30 26 3 0 1 

State Total 552 164 150 19 108 111 

Washington 
Creston 3 3 
Ford 1 1 
Reardan 10 10 
S!!ringdale 2 2 

State Total 16 16 

W,toming 
Hudson 8 2 5 1 
Jeffery Clty 28 13 9 1 3 2 
Lander 86 4 8 1 53 20 
Riverton 86 15 14 1 33 23 
Sh1rlet Basin 9 9 

State Total 217 41 33 3 94 46 

Totals 7587 1323 537 107 904 4716 

(a)From EPA report ORP/LV-75-2, August 1975. Cane Valley was not included in init1al 
gamma survey program. 

(o)Excluding Grand Junction where non-ta11ings anoma11es were not suo-categorized 
according to source. 

(c}Salt Lake City was not completely surveyed. 

Source: ORP73. 
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pfles are produced, mine vents drilled or reamed, and pits opened and 

sometimes closed. In the third or retirement phase, the site is subject to 

deterioration from weathering ad infinitum. The extent of the deter .. 

ioration depends somewhat on the amount and quality of reclamation con

ducted during this phase. 

6.2.2 Effects of Mine Dewatering 

Both surface and underground mines are dewatered in order to excavate 

or sink shafts and to penetrate and remove the ore body. Dewatering is by 

ditches, sumpst and drill holes within the mine or by high capacity wells 

peripheral to the mine and associated shafts. Dewatering rates up to 4 x 

105 m3/day have been reported in the literature. Average discharge for the 

surface and underground mines mode1 ed herein are 3. 0 and 2.0 m3/mi n

ute/mine, respectively. Between 33 and 72 new mines are projected in the 

San Juan Basin of New Mexico alone. rotal annual discharge is expected to 

exceed 1.48 x 109 m3• Calculated effects include decreased flow in the San 

Juan (0.05 m3/min) and the Rio Grande (0.85 m3/min) rivers. Future mining 

wi 11 be primarily underground and the average mine depth wi 11 increase 275 

percent, i.e., from 248m to 681 m. Average mine discharge is expected to 

1ncrease from 2.42 m3Jmin to 13.8 m3tmin. 

Aside from the hydraulic and water quality effects of discharging 

copious quantities of mine water to typ1ca11y ephemeral streams, dewatering 

i~pacts are receiving increasing scrutiny because of the observed and cal

culated impacts on regional water availability and quality. Deciines of 

water levels in regionally-significant aquifers of New Mexico and reduced 

base flow to surface streams are expected. Water quality effects relating 

to inter-aquifer connection and water transfer as a result of both de

watering and exploratory drilling have not been evaluated in any uranium 

mining area. In several Texas uranium districts, the effects of massive 

dewatering associated with surface mining are beginning to receive atten

tion,. but definitive studies have not yet begun and regulatory action is 

not expec~_~d in the near future. With respect to in situ leach mining, 

dewatering is not necessary and hence is not a concern. There is, however, 

some question concerning the practice of pumping large volumes of ground

water to restore aqu1fers. It is likely that both dewatering and aquifer 

restoration practices will come under increasing State regulation in water

short areas, particularly in areas of designated groundwater basins or 

where aquifers connect with fully-appropriated surface streams. The un
certainties surrounding environmental impacts of mining in this area can be 
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expected to increase, and additional, comprehensive investigations of the 

effects of mine dewatering and wastewater discharge are needed. Expansion 

in Wyoming and Texas surface and in situ leaching operations is similar, 

and these areas should be included in future investigations. 

Uranium in water removed from mines through deliberate pumping or 

gravity flow is extracted for sale when the concentration is 2 to 3 mgk or 

more. If there is subsequent discharge to surface water, radium-226 is 

also removed down to concentrations of 2 to 4 pCik to comply with NPDES 

pennit conditions •. Use of settling ponds at the mines also reduces total 

suspended solids and may reduce other dissolved constituents as a result of 

aeration and coprecipitation. Seepage from such settling ponds is believed 

to be low and, therefore, environmentally insignificant relative to qround

water. Management of waterborne solid wastes is inconsistent from one mine 

to another. In some cases, the solids are collected and put in with mill 

tailings, but in most cases they remain at the mine portal and are covered 

over. 

For surface versus underground mines, we recognize certain inconsis

tencies in the parameters chosen to calculate contaminant loading of 

streams. Contaminant loadings from a model surface uranium mine were 

calculated for uranium, radium, TSS, sulfate, zinc, cadmium, and arsenic. 

As noted in Section 3.3.1, molybdenum, selenium, manganese, vanadium, 

copper,, zinc, and lead are commonly associated with uranium deposits; 

however, there were too few data for the latter elements to develop an 

"average 11 condition. In addition, barium, iron, and magnesium can be 

abundant in New Mexico uranium deposits. There were insufficient data for 

these elements in the case of surface uranium mines in Wyoming, hence 

contaminant loadings were not calculated. Regional differences dictate 

which parameters are monitored for baseline definition and NPDES purposes. 

Not all potential contaminants are important in every region. For this 

reason and others, State and industry monitoring programs are inconsistent 

with respect to parameters. Since the scope of this study did not permit 

extensive field surveys, maximum reliance was placed on published, readily

a v a i 1 ab 1 e da ta • 

In terms of parameters and concentrations, NPDES permit limits are in

consistent from one EPA Region to another and from one facility to another 

in a given Region. In part, this reflects previous screening of the efflu

ent discharge data and natural variations in the chemistry of ore bodies. 



6 - 54 

However, the inconsistencies in parameters included and concentration 
limits are sufficiently large as to suggest reevaluating NPDES permits and 
specifying more consistent limits that more closely reflect contaminant 
concentrations and volumes of mine discharge. 

Infiltration of most of the mine discharge in Wyoming and New Mexico 
is confirmed by field observations from these States. The modeling results 
agree with these field data. Furthermore, the modeling results, i.e., 
maximum infiltration, are consistent with those in the generic assessment 
of uran1um milling (NRC79). Potable aquifers are defined under the Safe 
Drinking Water Act as those which contain less than 10,000 mg/.2. TDS. 
Shallow groundwater throughout the uran1u~ regions of the U.?. meets this 
criterion. 

Cons ide ring that essent ia1ly all of the mine effluent infiltrates and 

is a source of recharge to shallow potable aquifers, NPDES limits should be 
influenced by the drinking water regulations and ambient groundwater qual
ity. The latter is essentially never considered with respect to mine dis
charges. Extensive use of soils in both the saturated and unsaturated zones 
as sinks for significant masses of both water and toxic chemical constft
uents originating in the mine discharge necessitates further evaluation of 
the fate of these elements. Present understanding of fractionation and 

resuspension processes affecting stable and radioactive trace elements 
greatly limits accurate prediction of health and environmental effects of 
mine discharge. 

6.2.3 Erosion of Mined Lands and Associated Wastes 
Increased erosion and sediment yield result from mining activities 

ranging from initial explorat1on through the postoperative phase. Access 
roads and drilling pads and bare piles of overburden/waste rock and sub-ore 
constitute the most significant waste sources. Dispersal is by overland 

flow originating as precipitation and snowmelt. To a lesser extent, wind 
also transports wastes and sub-ore to the offsite environment. Underground 
mining is much less disruptive to the surface terrain than is surface 

-
mining. Oocumentation of the processes and removal rates is scarce and 
consists of isolated studies in Texas, Wyoming, and New Mexico. Conser
vatively assuming that sediment yields characteristic of the areas con
taining the mines also apply to the mine wastes, yields of overburden, 

3 waste rock, ore, and sub-ore amount to 90,000 m per year. Total sediment 
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yield from all mining sources, including exploration and development 
activities, is estimated at 6.3 x 106 m3• 

Actual erosion rates from specific sources could be considerably above 
or below this value owing to such variables as pile shape and slope, degree 
of induration and grain size, vegetative cover, and local climatic patterns 
and cycles. Slope instability does present serious uranium mine waste 
problems throughout the mountainous uranium mining areas of Colorado (S.M. 
Kelsey, State of Colorado~ written communication, 1979). Field obser
vations in four western states confinn that some erosion characterizes 
essentially every pile but that proper reel amati on, particularly grading 
and plant cover, provides marked improvement and may actually reduce sedi
ment loss to below pre-mining levels. Unstabilized overburden, waste rock, 
and sub-ore piles revegetate rather slowly, even in areas of amp1e rainfa11 
such as south Texas; 

Stable trace metals such as molybdenum, selenium, arsenic, manganese, 
vanadium, copper, zinc, and lead are commonly associated with uranium ore 
and may cause deleterious envi rorunenta 1 and he a 1 th effects. Mercury and 
cadmium are rarely present. There is no apparent relationship between the 
concentration of trace metals and ore grade. In New Mexico ores, selenium, 
barium, iron, potassium, magnesium, manganese, and vanadium are most abun
aant. Presently, very few data are ava"ilable to characterize the trace 
metal ,concentrations in overburden rock. Results of trace metal analyses 
of a few grab samples from several uranium mines in New Mexico and one in 
Wyoming show that except for se1enium, vanadium, and arsenic, no signif

icant trend attributable to uranium mining was present (N.A. Wagman, 
Battelle Pacific Northwest Laboratory, Written Communication, 1979}. 
Considering the background concentration for these elements and the limited 
number of analyses, the inference of offsite contamination based on these 
elements is indefinite. 

Ore storage piles, used to hold ore at the mine for periods averaging 
one month~ are __ potential sources of contamination to the environment via 
dusts suspended and transported by the wind~ precipitation runoff~ and 
Rn-222 exhalation--all of which can be significantly reduced by proper 
management. Similarly, spoil piles remaining as a result of overburden, 
waste rock, or sub-ore accumulations left on the land surface after mining 
constitute a source of contaminants for transport by wind and water. Waste 
particles enriched in stable and radioactive sol ids and Rn-222 can be 
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transported by wind and precipitation runoff. Such transport can be re

duced through proper grading and installation of soil covers protected by 

vegetation or rip-rap. 

Soil samples collected from ephemeral drainage courses downgrade from 

inactive uranium mines in New Mexico and Wyoming generally revealed no 

significant offsite movement of contaminants (See Appendix G). For the New 

Mexico mines studied, Ra-226 was elevated to about twice local background 

at distances of 100 to 500 meters from the mine. Water and soil samples 

from a surface mining site in Wyoming showed no significant offsite move

ment of mine-related pollution although some local transport of stockpiled 

ore was evident in drainage areas on and immediately adjacent to one mine 

pit. The strongest evidence that mine wastes are a source of local soil 

and water contamination is the radiochemical data and uranium in partic

ular. Substantial disequilibrium between rarlium and uranium may indicate 

leaching and remobilization of uranium, although disequilibrium in the ore 

body is also suspect. 

6.2.4 Land Disturbance from Exploratory and Development Drilling 

About 1.3 x 106 exploratory and development drill holes have been 

drilled through 1977 by the uranium mining industry {see Section 3.6.1). 

Using the estimated land area of 0.51 hectares disturbed per drill hole 

(Pe79), about 6.5 x 105 hectares of land have been disturbed by drilling 

through 1977. To further refine the estimates of land areas disturbed. we 

reviewed some recent drilling areas at three mine sites. From observing 

187 recent drill sites, it was concluded that 0.015 ± 0.006 hectares per 

drill pad were physically disturbed. The error tenn for the estimates is 

at the 95 percent confidence 1eve1. The land area disturbed by roads to 

gai~ access to the drill sites was also estimated from aerial photography 

and amounts to 0.17 ± 0.11 hectares. The error tenn for this estimate is 

also at the 95 percent confidence level. The total area disturbed per 

drill site ~drill pad and access roads) is 0.19 ± 0.11 hectares. Using the 

latter estimates from aerial photography, the total land area disturbed 

from all drilling th~ough 1977 ranges from about 1000 to 4000 km2 with a 

mean of about 2500 km2• Drilling wastes removed from the boreholes can 

disturb additional land areas through wind and water erosion. Ore and 

sub-ore remaining in the drilling wastes can. in a radiological sense, 

disturb land areas around the drill site from erosion. The extent of the 
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Figure 6 2 Example of natural reclamation of drill s1tes 
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radiological contamination at drill sites is not known and cannot presently 

be estimated. 

Some reversal of the initial environmental damage at older drill sites 

was also observed from aerial photographs. Figure 6.2 contains a typical 

medium-to-large surface uranium mine and some adjacent drilling areas that 

show the effects of weathering. New drill sites are in the upper left-hand 

corner of the photograph. The access roads and drill pads are plainly 

visible. It also appears that exposed drilling wastes remain at the drill 

site. The area left of center in the photograph shows drill sites that are 

probably intermediate in age. The drilling wastes remaining have very 

11ttle voluntary vegetation growing on them, and appear to have been sub

ject to wind eros ion. Weathering of the drill puds and access roads is 

obvious, as they are hardly discernible. It appears, in these cases, that 

weathering may be considered a natural reclamation phenomenon. Old drill 

holes are located in the lower left corner of the photograph. The drilling 

wastes appear to be isolated dots; the drill pads and roads are almost 

indistinguishable from the surrounding terrain. It appears that weathering 

and volunteer plant growth tend to obscure scarring caused by roads located 

in relatively level areas. In Figure 6.3. an underground mine site, the 

access roads to the adjacent drill sites required extensive excavation 

because of the topography. These more severe excavation "scars" will 

probably remain for a long period of time. 

In summary. the average number of dri11 holes per mine can be esti

mated by dividing the total number of holes dril1ed through 1977 by the 

number of active and inactive mines in existence in 1977: 

1.3 x 106 drill holes 400 drill holes. (6.1) 
3300 mines mine 

The total land area physically disturbed from drilling per mine is 

400 drill holes x 0.19 hectares x km2 = 0.76 km2 

- -mine drill hole 100 hectares mine (6.2) 

In some instances, weathering and volunteer plant growth (natural recla

mation) tend to restore the land areas disturbed by drilling. In others, 

especially on rugged topography where extensive excavation has occurred, 

weathering may promote extensive erosion rather than natural -reclamation. 

Any ore or sub-ore remaining at the drill sites is subject to erosion. 
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6.2.5 Land Disturbance from Mining 

6.2.5.1 Underground Mines 

At underground mines. some land area must be disturbed to accommodate 
equipment, buildings, wastes, vehicle parking, and so on. The disturbed 

area may range widely between mines in the same area or in different geo

graphical areas. The land area disturbed by 10 mines was estimated from 

aerial photographs. Nine of the mines were in New Mexico and one was in 
Wyoming. The disturbed land area averaged 9.3 hectares per mine site and 

ranged from 0.89 to 17 hectares. Access roads for each mine site consumed 
about 1.1 hectares on the average and ranged from 0. 20 to 2. 59 hectares. 

Subsidence or the collapse of the underground workings al sQ causes somA 

land disturbances. An estimated 2.8 km2 of land has subsided as a resul~: 
of uranium mining in New Mexico from 1930-71 (Pa74). A crude estimate Gf 
the land disturbed from subsidence per mine can be made by dividing th,:: 

subsided area by the number of inactive underground mines in New Mexico .. 
This amounts to about 1.5 hectares per mine. The total area (mine siteiJ 

access roads, and subsidence} disturbed by an underground mine is estimated 
to be 12 hectares. 

6.2.5.2 Surface Mines 

An estfmate of land disturbed from surface mining was also made from 
aerial photographs of eight mining sites in New Mexico and two in Wyoming. 

The area estimates are for a single pit or a group of interconnected pits, 
including the area covered by mine wastes. The average disturbed area was 

estimated to be about 40.5 hectares and ranged from 1.1 to 154 hectares. 
Access roads for the pits averaged 2.95 hectares {0.03 km2) and ranged from 

0.18 to 18 hectares. The total area disturbed per mine site is about 44 
hectares. 

6.2.6 Retirement Phase 

The actual exploration and mining of the uranium ore constitutes a 
very small portion of the total existence time of a mine when considered 

over a large time frame. The natural forces of erosion and weathering, as 
well as plant growth, will eventually change any work or alterations that 

man has made on the landscape. For example. underground mines may even
tually call apse and fill with water if they are in a water table; waste 

piles erode and disperse in the environment; the sharp edges of pits become 
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F1gure 6.3 lnact1ve underground mme site. 
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smooth from wind and water erasion; lakes that are produced in pits fill up 

with sediment; vents and mine entries collapse, etc. 

Perhaps one of the more important considerations associated with 

allowing a mine site to be naturally reclaimed is the dispersal of the mine 

wastes. Their remova 1 from underground and subsequent storage on the 

surface constitute a technological enhancement of both radioactive mater

ials and trace metals, creating a low-1eve1 radioactive materials disposal 

site. It appears that containment of the wastes would be preferred over 

their dispersal •. Wastes from underground mines deposited near the entries 

are subject to substantial erosion. , Figure 6.3 is an aerial photograph of 

an inactive underground urdnium mine. The large 1 ight area is the waste 

pile and the small pile nearby is a heap·leach area. Erosion is occurring 

on both. A possible solution to this problem is to minimize the amount of 

wastes brought to the surface by backfilling mined-out areas. Another 

technique to minimize the dispersal of wastes into the environment by 

containment is to stabilize them. Unfortunately, a substantial quantity of 

wastes from past mining activities have been dumped in depressions and 

washes, which, in essence, enhances their dispersion into the environment. 

In retrospect, the wastes should have been stored in areas where minimal 

erosion would occur and then covered with sufficient topsoil to promote 

plant growth. 

In surface mining, radiological containment can be accommodated by 

keeping the topsoi 1, waste rack, and sub-ores segregated during their re

moval. When backfilling, the materials can be returned to the pit in the 

order they were removed or in an order that would enhance the radiological 

quality of the ground surface. In this manner, the wastes would be con

tained and essentially removed from the biosphere. Figure 6.4 shows some 

examples of inactive and active surface mines. Some weathering and natural 

revegetation are noticeable around the inactive pits. Revegetation, on the 

other hand, appears to be relatively sparse at other inactive pits. 

Erosion 1n inactive mining areas in New Mexico and Texas can result in 

deep gullying of mine waste and overburden piles. The mine wastes blan

keting the foreground of Figure 6.5 are incised by an ephemeral stream that 

has been subsequently crossed by a roadbed in the immediate foreground. 

This particular mine, located in the Mesa Montanosa area immediately south 

of Ambrosia Lake, New Mexico, was active from 1957 to 1964. Thus. erosion 

occurred in about 15 years. In the background is a large mine waste pile, 
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the toe of which is being undercut by the same ephemeral stream (Fig. 6.6). 
No deliberate revegetation of the mine wastes dumped in either discrete 

piles or spread over the landscape (Fig. 6.7} is occurring, due in large 

part to the unfavorable physical and chemical characteristics of the 

wastes. The wastes are devoid of organic matter and are enriched in stable 

and radioactive trace elements, some of which are toxic to plant life. Low 
rainfall and poor moisture retention characteristics further suppress 

vegetative growth. As shown in Fig. 6.7, there is a sharp contrast between 

the vegetative cover on mine wastes versus that on the undisturbed range

land in the background. Waste rock from many if not most of the mines in 

New Mexico, Utah, and Colorado is weakly cemented sa~dstone with numerous 

shale partings. Physical breakdown to loose, easily-e,~oded soil unsuitable 

for plant life is common {Fig. 6.8}, and transport ~Y overland flow and 

ephemeral streams occurs both during and long after the period of active 

mining (Fig. 6.9). 
Depending on the degree of reclamation, if any, 1nactive surface mines 

in Texas vary considerably in the degree of erosion and revegetation. For 

example, the deep gullying shown in Fig. 6.10 developed in a period of one 

year. The mine wastes in this case were not contoured or covered to mini

mize gamma radiation, excessive erosion, or revegetation. In fact, the 

wastes were disturbed and shifted very recently in the course of construc

ting the holding pond (for mine water pumped from an active mine to the 

right of the picture) in the background. Drainage in this instance is 

internal, i.e., to a holding pond. In the background are more recent mine 

waste piles also showing deep gullying, scant vegetation, and lack of 

protective soil covering. Mine wastes in Texas are not completely returned 

to the mine primarily because of the excessive cost. As in the case of 

most mining operations, the bulking factor makes it physically impossible 

to completely dispose of the wastes in the mines. 

Surface mines in Texas, particularly the older ones, also have assoc

iated overland flow to the offsite environment. Shown in Fig. 6.11 is a 

principal channel floored by unstabilized mine wastes and draining toward 

nearby grazing 1 ands. Numerous deer and doves a 1 so were observed in the 
-

area and are actively pursued by sportsmen. The unstabilized mine in this 

photograph was last active several years ago, but most activity stopped in 

1964. Vegetation has been very slow to reestablish and is essentially 

1 imited to a very hardy, drought-resistant -willow shown in the center of 

the picture. 
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Figure 6.4 Example of active and inactive surface mining act1vit1es 



Figure 6.5 Mme wastes eroded by ephemeral streams in the Mesa 
Montanosa area, New Mexico. 
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Figure 6 6 Basal eros1on of a uranium mine waste p1le by an ephemeral 
stream in the Mesa Montanosa area, New Mex1co. 
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Figure 6.7 Scattered plies of mine waste at the Mesa Top Mine, Mesa 
Montanosa. New Mexico. Note the paucity of ve!;etation. Colum
nar object 1n background IS a venttlation shaft casmg 

Figure 6.8 Close-up view of eastly eroded sandy and s1lty mine waste from 
the Mesa Top Mme, Mesa Montanosa, New Mex1co 



Figure 6.9 Gullying and sheet erosion of p1led and spread mme wastes at 
the Dog lnclme uramum mine, Mesa Montanosa, New Mex1co. 
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Figure 6.10 Recent erosion of unstabilized overburden pries at the inactive 
Galen mme, Karnes County, Texas 

Figure 6.11 Unstab1l1zed overburden piles and surface water eros1on at the 
Galen Mine, Karnes County, Texas. 
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Mines stabilized within the last few years feature improved final con

touring and use of topsoil and seeding to stimulate revegetation. The 

reclaimed spoil piles are then available for grazing. Because backfill 

cannot be complete (due to economic and bulking factors)~ part of the mine 

pit remains as shown in Figs. 6.12 and 6.13, which are of the same mine. The 

aerial view shows extensive patches of light colored soil devoid of vegeta

tion. Here topsoil is missing and revegetation is minimal despite the 5 

years elapsed since mining. Figure 6.13 is a closeup of one portion of the 

mine showing deep gulJying, a thin layer of dark topsoil over relatively 

infertile sand and silt, and the vertical mine walls. Excavations like 

this must be fenced. They are a hazard to _livestock and people. It is 

1 i kely that erosion will continue to spread away from the mine; but the 

rate and consequence is unknown. 

Although a mine site can be reclaimed to produce an acceptable aesthe

tic effect, it may not be suitable in a radiological sense. At the conclu

sion of surface mining, the remaining pit will contain exposed sub-ore on 

some of the pit walls and pit floor. Because most mines at least partly 

fill with water and the ore zone is thereby covered, gamma radiation and 

radon diffusion should be markedly reduced. Although water accumulation in 

the pit would be expected to have elevated concentrations of trace metals 

and radioactive materials, this condition would probably be temporary 

because o~ the eventual covering of the pit by sedimentation from inflow of 

surface water and materials sloughed from the pit walls. The natural 

reclamation process could be enhanced by tapering the pit w.alls to a more 

gradual slope and depositing the materials on the pit floor. If sub-ores 

are allowed to remain near the surface, gamma exposure rates may be suffi-

. cient to prevent unlimited land use and, even if enough stabilizing mater

ials were used to suppress the gamma radiation, radon exhalation probably 

could prevent unrestricted land use also. Some of the possible radiation 

problems could be reduced by separating the waste rock and sub-ore when 

hauled to the surface. The waste rock could then be used as a blanket for 

the sub-ore. Away from the pit proper, surface gamma readings must be 

below 62 pR/hr to comply with Texas State regulations. It is reasoned that. 

since background is about 5 \J R/hr, surface gamma radiation of 57 J.l R/hr or 

less would cause a total body dose of 500 mrem/yr or less. 

A number of the older mines in Texas were active in the late l950as 

and early 1960's--before there were requirements for stabilization. Such 



Figure 612 Aerial view of the Manka Mine, Karnes County, Texas. Note 
the extent of the mine pit and associated waste piles with poor 
vegetative growth on bare wastes or those with insufficient top
soil cover. 

Figure 6 13 Overburden pile showing the weak vegetative cover and 
gullymg assoc1ated w1th improper stabilization at the Manka 
M1ne, Karnes County, Texas. Mme stabilized m 1974 
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mines, one of which is shown in Fig. 6.14, are relatively shallow, contain 

shallow pools of water, and have high associated gamma radiation on the 

order of 80 to 100 J.lR/hr and as much 'as 140 to 250 J.lR/hr in some areas. 

The particular mine in Fig. 6.14 has maximum readings of 400 ~R/hr on the 

mine waste piles. In addition, the mine was used for illegal disposal of 

toxic wastes, primarily styrene, tars, and unidentified ceramic or re

fraction nodules. Some of the drums containing the wastes are shown in the 

rear center and right of the photograph. 

Mine wastes may be used for construction and other purposes if they 

are not controlled or restricted (see Sections 5.4 and 6.1.5.3.1). These 

wastes have been used for fill in a yard and park (Appendix G). Possibly 

they have also been used in a school area and fairgrounds (Th79). Their 

use in dwelling construction has also been reported (Ha74). It is also 

common practice to use mine wastes for road ballast and fill in areas 

around mine sites. This type of usage is evident from the roads immed

iately adjacent to and located north and northeast of the mine shown in 

Fig. 6.3. 

In summary, only about six percent of the land used for uranium mining 

has been reclaimed from 1930-71 (Pa74). For the most part, the wastes at 

the mine sites are spreading as a result of weathering and erosion. It 

appears that the wastes can be contra 11 ed or disposed of by a 1 teri ng some 

mining, practices, which would require very little effort or expense on the 

part of the mining industry. Any reclamation of the mine sites should be 

keyed to long-term, natural reclamation that will continue indefinitely. 

Careful planning can hasten the natural reclamation process and insure 

long-term stability of the mine sites. Measures should be taken to prevent 

the removal of mine wastes. 



Figure 614 lnact1ve Hackney Mine, Karnes County, Texas. Drums 1n back
ground contamed tox1c liquid wastes and styrene. Mme was 
act1ve m late 1950's and early 1960. 
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SECTION 7 

SUMMARY AND RECOMMENDATIONS 



7.0 Summary and Recommendations 

7.1 Overview 
This report describes the potential health and environmental effects 

caused by uranium mines. It considers all contaminants--solid, liquid, and 

airborne--and presents doses and health effects caused by wastes at both 

active and inactive mines. In addition to outlining the various methods of 

mining uranium, the r-eport graphically depicts mine locations and lists the 

U.S. total of 340 active and 3,389 inactive urainum mines (Appendixes E and 

F) according tq mine name~ owner, location (state, county, 

section-township-range), and total ore production. Table 7.1 summarizes 

the ·nine 1 ists. 

Several facts and 1 imitations helped shape the method and approach of 

this study. Little infonnation on uranium mines is available; measurement 

info.mation that is available on uranium mine wastes i;:: frequently influ

enCf!d (biased) by nearby uranium mills; there are inherent variations 

between uranium mines, especially between in situ mines, that complicate 

generic assessments of uranium mine wastes; and, fina11y, the law (P.L. 

95-t04) that mandated this study allotted only a short time in which to 

complete it. To accommodate these facts in our study plan, we decided to 

develop conceptual models of uranium mines and to make health and 

environmental projections from them, based upon available data from the 

1 itPrature; to employ conservative (maximizing) assumptions when necessary; 
' 

and to supplement available information with infonnation from discussions 

with persons inside and outside the agency and by doing several field 

studies in Texas, New Mexico, and Wyoming. Table 7.2 summarizes the 

sources of uranium mine contaminants that were modeled in this study. 

7.2 Sources and Concentrations of Contaminants 

7.2.1 Surface and Underground Mines 

We calculated released radioactivity for two models of active under

ground and su!face uranium mines. The average-large mine, the first model, 

reflects new and predicted future mines. The average mine, the second 

model, reflects the regional impact of multiple mines. The quality and 



Table 7.1 Distribution of United States uranium mines b~ ttQe of mine and state 
Active Inactive 

- All {a) State Surface Under- In situ Surface Under- All 
ground leaching Others ground Other (a) 

A 1 a ska 0 0 0 0 0 1 0 

Arizona 1 1 0 0 135 189 2 

Ca 1 iforni a 0 0 0 0 13 10 ' 0 

Colorado 5 106 0 4 263 902 52 
I 

Florida 0 0 0 0 0 0 1 

Idaho 0 0 0 0 2 4 0 

Minnesota 0 0 0 0 0 0 1 

Montana 0 0 0 0 9 9 0 

Nevada 0 0 0 0 9 12 0 

New Jersey 0 0 0 0 0 1 0 

New Mexico 4 35 0 3 34 142 12 

N. Dakota 0 0 0 0 13 0 0 

Oklahoma 0 0 0 0 3 0 0 

Oregon 0 0 0 0 2 1 a 
S. Dakota 0 o· 0 0 111 30 0 

Texas 16 0 8 1 38 0 4 

Utah 13 108 0 3 378 698 17 

Washington 2 0 0 0 13 0 0 

Wyoming 19 6 3 2 223 32 10 

Unknown 0 0 0 0 6 5 2 - - - -
Total 60 256 11 13 1252 2036 101 ........ 

I 
N 

(a)Includes mine water, heap leach dumps, misce11a~eous, and unknown~ 
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Table 7.2. Sources of contaminants at uranium mines 

Source 

Waste Rock (Overburden) Pile 
Wind suspended dust 
Rn-222 emanation 
Precipitation runoff 

Sub-Ore _ _Pi 1 e 
Wind suspended dust 
Rn-22~ emanation 
Precipitation runoff 

Ore Stockpile 
Wind suspended dust 
Rn-222 emanation 
Precipitation runoff 

Abandoned Mine Area Surfaces 
Rn-222, emanation 

Mining Activities 
Dusts 

Combustion products 
Rn-222 

Wastewater 
Surface discharge 
Seepage 

Active 
Underground 

M 

M 

c 

M 

M 

c 

M 

M 

c 

M 

M 

M 
M 

M 

c 

Active 
Surface 

M 

M 

c 

M 

M 

c 

M 

M 

c 

M 

M 

M 

M 

M 

c 

Inactive 
Underground 

M 

M 

c 

M 

M 

c 

M 

M 

c 

M 

NA 
NA 

NA 

NA 
c 

Note.--M, Source mode1ed;c: considered but not modeled due to lack of 
information; NA, not applicable. 

Inactive 
Surface 

M 

M 

c 

M 

M 

c 

M 

M 

c 

M 

NA 
NA 
NA 

NA 
c 
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flow rates that were determined for water discharges from typical surface 
and underground mines in Wyoming and New Mexico, respectively, were used to 
calculate chemical loading of streams in three hydrographic units: sub

basin (containing the mines)., basin, and regional basin. Infiltration of 
mine water to potable groundwater and suspension/solution of contaminants 
in flood waters are the rna in components of the aqueous pathway. Crude 
dilution and infiltration models were used to evaluate aqueous discharge 
from active mines. Off-site movement from inactive mines is primarily by 
overland flow, the contamination significance of which was evaluated with 
limited fi el a and 1 iter a tu re surveys. 

Concentrations of radionucl ides and stable elements in waste rock, 
sub-ore, and ore, selected from only a few measurements, are shown in Table 
7.3. Average annual airborne emissions for the sources listed in Table 7.2 
were computed for active and inactive mines using the concentrations listed 
in Table 7.3 and the geological and meteorological information appropriate 
for each region. Source tenns were maximized by assuming no dust control 
and no spoils pile restoration. Annual emissions of airborne contaminants 
estimated for the various sources are given in the following tables of 
Section 3. 

Tables on Active Mines Tables on Inactive Mines 
Source Surface Underground Surface Underground 

Combustion Products 3.30 3.52 

Vehicular Dusts 3.32 3.56 
Dust from Mining 

Activities 3.33 3.54 
Wind Suspended Oust 3.34 3.55 3.70 3.76 

Radon-222 Emissions 3.35 3.51 3.74 3.77 

Annual emissions in mine water discharged to the surface by the model 
average underground and surface mines are listed below. 



Parameter 

Flow rate, m3/min 
Uranium-238, Ci/yr 
Uranium-234, Ci/yr 
Radium-226, Ci/yr(b) 

Radon-222 and each 
s ho rt-1 i ved daughter, C i /yr 
Lead-210, Ci/yr 
Polonium-210, Ci/yr 
Arsenic, Kg/yr 
Barium, Kg/yr 

Cadmium, Kg/yr 
Molybdenum, Kg/yr 

Selenium, Kg/yr 
Sulfate, MT/yr(b) 

Zinc, Kg/yr 
Total susQended solids 1 MT/yr 

(a)No data available. 

Surface Mine 
(W:t:oming) 

3.0 
0.037 
0.037 

0.00065 

0.00065 
0.00065 
0.00065 
7.9 

NO{ a} 

6.3 

ND 
NO 

276 

112 

33.0 
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Underground Mine 
(New Mexico) 

2.0 
0.49 
0.49 
0.0014 

0.0014 
0.0014 
!J.0014 

13 

850 

7 

300 

70 
12? 
45 

29 

(b}The values shown for radium-226 and sulfate are 10 percent and 20 per
cent, respectively, of those released on an annual basis. Radium is assumed 
to be irreversialy sorbed, and sulfate readily infiltrates. 
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Table 7.3. Concentration of contaminants in waste rock {overburden), ore, and 
sub-ore 

Nonradioactive 

Stable Concentration 2 b! 9L9 Stable Concentration! u919 
Element Waste Rock Ore and Element Waste Rock Ore and 

Sub-ore Sub-ore 

Arsenic 9 86 Manganese 485 960 

Barium 290 920 Molybdenum 2.5 115 

Cadmium NA ND Potassium 7,000 25,000 
Cobalt NA 16 Lead 22 78 

Copper 18 61 Ruthenium NA ND 

Chromium <51 20 Selenium 2 110 

Iron 6,000 15,700 Strontium 150 130 
Mercury <8 ND Vanadium 100 1,410 

Magnesium NA 3,500 Zinc 20 29 

Radioactive 

Radioa'ctive Concentration, pCi/g 

Contaminant Waste rock Sub-ore Ore 

U-238 and each daughter 6 {a) 285 

Th-232 and each daughter 1 2 10 

{a)The concentration of U-238 and each daughter was assumed to be 99 pCi/g 
at active underground mines, 40 pCi/g at active surface mines, and 110 pCi/g 
at inactive mines of both types. 

Note.--NA, Not-~vailable; ND, Not detected. 
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7.2.2 In Situ Leach Mines 
The sources of airborne releases that we assessed at our model in situ 

leach mine were the uranium recovery and packaging unit, the evaporation 

ponds, and the surge tank. The annual releases for these sources are listed 

below. 

Source 

Recovery Plant 
Uranium-238 

Uranium-234 

Uranium-235 

Thori um-230 
Radium-226 

Lead-210 

Polonium-210 

Ammonia 
Ammonium chloride 

Carbon dioxide 

Surge Tank 
Rado.n-222 

Storage Ponds 

Ammonia 
Ammonium chloride 

Carbon dioxide 

Annual Airborne Release Rate 

0.10 Ci 
0.10 Ci 
0.0048 Ci 
0.0017 Ci 

0.00010 Ci 

0.00010 Ci 

0.00010 Ci 

3.2 MT 

12 MT 

680 MT 

650 Ci 

100 MT 
300 MT 

80 MT 

Since in situ mining is site specific and relatively new, little 

information is available on its wastes. Thus, only airborne releases were 

assessed quantitatively; liquid and solid wastes were discussed qual i

tatively. 
Several chararcteristics of in situ mining, especially regarding its 

1 iquid and solid wastes, tend to minimize its release of contaminants. 
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First, only a small fraction of Ra-226 is leached (2.5 percent assumed); 

second, all liquid wastes are impounded with no planned releases; third, 

much of the liquid waste evaporates, except at a few sites in Texas where 

the wastes are injected into deep wells; and, finally, at in situ mines 

solid wastes accumulate at a much lower rate than they do at conventional 

mines. Aquifer restoration and underground ex curs ion of the 1 eaching 

sol uti on were also discussed qualitatively. Although restoration has not 

yet been done at a commercial scale site, preliminary experiments indicate 

that proper aquifer restoration is possible. During the restoration 

process, Rn-222 will continue to be purged from the aquifer and should be 

considered a possible source of exposure. 

7.2.3 Uranium Exploration 

During exploration and developmental drilling, dusts are produced, 

Rn-222 and combustion products from drilling equipment are released, and 

approximately 0.2 hectares of land surface are disturbed per drill hole. 

The average mine site produces an estimated 6,100 kg of airborne dust, 20 
kg of which is ore and subore. About 3400 Ci of Rn-222 are released annu
ally from all development holes drilled since 1948 (4.5 x 105), which is 

similar to that released from one operating mine. Combustion product 

releases are small. 

7 .'3 Exposure Pathways 

Exposures were assessed for a hypothetical most exposed individual 

1 iving about 1600 m (1-mile) from the center of the mine and for a 

population residing within an 80-km (50-mile) radius of the mine. The 

meteorological and geological parameters used were those appropriate to the 

respective sites. 

Aqueous releases were modeled through a basin, sub-basin, and regional 

basin hydrographic area. Dilution by precipitation, snowmelt, and periodic 

flooding (typical of semiarid regions) was analyzed but not used in the 

model. For the model we assumed that the average annual release of 

contaminants is diluted by the average annual flow rate of the stream being 

considered. The pathways that we assessed are listed below. 



1. 

2. 

3. 
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Air Pathways Water Pathways 

Breathing 

a. 

b. 

Radioactive particulates 

and radon-222 

Radon-222 daughters 

External Exposure 
a. 
b. 

Submersion. 

Surface deposited 
radioactivity 

Eating 
a. 

b. 

Above-surface foods 

grown in ~he area 
Milk and beef cattle 
grazing in the area 

1. 

2. 

3. 

!!reathing 

a. Resuspended contaminants 

deposited from irrigation 
water 

External Exposure 

a. Submersion in resuspended 

contaminants deposited 

from irrigation water 

Eating 
a. 

b. 

Above-surface foods grown 
in the area 
Milk and beef cattle grazing 
in the area and drinking 
contaminated water 

c. Fish 

~n addition to the risks caused by wastes at or discharged directly 
from the mines, we assessed the risks to occupants of habitable structures 
built on land containing uranium mine wastes. The radium-226 in these 

wastes increases the concentrations of radon-222 and its decay products and 

the gamma radiation inside these structures. 

7.4 Potential Health Effects 

7.4.1 Radioactive Airborne Emissions 

The risks of fatal cancer were estimated for radioactive airborne 
emissions. Th~y include the lifetime risk to the most and average exposed 
individuals in the regional population and the number of additional fatal 

cancers in the regional population caused per year of model mine operation 
(see Table 7.4). 
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The major fatal cancer risk at each of the model uranium mines is the 

risk of lung cancer from Rn-222 daughter exposures (Tables 6.11 and 6.12). 

At surface and in situ mines, radioactive particulates plus Rn-222 con

tribute only a little over 10 percent of the total fatal cancer risk. The 

principal radionuc1 ides in the airborne particulate emissions are U-238, 

U-234, Th-230, Ra-226, and Po-210. The contribution from Th-232 and its 

daughters is minor. At underground mines, essentially all the risks are 

due to Rn-222 daughter exposures. Fatal cancer risks at active underground 

mines are greater than those at active surface mines because of the larger 

quantity of Rn-222 daughter products released. For inactive minesJ the 

risks are similar at surface and underground sites. 

Most of the exposure to individuals around the model uranium mines is 

received internally, usually by breathing. However, the average person in 

the region around surface mines receives most of his exposure by eating 

contaminated foods. The 1 argest contributors to the radioactive part i c

ulate plus Rn-222 impact are ore and overburden at active surface mines and 

ore and sub-ore at the active underground mines. For the model in situ 
mine, the uranium processing plant was the main source of particulate 
radionuclides. 

Of all evaluated model uranium mines, the average large underground 

mine (Table 7.4) causes the largest fatal cancer risk and the largest 

number of additonal cancers in the regional population. Compared to the 

natural occurrence of fatal cancer from all causes (Table 7.5), we estimate 

an increase of 1.3 percent (0.0019) in fatal cancers over the lifetime of 

the maximum individual and a 0.0003 percent (0.018) increase in fatal 

cancers in the regional population per year. Increases in expected fatal 
cancers are less at all other model mine sites. 

Compared to a normal occurrence of genetic effects of 0. 06 

effects/birth and 12.1 effects/year in the regional population (Wyoming), 

the computed risk of additional genetic effects from radiation exposure at 

the model _ urani num mines is very sma 11. The average 1 arge surface mine 

produces the largest increase in genetic effects. We estimate the genetic 

risk to the descendants of the most exposed individual to be an additional 

6.4E-5 effects/birth (0.1 percent increase) for a 30-year parental ex

posure; 2.2E-7 effects/birth (0.00036 percent increase) to the descendants 

of the average exposed individual in the regional population for the same 



Table 7.4 Summary of fatal cancer risks from radioactive air
borne emissions of model uranium mines 

Source 

Average Surface 
Mine 

Average Large 
Surface Mine 

Average Under
ground Mine 

Average Large 
Underground Mine 

Inactive Surface 
Mine 

Inactive Under
ground Mine 

In Situ Leach Mine 

Most exposed 
individual life-
time fatal cancer 
risk (a) 

1. 3E-4 

4.2£-4 

2.0E-4 

1. 9E-3 

3.4£-5 

2.0E-5 

2.2E-4 

Average exposed 
individual 1 ife-
time fatal cancer 
risk (a) 

2.5E-7 

8.1E-7 

9.1E-7 

8.6E-6 

6.3E-8 

8.6E-8 

3.9E-7 

(a)Lifetime exposures were calculated as follows; 

Fatal cancers 
cancers caused in 
regional population 
per year 

1. 7E-4 

6.4£-4 

1. 7E-3 

1.8£-2 

1. 3£-5. 

4.5E-5 

3.1£-4 

Surface and underground mines: Exposure for 17 years to active mining and 54 years to 
inactive mine effluents. 
Inactive mines: Exposure for 71 years to inactive mine effluents. 
In situ leach mine: Exposure for 10-year operation and 8-year restoration. 



Table 7.5 Percent additional lifetime fata1 cancer risk for a 
lifetime exposure to the individual and the percent 
additional cancer deaths in the regional population 
per year of exposure estimated to occur as a result 
of uranium mining 

Source Most Average Reg i ana 1 
Exposed Exposed Population 
Indivi dua 1 Individual 

Average surface mine 8.7E-2 1.7E-4 7.9E-6 

Average large surface 2.8E-1 5.4E-4 3. OE-5 
mine 

Average underground 1.3E-l 6.1E-4 J.IE-5 
mine 

Average large 1.3 5.7E-3 3.3E-4 
underground mine 

Inactive surface mine 2.3E-2 4.2E-5 6.1E-7 

Inactive underground 1.3E-2 5. 7E-5 B.3E-7 
mine 

In situ leach mine 1.5E-1 2.6E-4 1.4E-5 

] .. 12 

Note.--Comparisons are based on the risks given in Table 7.4, a national 
cancer risk from all causes of 0.15, and an estimate of the cancer death rate 
from all causes to the regional populations of New Mexico {5,400 deaths) and 
Wyoming {2,140 deaths). 
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exposure period; and 7.9E-5 additional genetic effects committed to the 

descendants of the regi ona 1 population per year of mine operation. The 

latter increase is very small compared to the 12.1 effects that will norm

ally occur each year in the live births of the regional population. 

7.4.2 Nonradioactive Airborne Emissions 

Atmospheric concentrations of nonradioactive air pollutants were 

calculated at the location of the most exposed individual. The concen

trations were compared with calculated nonoccupational threshold limit 

values, natural background concentrations, and average urban concentrations 

of selected airborne pollutants in the United States. 

Of the pollutant sources investigated, three produced insignificant. 

health hazards: 

1. airborne stable trace metals 

2. airborne combustion products from heavy equipment operation 

3. nonradioactive gas emissions at in situ leach mines 
However, at active surface mines, dust particulates (produced mainly 

by vehicular traffic) equal or exceed conservatively calculated nonoccu

pational threshold limit values and, therefore, are a potential nuisance. 

7:4.3 Radioactive Aqueous Emissions 
The only water from active uranium mines is that pumped from the mines 

and released to surface streams. The largest radiation dose* from this 

water to individuals 1n the assessment regions is to the endosteal cells 

(bone) (see Tables 6.25 and 6.26). It primarily comes from eating foods 

grown on land irrigated by streams fed by discharged mine water. Signifi

cant, but of 1 esser importance, are exposures due to breathing wind sus

pended material from irrigated land, eating fish caught in streams near the 

site, and external gamma radiation from land irrigated by streams fed by 

mine water discharges. We estimate only a small risk from eating beef and 

milk from cattle grazing on irrigated pasture and drinking water contami

nated by mine discharges ( < 2 percent of the tota 1 risk. from aqueous 

emissions). The radionuclides of major importance in the risk analyses are 

U-238 and U-234. 

*In Section 7, 11 dose 11 is to be read as 11 dose equivalent11 --absorbed 

radiation (dose) multiplied by a quality factor. 
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The risks of fatal cancer were estimated for radioactive aqueous dis
charges to surface streams from active uranium mines. The estimates in
cluded, for the 17-years of active mine operation, the cumulative risk to 
the mast and average exposed individua t s in the assessment area and the 

number of fatal cancers caused to persons residing within the assessment 
area (Table 7.6). Aqueous emissions from inactive mines and from in situ 
leach mines were not modeled due to a lack of data. However, we believe 
aqueous source terms from these mines would be low. 

Drinking water may be an important source of exposure for the most 
exposed individual living near a uranium mine. However, we did not esti
mate it because we could not quantify radionuclide concentrations in pot
able groundwater with available information. Also, mine water probably is 

not consumed directly by man. 

Table 7.6 

Source 

Underground 
mine site 
(New Mexico) 

Surface mine 
site 
(Wyoming) 

Summary of the fatal cancer risks caused by radioactive 
aqueous emissions from model uranium mines 

Most exposed 
individual's life
time fatal cancer 
risk for 17 years 
of mine operation 

5.6E-6(3.7E-3%)(a) 

1.2E-7(8.0E-5%) 

Average exposed 
individual's life
time fatal cancer 
risk for 17 years 
of mine operation 

3.4E-7(2.3E-4%) 

1.6E-8{1.1E-5%) 

Fatal cancers 
caused in the 
assessment area 
population from 
17 years of 
mine operation 

2.2E-2(2.3E-4%} 

2.6E-4(1.1E-5%) 

(a)All •!rfsks 11 in this table are in addition to the 0.15 risk of fatal 
cancer from all causes. 

Although aqueous discharges from the model underground mine produce 
greater risks than those from the model surface mine, primarily because of 
greater releases of U-238 and U~238 daughters, aqueous releases at either 
mine cause only very small cancer risks (see Table 7.6) beyond the 0.15 
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natural risk of fatal cancer. For example, in New Mexico (assessment 
population 64,950) and Wyoming (assessment population 16,230), 9,742 and 

2,434 deaths from cancer from a 11 causes are projected to occur. Aqueous 

mine discharges in these areas wi 11 add only o. 022 and 0. 00026 estimated 

deaths, respectively, to these totals. 
The largest increase in estimated genetic effects occurs at the under

ground mine site. However, compared to the natural occurrence of heredi

tary disease, the overall risk of additional genetic effects due to radio

nuclides discharged in water from the model mines is very sma1 1. Based on 

a natural occurrence of 0.06 effects/birth, there will be 936 genetic 

effects in the regional population of New Mexico during 17 years of mine 

operation. In contrast, there will be only 0.015 additional effects to all 

the descendants of the regional population because of the 17-year exposure 

period. 

7.4.4 Nonradioactive Aqueous Emissions 

Aqueous concentrations of nonradioactive pollutants were calculated 

for stream water we assumed was used by the average individual within the 

assessment area. The pathways considered are those listed in Section 7.3. 
Drinking water might be a significant pathway for the most exposed indi

vidual. However, we could not make a reliable prediction of increased 

grou~dwater concentrations due to mine dewatering with the available data. 

A c001parison of the water concentrations of several pollutants with 

recommended EPA limits for livestock and irrigation usage (see Table 6.29) 

showed that only molybdenum from the underground mine approaches its 1 imit 

for irrigation. The sums of the ratios of the average water concentrations 

to the reccmmended 1 imits are less than one, indicating that mixtures of 

the metals would not exceed a "composite limit .. for an average individual 

in the assessment areas. Constituents such as sol ids and sulfates, for 

which limits are unavailable~ have minimal or no toxic properties. 

More .infonnation is needed before definitive conclusions can be 

reached about health hazards caused by nonradioactive waterborne emissions. 

Urantum, the metal estimated to be in highest concentration, has no es

tablished limits based on chemical toxicity in the United States. Of 

particular interest would be data on water use patterns near the mines and 

the degree to which mine discharges may infiltrate groundwater supplies. 
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7.4.5 Solid Wastes 
We estimated the risk of fatal lung cancer to individuals 1 iving in 

houses built on land contaminated by uranium mine wastes as a function of 
the Ra-226 concentration in the wastes (see Table 7.7). How much mine waste 
has been used for homesite land fill as well as its level(s) of contami
nation are unknown. Because of the cost, it is unlikely that mill-grade 
ore would be available for off-site use. It is more likely that waste 
rock, perhaps mixed with some sub-ore, would be the material used. Con
s 1 deri ng the Ra-226 content of sub-ores and the 1 ike 1 i hood of its being 
diluted with waste rock and native soil, mine wastes in residential areas 
wculd probably contain between 5 to 20 pCi/gm of Ra-226. 

Table 7.7 

226Ra in Soil 
{pCi/g) 

5 

10 
20 
30 

Estimated lifetime risk of fatal ~ung cancer to the 
average person living in a home built on land contami
nated by uranium mine wastes 

Indoor Working Levels Lifetime Risk of 
(WL) Fatal Lung Cancer(a) 

0.02 0.025 
0.04 0.050 
0.08 0.10 
0.12 0.15 

(a)Based on the average individual being inside his home 75 percent of the 
time. 

7.5 Environmental Impacts 
We evaluated the environmental effects of uranium mining, including 

exploratio~~ by reviewing completed studies, extensive communications with 
State and Federal agencies, field studies in Wyoming and New Mexico, re
connaissance visits- to Wyoming, Colorado, New Mexico, and rexas, and 
imagery collection and interpretation. Underground and surface mines were 
examined to develop a sense of an average or typical condition with respect 
to mine size, land areas affected, quality and quantity of airborne and 
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waterborne releases, and general, qualitative appreciation for the effects 

of such operations on surface streams, groundwater, disturbed land areas, 

and natura 1 recovery processes. In many instances, conditions can be 

documented, but the significance remains highly subjective and thus weakens 

the justification for corrective action, particularly for inactive mines. 

7.5.1 land and Water Contamination 

We conclude that (1) U.S. uranium mills make little use of mine water; 

(2) mine drainage is to the environment, with occasional use for agri

culture, sand bacl<fi11ing, construction, and potable supply; (3) active 

surface mines in Wyoming and underground mines in New Mexico have the 

greatest discharge to the offsite environment; (4) inactive surface mines 

do not appear to adversely affect groundwater qua 1 i ty, although water in 

such mines is typically contaminated and runoff from surface accumulation 

of overburden and sub-ore may be a source of surface water contamination; 

and (5) selected inactive underground mines in Colorado and possibly adja

cent portions of Utah may discharge water enriched in radi onuc 1 ides and 

trace elements. Since the mining industry now uses terrestrial ecosystems 
extensively as sinks for mining-related contaminants, an appropriate govern

ment agency should monitor active mines for groundwater quality, sorption of 

contaminants on stream sediments, and the flushing action of flooding 

events. 

Before and during surface and underground uranium mining, contaminated 

mine water is frequently discharged to arroyos and pasture lands adjacent 

to the mines. less frequently, mine water is used in nearby uranium mills, 

in which case ultimate disposal is to the mill tailings pile where evap

oration and seepage occur. However, despite this practice of mine water 

discharge to land and despite the existence of over 3,000 active and in

active mines and the acce 1 erat i ng 1 eve 1 of exp 1 oration and mining, there 

are many more studies and surveys on the interaction of uranium mills and 

water resource~ than there are on uranium mines and water resources. With 

few exceptions, monitoring mine water quality has been related to NPDES 

permits. 

When mines discharge water to open lands and water courses, 90 percent 
or more of it infiltrates the soil and the balance evaporates. Stable and 

radioactive contaminants subject to sorption are selectively concentrated 
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in nearby soils, which become a local sink. Mobile constituents such as 
sulfate and chloride probably percolate to the water table along with the 
bulk of the water, which recharges nearby shallow aquifers downgrade from 
the mines. Although many areas in New Mexico, Texas, Colorado, Wyoming, 

and Utah have received mine water discharge, studies of tontaminant 
accretion on soils and deterioration of groundwater quality have been 
rather limited. Widespread contamination of groundwater has not been 
documented, but there are indications that local surface water and ground

water quality" have been adversely effected in Colorado, Wyoming, and Texas. 
Studies underway in New Mexico reveal. in at least two mining districts, 
grGundwater deteriorating because of mine drainage. Significant increases 
in nmbient uranium and radium occurred in the ShirleJ Basin uranium dis

tri :t of Wyoming because of initial strip mining and mill processing and, 
to c lesser extent, in situ leaching. The long-term ~ignificance of soil 
loading with stable and radioactive contaminants and their cycling through 
the terrestrial ecosystem, including the human food chain, has not been 

determined for uranium mining operations. 
Oi scharges from model active surface and underground mines average 2 

to 3m3/minute. In most cases, complete infiltration takes place in stream 
b~ds within 5 to 10 kilometers of the mines. However, when discharges from 

several mines are combined or if single mine discharge is several cubic 
meters per minute or more, infiltration and storage capacity of the 

alluvium in nearby· channels is exceeded and perennial flows are created for 
distances of 20 to 30 kilometers. For example, underground uranium mines 

in the Grants Mineral Belt of New Mexico currently discharge 66 m3 per 
minute. Of this, only 12 m3 per minute are used in uranium mills; the 
balance is discharged to nearby washes or arroyos. Fourteen of the 20 
active uranium mills make no use of mine water, which is associated with 

essentially every active underground mine and most active surface mines, 
particularly in Texas and Wyoming. 

Annual contaminant loading from continuous discharge at a rate of 3 
m3t minute from one surface mine in the Wyoming model area and dilution in 

flood flows with recurrence intervals of 2 to 25 years produce the loading 
and stream concentration values in Table 7.8. Chemical loading was calcu

lated on a mass-per-time basis to estimate the effects of mine drainage. 
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For assessing environmental impacts, we assume that most contaminants 

remain on or near the land surface and are available for resuspension in 

periodic flash flooding in the sub-basin. Sorption, precipitation, and so 

on are assumed to render 90 percent of the radium-226 unavailable for 

further transport. Eighty percent of the sulfate is assumed to infiltrate 

and also becomes unavailable for further transport in flood waters. 

Stream concentrations for uranium, zinc, cadmium, and arsenic are 

1 ike ly to be 1 ess than those shown because there will not be 100 percent 

res us pens ion of sorbed contaminants, and flood events with 1 esser return 

perioos are also likely to disperse contaminants. The loading data are 

believed to be quite realistic; it is the temporal distribution and re

distribution of the contaminants that constitute a s igni fi cant unknown. 

These preliminary results indicate contamination of surface water with 

uranium, radium, sulfate, and, to d lesser extent, with cadmium and arsenic 

in stream waters near the mine outfall. Subsequent dilution of these 

initial concentrations will occur as the flow merges with that of pro

gressively larger streams in the downgrade direction, but cadmium and 

sulfate may exceed the drinking water standard in flood waters as far as 

the regional basin. Impoundment of these initial flows can be expected 

considering water management practices in semiarid rangeland areas like 

Wyoming. Therefore, further pathway investigations, based on field data, 

are needed. 

For the model underground mining area, we selected the Ambrosia Lake 

District of New Mexico. We assumed that 14 mines discharged an average of 

2 m3;minute and that loading took place for two years prior to each flood. 

We then calculated concentrations in flood water for eight different 

cases-for 2, 5, 10, and 25 year floods (larger numbers indicating larger 

floods), with concentrations for each flood being calculated on the basis 

of both a 1-day and 7-day flood duration (see Table 7.9). Based upon these 

assumptions and calculations, it appears that concentrations in flood 

waters, particularly in the basin, may exceed established or suggested 

standards for uranium, .radium, cadmium, arsenic. selenium, barium, and 

sulfate. However, precipitation and sorption, in addition to dilution 

farther downstream, probably wi11 reduce these concentrations enough so 

that quality standards f9r drinking and irrigation water can be met. But 



Table 7.8 Summary of contaminant loading and stream water quality from a model surface uranium mine 

Annual Loading 
Per Mine (a) 

(Kg/yr) 

Uranium 

110 

Radium-226 

0.00065 Ci/yr 

TSS 

32 955 

Sulfate 

2.76 X 105 

Zinc 

112.0 

Cadmium 

6.31 

Arsenic 

7.88 

Drinking Water 

Standard 

(mg/l) 

0.015/3.5/0.21(b) 

5 

pCi/ l 

250 

5.0 

0.01 

0.05 

Concentrations in Basin and Regional Basin 

Flood Flows for Floods of 2, 25, and 100 

Years Return Period, mg/l 

Basin Regional Basin 

Min Max Min Max 

0.36 0.76 0.26 0.44 

2.1 4.5 1.6 2.6 

pCi I l.. pCi/l.. pCi/l pCi I l 
107 228 79 131 

900 1909 668 1098 

0.366 0.774 0.271 0.445 

0.02 0.044 0.015 0.025 

0.025 0.054 0.019 0.031 

(a)Loading values shown for radium and sulfate are reduced to 10 perG~hL and 20 percent, respectively, 

of the amount actually released by a mine. Irreversible sorption and precipitation affect radium and 
sulfate infiltrates to the water table. 

(b)O.Ol5 mg/.t: Suggested maximum daily limit based on radiotoxicity for potable water consumed at a 

rate of 2 liters per day on a continuous basis. 3.5 mg/.t : Suggested maximum daily limit based on chemical 

toxicity and intake of 2 liters in any one day. 0.21 mg/l Suggested maximum daily limit based on chemical 

toxicity and intake of 2 liters per day for 7 days. 

""-' 
I 

N 
0 



1ao1e t.':;! ~ummary or con~am1nanL 1oaa1ng ana s~ream wa~er qua11~y rrum 
a model underground uranium mine 

Drinking Concentrations in Basin and Regional Basin for 1-day and 
1\nnual loading, Water 7-da~ Floods of 2 to 25 Years Return Period 1 mg/.t 

Per Mine(a) Standard Basin Regional Basin 
(Kg/yr) (mg/ .e.) Min Max Min Max 

Uranium 1480 0.015/3.5/0.21(b) 6.9 7.1 0.045 0.046 

Radium-226 

0. 0014 Ci/yr 5 pCi I .e. 6. 7 pCi/ .t:. 6. 9 pCi/ .t:. 0.044 pCi/.t:. 0.044 pCi/£. 

Lead-210 

0.0014 Ci/yr 71.2 pCi/ .t:. 73.4 pCi/.t 0.470 pCi/£. 0.0472 pCi/£. 

Cadmium 7 0.01 0.03 0.03 0.0002 0.0002 

Arsenic 13 0.05 0.061 0.063 0.00039 0.00041 

Selenium 80 0.01 0.37 0.38 0.0026 0.0026 

Molybdenum 300 1.4 1.4 0.0089 0.0093 

Barium 850 1.0 4.0 4.2 0.26 0.27 

Zinc 45 5.0 0.21 0.22 0.0014 0.0014 

Sulfate 1.22 x 105 250 574 584 3.7 3.8 

TSS 29,000 130 140 0.89 0.92 

(a)loading values shown for radium and sulfate are reduced to 10 percent and 20 percent, respectively, 

of the amount actually released by a mine. Irreversible sorption and precipitation affect radium and sulfate 

infiltrates to the water table. 
(b)O.Ol5 mg/.t:.: Suggested maximum daily limit based on radiotoxicity for potable water consumed at a 

rate of 2 liters per day on a continuous basis. 3.5 mg/.t:.: Suggested maximum daily limit based on 

chemical toxicity and intake of 2 liters in any one day. 0.21 mg/£ : Suggested maximum daily limit 

based on chemical toxicity and intake of 2 liters per day for 7 days. 
""""' I 
I'.) ...... 
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more theoretical and field evaluations are needed to confirm this. 

In situ leaching has contaminated local groundwater reservoirs. We 

expect that this wi11 continue because leach solution excursions from the 

well field do occur and because injected constituents, especially ammoniums 

can not be fully recovered. The NRC and agreement States recognize this 

situation but consider the adverse impacts outweighed by the benefits of 

recovering additional uranium and developing a relatively new technology. 

7.5.2 Effects of Mine Dewatering 

Under.Jround mines and most surface mines are dewatered to allow for 

excavation or shaft sinking and ore removal. The resu1tin£ low concen

tration a"lrt, oftentimes, large volume effluent discharges i'ltroduce sub

stantial masses of stable and radioactive trace elements to 1ocal soil and 

water systems. This extensive use of soils in both the saturated and 

unsaturated zones ~s water and contaminant sinks requires further study to 

'determine the environmental fate of those elements. In addition to local 

effects, the 1ong-tenn impacts on regional water availability and quality 

are also important. The NPDES limits relating to surface discharges ares 

in tenms of parameters and concentrations, different from one EPA region to 

another and should be reevaluated to more closely reflect the impact of 

c·ontaminant concentration and mine discharge. In general, the uncer

tainties about the environmental impact of mine dewatering can be expected 

to increase; and additional, comprehensive investigations of its effects 

are necessary. 

7.5.3 Erosion of Mined Lands and Associated Wastes 

From initial exploration through retirement, 

surface mining, increases erosion and sediment yield. 

waste sources are access roads, drilling pads, 

mining, particularly 

The most significant 

and piles of over-

burden/waste rock and sub-ore. Sediment and associated contaminants are 

dispersed mostly through the overland flow of precipitation and snowmelt 

water. Erosion rates vary considerably with the characteristics of the 

source area, i.e., pile geometry, soil and rock characteristics, amount and 

type of vegetative cover, topography, and local climate. There is some 
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erosion of all mine waste sources, although studies of ephemeral drainage 

courses downgrade from inactive mines in New Mexico and Wyoming usually 

reveal only local soil and water contamination and no significant off-site 

dispersal of contaminants. Proper reclamation, particularly grading and 

revegetation, markedly reduce erosion and, consequently, contaminant trans

port. 

7.5.4 Exploratory and Development Drilling 
The uranium industry has drilled approximately 1,300,000 exploratory 

and development drill holes through 1977. This amo~~ts to about 430 drill 

~oles per mine if averaged over all active and inac~'ve mines. During the 
c~urse of drilling, some land areas are disturbed tu provide access roads 

"':c, the drill sites and pads for the drill-rig plaCP.'llents. This has dis

turbed about 2500 km2 (960 mi 2) of land for all drilling through 1977. 

Drilling wastes accumulate at each drill site. Although these wastes 

are sometimes placed in trenches and backfilled after drilling, the general 
industry practice (observed from field studies and aerial photography), 

apparently, is to allow the wastes to remain on the surface, subject to 

erosion. The extent of radiological contamination from erosion of the 

remaining ore and sub-are at development drill holes is not known. 

The average drilling depth has increased with time and will probably 

cJntinue ~o do so in the future. Deeper drilling will tend to increase the 
probability that several aquifers may be penetrated by each drill hole. 

Aquifers with good quality water may be degraded by being connected, via 
the drill holes, with aquifers of poor quality water. Current regulations 

require drill holes to be plugged to prevent interaquifer exchange, but 

often only the first one and one-half meters of the borehole will be 

plugged, and regulations do not effect past drill holes. Finally, it appears, from 

mine site surveys and aeri a 1 photography. that very few dri 11 sites have 

been reclaimed. 

7.5.5 Underground Mining 
The land disturbed by individual underground mines varies from 0.89 to 

17 hectares (2.2 to 42 acres) with an average of 9.3 hectares (23 acres). 

In addition, access roads to the mines consume about 1.1 hectares {2. 7 

acres). and mine subsidence disturbs about 1.5 hectares (3. 7 acres). A 
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total of about 12 hectares {30 acres) of land are disturbed by an average 

underground mine. 

All underground uranium mining through 1977 has produced about 2. 9 x 
107 MT or about 1.8 x 107 m3 of wastes. Some of these wastes, the sub

ores, contain elevated concentrations of naturally occurring radionuclides. 

The sub-ores usually are removed last in the mining process and dumped on 

top of the waste rock where they are subject to erosion. Some radiation 

surveys conducted around waste piles indicate that the sub-ores are eroding 

and contaminafing land in addition to that disturbed by the mining activ

ities. 

During our field studies in Texas, New Mexico, Wyoming, and Colorado, 

we saw very few mine sites where reclamation had been completed or was in 

progress--especially at the inactive mine sites. 

7.5.6 Surface Mining 

The cumulative waste from surface mining uranium between 1950 and 1978 

amounts to about 1.7 x 109 MT (1.1 x 109 m3}. Overburden is usually used 

to backfill mined-out pits during contemporary mining. At older inactive 

mines, the mine wastes were either used for pit backfill or completely 

disregarded. Erosion of these waste piles may cause substantial environ

mental problems. 

The amount of land physically disturbed at a surface mine is highly 

variable. The area disturbed at ten surface mines was estimated to range 

from 1.1 to 154 hectares (2.7 to 380 acres), averaging about 41 hectares 

{101 acres) per mine site. Access roads disturb about 3 hectares (7.4 

acres) per mine site, bringing the total average area physically disturbed 

to about 44 hectares {109 acres). Field surveys of inactive mine sites 

indicate that mine wastes (sub-ores) erode .and contaminate land areas 

greater than those physically disturbed. The land contamination appears to 

have been caused by erosion of ore stockpiles, erosion of sub-ores, and 

dust losses from the actual mining process. 

Very few if any inactive mine sites were reclaimed. Reclamation of 

any mine site will have to address the radiological aspects of the mine and 

its wastes. 
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7.6 Regulatory Perspective 

Except for in situ leach mining, licensed by the Nuclear Regulatory 
Conunission (NRC), uranium mining is not licensed, P·?r se, by a Federal 
agency. However, three Federal statutes have particular relevance to 
uranium mining. First, the Federal Water Pollution Control Act as 
amended (1972) requires a permit for discharges to navigable waters. 

Second, the Clean Air Act amendments of 1977 require a permit for 
pollutant air emissions. Third, proposed regulations under the Resource 
Conservation Recovery Act of 1977 identify hazardous wastes and 
stipulate their disposal for uranium mining. When promulgated, thes~ 

latter regulations will strengthen current Federal and State reclamation 
requirements. 

In situ uras::um mining is licensed by those states having 
agreement-state status with NRC. National Pollution Discharge 
Elimination Systern (NPDES) pennits are issued by EPA approved states. No 

state issues mining licenses per se. However, most states require mining 
and reclamation plans, including bonding fees, for at least 

state-controlled lands. Most reclamation requirements provide erosion 
control through slope and vegetation standards. Arizona is the only 
uranium mining state without reclamation requirements. 

7'.7 Conclusions and Recommendations 
The evaluation of the potential impacts of uranium m1n1ng was 

performed largely by means of analytical studies of model facilities. We 
believe that the results give an adequate representation of the 
industry. In order to determine the extent of possible problems, our 
studies were specifically designed to give conservative results. It 

should be recognized that actual mines may operate under conditions 
producing substantially smaller impacts than the results presented. 

Compared to uranium milling, health and environmental effects of 
mining are-not as well understood, despite the existence of over 

3000 active and inactive mines. We have noted throughout this report 
1nstances of the absence or inadequacy of pertinent information. 
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7.7.1 Conclusions 

7.7.1.1 Solid Wastes 

Solid uranium mining wastes are potentially hazardous when used as 
building materials or when buildings are constructed on land containing 
such wastes. The hazard arises principally from increased risk of lung 
cancer due tQ radon-222. In a 1972 survey of communities in uranium 
mining regions, EPA and the former Atomic Energy Commission found more 
than 500 locations where such wastes had been used. 

7.7.1.2 Airborne Effluents 
a) Individuals living very near active underground mine exhaust 

vents would have an increased risk of lung cancer caused by exposure to 
radon-222 emissions. Surface mines and in situ mines are less hazardous, 
and inactive mines do not have significant radon-222 emissions. Other 

airborne radioactive emissions from all types of mines are judged to be 
smaller. 

b) The number of additional cancers committed per year in the 
regional populations due to radionuclide air emission from the 
approximately 340 active mines and 3300 inactive mines was estimated to 
be about 0.6 cancers in 1978. This number of estimated additional 
cancers is small, about one-third of the estimated additional cancers in 
regional populations due to radon emissions from the 24 inactive uranium 
mill tailings piles addressed by Title I of the Uranium Mill Tailings 
Radiation Control Act (EPA 80). {These mill tailings piles represent 
about 13 percent of all tailings currently existing due to u.s. uranium 
milling and mining). These potential effects are not of sufficient 

magnitude to warrant corrective measures. especially considering the 
large number of sites involved. 

c) The following were judged to cause an insignificant health risk 
for all types of mines: 

1. airborne nonradioactive trace metals. 
2. airborne combustion products from heavy-duty 
equipment operations. 
3. nonradioactive emissions from in situ leach sites. 
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d} Airborne dust near large surface mine~ (primarily caused by 
vehicular traffic) may exceed the National Ambient Air Quality Standard 
for particulate matter. 

7.7.1.3 Waterborne Effluents 
a) We estimate that an insignificant health risk accrues to 

populations from waterborne radioactivi~y from an average existing mine. 
b) Uranium mine dewatering and water discharges, which are 

l 

increasing as more and deeper mines are,created, may in the future have 
significant effects on water quality. Current treatment practices are 
controlling the release of radioactivity into surface waters. 

c} Water in inactive surface and underground mines usually contains 
radfonuclides and trace elements in concentrations comparable to 
groundwater in contact with ore bodies. Some abandoned underground mines 
in certain areas of Colorado and Utah probably discharge such waters to 
nearby streams and shallow aquifers. Available data is not sufficient to 
conclude whether or not there is a problem. 

d) We could not determine, using models, that there is no health 
hazard to individuals who drink water drawn from such surface or 
underground sources. Water discharges from active mines to nearby 
streams and stream channels may extensively recharge shallow aquifers, 
rna~ of which are either now used or could be used for drinking water. 
Such determinations must be made on a site-speciffc basis, and take 
account of the additive effects of multip1e mines. These studies can be 
made easily a part of State or uti1ity surveillance programs. 

7.7.1.4 Exploratory and Development Drillin~ 

Hann from effluents due to exploratory and developmental drilling is 
probably small compared to effects of operating mines. Under current 
regulations and practices, however, aquifers penetrated at different 
levels can mix, creating the potential for degrading high quality 

groundwater. 
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7.7.2 Recommendations to Congress 

1) Based on this study, we do not believe at this time that 
Congress needs to enact a remedial action program like that for uranium 
mill tailings. This is principally because uranium mine wastes are lower 
in radioactivity and not as desirable for construction purposes as 
uranium mill tailings. Nonetheless, some mining waste materials appear 

to have been moved from the mining sites but not to the extent that mill 
tailings were •. 

2) Some potential problems were found that might require regulatory 
action but none of these appear to require new Congressional action at 
this time. 

7.8 Other Findings 

1) Regulations may be needed to control wastes at active uranium 
mines to preclude off-site use and to minimize the health risks from 
these materials. These regulations would need to address the use of the 
materials for construction purposes as well as ultimate disposal of the 
materials. 

EPA proposed such regulations in 1978 under the Resource 
Co~servation and Recovery Act (RCRA). In 1980, Congress amended RCRA to 

. 
require further E~A studies before promulgating general regulations for 
mining wastes. An EPA study by the Office of Solid Wastes on all types 
of mines, including uranium mines. is currently being conducted. The 
amendment did not restrict EPA's authority to regulate use of uranium 
mine wastes in construction or reclamation of lands containing such 
wastes. 

2) Standards are needed to control human exposure from radioactive 
air emissions from uranium mines. This is principally because of 
potential exposure to individuals living near large underground uranium 
mines rather than concerns regarding the exposure of regional 
populations. We have 1proposed such standards under Section 112 of the 
Clean Air Act. 
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3) EPA has conducted two field studies in 1972 and 1978 which 

define possible sites at which mine wastes may have been used in 
construction or around buildings. The information developed in these 

studies has been sent to State health departments. The States should 
conduct follow-up stud1es 1 as appropriate, to determine whether there are 
problems at these sites. 

4) The adequacy with which NPDES permits protect individuals who 
may obtain drinking water near the discharge points for uranium mine 
dewatering should be evaluated by States. Under the Public Water Systems 

provision of the Safe Drinking Water Act, radionuc1ide s~ now 
exist for drinking water. 

5} Some site specific studies should be considered by States to 
determine the extent to which inactive uranium mines are significant 
water pollution sources. 

6) States with uranium mines should determine the feasibility of 
control of fugitive dust from large surface mines and incorporate the 
recommendations in State Implementation Plans. 

7) States should require borehole plugs in drilling operations that 
will prevent interaquifer mixing (exchange) and also seal drilling holes 

at the surface. 
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Table A.l Federal laws, regulations, and guides for 
General 

Conservation
Water Preservation 

Federal Agency 
I 

Use Statutes 

Dept~ of Int. 1 2,3,4,6,7 
BIA(a) 

BLM(a) 

USGS(a) 

Dept. of Energy 

Dept. of Agr. 
USFS(a) 

EPA 
AIR-OAQPS(a) 

Water 
Surface OWPS(a) 
Ground OSW(a) 

Land-OSW 
Radiation-ORP(a) 

U.S. Army 

1 2,8d 

1 2 

Corps. Qf Engrs. 1 2 

Dept. of Labor 2 
MSHA(a) 
OSHA(a) 

Nuclear Reg. 

5 

2 

Permits 
Exploration Mining 

Rights Rights 

8 

9 

10 

9 

11 

12,13 

8 

9 

10 

11 

13 

uranium mining 
Mining 

Environmental Quality 
Water Land 

Air Su~UG Solids Reclam. 

2,8 

9 

10 

9 

2 

2,Sd 

12 

16 19 2 

14 

17 

19 

18 18 18 18 
15 15 15 15 15 

16 2 

Health 
and 

Safety 

20 

20 

22 

21 

Comm. (b) 2 2 23(b) 23(b) 23(b) 23{b) 23(b) 

(a)BIA-Bureau of Indian Affairs OWPS-Office of Water Planning and Standards 
BLM-Bureau of Land Management OSW-Office of Solid Waste 
USGS-United States Geological Survey ORP-Office of Radiation Programs 
USFS-United States Forest Serv1ce MSHA-Mining Safety and Health Administration 

(b)OAQPS-Office of Air Quality, Planning and Standards OSHA-Occupational Safety and Health Administration 
Nuclear Regulatory Commission (NRC) regulations and guides for milling do apply to in situ extraction 
or mining but not conventional surface or underground mining where NRC has no authority. 



Table A.l (continued)--Key to Federal laws, regulations and guides cited 

1. See Appendix B and Appendix C for U.S. Constitution Citations, federal Laws, and Interstate Compacts 
I 

2. National Environmental Policy Act of 1969 (Public Law 92-190) 

3. Endangered Species Act of 1973 (Public Law 93-205) (Supplants Endangered Species Conservation Act of 1969} 

4. National Kistoric Preservation Act of 1966 {Public Law 89-655) {Supplants Antiquities Act of 1906} 

5. Federal Land Management and Policy Act of 1976 

6. Reservoir Salvage Act of 1960 (16 USCA 469-469C} 

7. Historic Sites Acts of 1935 {16 USCA 21-50} 

8. a. U.S. Mining Law of 1872 (30 USC 21-50) 
b. Mineral Leasing Act of 1920 (30 USC 181 et seq) 
c. Mineral Leasing Act for Acquired Lands (Amended} (30 USC 351-359) 
d. Materials Act of 1947 (Amended) (30 USC 601-602) 
e. Reorganization Plan of 1946 (60 Stat. 1099) 

9. Indian Land - 30 CFR 231 

10. Public Land - 30 USC 22 (43 CFR 3810, 3746, 3501, 3814.1) 

11. Withdrawn Public Land - 42 USC 2097 

12. National Forest Land - 16 USC 478 {43 CFR 3811.1 and 36 CFR 252) 

13. National Forest Management Act of 1976 (16 USC 1600) - Regulations for land and resource management 
planning under this Act in the National Forest System are given in Federal Register Volume 44, 
Number 181, September 17, 1979 

14. Clean Air Act as Amended (42 USC 1857 et seq) 

15. Public Health Services Act {Reorganization No. 3t 1970; Section 301 -Environmental Monitoring) 



Table A.1 (continued}--Key to Federal laws, regulations and guides cited 

16. Marine Protection Research and Sanctuaries Act of 1972 

17. Federal Water Pollution Control Act as Amended {33 USC 466 et seq) 
I 

18. Resour1e Recovery and Conservation Act of 1976 (Proposed 40 CFR 250.46-4) 

19. Safe Drinking Water Act Amended (Public Law 95-523 and Public Law 95-190)~ (Could affect mining operation 
where injection of wastes is utilized} 

20. Atomic Energy Act Amended (Public Law 86-373; 42 USC 2021(h}, Federal Radiation Guidance functions from 
prior Federal Radiation Council) 

21. Occupational Safety and Health Act of 1970 

22. MSHA formed by transferring MESA from DOI to DOL pursuant to the Federal Mine Safety and Health Act of 1977, 
Public Law 91-173 as amended by Public Law 95-164 

23. Nuclear Regulatory Commission Guides and Regulations for Benefication Processes 

a. Regulatory Guide 3.5, Standard Format and Content of License Applications for Uranium Mills 
(Nov. 1977) 

b. Regulatory Guide 3.8, Preparation of Environmental Reports for Uranium Mills (Sept. 1978) 
c. Regulatory Guide 3.11, Design, Construction, and Inspection of Embankment Retention Systems for 

Uranium Mills {Dec. 1977} . 
d. Regulatory Guide 4.14, Measuring, Evaluating, and Reporting Radioactivity in Releases of Radioactive 

Materials in Liquid and Airborne Effluents from Uranium Mills (June 1977} 
e. Regulatory Guide 4.15, Quality Assurance for Radiological Monitoring Programs (Normal Operations) -

Effluent Streams and the Environment (Feb. 1979) 
f. Regulatory Guide 8.11, Applications of Bioassay for Uranium (June 1975) 
g. Regulatory Guide 8.13, Instruction Concerning Prenatal Radiation Exposure 
h. Standards for Protection Against Radiation (10 CFR 20) 
i. Domestic Licensing of Source Material (10 CFR 40) 
J. Licensing and Regulatory Policy and Procedures for Environmental Protection (10 CFR 51) 
k. Proposed Regulations: Uranium Mill Tailings Licensing (10 CFR Parts 40,150) - 44 F.R. 

50012, August 24, 1979 

);:> 
I 

w 



Table A.l (continued)--Key to Federal laws, regulations, and guides cited 

l. Staff Technical Positions: Tailings Management- "Current u.s. Nuclear Regulatory Commission 
licensing Review Process: Uranium Mill Tailings Management"; Environmental Monitoring- "Pro
posed Branch Position for Operational Radiological Environmental Monitoring Programs for 
Urani urn Mi 11 s •• 

m. Proposed Regulatory Guide 3.11.1, Operational Inspection and Surveillance of Imbankment Reten
tion Systems for Uranium Mill Ta1lings {Apr11 1979) 
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APPENDIX C 
CONGRESSIONALLY APPROVED INTERSTATE WATER COMPACTS 



Interstate water compacts 

Name 

Arkansas River Compact 
Arkansas River Basin Compact 
Bear River Compact 
Belle Fourche River Compact 
Canadian River Compact 
Colorado River Compact 
Connecticut River Flood Control Compact 
Costilla Creek Compact 
Delaware River Basin Compact 
Great Lakes Basin Compact 
Klamath River Basin Compact 
la Plata River Compact 
Merrimack River Flood Control Compact 
New England Interstate Water Pollution Control Compact 
New York Harbor (Tri-State) Interstate Sanitation Compact 
Ohio River Valley Water Sanitation Compact 
Pecos River Compact 
Potomac River Basin Compact 
Red River of the North Compact 
Republ)can River Compact 
Rio Grande Compact 
Sabine River Compact 
Snake River Compact 
South Platte River Compact 
Susquehanna River Basin Compact 
Tennessee River Basin Water Pollution Control Compact 
Thames River Flood Control Compact 
Upper Colorado River Basin Compact 
Wheeling Creek ~atershed Protection and Flood Prevention 

District Compact 
Yellowstone River Compact 

Year 

1948 
1965 
1955 

1943 
1950 

1922 
1951 
1963 
1961 
1955 

1957 
1922 
1956 
1947 
1935 
1939 

1948 
1939 
1937 
1942 
1938 
1953 

1949 
1923 

1970 
1955 

1957 
1948 

1967 

1950 

Source: Environmental Study on Uranium Mills~ TRW~ Inc., USEPA Contract 
No. 68-03-2560, February 1979. 



APPENDIX 0 

STATE LAWS, REGULATIONS, AND GUIDES 
FOR URANIUM MINING 



' I ' ' 

Table D.l State laws, regulations, and guides for uranium mining 

General Min in 
NRC NPDES Penni ts Environmental Qualit,l 

Agreement Penni t vlater Explorat1on Mining Air Water Land 
State State State ~ Rights Rights Surf UG Solids Reel am. Safetx 

COLORADO Yes Yes 
Department of Health 
Water Qual1ty Control Div. 6,7,8,10 8,9,10 
Air Quality Control Dfv. 1,5 

Department of Natural Resources 
Div. of Water Reserves (State 15 
Board of Land Commissioners 1 1 1 
M1ned Land Rec1am. Bd. 2,3 2~3 2,3 2,3 2,3 
D1vision of Mines 14 

NEW MEXICO Yes No 
State Land C~nission 1 1 
Dept. of Energy and Minerals 2 9 
Dept. of Natural Resources 3 

Env. Improvement Div. 5,6,7,8,9 10,12,13,14 11 14 16 

TEXAS Yes No 
Dept. of Water Resources 13 3 8,9 4,ll 4 
R.R. Comm1ssion of Texas 1 1 5 5 2,7 2 
General Land Off1ce 14 14 15 
Dept. of Health 6,10 10 
Air Control Board 12 

UTAH No No 
State Eng1neer 3,4 
Dept. of Social Services 

Division of Health 5 1 1 5 
Water Pollution Control Bd. 1 1 

Dept. of Natural Resources 2 2 2 

0 
I ..... 



Table 0.1 {continued) 

GENERAL 
NRC NPDES 

Agreeroent Pennit 
State State 

WASHINGTON Yes Yes 
Dept. of Natural Resources 
Dept. of Ecology 
Office of Water Programs 

Dept. of Social Services & Health 
Health Services Division 
Air Quality Dlvlslon 

WYOMING No Yes 
State Inspector of Hwes 
State Engineers Office 
Dept. of Env. Qual1ty 
A1r Quality Div. 
Water Quality Div. 
Land Quality Div. 
Sol1d Waste Management 

Penni ts 
Water Exploration r~ini ng Air 
~Rights Rights 

1,2 1,2 
9 

7 

Sa Sa 
1 

3a,4 

3c 3c 

H1ning 
Environmental Qua lit,l 

Water Land 
Surt UG Solids Reel am. 

2 2 

8 (No) 

3d 

2,5 5.6 
3c. 7 3c,7 
3d 

Safet.z: 

3 

8c 

0 
I 

N 



Table D.l (continued}--Key to State laws, regulations, and guides cited 

Colorado 

1. Mining Rules and Regulations, 1973~ 1976~ Uranium Mining Lease and Prospecting Permit; State Board of 
Land £ommissioners. 

2. Colorado Mined Land Reclamation Act, July 1, 1976; Mined Land Reclamation Board (Act. 32, Title 34, 
C.R.S. 1973, as amended). 

3. Rule~ and Regulations, Colorado Mined Land Reclamation Board; effective July 1978. 
l 

4. Colorado Air Quality Control Act of 1979, adopted June 20, 1979. Replaces Colorado Air Pollution 
Control Act of 1970. Radioactive materials included in list of air pollutants. 

5. Colorado Air Quality Control Regulations and Ambient Air Quality Standards, Colorado Air Pollution 
Control Commission. Specifically, Regulation No. 1, Emission Control Regulations for Particulates, 
Smokes, and Sulfur Oxides for the State of Colorado• and Regulation No. 3, Regulation Governing Air 
Contaminant Emission Notice, Emission Permit, and Fees for Direct Sources. 

6. Regulations Establishing Basic Standards and an Antidegradation Standard and Establishing a System 
for Classifying State Waters, for Assigning Standards, and for Granting Temporary Modifications, 
Colorado Water Quality Control Commission, May 22, 1979; effective July 10, 1979. 

7. Regulations for Effluent Limitations, Colorado Department of Health, Water Quality Control Commission; 
adopted March 18, 1975 effective August 21, 1975. 

8. Regulations for the State Discharge Permit System, Colorado Department of Health, Water Quality Control 
Commission; adopted November 19, 1974 effective January 31, 1975, amended February 7, 1978. 

9. Rules for Subsurface Disposal Systems, Colorado Department of Health, Water Quality Control Commission; 
revised July 6, 1976, effective October 1, 1977. 

10. Guidelines for Control of Water Pollution from Mine Drainage, November 10, 1979; Water Pollution Con
trol Commission (Ch 66J Act. 28, C.R.S. 1963 as amended 1970). 

11. Colorado Rules and Regulations Pertaining to Radiation Control, April 1, 1978, Uranium Mill Licensing 
Guide, May 1978; Radioactive Materials License; Radiation and Hazardous Wastes Control Division 
{Title 25, Act. II, C.R.S. 1973, Radiation Control). 0 

I 
~ 



Table D.l (continued)--Key to State laws, regulations, and guides cited. 

12. Guidelines for the Design, Operation, and Maintenance of Mill Tailings Ponds to Prevent Water 
Pollution, March 13, 1968; Water Pollution Control Commission (Colorado Water Pollution Control 
Act of 1966, Ch. 44, Session Laws 1966 as amended by Ch. 217). · 

13. Publication of a Regulation-Providing Tailings Piles from Uranium and Thorium Mills be Adequately 
Stabilized or Removed, Colorado Department of Public Health; effective June 10, 1966. 

14. Colorado Division of Mines responsible for health and safety standards for uranium mines and mills. 
Regulations contained in Bulletin 20: Section 108 - "Missed Hales--Misfires," Section 110 -
11 Mucking, 11 Section 12.2 11 Radiation Control, .. Section 130- "Safeguards, .. Section 140- "Shafts 
and Raises ... 

15. Office of State Engineer, Division of Water Resources (Article 16, Section 5 - Colorado Constitution 
and Title 37, Article 90, Section 137 - Colorado Revised Statutes, 1973). 



Table 0.1 (continued)--Key to State laws, regulations, and guides cited 

New Mexico 

1. State Land. Leased by State Land Commission, 19-8-14 NMSA 1978. 

2. State 1and Private Land. Mine plan filed and approved by State Mining'!nspector, 67-5-1 et seq. 
NMSA 1978. 

3. Water Permit issued by State Engineer; 72-5-1 et seq. NMSA 1978 and 72-12-1 NMSA 1978 and Desert 
Lands Act of 1866 as amended and 43 USC 383. 

4. NRC agreement State Under 42 USC 2021. License required for source material: unrefined and un
processed ore is not included. Specific License required for Mills, 10 CFR 40.20 - 40.31. Ad
ministered by Environmental Improvement Division {EID}. 

5. New Mexico delegated responsibilities and powers under Clean Air Act (40 CFR 52.1620). 
Ambient Air Quality Standards and Air Quality Control Regulations, State of New Mexico Health 
Department, Environmental Improvement Division; reissued November 1976. 

6. Application for Permit and Certificate of Registration General Form for Sources Located Within 
the State of New Mexico, New Source Review Section, Air Quality Section, Environmental Improve
ment Division, revised February 1976. 

7. Application for Permit to Construct or Modify and Certificate of Registration for Mineral Pro
cessing Plants Located within the State of New Mexico, New Source Review Section, Air Quality 
Section, Environmental Improvement Division, revised February 1976. 

B. Supplementary Information and Notes for Use with Application for Permit and Certificate of 
Registration for Mineral Processing Plants, State of New Mexico- Environmental Improvement 
Division, Air Quality Section, New Source Review Section. 

9. Monitoring Air Quality in Mines and Mills Underground: State Mine Inspector 69-5-7 NMSA 1978 
also MSHA (30 CFR 57.5-37) Restricted Areas: Mills, EID, 74-2-13 NMSA 1978 Unrestricted Areas: 
EID per Clean Air Act (42 USC 7410) and State Radiation Protection Act (74-2-1 et seq. NMSA 1978}. 

10. New Mexico Water Quality: Not NPDES approved by EPA. State does not require permit per 74-6-5 
NMSA 1978 and p~rts 2-100 of N.M. Water Quality Regulations if EPA issues NPDES permit. 

11. Underground Water. State EID regulates pollution of underground water per 74-6-1 et seq. NMSA 1978. 



Table 0.1 {continued)--Key to State laws, regulations, and guides cited 

12. Water Quality - Radioactivity: Mines by EIO according to Sec. 2-101{b) of N.M. Water Quality 
Regulations; Mills.by EID per NRC 10 CFR 20.106 and Appendix B. 

13. Water Quality Standards on Enforcement: EPA enforces under NPOES system for effluent streams 
entering surface water of United States: EID enforces N.M. groundwater standards under N.M. Water 
Quality Control Act, 74-6-1 et seq. NMSA 1978. 

0 . 

14. Amended Water Quality Control Commission Regulation, Parts 1,2,3, and 4, Water Quality Control 
Commission; January 11, 1977, as amended June 14, 1977 and November 8, 1977. 
Water Quality Standards for Interstate and Intrastate Streams in New Mexico, Water Quality Control 
Commission under the authority of Paragraph C, Section 74-6-4 of the New Mexico Water Quality Act 
(Chapter 326, Laws of 1973, as amended); adopted August 22, 1973, revised September 29, 1975, 
January 13, 1976, February 8, 1977 and March 14, 1978. 

15. New Mexico Environmental Improvement Agency Uranium Mill License Application Guidelines, 
Radiation Protection Section; September 1977. 

16. {a) Radiation Protection Act, Chapter 185 Laws of 1959 {as amended by Chapter 284 Laws of 1971 
and by Chapter 343 Laws of 1977). 

(b) New Mexico Environmental Improvement Agency Regulations for Governing the Health and Environ
mental Aspects of Radiation, Environmental Improvement Board, June 16, 1973. 



Table 0.1 (continued}--Key to State laws, regulations, and guides cited 

Texas 
1
1. Texas Uranium Surface Mining and Reclamation Act (May 1978), Rules of the Surface Mining and 

Reclamation Division. The Railroad Commission of Texas, July 1, 1979. 

2. Surface Mining Penm1t Rule 102 - Elements of Permit Application, Rule 250 Reclamation Plan; Rules 
of the Surface Mining and Reclamation Divisipn. 

3. Application for Permit to Conduct In Situ Uranium Mining, Instructfons and Procedural Information for 
Filing an Application for a Permit to Conduct In Situ Mining of Uranium, Texas Department of Water 
Resources. 

4. Technical Report for In Situ Uranium Mining. Texas Department of Water Resources. 

5. Surface Mining Permit, Rule lOB - Permit Approval {Rules of the Surface Mining and Reclamation 
Division). Permit shall be granted if application complies with Permit rules and all applicable 
Federal and State laws. Permit may be approved conditioned upon approval of all other required 
State permits or licenses. 

6. Texas Department of Health (TDH) issues licenses for surface mining~ in situ ~ining, milling and 
processing of uranium ores and leachates in accordance with NRC Agreement. 

7. TOH implements U.S. Safe Drinking Water Act regarding public water supplies. The underground injection 
portion of SDWA is regulated by the Railroad Commission {Oil and Gas), Department of Water Resources 
(in situ mining of uranium, salt, and sulfur}. 

8. Texas Regulations for Control of Radiation and Texas Water Quality Standards apply to surface water 
throughout state. 

9. Texas Department of Water Resources issues 11 no discharge" permlts to all uranium in situ extraction 
processes. 

10. Texas Radiation Control Act, 1971. Texas Regulations for Control of Radiation {TDH). 

11. Texas Solid Waste Disposal Act, 1969 (Texas Department of Water Resources}. Rules pertaining 
to Industrial Solid Waste Management, March 3t 1978. 

12. Texas Air Control Board. Air Control Board H-76 bill introduced February 1, 1979 to include 
radioactive material in the definition of air contaminant and allow Board to charge fees for 
permits and variances. 

c 
I 

-..J 



Table 0.1 (continued)-~Key to State laws, regulations, and guides cited 

13. Texas Water Code, Chapter 2 - 11Water Use,. - Texas Department of Water Resources. 

14. Rules and Regulations for Prospecting and Mining State-owned minerals. General Land Office Rules 
12.6.18.03.001-.006 {Feb. 17, 1976}. 

15. Texas Uranium Surface Mining and Reclamation, General land Office Rules 135.18.05.001-.005. 

,..,·-



Table D.l (continued)--Key to State laws, regulations, and guides cited 

Utah 

1. Utah Water Pollution Control Act, Utah State Divison of Health. 
(a) Wastewater Disposal Regulations, Part I, Definitions and General Requirements, State of Utah, 
Depar~rnent of Social Services, Division of Health; adopted by Utah Water Pollution Control Board, 
May 18, 1965, Utah State Board of Health, May 19, 1965, (Revised by Utah Water Pollution Control 
Committee, Nov. 2, 1978) under authority of 26-15-4 to 5 and 73-14-1 to .13, Utah Code annotated, 
1953, as amended. · 

(b) Wastewater Disposal Regulations, Part II, Standards of Quality for Waters of the State, State 
of Utah Department of Social Services, Division of Health; adopted by Utah Water Pollution Control 
Board May 18, 1965, Utah State Board of Health May 19, 1965, revised by action of the Boards June 2, 1967 
and June 21, 1967, further revised by action of the Utah Water Pollution Committee September 13, 1973, and 
by action of the Utah State Board of Health October 23, 1978. 

(c) Wastewater Disposal Regulations, Part III, Sewers and Wastewater Treatment works. Consideration of 
Waste stabilization Ponds (Lagoons) for Industrial Wastes is subject to requirements determined from 
analysis of the engineers report and other available pertinent information in addition to sections 83-91. 

(d) Wastewater Disposal Regulations, Part IV, Individual Wastewater Disposal Systems. 

(e) Wastewater Disposal Regulations, Part V, Small Underground Wastewater 
Disposal Systems. 

2. Changes and Additions to the General Rules and Regulations, adopted by the Board of Oil, Gas and 
Mining; March 22, 1978, effective June 1, 1978. 

(a) Rule M-3 -- Notice of Intention to Commence Mining Operations. 

(b) Rule M-10 -- Reclamation Standards. 

3. Water Laws of Utah and Interstate Compacts and Treaties (Second Edition, 1964). 

4. State Engineer, H.B. No. 167 - 11 Temporary Applications to Appropriate Water" - introduced in the 
1979 General Session, an act enacting Section 73-3-5.5, Utah Code Annotated 1953. 

0 
I 

ID 



Table D.l (continued)--Key to State laws, regulations, and guides cited 

5. Utah Radiation Protection Act; Utah Code Annotated, 1953; Title 26, Chapter 25- Radiat1on Control. 

6. Utah Air Conservation Regulations, State of Utah, Department of Social Services, Division of Health; 
adopted by the Utah Air Conservation Committee and the Utah State Board of Health September 26, 1971; 
revised January 23, 1972; July 9, 1975; May 22, 1977; February 1979; under authority of 26-15-5 and 
26-24-5 Utah Code annotated, 1953, as amended. 



Table D.1 (continued}--Key to State laws, regulations, and ~uides tited 

Washington 

1. Mineral Leasing Laws, Revised 1965. (Laws cover surface and underground but not in situ and heap 
leaching). 

I 

2. Rules and Regulations Relating to Protection and Restoration of Lands disturbed through Surface 
Mining~ October 20, 1970 (Surface - Mined Land Reclamation Act, Ch 64, '1970, Sec. 5 RCW 78.44-
only applies to surface mining on private and state-owned lands). 

3. Rules and Regulations for Radiation Protection, Chapter-402-22 WAC, Specific Licenses. 

4. Rules and Regulations for Radiation Protection, Sec. 402-24-220 WAC, Concentrations in Air and 
Water for Release to Restricted and Unrestricted Areas. · 

5. Rules and Regulations for Radiation Protection, Chapter 402-24 WAC, 
Standards For Protection Against Radiation. 

6. Rules and Regulations for Radiation Protection, Chapter 402-52 WAC, Uranium and/or Thorium 
Mill Operation and Stabilization of Mill Tailings Piles. 

7. Clean Air Act. Revised Washington Administrative Code, Rev., Chapter 70.94, RCW. 

8. Water Quality Standards, State of Washington, Department of Ecology; June 19, 1973. (Revised 
Dec. 19, 1977). Water Pollution Control Act of 1970 (as amended). 

9. Department of Ecology - Water Use - . 
(a) Water Pollution Control: Chapter 90.48 RCW 
(b} Water Code - 1917 Act: Chapter 90.03 RCW 
(c) Regulations of Public Groundwaters: Chapter 90.44 RCW. 



Table 0.1 (continued)--Key to State laws, regulations, and guides cited 

- Wyoming 

1. Regulations and Instructions, Part I, Surface Water, Wyoming State Engineer's Office, revised 
January 1974. 

2. Condensed Detailed Instructions for Preparation of Surface Water Applications and Accompanying Maps 
for Facilities (pollution control and others) for Mining and Other Industrial Operations, revised 
4-28-78. ·Effluent Limitations and Monitoring Requirements: Wyoming's BPT for Uranium Mine Waters. 

3. Wyoming Environmental Quality Act, as amended, Department of Environmental Quality: 1973 Cumulative 
Supplement, 1974 Session laws, 1975 Session Laws, 1976 Session Laws, 1977 Session Laws. 

(a} Article 2 - Air quality Regulations. 

(b) Article 3- Water quality. 

(c) Article 4- Land Quality. Guidelines No. 1-6 and 8. 

{d) Article 5- Solid Waste Management. 

4. Wyoming Air Quality Standards and Regulations, Department Environmental Quality, filed January 25, 1979. 

5. Water Quality Rules and Regulations, Department of Environmental Quality: Chapter I, Quality Standards for 
Wyoming Surface Waters, filed July 17, 1979; Chapter II, Discharges/Permit Regulations for Wyoming 1974; 
Chapter IV, Regulations for Discharge of Oil and Hazardous Substances into Water of the State of Wyoming, 
June 13, 1978. 

6. Proposed Groundwater Regulations: WQD Chapter VIII, Quality Standards for Groundwater of Wyoming (1979); 
WQD Chapter IX, Wyoming Groundwater Pollution Control Permit (1979). 

7. Wyoming Land Quality Rules and Regulations, Department of Environmental Quality, filed October 6, 1978, 
amended September 13, 1979. 

8. State of Wyoming Non-Coal Mining Laws, Safety Rules and Regulations, Title 30--Mines and Minerals. 
(a} Chapter 1 - General Provisions 
(b) Chapter 2 - Bureau of Mining Statistics 
{c) Chapter 3 -Mining Operations Generally (Article 4 - Safety Regulations) 
{d) Chapter 3 - Mining Operations Generally (Article 5 - Open Cut Land Reclamation) 
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JAC~ IOIIr£ IITLLUH$ INC MONTP0$1!: 21 4$ N u.o"' 22 UNOtliGRO l ,ooo .. 100,000 50 
LONG PAPIC 11 11111011 CARBIDE CP OIONTROSt 2' " 14 t,l II u UIIOtliGlRO &,ooo • 100,000 200 
LO~C PAliK U UNIO'I CUI!IOt I'ONTRI)5£ c. U'IIIO[IIGI\0 I ,000 • \01), 000 :100 
LOIIG PAPK 16 UNlOH Cl~~IDt CP I'.ONTROS( ll 41 II u.o w 22 UIIOlACiRO t,ooo • 100:.000 200 
LUCKY GPOUP [N(PGT rutL5 HUC "'OIITIIQ!III; )ll n N 19,0 w 22 UNDtRCiiiO IDO • 1,ooo 50 
,. .. nr. 5 • 6 UNtO~ CAR~ID£ CP MO'ITI'hl.St 26 46 ~ p,o , 22 U~OtAGAO "000 • 100,000 400 
MILL 2 UNIO~ CAPBIOE CP MONTRO!I[ l2 u N J7. 0 II 22 UNDtRGRO s.ooo • 100,000 200 
M!N[PAL JOE C.AOU ATL,U 'IJHrll.lLS Jo!ONt~OS!: H 46 II u.o II 22 UND!RGRO •too,ooo JOO 
IIINtiiAL PARK 4,S , ATt..U KIWEIIALS IIOt.nOIH' n ., II U,O II 22 UIIOI:AGRO 1,ooo • uo,ooo uo 
I'.L8•C•J.Y•I9 UCC•GOY"'l' LtAliE IOI)fl'tAO!!t 0 \!11()1:1\C:RO Hoo,ooo •oo 
IILII•C•!IL•H lNC!: MNG•GOYTLSE MOHT~OSI: 0 UliOEAGRO 1.ooo • 100,000 400 
MLB•C•JO•! GAT~~rOX•GOVTLSt Mt)NTPOllt 0 UkD!:P:GfiO ,,ooo • 100,000 2!0 
MLil•C •LP•l2 lMCt MNG•GOYTL6£ 'IIIO~TP08!: 0 UHO!:IIGPO 1,ooo • 100,000 250 
ICLI!•C•Sl'< •11 OlWSO~ ~-(.OYTLSt Jo!O~TROS!; 0 UNDtliGRO 1,000 • 100,000 150 
IILII•C•IIR•I2 IHAB1KtR•GOVTL8E IIO>IT~O!II: 0 lJIIDI:IIGRO 1,000 • too,ooo uo 
II!.B•C•!F•Il rLA~GANP•GOVTLsr IIOIIT~(l!lr; 0 IJNDERGIIO 1,000 • 100,000 uo 
I!LB•C•S!'•l6 kLUS! O.l"O!ON MOilTI>OS[ 0 U!.I)UGIIC 1,1)01) • uo.ooo iOO 
MLB •C ·S~ •16 A DYhOVt Lf(l MONTI'IO.$( 0 UNPUGRO 1,ooo • loo.ooo 100 
MOIIIOGJil~ CLAIM UIHOif C:AA&lllt MOIIITPOSI: II Ull 17,0 II 22 UIIIJERC:RO t,ooo .. 100,000 100 
Ntt .. •'tPACt UNtO~ t•~elDE CP Jo!OilTIIOS[ 0 liN DEllOliO 1>100, 000 600 
I'UNUT MIN[! nu.s-••u.x MONT POSt 45 N 

"· 0 
II 3'2 UNOUUO 1,000 • soo,ooo uo 

PtGGy li!E51iA.,, GL!:H MOIIITI>OS!: 6 4i N 
"· 0 

II 22 UNOI!:IIGAO 1,000 • too,ooo 50 
PICKtT CORP4L DON UDPto& ltONT~OliE u u N u.o II 22 UliDERGI'O t.ooo • 100,000 100 
l>fiiriC:f5S D "- .liDIItkS I'OllrT!IOll~ ~' u II u.o ... '21 IJ!!Il!:PGI\0 100 .. 1, 000 150 
RAVEN roan "l~tRALs KO!ITR05t 0 U~D!:RGRO s,ooo • 100r000 100 
R!:X fo!%NE CLEGHORI t liAS MO~TROS[ l 47 II 7,0 II 22 UIID!:RG~O 1,0:00 • 100,000 600 
RIMROCK S UHlOII CAPIIIDt CP IIOIITROS[ 0 UHO!:IIGI\0 1,000 • 100,000 no 
IIII'ROCF BLI.'t~ 11!110~ CJP.hiDt CP 141J~TA05t 2 45 II u.o It ,2 VNO!:RCPIO s,ooo • 100,000 !!>0 
RlHIIOCII GROUP UNIO~ CARBIDE CP KOl'l'I'ROSt u 4S N u.o It 22 IIHOti\GRO lrOOO • 100,000 S50 
11rr: a fU'UVE P[S1:!1V!: MO,.TP05!: 0 UHOtAGIIO ,, 000 • 100,000 50 
ltPT!:Kil!J't NOI!N I!NIO~ ().11'1!101: l40liTIIOat tr. n II u.r. \1 22 Uli!li:I\C.IIO t,ooo • \00,001) 100 
SUMO lTLU MJIItP.r.Lli 1'1011'1'11081!: 24 n II u.o w u !,IIIDI!:IIGJIO 1,000 • 100,000 50 
ULVtl\ DOLLr.R C + D EXPLOIIATIO MOII'!:POSt 0 IJNDt:IIGI!O <100 100 
IT,H'I:RIC:K 9 C W BUt-I([P MONTPOSt ll n II 20,0 ~ 22 UIIIDtRG~O s,ooo • 100,01)() 200 
8UNBU~ CPOUP UNIO~ CAPillOE MOIITP05!: 10 ., II 17,0 , H I!NDtRCIIO 1,oao • too,oao 210 
UP:l UNION CARI'lfl[ C MOr.ITROS[ 29 H H u.o ~ H UHDUGI!O )100,000 410 
lii.NDA l PATTERSON, JAKES MOIITI!OS( n u II 17.0 w 2l UHDUGI'IO tOO • s. 000 10 
IIIUTE nee: UNION ClR~IDt CP MlliiTPQII[ H 47 N n,o ll 22 UllDUCiiiO 1,000 • IOO,OOD uo 
l'ti.LOII IIIID I ~ K DIETl. MOIItMSE n n II IT ,o If n UNO!RGRO s.ooo • 100r000 0 
Y!:t..LOII SPOT G~OU ~EED I!IN'I~G ICOIITR05t 0 UN~fiOiill <100 0 ,., 
PlTCK ~OIIl':STUE MN(i co UGUACIII!: u N I,D E 22 IJN!ltli.GIIO )100,000 250 I 

N 



lC'l:IYt URANIUM MUII:S IN THE tiNtTED 11lTtl PlGt J 
IOUIICI:I DOEr GI!AND JUNCTION, COLORADO 

MI~I: IIAI"t COIITROLL!R NAME COUNT\' II!:C' TOlltiS!UP IIAIICt lltliiD I lllNIIiG !OTAL PIIOOtiCUON DltPTH 
III:THOO (TOMII U or OtiOll7t) trT,) 

............ COLORADO CCONT 10) ••••••••••• 

BURPO UIIION ClR8IOE JAN II Hi tiEL lt 44 It u.o II 22 UliOUGRO >100;000 soo 
Cllllll'UON PIONEER U~AY INC lUll 'HCUEL tl u " 11,0 II 2l VNOERGRO )>100,000 200 
CIVET Cl.T GROUP tlGL! P[l~ HIIC C UN NIGUEL 0 UMD!IIGRO 1,000 • too,ooo 50 
DER[~O•SICLEA SH UNION CARBIO!: UN HICUtL , 42 M :zo,o w 22 UIIOERORO >loo,ooo 6~0 

fl.L.COII•l;OI.I•Olt.ll. uLu-roon:. lllN !ClCUrt. 0 U!IOERGRO t,ooo .. 100,000 soo 
Clo!C' UNtO~ CJRAIOE CO UN 14ICUI!:L 18 44 N 11,0 w H UNOERCIIO 1,000 • uo. 000 500 
HAIICOV!~ (8LRC~l ~O,ELL [ ROCKWtL UN I'IGUt:L H u II u,o w 22 UNDI:IlGRO 1,000 .. too,ooo no 
HlPPY JAC~CSLKPC Ill~ ION !I PC II UN MIGUEL l6 H II 20,0 w u IJHOERGIIO "00 0 • 100,000 0 
LUCKY SiPIKt Hl~NERT M!'G, IJH "'IGUEL 19 4l H u,c II 'U UNOtRCIIO JoOOO • too,ooo ISO 
MlGPlt 2 PIOII!:!R U!IAV INC Ui'l MIGUtL 25 45 li 11,0 w 'll U'IO!:RCI\0 t,ooo • too,ooo 150 
MURII':TTA &HlPF!OCK, LTD UN "lCi!JtL 25 U N H,O w n UNOERCI\0 lrOOO • 100,000 250 
).lOllY!' I!U!l!\C UNION CAII~ID£ CP Ull IUCUEI. 0 UNOtRCRO ,, 000 - 100,000 )00 
Po~D VNIO'l CARBIDE CP J.UI ~1CU£L n u N n,o w 22 UNDERGRO loOOO • 100,000 100 
RADIO~ t,to,• 11 ltLAS•P'OOT!: ISUI "'IGUtL 4 U H 1g,o w 22 UlfO!:RGRC lt 000 • 100,000 100 
P.lOlUM CP•BLAC~b ATLA:J•rOOY£ .UN "lCU!:L J2 Hll u,o II 22 UNDEIUlPO t,ooo • 100,000 0 
lUll& CI>OUP JOH~ III:PU Ill 'I "ICUtL 0 UNDtRGRO soo • s,ooo 0 
llLVtR llf:LL UNIO'f C.lRIHDE CP ""'' MIGU[L 22 )2 s 26,0 [ 24 IJ~KHOWII ,,ooo • 100,000 &50 
INYOI:R + PtttRSO U~IOH CARBIDE Ulll MIGUEL II 4J II u.o II 22 U~Ot:IICRO >too,ooo ao 
IITIU .. BtRR\' PO.l!ll lTLU IHt;EI!lLS ,,,. "IGUrL 32 u N u.o 10 2l U"DI:RG!I.O 1,000 • Joo,ooo 100 
IUM~IT J~CLINE 1 lTLU•U'U Ull I'JCUEL ,. 4) H 19.0 w ~2 UNOERGRO loOOO • JOQ,OOO JOO 
SUN CUP [I>UCKI:TT OOLOR[S BENCH LT UN "I GUn ll 4 II 1,, w 21 lrHOtRCRO 1 ,ooa • too,ooo )00 
IIUNOlY GI'IOUP UlilO'- Cl!IRIDE CP Ull OIIGU[L 1) 44 " 18,0 w 22 UNO!RCRO )olOO,OOO JOO 
UINTA~ Ill., D, TPIPP Ill" 14JGUtL. l8 4J II 19,0 w 2l UNOUGRO loOOO • 100,000 ·~0 
ltii.."lAT!l UHIOII C'-1'111101: CP , ... ,.ICU[L 24 H N 17,0 II 22 UNO!:RCRO l,OOO • 100,000 0 
IHI!O.\I!IEPT UNION C.li!f'IDE CP ,. .. 'IIGUEL u 44 H l"/,0 II 2:.1 UNOUCRO '· 000 • 100,000 too 

............ NEll "UICO • ••••••••••••••••••• 
AliN L£[(2~,14•9) UNITED NUCLU~ HCKINt.tY 28 !4 N 9,0 II 2~ UN DEllOliO )100,000 650 
&UCK\' (14•14•10) COBB HUCL(AR INC I'ICIONLEY 14 14 ~ 10.0 II 22 UNO!:P-CRO >100,000 200 
CLlttSIOE 16 14N II tii"•~'CCU: COP.P !o!CKI~LE'I' 36 14 II 9,0 w 22 UNOtltCI\0 )100,000 1400 
OOG•rt.U (10•1]• loC + " "INING CO I'Citt>lL!Y 20 UN t.o 11 22 UIIOtRGIIO )>100,000 200 
II CtP.CUIT GRANT IC[R!I l'CCtt I'ICIII'I!.EY 0 HWATIIROO <100 0 
MAC I 12r1!1•14,Sc 1111 • HOM!!T.U:E MCICIHLty 12 l5 " s•.o II 2~ UNOI!:IHiRO t,ooo • too,ooo 400 
MIN[ WAttrt UNITED NUC HO,ot MCICIIIL[f 0 HWA1'PROD <tOO 0 
MLII•III!•ll•l W~P.NOCK•COVT LSt MCKIM LET 0 IURP'lCl: >100,000 so 
II t CHUP.CHIIOCK UNI'r[O IIUCLEAII I'ICUNLU H n " u,o • 22 UNDt:RiiltO )100,000 uoo 
lllV'-JO Jl[S, HW KtiiP.•MCGtt COPP, 14C'kiNLEY H 17 N n,o It ::12 IJNOERCRO I, 000 • too,ooo 2250 
IANDITONtC21•14• liNtti:D NUCL!:AR IICKtNL[T H J] N 9,0 w 22 UNOtli.GRO )100,0()0 1!10 
ltC: 1 u 'I U:lll! !oiCG!t MC~IOiL[y 1 1) H 9,0 .. 22 UNO!:RC~O )o!OO,OOO 1400 
u:c 12 14 10 swo COIIB IIUCL IIID MCKI~LEY n 14 N 10,0 v %2 UNOtRCRO >soo,ooo uo 
ltC 12~t$•14WJ,N GULF Mlii!:AAL R[6 MC~IIILE't 12 15 N 14,0 w 2l UNOtRCRO t,ooo .. 100.000 .,Q 
I!:C 11+20•14•9 HJR ICCGtl!: MCIHNLI:Y :zo lt N 9,0 If 22 UI!D[RCPO ,.too,ooo 100 
arc u 1411 11w Ktlllt•MCGtt CO!IP 0 MCICI'IILEY 19 u II t,O w 22 UNDtRCIIO uoo. ooo uo 
I!C 19•13•09(KOP ltANCHtRI txPL, MCKINLEY 19 u )I 9,0 w 21 UN[)!:RGRO 1,000 • lOO,OOO 100 
!EC 2\•\'!lli•1SW WtUI:RN IWC.Lt:U KCKtNLtl' 21 l'l ll u.o II :Zl UllllERGIIO loiOOrOOO 401'1 
lltC 2~·1411•1011 UNlTtO NUC' HOM MC~INL[}' 25 Ull 10,0 w 2:1 UIID[I\GRO >100,000 700 

rr1 
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lCTtvt Ul!lNJU'I MlNU IH THE UNITED ltlttl fl(lt 4 
IOUilCtt DOE, GRAIID JU~CttON 1 CO~ORIOO 

MIJilt Ill~[ COHnOLLtP NAI't COUNTY ate, TOWN SKIP ~AHC£ IIERlD, MtHlHG TOT AI. PRoCHJCUOH DEP'rH 
M[T!IOO (TONS All or OI/OtiUl (rT.) 

••••••••••• H[W M£UCO (CO~T 1 0) ••••••••••• 
I 
r 

>lOO, 000 5!0 uc l0.14•9(t • KtiHI MCCtr I'.CIOIIILU )0 14 N 9,0 li 2:.1 UIIOERGRO 
IEC U i">N liP COBB IIUCLEAR fNC MCKI~L['t n IS N 11 ,o w 2' UI!OEIIGRO ,,ooo - 100,000 250 
uc n, 1411•9\ol KERR ~'~CG!:E IICKIIILH 3S 14 N 9,0 li 2:1 UNO!:RGRO >100,000 noo 
ate l!>,t7~·Uo' II !C!:JlR I'CCU; CORP, MCIUIIL!:Y H " II u,o w 22 UIIOI:IHiRO 1,000 - 100,000 16SO 
ate '•llN•UW RANCHERS tXP,OEV MCKINLEY ' I) N 1,0 w 2:1 UHOtRCio!O >100,000 U!IO 
6£C 8 UN 9o' KOPPEN MC~J~LtY • 1.) I< ll,O Iii 22 UNptRCRO ,,ooo • 100,000 )00 
ate, Jl•ll•ll s TODII.TO tXI'L,+P MC:l<l~LEY IJ 1) ,. u.o w 22 UNOERGRO 1,000 .. too,ooo 50 
SEC, 15•14•10 U'4 [T[O 1/CJCLI:AR ~CKI~L[t 15 14 N JO,C II' :12 UIIOriiORO ~>100,000 500 
lltC,1l•l4N•IO~ UIITD,!IUC,ll~STKE ~o~c:nHLtr 1) 14 N 10,0 II 2l UIIDEP.GfiO >too,ooo 500 
IEC,17r14H•9W,Sl KEIIR 1-lCCitF foiCKIIILEY tT 14 II 9,0 \1 22 UNDtRCRO >100,000 150 
SlC,I9•!l•IO ~WQ TOOILTO EXPL + D MCq"fL[Y 19 I) N !0,0 II 22 6URFAC£ )100,000 50 
SEC,19•1)·9 .5EQ P.tSERVL OIL+~~~L MC:!<:I"L['/ 19 I) ~ 9,0 II' 22 UNOERCRO >100,000 300 
aEC,2!,!l•9 POPI ~~~~CHERS EXPL, MC~IN'LfY :II ll ll 9,0 II' 22 UNOEIIGRO s,ooo .. 100,000 uo 
ltC,2l•14'1•10~ Uf41(>jQW'I MC~lfiL!:Y :u 14 N 10,0 II u UNDERGitO >too.ooo lOO 
IEC,24+26•14N•!O I(ERR•MCC£t CORP, MCJfl>lL['( 24 t4 ~ 10,0 " H UNDE:RGRO >100,000 no 
lte,:t6,14N•9W,a2 ll:tRR•MCGr:t COPP, foiCI(l,.L!:Y 26 u II t,O W 22 UMDEP.GP.O t,ooo • 100,000 suo 
&EC,l9•14•9 (MU• K£/1 R•MCGEE CORP, "C:•IN!.tl' :n 14 !I 9,0 II '22 UHDtP.CP.O >100, 000 600 
I[C, )2, 14'1•091<1 UNtTET! 'l<UCLUP IICI\liiLri ):1 14 N 9,0 w 22 UNDtllGRO :11100,000 600 
ENOS JOH~SOH DUM RU "IILLI.l'IS 11.1,!1 JUl~ 0 DU!1PS i,ooo .. 100,000 0 
L•l!AR IOK 1 O•lltsFP. VE Y.lU:~cu H 11 II !1,0 w 22 UIIOtRCIID :11100.000 100 
PlCUATE•JAC~PIL A~ACOtiDA CO, VALEIIC:U lt !I !l,O W JURrACE :1>100,000 uo 
PlCtfU(•JACKPI~ l.liACOHO' CO VAC,!:NCU 0 II~OUGIIO >Joo.ooo ·UO 
&T,lHTKONY "'iN[ U!IIT!:D liUCLUR vnt~cu 19 1t N ,,0 w 2:1 IURHCt >100,000 :uo 

••••••••••• T[XA! •••••••••••••••••••• 
KUP.T LUst COHOCO PIOI•rii;EA lTl!COU 0 auRnct HOD, 000 100 
li00N[•lNDI!:I<SO~ L lNTRCNTl!. r~tAGY BE£ 0 IN•SITU 1,000 • too,ooo lSO 
BENlVl0£5 WYO ~I~ERAL COPP DUVAL 0 IH•8tTU 1,000 • 100,000 :too 
PALAHGA!o.l PO'<t UNIO~ C:A~BIDt CP DUVAL 0 JI<•SITU CIOO 300 
lltiC!I:EP•U"ZO~ CO/lOCO PtO~tV KAPNP.:S 0 &URHCE 1,000 • 100,000 100 
IIUTL[R LEU! CONOCO•I'lOIIU:It U.R,.ts p I!JAHCE >100,000 100 
CAAM00T•R06!:N~t7 COhOCO• PJQpjE:tll I!"ARN!:.!! 0 IUII.rlCE t.ooo • too,ooo )00 
DICKBOH (UL 16') CONOCO Plt\H[EII !l:,ll!lil.!! 0 au~ net 1.000 • &oo,ooo 300 
FALL6 CITY TArLt 50LUTION CNClH~G lfii'Nt3 0 l'HL,O'IP :11100,000 0 
rP-.HUI~ (IJLI754 COIIOCO l'lO'iEER URN !!:I 0 IUIIFlCt a,ooo • too,ooo 200 
II:OTZUR•ll!>O COIIOCO•PIO'IEEP U.PNE! 09 17 ,o IU!!rACE 'HOO, 000 100 
P.lWEL!:K 0,1!, COhOCO•PlO~UP X~AN[.!! 0 SURfACE >100,000 200 
PAioltLI!:!t•t.U.!!A ' COIIOCO• PION[[R KAII/Its 0 .SUR rACE >too,ooo lOO 
THOHA&•KNlNDlL•D COIIOCO•PJON[[R J(Aflli[:l 0 SUflrlCJ: )100,000 uo 
llilii.!:RieH C,D, 4 CO.IIOCO• PIOUFR ICARIII';S 0 IURrlC[ >too, 000 100 
BURN.!! MNG,PROSI't U, a, Stti!:L LlVI!: OAit 0 Jli•SlTU >100,000 500 
CHAP lUll CONOCO•PlOIIHR LIVt OU 0 IURHCt )100,000 100 
C~AI WliT PPOP[R U, I, Sf[l:~ LIVE OU 0 lH•IITU )lQO,OOD l50 
FlLTltll 'f!llCT UXOH CO,, 05.1. LIVE o•K 0 IURFAC£ )100,000 100 
HDO!il':•!'7)4 CONOCO•PlCINI!:tl!. LIVE: ou 11 15,0 IU!IrACt >100,000 200 
LlHPRtCHT,A,H,-1 MYPHIHG MJHtRlLS LIVE on 0 l!I•StTU >100,000 250 rrt 

I 
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ACTIVE UIIAII l.U!ol M lHtll IN T"E UNITED ITlTtl PAGE s 
SOU~CEI DoE, GRAND JUNCtroN, COLORADO 

MINt Ill"[ CONTROLLER Ill I([ 'C:OUNTY I[C. 'I'OWII!KlP Ill !IIi[ MUIO, MilliNG tOTAL l'ROOUCUON J)[ptlt 

MUKOD ('1'01>11 AI or OJ/Oit7t) (ff,) 

••••••••••• rEXA.S CCOhT'Dl . ........... 
MC LUl/•80\oiMA~ txXO" CO,, USA LJVt O~K 0 IURFlCt 1,000 . 100.000 100 
6"1TH,II,l, 2•670 COHOCO•PIClN~!R LIVE OAK 0 IUIIHCr. 1,000 • soo,ooo 100 
!AMZ,OW liiTIIHTIIL tNtRC'C LIVE OJ.K 0 lN•SITU l>IOO,OOO 150 
O'HER~ LP:HIE•7S l'OeiL OIL CO wr:ee 0 III•SITU •soo,ooo 500 

••••••••••• UUH •••••••••••••••••••• 
MONli'CH HOLLlNG5H[A0 MNG Bl!:lVER u HI 16,0 II u UIIDERGIIO ltOOO • 100,000 100 
ALLEN WlTTtPSON KtNINC E"'ERY 0 UIIDERC~O \,000 • too,ooo \00 
CO!-I(TOlU INDUSTRIAl· MI'III'I E"ERY 0 U!IDt~GRO s,ooo • too,ooo 50 
0[0[ 6.1+8 UJ,U 11INERlLS ["'!:PY 0 UHDtAGI\0 I, ooo • too,ooo 500 
lHtLH III~t UUH W!ST IIIC. l!:"ERY 0 U!IDtPG~O •too,ooo •oo 
O!:S£JIT 1'0011 ] W~TTt,SO~ I'IHJNG [•tRY 0 U"D£.RG~O loOOO • 100,000 !0 
DUTER GROUP JOilH lDAI15 [I' tRY 0 UNOUGRO s,ooo .. 100,000 100 
DIRTY DEVIL 2 11/DU.STRUL IIUCL E"'tRY 0 U!IO!:IH;~o l, 000 • too,ooo 100 
DOG l JOHN 101'41!. HtEPT 0 .SUR FACt I, 000 • 100,000 50 
rLU TOP LC'O[ MI~tPAL.S rVJL+IIi ["!:FIT 0 SUHACE I ,ooo • too.ooo 50 
lNCL!'I[ !,2,+7 ATLAS '11Nt:RAL3 !:"[IH 0 UND[!\GRO >:oo,ooo 200 
l>~CLIIU: 6 ULJS '41N!!:~AL~ !:"FRY 0 UIIDERGFtO l>IOQ,OOO 200 
JACK RAB•lCE•N•H ULAS HIHEAALS E"t!IY 0 UNDERGRO 1,ooo • too,ooo 500 
JOSHUA 1 TROJAN "'liii~G CO 1:"[11'!' 0 UNllERGRO <tOO Q 

U:I'IPLE ~OUhTn>~ !ION C'F!O!Ill [IIEAY 0 U!IOt~CRO lt 000 • 100,000 0 
'I:HU"Dt~RIRD INDU.STPllL t4ININ !:"till' 0 UNOtRCI'tQ 1. 00 0 • 100,000 so 
Vli<AOIU~ Kl~G I T!lo!PLI: ROCK MNC, t11tPY c UHDEIICIIO lrOOO • 100,000 100 
'Ct:LLO>I OliSY 01~ L PO.,'!:LL t"'ERY 0 UMDtRGRO 100 • 1,000 200 
U:LLOII ouu:'l aucun P~U:Bt,JII EMEH 0 UliDEIHll\0 l,ooo .. 100,000 50 
CONGFIEIU 29+40 T!D [l(lt!:FI GJ.PfiELD 0 81lRFA.CI!: ,,oao • aoo,ooo 100 
CONCFitS.!I•DUSf J [NfRGY rurLS tiUC GlPfltLD 0 UNO[IICRO 100 • !,000 100 
COIIG~U.!I•t•cu; DONl\,0 0 HANNI GARFHLO 0 Ull!l[RCRO I, 000 • 100,000 so 
DAISY JUNt CROUP U:D UKtR CA!lfiELD 0 UIIOtRCRO 1,000 • 100,000 50 
DtLMON't!: GFI0l1P I)[IINUI u:p;[R GAPF!I':.LD 0 UNOtRGRO loOOO • 100,000 50 
DOIIALD OUCI< 2 Dtl!: RA!Y GAflrULD 0 U'NO[RCRO 100 . s,ooo 110 
tL[NO~A t tlltRC'! FUtLI NUC GJ.RFULO c IURHCE <100 100 
LUCKY STPIKE PLATEAU RtSOU LT GARFIELD 0 UN!l!RGRO 100 • t,ooo 0 
IIJOU•CEI'ITIP!O£ 6HUM'IU USOC, GAll FIELD 0 UNOtFtGRO 1,000 • 100,000 150 
MIHtll!: PI:APL LEO !:> J1C!C50ll GARritLO 0 UI<OtRGRO ,,ooo • 100,000 50 
MOCKlNGBI~O CLAI J + R liNG CUrtELO 0 UHOE~CRO . " 1, 000 - 100,000 lOO 
P+F J + fl MNG, GA'rttLO 0 UMOERGRO ,,ooo • 100,000 a 
POHiON IPRlHG '2 HU~T,A + ION! GA~ritLO 0 IIURF.CE <100 50 
.SEC l6•ll•ll IILM Mt~ERUII RtCVR'l GAIItU:LD 0 U/10!1\GRO t,ooo • 100,000 50 
THCKYU GIIOUP E~l!:RGY fUtLS ~UC GUFJELO 0 UP<O~PGRO 1,000 • 100,000 100 
BLACK JACK LYhH ZUF!:LT GRAND H 22 5 31,0 r: 24 UHOERGRO 100 • 1, 000 !lO 
8LACK.I5TOHE 5 • 6 ALFFIED P'IIOST GlllND u 22 II 22,0 [ H UIID!RCAO 1,000 .. 100,000 uo 
CACTUII PAT ATLU•l"!U GRAN[} )) ll II 23,0 [ 24 UI'IOtPIJRO t,ooo • aoo,ooo 50 
COBALT L + D !HUI'oll\' CIUND 0 IUIIHCt C100 10 
COII!I)L I • 2 COTTER COPP, C!UND 27 )4 I 20,0 t 24 U!IOtRIJRO loll)l), 000 no 
COI!VIIUTt t\HIPROC~ LTD GIIA~D u 25 I 26,0 r. H U'IOUGRO 1,000 • 100,000 uo m 

I 
Ul 



lCTlYr lllll.lNIUM IUNI!:a lll THE UMttrn lflTtl PACE • IOURCEI DOE, Gl'llll> JUNCTION, CO~OAlDO 

I or: ~~tiC III HE !jA"'E CON1'AOL.LEII lil"E COUNT"t uc. TOWNS!! II> IU.HG£ ME, tO, Ml'HING TOTAL PIIODIJC1'1011 
l'll:n!OO {T'ON5 A.5 or ovoJntl err,, 

••••••••••• UTAK (COI''t'D) • •••••••••• 
LliT DOLLA.P. JOI!: COHU GRJ.\10 0 UNOtRCRO lOO • t. 000 0 
MC CROUP P IOif[(R U!I.I.V A~ G'IAND 0 UNOERORO < 1.00 500 
MJHtRAL POLAR 22 lTL.I.S•l' AX GRA~D 'U H a 25,0 E H UMO£RGP.O ,,ooo • 1oo,ooo 50 
PINTO UU, PJUL GRANO )J :u I 20,0 r: " 6UIIr~ocr: .c:oo 0 

POLAR CPOUP UIIICo; ClRIIlOE CP GPAIID 10 2!> a 2'!1,0 r 24 UNO[RG!Hl s,ooo • loo,ooo 100 

POt./1.11 14£61 U'llON CJ~BII't CP GU.•H> 25 5 2~,0 E H UIIO!:RCRO s,ooo • too,ooo D 

II.Eb 1\UD JERA'r STOCKS CIU!IC , H I 2J,O I' 24 UHOUGR.O IOO • I .1!00 uo 
I[C ,l'2•C lNE CRt£ ATLAS·~~ AX GRUO J2 26 ' 7$,0 r: " IJNOt:RiiiW ltOOO • loo,ooo no 
II!ItiAfiUMP 2 CtlltR~L ELECTPIC C:l!A.ND u 24 II 20,0 t:: H UHDERCP.O 1t000 • IOu,OOO !10 

'LICK ROCK l 1 1+l~ Jtl' C BUTT CIH.NO 21 2l 3 20,0 r: ,. UNDtRGI!O 100 - I, 000 0 

UT'H ALLOy GROUP !ILL~lN, ~E~NETH Gill liD 6 n s '22,0 t 24 UIID[II.Cl<O s.ooo • toa,ooo $0 

BINC:Hl-" HO'ItflG H~PL CP SALT t,,t,;f: 0 II URI" Act J,OOo • loo,ooo 0 
U£ 4 RIC\HRO V [HSLE &1'1 JUlN 0 UNDtRGRO s,ooo • soo,ooo 200 
ATOMIC KI~C GROU UPA'IIU~ PROD CO Ull JUA~ 0 UKOtRGRO s. 000 • 100,000 100 
IUVEP (01!:[11 CKl UNION ClPB!DE 5.1110 JUll'l u 28 s 25,0 t ,. UNIUION N s,ooo • loo,ooo 4!0 
'8lC BUCK 11A + 1 BOB lltrJ~Io'~r uu ..ruu 14 ]0 a ~4.0 [ 74 IJNOUCI!C >100,000 400 
SLUt 1 EAST STl~JD,t.I'IO IJII IIA't JIJl'< u u ! 21,0 [ 24 U!llltil.IOIIO t.ooo • too,ooo 150 
&LUE BlPO OALE Olt.t.ON SAN JUUI .. J7 6 21,0 r ,. UtiOERGRO s.ooo • loo,ooo uo 
P.UG.S 1•4 'IERotlK SHU'4"'U ll,. JU.t.lf 4 )1 6 at.o r; H lJNDtRGIIO l, 000 • too,ooo lOO 
CA~<tL crHoroun ,H., C, !tUTT S~H JU'jlo/ 0 IJN.O!:l!GitO 100 • J,ooo uo 
CAI!Ail'l "lN!" JEP,.Y &TOCI':S U~ JUU 0 UIIDERGIIO 100 .. 1,000 so 
CLIH 1!0\l:!£ G!..tPf J 5HU,.WAY SUI JUlll ' n s H,O t 24 UtiO!:~CI\0 ltOOO " 100,000 ~0 

CO!..U~&Il 8~AFT G A1'Ll5 ,.l.,EPALS :UN Jlllli 2' 29 s <4,0 [ 24 tJNOEIIGI\0 )>100,000 !.100 
COLU~IIUS•II!I< A!LU-~"A): UN JIJA'I D LINO.tRGI!O :.aoo,ooo 400 
COTTO~WOOO GRIJ!IP O~N SI'U~W~l 81'1 JUAN 0 UNO£RCRO 100 • t.ooo 100 
COTTONWOOD CPOVP t!!;~~IN SKO~W,I.'J Ill" JUlN 4 )7 8 21,0 r H U~OERGRO a,ooo • too,ooo 50 
nUliT\' CLYDE R, SlNCHEl SAN JUU 26 ,. 5 2e.o [ 24 U,.OtRGRO L.ooo • Loo,ooo 0 
u.sn:A G!.f:ll J SHUOIIII,H ,UN JUAII 0 Uhl'.ltiiGRO 100 • s,ooo 0 
n~ ~I:ST Wl~!: ATLU Ml!<fiULS lllN JUUI ~~ 29 .5 24,0 [ H UND!:RGRO )>100, 000 5$0 
J"PJ 4 JIM C:, fll'tT SAN JUA.t n 5 u,o £ H UH[)tliGRO 1,1)00 • 100,000 1~0 

Gt"EYA CLAYTO~ nocxs SAil Jill~ 0 UNI)!:~GRO 1,000 • Loo,ooo 100 
Gt.AOl: GPOUP [N!RGr fUrL~ HUC llAI' JfJ~'i 0 IURHCI!: 1,000 • 100,000 100 
H~PPY JJC~ c~HCA 1TLA.5 l(lHrJU.LS UN .JUAN 8 n s 1!1, (I [ " UNOEI!GRO )100,000 200 
HtLL5IOt tiiUGY FUELS IIUC IIlii JUlH 0 UIIOtRGRO ltOOO • 100,000 <ZOO 
liOL!: 111 T~t !'IOCJC BLJ.CK + 6HUI(WU UN JUU 16 40 a l:!,O t H UNOUlGRO 1.ooo • loo,ooo 50 
HUI'tll/JG ATL.1.5•A".ll! Ull JIIAII JO )J I 25,0 t 24 IJNOERGRO L,QOO • too,ooo 100 
J[AN l JII\ C 11\JTT Sill' JUAN 1!!t u I ",o r 24 UIIOtRCI!O LoOOO • too,ooo 50 
JlMBO BO!l I!IUKWlY U.SOC • UN JUAII 6 )1 I :u.o t 24 UHOtli.Gli.O ltOOO • 100,000 no 
ICING EDIIUD !:llGtliE SII\JMWA'r Ill< JUA'I 0 UHOEAGAO 1.ooo • lOO,OOO 100 
!.UT CHA).CI: w. ll, WILLU~5 IAPI JIJU (I UIIOEIIC:RO 1,000 • too,ooo 50 
LlUR~ CPO!JP t,l\IRA IC~G, CO, Ull JUlll Q Ul!t>tii.GII.O s.ooo • 100,000 200 
Ltr GROUP [t:[II.Gl rurt.S NUC lk'i JUlli 0 UIIOlRCRO t,ooo • loo,ooo so 
t.ISIIOII l'.lltt: PIO ALCDM CORP SAil JUA>I 27 Z9 a H.o [ ,, IJp.~OtRGRO >100, 000 2600 
LOCIJ/11 LTlGHTOII•GR.lliT ,UJi .:I!JAII 4 J I ,,, r. :u !JHDUI:RO 100 .. 1,000 100 
LOIIG 81i0T l)h IHUMoi~'t UN JUAN 0 IU~r.ACI: 10D • s,ooo 0 
MAI!I\EY CALVlll llL~CI\ !II 51.11 JUA!I 19 , a n,o [ H UIIOE:RCliiO )100,000 1000 
lit VIDA MlH[!tALS WUT UN JUlll ll )0 a 24,0 [ H UIIO[RCIIO >100,000 so 
IIIOIITH ll.lCE JRJ 'II~ u~c co UH JUl~ 21 :n .. H,O [ ,. tJIIOtRGRO ~100,000 400 /TI 
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ACTIVE UI!UIIUM MINts IN THE UNITED STATES 
SOURCE I DOt, GRAND JUNCTION, COLORADO 

MIN£ NA!O£ CO~TROLLP"P NA~E COUNTY SEC, TOWNSHIP RA'NGE ME!tlD, 

*********** WYOMING (COPIT 1 D) ••••••••••• 
ltC,ll+4,21N•78~ ca:rn OIL CAP8011 ) 27 N '71il,O w O! 
BEAR CREEK 8•4 1 ! ROCU Mt ENERGY CO~VEFI3t l5 J8 N 71,0 w 6 
HIGHLAND PROJ D, tXXON CO USA CONV£R!t 29 ]6 N u.o w 06 
HIGHLAND PROJ,U. tXXON CO,, USA CONVERst 20 )6 N "'l,O w 06 
ae:c.U,l"'N•n• KERil•MCGtE C011P, C'ONV!:Rst )) n li "'l,O 'W 06 
II£C ,)6, 36N•74W l':ti!R•MCG!:!: CORP, CONvti!SE 36 )6 N '74. 0 II 06 
BIG I!:ACLE PATHFINDER ~INES FRt!olO!iT 27 2,9 
CAP 11 2+) ftDlRAL A~ER!CAN fREMONT 27 )l " u.o w 6 
CLYDt, !PtT 1 LOC FEDERAL AflltRlCA FHHONT 2) J2 N 91,0 w 06 
DICK GROUP UMIO~ CARBIDE CP rREMONT 30 n N 90,0 II 06 
COL!lf:W GOO&E 'lltf>TEM IIUCL£J.R rRtMOtfT ;u 2ll M 9'2,0 w 06 
HlL•BART•EGL CRI PUHTINDEil FRI':MONT 6 u N 90,0 w 06 
LUCKY MC GI<OUP PUHri NO!R flltHONT 2 H H 90,0 "' 6 
MC INTOSH t+W 8N WUT!:Rtf NUCLEAP fPEHOilT 0 
OLA CROUP UNION CAR~IDt CP FRtMONT 32 ll N 90,0 w 06 
PA'i DIFT W!IITEJ!H NIICL!AR fREMONT 20 28 II 92,0 w 06 
RAVHIE WtSTtRN NUCLEAR FREMONT 0 
&tC 16 MINE WAT£ WtBT£11~ NUCLEAR FRt"'ONT 0 
Sti.S,..lC Rt:!I,&EC WtSTI':IOI NUCL!!:AR fR!:~ONT l"' 28 H n.o w 06 
IHtEP MOUNTAIN l W[STE:RN NUCI.tAR flltloiONT 22 21 92,0 22 
SUIIIIU GROUP FEDERAL lMtFilCA fRtlo!OiiT 6 ]2 ); 90,0 w 6 
uncara~ WYOMING HINtRALS JOHNSON u 46 11,0 6 
PAY ALJOB•HtJP L UNION CJRI!!D! !IATROH~ 0 
PlY ALJOB•PROIO~ UNION CARBIDE NATROrU 0 
STAR 1•7 UNION CliiRID£ CP NATRD"'A 14 u H 89,0 II 06 
SUlliE: UH[O~ CARBIDE CP NATRONA 14 Jl II u.o w 06 
lllt/CRt(SWE!TWAT I!'INtR.ALS txPLTN lllf!:ETW ArtR 24 N u,o w 06 
CRt MIN!RAL.S tXP~,CO IJWI!:tTWUER 16 24 H 9),0 w 06 

IIINING 
·METHOD 

SURrACl 
IURrACE 
IIU!lP'lC E 
UNDERCRO 
I!.UIIFAC!: 

- -U'NDE!HiRO 
JURrACI!: 
8URrAC[ 
8URrlCt 
IJURrA.C£ 
3URrACt 
SURFACE 
&URfACt: 
8URP'I.Ct 
IURHCt 
UNO[IHiRO 
IN•SITU 
lH•SITU 
UIID£P.CIIO 
UND!RGRO 
liURFlCt 
IH•.SlTU 
HL•DUMPS 
LOIIG!lADt 
15URFAC! 
UNDEitGRO 
t.URFACE 
SURfACE 

PAC£ • 

'l'DTAL PRODUCT! Ot. DEPTH 
(TONS U or 01101179) CrT, l 

>100,000 no 
~100,000 uo 
>100,000 lOO 
>100,000 S$0 

1,000 .. 100,00() 200 
1,000 • too,ooo 650 

>100,000 lOO 
100 • 1,000 200 

>100,000 200 
>100,000 250 
>lOO,QOO :no 
>100,000 200 
>100,000 uo 
>100,000 200 
>100,000 250 
>100,000 1!0 

1,000 • too,ooo 0 
(100 0 

>100,000 )50 
>100,000 1!150 
>100,000 200 

ltOOO • 100,000 250 
>IOo,ooo 0 

1.ooo .. 100,000 0 
>100,000 50 
J,ooo • 100,000 l!O 

<100 200 
ClOO 100 

fTI 
I 

'():) 



APPENDIX F 
INACTIVE URANIUM MINES IN 

THE UNITED STATES 



IIHCT IV 1!: UP •" I''" 'll'Ell 1~ TK[ IJNITtD &T~T!S Pl(Ot . IOUPCtl 00(, ~Pl»l) JU~CTJO~, COLORADO 

Ml~[ ~AW[ COIITPOLL~R Nl"E COUHT\' SEC, TOIINIKlP lu.tH:E II!IHD, MINING TOHL PHODUCTlON OEPTH 
ll[fHOO (TO".S U or OltOitHl err.' 

............ lLlS~-' ••••...•......•.•••. 
cue I .\LlS"'l) ST~I'OJAP METALS SOUTKtHT () UNDER CPO 1,000 • 100.1)00 JOO 

.•.....••.• APlZIJ\l ••.•.•............•• 
AP~CH!. ~z.•r ,.AVAJn 'TPTPt .I: PICHE 0 UIIDEIIGRO <)00 200 
UU~fl"~-<tl>tl I ••liAJO nt<'t AI'~CHt 0 SURFACE <100 50 
lllPTO• ' ~A'HJO TPif.lt lPAC~>. 0 O~OI:!IGPO (100 !>0 
Jii!;!TlE I N l ~ ~ JQ T~f~E APlCh!; 0 UNOfi!GRO CIOO 100 
8L.CK I ~lVAJO TPTPE A PIC'!~ C) tJND[~GPO 1,000 • 1oo,ooo 0 
l't.ACK ~ N~VIJO 1Al~E JPlCHE 'q l~ " ~9,0 1: H U~DEAGFIO 1,000 • lOOtOOO 0 
BLACI' W US T.IC HE: 'lllllJ(l HlH: lPlCHE: 0 UNDERCRO "100 ;tOO 
PLtCl< P.OC~ ~lYJJO TP lEI' ~PAC~> 0 U~llt.t!GI'O 4'100 100 
~LAC( Pvcr POI~! ~AVA.,Jf' TP!I-C JPAC ~!': ' 40 ' ~9,0 ~ 1. IJI<O£llG.RO I,ODO • IOO,OOD !10 
r>LUC!C I( I'Tn ~~~0 NlHJO Hl"E APlCIIE )1 41 ~ ;a.o E 14 UNO!:IIGRO 1.ooo • 1oo,ooo 100 
I'IL\II:ST,~Nr I "lVAJO TRIP£ APlC'(t 0 UNOERG~O <1 00 100 
Cl.P!TAN BtNli.LY "lV.lJfl TP!IIE: lP•C~E 0 IJ"O!:RGIH1 <100 100 
ClRSON NUlJO JqT~£ lPlC">l!: 0 UNDFHGRO Cl 00 200 
CATO 1 HlV•JIJ 11oJ!'E ~PiC"!: 0 U~OERGRO I,Ol'JQ • !00,000 tOO 
c un 2 HAVAJn TI>!Fot &IHC><t 8 16 ~ l'l,ll 1: 14 UNDI:r<CIIO <100 0 
CHO' ~!:Z I ~lVlll" TRBr lPIC!It: D UNDE~CI'O 100 • 1.ooo !>0 
(',j(STt~ C"f1UP Cllac u·, err n. ,J, U•lC'<E .. ~ 15 ~ 15,1> !: I 4 Ulll:lfRCl!O IOO • 1, 000 100 
('Hf; .. TE.P, .. uor; I r. lVA,J() 1Pll'£ lPlC~t: I l 46 ~ 111.0 .. 22 U~ll!:!lGRO 100 • 1.ooo 0 
CI!I<~I\!.Y ~ I!'< E I H).VAJ\l TRHi£ •P•C~s:; 0 ut.n!:~c~o <100 0 
C1.5tO I c~•P "[5 NAV~J(l TPI"-1!: ~P•c~e: 29 l& ~ 29,0 0: I 4 U~OS:I'.GRO t.ooo • 100,1)00 1!>0 
CL.I..l"f H "~v~Ju TRIP£ li''C'lt:: ·~ 

)) N 21,'1 e: l 4 SUI'<P"lCr t.ooo • too,ooo ~0 
CLAI" ll -"A V AJO JU!f.F ~PlCI<IC 'Q )l H 1),1) 1!: 14 IIURHC£ '1:100 0 
ClA!~ ? . 10 "~V~Jl! TPl!''" APaCkE 1 )2 ,. 2),0 I 4 UI'DEIIC~O 1oVOO • 100,000 '0 
CI.'"VEL~'fl • A V>JO nrPE AP~C4f I) UNOtfiG~O <I Ot• 0 
COVl I "lUJ(I T~I~( lPAC" ~ " U'IO£PG"0 roo • z,ooo Bll 
CQVE 2 k~VI.JO T<I!Fr APAt;\lE 0 U~DERGRO 100 • 1,000 lOO 
COVE 4 ~li~JO TPlPI': &PlCilO: 0 U~OtRGRil 100 • 1.ooo 2~0 
COVE I'EH ~lVAJO 1Pl';!~ HlC~£ 0 IJ'<D(AGRO I. 000 • 100,?00 0 
cnvr I'ES~ I "lVAJf\ Til If" lP&CilE ll H II 19,1) ~ 14 UND!;ACPO ),000 • I 00, rJOO tOO 
COVE "E.SJ 10 ~i.OJO fi>I•r ~PlC~C 0 U~ll!;IICIIO 1,01)() • 100,000 :lOO 
CO Vi. ~Z:SA 2 •lVlJC' T~l .. £" J!'lCVE (I UHOEI\G!lO 100 . 1, !)00 300 
Ct'lVI:. I'I:Sl \CA ~kVAJil t~IFF HJC~E I(; • 8,0 " 21 Ut.D£t!.CRO !, 000 • 100,000 tOO 
COVL "tHES NAHJO T~IBE JPJCI'E 0 ~HOUGAO 100 • 1,000 0 
OA" TAirLO• I l<lV&JO HI I'll' JPJC•IE I )4 ~ 2), 0 [ 1 4 UND£RCRO 100 • 1,000 :1150 
l)f:~N'( Lf' l "AV•JtJ !qp[ lPACHE , J2 .. ,J,O E H UloP!:RGRO 100 - ),000 0 
t A:! T ~[SA rl 1 v • JO \RIF-E J.PACw£ I 0 .n ~ 2~.n r 14 UNDti!G!lO 100 • 1 ,ooo l!>O 
E:A5T I'E$1 + 2 kJ.VlJt) TPJA[ APACKE 0 UI\IDI:RG~O 100 - t,ooo :110 
naun I NAVAJ(! !PI I\ I' AHCH£ l ll 1/ 21,0 ,. 14 UNO!:RCJ?O lOQ • 1,1100 50 
EURID.l HlV&JC TPJH ~HCI'E 0 OIIP[PC~O 100 ~ 1,000 lOO 
l"ll-L DO•'- "[SA "'~nJl' lPib[ li>•C~E I) O~O[~(;RD 100 • I ,ooo too 
t"L•G fllSJ "AVlJn Tl< l <~ E "PAC 'if. 9 "' 1,0 .. 21 U"DERGRO l.ooo • 100,000 ~0 
I'"RHI~ Jp, >~lV •Jo Hler ~PACHE: 9 H ~ ~9.0 I• U~<OEPCRO 1.ooo • 100,000 2~0 

r~u" ,.a,r "•VA.}r) TPffl£ JP~CHt • J6 N 29,0 c 14 l/NDI!I!CilO 1.ooo • 100,000 f!O 

.., 
I ..... 



uu.eTIVt URlt11UI'I MYNI:ll tn 1Ht U»ITtO StATtS PICE 2 
IOUJIC[I DOt, GRillO JUNCTION, CO~OIIAOO 

!Ch't IIJ.><£ CO~TIIOLUI' NAME CO tiNT¥ ar:c:, TO•N.SHIP IIANCt MERlO, IIIH[NC: TOTAL PROOUC'tlON DEP'!ll 
I!ETHOD (TONI All or 01t01179> (fT,) 

.............. ARIZONA (Ct:HIT '0) • •••••••••• 
c .. c fOI\HR, GFOACE lPACHE 19 1:1 II l9,0 [ 14 SURF' ACt <100 ~0 

HlHLEY l NAVAJO T!!IBE lPlCH[ 0 UNO(RGRO (100 250 
IURVn' lltGU l IIAUJO TPI!It lPJCKE 0 'UNDtRGRO <100 so 
H.I.RV[Y BLlCKioiATE ~ AV lJO TP. I!\£ JPlCKt 0 UNOEACI<O 100 • 1,000 100 

IIAI'V£1 l:LACt.\..lTE N1HJ1) TPl!!>: Jl'\C~E Q UNOU(;RO tOO • 1,000 so 
IHZEL NlUJO TPief" ~PICHi: 0 .SU~rACE C100 0 

liO"HD NEt I NJ<VAJO TRUF I PACK[ 0 SURrAC( <tOO 0 

.:IAU'Iltl l PAULS ELL, PAT o, AP.l.CK!: 14 18 t: 25,0 t •• liUH.IICt <toO ~0 

Jl'4 LE~ 1 UnJO TPIU Al'lCKE 0 8URrAC! !00 • 1,000 tOO 
J!W: Lt!: '~1LI ~ NlV.I.Jtl Hllll: il'lC!l!: 12 N 21,0 [ If SURFACl: <!00 0 

JI~I'IIE I!ILHN I NAVAJO U1PF" lPACtiE: 0 UNOEI!C~O <100 50 
Jl'"~"!t KI~G "HAJO TRrer U>ACW!; 0 UfiDERCAO <100 0 

JOH~ ~EE Tlt~CT 4 NAVlJO 'l"RIPE H>~C!'!: 0 llHDUC~Q 1(1(! ' \,QQO !Q 
JOKH LEt ![NALLY ~AVIJO ·aar I.PACHE I) UI<DERGFlO <100 150 
JOHfl !', l'A:t.ZIE I ~AVAJO TPI!lE APACHL 0 UNn~RGPO I, 000 • 100,000 ~0 

JOI!IIINY I<C cny I "lVlJO TPIB!: AP~CH!: 0 UNDERC!>O <100 0 
~ISEo/000 I<H<£ I ~HAJO TlH!'t ~PACHE )I> )l 'I ~4.0 E 14 IJ~D!RC.P.O <100 50 
1\klrt i::PGi: HlHJQ TllHF ll>lC~t )9 }6 II l<!,O [ t4 UNO!RCAO 1,000 • 1oo.ooo loll 

LHT Ct'.HCt I'AVAJO Til HiE APAC~E 1'2 t'l " 2&,n E 14 UNOERCRO 1,000 • 100,000 100 
LEHE I I'UAJO TIII!'t lPAC~E: 0 U'IOtl'lGfiO 100 . 1.000 lOO 
LOOJI;OUf PIJ!I<T ~l VAJO Till Bl: APACHE 0 UMt>El'IC!IO bOOo • too,ooo 100 
NC u:wtrt J I<AVAJI'l TA1St lDlC~E 0 UNOI!:RGFIO 100 . 1,000 0 
M[LVt~ I!['IILn Nl'OJO TRTPE lPACHE 0 U"OI!:!IGI'O too • 1, 000 50 
MESA 1 HAVlJD T~!H ~PAC HE i1 9 ~ 7,0 .. 14 U!IPEIICPO •• ooo • too,ooo 100 

!!!:SA 1 1•2 "-'nJo TRI~r APACHE 2J l6 II 29,0 1: !4 IJ~PI!:RGP.O 1,0~0 • 100,000 2!0 
l>!&k 1 1•4 "J.~AJO T1> II!E ),PJ.C"'t n H II 2'1,0 [ lol. U~OtRGiiO tO') • 1.ooo 201) 
ICEH I )•4 l'llNt' J'olV.lJO TPIBE APACUE H l6 N 29.0 r 14 U~PtRGP() 1,000 - \00,000 BO 
lo![!ll I !<I 'I£ IH loiAVlJO TRISE lPA.CH£ 0 UNDI!:RGRO 100 • ltDOO l50 
loi[Sl I ~ l "~ !6 N1V1JO TPT6F lPjCHf. ':l U~OE~GI'IO (\00 2~0 

1o!E5.l 1 ~~ ~!: 22 ,,lYlJO TPISE ~PlCH!:. 0 li~OtHCHO 100 . 1,000 25J 

~<tSl 1 I!Ht 24 t./o.HJO ti\!H ~o.p~cllr 0 UNOERG~O 100 - s.ooo :a<> 
ME.H 2 NAVlJO Tl'tl't APACHE ll 36 II L9,0 r 14 U~DE~GRO >loo.ooo JOI) 
Mt!l.l. 2 1~:1 "riH; /lAVlJO 'l'R18f lP~C~E 21 )6 H :lq,o p; 14 UIIO!:RGRO 1, 00 0 • 100,000 150 
M[S,I, 2 >'1>,[ • ~~HJIJ lRll'£ lPlC~[ Q !JNO!:RGR'l \M . ,,ooo 0 

'"UA l •o ~r I IUVAJI'\ TPTI'I" APACHE 2~ l6 N 29.0 r 14 UNO!:RCFIO 1,000 • 100 ,(100 200 
~[SA ' ~J.VAJO 'l'P)P.E: ~PJ.CH£ 16 J6 'I 29,0 r 14 U'IOr'RCPO 1,000 • 10(),000 so 
M[.5l 4 t•Z ~A VAJO TRlBE JP,Cril: 8 36 .. 29,1) r 14 U~OERGRC' t,ono - IOO,tJOO too 
MEH 4 1•4 !<l HJO TPTB£ APlCHE: 17 )6 tl 29,0 '( 14 UNO!:RGRO 100 • 1,000 2~.;) 

llf&l • I'.I~t a ti~HJO TRUE LP lCI!t Q i!lURrlCE <100 150 
lf[$1 5 IIAYAJO TRJf\E ~PAC~E )6 N 29,0 1!: 14 tiNO!:RGAO 1,000 • too.ooo 200 
M[U & NAVAJO TPXBE APACt<E l6 ~ 29,0 E 14 IJNOi:PG~O 1,000 .. too,ooo lOO 
MH[ e~ODI,- N'AHJ(1 TPl~f ~PAC'!'. c l!oUI\HC't (100 ';10!) 

l!lLOR!:O 1 "'H.lJO T1'!X B~ lPAC"!: 0 UljD[RGRO <100 0 
IIO~IJ~tNt 2 NAVAJO TRill[ APACHE 0 3URF'ACE )100,000 !0 
IIOIIU~[~T l NlVlJO TRIBE APlCH!: 0 tiHO.!:RGfW <100 a'o 
NOMIJMEIIT HFAP Lt NlVlJO TIUI'r APAC~E 0 HL•OUI':PS tOO • ,,ooo 50 
"0~\ll4[t11 VAL!.EY HlHJO 7RlRt U>lC>l!: 0 UHO[RCRO UG • \,000 50 
" a M 2 HILL, AOAJR JPACH!: H 15 ~ U.,O [ 14 UNOEIICPC <100 0 
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JNAC:TtV!: URAIItUH MINts 111 THE UNIT£0 ITltEI P.lCl' , 
IOUPCE t DOE, GIIUD JUNCTlON, COLORADO 

IUNt IIA"t C:ONTIIOLLEII II AMI': COUNTY u:c, T0oi"'5HIP Ju.NCt Mtro.to, MilliNG tOTAL I'IIODUCTIOII DtPTH 
III':THOO (TONS AS or ottotn9l lr'r,) 

••••••••••• lRil.ONA (~0"T 1 Dl • •••••••••• 
NAKAI CHrE BEGAY NAVAJO TRtBt APJ.CHE 12 )6 II u,o E 14 UNO[RGRO HIO • 1.ooo uo 
OAK SPGS CPHEL lllVJJO TlliSr lPJCH!: u H !I Jl,O [' 14 VNPEllGRD s.ooo • soo,ooo JOO 
PtTTIGRtW PEII~IT NAV.lJO tRHE APAC~E 0 \INOERCRO <100 0 
PLQT 1•J•A'C PLO NAVAJO Til I!•E J.PACHE 12 40 ~ :a.o !: I' IJHO!:RGRO 1,000 - 100,000 JOO 
PLOT 10 unJo TI<I£1£ lP~C~E 11 l9 N )1,0 E" 14 U~OEPGf\0 1,000 • 100,000 50 
PLOT ll SYPACUSE N~UJO T~Itlf" (.UCf'C J() H !I H. o £' H UIID!RGRD 100 • 1, 000 )00 
PLOT 4(WlLLI~~ P ~~VAJQ tRIBE HlCI\E: 0 UNO[RGRO <100 100 
PLOT 6 PlTTL£51N N.\VAJO TRIBE Al>iCHE 12 ~ 7.0 w 2l Ull'b!:RG!lo 1 1 000 • 100,000 50 
P~OTI2 RlT1LtSN1 IIAVAJO TfllBE: APACHE 0 UI.OERC!\0 100 • t,ooo J!l,O 
POP[ I llll'lJCl Tl'l rer I.P ACH!': 0 IJI>OEFIGRO 100 • J, 000 50 " , . ~ IIAVAJO till!!!: li>ACHE 19 J9 ~ )I ,0 1: 14 UNtlE:i!GRCl ,,ooo - too.ooo 100 
Rl't!LE!I!OU[ NU.JO T~IP.E ~PlCIIE 0 Ut.O!:PGRO tOO • t,OOG no 
PICHl~O fli•C i;AVAJO T~lflt lPiCHl 0 II'O!:RGRO <too 100 
POCK kU ~AI'lJO Til I~E APACHE: 0 .SUFirACt <100 )50 
IIOCP-1' &Pili"G NAVlJ(l Hl'BI!: JPACH[ 0 IIURrlCI: <100 lDO 
ROUGH POCr. SLOP! I<AVAJO TPISE li>J.C<!E H N 2),0 !: 14 UliOERG~O (100 ~0 
RUI.'Eii 1 tlli').JO nii\E ~PlCHt (} UIIDERGIUJ <100 100 
.U.>i POINT 1/H.IJO Tl?!!ll': •PAC liE 0 U!IOEliGRO <too • 0 
5HI!lY IC HlVAJO T!llPE lPAC!lE 0 $lt~f'lCE <100 0 
ICIIOOL ROY CLll~ NAVAJO Tflli'E ~P~CIH:: 0 U"D[RGI:!O 100 • 1, 000 ~0 
IIHI!:EPIII<lfol l<f5l N~VlJO TPll!'!' lPlCHE 0 U!IOtRGRO <lOll 100 
ll!i'lP1lOCY I',IVAJO TP!!'V AI'ACI<!: 0 liNOERGRO 100 • 1·000 :;100 
IIHOl'IT't 1 RATTLfS t.~VAJO Tl!t~"E lPlC"l 0 U!o'OERGRO 1,000 • 100,()00 1~0 
.SJLf:!IT>IlN 1 1jAVAJO Tli I~( APACHE: 0 SURf ICt <tOO lOO 
SI~PSOPI 181 ~lVAJO Tl>lH APAC~E 0 liiiOEI!GI!O 100 • 1' ()00 lOO 
IT!:P l<f!IA '-AVAJO 7J!l!IE APAC'lE JO !6 II 29,0 "' 22 l!llDERGPO 1,000 • 1oo,ooo 150 
THOI"U B!:GlY !IAVAJO TRTAir APlC:HE 36 H H :n.o [ 14 li!JRrACt <1 DO 0 
TODUO!o'UE I HlHJO TIHS~ APAC'll': 0 UIIDE1lGRO <tOO 250 
TODE:CHEUH I "AVAJO TRII:IV. ~PACH£ )5 H tj 2),0 [ 14 suF~r ~ct 1,000 • 1co,ooo 50 
TOOIC'flN£1, IIAYAJO 11<1~~ lp iC'il 0 Ut<oERGRO <tOO )50 
TOH!': THL~•I BE:Cl IUVAJO TRI5t Al'lCXE 0 U"Otl'ICRO 100 • t.ooo 101) 
TOol JOt 7 NAVAJO 'I'!> HI!: A.I?ACIIE 11 )6 N l&,O [ t4 UND!:RG!IO ClOD uo 
T0>4 KLH CLAII'. tllVAJO TPIEIE ..\PAC'iE 0 UlfOEilCRO (100 0 
tow XOJIGA~ I N.HAJO tR181: lPlCKI: 0 IIUH ACE (JQO 0 
TO !'I IIAKAl Ct!U: I loAVlJO HIIH APlCH( 0 U!iDERGRO <1oo 100 
TO~ IIA~~~ cxrr.~o IUHJn TI<IB[ lPlCI'E 0 UHO[PGRO 1,000 • 1DO,GOO 100 
TO>I W[LStl~ HAVAJO Tl'lt.' 1PlCHF () l!"OEIIGRO <100 0 
TOHtcHLl E II,I,VAJO TRill€ .\PAC HE 0 JIIJR!"AC[ (100 150 
TOllY I NAV.t.JO TPl8t .\PlCIIE 0 IIURrlCr. <100 200 
TOPlllf. !11111JO TIII8t APACP![ 17 J6 N l9,Q [ 14 II"Dt!!GRO 100 - t,ooo Cl 
TJl[[ I'IEJI! IUVAJO TIUet ~p•cwr Q Ut<Dt~(;~O 100 - 1, O()O lOO 
T.SOSH: I IIAVlJO 1RlBr. I.P~Ckt 0 U~D!:RGRO <1.100 100 
UPP[P PfO HSH ~AHJO lRII!t J.PlC~r D UIID[RGRO 100 - ,, 000 200 
VCA RATtL!:.S'IUt: NAHJO 'HI]F\[ lPACHt Q IIUfln.Ce: C!Oo 0 
II~IIHOOP (;~01.!1' J.PACH!: ~l!lllo!C co AP.CHE )0 tJ II H,O [ 14 lll!RHC!: 100 • 1' 000 50 
WtU M[U NAVAJO !RIB[ APACH'!' 0 UIIO[PCiRO <100 100 
WUT R[SUVUIOH IUV,.JO f!IJ&!: APACHE 0 UNOUCRO I, 000 • too,ooo 100 
WILLY Wlt[l>~ li.lVAJO TI!I~t APlCHt 0 U'-DEI\CRO I, GOO • too,ooo 100 

, 
I 
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lHACTIVt UIIAIIIU~ I'IMtl IN TK! UHITI:D ITATE5 p~cr: .. 
IOUIICEI Dot, G~a:NP JU~CTJON, CDLORA~O 

lilliE 11.uu: CO'ITPOLLEI'I NJ,M[ COUNTY II£C • 'tOIIIISlHP f!).'l(;t MliiiD, MINI~G TOTAL PIIODUCTION OtPTI't 
Hr:THOO t2'0N3 U Of DJIOl/H) {17.) 

............. ~R UO'Il CCO~T 1 D) .. ........... 
%.0Nl I NAVAJO TIII!<t l<I'AC>lE 0 U~D!:"CRO 1,000 • lOO,OOO 250 
lUll I uoco COCHlS£ 0 UNO!:RCRO <100 100 
WINDMILL 1'~111! + ROYSTON COCI!lS! 0 SUHlC:E <100 50 
l • 8 ll ~JVAJO TRill[ COCOIIl~O 14 ll H 9,0 [ 14 IUIIrACt <tOO 50 
••• I! 2 HAV•JD 'l'llll't Cr'ICOI<l"O ' 28 II 9,0 !: 14 SUI! rAt[ 100 • 1,000 5D 
A • s l I<AHJO l'P%9'1!: CCICO'•I~O 11 :u " 9,1! !' 14 su~nr.e: 100 • t,ooo !0 
l + 8 5 ll'f.t.JO 1RII1[ CttCU!ll ~0 ) ll " 9,0 t: 14 SURfACE too • 1,000 50 
l .. 9 1 ll.t.VlJO !RlBE COCO"' II<O :!0 lJ N 9,0 r I 4 I!IUP.r.\CI!: <100 !10 
.l MALONlT 2 hAVlJO TPl H COCOI'l'<O 0 6URFAtl!: <100 !>0 
ll..r<:'£ TDL!:IIO NAVI.JO filii'!: COCDN!-'ID () ~URYAC!' J. 000 • HO,OOO 50 
A'10S CHtt 3 IIAV•JO HlBE COCO'I 1~0 u 2~ " 1\ ,I) E 14 UIID~~GRO <100 100 
l"OS CHtt: ~ HAV~JO Tllli"~ cnrO'~l'O )4 ~l !I 10,0 [ u UNOERGP.O 100 • t.ooo 50 
a •• s. lU PARll UPA~,• OIL COCUt:l~O 0 .SU~rACE <100 100 
IIJ.Kt~ UNK~Oo~ CDNTRO~R coco>.p.o 0 5URrACl (100 0 
lUG !!LUE ALPIN!: liRA"tUM C COCO!H~O 0 U"'Ol:iN:iFO <100 150 
llOYD Tl SI I IIAV>.JO TRIBr COCO"l~O )I a " 10,0 [ S4 SURf'~CI!: <IOO 50 
B~YO Tl Sl , ~AHJO Tl<l'lt; COCOf.ll!.O n H N 9.0 , 14 SURl"lC[ 100 • 1,ooo 50 
ClS!.:T l NAVAJO TRI~E CCCl'" t'IO ] H " 9,0 r 14 &URF'lCt <tOO ~D 

CKA~LtS I!U.:!KON l IHV~JO TRUE COCOh!~O 12 26 " 10,0 [ t4 ISURrA.Ct tOO • 1,000 5G 
CHAIIL~S KUSKO'I I li~VJJO 'tPlB!: COCO"lMO 0 IIURfAC!: 10Q .. ,,ooo so 
C~l~LES HUS~O~ , IUVAJO 'T.R!Bl COCO~ IN~ I 29 " 10,0 ~ \4 .SURHCE 1,000 • too,ooo !10 
CIUALES HIJSKO~ 4 "lVJIJO TR11'! COCOI<t~O ll HN 10,0 t 14 Ei1JRFACt t,ooo • 100,000 '50 
C~ARI-ES HIISKON ~ ~•v•Jo Tl'll!'" CfJCI1H•O I )0 ~ 9,0 ! l4 SURFACE 100 • s,ooo so 
CH-.PLrS HIJ.S~O" 9 ~HAJO 1~ TFI!: cncn~op.o , '26 N 10,0 t ~~ SURH.CI!: tO~ • ~,00() so 
Ct.Jrr CA~YO~ U'<[ll, IIllEY COCONnO 0 UNOI:FICRO <!OQ 0 
COPPU l • :.'lLL.l l't~II,.D~•f'OUO'h COCOfli~O 0 U~OU!GIHJ <100 50 
t: HUSKON H HAVlJO TRlPT C'OCO"t~O e ~9 , 10,0 £ 14 IIURfACt 1,000 • 100,000 50 
[ HU!l(Oil ]5 ll.lVAJIJ Tgl6~ COCO'llNO 25 28 N 10,0 r t4 8UIIflCI!: <100 100 
U~L HU.!XO~ l '!HAJD tl<7i!E CDCD"'I"O 21 )2 .. 9,1) l: 14 • sui'! rAe~ 100 • 1,000 so 
EliiL HUSJ!'.O'I l I'AHJO 'TPl!!t COCO'Il•O a l2 01 9,0 r ·~ 

SU!IrACE t. 00 0 • 100,00() $0 
1!:L P[QUJTO fl. Pl'llUlTfl "PIC c: C<Jroolt-0 II 40 " 7,0 .. 14 SUI!r1CE 100 • I, 000 ~I) 

[L!o/00!) C.l~YO~ 7 lllV~JO Tl'nr CCCOOll!oO I B 29 " 10,0 E 14 UIIOEIIGPO 1~0 • 1, 000 100 
EL'IOOD THO'IPSO~ HVAJO TRTI'E COCONINO I 26 N 10,0 E 14 lJNO[It<;po 1,000 • 100,000 too 
["!M£TT I.[[ 1 IIAVA.JO fl'.f8!: COCOii[llO 1 16 N 10,0 f: 14 ilURFACl: !DO • 1,000 "' [HHETT U:E l HlVJJO 'TP.IB!: COCO/. "0 u 26 1'1 10,0 E 1~ SURFlCt 100 • 1,000 100 
rou:y ~ 0' AZU r ll ~lH.JO !MI"!: CO("O'll ~0 H 29 .. 10,0 [ 14 UNO[I\CRO 100 • 1,000 100 
GRUB CL.li• 14 lo2 rtL!J'1.D~£, I'OB!:RT COCO~I"O 16 21 II 10,0 t u SIJIH'ACE <100 !10 
1\!:HR~ !LOlli 1 NAVAJO TIIH>E COCO~I~O )5 n II 9,(1 [ 14 3UIIfi.C£ 100 • s,ooo so 
MO!Trtll lltZ NJ.HJO TfiiB[ cocn~tNO 5 :n ~ u.o [ 1( UIIO(i\Gfi.O CIOO so 
MOWUO 1 LlUO~ROlLF ~HG + CCICO~INO 7 21 ~ 10,0 , H &IIRTlC!: <10() so 
IIUSK()N I lllVlJO TIIJBf C'O('ONINO 2l 29 " ,,., [ 14 .SUI<HCE 1,000 - 10o,ooo !10 
HU!~ON IO 111.UJO TRUE COCO~!NO 26 ;e ~ 10,0 [ 14 &URP""r. 1,000 .. 100,000 'ilO 
.HUSXON ll ll.lVAJO 'rPll:'E COCO~HO ll 28 II 10,0 [ 14 &UH~CE 1,000 .. 100,000 50 
1\U!KOH ll HV).JO T"IBI!: COCONINO 15 29 II 9,0 [ 14 liUliHCr 1,000 • too,ooo so 
KUIKOII 14 JI1.VJ.JO TRt!'lE coco~Ino 35 29 ~ 9,0 [ 14 &URHCE CIOO 50 
IIU!IICON 17 N.I.V).JO 'rRHI: COCONINO ~~ 29 N 9,D [ 14 &U!lP"ACt ,. 000 .. too,ooo 50 
HUU:ON , NAVAJO TF>tBI!: COCOllli'O :u 29 II 9,0 r u 6UH,Ct 1,000 • 100,000 !;0 
HIJ.SI<ON J IIAU.JO 'I:PZBl: CDCDIHI.O u 2B li 9,0 E: If .&URFACI: J,OOO ,. JOO,OOD ,o 
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I 
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INACTIVt Ulllllllilo! MtNI!:S lM THE U"lTtb &l~Ttl Po\Gt 5 
IQURC:tl DOt, <:RAllO JUNCttON, CO~O~lDO 

IIJ~t HAME CON'ti<OLLU< lllM[ cou ... n ate:. 'l"OIIINSHIP 1\ANG[ IIUIO, 11111 I NG 1DtAL PRODIJC::TlON 0 ICI'l' II 
HUMOO (TOPill AS Of' 01101179) (11',) 

••••••••••• AR[ZO!.A (COHT'O) ............ 
HO.S!<Oil r, "AVl.JO !RI II!: COCONINO n )0 N '1,0 t H SURrAC!: 100 • s.ooo 50 
HU~KON 1 ~lVAJO TRI!It COCO"U'O 19 29 " 10,0 !: 14 au~r t.ct 1.000 • 100,01)0 !10 

HU.SKO~ I N,lVlJO tR tp.[ COCO'IIf'O lO l8 H 'l,O [ u IURHCE 100 • a,ooo !10 

J .St~J.LLU:: HAVAJO 'IFill( COCGIJl"D u ~6 " JCI,O 1. I+ u~onc:Ro ,,ooo • IDO,OOO !10 

JlC~ O.l~ItLS tUV.lJt'l H•tllt COCOtllNO II 29 lj 9,0 l!; H .SUIIfJ.Ct a,ooo .. 100.000 !10 
J~CK Ol~lELS NlVlJO TRnr. COCI'lNt~O ~ 0 1: t4 .SUilrJ.Ct <lOO 50 
JACK D~NHL~ ( IO.HJO 'I'~U.E COC:ONl!AO- II 291. 9,0 [ H IIU!Ir ~CE ~100 ,o 
J .. CK OA~l!.L! 5 !UV.Io.JQ TR!~£ COtONIH' II 29 lj 9,0 t H SIH'!r,ct 100 • 1,000 !10 
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JU~IP[R (li'tRl P.S) PlTHrt~JJE!l TUOLUIINE s " 20,0 1!: 20 51!RflCr; 1. 000 • 100,000 tOO 

••••••••••• COLOROAO ·······••··•••·•···· 
BLUE HOP:Il + N~N OU"CA'i \ALT'P BOULDER I! 44 ll 19,0 w 22 SUIIHC£ <100 0 
FUR PAl .~IN!: IIU51'l, p .l ., MULDER H 1 ~ 72,0 ll 06 UNCERGRO l,!lOO • 100,000 :l~O 
J:li'P LEJSE liTh ~T ATfS 0 IL + IIOULilEP I) SUPrAC~ <100 so 
I'ILL TAlLl"GS ~lHC~E'f Ot.I.RJ( i'OI!LI'lEP 0 MI.SC,•PB <100 0 
MILL!:P LUSE N't• ~UTES OIL + MULO~P o. :IUI!r ACt <100 50 
MOUNTHN COH rPOilTHR I'I'I!NC BOULOE~ 0 IIUPrAC£ <100 !0 
USK UI6ETA CO~P "OULOlP 0 UNDEIIG~t) <I DC !>0 
VICTOR\' GROllP JI~TOWI< UIIA~JI'II BOULOI:Q 0 IJt.~OFRG~O 100 • 1.000 50 
!(!GHL~NO[P UNCC1 01 P.t..f!CP[ U~AH CLO,P Cl<!:EIC 0 6UPHCt <100 100 
Ll'I'TL£ ~~~~~lOR 1\UCO!. CtiPP CLFAR CPrfll: 0 U~Ot~GRO <100 50 
I<A~TH~ t, MTII STATES U~A'i, CLEAR Cil£EJC 0 SUPrACt <100 150 
IIPlNlSH lAP GROU IPHUH Bl\1'1 U~UI CLtAP CREEl< 0 U~DtRCII.O <100 ICO 
lltCK MOUHHIN LO wtst, GI!:OPGt A CIJ~TP:R 0 6URrACt <100 0 
t:[>lC M10A8 KLI~t,RILL+l5~0C CU3TI!:R 0 SURf ACt <100 !Q 
wAI,Ttltll RA~CH 1<\IIIOT, Lt•JS C, CUSTER 0 .SUAHCt <ClOG 0 
U!ROWHOO GPOUP lJIRO•HtAO MI'I!NC OLILORI!:.!i 0 6UIIrACE <100 50 
BAPLO• CPH~ rooll: MlllrPALS 001-0RI!:II 15 '0 ~ 10,0 w 12 UNOERCRO <100 !0 
BROI(tll TI1UI'e 2 P!:TliCII~W, ~Ut.t:Y OCLORE:.!I 0 SURf ACt <100 I 00 
COOO HOPl•N[Y.I.[)A Fll PIN Kti'.TON DOLOP.U 0 UIIOUl.Gli.O 100 • 1,000 () 

ltJ INE'I DAY VtLLifORD, UN J OOLOP.I!:& 0 UNOtRI#RO <100 0 
SOIITH l'li'LO~ fOOTr '!INEPALS DOLDRI!:S 0 UNOfRCRO 100 • 1,000 0 
Al'<JlO;.I!f:Atl l r.~~:tL.o.l'ill u-c~.~o. UCLI!: 0 l.\JI'HCt <lOO IOQ ., 

I 
():) 



lN J.CT IV!: UIUII I U!! lilliE! 1M TKE UNittO StlTt5 r.a<a: ' SOURCE I DOt, Cill-.'ltl JUNCTION, COLORADO 

MINE IU.Mt CONTilOI.oLE!I Nk'!l!: COUNTY SEC, TO,.liiKlP lll~Gt 1!1~10, MilliNG TOTAL PROOUCT%0!1 D£PTK 
M!'l:t\00 (TONI U OF 01/01/19) (FT,) 

••••••••••• COLO~dlO CC0~1'0l ••••••••••• 

DORADO Ull~~ow~ C(•"tRL:R f;ACL!: () SUI\f.I.Ct <lou 0 
LUCKY BEll LEUf YOUl.G, CLlYI!Oilh!:. rL PASO 0 .SURHCt tOO • a,ooo !50 
8lLL • ~UI> 1 + 4 ~l!IVEY, ~.P,,J~, rP.FMO~T 0 UIIO!:RGRO <100 M 
C.l.l' POCK 4!1 JO~I.SOh C,B,I~C fp["'QNT .lO 17 5 12.0 li 06 &URfAct <1110 50 
CJ.lJ~ I B!:r. iHVFP I'N.:; fPri'OII! I!> 19 ' 't ,0 .. 06 SUitFlCE <tOO 0 
OICI'&OU•SIIOCI'C~ JIHJI'£11. OH. .. I!NG P'Pt"O~T 26 17 .s ,J,O w Ot. SURfACt ,,ooo • 100·000 !10 
DILLEY IH~C:ll I>EATO'<, JOI'" FPHO'T 0 Ur.OE~CMO 100 .. 1' ooo !10 
FIRST t~ANCtCTAL HUFID + ~lii'•OC, fR[UQ/IT 0 tJ!IOEPCRO too . ltOOO 50 
MlCN PUll( COTTE~ CO•PO~AT~ TPE'IO~T 0 IIUP.r.u:t <100 0 
MOWE!T JOH~ 1•1! ~TU~RAU~,ITl~LEY r~ruo .. , 0 U~OtRGI<O 100 • t. ooo 0 
JO~H 2 6EJ.COL I,.C r~t"OhT 14 17 s 7),0 II :n 8URrlCE 1,000- l t>(), ()0() 150 
1(~0& KJLL O~E ~o IIEJ!!:II, tli'L P'l!r~o•r 2':1 n s 1 l,O o. 06 U"'OE~GRO I, 000 • too,ooo 50 
L•S! C!UNC:f: lfEIU~• C!')JILES I"Pf"'O~T )1 , s 1:2,0 w 06 Ul<llf."RCP.O t.ooo • too.ooo 100 
LlGIITIIIt.G 2 1\rtllO!< • PPAO'I' FRr"'O"T 0 U~OEIHiRO 100 • \. 000 uo 
LI'tTJ.t A8Ht:FI 1 IO!IRLS lltCC•VtR't TRF"OI<T 14 n 6 H,O II 06 SURF ACt: 1.ooo • too,ooo 100 
ltl!IY L, 1 II"ALLt:R, r,J. TRF'<O~T ll 11 5 ll,O .. 06 u.rot~G~o t.ooo • too,ooo 50 
.. urn ..,I .. E , ~C' COI"UCI', IIO!IT. rllE'<CI•T 0 UIIDtllGI'.O <t'>O !!10 
I(QQSE 11'-I~!\OW JUI>[P!R OIL+"~C Fl'f:'(o .. r 0 ~Ullf'•CE 100 M 11000 '50 
PICNlC T!IU cn~us l'l"ts fi'E'IO~T 21> 11 s H,O w 06 SUilrACt: 1,000 • 10o,ooo 100 
~AJHBOW O~F ~OPY JU•,JPl~ Oli.•"~"C r!![MQ~T c. IIUPf.lC! 100 • t.ooo 50 
1\[Q CLlH lO UWK~OW~ CO•TRO~~ FH140"'T 0 UNO!Il.GI<O 1,000 • too,ooo 50 
U,Wll C!l!:t~ ~ CUR'ttS + TI<OPP[ FIIE,.O'II'f l u s H,O w 06 5Uilri.C[ <\00 !10 
SI!:C,l~, 1 13•1 h ~ US !HIIK·CPIJO JCl' TJIE'40'-t )I\ 11 s 13,0 • 06 UN(lf"'lCRC t,ooo • 100,()0(1 lSO 
St:c,H, t7!•1h ~ US' HIIK•GI'I~O JC:'t' FP(wi)"T Jft 17 s 11.0 "' 06 UI'OEI\14110 1,000 • too.ooo 100 
!1'1!!"1; V.l!,ti!:Y J0~£3 • nno11 rf<EMONT 0 !Ull.rACE <100 0 
SUNliKl~Z: GFIOUP OLIVER Gl~" +WED TREr'O~! )0 17 ll ,'2,0 .. 06 5URI"'C( ,,ooo. \00,000 100 
T!IORNI: 9+!0 ULU ~It<! R~l.$ fRE!'O"T 26 17 5 1),0 w 06 UhOfP!;IlO t.ooo • 1o~.ooc 100 
(.1,1( V)N TUHH[Ll ~J$'0~ ~POS• OLS C~PrttLO 0 SUFIHCf: '( 1!10 0 
!~D or TPAIL I Ol"lBPS T,C. C~PP'IF"LD C> U .. OI:l'CFIO 100 • t,ooo ~0 
t-TE~P~l~E 1,1•3 !IIHI<fRISf "'~G, GJP( f!:LO 0 su~no.: <100 0 
CA.Afltt.D 'llhE UHIO~ Cliti.IIDE CP GAl' fiELD I) UNOERGRO 1,000 - 100,000 )00 
HOI'UT.Il~[ ~AYES EI'~~T URAN G.lPf"H.LD 0 UWDI:R(lllO <100 0 
tiiCO!lPORUE:!l &t:'lOE'TTI !I uS,OC r.AIIfHI..O 0 !IURrACt <100 0 
LOTTI B !<!:~ Cl5TLF UllltN, GJoflrllt.D 0 5Ull.rt.C!: ·'100 50 
M,t.JliiOL.l LODE t•t J!"PI\0~ + !lO'(,T C~PftELD 0 UIIOERCRO <IO<i 0 
lliFL! I'JIIt UNIO~ CJ~IllOE CP GlilFU:lo a lJNOtRCRO :.soo,ooo ]00 
tHI\0 CUI.CH LtllP, Vt~~O~ L, cunn.o 0 IUI\FACI!: <100 0 
801flli'U I'IUTTI:.ll, POBtRl L G1LPlli 0 &Ull.rACt: C\00 !10 
POOT PiNCH LtA!!E J!OOT llANCil GILPIN 0 liUilHCt <100 so 
'I'WO U&TI:P..S UNITED ~~C, + L, Glt.P!tl 0 tUI'IHCE <100 200 
'JIOOD tHtiP.: \?OUN, 801' GILPU 0 UNI:JERGP.O <100 600 
ALUl':l IIU-.[6 ~o~u .. r:~. rHo GP~~o 21 5 II i2,0 II (I~ IJI<Ot~GIIO !00 • 1.000 50 
MU•t FlO~HR E:lPL,CO, CllAoD 0 &URP'o\CI!: <tOO 0 
LUC.:Y JAtl' SCHr:IrtL!:, "·"· GI'A'IO 0 IIUIIHCt <100 !10 
\J!ID!:<: IDtll 4 U S DEPT WILOLlr Gl'll!ICI 0 UNDE!lGilO !00 • 1,ooo 50 
IHG li!D n TUl<NtP +liJoCKrltY GUNNI$0" ll U II '5,0 t 06 UNOti<GI\0 100 • t,ooo !O 
IIUH 1•10 IIULLI ~6 +B£ J.UCIII'P lll~SOAJ.f: H !1,0 , UNOE~GRO <100 50 
J.NH I BtCU~ITY tXPL CO IIUtHJ.NI) p ,, s '10,0 " 06 .5URUCt qOO !10 "'T1 

I 
1.0 



l~ACTIVt UPA~IUM Mlfo/U I~ T~t UNiftD STATtS PAGE 10 
IOUilCEI DOl!:, GIU.WO JUNCTION, COLORlOO 

ll.lN't loUIE: CO!fTROLLtP Ml~E: COUNTY SEC:, TOWNSHIP FIAIICt MEP%0, l<lKI'iC roux. PRODUCTION DtPTH 
~ETI!OO ('l'ONll U or 01101179) ( P''l'.) 

••••••••••• COLORADO CCOPIT '~) ••••••••••• 
llTU"'BLl~C STUD 'lllSCOE,C,t+ASSO IWE~P'A'iO 0 UND!RCRO 100 . ltOOO 50 
UCENSIOH MihF FI:~A rCCEE .IErn:~SON il4 .s 11,Q "' 06 U.t;O!:P.GRO 1,000 • \00,000 200 
~U8~tl L•D•IG LS RI!:St!IVE OI L•~-INIS JEP'HR:S11'l 0 U~D!A.CAO 1,000 • 100,000 !.0 
P'OF111: PROSPECT ROCKY MT.t;,f~illCY Jlff[RlSON 0 UHOERCRO <100 50 
CI!APE VX.!: I [,E,Lf•IS,I'~C, JEHERSJN l9 ' II 79,0 I: 06 SURrACr 1.000 • 100,000 100 
[,lOWIC 2 PP()~PEC: [Nti!GY fUfLS ~UC: J[rp:ASOtl 19 l 5 70,(1 w 06 UHD!:lH;RQ 1,000 • lOo,ooo too 
L£YOPI ~<T~r HORfNO U~AN,CORP .n:rr r.FI.SO'i 0 U~D!:RCRO 100 . t.ooo :10 
~AHH ~A~CH J L HAN~ V~A•lU~ JP:ffii:PSOH 12 ! s ,0,0 w 06 U'iOtRGIIO 1,000 • too,ooo too 
~I:~A 1 U~K~Ow~ C~WTMOLR JHrt:PSOH 26 1 .s ". 0 Ill 06 UIIOI!:RCRO t.ooa .. 100.01)0 50 
OHioC1N HlPI[ OH~lN, Lf:!GH O, Jrrn:~tsoN 0 UNOUlGfiO <)00 !>0 
l'lLLAOPI) LflH FOUP COP~fP5 O!L JfTrt•.siJ~ 0 UNDtRCRO }(;0 . 1,000 1:10 
OUAT,.UI LOSt UN~~o~~ C~~TRPLP JHFEPSO'l 0 SURfiC!: <100 50 
&TOllE PLACEi> 7 CO•'ll~,UPJtt,o~yo, JEP'I' I' A SO~I 0 SURf4Ct t,ooo .. 100.000 100 
WRIGHT LUH COTTEP COPPORA!~ Jrrrn~sao; 0 UNOERGRO J. 000 ~ 100,Q00 uo 
f!LACKHUK 8lAN~fT ~INT~G C Ll PLUA 0 UNDERGRO <100 0 
LUCKY LEPRlCI'll• su•.srT u~•~.IHC:, L1 i'LH.A. 0 SURrAC!: <100 0 
SI<O~TY LO:>t &TE:AII~.S, 1 .c. LA PLUA l6 ~ II.D II 

,. UtiO'EI\Ci\0 <1fl() ~0 
BLACK Hl~< "r~p; C~lPO,~E ~1~~5 C LAPlw(p 0 IJIIOti'CRO 100 - a,ooo 150 
!'OULDEJ> ROC~ HC LAl1(.HLTfi, !, LARI'1 E~ 0 .:SUI!r ACE <100 0 
tURf.• A hl!:w "~R UPA~tu~ LAPI"fR 0 SURflC! <100 so 
FltO kiLL I II:O!!J~~OI>, t,C, LAPI"E:l> 0 UIIDtRCfiO 100 • \,ooc 50 
WAI11(ETA LEASE PIQRTOl<, EL!I!:i!T LARI"~~ 0 UIIOI!:RCR'l <lOO !10 
l>JU I lJlX ~~~~~G •~lL M(Sl 19 !II !I 19,0 • 22 U~OERCIIO IOQ • ltOOO 0 
J>RR:loHt~l.l ),TLlS•H'U l«f!ll. l M I! 111,0 ... , \lfitl(~GR!:I 1,0()0 - \QQ,OOC !10 
.ll'RO"t<!;/,n ATLA5•H lX "'I SA 2 50 'l IR,O • 22 UJ.O~RGRO <100 50 
.l!IROWHEA~ I .. ' JTLAS•l"'.U "!S. 1"1 50 N 18,0 " 22 UhD[RGRO 1. 00 o • 100,000 100 
APIIflWHtAO I~ ULAS~~I"H MlS~ ll so "' 1-,ll II 2l UPIDt:IIGI'<O IOQ • t,ooo !0 
Al\ROIIH[~C II JTLA.S•.I..,AX I'I';U 10 so 11,0 w 22 Ul<l'ltRGIIO 1,000 .. 10>l,OOO ISO 
~!IROw!'EAO ll lTLU·~I'AX "[SA 10 so 18.0 ~ 27 UllDP:RGRO ~100 100 
AR!IO•Hi:AC' H I!LlS•H•~:t ~f~A II ')O " 111, 0 ... 22 UP.D!:IIGI>O t,ooo • 100,000 so 
A~IID<l't:AO 11 ).Tt.U•ll'l~ "''£5l :t 'J,\) II \!l,':l w n 11"0'£i\CP.O 101J . 1,000 !10 
AIIRO!o~E:AO le .ATL.lS•A~'U I'ESA l 50 ~ 18:,11 >I 22 UliD[RGRO ltOOO ,. 100,000 50 
,lRPOI.I'fiO '' ATLIS•A .. 1X H~~A 2 50 H 18,0 ... 22 UJiO!:RCPO 100 • 1,ooo 50 
iRROWHUO 20 lTHS•A'"U "~ESA i !10 PI 18 .o w n UfiOI!:RCRO t. 000 • too,ooo ~0 
ARIIDI.t<!:~O 15 ATLIS•~P<U loll'S A l so .. 11,0 "' n UNO[RGRO IOO - t.ooo 100 
J.RRO,;HJ'AO '11 l rt.~:s~Ar n 'IE SA 10 50 N IS, 0 w ~~ UNOERGIIO 1(,0 . 1,ooo 0 
.t.RPOlokEAD H lTUS•A"'H "!:U 10 50 N 19,0 ~ 21 UND!:RGRO 1,000 • 100,000 t50 
r.lll'.C"o111i:~ll 'l'l l'l'\.l~·~l-<.1.1 l'.t!U \(1 '!() I( u,o • 12 - IJNO[RGR.~ 100 . t.ooo 150 
aRIIO"oiHt:AO l~C I+ ATL~II·A~U ~<tU ~ 50 " 18,0 "' 2~ UNO[RCRO t.ooo • 100,000 0 
IR~OIIMUO INC 12 J.TLAS•H<lX M[Sl ) ~0 N 11,0 II 22 UNOtRGRO 1,000 • too,ooo 100 
.lRROI<H[AD l~C H .lTI:O.lS~lP'U MYSl 1\ 50 .. 18,0 w 22 UfiDE!IGRO t,ooo • 100,000 100 
li'RO\.H[AO l!<C ~ l'I'LJII•AH~Y "'J'l\1. 0 U~DERGPO t,ooo • IOO,OOO so 
lT•O~•I•)b UNIC~ CA.RP.IDE CP "lliA 4 50 N u,o • ?2 U~OI!:AGf!O t.ooo • 100,000 100 
UL.AII•LD'I!: 1'\i:H OUNnt, rnt 1-![Sl 6 !10 ~ 18,0 ,.. 22 UIIO[FIGAO J,ooo • \00,000 50 
~U!TlN • lllS'TIIl lriOOOl~D. C~lRL.t! 1\[.l'.l 0 IJPIOI!:R<:iRO 100 . loOOO HO 
lll"CO ~ DlVU.IllLPH M, I!I:Sii. 11 51 " 18,0 II 21 liURrlCt <IOO ~0 
I!(LJo\ON'I' I • 2 CUP!CO, J,M, lit SA l 50 1.1 18,0 II ~l UNDtRGRO 1,000 • 100,000 0 
81'1151!: CFI'JUP "C p.!,I.~IJ!l, JOHII U ••.rs.A. 16 !10 H u,o .. 22 llU.RP'ACt <100 0 , 

I ...... 
0 



!IIACUVE: !Jfi.AI<IU/1! MJHU JK TH~ UHff[D ltlf(l PlCr: u 
JOUilCtt !lot, CIUllO JUNCTION, COLORIOO 

MillE: loll<[ CO~TROI..Ltli HA~E COUNTY u:c. tOWNS KIP P-All <it MEP[O, MINING 'I'O'UL PiiOOUCUON Dti'TH 
I MtTHOO (TOII:S U or ostoti79J err. t 

............. COLOR.AOO !CO~T•O) ••••••••••• 

BIG J~Or~~ LEASE ARilD.!HUO VRAN, to!FSA 19 ~0 "' 18,0 ~ 22 ~UilHCt <100 0 
IUC MAVf!IIC!I: KtLLtY, !Hl. t, 11[!4 20 '50 ~ lB, 0 II 2'1 UHOt!IGRO ClOO 0 
I'IIG .'lfV!:'.I ULIIS•A.>l.U: Joi[SA 32 !10 N 17,0 I. 22 UHOtRCRO 1. 000 • aoo,ooo 50 
!LlC"K l'E&' WtLllA'<!, f;ROV!:.P ~E!H 0 UHOERCRO 100 • t.ooo 0 

I!ILUK POCK 2 t'fll!'>t;p, t,!:., N[~A 27 50 N 19,0 II 12 UNDt~GRO <100 0 
llL.lCK SlPE:H IJNI{Il C~RI'lO~ .,J;:Sl 31 50 H 11,1) .. 22 -ti'~Ot~G~O I• 000 • aoo,ooo 0 
SLUt CPft:K oLUE I"RI:rl: M~l;, J!t.S• 19 50 II )1,0 .. n .SUkrAC£: C100 0 

!ILUt Jol£:iil Vlt~ IILUF CREll': HI Nil< M[Sl ]0 ~0 ll 11,0 \1 22 :SU!It,C!: <'I oo 0 

I!LVt: fl.fl:lSOii I ULAS•,I.I'AX' llfSA J '\) II IS, o w ~2 UHOI:RCRO 100 .. 1,ooo 100 
BLUI!: FII8BON l UL•S•l'IH I<[Sl 10 ~0 ~ IA,O "' 2l IHIDERGitO 1.000 - loo,ooo 1~0 

!!LUI!: p lP 80h 11 ltL~s-~·u • !'<[,~A 11 ~Q ~ !R,Cl 1;/ ~~ U"li!:RGHD ~11)0 0 

!'LUI:: fltBPOt. 11 nus-•"A~ I£S~ II> ~() ~ 18,0 II ~2 U~DFRG!i.O ~100 0 
llt..Uf. R!ABU~ c;,..f)U lTLl.S•,..,.I.X "'ESl ] ~0 .. ta.a to n U~OE>~CRO I• 000 • IOO,OOCJ 100 
!LUtBil>D 1-TLJ>.S•J.-u: MFSl 19 '!10 ... l7. 0 w 2l UNDF!!GRD 100 • 1,000 0 
I!LUEB!IlO DUMP UL.l.S•I:Ll"H "[~ .. ji 50 II J 7,0 .. ~- oti"P.li 100 • !, coo 0 
'1\0~'1[ STE\o "''f, ~rsLrY "fSl 0 SUH 'C£ <100 0 
l!UO I o&O(, ~n "'fSA. 0 StJI>nCr: (1(~0 0 
I!UtCK SCiit:~-CW!.P,J.t, "f5l 31 5! ~ U,O lol 22 UNOERCRO 1.ooo • 100,001.' uo 
c-c-:n { f'Jt"•lt I u,s,c;nvr. JolES A 13 ~0 N U,O .. 22 ti'<O(~G~O 1.ooo • 10<1,000 I) 

C:ALU'ITT NO~tSTF H£'<[JR!C'50~,~B•H ~[SA )5 50 N 1G .o ~ 21 UNOLRG~O <100 0 
CALAVtTY ~tSl. DU ULHo >4l~Piut.s )I[Sl IO 50 II 1R,O • '22 OU"PS lOG • I, ooo 50 
ClLCO hAH~IC~+O~T'<&Y~P .. ESl :u !O H 11,(1 .. 21 U~O!:RGRO 100 - 1,000 toO 
ClT TPACK SH I I'P.OC ~ !-TO, t•[~A 0 U~~"O"K 100 • 1,000 100 
C.~[ CA>.YQN AJA1 ~l•I~G •OlL !<~SA 'I ~0 1>1 19,0 .. 22 UN!:ltii.G~O 100 • 1,ooo 0 
CHlC!l + C rlllCTI GP.t.t'l~ F.t:a .. "~!.!iA H. !>I .. 19,0 ... ,. UNDi.RC.RO 100 • 1,ooo 0 
CLHf D•Et.LEI' H'>fTT, FFtrl "Ell .I. '22 so " 18,0 w 22 UNOtil.CRO I,OOIJ • 100,0~0 0 
CLl"'U UI'P.o~~ COhTROL~ IU;SA 0 UNO.!:R,RO «100 0 
CLl'!l~ R£5f0\H. UN!Ot< ClPSIOF CP o;PS~ 0 11\l.SC:,-PB 1,000 • IOO,Or.IO Q 

CLIUl\ YO CL£A~U HOGK+,~I)I',.-'i )'~Sl 0 "ISC,•i'B 1,000 • 10~,000 0 
CoAl- :ro~o.t..CJrlTI ~·~ u~•~JC" ~[SA 6 50 h 16,0 " 21 6URfACE <100 0 
COT'I::H•IIOO:l l+!l U)<!Q\ ORritlL •IFH 21 so " 18,'J lol 12 UNOtRC~O 1,000 • too,ooo uo 
CD¥!: I Arll'l' Ulllo.I'Oift; I' £SA • ~D 11 19,0 ol l2 UHDEPGRO <100 0 
CRl!:SttNT GRl Pf • f\HLtY ~!:SA 25 so lj 18,0 .. H UNOtRGRO <100 0 

CRO"il I'I.St l:rL~.S•J./o!,AX I'E.!ll 11 50 'I u.o w 22 U"OtRGRO 1,000 - 100,000 ~0 
CUll (CUI: ~AY) lllC ~tPSf'' l.tl\f'PT "!Sl 5 50 ~ u,o .. 12 UND!:~C~O ClOO 50 
DALlLU•fELLO~Brll !IIRNSIQ!:, GWIIGI: >~!/lA ' 2~ 6 2!>,0 I H u•otRGilO 100 • a,ooo ~0 

DEAL G~0!1P PHL M'rG CO.lNC. I'EU 4 u ~ 11,0 "' 22 au~na ciOO 0 
Oti'PE5.HO'i 2•1 l"f:RlCV oST HTL Jlf3,1. II 50 N !9,0 II 22 UNJl[ROAfl 100 .. ,,ooo 100 
OtPRtSIIIO'l 4 • ~ ~UCLEl~ I'UELS ~~ I'Ul 14 !iD 11 18.0 w 22 UNOE!!GRO t,ooo • too,ooo 100 
OCPP£6.Sf0" 6 CO'iTI~P'<T.I.L MAfL loll: :SA 17 50 N IA,O w 22 IJHO[~CIIO s, ooo • too,00/1 100 
DtP~tSSIO~ GROUP I<AT'IERI'OHN "PfG, ~[SA u 50 N 18 ,o w 22 UNOI!:P:GFtO 100 . ),000 0 
DRU14 01JST L~..'TO!f B~O.!i,OP'U4 "[5' 0 "l.'!C,•PI:l 100 - 1,000 0 
DUR&~GO 2 '6[NI\A"' • TU~N[[. M£11A H Sl .. u,o ~ 22 UNOERGRO <100 ~0 

tLtZI\li£1H 7•10 'UL~~·Afo'H I'~SJ 4 49 II 11,1) II' 77 IINO!!:RGIIO 1,ooo - 1oo,ooo !O 
["tRIIOII t.TLU•~!'U M[SA 1'1 so N 17,0 .. 22 Ul!O[PGFIO 100 • loOOO 0 
rt.U TOP 1\UilNETT, WILI..HII 11!:5~ ll 50 N 18,0 .. 22 1/II"OE!ICPO <100 0 
fi)Uht.t.!r> or YOUT MAY0Ulli 1\I'qMG MUA ll 51 1/ 11,0 w n UNOERGRO 100 - 1,000 0 
fi!AC!IOI! ~[l Vll' !<ESA ~!SA 12 ~0 H u,o w 12 llloOE~C~O 100 • 1,000 G 

, 
I ,_. 

1-' 



INAC''UVt UIIA!ltUM MIIIt.S IH THE U~ITED &T~TES PAGE ... 
IOIJIICEI 00!:, Gil AND JUNCTION, COLORADO 

' MIH£ NU'E COHl'IIOLLtR !lAME COUNH ate. TOWNSHIP liANG!: MtRlD, 'liNING !OTAL PRODUCTION Dtl'tll 
METHOD uou u or Olt01179l cr:r,) 

I ............ COLORADO (COHT'Ol ••••••••••• 

GATEWAY TAJLlHGS ALABASTER PFIOOUC MESA 10 u N 19,0 II 22 MISC,•P!I 1,000 • 100,000 0 
GILMORE LOOt GUEWl\' M~G+OEV Ml!:liA 36 $1 II 20,0 w 22 UIIOERCRO 100 • s, 000 0 
Gt.ADYS l UGGL£+11-'RTOUGH MESA !9 $1 H u.o w 22 UIID[RGRO <100 !10 
KANSON•N[G1Jli ATLU•l~AX "'tU 17 ~0 II 17,0 w 22 !JIIDtRGRO s,ooo - soo,ooo no 
HAPVEY 1 FOSTtfl + FOSTrR liE .SA 29 !II N 18,0 II '22 UNDtRGRO <100 !10 

- HARVtt•PICK+lihOV &JIO~'I, P.l.Y - MESA 2~ 'H ~ u. 0 w n UHbtRGRO 100 1,000 0 
HOL1:: 24 tlNKtlOio'i COo.!TQOt.R MESA 0 SURF ACE <100 0 
HOPE I TO 4 Ut.AS•I'OOTt 14ESA 2q 50 " 17.0 " 22 UHOtRGRO 100 • 1,000 50 
HUII.OlNG[fl BJI0,./1, IIAl.' IIESA· 5 50 ,. 18,0 w 22 UNOERGRO <100 0 
J,w, LEWU J,w. Lt•lll I<FSA 0 UIIJ(NOol~ <100 JOO 
J,W,I.,rli&CTIO~ UIUOi C~RIHI)I!: CP N[S.l l6 51 t: 20,., w 22 UHDI!:RGRO I,OilO • 100.000 J~O 

JUio I + l AIIERICA• LtDUC II "~ES' 0 UI'DERGIIO <100 0 
JOOY GROUP I!QND 1 JAC~ 14t:Sl 0 1J)IO[IU:iRO l, 000 • 100,000 ~0 

Jot [,[,l,t:wiS,INC, liES A )I 51 II u.o li 22 UNDERGRO l ,ooo .. 100,000 100 
JOHN BilOW \I GAl'£01).\" "NG .. OI:V ~[SA I 50 ,. 20,0 li 2:t SURHCE <100 0 
JOliN IIROWN t4 • UNION CARI!lDI: CP !CEliA 0 UIIOERGRO 1,000 - 100,000 )00 
JOH~NI II).!; ] N[~ 1DillA "'"G+C~ ICES A J6 51 ,., 20,0 \1 H UIID!RGRO I ,ooo • 100,000 2!0 
JU DI!:E I IP•I~, w).\""1[ A, "'UlA 0 $1JRF1C£ <100 0 
JUMBO I lTL~S•.I."I<X MESA lq 50 N 17.0 " 22 UI'O!RGAO IOO - I, 000 0 
I!A'NAIIAOO l l(lRI'<I!:H, II,V. "J!:.!Il J1 !10 N u. 0 'W :u IIURFA.Ct <100 0 

KAR!i.S IliC~IIit UNtO~ C.lll!!ll:.t CP 11tsA 12 50 ~ 20,0 .... 22 U~Of.RCRO lrOOO • 100,000 300 
KING 50LO~Oii CAH''{QI; URA>I CO l MEet 24 41 ~ u.o li 'l1 UHOtRGRO JOO .. 1,000 !10 
KL'lNOIKt !ILU! CRHI( "tH'tN I<[SA 25 !O II 19,0 w 22 UIIOE!\GRO <100 0 
LA PLU:l I C&P~OTITE UPL C Ill: SA ·~ so 'I IQ.O w 22 UtlOI'!HiRO 100 • 1,000 0 
t.A UL Ctli PAC MNG CO MES~ 0 U~O£RC.RO l.ooo • 100,000 150 
LA UL 1 + 2 "00~-'RO, CK.lRLES MESA J6 51 tJ 20,0 w 22 UNOERGRO 1,000 .. 100,000 )00 
LA .Ul. 2,4., 6+25 nt.•S•l~AX ~otrSA 0 UNf(N0""' 100 • s,ooo 0 
\.A .SAL :1 + 1 .SIHP .. lll P<NG+EXPL MESJi: )6 51 II 20,0 w n !JNOtllGRO t,oo~ • soo.ooo JOO 
LA "!. GlltJUP .SiiiP,.Ah ~'G+£XPL liES A l6 51 N 20.0 w 22 UNOEitCf!O 1,000 • too,ooo 4~0 
LA SALLt GI'OUP tU"Dt llS ~ I'IING ••t.Sl J6 H .. 2<',0 .. 22 UliotRGPO ltOOO • soo,ooo 150 
LEE 1•11 IU~IIIC:~ •LIIISCOT I<EI'>ll 21 ~0 II u.o w 22 UNOtRGRO <100 0 
\.!:GAL • LUCKY D.l. liAR011'1:, PAUL JootliA 7 50 II 19.0 w 22 IURUCE <100 0 
LEV ADA MONTGO"fRY, JACJI; :>!!:SA 2) 50 li 1 s ,o ... 22 IJNOI:RCRO <100 0 
Lt~P:RTY BEI..L 2 KALL, RIO B, "ES.I. 0 UIIOERGRO <100 0 
LINCOLN IHIPROCK,I.TO MESA ]I !II ~ u,o \ol n U'IOERGRO 1,000 • 10o,ooo 20~ 
LittLE JOHNII\" 151UPROCK LTD ~u~ u 51 N u,o II 22 U"DERGRO s,ooo • 100,000 50 
LlTTL! ~AHRIC~ !lAPPE:~, I!I,V, Ill Sl 21 !10 h 18,0 lj :n UliO!:llCRO <100 0 
LOCU& I, 2+) MITCiirLL, C ,t, )(ti>A 21 !10 N u,o w 22 &tlRUC~ <SOO 0 
LODE CLU" BUCIR otiNtS 1![5~ ll 0 22 UNOtllCRO <100 0 
LOG CUlN 2:UftLT 1 LYNtl Mt:.Sl J!l 46 N u.o If 22 UIIOEAGRO 100 • lrOOO 0 
LON£ PUll ITPODE, £~OilY MU.l 21 !I II 19.0 w ,, SURFACE <JOO 0 
LOO!( OUT ~EELl~E OlL+URlN ~£61 l9 '0 II 18,0 w 22 .:SURHCE <100 !O 
1.011'1' OUIC~IoiAN PIOI<EtR !JI'IAV JIIC litH ·u 51 .. 20,0 w H au~tnCL l, 000 - 100,000 250 
t.UC:JI:l' BOY UNION CAPtiiDE CP MUl 0 UHOUGRO l,ooo • 100,000 50 
LUCJO:Y DAY AJAX MIHlHG +Oil. 14tH , 50 'I ' 19,0 w 22 UNOtRGRO 100 • s,ooo 0 
LUCKY HOLE GULt.tTt, O~l R, 14£U 0 aURHCE <100 0 
t.UCK'C PINt 2 CORI'lRI:Y+O,CONIIOR ~ru 21 :H ll 26,0 ( H UNOERGRO (100 0 ., 
LUCH STAIKt IUTLI:Rr DFAN K, Mth J2 !0 N 11, o w 22 UNO[RGRO <100 t!O I ....... 

N 



llUCTIVt UHNIUio! MINtS IN THE UHlTtD STATE$ UGE u 
aoi.IRCZ:r ooz:. GRANt> JI111C12011, COI.Ol'IADI> 

.1\IIIt ~~-1'[ COHTRO~LtR 11-Mt COUNT¥ at:c. TO!o!H.SHIP JIAIIG!: HI:RID, NliHNG tOtAL PIIOOUC:I'lOll DtPTII 
MttHOO (tONS 1.3 or olt01171ll CrT ,l 

............ COLOJI.t.DO cco~r•o) ••••••••••• 
LUn l' 111'fi1H 7 BAIH11![ + fDGtHJ,Il HillA n 50 H 18,0 lol :u SURtACE <100 0 
LU14:SOtk 2 + 6 l!HIO~ C.lRIItDE CP liES A l6 51 ~ 20,0 w 2l UI'IO£RCRO 1,000 • aoo,ooo 200 
MlM!IOTH S['(t<0Ui!+MY£RS .,FSA ll 51 N 18,0 "' 22 U'IOtllGRO t,ooo • 100,000 0 
IO!AIIl!O!'H•L ti~COl.li I<UIOIJTtl I>!IHIHG "!':U .ll 51 IJ u.o II 22 UNDtRCRO s.ooo • 100,000 0 
liAR~ 2 U~IO>l C:U'-''lDE CP HF"SA I 50 ~ :10,0 "' 22 UKDtii.CPO t.ooo • soo,ooo :!00 
!!AllY l U~ION CARBIDE CP I'Fll.ll 27 24 s 2~.0 [ 24 U~OEI\GRO t,ooo - 100,000 200 
MAVERICK .JONES + BO'~LU "i:SA l 50 " u.o w 22 SURrACI: <100 0 
MlVEJliC~ 6 l'l'LAS•.t."'I<X M"tSA ] 50 II 18,1) ~ :u UHOti\C:RO <100 100 
)I!BA !I fllf'~.R H.U IIU,P!! roSTl!i!+S )oC,!;SA 0 UllO!:II.GRO 1.000 • \00,000 100 
"'ElA 8 FI'JSTEfl + 50~S I'[H 12 !10 " u.o " 2~ UN OEM FlO t,ooo • 100,000 !!0 
HESA CRl::£1( C~~IST~~s.~. "'NG lo\ESA 0 UNOERGIIQ <100 0 
14!LL CLtA'f (Jp Aft.AS r<INOtLS I'ESA tJ Hl.SC,•PR l,OOD • 100,000 50 
HILL lilT£ LOOE P.t.t,'~E:R, .JACII\ !I£SA 0 UIIOt~GAO <100 0 
MJII[RAL CKAN"tL lTLAS•AotU. "ESA 12 50 II 11,0 w u 1JHDERGR0 tOO • t,ooo 0 
MtHE:PlLo C!l.l~NEL Ut.Ali•1>."',U I. [.!lA 12 50 N u.o w 22 UIIOtRG!Ii:l <100 so 
!IJIIIIIG LUst 34 P.OS"A + PllBT , liES~ S1 44 " 

IA,O w u IIURf.'.CI: <100 0 
IIL!l•C•G•16 lllJAH Vl>tR.r.OVtl. ..,,., 0 U!IDERG!IO 1110 • t, 000 100 
ML!•C•C•'l7~ i'IONR ll!IAV GVTL!I M[$l Q UW~IIO~r. 1.ooo .. 100,000 ,00 
MOI<ROE H llo\EI'Ilf;:A~ LEDUC II !-:[:;~. )6 !10 fi t•,o w 22 U~O[lU#RO 100 • 1,000 ~() 

IIONtltUI-Il ~lElSO~,K~ROLD ~ lolt.!t' 10 50 h 19,0 " 12 UJiDI:R<ii?O <tOO 0 
lltlLSON DULA~ty '<I!ol~G (" "'!:'ll 10 50 ~ 19,0 w n SUI\fACt <100 Q 

IIULI!ION IIOTHEP D DUL.t.~F1 MJNUIC C !'rS~ 1!'1 50 N 19.0 io 2~ UliDERGRO <100 0 
litWH€I3EL -OCOA~O, CHARLES MFSA )I 51 N 19,0 ... 22 U~OEI!GilO t.ooo • 100,000 250 
OU'I't.A .. I:CQNQNl roSTER • 110"'5 1'[5,\ 12 50 N t~.o .. 22 UNDr.R.;PQ loOOO • 100,000 tOO 
PAt 1-00£ JI:[I:.LE\' 1 OA.N l, YES I. 19 5l ~ 18,0 .. 22 IJIIDO:RGilO 100 • 1,000 0 
PUDU 1 TKRU "' BLACK C~T fXPL,C ~!:~A 2 50 N 1'1,0 w 22 SUI\HCt <100 Q 
I'AYROCK GROUP OOl'LE ~ K M[$1 11 ~I " 11,0 w 22 U~OlRCRO 100 • 1,000 :Hl 
PEACH lO INC,I+2 A>jt.PICAN LEOUC II ,..E&J. 2!. 50 N 1B,O II 21 UIIO!:~GfiO s,oao • 1()(),()(10 too 
Pir rACE I CtiAI'I"• t.OrltS l!t'lt. ) 4~ " n.o w 21 UNDE:I!Cii'IO 100 • 1,000 0 
PPT,CI:'l+CFoiTR.Ut AL4AA~1[P PRODUC I'EH 10 51 !l 19,0 .. 22 MlliC,•I'll <tOO 0 
PfiOTECTOP 6C tH!~<~CHE~, J, 1, I! LilA ll u II 11,0 I' 2'2 U~O!RGIIO loOOO • 100,000 1!!') 
PUIIPU Jo!UI'tt Pt'Ilt:ri, JOH~ J, liEU 0 IURrlCt <100 0 
III.AOill,. '7 U!.AS•.l~H 11£5A 9 50 !I 16,0 II n 1/HOtRilAO .CJOO Jl) 
llU IUIIll!: l L!ECO (;J,S + OU, M£6l 0 UNOI!:AGRO 100 • 1,000 300 
II A[ "All [[ CliO UP Ia, S, OA~t'-0!1 I<[,!;J, )l H s 26,0 [ 24 UNO!:RGM 1,000 • 1oo,ooo lOO 
Rl1NI<OW ~RO•N • wJLLiliiS IIUA te 50 II 11.0 "' 

., UHO~AGRO 100 - 1,000 0 
ll.liii'f DAY rosUII + .SONS "ES.l )!o ts N IB, 0 )j l2 UliOERG!tO 1,000 • 100,000 so 
IIAJAH I IJNIO~ CAR8f0[ CP 11!:.~.\ :u 51 11 20,0 If 2l LfN!ltRCRO 100 • 1,000 550 
lllJlH II• u U>IIO~ CARI'lDE 14t3l )5 !ll N 20,0 )j u UIIDEFIGAO 1,000 • 100,000 550 
llt.J,\K , U~IO~ c•PR1Dt CP MUA u 51 " 20,0 w H U~DtRGIIO 100 • t.ooo uo 
ll.t.NCII 1/ItW IILUE tRtt~ ~INtli I' !:SA lO 50 .. p,o II u SUUACt .CIOO 0 
UV£~ ) UlllO~ ClPFIIOE ~tS.l J, ~0 II p,o ~ H UIIDi:.RGRO 100 • 1o00Q 100 
fl["A DEL RIO MI<G CO, JIU.l J9 !ll N 18,0 "' 22 UH[)!.II.GRO 100 • 1,000 I So 
ll.llN!IIE l &ARNEtt, GPlllt T I<[Sl 12 50 " u,o w 22 UND!:IIGRO 1,000 • 100,000 150 
RUDOT t IIEHKA.H + TUIIII[L l'.tU 34 51 N u.o II 22 UNDt:llGPO 100 • s,ooo :10 
lA LUTE J J.M!:FIIC:U t.tDIIC U H!U 2'5 50 II JB,O it 22 IJIJO(IICilO (101> 0 
llkl!i'Lt fl[JECT SliUH, .J, rUL I' til~ 0 IIUC,•PB <100 0 .,., 
scan 2 HA"RICK +LINSCOT Mt:U 27 50 II 11,0 w 22 iUHlC!: <100 0 1 ..... 

w 



Ill~C:tXVt UIIANIU14 M IHI:I IN THE UNITED ITlTtS PAGE H 
IOURCEI DOE, CRUD JU~CTIOH, COLORADO 

Mill[ liAM[ C:ONTROLLtR IIAiotE COUP< 'I'll' nc. TOliN SHIP RA'IGE MERlO, Mllli!iG TOTAL PRODUC110N PEP':til 
,_'tTKOP tTO!t~ U or Crtll>tn~) tn.l 

f 

••••••••••• t:OLOIIAOO [CONTIO) ••••••••••• 

IIIELBY OU~ 2 STULLER + 80\of:N 11!::$,\ H 51 )I 19,0 II 22 !IJRrJ.Ct (JOO 0 
llLVf:R MOO" ere~:, L.c. ~!SA 10 t II ),0 ~ n IHSC,•Pll <IOo 0 
$lULL SPOT ZI '1j(£F"<~~N, I!EJI fo!EU 9 !10 pi 11,0 w , U"OERGRO t.ooo • 100,000 0 
lhO" .SHO£ I'OSTEii + 110'15 11ru 12 50 N 18,0 II n UNDt:RGRO t.ooo • 100,000 50 
soLortR ear POliO NUCL£..\11 1'[$, Jl 4l ~ 20,0 ... 22 UHO[RCI!O 100 . 1,000 0 
I!IPRl~G lTLAS•AI!AX M£5& 12 so N u.o w :n UNO!:QGf\0 1.000 • 100,000 100 
!iTOII)I'j' l~USIJHE Cl'ESAPEAKE• COLO liE! I>, n $0 .. 1&,0 II ,, 6\lP.rAC't <100 100 
STROOt I STROO!:, Efo'OIIY ll!:&l 0 61JRrACt <100 0 
IIU'< FC!S'rt,P .. SONS W.[Sl u '-0 ~ 19 .o w 1( UloO!:RGRO !DO . 1,00() 50 
IITJ!o! t!POT•CLOUD U~IO~ Cl~~ID£ CP WI!:IU n 51 II 19,0 w 2:1 UNO(JIC:!!O lo 000 .. 100,000 no 
SUPPLY 11 ~OH1GOrlEPY, JACK Nf"liA ]~ 50 N u.o w 22 .SURraC! <100 0 
!U"PLY 14 ,\I'E:~ICl~ LEO!JC U W.[S,\ )5 50 II IR,O w 'Zi .'!URraCt <100 50 
StlliPilJllt 1'!\/VOKlV l't/C,CO, 14[So\ a UHDERGRO 100 .. I ,00\1 0 
T!:IIOt~f"OO'I' GROUP Gil ~HA '!, rl'tO 14EU. 19 51 "' 11,0 .. '22 SURnCE <100 0 
Tilt OUII:t Uf/IOH CAP!IIDE CP I<£SA )2 51 N 19,0 w 22 U'ID!:RGRO 100 " s.ooo 0 
TODlTJ.O 11101 l<'[U 0 l'lSC,•P!I <l\)tl 0 
TROJAN 18 + 20 UOIIO>~ C~P8tDE Cl> "[SA 2l 50 II 18,() II 22 TJHOEiiClRO 100 • J,OOu 0 
11•'.HliUII Y::l'IG \ 'K!I1Gi1't ,.,.lltl>i:ll r. "-[!;). \q 51 ~ u,o ... 2l SUHlCI!: <100 0 
11HAD1Ut< !U.,G 2 >lliiGHT,.,lP~E~ [, MI"SA 19 51 !I j8,0 ~ 2:2 U"DEil<ORO <100 0 
Vll'lG[N CLI:GHOR>~,DOOGLAS '4FS~ 0 UI'IO[RGRO <100 3~0 

WASP C:O•TlllENTll. 1"·\lL HES.._ 18 50 li 18,0 lol n U~DtRGRO 100 • J,ooo 100 
WillY MU.l UllOA UIU~,CO, MI:.SA lO 41 !I 19,0 "' 22 UNO!;RGRO <100 0 
YtLLOW CIT WPIGHT, ~..~P[II E, 'lEI\ A 21 H s 26.0 [ H SUPrACr. CJOO 0 
TELLO• ,JACKET IS ULIS•HU ME5l ) 50 II 18,1)"' 22 UNDEilCRO a,ooo • 100,000 0 
YELLOW JACU:l' 9 lTLlSr4'"AX 'IIESJ ) !oO II 18,0 lo :n 0NOEIIGRO 100 • l,O()O 0 
rELLO• J •ct<tT IIi ltLA.S••"H W.ES.A J 50 N 18,0 ... 2i UNO!:IIG~O 1,000 • 100,000 !CO 
nssn: q • 10 U~~O~ CllliH!lE Ci' 140HlT 0 SUitnC:t \CO • \,GOO \00 
BLUE: NOU'lT.liN.S SKULL CPE!:K COAL ~o~orru 0 UKor~CRO 100 • 1,ooo 50 
!I~[I.CLltiE JOHS, F.~ • "'Orn.t 0 8UI!FlCt C\00 0 
11urruo HEAD l!llHlLO I<I!AO l'NG "ClfTlT 0 .SURflCE <100 ~0 

IIUTLE!l Ll!:Al!l E C:O~OCO•PIO~!:E'R I'Off"AT lO I ~ 91,0"' 06 SU!!r ACE 1,000 • lOO,OOO ~0 
CEDARS I HrND!:RSD~,COUNT:S MOHU 0 $UROCE <100 0 
CLAl!o! I USMAII + ULSH MOrTAT 0 SUI!I'J.CE (100 0 
CL!:U GROUP 8E!iS!:LL + KAYE MOP'P'AT 0 .SURP'ACE <100 0 
DOC Alli'OU~ MI~~ UIIIOI/ CJRAfOE CP "'Ciffl1' 0 .SURfJ.CI: 100 • I, 000 50 
GUl'ti>UDE IJNlO>i tli<BlO£ CP ~o~orru • , II 94,0 \1 011 Slli\nCt ).11)0, OOG 50 
GLORY &!:!: [t.L!:R + CJLO>~I:LL "'Orf"lT 0 suRracr CIOO 0 
,10HH&ON ... ,C,l'o, UMtOk C~Petot CP Morru 9 1 II 94,0 II 06 SUH~Ct 1,000 ~ lOQ,QtlQ '!IQ 
LITTLt ISTlF• PO•tllS, Lt,OYO I"OP'I'AT H 5 H oo,o It 06 UIIDERCRO 1,00() • 100,000 50 
LUCJI:l IIOY tu.HGtP UP,\II,C:O, t'OP'P'Af 0 UIIOI:RGRO <100 0 
AOJI•ROLLO UIH!JN CARP JOE C:P Horr•r 0 &URttCt Jo!OO,OOO 200 
stc.u,, &~·94• TO~Y 'WILLJ.\143 CO 140FP'.lT 16 6 N 94,0 II 06 l!lJI!TlCP: 100 • 1,000 50 
SUGAPLOftF 1<!16,C,l,'I0"EI! Morn'!' 0 &URr.\CE 100 • J,oao 50 
fH~tt: Sl!fEil& LtVICULICII, IIU.L lo4orr~T 0 .SURrlCt 100 • j,QOQ 50 
BLUE r•CLI: I l'OUNG, tLPtE ~ONTUUKl 0 UIIOtiiGRO ClOO 100 
1!11!1.£ !(U fOUl! CORHRS OIL MONTtzUI'!A 0 l!lfRrlCE <100 0 
RO&ERU Jt.I.N lion., un I'OIITnU•U, 0 \l)I'Dtllli!IO 100 • 1.ooo 50 ., 
&WAI..LOW l I!LICAR, G!:IIE MONT!::tU~U, 0 &IJRUCE CIOO 50 ' ..... ... 



!HAi:'T!VE UIIAIUU!i MTIIE.S JN THE UNJtEO StATES PACE S5 
!IOlJRC:EI DOE, Cft.AND JUKCT!ON, COLORADO 

loll II[ NA"'E CO!ITROLLER N.ll'llt CDl!IITY ate, TO~-'" SHIP IIANCf MERlO, lllNIIHl tOTAL PROOUC'I'lOH DEPTH 
Ktnoo ('IQNS U or 01101179) CI"T,l 

••••••••••• Cr>LOP.lDO (CO~T 1 Dl . ........... 
VEACH 1\llltTA!N + HALL HONT&ZIJ~<r. c $L!FirA.C£ <10~ 0 

VIIIGJNI.l H'l BUCKEYE MJNIHC C !lO"TfZUI'A 0 UNOERC!IO <100 0 

HiT I'U!O~.l!. 8U UNIO~ CAR~lDE CP HCliiTPOSE 21 "' N t1,0 w 2~ UNOPIGRO t.ooo • too.ooo 50 
2NO •UTJO-ilL B.l~ UNlO~ C:AR&JU£ CP 'lClii'I'II(ISF (R 47 lj 11,0 w 22 U~Ol!IGRO 100 . 1•000 0 

]0•30 IIAODtll, T.A. ~'Clii'I'IIOSI. 0 . UHOt.!ICRO loOOO - 100,01)0 0 

4!1•90 U•lJO~ CA~IIlDt CP ~ClHT~OSY to ., to 11,0 w 22 UNOERG~O 100 • 1;ooo 0 

l8AJO 1-5 lt'~lO~ C~PBID£ c;P 14CIIOTROSE 1'1 48 ~ 17,0 .. 12 UI<OE~GRO t,ooo - tco,ooo )00 
ALL .5U~S r:vr.rr~< UHIOH ~JR~lOE CP "lQN'l'ROSE: 28 48 "' ~7,0 w ,, UNOEHGIIO 1,000 • 100,000 100 

lt.Tl MO~OGI<A" Jo'lHI'NG I<ONTPOSE H u " 11,0 .. 2'2 IJNOEP.GRO 1CO • loOOO 50 
lLTHFI ,CAPELLA, V UNtO~ ClR~lOE CP ~o~tRoSr 1) 46 H 1A,~ w '22 UIIOERGRO t,ooo • 100,000 100 
JIIEPlCJ.~ '!:JGtf' 4 !ooEIIl' ~FSOUPCtS io!ONTPQSr 3 45 " 19 ,Q I; 22 UllOE!!GRO 1,000 • 100,000 50 
A~E~ICl' flGLE G MHrlF:Lt>, JFPRY "0"TROSE 10 45 N 19,0 w 22 UHQE!lGRO r,ooa - 100,(100 150 

A~CHOR ~NlO~ C)P~1Dt CP "t1'NTROI't ) u N IA,O W 2'2 U!IO€RGRO 100 • loOOO () 

J.NGLE GPJ"LtCt< l'Aiol V t<ONT!IOSE t 47 II 20,0 "' :n U!IO!:RGIIO <100 () 

l.lili A l'l't U~!O~ C~R~JD[ CP >IOHTRO.SE JS u,.; 17' 0 w 71 UIIO[IIG!IO t.ooo. too.ooo !0 
).NO/A "l't DUMPS UNIO~ CARPtDE CP ~OIIt~CISE 18 u .. n,o w 22 t>U.tl'S t.ooo • lOOoi!OO 50 
].Oil!! X 0/[[f.llJ. ~. GU" ~O~TROSt: 1 47 ,., 17,0 w 22 SURrt.Ct <100 0 
ARCTU~UE- U'~In\1 C1RI'l0l CP 040t.tROSI; 18 46 N 17,0 w :n IJNOEAGRO s,ooo • 100.000 100 
).llROoMI:JD(UitAVA' UNION CI.I'PlOE CP I'OI.TROS~ 28 ~~ !( 17,0 " :12 1/IIOt:RG~D 1,000 • lOO,GOO 100 
J.USTih (OOLOPES) U~IO~ c•RS!OE CP MONTIIOSE 20 41 N 11,0 .. 23 UIIOtRC~O s,ooo • 1oo,ooo uo 
uuc fOOTE; ~IHPALS MONT!! OS£ ll 46 ~ 1~.0 lo' 22 UIIDERGilO 100 . t,ooo ~0 

.U1fC UNlO~ CARPI~E CP I'OI'TROSl 20 4& N 17,0 w 22 UHDERCl!O 1,000 • too.ooo 200 
8 p t DAVIS, P.lY ~01\oTPOSE 0 SURHCE <100 so 
8ABE l>tJTI{ t"f')OT<; "'lii'!:J>ALS MCl"TPOSE '' ·~ 

I( 18.0 1ol 22 UhOERGRO s,ooo • 100,000 100 
fo.\llY l"HP. roon ~l~IPlLS I'OtiTRI)Sf 6 45 "' 

17 ,o w 'H U!'IOE:RGRO 1,000 - too,ooo '0 
BAOG£"1! U~!O~ CA~~!Ot CP HOI<TROSr 19 H N I? ,o ll n 1/)IIO!!ICRO ~,ooo - JOO,OOO 50 
II ADGER 1 U~lCII( CAPBIDr CP )'I)NTROSE lq 41 !I n,o w 2l \IPIOtRGRO 100 . 1,000 0 
B~OGU 2 U~ICJ>I C.li'PtOt CP lo!Ot1TII05r 26 48 "' t8,Q lo 22 UIIOE~GRO 100 • i,OGO 0 
IHDGER OU"P ts•!O•I Of>fliO£ CP I'OI!TRClS!:. 19 41 N P.o ~ 22 OIJ~PS 1(10 . 1,000 ~0 
l\ADCE!I•CP'l~/1 PP'l "ICPO COPPE~ I'ONTPilSE 26 4i ,. te ,I) )/ 22 UIIOERCRO s,ooo • 100,000 0 

l:llGGtH UNIO" OP~!D[ CO '10t·1:~0~f '10 •7 N 17,'1 - 2l UHOE:RGRO t. 000 • 100,000 50 
B.I.!JL P0li1T IIO~TGO•lERY 1 JAC, "O"'TRO!r 11 u "' t8 .o w , UNOERGM <100 0 
IUNNER tllllO<~ CAR~lOE: CP '<ONTRCISE I~ H II 18,0 1ol :l:l IJNO!:II(;AO <100 0 
8[UER UNlCttl CJ.IIPIDE CP '40t.TPOSt J2 u" P,O W :12 UNDtR(;AO s,ooo- too,ooo 200 
BED ~OCK UNK~Oio!.,. COI'T~Ol,,~ "D'lTPOSt 0 su~rr.cr: <100 0 
8t~CH L"tLI:. r11A~CIS MO~TPOSr 0 &VRrACO:: (100 0 
&tRNlP.O IJHlD~ CHBIDE CP >IONTRO:SE HI 41 N 11.0 II :u IJIIOt:RGi'IO loOOO • 100,00() 100 
B!:RTIU IIF;lUTY c lUll: liS + PUC H!:L MOIIT!IOS!: 8 46 N U,O w 22 Ut.OtRGIIO <100 0 

tltTTt:l' II 7 I'Ul tRHOIH< lo\NC • HOIIIIWSE 31 4li N 11,0 w ,, UI.:OEACRO 1,000 • Joo,ooo 200 
lr:TTt' .JUN HOhOCRAI' )lllllNG I'O'l'l'!IO!t ~2 u II 11!,0 w , U~OI::RGRO l,OOO • 100,()()0 100 
!'Hi BULL fOOTt I'll tor!U LIS lo'O~TFIOSt 12 45 N 18,0 w '2~ UNO!:i'IGRO 1,000 .. 100,000 50 
BIG DICK .U~lO~ CJR~XDI:. C~ lo\DhtPCSl 19 48 " n,o " 22 UNOtRGRO t,ooo • too,ooo too 
l:ltG lllTT IJt.lO"' ClRI!IO£ CP fo!OijTRQ3[ 21 u II 1'7, 0 .. 22 UhOI:RGRO 1,000 • 100,000 50 
lUG ROCK &Jt!i>!.OT, J.R. co "'DNTRO!E H u !I 18,0 I( 22 uNO!:RGRO JCO . I, coo a 
BtG l!.i'!OT M06llHOtll,CEORGt MOIItJIOS[ • " li 17 ,o " 22 !UHHCt <100 0 
ltt.L B~DY•LUCl<YR UNlON CJ.IlP!OE Cl' MOll TROSt l8 46 N 11,0 II 22 UNDtRGRO l, 000 • 100,000 50 
BtP1~DH 1 C~UII, ARTHUR HO'ITIIOSE , 46 N 1,,0 w 22 euu ACt <100 0 
Bl&~li!K U~ION CARil!Dt Ci' HDtiTR05E :Ill '1 N 11,0 II 22 UhOEPGRO <100 () ., 

I ..... 
U1 



%111CTIVE: UUIIIUI' IIJNU JN T~£ U~JT[O 5TATJ:& PAGt u 
&OU~Ctl DO!:, GRAND JU~CTlON, C:DLORlDO 

\ 
lUll[ Hl~t Cn~TROLL!:R N'o\ME COUNH u:c:. 10 .. NSKIP RANG!!: llltl\10, 14tNING TOTAL PIIODUC:TJO~ DEPT If 

t!E'1'1!DD ,,.0115 All or 01101179> CrT •) 

............ COLORADO ((O~T 1 Dl •••••-••••• 

I!ITT~II C~t£X UNION CA~!'IOt MONTROS!: 12 41> N 11,0 II 2:~ UIIOtRCRO 1,000 • 100.000 100 
l.'l.lC~ DPH.I< UNIO" C~l'fliDt CP lo'QNUO!t n 41 II 17,0 II 22 UIIOE:RGRO' 1,000 • tco,ooo 50 
liLAC)( I'H~AH Dlllo'P UHlO~ Cl~BID[ CP J.IONTROSt :a 41 N 17,0 II 22 DU'!PS 100 • ,,ooo uo 
I'LAC~ UGLr; COCKRUN, r.v, MONTROSE ' u 'I 16,0 II 22 su~nn <100 0 
BLACK GHAT IIH!:Y "IIIING CO, 140/ITROSZ 0 SURFACE (100 0 
liLAC~ HAw!( ~~l~HT,GE~Pr.IA 1 ;.o~TPQS[ 27 49 II 18,0 .. 22 50RrACi: "lOC 0 
BLACK J•C:K MAGlC URANIU~ CO l<O~TROS!: 2 45 N se,n II 22 UNO[RCRO (JQO 50 
liLAC~ P~t•.c!: SIND!:F, F. V. IOON'I'RGSI!: 3l 46 tl 19,0 "' 22 UNOEiHiiiO 100 • 1,000 100 
BL~C!C RC'CK UNlOX CUP!nE WONTROSt 2J c, .. 1 a.,, .. 2? 11110-':PGRO 100 • 1,000 !00 
B!.~CK TOM UNION C-~~IOE CP 140"TRnS!: 20 461.1 17,0 II :n UNO[RGRO s,ooo • 100,000 uo 
SLlC~fO(lT ~HTU: SA~O~A l<A~I!: ~I~ "0~TDOSt to 4i " 17,0 .. i2 UNOtRGAO 1,ooo • 100,000 100 
BLISS UtlfO~ CARI'IOE C liO~'l'fiOSE 0 U~OE:RG~O t,aoo • 100,000 )SO 

llLON()A .U~~.5, tVt~tTT IIO~fADS[ 0 SURHC:t .0:100 0 
llLOWDY GRIPE w.r. 110"iPOSt 26 48 .. 16.0 It 22 UNOitqGRO <100 50 
II!.Ut PI!:LL UfiiQH CAPfiiO!: CP 11(HITR05E l' 4i .. 17,0 w 22 UNDitRGAO ,, 000 • 1oo,ooo 100 
IILUit BIIiD U'IJON CJPflOt CP "0NTP05£ 2S u H 18,0 'I< n U~OrRG~O 100 • t,ooo 100 
!lJU£ BIPO OUHI' Oil tO~ CJPI'IDE CP "0hTRI)Sit 25 46 .. u,o 'I< n DUr1P3 100 • t.ooo 50 
BOB 6,7,8 UIIU'~ CUiflDE CP !'OtiTROS£ 0 UIIP!:IHi~O I, ooo • 100,000 600 
(108 9 BELL, l,L.+ B.L. .li!O~TFIOS[ !I 45 N 1?,0 " 22 sU~HCE <100 0 
BOll c•T UN!O~ CAR9l~E CP !>IONTIIOSE 19 47 l< 17,0 w '22 UNDERGI\0 1,000 • uo,ooo '50 
BO!! CAT CPVLlCH I!A'4 V "OhTROSt I 47 .. 20,0 " 22 au~r~ce: <100 0 
llOHkiiZA SltC~RJTY llkliiHI~ fiiON'fiiOS£ 0 UNPERGIIO .C100 0 
I!OIIITA I BOhTTJ UPJ~lUM C l'OI<TPOSE J2 49 1'1 l7. 0 "' 

, UNtl!:RGRO <100 0 
BOlJ~t:'lll 1\tlTl JO•FS + t~OMP$0~ I'O'<lPOSE 0 SUIIHC:E <100 0 
BP001([ J Jo!AYflrLr, JP;PPY p.lQPIIIIiJ!I[ 10 45 " 19,0 w 22 UNDEiiGRO t,ooo • 100 1 000 100 
IIP00'45TlCJ( r OOTE "l !.!T< ALS MOt!TROS! II H )! 1!1, 0 w n llN[)!RGRO <100 0 
IIIlO"~ D!:~SY t ULEr, lti'£R't NONTIIOSE 0 S(.IRf~CE <tOO 0 
IIIIUS~'t !I)Slll 5t~UlUCllEl' J, 1, ltlit<lROSt 28 '2:8 & '2:6,0 !. ,, lJNI)t~G~O 100 .. ~.coo 0 
11\IIIBLE~ COCHIIA~ UI'JIIlUI" "0NTIIOS[ 0 II•OERGRO CIOO 0 
t~ucllrn:" 5~ll~+J1NS~~+~~V t-0111PO:>JI' 0 5\JIIFlC£ <UO 0 

BUCKHOR~ I C UI'TIS, CtYOE MlN!POSt 21 u >; . u,o w 22 SURf"!: <iOO 0 
llUCl'.Sl!OT VNlOM CAA&lO£ CP ~Oll'fi'I'Jst 11 '8 )I ,,,0 )I ·u ll~lltiHoRO I ,000 a 100,1100 ~0 

llUCK!!I(JN JAPMA!o • HADO!III I'IONtR06t , 46 N 1B ,ll II :n tHIDI:RCiiiO <100 ,,0 
llUCK&ltHI Cii<OUP r v n"~~DLR Jo\Oit'11105E 3!> '" II 1&,0 II ,, ll~Ot!IC!I.O <100 H>O 
lluTTtllTLi' UN!OIJ Cl~l'IOI!: WQti!POSE 10 '1 " 17,0 ll n U~DtRCRO 100 • 1,000 0 
llU1'iE~fl..'i 1.\lollC'I CA~!>ll.>E I<DHliiCSF 14 ,, 'I 10,0 Ill .. \liiOI:.liCIIO \,000 • 100,000 1CO 
c r c UNIO~ CARBIDE CP 140NTPOSE 20 47 .. 17,0 It 2:2 .tliiOtRGRO 100 • s,ooo J50 
t•IH!t Vl£11 CAMDOSI!. UlUNIU"' MONlPOllf H tb M U,l> Ill ll U!IOEI\GIIO <100 0 
C ALVl'!IT 2 UNION CJ~SlDE CP MONTPOI!t 10 45 II 18,0 ... 22 UNOitRGIIO 1. 000 • toc,ooo JOO 
ClloltL IL'I:IGH'TOIO f'OO'tt MlH!'P.I.L~ 1\I:'N't~O~E " 4!> ll 18,0 ... H ll'IOI:I\GIIO \CO . L,ooo 2,()0 

C.\J/OPI)S UNIO~ CAPSID!: CP MONT POSE tp 46 ;. 17,() II 2:l IIHO[I!GIIO t,ooo • soo,ooo tOO 
C lii'IOI< l P l'l''f[PSGI• 1 PIIT 11\0t.Tl'OE.t 0 UNOU.Gittl <LOO Q 

CANYOIJ Vltt. r 1c~e:L, c •P L MOtiTPDU 4 4!> II 19,0 w 2'l UNOERGI'IO too • t,ooo 0 
tl'f'.P~'t\IH U!ilO~ CJI\~10[ CP I'ONTllOSI!: u ~l tl n.o " ll IJMD!RGRO I ,ooo • too.ooo !0 
CARP~NTtR J!IPCit UNK~O~II CO~TROLP MO~TROS!: 0 IIURrACE <tOO 0 
CUI\111 MlLL KJ.RUt.OII o,t, IIIOIITP,Cf.t '11. 4.l " l'i .o \1 22 IUilri.Ct: <100 0 
CETlU PlDC[ J.YtJIS, ltV£11ETT "OIITIIO.Sr 4 45 II 19,0 II '~ IJNO~I'IGRO too • lo 000 0 
Cli!:CKt~ ~I.TTtR~O~+ MtiL~ KOI!TII.OU l1l ~7 II l,,O II 2l SUP.r1t:t <lOO lOO ., 

I ...... 
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JlUCT!VE U~UIUM K!N!S IN TH! U~tT!O :!At£5 PAGE 11 
SQU~Cl:l oct. GRlMD JUNCTION, COLORlOO 

lilliE .. ~~~[ CCt.TROLLER Nl'4! COU~T't' ate, TOWNSH.IP IU,~GI!. M[RlO, I.UNI!lc; TOfU, PROOUCTIOII OEPTII 
IUTKOC (TONS A& or 01tOll19) crt,l 

••••••••••• COLOIUOO CCONTIO) • •••••••••• 
C>~ESTEPflfLO tPE UHto..r ClolfBIOE' CP "0~1'ROSE (J IJlit:lERCI!O a,ooo • 100,000 0 
CHILLI 5 UNIO~ CARBIDE CP IIOHTROSE 25 45 N II, o li 21 IJNOERGRO 1,000 - 100,000 LOO 
CIIIPIIOH~ I A YEllS, tvEIIUT I'ONTPOSt • 45 ;. 19,0 w n UNDERGRO <100 0 

-CHRl8TIE 6TOCK6,R,~,+5ISK "O!lTROS!!: 0 &UIIHC£ <100 0 
I CLIFO•tLt-£11 {ll)~p· UNION CAPPIDE CP MO~lROSl. 0 bUMPS tOO - 1 ,ooo 0 

C:LUR i UNtO~ c•RBIDt CP ~O,TII::l.SE 20 48 " 17,0 w n UHOERGRfl t,oao • 100,000 100 
CLU~ GfiOUP ~tOSSER, RAY~O~O +tON TROSt: l2 U N u,o w 22 u·"PE~GRO t.ooo • 100,000 100 
Ct..l18 Ct!OUP IJIIlOoi CA"11lDE: .WQIIT/><'JSt 29 u N 17.0 .., 22 IJNO[RGR!l 1,000 • 100,000 0 
COLU!1Sll5 FOOTE lll'NtRU,.S 1140~TROS£ 'l 46 N p,o w 22 UNPE~GR(l (100 0 
CO'~FUSION llk" v, GPlULlCk M{)NT<IOSt 12 41 lj 20,0 "' 22 UHO[R.GP.O IOQ • 1,000 0 
COPPEP JACl< M~I!Vf.L ~NG CO '<OPITfiOSE I~ 48 !l IP,C " 22 Ll~OERGRO 100 • 1,oao 0 
CORPOR•TION UlllO~ C.t.ltl'lDE M()!.TPOS!: u 47 N 11,0 ol n UliDE~GIIO 100 • t,ooo 250 
C'OI'PECT UNID• C~R~!DE CP !<ONTP'l.SE 0 UNOERGI!O <100 0 
COTfOH-000 1t'l•l PJ.1TEI'll0"• PAT MI)I<TRO.SE l) 46 II u,o io 2'l UNDtRG~O 100 • 1,000 0 
COUGAR ooou:r T. T, »oUR0.5! c SURFACE (100 (J 
CRIPPLI!: CR[E!C UNIOII C..\lll\lOE I:; I' ,.ONTI'':!SE 28 ., ~ 17 .c w ,, IJiiO!:RCilO 1,000 • 100,000 too 
CI'IP'PLE ('PEEK ou UNlO>I C.llll'l')E (:D I<Or.TROS[ 21 47 ~ 11,0 ., 22 t>UI><PS 1,000 • uo.ooo \00 
CRIPPLE CPlC 2 ou U~IO'II CAPPtOE C::P MONTR<"IS[ 21 47 ,. 17,0 .. 22 DUMPS t,ooo. toc,ooo 100 
CUt BALL UNlO" C~RB!O£ CP i'O~TPOSE l 41 'I 17,0 loo u UloOr!I<:Rc <100 0 
t> .. !) l IIOC£R5 + ltlll'<T I'O~TP'.l~E 0 UllD~RCRO <100 0 
0 + 0 ~ DO• ELL ).I.L. I>IOilTDOSt 0 U!lOERGP!' <tOO a 
DADS ltlCI>O COPP£P CD I"(I'<TIIO!I~ l4 4B " u.o w 'l2 UHOtRCRO t,ooo - soo,ooo 0 
DAI' PUCH IJNlOW C~R~tOE CP ~"O"TI>':l!IE )5 4l .. 11,0 • 22 UHO[RCRn s,ooo • 100,000 llOO 
OAIII<, 5TOI>J, Oltt" "ONTRt:lSE 0 :IURrAC!: <100 0 
DUA,Jili..Y,SLl" U~IOH C~~SJOE CP "O~TROS[ 2" 46 h n,o I( 2l UKtlt:IICRO :>t(JI),OOO no 
IH11U roc>ft "h!:PA LS "OriTROSE 14 45 '{ 11,0 w n IJIIVt:IIGRO 1,000 • 200 1 IHIO 200 
DOlCY 2 •Ll! T Ont. V~IO~ CA~RIOt CP ~O~T~vSt 10 '"' " !1,0 " 22 l!~DERCRO J,ooo • 1oo,ooo 100 
DOLOPES '/ PAIRO+ISNYI'ER lo!i(; 11(]1/T~O.Sf' 30 44 .. 18,0 .. )2 Ul<llERCRO t,ooo • loo,ooo 0 
.POLOl'f".S "l~E U~!O~ CA~I\IOE CP I'O~fRI)S( 19 48 ~ p,o ~ 22 UI'Df.:RCP.O I, Ooo • 100,000 150 
OONli,D L OUWP UWtO~ CJP~IDE CP liO"TPO!>t 0 ou..,ps tOO . 1,000 0 
[)010111 I( roan '4lNtF<.I.L.s "0NfPOS!: H 41 H 16,0 w 22 UhOERCRO t,ooo • 100,000 200 
OOROTHr IJ~lON CJP~lOI!: CP I'O!iTROSt )Q 4~ II p,o w 22 UIIDERGP.O t,ooo • too,ooo 200 
OO~OT~Y t, ST ~tClS URAIIIU" KONfP0.5( II 48 II til, 0 ... 12 1./NOf:RCiiiD (JOO 0 
l)nUBL[ JlCII: I!"I'L!:, J'-l<f:S A, "OOITPOS[ 10 47 " 16,0 w 21 IJIIDEl<liRO 100 ... 000 0 
OUCHEH 2 + GRIPr w.t. 'IO~TPOSE l4 48 " u.o 1>1 n UNO[RGPO t,ooo - too,ooo 150 
DU5H Oll•V UNIO~ CARBID€ CP "O~TPOII.( 0 OU>!PS 100 • 1,000 c 
UGLE ROC)( 1 DO>.l:LL H.L. IIOIIIPOS[ 0 UHDERGRO <100 0 
tOlTII lilt~[ 6T[IIART 1 JA"F.8 MONTROSE 11 4.S !< u.o w n UIIOERCRO <100 !0 
t:O>ll I<H JOiU"~:u:~o [,J, MONTROSE 21 45 II 111,0 .. 2' UlfOtRGRO 100 - LtOOO 0 
tiGHT' BALL UNION CAR8lUt CP I<ONTPG&l: } 47 II 17,0 II n LIIIOt'R(;.RO Hll) • ,,ooo 0 
t:ICKT 0 CLOCK ri.torH, TOll IIOI'TROSt ll 46 N 18 ,o li ;u IIURf'ACt C100 0 
r;L t:!.llll.TR a N'f HAR0"1C~ •t.OVO:SS "CINTIIOSI: 0 Ut<O[RCRO <tOO 0 
['i[tUt<G SUR Pt!RO fi!UCU:lfl MONTROst It 47 N 20,0 w '22 U~<OtRGRO 1,000 • too,ooo 50 
EXPECTA'IT l LONDON, liO~tRT MONTPOU 3 45 N 19,0 w 21 SURHCt clOO 0 
ru:RY OU!:tH UNION C~P.~IDE MONnO~t 10 41 fj n,o w l2 UNOtRGRO • lOG • 1,000 50 
1AI'"£R BOY ll:l~S!:Y • loiALlCII MONTII05E 0 SURHC!: <100 0 
rACJLTL[.U ~Arrr£~0+N!CKER5 J.IQNTIIOIJt 24 .u ¥ 19,0 II 22 VND!:.RI;liO <lOO 0 
H~N 8PRI~C5 1\ UNIOH ClPAIOt CP KONTROH 6 4~ PI 17,0 w 22 UHDI!:RGRO t.ooo • 100,000 100 

...., 
I 

1-' 
-.....! 



IIII.CT I Vt UR.UlUI! MINES IN T~t UNITtD STaTtS PAGE 11 
SOURCE I DOt, GI!AIID JUNCTION, COLORlOO 

III II!: ll.t.I"E COhTP.OLLtP IIAHt COU!<tr IIEC, tOW~SI!If' llANCt M!:~!O, M Uii NC !OfA!J PRDDUCUON I)[Pi'li 
Ml:'fHOO (TONS U or OI/01/Hl (FT,} 

····~······ C'O! CPA DO CCONt'D) ••••••••••• 

FAiol'l :SPRHGS •• OIIIOt.; CUliHDE CP MOt.TA05( u 46 N P,O It 22 UIID(RCRO 1,000 • 100,000 100 
T,l.\oiN SPRl\GS I l Ul<IOII C.Al<BID£ CP "0tiT!\ClS!: 6 45 II 17,0 II 

~· 
UNO(RCfiO ' l, 000 • 100,000 100 

TAWN SPIH~CS 15 UHIOH CI>Pl'IOI: CP I<ONTROSE: ' 45 N 17,0 .. 22 UNOI':RGRO 1,000 • 100,000 ~0 
rAw~ SPRJ~r.s I A Ulf!O>~ ('J.R!II'l£ C:P MONTPOSE 6 4S ~ 17,0 w 22 UNOt::RGRO 1, 000 • 100,000 LOO 
FAwN SPRbGS 11 UlllO" C~PB1Dt CP MONTROSE )I u" 17,0 111 22 UNOt~C~O 1,000 • 100,1)00 10ii 
F'WN SPRhGS H FOOTE IH~F"RlLS 110NTPOSI" ' 45 N 17.0 w 22 UNOtRG~O 100 • 1,000 too 

: nw~ SPRI,.CS l U'IIO>f C~R!IIOE CP ~QNT!!OSE H 46 N 11,0 II 22 UliOtRCRI) 100 • t,ooo lOO 
FUIH SPRIOICS 10 UK ION C~RBIOE CP HOI<TPO~r; 6 4S " 17,0 il H t1110ERGRO tOO • 1,000 J50 
FAWN l!PR J>JG-'! .. , U~IO~ C~RAIDF' CP MOIITPo:lSE 6 45 " 17,0 w 22 LI~DEIIGRO ltOOD • 100,000 100 
I" HI I( SPRl•G! 5 r ll•lON C~PBIDE CP "011T~06E 6 45 PI 17,0 II 2~ UNOERGRO 1,000 • too,ooo 100 
Fll"TH NATrC'llL B U'IIO!I CAPBIDE: CP kOI·TROSE 28 47 N 17,0 " 22 UHO!:RGRO 100 ~ I ,ooo "0 
rlRE!!IPD UfllO'~ CU>I'IOE CP MONT~O.SE 20 41 N 11 ,o " 22 UNO!:RGRO t.ooo • 100,000 150 
T 1 P £Ci!AC K EP Ll>iiO" Oll&!DE CP ~ONTR'lS!: )5 47 ~ 11,0 ~ 2l LINOERGRO a,ooo • 100,000 )00 
F'[..lT TOP IUN M!GU&L I'!N[S MOilfiU)SE: 0 ltiiiF ACP: <100 0 
T!JOA.E:loCE N[LL IE UHl('IN CA~I'IOE CP I!ONTRC1SE ~0 47 N 1'7. 0 lol 22 U!IOtRGflO I. 000 • 1 oo, ooo 50 
ros.stL fOOT.: ""lllr!UI..S l'~ll'tRflSt , 45- II 11,0 .. H fJKOtiiGI'O too • t.ooo 50 
FOUP.TI< JUl..l' + I( 0"10tl Cl.OEID£ CP "'0NTRO:SE :l~ U N 11,0 ... ,, UHDERGRO t.ooo • 100,000 150 
FOURtH ~AlL IIA'K U~lO,# CARPIOE CP IIOH'rRO.SE 2e 41 ~ 17,0 lol 22 UNO!!:RCPO 100 • ),000 100 
rox ll'~lC!" CA!IPIO!: CP MOJ;T!IOSE )0 u H 1"1,0 lol 22 U>IDERG!IO 100 • 11 0 00 150 
FOX CIST£U.N ONIO~ CA~KIOE CP I<ONTROSE 19 u H 17,0 " 22 UHotRGIIO I ,ooo • 100,()00 l~O 
rucuou • tRAC tl~lO~ CAR'IIDE: CP MO!.TROSI!: ... H N 17,0 II 22 U'IOERGRO •• 000 • too,ooo :l~O 
GILliEPT UNION ClPPID!: CP "~O~nou: n 46 N 17 ,o w 22 LII'OE~GRO I, 000 • 100,000 uo 
G~O"'E U~IO~ ClPPIOE CP I'O~T~OSt ., 47 H n.o " n llliOERGRO CJOO 0 
GOLD£1'1 tAGLF. 14• UBA>IO, CL•I'~ IIOIITPIJSE 9 ·~ " !9,0 !; 22 UNOERGRO 100 • 1,000 uo 
GOOD HOP£ PFD YO flGro~ • nca:" ~ON! ROSE I 0 47 "' 

17,0 w 22 5URFlC[ <100 0 
GUllO DAD 01.1.!. PAlS !'.liC, r Q!IT!IOSE 0 .SURf AC[ <100 !0 
GHNOVl£;, H,O,+Jl" PUTT ~O~TltOSE 0 UNOERCRO 1, 000 - 100,000 0 
Cl>lSS ROt'T.5 UIIIO~ CARPIO£ CP I'O"TROSE: l4 48 II 11,0 .. 2:2 U"DERCRO 1, 000 • 100,000 50 
CRASS ROOTS DUJoP Ull IO'I CAi>i'IO£ CP I'OIIT!IOSt 2l 48 ~ 17,0 .. 2~ OUIIP! 100 . 1, CIOO 100 
GRAY U~lO>i CAPJHOE CP I'Oiotll()ll!: ll 46 " u.o II 21 SUFIH.CE !,000 • 100,0I.l0 50 
GRH OU~P 0"10'1 CARl' H>E CP HO"'TPOSE ll 46 ~ U,O II 22 OU'IPS <100 0 
GilA¥ FOX 8!:Lt .. Pl~L "• MQNYRO.!i£ II 41 " 17,0 .. 22 UNO!:RCRO 100 • lrOOO 0 
GRI:AT Wl!:&Tf"P\ U~IO~ O~!IIDE Cf l<ON'I"ROSI!: 20 n 11 17,0 ... l2 UNOEilCRO 1,000 • 100,000 50 
GRE:lT W!:.ST[P'I Dl1 UNION CARRIO!: Cl' IIONlP06E 20 ~1 h ll,O w 11 DUMPS 100 • 1r000 50 
C.REE'Ii"E\AO \llilO~ C~P'folDE CP 'IO~TPOS£ 1'8 41> ti 1"),() \1 'll UfltlERG~O 1,1)1)0 • 100,000 !.G 
CROU"'DilnG UNIOt. C~PPIDE CP NO/.TROS!: ll 47 'I 17,0 w 'l'l UNOERG!IO a.ooo • too.ooo 50 
CPOUNOHOC OLIVI!:I' + I'USS I'OIITitO!'i!: 9 49 H 19,0 II 2l Ut;HIIGRO 100 " 1t000 0 
GYP L!:lSf FOOT[ MJI<[RJ.LS MONTROll!: 10 45 N 19,0 II 22 UNOERCRO 1,000 • soo,ooo so 
HAPPY UNION CARIIIOE CP MONtRO.SE 21 47 H n.o 'rl 22 UNO!:RCRO s,ooo • 100,000 10 
HlPI'l' JOE MILL!:P•BLJCICIIURN MOIITR051!: 2 45 ,. u.o ~ 2'1 IJ.NOtPCRO <100 0 
HAPPY 'fHOUC'IT UNION CARBIDE CP llQNTPOSt 18 46 II 11.0 ~ 22 UNOERGRO I ,ooo • 100,000 50 
l<AI'O LUC~ LOIIC, APTi'Ull I'OilTPO:'i£ 0 UNOfRCRO <100 0 
HARORQCI( f"OOte; HI I' EFALil 1101'TI!O.St 18 u N u,o w 22 U~O!~GRO 100 • 1.ooo 1~0 
HAROLD UNION C)PIHDE CP ~O'~TROSI!: ll 46 N 11,0 II 22 IJND!:RGRO 100 ~ t.ooo 1'0 
HtiiRT CLAY UIIIO~ Cl~IIIDt CP MONTFlOS!: 29 4 N I ,1 11' 22 UNDtRGRO t,ooo • 100,000 50 
l!f:IIRY CLJ.l' PUPIPS UNION CA~BlOI': Cl' .1401/T!lOSt 29 47 N ",0 !i 21 ll!l>iii>.S s,ooo • 100,000 uo 
lflDOI':H IIUI ~ U~ION CAR~IO!: I<IOI.IT~Oil!: 20 "' N ., ,o • u UMD!:RCRO 1,000 .. lOO,OilO ,!>0 

., 
HIGH 8.lLL 5 SHUM~,l Yt OlD[ I'OHtR08£ ~~ u N 11,0 tl 2l UHD[RGRO IDO • t,ooo 100 I 
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rN•crrn vulltll"' MU!'.S IN THt CIWlT~O 8TAT£3 I' Ali! u 
IOURC:[t !)0[, G'RAIID JUNCtlOH, COLORADO 

l'lNt NAN[ C:OIITROLUR IIA~E COli NT'( IEC, TOol !ISH I P IIAIIGP: MERIO, IIUOMG TOUL PIIOOUCTtOt. DEPTH 
METHOD (TONS All or OtiOI/19l (FT' I 

I ............ C:Ot.ORADO {CO~t'D) ••••••••••• 

liO~[SfUO l!.lLL, .lLiiEPT "'QNT'IO!E 0 IU.PF~Ct <100 0 
H011n'"0011 !JIVIO~ CARfl[Of CP '/IOilTIICJSf: :10 47 II l 7. (} il 22 I.JNDE.RG.IID 2,000 • soo,ooo '0 
I<ONtH•OOII OU~PS UNtO~ CARBIO£ CP MQNT!IOS!: 20 41 II 11,0 " :Z2 DUMPS t,ooo • 100,000 ,o 
)fQDS!:IlA!R I IJRRHIIURU•>lOLZ "ONTPDSE I 4S N l8 ,0 w n UliOI':RGRO t,ooo • too,ooo 100 
MOPSE:MAIP C~OUP GUIRE, HtLI':N u, fiONTR(lSI; ~ 4!1 II li,O to. 22 UNOERGRO 100 - 1,000 0 
I-lOT ROCIC Herr~. IC~PL OIO~fROlE u 46 " 1?,0 • n ISIJI'IF'J.C£ <100 G 
IIOT !POT PI'IIC!: + li!:OLO" MONTRO~E 0 UNOEP.GI\0 <100 0 
MO"Ll~G COY'1n Dl.~Hil.!l, DOH WON HOSE H 47 ll 19,0 if 22 UIIOERGRO <100 0 
HUI'"E~ UNION CARPlDt CP I'ONTilOS!: '.ll 46 H 11,0 if u UNOtRGRO >100,000 200 
IWI!"'I!:f' cwwp, U~ID• CIP~lD£ CP IIONT~>OS! 71 46N J',() if ::u DU"\PS soo - 1•000 no 
IL'-"' SC'i\P<AC~~P,J I . WONTPOSE 0 U!IOEF!GRO <100 !!0 
t .. otx LA Rut, O,C, "0~fROSE 2 ·~ " IP,O "' 22 UNOEilGIIO 100 - 1,000 0 
lOLA U~IO~ CAFP1DE CP "'0'-TROH 0 UNOI!:RCRO JOO • s.ooo 0 
IFI£"'E 0~10~ CAP~1DE CP 1<0"TIIOSE 79 4J H 17.1) ~ n UHO!IlGRO 1,000 - 1001000 l!IO 
ULAND V p·~ ,., CH~P~AN • rRlNKS I<Oh!IIOS( It 45 N lq,o if 22 SURHCI!: <100 100 
J,I'I,GPOuP UNIOH CAPPinE CP MO~TROSF 1 41 II p,o w 2;1 UNOtRGPO 1,000 - 100.000 so 
J,J. U~IO~ Cl•PIOE CP I"JhTfiOS!: ~b 46 " 1"1, D "' ,. UHOtiiCRO 1,000 - lOO,OOQ 150 
JAC~ fiH+BrT U~~NO~~ CONTqOL~ MOt.TROH IJ 4S II u.o "' 22 UNO!:RG"'O ClOO 0 
J"KPOT GI'Olll' Bt! HIVE t'INI'IIG Ml'.l~nost 2 u " ?0,0 w 22 SUPrAC!: CIOO 0 
Jl.:tP Ptff~S~~ 1 FP!:DDI£ MOt;! POSE 1 a 41 I' 11,0 \, ,~ ISUIU'ACt <100 0 
JtTTI!:IH.IIJG "~A~VE!. l'loG,CCl, "0t.TROSE 11 •• "' 

u.o lj 22 UNOEP.GRil lOO • \I 000 0 
JO AIIN[ GAOUI> CHERIGOS,~APRY P IIONTRI'l.5! 

·~ 
48 h 16,0 w 22 UND[IH.li'IO 100 - t,ooo 100 

JOt U~t~~ CJRRIOE CP ~<O~<TP0$1!: 0 UNO[RGfiO 1,000 - 100,000 200 
JOt OA~flY U~IO' CJRSlOE CP "l'lNTI'OSE 11 46 ,. p,o • 22 UNOEiiGRO ,\,000 • 1001000 uo 
JOE OA"'Ill' [HJ"PS UNIO~ CARBIDE CP ~<O~Tpr,,se; ll 46 .. 11.0 lo ~2 U~O!:fi.GRO <100 lSO 
JOE ~IVE~SIOI!: U~lO~ CA~riD£ CP I<ONTP'lSE '2'1 41 N \7,0 .. ::12 UlfOERGRO 1,0~0 • too,ooo :tOO 
JO>l~ :z;, S>~APT o O.l. I<ONTROS!: 10 46 N u.o if 22 UNO[RGRO 100 • 1o001) '0 
JOIIEP PLAfrlU U~,lN IU'I OIC'IITPOS!: H •• " 111,0 w 22 U'!Ot'IICR'l 100 .. t,ooo 50 
JOKER liLAC!( H~•JC U"•'~• I'ONTRil!IF; to ~s .. 19,0 .. 22 U!oO!fiGRO 100 .. 1,000 51) 
JO~ER tLt:tlt, P'I'HIIO: IIQHT"!OSE H 46 N u. 0 "' 22 UNOEIIGNO 100 - t,ooo 0 
JUOY ,no, ST ~EGIS URA•IV~ )'(illTPOSE u 48 N l8. 0 .. 22 UHOERCRO C100 50 
JUo4fHl IIRihl(, AL fiiO~T!IOSr II 4!> ll 19,0 II n UlfOE~GfiO <100 0 
JUliE f!IIJG AYtR8, EVVPrTT '40NTRI.l51!: lO H 8 l6,0 t H U?IOE~GRO <C100 0 
JUNGLE: llASIH fOOTE ~tNFPAt.5 I'O•tROSt 15 H N P,O II :n SIJRHC£ <100 0 
JUST Rl(:H! "-!:"DISCO, rnn "01"tfi0S!: )! u " 17,0 II 22 U"OERGRO J,ooo • 100,000 100 
KJ~C l:,t,Lt"t5,I!lC, I<OI'TI>OS[ 0 UNOLRCRO <CIOO 50 
IUII(i or LIJOU IIHIO~ CARSID~ CP MO~TPOS!: 19 41 " 11.0 ~ 2l IJ'fO!:RGRO 100 • t.ooo 0 
LAfllC 1 • a l!NIO~ ClPP-10€ IIQ~TAQSI!: 11 '5 " u,o w 22 IJ~Ot'tGIV.l s,ooo - uo,ooo :1:!10 
US1' CH~IICE UNION ClNPl~[ CP 1'401rTIIOSE 'I 48 N 19,0 if 22 IJHDI:AGRO t.ooo • 1001000 50 
loUT NOPE by~ATEK t•TRPRI5 WOiiTIIOS[ ,2 41 N u.o w 22 UIIOERGRO <100 0 
L.ll.liT lJOlO IINYDtll, FliED JR, I'OhTPOU ~ u H 19,0 • 22 .S\lRf.lC t <HlO 0 
LU'( THPEr b,• O,URl~ +EXPI I'OI.TR05!: H 48 " 11,0 w , UI'DI!:RGAO 100 . I ,OQO 50 
L[Vl UNIO~ CA~~IDE CP P'OhtROU 9 u " u.o • 22 UI'O!:RGIIO 100 - 1,ooo 0 
LI TTL!: liAS I H UNION C:ARBtOE CP I'OKTRO!t H u " 11,0 w , UNOlRCM t,ooo • 100,000 0 
Ll'I'TLI: 8UC!CHORN' AnlS•.t.HAX MO!Ii10111: to 4. II 19,0 w :n UNDERCRO 1,000 • 1oo,ooo 100 
LJTtLt CHU:F MaLn 1 u:r roco~~o au: 1) 47 N u,o w u .IIUIIHC!: <I Oo 0 
LlTTLE DICK UIIICIO/ CJ.PIIIDt CP 1'401/TROS!: )0 u II l7. 0 lj )l UNOI!:RCIIO 1,000 .. 100,000 100 
LliTLt DICK DUHI' UNION Cli<I'IO!: CP IIIOIITR05E )0 .. H 17,0 "' 22 I>U>!I'S <100 100 
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JNACTIVE 0111.11[014 MINts IN THE UNiftD STATES P.lCt 20 
IOCifiCI!:I DOC, CR.UIO JUNCT10N, COLOfiAOO 

)Ill<[ NA~!: CONTitOLLllt II AI'!£ COU!oTr SEC:, TO'OIISHIP UNCt llltRlD, MIN INC 'fOUL PRODUC'UON DtPTii 
MtrKOD (TONS AS or OIIOitHl crr,l 

••••••••••• COLO~AnO CCOMT II)) ••••••••••• 
LITTLk. JE~!:l. roan Ml~ERALS HO~TPO.St ) u N u. 0 w 22 UIIOERCRO 100 - 1,000 0 
Lll'Tt.E JOE· M~Ln' L£0 C MOr;TROSt 14 u H u.o )I 2l SUPro\Ct <100 0 
L!Tl'LE IlLli' I!IUT, IUP!Oll .J, MONTIIOSt 0 SURf" ACE <100 0 
LO H[Cii SULL 1 VA N+"OORE+ MOIITf<OS!: 0 UNO~RCRO <100 0 
LOG CASIII >flCFtO COPf'f"ll CO 110/IT"DS£ 35 u h JB,O " :11 UhOtR(;RO 1,000 • 100,000 50 
LOHI JOIU~NSF~ E,J, IIO~TRO~t 17 .u "' n.o "' 22 UNOERGRO <100 0 
LCI<t CtOA~ CiAL'ti!:AN, JA,.[S F MOIITIIOSE: H 46 N 17,0 • l2 U~OtRGRO <100 0 
I:.OIIE; Pl"'!: Cl!:CIL fl(IIIK[~ lo!Cl}rTROS£ ' 48 H 19,0 II :12 UIIOtRGl'ID l, 00 6 • lOG,OOO 100 
LONG PAliK 1 UlllON CARr-IDE C'P lo!QfltR')Sf; 21 41 II 11.0 w 22 IIMOERCiRO 1,000 .. 100,000 200 
LOIIG PlRK 10 ll~lON C.lP~IOl!: I'O~'l'IIOl!!!: 77 47 " 17,0 .. '22 U~OEIICiRO !,000 • 10(),000 100 
LO'IG PARK 10 Olil" UIHO" CAP~ [Of: Cl' "0~TROSE 0 DIJI(P.S CJOO 0 
LONG fAi;K It U !III 0 ~ CHI' ttl!: CP I'.()I<T~O!IE n 47 !I 17,0 w 22 UI\IOE~G~O 100 • ,, 000 0 
LONG PUK 12 UNlO>i Cli<IHOt CP ~(li<TPD5£ 27 41 N 17,0 " '22 U'«OE:RGRO '· 000 • too,ooo uo 
LO~G PJ.IIJ 2 UN tO~ C A A !HOE CP >IOII!~OSE 21 47 I( 11.0 II 22 IJNOI':RGiHJ 1 ,oott • JOO,OOO '0 LONG Pill I( l 11~10•. caP!Itor CP tiO~fPIJSt 21 47 'I 11,0 w 2'2 UNOI!:R.GRO t,ooo • 100.000 ,o 
LO~G PAliK 4 UNIOW c•PI\l!lt Cl> l.tOhT~OSF.: u 47 N p,o .. 2'l UNDE~GilO 1,000 • too,ooo ~0 
LONG PAP.K ~ U~lO~ CARI\IOf Cl' MONTROSE H 47 II 17,0 "' '22 UIIOI::RC!\0 100 • t,ooa soo 
LOI\IC PARK l> U'lO~ c•~61Df CP IJ(IhTDQS[ n " ~ p,o ~ 22 U~DI:RCPO s.ooo • 100,000 1~0 
LONG PARP: I> OU:i UNION CAPIIIOE CP "'Or.TROSE: 21 47 N n.o w 22 DU'Ii'S \,000 • too,ooo 50 
LOI'C p ~lilt ~ UNIO'I CIPPIO!: CP MO.,l'RIJSE n 47 .. 17 .a N 2l UI\IDERG>RO s. 0~0 • too,ooo 650 
LONG PJ.RK CROUP SUTHER!..A~O 'INC • I>IO~TI'DS£ 0 U!li>EilGRO 100 • 1 I 000 0 
LUCIC DAl cnuc11 • tPnNt 140IItD0/I[ ~ 4S II 18 .o " 22 UWDI!:.RGRO <100 0 
LUCKY 1\LU•:OEFt 0~10" CA~fJOE CP •'ClNTROSE: 18 47 II 17,0"' , !)NOERGIIO t,ooo • too,ooo so 
LllCK't oac 0~10'1 O!ltlDE CP lolC"tiiDSt: 29 4W 

"' 17,0 "' 22 U~OERCillO t.ooo • too,ooo so 
L!JC!fl' "''Pt RI\l£11100~ + ROSS 1'10).!110!£ 0 UNO!:RCRO <100 0 
LUCP:Y .STRin Hrnn., Ln: JoiQNTIIIJS£ 2'l 49 H 17.0 .. 22 llll~f AC£ <lOQ 50 
l-UCKY STRIKE io~lCHT, Rli,L MO~TJI05!: 0 SURFACE C100 0 
LY~X 1.111!0\l Cllll'JOt. CP t.to .. rRo.sc :1<1 u N p,o .. 2'2 IJNO&RGPO 1,000 • too,ooo 4~0 
IIAGGtr C U~JO-. ClRPlOt .-o~tAOI\0: 21 

., 
~ 17.1) w 22 llliOERGRO ,,ooo • soo.ooo 50 

!'AGGIE: C t>'J~P UtHO>i CAPIHOE CP MONTI'O.St 0 DU!o!PS 100 ·.1.000 0 
,.I.FtG!t 2 I"LAND~IlS •'lN!NC ~>'0,.7JIO.SZ: )0 u"' n. o ... 22 .SUilrAC!: · CIOQ 0 
kAIIClt GP•)UP fOOTE >tlllfRALII 'IOIITilOSE lO U II )7,1) ~ u U~DERGRO ,, 000 • 100,000 50 
IUP.JOIIIt kl'" PURO NUCIUR MOIITROSt II 41 " ,0,0 " 21 UND£RGRO 1.000 • 100,000 100 
I'APTKA Bt.I.Lt (llfiOii C~RIIfO[ CP "'OIITI!O.'IL 6 411 II P,o w 22 IJHDCilCRO 1,000 • Joo,ooo JDO 
"ll'l'.f '-"''l 4•00ROt U~lOif C-~PIOE: CP l>oQI<TA(),Sr 18 46 II 1"1. 0 • 27 UNOI:RGRO ,, 000 • too.ooo 1'0 
kA~Y uA'l[ E:, JOHAN•StN IIIOHTPOSE 0 UNr;H()Wtc 100 • 1,000 0 
IIAUO£ O.t'IOii C)~llJOE I>IOI>T!IOSt H 47 I( 20,0 II' 22 1/NO!:RG/lO too • 1,001) so 
MUB! DUMPS IJNIOil ClP8tOt CP MOhTIIO.St J5 46 !I o.o w 22 [)UMP!I lOO • t,ooo 400 
III!:OU IINlO~ CA~BlDt "ONTMSE )4 41 N 17.0 w 22 UND!:IlGRO 1,000 • loo,ooo 50 
MERRY CHII14T'1A.!I CHRIST•US, "'• 1>1\'IG 'kOIITI'I.OSt 2 48 N 18.0 w 22 IJtJRrACf: <100 0 
MERRY 11100· UNlO~ CAiiliiDt I<ONTII'lSE 10 47 .. n.o I> 22 IINO!:RCRO t,ooo • too,ooo 100 
14[8A CARt, oRnt. 110\'ITROSI!: )) u. N 19,0 "' 22 U~D!.:RGRO t.ooo • 1oo.ooo !10 
I>'[S~ 2 I'UT[RSOH, PAT I!IONTII05t H 46 N 19,0 il 22 UNOtRGPO 1 ,ooo • too,ooo 0 
MElll l HOI'ItlljS + SMITH MONTROSt 21 u N 211,0 [ H SUIIrACE <100 0 
I! IOU. S~!TH, EO IIOHTitOSE 0 SUIII"ACt >C100 0 
ICll<t l LlM~tRTt J~~tB R HONTMIIE u u N ".o " 2~ IIURrJ.Ct <100 0 
l!lLL 4 UNION C~R81Dt CP HCINTfiO.St 4 47 II n.o w 22 UHOCRGRO 1,000 • lDO,OOO 200 "'Tl HlHCIUL PVK 2 A'I'L.\li•AI<.U Ht'lilRO&t :n n N 11.0 " 22 UND!:RG~O s. ooo • loo,ooo uo I 
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INACTIVE U-l~IOM l'lNt:S IN T~t UKlTEC STATES PAGE 21 
IIQII~CEt llOE, GIUHO JUHCTtON, COLORlOO 

MINE lil~E CONTROI.LEII IIAH!: COUNTY IIEC, 'fOkNSHIP lUNG[ MER II), IUNl~Q TOT.U, PRODUC'UON OEI>TK 
IIUHOD (TONS U or 01/IH179l 1FT,> 

............ COLORADO (CO~T'D) ••••••••••• 

IIIN1"R~L P,l.!ll( l ULl.S•J.!<AX MO!ITR'1SE a1 47 N 17,0 v :12 UHilERGRO <100 :zoo 
"t"lNC l.'EU£ 10 Ll SUL[ MlNIIIG I'OIITRI'IS[ 5 47 N 17,0 "' 22 UNOtRGRO >100,000 :1'50 
ltiHING LEASE II UNIO• C•R&IOE Cl' IICH'TROSF 5 ·~ N I~,!) II 22 UNOERG~O t,ooo .. too,ooo 250 
MINING L[UE I) &UNP:E:Ft • CO !<10NTROSf 31 48 II ii ,0 w 2'2 UNDE~GRO 1,000 • 100,000 100 
MINI~G t.EU£ 14 U~ID'l ClRI\10£ Cl' MONTROS£ 2~ 41 N n.o w 21 UNOERGRO t,ooo • 1oo,ooo •oa 
MINING 1,.[1,5!: 15 BRITO, 1!£'! MOIIT~OSE: 2\ 47 II 11,0 ;. 22 U~Ot!IGRO t,ooo • 1oo.ooo uo 
~INIIIG l..EtSr l) J.LBt.NO, CLUR "OIITPOS£ 2~ 41 ~ 11,0 w '22 UNOEACRO 1, 090 • 1QO,OOQ 100 
IClNlNG LUSE 24 IIAR~LEY + CCl I'CJI;'fl\OSE 5 " If 17,0 w 22 UNOERGRO t,ooo • uo.ooo 1~0 
ttllli'IG L!:.O.ll£ n IIRUTUCIC OE\IN HC !'OI!ITIIOSE 6 " N 17.0 II 22 UliOERGRO 1,000 • 100,000 500 
I<IN!IoiG LFUE "' WO!ICESTEII MJ"'ES I'ONTJii05£ H ... !l u.o I< 22 UNOERG~O uoo,ooo 600 
IIII,P.•C .. JO•, C~TTE~•GOVTLrASl !'t:WTPOSf 0 IINOEIIG'RO tOO • 1,000 250 
"L8•C•Sii•10 TR.lO l'ID GVTLSE "01<Tg0Sl 0 UNOERGPO 1,000 • too,ooo tso 
ML~•C•SR•U COUGlH V[I'TI»>tS IIO~TIIOSE 0 UNOtRGRO t,ooo • 100,000 400 
)IOOI!:Er.l 5tAPS, ~ALP'l !IONTROSE u "6 " 19,0 ). u U'IOERGRO 1,000 • 100,1)00 0 
IIIQNOCIIAI' 12 I<IONCGRAI' "J ~ l HC I'CNTPOSt n U II u.o w H UHOE:~GRO 1,000 .. loo,ooo 100 
MO!IOGR)~ ~-n"' G "'liiO'lllA~ ~1-G C 140NtRI'l5P' 22 49 II 18,0 w n UNDERGMO s,ooo • too,ooo 200 
ICOON!IE,I,"' Ullln~ CIMRIOE CP HflNTF>OSE' 20 41 .. I'. 0 " 2~ UIIOERGRO 1,000 • 100,000 !10 
~<tQRN,STlP·~OO~Ll E,E,Lf:•lSol~C, >l0t,Ti105E a 46 .. 19,0 w ~~ OloOERCI'IO t,ooo .. 100,000 ~0 
MORIIIll'lC. Ct.ORY 2 Tl NTIC UP~ tl I til< I<ICN'I'ROSE 28 '' PI 19,0 w 2~ UIIOEF!CIIO <loa 0 
MOVJ[ SUP U~ION CJ~BIDE CP MOHTPOSI: 22 4& N ~~.o ~ n IINDI:PCRO 100 .. t.ooo ]00 
MUCKER UlltON CAPBIDt CP 'CO'IT!IOS! 'a 41 lj 1',0 ~ 22 UNDt!HillO 1,000 • 100,000 100 
MU'I PtOIIf.£1'1 UF~V tN:C I'ONTRQSE )6 41 N ~~.o " 24 UNOERGRn 100 • 1. ooo 200 
MU.S!J.~O UUI~• c•P~ID£ CP Mnt:rR:I'!Sr JO 4ii .. 1 T ,0 II 11 UIIOERGRO l,ooo • lCil,OOD 150 
I:U G~OUP TR~~S ~0~10 V~J.N ~t'~TIIIJH 0 SUR rACe: <100 tOO 
NlTUPih l4 GRIP I!: "·"· I'Ot.tiiOS£ 29 41 N 16,0 "' n UIIO~MGRO <100 50 
wUUIIIT& 4 CF<IPt, ~Lllll t., MO!lTRO.!ll!: )3 47 N u.o II 2:2 5URHCI!: <100 ~0 
NAVlJO 1''!:MPLETO~ ,Ct.Irr • !iOI<T~OSt 19 H .. Ill, (I II 22 VIIOtRCRO <lOO 0 
IIAVAJO 5(HU~AC~LR 1 J t 14ClNTP'lSE It 45 li t•.o ~ 22 UNOERGRO 100 • t. ooo 200 
11(11 CA"P tURD vor•TGO~Uy, JlCK ~OHTROSF lJ "6 N 18,0 II 2:l .!lURflCI!: <100 0 
MIL 2 DU!'P U~ION CAPI'>IOE CP MO~T~O!t 26 H II p,O • 22 tlt)HPS too - It 000 •oo 
NORTI<I UAP ou .. p U'llO~ CAll.flOt CP I'IO"TIIOS£ 14 u II u,o II n DUHP.f 100 • 1, f.lOO 200 
IIORTI! .&TAll U'IA'WE UNIOh C).IIIHOl' ~ON TROSt 14 u II u.o .. 22 U!IOtRGRO 1,000 "' too,ooo lO:l 
,.UCLA UNtO!! CA~&IOE t<OIITAOll~ H 48 II 1S,D II 2'l UIIOHGRO ,, 00 0 • 100.000 100 
IIUCI.l UN£011 CAP8JDt CP )10!1TAOilr. 24 •u " u,o w 22 UKO£ilGAO 100 " t,ooo '" OLD CIIOW Cii(00St: UIIAflriJI( I!ONTI!OSt: 

"' H II u.o II 22 II,.DERC'W <lOO 0 
OLD Gl'l~DAO rooT£ ~<1NFR1LS loiO~TROSr ' 45 N 17,0 II 22 JlNOtRGRO s,ooo • 100,000 250 
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U~CLt 54~[URAV1H IJWtOn CA~~JO[ CP "0NTROSE 1) 

48 " u.o " :n UltOZ:RGIIO 100 - 1,000 )50 
UI!AHl\JH GIPL UPANlU~ Gl~L IHC I'CioTPOSE H n N 20,0 li :n UlltlERCRO 1,000 • 100,000 2!10 
UAA~US•OO~OTHY J UNlO" Cl~RIOE CP ~ONTPOSf: u u II p,o w 22 UNOEI'IGRO s,ooo • 100,000 50 
UltAVAI' 2 IICiiUH.ACiit~, J 1 1, ~OI<TI!OSE" 4 47 H n.o w 21 UNOtRCRO l,ooo .. 100,000 50 
URI:Kl ~C GEH~t,J,P,+ L WOIITAO.SE 10 u H 19,0 II 22 UIIOti!CitO 100 • I, 000 0 
YADEN VH" FOOT[ •UHULS NOilTPOSI!: I l 46 II 18 ,o ~ 12 UNOtRCRO 1,000 • 100,000 200 
'H.LE~>H 1-t ( MS•lOl ~KSOK ClR~lD~ CP MDii'lPDSf: H " ll u,o w 22 UNtltl'<iSIQ ClOG 0 
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%dCTtVf: QPUiiLl~ Mltlf:S lH TH! UNlTtO ST•T£5 P~GE 2' 
&OURC:E'I oct, GR~qc JU~CTIOH, CDLOR~DO 

Hill£ NUl£ CO~TROLLER ~AilE COIJIITY 6E'C, fOo'hSiHP RAIIGt NtPlD, NIIIZIIG TOTAL PAOPUCTION OEI>TH 
METHOD (TONS U OT 01/01179) ! f'l' I 

••••••••••• COLOIIAOO (C0~! 1 l)) . ........... 
VALLEY VIt• t i. LEIIU,JNt MONTil.OS!: 8 u lj u,n ll , UNDtRC!IO ltOOO • 100,000 0 
VA~LtY VItw·~,&t UY[O~ CAABIDt CP -'IONTRO.Se; 20 H to p,o "' ~2 U'iOEIICRO 1.ooo • 100,000 $0 
VAN U~ION CARbtCI!: MONTROSE I? 46 ~ 11 ,o ll 22 UNDtll.CRO 100 .. 1,000 0 
\IAIIULnr> .41 SILVER 8TATE UFIA MONTROSE 29 49 !I 16,0 ... 22 SURP'ACE <100 100 

1 VAtlACtTt U~IOi C~(..8f0£ I<ONTRt;.SE 29 u .. 11,0 w ,, UNOE;RCliO t. 000 .. too.ooo 0 
V).IIAOJUII ICING UNlOt, CJPP.IDt: "O•TPO.S!: 22 41 .. 11,0 ii 22 tliiOtiiG~Q- 1,000 • too,ooo - )!.0 
Vt~TUI<E LO~E ~tC£ • ir.ILLU"S fo!OI<TP.OS!: H '6 II 17,0 lo' 2l .SIJHrACE: ClOO 0 
YICTOI!Y 2 ~£LLY, I' ARK HOt•TROS!: 0 :SURF'AC£ <100 !>0 
VlfiCl>i 3 CLE:ChOP~,nnU(,LAS I'!DH'I'IIOS! n ., " n,o • 72 U~OtRCii<Q 1,000 .. 100,000 )!0 
Vts'U GH•Dt &All V GP ,~LIC:H MONnost l 41 " 20,0 w 22 UIIOERGRO <100 0 
vo~~It s 5COC1Tf~ UPJ~!U'' 110~T~C'S£ 0 .SURJI'ACI!: <100 0 
WATCH~A• fOOTr '1HEPlLS loiOI<'l'ROSE )4 46 ~ 1'i ,I) ~ 22 UtiDEIICiqO CIOO tOO 
11.lTEII.LOO r.~RVI"t ~"'Ci CO "OilTPOSE l\l 48 t< J,,o " •• liU~flCi: <100 0 
III!:OCi( I u•H'I~ CAI!P[O£ lo'ONTRO.!lt. HI H (/ o,o ~ 2:1 IJNOP:iiGRO J. 000 .. Joo,ooo 2SO 
WEOC!:•PJ WJRPEN Ufii(:'N c•F:~>IO£ I!DilT~OSE ~ 47 N 20,0 ... 22 UIIOERGRO t,ooo • 100,000 100 
W[l>~t.SO~Y + TIIIIP ll/llCl"' C' lR~I Ot. Cl> I!OIITAOS!: n 47 II P.O w 2l UIIDEIIIOIIO 1,000 • 100,000 600 
lllt!T "J.CiiC :.r~>•~IIJ~ en "0'-TI!0!\1!: l5 46 N u,o w :12 UII[)[RCRO <100 250 
WEST t..tJcr ollLLlA~.S, o.t.. "0~TIIOSE 0 U~OEI'GRO 100 • t.ooo 1!10 
lo[5t l'IART11l !!lLL U~lON CARPII.lE: Cl> '<O~TROSI:. h 49 " 17.0 ~ 22 Uh'OE.RGRO t.ooo - l()O,()OO zoo 
IIIIITE CC'• COLt+~IiCIIEL!.+>I~' .. ONTROSE 1 4S " 20,0 • 2:2 UI<OERCl'IO <100 0 
Wl(rt•t CROJ rosteR, LY>-~11 "10/ITROS!:, ) .f!i II u.o I' ,, SURr4CE <100 50 
tiHITI<t"f U~IO~ CAP~lOL CP "0~T;oosc: J5 ., 

"' 
11,n II 22 llNOtRGRO 1 ,1)00 - loo.ooo 400 

Jo11LP CU 2 !IUIII,[JT, • lLL 1.\." "01'TROSC: 211 ~~ " lll,O "" 22 SURfACl: <100 0 
!IilLO nt 8 ~lCP.O COPFUI ~QioiPQSt 21 48 ~ IP,O "' 22 UtiO[RGRO 100 • t.ooo () 

JILO riOFSE•COLO,< U~ICl~ Ct.I'RIOE. Cl' 'IO~TROS<; 1\ 48 ~ li,O w 32 UNOE<!CI\0• [,000 .. 100.000 tOO 
wunc n 1 • I<ICRO COPPF~ "ON TAOS~ 29 cs ~ le. 0 II 22 CJI'IOf:RCRO lCO • 1, 000 0 
~I~O'C Ot.Y U"lDfo CAI'l'Int IIOIITRQSE l ,, " 17,0 \oo 24 UIIO!RCi\0 [(10 - t. 000 so 
t!OOOC'IUCK '<Ollo TII~~!U117 liP '"01'1TF0.5E 2l u .. 19,0 w n su,.nct <I DO 0 
lo01)0Vll>tl HI.L$ ENGU !io!+ST N0hTPD5t I 4S N 11,0 \ol 2l SUI!TAC~ <!OQ 0 
"PIC>IT 111'1'1~ CARPIO£ CP MONTROSE 27 u "' 

11,0 .. 2~ IINllrRG~O s,ooo .. 100,000 uo 
YELLO" J~CU:T U~tn~ C~~PID£ CP HOilTl'O.Sf u u N 17,0 I' 22 UHll[ilGRO 1,00') .. IOOrOOO 0 
t:!.III'A 1/lllON CH«!<lOE CP WQIITROSI!; ll u "' 1,,0 II 2a UNOERCIIO 100 .. lt 000 0 
7£LLA CIIO.JP J011PIS011 1 I!U(;O ... "(l'ITPO!I: 16 4$ ~ U,O w 22 UH[)!!AGRO JOO • !,01)0 JOO 
Gt,. DAHOl' ) -•PnN cunt..c: tlll PJ.Rll. 0 UNOtRCRO tOO ~ t.ooo ~0 

LADY H!i 1 A!l'!lhf, JIJ}'';I J>ARK Q U!iDEii.\iRO <tOO ~C) 

LAST C~'~HCE ~-~o • n.ttr.Y PAP>: 0 $UP,f"lCt •(100 50 
LUCKY JI" t.2•l !'OUR liTAR !:XPL.,C P.I.Rk H 10 ll 1!1, 0 " 0~ "UIID[RGRO 100 - 1,000 !.0 
MAC GEORCE 4 YFI.LOW OUE!:~ liRA i>A~K 0 U'IOtRGiiO tOO • t,ooo 5Q 

PE0$1(JM l'l<j£S ~EOSK!'I PllNP:S ll' PARK 0 UNO[RCRO <100 '0 
StURLEY I<H; CAOOU "llll~G Pi~. RIC u Jl s 16,0 w 06 JURT\Ct 100 • t.ooo 0 
F'RYltoC PA~ CROUP J.5PtN ~JIITI•G CO, I'!TIIlol {I llNOtRGRO <100 100 
AYEf<Y IIAIICh CLlr I' + ClltE:K UP PUEBLO fl 18 s 66,0 w Ob UNOEI!CiRO 1 1 '!00 • 100,000 100 
ALLE~ t,+ 11,LEASING CO RIO BLA~CO 0 SURHC! <100 a 
&IIOWN l lltVtRU\JX IIPOS, l'llO l\L)NCO 0 UNOERGRO 100 • 1.ooo 200 
ll~O"'N ! DtVtRUUl 1\ltOS, RlO lli.ANCO 0 IJIIRrJ.Cf: <lOO 200 
P.URRELL I, :hl L\'Lt I'R .. NCU RIO IIUNCO 0 IIURflCI!: 1 I 000 • 1oo,ooo uo 
8\!U!:LL 5 !!IHl(II,OOilOT~r 11!0 !LUICO (J SUIIF~C.t ,00 - s. 000 100 

., 
&U'fT[IITLY GPOUP JIIJ '1NGo RIO l.lt.~NC:O Q UI<O!:RCI\0 s,ooo .. too,ooo 100 I 
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l!aCUYt: UPANIUM 14lN!& IN tHE UNITED 3!~TE& tAG&' 11, 
IOU!!CE! oor:, GI!Uil) JU~CTION, COLOI!lDO 

Mih£ HA~[ COill'ROLLEP NAPIE COU>IH SEC. 'fO"~S~IP Jlt,lN(;[ lt£11.10. Mllll~G TOt.\!. PRODUCUOII otl'tlt 
MUHOD (tO~S U OF OIIDI/79) err,, 

••••••••••• COLORADO (CO~T 1 Dl ••••••••••• 

CHRIS PH 1 LLI PS, CLA YTO~ RIO BLA"'CoJ 0 .suuu:t <100 0 
C:O ~~ CIIEF'!C \- lltVERt~Ult 6fiOS, IIII'J lll.J"'CIJ 0 U~OERCRO 1,000 • too.ooo 100 
COL''"'P. I "E 1 O[VEP[~UX BROS, RIO EIL.HCO 0 IINOEIIGRO 100 • 1.ooo 50 
I:.VE~ I!.G S'HI'l Ottlt tRlll, !<[NEI: fi[Q 1\UHCQ 0 UNOERI;RO CIOO 100 
r~ruu:; PJH l PArT0" 1 tli''R:.IAN 1'10 '.!Ll~CO 0 SUI<'4CE <I 00 0 
LlST 0~'1' "-C lt:.t5TE!> ruEt.S I> tO !\LlliCQ 0 UNOtP.CRO 1,000 • Joo,oop 0 
LUClL 106 JQN[S W,S, 1110 liLA ~co 0 ISUIIFACL <100 0 

"·•<i. 11'1"~ Ultl .. tU~ CO no .. l,lMCQ 0 lliiRfAC! CIOO 0 
IIJ.RVfN[ ytp;.: 10 DEVI:I!UUX !!ROS • 'l'lO llt:.lt.CIJ 0 UND[RG~O tOO • t,ooo c 
"1DII1Gllt Gl'IOIJP tllPP, lll!IIIY li,JII llHI I!I,UICG 0 UI!Ol.:RGIIC t,ooo - LOO,CIOO 100 
HifliiiGI!T oil! Ht.AP, >ll'IPY II.JII RIO IILJ'ICO 0 !H'OERGRO 1,000 • too,ooo !1~0 

lllo.O,.l ""II ... , ~LESl E:l'i fllrt, P10 II!.J>t.CC 0 \l'IDE:l>.GP.O iOO • l,QQQ so 
l!xa eu~co IIIIJ au~cn CuPP ~IO ~1..\~CO 0 IJ"OtRGRO (100 150 
a •• G. • ~.l'ICY UPL ,+ lO!.G lllO l!oLl"CO I) UKI:Itf>.GRO <Uo 100 
SliY!.C CPOUP Dtvur.wx BRO.!. PtO BLJ'ICQ 0 II"'Pf:RGRO 1,ooo • 100,000 too 
Ill', 1.\ll a~n'H, L01ll.H: 111!:1 lll.~hCO 0 &URFI.C£: C\130 0 
t.a. 1U•>GSTF.I I'~ ANJIJ,.. PIO 9 L.l• '~C" 0 U"DEIIG~O CIOO 0 
'I'WIH STrd< !lOll Tl<lo/ SUI> ><!l(lHC JI.IIl IIL~"co 0 &URFltt <100 () 

Urt GIIOUP ~lt•IE~,COPI\TIIf llli'J BLJ,CO 0 IJ"OERCIIO <lOa ~0 
lilNOY POHT I G!:r4TFI'/ •M,•, RIO 8!.~1-CO 0 UNDtRGI\0 100 • 1,ooo 0 
"tGXIli'I!;JI.S LIJCI<. ~IKt Mtz('lrcA~I S4CtUCI<t 0 UNOERGRO <100 ~0 
P.OIICAT LQO[ PHIPPS, o.r. IIAC•.UCJ'E 0 Uli0£RC~O <100 50 
P.ONITA G~OIJP 0 + J Ul'IAIII'I" UGI,ICHC: 0 UNO~RGPO 100 - 1,000 100 
U F<Ut 2 ('l:.OADU!o WOLLY IHGlllC~f. lO 47 t. 1,0 [ n UIIDtRCPO <100 ~0 

LUfLr !"DlA" ]6 IIO'<EStVI!: ~~G Cl llA.GliACiiE u N 6,0 E 22 UNO!:RGAQ 1. 000 - 100,000 100 
t.OO~OUT 2l >~OiolPCH C:XPL.CO, .5AGU ACI'!: 27 4f .: 6,0 t 22 UIIO[IIGRO 100 - 1,000 50 
!.OS OCHOS !10)olf5'TA~F" •rt:G C('l IUGUACHt ll UN ,,, £ 'H U'lOtRCRO )100,000 )51) 

IIAR.SIIALL P•SS 5 UNCO~P~HGPt UPL uc;u•cHt u !I 6,0 ' 23 I>IJRP'ACE <100 0 
~riiCOP'C I COL T!:X UH~!'JI" !AGIJ AC~ E: 0 tiNOtRG~O <100 50 
liOC.<lNG IIIPD CUto•ER, JOE $ACUACH! 0 1/~0!:RGRO <100 50 
I'J..'I LOOt Clt.tr,llt'J.Il !'ETRO tuGUi\CH( 0 .SUPP'.t.Ct <100 Q 
RAM + RA" I PUt l'li'III-C: CO, &AI:U,lCHt 0 SURrlC~ <100 50 
5tC, l Ill\ ~EO T• CUNI!t60~ "1"1N(l !llGUAC~~ J 41 II 2,0 '( 22 JURrlCt 1,000 • 100,000 100 
tLIC PAldC '4INt GlDUU YIIIJI((; I!A!' JUAN I& 40 II 7,0 !ol :12 UMOERGRO <lOO ~0 

GPAY&l\..1. rDOT!: "lNrP '-1..!'. U!l JIH~ ~· 
4Q ~ 9,0 >I H fJNOt.Rt;llO lrOOO • too,ooo 0 

AOA I'FLL lfARI'Ol<l ,,J, !IAN "fGU!:L 16 45 ~ 19,0 w 22 UNOI:RGRO <iOO 0 
J.l.CI\tloll~t ruJ 1 I r. ~ 1!~\..1.. 11 1!.1.11 MH>UtL 4 .. 1 .. 10,0 ... H UHO&RGRD tOO - t.ooo 0 
~PRI!. a + II >llHI~G CO BAH 'IIICUI:L 0 UNO!."RCRO loOOO • 100,000 0 
l'H Jl"t FRllt t~lCKSOH M !All "I Gil"'.!. ~~ u H 2G.<I lrl l2 llllO[P.CP,O t,GOO • \O<I•OOG 1QG 
!lASE 1•4 oiLLH~Il, RAY L. &All I>IICUEL 0 Oh'O[RGRO <100 50 
liAChi:.LOI' H!Rill»G, Jll'IU ~\!1 ~IClJEL 11 ·~ H 

u,o w ,2 UMCt!LG!IC l,O<IG • \00,000 300 
ur..o EAGL!: SPI!:~Cl':P klNlllG C II AN II I CUI:!. 30 44 N 16,0 ~ 2~ UIIOI!IICRO t,ooo • 100,000 so 
IllY "ULE Uhl(~01tN CONTROL~ SAil ll%CUtL 0 SURFlCt (100 0 
Jl[~~ 10 ULAS•FOO'I't SJ.H HICUP.:L )2 •• N 19.0 w 22 UNOtRGRO 1o 000 .. 100,000 100 
eUII t!l,u, .. " ULA:5•roou UH MIGUEL ll u N u,o "' 

, UNO!RCRO <100 !00 
eEU ~ + J .ULAS•FOOTP; .SAN MlGUtL 5 4) N lt,O II 22 Uh'DtRCI'tO 1,1)00 • 100,000 100 
l!:lN 4 + 5 l1LA$•f00'1'' U!l ~IG!JtL 5 43 " 19,0 ll 'H UliDf/IGRO 1, 0~0 • 100,000 too 
II fAN 6 ur..u-roon: .uu p.I!GIJ'L 5 4J II 19.0 "' '~ !Jt;Oti!CRO 100 .. 1, 000 50 ., 
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INlC'I'lVt UFU,IIJU'I IIIIIU 111 tHt UNlTEO STlT[S PAGE 2' 
SOUP.Ctl oct, !;H'ID JUNCTION, COlOR~DO 

l'llt•t NlMt COI:!ROLLE:!I Hl'!E C'OIINTr li!:C, tOW~ SKIP II A liCit: Hl:IHO, HINliiG rouL PRODUCT JON DtP1H 
HETHOD (TOllS U or ottoltH) (rt ,) 

••••••••••• COLORADO (CONT'Ol . ........... 
BtU PATCH ATLAS•fOOTt UN MIGU!:L ~ 4l N 19.0 ... 2l IJNOERCIIO I ,ooo • 100,000 too 
llUP CR[!'J( roar!: Hill! RAC.S llA.Il "'{Gf/tf, 4 42 ... 1(1,0 !i 22 U111li!RGAO '1,00J:I • soo,ooo 0 
BETTY JAN[ 2 UNII:IIOWN COIITROLP $1.111 >UGUEL 0 5URflCt <1()0 0 
uc auc~ l CLOSSO~,l)hltL II It 'I MtGUEL l6 H lo 20,0 II 22 IUIIrkCI!: <100 0 
~IG CH1Ef UlllO~ CARP.IDE: CP SAN 'tiGUEL :n 41 " u.o w 22 UHOEAiiRO 100 - 1,000 0 
arc '"tlltCII<E [1'1"[5.5 011 • UPA 51.!1 MJGUEL 21- 45 N 1'1,0 ~ 22 UIIOERGI\0 100 • ,,ooo 0 
BIG S OUHC~N • SA~CHU liA,N MIGUI:L n H ol u.o w 22 $UIIrlCt <100 0 
BL~CII: BIP'O lTLlS•I"OOTE SAN 'IIG\J!:L I H II 19,0 lo 22 UIIOERGIIO <100 50 
Bt.ACK rox O!l~C4N ll ~ 'fl'il~ 3,~ 14IGUl:t. ' 43 II 18,0 to/ :n UIIP[RCRO 100 • l,OOil 0 
l!L.a.C!l JAC~ ATLAS•FOC'TE SAN W!CIIEL 28 u 'I l'i,O II 23 UJIOERCRO 1,000 .. 100,000 100 
at.•c~ n"c 5 !lCI'Il:t.llP roPP, 5Ah 'IIGl!EL 0 SUR rACE <100 0 
8LI<,3PH•,·~tD lti C.L, ST'f.li.t.~T UN "'lGUtt.. JO H ~ u.o It 22 UI<PERf.RO s,ooo- 100,000 t!IO 
•LUE KOO!. Ol'HS + GOfOPTil hN "IGl!EL 16 45 N 11,0 II )l IJNOI:RCQO 100 • 1,000 0 
8LUU11\D IIULA!!£Y WI<G, S~N '\IGUF'L H 4) N 20,0 w 23 IIURI"lCI: <100 0 
ar.urr UNlOH C~ReiOt CP IU~ '!IGUEL u 45 II u.o w 22 U~OERCRO 100 - lrOOO 0 
B~t~TON • NQRCOT BliETTO~ +~ORCOTT SAN "lGU!I. 0 IIURrACt «100 1~0 
lli<O•N MUL~ IILUR, norn SA~ 14lGUI!:L ' u " 16,0 " 

,, UloOEII.CRI) <100 0 
llUCICI!OP~ IIIIO'J•, £ 4 R. 6Aio "'I<iUtt.. H 4l " 1~.o " 22 U!IO[RCP.O 100 • 1,000 0 
8UGWI"E ULOi<l,ll£1<"'~ M, UN "lGuEL H ·~ 

.. t9,0 " :n UPIOERCRO 100 • 1,000 0 
BULL 1'00St ff{QIIP$0/., r.~. lUll "'!GUEL J2 H H ''·" h :u UIIOEilCM <SOC 0 
BULL 6N1KF CROUP URAN tU'I HOCP:ISE 51" MIGUEL 12 42 " 11,0 '4 22 U!<tllt~CRO 100 - s,ooo no 
RUARQ POl>~T I<'IIUM~el!tii,J I UJol MIGUE:L u •5 ~ u.o if H UPIOti'IC~O 1,000 • 100,000 50 
CliiYO'I JI:EOGH + ~~~~•).'{ ~A 'I "IC•:E!, 0 UNICMOWN t. 000 • too,ooo 0 
C:ANYO~ HF• Dli!IIC~'I P L "ININ !1/.h 1<'1CU£L !I U N 18 ,o 1.: :n UliDtRGRO 100 - 1,000 100 
nPE MURS BARRI:.T'r + ~RtJWrl SAt- l'tCUtL 0 su~rAct <100 0 
CtOA~ RIDCt CROU BILL Ml~l!IG CO Sl~ 'II CUlL 0 IUIIHC:!: <tOO 0 
C>~AI'ILt.S r. 1 CA~I'lt~Cl, ARilllJI< .SA~ M!(;IJ[(, so UN 19,0 w 22 UND!:RG'RO lt'O • 1,000 0 
C"'APt.tS T, lA (111rfELil, UTI/UP hN ~o~tcurt. 0 UNO!:RGRO 1,000 • 1oo,ooo 0 
CH~l'LOtTt I LLoro, "t~L.t o, 3)~ MIGU(I, 0 UWOE~GRO <100 50 
C'iESTA H[ol DElL liNG CO u~ !!lCUfL 26 4~ tl lli,O lo 22 U~OtRCRO 100 • a,ooo 0 
CHH:T 1•3 rRlTZ (PICi!O~ ~ l,l.tl JIICUEL 0 IJNOtRCRO 1,000 - 100,000 200 
CIHliii[U WlLLIAW~t~C CtHt IIAN '1I~UtL 0 3URrAC!: <100 0 
CIHPKO'IK PttPO ~IJCL!:llt lUll ~HHII!:L 16 45 II u.o II :n UNO[I!GRO 100 - ·l· 000 0 
ClllPV!J~It I AZtEC 'llNlH~ CO, UN "'l(;IJU J5 H II u,o .. :n UIIO£RGl'IO 100 - J,ooo 200 
(LEAl! CRE!:K U'IK'IOii'll CC ... TIIOL" .. ~ NlCU(L 0 IIURTACt <lOO 0 
Ct.[Aq YH~ LYtlls, Ill,[, Ull MICUP"L 6 '2 N 17,0 " H UNO[RGRO <100 0 
CLirr l)lf[LI-ER llkALLl, A .I • U.l< HlCUtL 9 44 ~ 11.0 II 22 UHOERGRO lOO - 1.000 () 

COLORADO CAT SNYO!:R, L[E II AN "ICUI!:L IS H ., 19,0 Ill n IURrACt <100 0 
CONE 1•6 u~.ou-roon II All "'lGU!:C. )0 44 N 19,0 II 22 llNOt~GAO l' ooo - IOo,ooo 150 
CO"'HA~D l I!OLDIU,Itti'I'AN "• Ull IUCUP't )I U H 19,0 w 22 UNDERCRO <100 0 
CALICleL£: Hl!:l-.!10~, !:1.~[1> lUll PlGUiL ' 4J !: 10,0 II 72 U'IOEFIGFIO <100 0 
CUP t Pl8l~HOOVER,"AfH Ufl MJGUrt. 0 UNt>UCRO "100 0 
CU'RTU U'l JUUI LC'SlNG Uti !<llC\J~I. 28 n ~ u.o w 2~ 1/tiOERGRO 100 • 1,000 0 
cusco LIJBBOCI( 1411C,CO, IAN lollCUtL 0 &UPI".lC! <100 0 
CYCL!: l 5UR!l, I!AI.PH Ull tUCUtL () IIURrAC!: <100 0 
OtLUxt + "UT[II lltTTOII + lllTTOII uw MIGUl:L 0 UNO!:!ICRO 1,000 - IOO,OQO 250 
tl!:R£~0 OUrPS UNtO~ CAR~IO[ CP UN MIGUtL 0 OUH":I \,000 - 100,000 SG 
DICKIE l .. l »,t,K,CORPORlTIO UN I!IGU[L D UNOtRGIIO ~100 0 .,., 
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tii.U:'TIYE U~APlJUM NINES IN THt UIIITtD STATES pac;E :ill 
10\JIICtl DO~, CIII\NO JUKC110M, COLOII~no 

MINE IIU4E C:ONTROLLER IIAI4t COU~>Tl' .J[C, TOWNSHIP RANCE IIERIO, MINING TOUI:. PRODllCfiON OtPtff 
MUMOD, t'rOli.S. u 01" OI/(Hil9) trt,) 

••••••••••• COLORADO CCONT 1 0) ••••••••••• 

DOLOREII IIJVEP I"OOTt 14U!ERALII UN MIGUEL o- UhDERGRO <100 0 
DOLORES Ill VER DOLORtS fliVtfl llli SAN 14JGOEL Q UNDERGRO I ,ooo • too,ooo 250 
DOHALD HlLL UMlDN CAR!IDF CP l,b.h MlGUlL u H II u.o ... 22 \li!O'ERCIIO <100 0 
OOII£GAII U.Ut hEI.SON +Lt.loCiTON SlH "lGIII':L 8 4J ~ 10,0 w 21 UNDERGRO CIOO 0 
DRAGON lt.KOI{'t MlNfS tiiC S~N l'lGUEL Q UHOERGAO 100 • l, 000 0 
OU~Cl~ UNIO~ ClPBJ1)E CP SAH lllCIIEI. ~6 45 ~ lP. 0 ~ 22 UH!>E:RCAO <100 0 
DURA~GO + L lNJ» DLIVE;R BROS $AN IHC\Itt.. J) 44 N 19.0 w 21 UHOEII.G/!0 <100 0 
tA~LY ~OPN GPOUP D,C, !IUNKER '!INl IAN MIGUEL 24 44 h p,o w 2l \lliOI!:RCRO 1.ooo • lOO,OOO 0 
ECLIPSE UNION CAPBIOE CP &lN I'!ICUP'L 10 44 N u.o "' 22 IJNOERC.AO <100 0 
El"?ti'E GI'Oill' on~nu "'liiiNC. &All 'llCIJEL c &\l!l.flC"t <100 () 

rAtA vu • UNI(NQioN CONTPOLP IU.N MIGUEL 0 SUPfAC! <100 0 
P'ALL C~EtK CROUP roon: HIW,R~L~ IAN NIGUEL 7 4l N 10.0 "' 22 UNOERGII.O 1,000·• 100,000 200 
l"'RHLY ) £,t,LE'II8,J~C, IS.toll ~ICLJO:L 0 Uf/OERCRO 1,ooo • 100,000 10D 
FIVI': POINTS riV!: POI~TS IJRAN IAN NIGUEL 0 U~OtRGRO CIOO 50 
rt.OFI!"NCt lll~JLTO"• VEFIL Uli NtGU!:L 0 lllltl'tr<G~O 100 .. I ,ooo 0 
P'OX GFIOUP IIURWI:LL MI~tNC su '4IGU!:L 0 UNOERG~O <100 100 
TOl GF10 1JP IIIt.t.lkC JJ.Co< IH'I MIClltL 0 UNO[RGPO tOO • l,OOO 100 
l"ltAC'J'lON OUL.II/IEY l'l!!ttlC c LU~ WIGUf.L I u " 19,0 .. 22 liNO!:RGilO lOO " 1,000 0 
'r!l.lCTIO~ 011Ll'IEY MhG SA" "'!GUtL 10 H w 19,0 " n U~DtRGRO 100 .. t,ooo 0 
fiiAHCt I"RlTZ E~ICKSOH ~ u~ MtCU,.L 20 u N 19,0 "' 22 UIIOtfiCiRO t.ooo • 100,000 '0 
P'RANCES UNJO'II CAll!.' l OE IAN MICOtL 0 UHoEP.C.IlO <lOO '0 
raUKLl'l • 2 l:OAI''£$, DJ.Vll) &All lollCUEl, )) U II \9,0 ... 22 lliiDti\CRQ 11)0 ,. 1 1 0<10 G 
I'AUJUI BE>l~ET't • llO.Sf UN P..JGUEL "' u N II, 0 lo 22 U~OtRGIIO 100 .. 1,000 0 
I"PENCHY 2 ORTHAYEP "[IIIHG $Aij M[C!J[l, 29 4l li 19,0 • :n UNO£RGRO It 000 • 100,000 50 
FULL pcQOio GPO UP UIIIO~ Clii'I'ID£ C IS A~ I'!GI1!:L 15 u ~ u. 0 ~ 22 1JHOEPGRO "000 • too,ooo 50 
G.tc.o. 1 OO~r:LL H,L, hN '(JGl/EL 0 liURFACE CJOO 0 
CAP RHO, £PGU J, U!l I'ICU£L l6 n .. 16,0 I< 22 6UIIrACe: <tOO 0 
G!:ltALD T, 11,\TTtR~ORN "'"G• .SA~ I'ICtltL 19 H H u.o "' 22 UNOI:RCAO 100 - 1,ooo 100 
C1A'I1 UMlON C~llSJDE C? lil~ KlGilf:L H '' " 19,0 "' 22 \lhtl!:RC~O 1(10 - \,()0() 0 
CLE:~ l1 BOSJ Y, IIPll>t UN MIGUEL :u 44 '.! u.o 111 22 ti~OERCRO 100 - l,ooo 0 
GOFORTH IIOPE5TtJ DAVIS MINING CO fi'H I'HoUEL ·~ 

4) II 19,0 "' :n IIUIIHCt <100 0 
GOLDEN ROD I I"JijRJON +8AGRIL~ SAN MIGUfL 11 4) H 19,0 Ill n U~O!:RC~D 100 • t,ooo 0 
GOLDEN ROO 2 ATO~IC ENI"RGY CO UN MIGU[L Jt 4) N u.o" 22 IINO.ERGRO ,,ooo - soo,ooo ~0 
GOLDEN ROn 4 JOK~SDN+HARCRAVE SAN MIGUEL u 4) N 19. Q "' u \l~OERGilO t,ooo • 100,000 100 
COPhtl! SCHil~lCHEP ,J l Uti MIGUEL 21 ·~ 

N 11, o • 2'2 UNOtRGRO ,,ooo - too,ooo J50 
GO'{[RI<OP '<111[. CJPltOL Sf~~OlRD &~'( ~tCUtt. l9 H !( l'l,Q lo1 22 UIIOUGRO \00 • L,ooo no 
CRUS FUI tiHU'IWAh OAOF SAN MIGUtL )2 44 N 18' 0 ~ 22 UNDL!:RGRO t,ooo • 100,000 200 
GRUIY IIILL COPPER OlL + MNG SAil MlGUr'L 24 4~ H 19, G II 22 UNO~RGRO <tOO 0 
GRUN ARROW UN~~O•N CONTROLP BAN MIGU!:L 0 6U!Ir.t.Ct CIOO 0 
GROUND HOC: PICKENS, C~AR.LtS IAN MIGUtL 21 45 N u.o w 22 IJNOtRGRO t,ooo • soo,ooo )00 
GROllNO llOC: DU"P P'OU~ COP~fRS 01~ IIUI I!IGUfL H &!> ]II ~~.o .. 22 Dill'!PS t,ooo .. lDO,DOD !>D 
GRUB STU£ I~YOEM,C.P',•SOHS SAN IIICUtL 2l u II 19,0 lo ,~ SUArACe: ClOO 0 
CYP5U~ KO~tSTE•O &tLL, I>IPt 11, UK "lG!Jt;L n •s ~~ U,Q II ll UNDtRC:RO t,OOO • too,aoo Q 
KALLDIIUN lllCHOLI+CR[Ci:LI II All MlGUr!. 0 UNOI:IIGRO <100 0 
HAPPY JACK FOOT!: 1\INI':R.\LIS IAN HJ(iU[L • 4S II u,o w 22 UNOtRC:RO 100 • J 1 Q0Q 150 
HAWIC•FR.lNKJE ATLU•roon: UN PfiCUtL 16 4l II u.o II 2l UHDt.RGRO 1,000 • 10o,ooo 100 
Hltii.Ulll•SUIIII[f UNION ClR~lD[ CP l,\11 MlGUI:L 29 u II u.o w 22 U~DtAGRO 100 • t,ooo 0 , 
liA:U:L tl.l'IU, lRtliTOll !!All lllG\lEL 0 \lHl)[Rtil\0 tOO • \,QI)O 0 I 

N 
00 



l!H.C11Vt URANIUM ttun:a IN TH[ U~ltED &TATE& PIQt 2t 
IOU~C£1 DO£, CRAIID JUNCTlDN, COLORADO 

I 

llliU: NAil[ COit'fiiOLI.EI< NAil[ COUHtr ate. TO..-!oSICll' Rloi'IC:!: H[IUD, MllflMG 'l'OhL 1'1\00UCTIOll OtPTII 
I'ETHOO (TONS .U or OtiOI/19) err.) 

••••••••••• COLOilAOO (CON7IO) ••••••••••• 

HOGillCI( OlVU, TPtllTON SUI ltlGUEL 19 H N 19,0 ~ 2l UIID!:IIC:RO 100 - 1t000 $0 
HOII:SI!:IiHOt 1 81100~:!1 l't~<t1ULS IJ.N ldGUI!:I. 6 42 H 17 ,o .. ll UNOI!:RCRO 100 • 1,000 0 
HORSES HOt 2 IIROOU MI!lt:II~<LS Ulf WIGUE:L 6 (2 >I n,o ... 22 UIIDEIICf\0 100 • lrOOO 150 
HOilSESHOt l !ROOIC6 Ml~tiiHS eu MlG•JEL ' - .u II t'l, 0 II 22 UIID!:RCRO 100 • t.ooo 150 
1\0P<SE:SKO!: " 111100)(5 IIINF:II~LS Slfl .. IGUr:t, 6 n N 11.0 ~ 21 IIURrACJ: <100 - 0 
KORSESHO~ ' &ROCWS l'l"I:R~LS till• MIGUEL 6 42 N 17.0 ~ , IJNDtRCIIO ,,ooo - 100,000 0 
IIOIISUHO!: 6 B~IJO!<.S ~< l ~EllA LS SAN "IGU!:L ' 42 ll 17.0 to 22 UIIOCAGII.O 100 • 1,000 f'(l 
HOitS!:SHOt ., C!NTUPY ~~G+DEVt Ia~ ~<lGUtL ' 42 " 17 ,o II 2::1 IJNDtRCRO 100 • t,ooo 150 
HOTllttSHO£ P.EHD Cr.d1Ui!Y ~~G•~tV[ u~ MIGU!:I. 0 UNOfRCRO 1,ooo • ~oo,ooo 1!0 
IIOT DULL tl ONITtn UP~~ CO~P IUii 1([(;\/f.t. It 42 II 11,0 ~ u tii'IO!:PGI<O 4'100 1$0 
l'llT SHOT SCHl'•a.CH[P,J 1 IU,tl 111GUtL u ·~ N 11,0 1o1 n UNO[Mt;M t,ooo • 100.000 150 
I'OT SPOT AY[RS, rYFRETT lU.Ii IIIGUtL 0 lJIIDrRGRO <IOO 0 
IIOYI'AN l.CA.!I[ CAWSOV, ... II, .!IU. .~lGUI!:L () IJNDI:RGRO s,ooo • l 00, QOO tOO 
I,V, DULANEY MI.INC C U'- IIIGUtL 1! 4l N 19.0 .. 22 UNDERG~O «IOO 0 
IIIDEPEN!it~CE GO~rl + GUPo!ELL Ut. I<IGUI:L 17 u " 19,0 .., 22 SURI"J.Ct ClOD 0 
IOili'PIRU'JO~ J l.I:!:CO GU .. OIL SAN NJGIJ[j,. )) 45 II u.o ;: l2 ONOERIORO 100 • 1,ooo 0 
l"SP!P.\'!IO~ H ISITTOh r ~ """ lllCJEL 31 45 N u.o " 22 6URHCE <100 0 ",J. l 51' ITH + PET F'FIS ,.,,. 'OlGUrL 0 SURHC:l ClOO 0 
J.V,£AVL~SOM LISt ii.LAT!.l.OO 'IIIG,CO, . ,., IIIGUEL 27 43 N 19,0 II 22 UIIOLAGQO <100 I) 
JACK UlfE ) liCI'U~ACHtR,J I SAN l<'lGUEL 16 tll N 1&,0 ,.. 21 UNDtRCRO lrOOO • 100,000 100 
Ja.CIC•O•L~OITI:Ph DAL£ DILLON htf loiiGUf:L H 44 N u,o ... 271 SURFACE <too 0 
Ja.c~~;rr; L, DULJN[l' llli.I~C c $AN llltUP:L I H N aa,o II n UNOtRGRO <tOO I) 
JACKIE WlLLS ) F~ITZ tPlCkSOH II lUll II!CUEL 36 u II l!t),O w n UNDI:RGRO l, 000 • too,ooo so 
J.t.CP:IOIIrE ] .. %iCKU~~CHER J I hfl ,.lCUI!:L II> 4S " 18 .o .. 22 UND'!:RGRO tOO • 1.ooo 100 
JJCI"POI G~OUP PROW'! + >!PICHT lA~ "HGUEL 11> 44 ~ 11,0 w n UNDtRGIIO 100 • 1rOOO 0 
.1111 2 DAY!$ • GOF'IRTH SAN l<fCUtL II 42 H u.o h H UNOI:IIGRO HIO • t.ooa 0 
JOt BUIH GIIOUP T~OI<PSOM, !, SA:< "lGUtL 26 4) N u.~ w '2~ UNOtRGilO 100 • 1.ooo 0 
JOt DANOT 'll£1LliC',., l", SAil 14ICUtL I 4J II 10,0 It H UNDERGIIO 100 - t,ooo 0 
uUPIT£R (!U'IC'At< I.U,tr;l!: IU.N 'i[(;(f[L u 4J N 1'1, 0 li 12 1JND£RGR'> IOli • 1.ooo ISO 
P:ATE fiOU!I'S BLIXt I JLtJUD SAil IIICU£L 0 IJNO[AG~O <tOO 0 
KAT I! DA.LPt%., >U.RlO SUI JllGUEL H 4J II 19,0 ~ 22 UND!:RGRO CIOO so 
ltf:Y$10/It' FANPTO~ •8AGR1tL JU.r. I>'JGUI!:L J4 fl ),1 U.o It 2~ UNDtltGliO 100 • s,ooo 0 
I(L':INOI!Ct L.V.J.L1JCRE l'lNts SAl• MIGUI!:L 1 4l N P.<> v 2) 8URnCt <100 so 
LA ULLE ITLlS•tOOiE IU.II lo!IGUI!:L )0 u H 19,0 .. 22 UIIPtRGRO I,DOO • too.ooo 0 
LAH CHAIIIO' C~!~~RIV!~ OIL • IUN 'IIGU!L 7) .. " !i,O II n UNCERGiiO CIOO 100 
LUT HOPE Jl"'. 8UTT SAN I<I[GUEt. 24 4l N 20,0 • 'll VNDERGRO 100 • 1,000 0 
LAT~ICh DOtLt 'I 1 SAil ~<'IGU~L 'a (J h 19,0 II 2l UNOtRGRO 100 - t.ooo 200 
Ltt I'IDCK 1C.t.l4KOLZ, lrO't IUH II'IGUEL \ 4J N 19,0 w 22 SUitflC! <100 0 
LEOPAPD V~hlDIUN &t:NW£TT +COR~E~T U'N NIGUEL 26 H H 11,0 .., 22 UIIOI:RGRO 100 - 1.ooo 0 
LUEIIT'Ir r.t:t.L JULICI', Et.l I All l<!lCUf:L 0 &UIIHC:r. <100 0 
L!T'ILE CI'U:r IULilRl,HEII"lN II, lllh l<lGUEL 0 SURFAC£ <100 0 
UTTJ.E H!LF~ C:OFORTH, lllo4, h" li[Ci~EL u 4l N u.o "' 22 UNOERGRO <100 0 
LITTLE KAlil[ THO~PSON+CitiBeLt IAN MIGUEL H H II 19,0 )1 22 SUili'AC f.: <100 0 
LITTLE IIU U'NlO~ ClRBIOt CP &J.II MICIJ[L 28 4) N 111,0 w 22 UNDE'RCRO 100 • t.ooo 0 
LlTTLt I!OY &NYDtii,C,F,+SONS lUll MlChltL n u li u.o It 22 UIIO!:RCRO <1100 0 
LtUH: G C NtlLIION lUI WtCUtL I 4) N 1o,o w 22 UNOEAGRO 100 • l .ooo 0 
LOll! I'UK 1•3 I'IO~Et~ UllJ.'I lNC ,sa,N MIGUEL l2 4l N u.o w 2l 'UNDtllGRO 100 • ,,1)00 soo 
I.Oht 4lAP CROUP J + J f'IIIG. Ull 14lGU'f.'L ' 4l II 19,0 ... 22 IIHCJERCiltO JOO • loOOO so , 

I 
N 
\0 



INACTIVE U~ANIU~ ~lHt! 1111 THE llhlTtD !TlTtl Uti! u 
IOUill:Et DOE, G~A~O ~UNCTlON, COLORAOO 

.11%Nt !lAlit COII'I'RO.LLER HAll£ COIIIITY IEC, 1'011111SHfP JIIAHGf: MOlD, lllNlii'G TOTAL PliODIICTJOH 001'11 
III:TI!OD UO.IIS U 0, 0!101/79) trr ·' 

••••••••••• COLORADO tCOHT•O' ••••••••••• 
' .LOHSOI't U PlOlrE!:II VPAY It.C &AN Ill CUlt. 0 UIIDUCRO 1,000 • 100.000 0 

LOHG IIIOC£+L,R, UHlOH CA~~IDE CP &AN I"ICIIEL :u .. II n,o ~> 2~ IlNDER GAO t,ooo • 100,000 0 
LOOkOUT PURO !IUCI.t~fl lJAPl "!!GUEL :u ·H ., l9,0 w u IJ!jDJ:IICRO 1. 000 • 100,000 0 
LO.sf &!:Ail3t Rl.LPJof au HlGUtl. u 4S " u.o It 22 UHD£RGRO tOO • 1.ooo 0 
LOST lJ"OTkER.S CRO•N UP~Htlll' CO liAfll l'lf'lJI:L ,, 4S I< 11,0 w 22 U'ID[RC~O 100 - 1.oon 50 
t.OST DOG • nrrno, JtRr:tr Ut. 'tlGIIrL u u I< 19,0 lol 22 UNOf.AGAO 100 - 1,1!00 50 
LSl.l75,1,16,~lll4 iT, or COLOIIADO &,HI lflCUP'L 0 31il!rJ.Ct <100 0 
LUCKf I + JO£ RA OFITlD Ul!A~ CORP '"" ~liOU!:L 8 u II u.o II 241 IJIIDtiiGIIO C!OO 200 
LUCIIY 6 PlKtS PU.IC !JAU, !.\It J'lCUt£, Q UIID£ACRO CIOO 0 
LUCU OAT O&LPU,, IUI'r<l lA" 1o!IGU£L H u II J9,0 II 2l 'IIIIIDtiiCI!O t,ooo • 100,000 lOll 
'lAC IHYI'I: CL.U"' ORT"r.Yf:" "fiG CO !All 1<1GU£'L 0 6Uitnct <100 0 
IIAGPlE DllrLE II K u .. '"lr.IIEt. .)6 Uti u.o " 21 UHOUCI!O s.ooo • 100,000 100 
l"lliiSTIIftt PEtii.O IIIICLtAi< UP. '<IGIIJ:L u 4S N 18,0 If 22 UNOUG.RQ 1,000 .. IOO.OCIJ 100 
11-RGARtT C, 1•6 TOIIRU, DAYIO UN llrGUtL 7 u Pi 16,0 Ill :n IIHDEAGRO ctoo 0 
IIUU: fR£ JOI":r Vtot'llll> lUll >1%CUl:L t9 u 'I 1 t ,0. II n IJHDf:RGRO 100 • s.ooo 0 
1011!11: 1 Till: J01l41' Vtii'I'UP :UII Ill CUrt. 39 4) II 14,0 w ~2 UNDtRG!tO 100 • ,,ooo 0 
"AR'<t GRI'l:JP 100H 'IIHF:HLS Hfll Jo\lGIItL u u II u. () .. 22 l11t0tiiGIIO &.ooo • too,ooo 100 
IIAI'Iti'A 6U! ,SIIl'J)EII, ,llli.AIK Ul< ~:tG11£t 11 ·•ll N 19,0 .. 21 SUII11.C£ <100 0 
~All r l O!lti'AYO l<llfJJIG u" '4%CII£t. 0 !SURf-C£ <100 0 
'IA~Y JA~t·8Ro•o~o. UO.PitlltS "t.r. CO &111 /'(CUt,. 22 45 v u.o I{ n UIID!:RCRO s.ooo - 100,000 0 
liARY "• l"ltONTJZ:R V.ltl+llltl UN ~<.tCIJtL 0 4111trACf: (100 0 
"'lY DAY iU.LLll, £,M, Ult W!CUf!L u 4) ;: u.o t.: 22 &UIIrACl: <100 0 
>IU'At. l + 2 ROCI!:R.S, "·" UH J4ICUEL 26 4!> AI P,o w 22 UNDtRCIIO c:oo 100 
KAYf"LOW£R 1<%£Ll011 + .SOliS IU" I'ICUJ;L H 44 " 19,0 I{ 22 UIIOtitCIIO <100 0 
~C l(tt <iR<:lUI' Rtct, Jilt &lli 11'lGIJ£L n t! II 1t .o " n UHOERCRO <tOO 0 
~(' !otH.LAN IINIC!tQwt. COt<fliOLR 3)11 io!IGUt:L II ltllll"lCt <100 0 
llt"'PIIl.S I + :l ttt + .Sioi.\Lt. U14 lllGIIrL 29 u ill U,O II 22 UNPtRCitO ctBO 100 
M£RCHT!Lt OOLAHU I'IIC CO IUH JI%Clltl. II U H 19,0 II. u UHOtl!CRO 1.000 .. 100,000 0 
lltiiCAttTlLO: 1 UTTO!o + CU!.lll£:'( 51,11 MXGUI!'L 11 u ... l9.o ... 22 UIIO£l!GRO 100 • 1,000 0 
'II:RC.Nfll,£ 2 51TTO~ + nULAHEJ SJ,H MIGUEL II 4) Po 19,0 'It 22 Uti0£11GRO <100 0 
lftACl~<fttt l SUTO" + DULlli£l UN "lGUEL 11 u " 19,0 w 22 Utc!IE.RCRQ <tOO 0 
MfRCHTILt Btl' I! OULA~tt MlNIIjC C "'" IIJGU[C. 19 4l " l9,0 II 22 liiiOrl!<illO <100 0 
IIIEtii::AIITILt Rl'IICH OULAHEf Ml~[~C t Ul> Ill GUlL l'J u II t',O 'tl H UI'OI':RCRQ 100 • t,ooo 0 
IIFIIA 1 OtvtiiUliX !I!Qll, UH HlCIIEt )I .. " 11.0 lol u 1/Hlli!:R(;IIO <100 0 
IIE:.U I!ILL liii'I'DER,C, F', •.SO>IS lUI 11rr:urt. 0 UNOUCRO 100 • 1,ooo 0 
Mft:Ktl' ) !liiiO+ANYOt~ MHG U.ll MJG 1J£t. :10 UN 19,0 " :n a up net <100 0 
l'l!lHlGIIT III!Aiflll" MtTAt.5 Ufl M[Ctlf:L 21 44 H 19,0 w 2Z UrlOt:ACi>O lOO • I ,ooo 0 
l!tllf:RAI. lo!lllts Wf!lG.IIT, r..a. llH II%CUI:L 0 IJIIDUGI!O lOO ,. 1,000 0 
M!HtPAC. -01/NT~IH ltiUGI!'t, L,ll, au 1o'%ClltL 0 UIIOtRCRO <100 o· 
MI~tR~L MOU~TAIN ltRHiHT, k[lT){ U!t ocxcun 0 UIIOtiiC:IIO tao • z,ooo 0 
~llltPAL ~OUNTAik lflllCI!f, L,ll, U!l "lllii!:L 0 IINOtiiGRO <100 0 
MlNr.~AL MOU~Tl1~ II'PlCHf, t..&, .,.~ "'IGUEI. 0 UKOUCI!O 100 .. lrOOO II 
IHNf.llloL ICTN lllUC:ll'l' L U'! HlGUt't. 0 UHPERGRO 100 • 1,ooo 0 
HIJttlllL MT'I J + Wl!lt;HT, CLYDE IIAN lllCU!L 0 IIHOtRGRO <100 0 
W%HEfl.lL MT'I, l llltlCIIT, t.,ll, 4AN I'IICUtL 0 llh'Otl!CII.O 100• •• ooo 0 
lill!HIIG LUst 1 lkiOIIORt, T.li, $.\Pi KICUtL 21 u " u.o w 22 I.IHI)!I!GIIO ,,ooo • 100,000 0 
MlHlHC 1-!:llll!: I 7 1'1/P:IItll, JACII: C, 1!411 'llCU!:L JO 44 II 11,0 • a UliOtAC!!O s,ooo • 100,000 200 ...., 
IHIIIHC LUI£ It lo!C CORKJCk, llloi 0 P U.H '!HillEL 21 4J H u,o " :n UloiOtRCf\0 1r000 • 100,000 50 I 

w 
0 



XNlCtJV[ UJI.\IIJUH MJNI"S lH THt U~tTtD STATtS PAGt :u 
IIOU~C:ta DOE, GP.A'~D JU~CTIO~, COLO~lDO 

Ml'-1: NVt CO,..l'I'<OLL£1' fiiAiolt C:OU~TY JEC, TOll~ SHIP flANGE "'!:RIO, MlliiHG TOTAL PRODUCTION UEPTil 
HUHOD (!OtiS AS or opo1ntl cn.l 

••••••••••• COLOIUOD (CCNT 1 D) ••••••••••• 

Ml!II!.G I. USE 20 .U~ JUAN I.I:Ul~C :HN f'lGUEL '26 H II 19,0 ~ 22 U"OEI<GRO ltOOO • 1oo,ooo 100 
l!llllhG LEASE 21 e•IRO+ROSl~ETtt+ SAil "tGUEL 5 u N 18,0 w ~2 UtiDERGRO s.ooo • too,ooo 0 

IHMING LEASt n GA~SI.t~ tr~OWL[S 6AII "XG'Jf:L )6 u 14 19,0 w 22 U~DERCio!O 100 . 1,000 0 

/lllNIIfG Lf'UE 2t D~NCIN • ~~~C~EZ [,~~ ~zc;un n .. " ~~.o 
,. 22 UN!li!:RCRO a,ooo loo.ooo 0 

I'I'ti!IC LUSE 29 ORT.,!:Ytl' "NC CO UIO "lG.JEL 2~ u" 19,0 ,.. 21 UIIIOI:RCRO l,ooo • too,ooo 0 

'<t'il~C LEISE lO III~(;P:(lV[ .J,~, ,.~ "ICUEL 31 .... ~~.o .. 22 Ultb!RC~O 1,001'1 • too,ooo St'l 
14lt4I~C L!:lSE n 1\LUF CArl:~ I<I,.IIl Sl~ MlGUFL 0 U~'OEiiCAO t,ooo • loo,ooo 1!10 
HlOilJIG LEUF .. CWLJtNEr ""G CO ""' ~lCUrL ll' 4l >f !'il,'l 1<1 H Ul<OERGRO >100,000 0 
jjl'lt'lG I.EUE 4'2 BLJXT,l~F~En tOS SAl' HlGUI:L )0 44 ~ IA,O lol ll SURr 'C£ <tOO 0 
II I'll MG LEUt 4l Kl'1~0LZ, ROY SAl< "ir;uEL 10 4l II 19,0 ~ 2l U~DtMRO 1,000 .. 100.001) IOO 
'*INI'iG LFA.Sf 14 l~O~IC t~ti'~Y CO IIU• lo'tGUI:L s 4] k 1~.n ~ 2'2 UllO!:l<G~O 1,000 • 11)0,000 tOO 
J!!NJIIIG lEU!: f5 CPOioLFY J,l'l, s•~ '4gl)f:L lS u .. 19,0 \. 2'2 UNOI!:i<GAO 1,1)00 • lOO,OOO 0 

IIIINlNG L£.1..!H: 46 GlliiO ''l"'H•C CO SAt. ~otlr.UtL 30 H l• IA,O .. H UliOLRGiiO t.ooo • 100.000 450 
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KET TO'i! NAVAJO TRJet SAlt JUl" 0 IJ~OERGRO <100 )50 
KIIIG 2 NAVAJO TIII5E IU~ JUI>I' 0 U~OERGRO 100 • I I 000 100 
ll.tliG tU1:T l IIA 'H.JO Till f,[ :u.N JU~'I Q U~OERGRO tOO • 1,000 100 
I'.'IhG TUT'I' POJI'T N1 V.lJO TR l!lt :U'I Ju•~ 0 UNDJ!:RCRO <100 200 
ICIHCS 6 NAVAJO TRTI'£ Sl'l JU.lA 0 U"OERGRO <lOO 50 
LOwER CANl'O~ "AY1J'O nrRt !SA~ JUA• 29 l9 "' )1,0 r 14 UIIOERGAO L,ooo • soo,ooo 100 
IIELSOH POIIIT hAVAJC' TRIBE. ""'~ JUAN 2l 2B " 21.0 ~ 22 Ullf:)EI\CRO 1,000 ,. I OCt. 000 !0 
PLOT 1 REO ~ASK NAVAJO TPIBI!: I!Atl JUAN 0 UIIDEI'IGRO 100 . 1, Ooo 250 
PLOT l ~l~C !Utt t.UlJO 'Uil!>'£ &.lot< \l\111 .. 0 l.ll<0£.11.(;11.() 100 . \I 000 20il 
PLOT ? OAK IPRJH HVlJO 'I'RlBr au J'UHI II 29 " H.o· II u UIIOERGRO •• 000 • 100,000 100 
PLOT I COTTONaOO UV4JO TRlH IU.N JUA.Jol 0 UI'OERGRO 100 • l, ooo 0 
PLOT ~ LO~[ 6TAR NAVlJO Tl'ltsr &AN JU.lN JS )0 " :u.o "' 22 1Jfj0£l!CRO 100 • s. 000 0 
REED H[llD[PSON I N H.I.JO 'I'll I !I£ &AN JUAN 0 U'oiDERGl!O <100 200 
ROCWY rLATS ~lN[ NlV.I.JO TP ree UN JU.l' 0 UJoOERGRO 100 • I I 000 2~0 

.UL'l' CA~Y<J!I NlVlJO TRIH[ au JUH 0 UI'DtRCRO <100 100 
IHAOTSID[ NUAJO T!llllt '"" JUA"' 2J 29 II :u. 0 Ill 2l UIIOE~GRO L.ooo • 101),000 100 
&lllll'!SID£ 2 ICAVA.JO TRUE f.~ )I Jlll" 2l 29 II H,O II 22 UloiDErtCi\0 100 . I, ooo 1011 
5HlP~OCK ~t5JDUE lllVI.JO TPlbE SAN JUlN 0 '4UC,•PB 100 ... s,ooo 50 
5Ulllo.l'SIDE "1VIlJ(; TRIBE u~ JUl• 0 UNC!:il.CRO <100 0 

n:"t 1 IIAYAJC"; TPII'iE :u ... JUil'• u H" ~o.o ~ 22 U~O£~GRO 1,000 - 100100(1 lOO 
UPPER SALT !o.ll>H NAVAJO 'I'Pli!F. IUH JUA~ 0 UNOERGRO <100 0 
lll.!IK 2 fUR!' AN+ fOIST tR &All '11CU£L ll 17 N H,O 1: 2l UNOE:RCRO <100 0 
l!PlRICS•STOfl[ 1 SPAP~S STO~E ~~G .Sl~ HIGUt:L 5 16 II 14.0 [ 22 UN0£1\CRO <100 so 
liiNOl' WINE. llfiH<, U"l CAIILOI UPlN lUN >!IGUI!:L 14 17 " 2l.O [ 22 UIIDERCRO <100 0 

L.l IUJ1Dl LO'I!: SUP II~G+DV SA~T\ 1'!: 9 •B I> '·0 [ , UNDERCRO 1,000 • 100.000 200 
IU.Il JOSE. CL'- {'(! I'O'ill~t.. J.c. tUttTl !'t 111 20 I< 9,0 E ll UNOEIIGR(; <LOQ 0 
E>IPI~t CL11'4S TH~ !:~PIP£ PIIOJ, :!I!:f!PA 0 UtoiOERCRO <100 0 
LAST CHANCE lLli'O Mihi!IG CO. SIEIII'A 0 UNO!.R<ii!O <100 50 
MlTCHtLL P~lCE I PRICE BUELL 61[1'1!11. 0 SUR fACt <100 50 
'PARAH IA~)Nl£GO,~ERNIE lUlRI'I.t. 0 SURFACE <100 so 
PltCHI!L£110 ST~lK Ttlll't'i I [.l!>L H, lilEilPA 0 UNOERCIIO <100 50 
&T ottN t.E.UI!: f>l lUC[R,POBrRT :!lti>I'IA 0 SUI!flC! <I DO !>0 
lUGIJA TOIIR£11 CA~P~E:LL P'Ail'4IWC 5(lCOPRO 0 UNDERC~O 100 • 11000 100 
IIOOI(S PANCH LUI!IIllS 1 ~.H, t!OCOIIIIO ll 1 " •• o w 22 UNO£RGRO too • loOOO \50 
,)['l'£P MJNE CAPTt~L &FA!OARD SOCORRO 0 &UIIP'lCI!: loODO • 100,000 0 
LU'TLt DJ.VI[ SANTA H PACifC SOCORRO 0 5URF\CI!: <100 ~0 
LUCH DON III!:C u LUH~US, R.,H .. 50C0PRO 0 UNOI!:RGJIO ltOOO • 1001000 !10 
MARY 8lLL I Cl MPIIELL P"J,R,. l!iC StlCOPRO 0 UNOE!Hii>.O <100 50 
lAM LOR!:NZ.O I NW GPHGO, Jr>E IS(•COI!!\0 0 liURfAC!: <100 50 
BLkCK COPPEP 2 L &LACK COPPER MIN '1:105 a u N u.o [ 22 UloiOERCRO <100 0 
BLACK HAWK + BUN GIU.H'U l!Hn: BilK VALENCU 4 12 N 9.0 w n Uh'DEIIGRO 1,000. 1oo1ooo ~I) 

CEOA~ CLlrMI 1 1 \'UCCl Ull.lNJU!O VIILEWCU 20 11 ~ 9,0 II 22 UNDERGRO J I 000 • 100,000 !10 
Clll'ltt. (ll•10•l) t~KO~CITO l"O,R~ 'l~l,EilCH 11 10 K ),0 li ll U!IDEP.GP.O 100 • 1.ooo !>0 
CkP.ISt~A& DAl PH UliKIIOW'I COHTP.OLR VALENCIA 4 12 M 9,0 li" l2 UIIO!:P.Gl!O L,ooo • 100,000 uo .., 

I 
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IlilC:Tl Vt UllAMIUH MINts )N lHt UNtTtD ITATEI PAGE J9 
IOUitC:I:I DOt, CRlloO JU~C:TIOH, COLORADO 

Mlllt N 1"1: CONTAOLLE~ N"I!E COUrJT't SEC, TO~I<SKIP UN COt liiLII.lD, IHII!NG rauL P ii.OiHIC T l o..r OI:P'ttl 
Htt'IOO (TDN5 U OF 01101119) (rT.) 

••••••••••• ll£w MtUCO (COHT 1 0l ••••••••••• 

CRACKPOT!S1+i•8• OEVILLJUS NUC, VlLENC lA 0 UhOEIICilO 1,000 - 100,000 uo 
fALCON 1 • <I J'UCC:.I. IJRAI<IU-4 V1LE:NCU 21 u II 19,0 "' 22 8URHC:t <100 so 
Lo\ JARA ClllOLl HIIG, CO, VU.tNCU. 15 u ~ 1),0 " 2~ UNOERGRO t,ooo .. too,ooo 50 

LUT CI' ... NCt llii.OlODIJ6 1 J, P'OLtY VlL[NCH 0 &URP'.lCE t.ooo • 10Q,I)QI) 100 
!.Oilt Pl'<E' J 'U'CDIIDA 1411'EIULII YH!NCU ll H 9,0 1ol ?:1 SDRrACE 100 • J,ooo t50 
PUS~~O ( 16•8•') GOOD ~EirS I<HG,LT v.u • .e:~cu 0 SURP"lCE CIOO 50 

~ED ILUP"P' C1Y f~ IIDlS[S+MlPH,<:S. Vlt.L~CU .. 12 H 9,0 .. 2~ UNOERGRO lrOOO • 100.000 50 

5AN klTEOtl0•1l~ U~lTED ~UCLt.I.R VlLEIICU lO 1J H 1,0 It 21 IJIIIOtRCI!O »lllO,OOO 1050 
.Ul<DY !S£c.:H•9• D!:\11LLHP5 HUC, V1LE~C:U 21 \) II 5,0 II 22 S!lPHCE: LOO . 1,000 50 
U'C H•U'l•9"' Kn"-ESTA !(E. "I NG 'IIALEt.C:Il }) 12 " 9,0 II 22 IJHOtRGIIO )100,000 uo 
8£C 9 1210 '"' ELI\Iti.S, M~PK VAt tllC:Il 9 12 N 9,0 \j 22 IJNDEriGRO t,ooo • 100,000 !SO 
T•rry (StC.ll•12 !IUIO~ll GPCJ«TH vu t•CTl 14 12 ~ 9,0 lor 2l IJND£1\GP:O lOO . J,QOO 0 

TO~ lJC~tC,4•ll• AHACO~IJ1 CO, VALl:NCl/. 0 5URrAC!'; CIOO 54) 
UDC ~ (Stc:,4•12• corn:r, WJLLUil VU,E:"CU 0 UHOtRG~O 100 . l,QOO !0 
WOOORO- (3~•11•0 .l!l 'CI'JNO,. CO, HLE'lCIA 0 UJ<DERC~O ),000 • Loo,ooo 150 

••••••-•••• ~O,TH DAK~Tl •••••••••••••••••••• 

IUR.I/JO:O LUSt M(Cl'l~ + (i[TTI'~C lllLLI,CS 2J '2 .. 99,0 II 0~ SIJRP">,Ct 1,000 • \00,000 0 
CKtiRC'K I A"'tRIC'l~ LtiTI< C~ I'IIL!.l..,G5 ! 36 H OO,D w 0.5 .SUII1.ioC£ J,ooo .. uo. 000 ~0 

GEAIIY t..U.St CUDOIER+I'J.LSI"•S 1111-LI•u;:; ' l1 h 00,0 w 0!> SUrlHC£ C!OO 0 
JOH~so~ "'1~t·src Ull I<EAC::OUIPED i-ILLhCS ) o\0 ~ QO,O • 0~ SURr lCE 1, 0<)0 • 100,000 50 
I!Ll''l ICLY•, ~.o. l'lLLI•GS 26 42 H 99,0 ,. OT SURilC'C ,,ooo .. too.~ao 50 
OYHUS (liP• I) ~OUH!RI' ~~CHIC IHLLI~CS IS 41 oo,o .. 0~ SURflCt 1,000 • 1oo.ooo ~0 

&CC,2,l7N•l0Qo,5 GtOPl~OU~CES,INC l!JJ.,LI~G$ 2 l1 0(1,0 " 0~ suRrAct I, 000 • 100,000 50 
IIIIIT"' \ LfU1!: IUYOEH, GUY !JILLIIIGS 6 )1 M oo.~ ~ O!l SU.HlCI 100 . I ,ooo !0 
IIPIU: I Dt SA~'I' + 1\,!'LLEY ~ILLI"Gll 10 l1 H Ot,n II 05 SURrlC:E CIOO 0 
HURlC.K I HU~ ICK, .]0£ .unP£ s J6 lol DO,O II 0!! .SURI'"lCt ,,ooo • 100,000 !0 
fRANll LU.sE .. l!(f P"IO,lPI~ SUliK '! 40 N 99,0 .. 0!> SUP.P"lCI: \,00\) • 100,000 50 
LUPT 11< 1 t.Ui'T J.J(' Al\ot.A 8'1:.\l>k 6 -40 N 99,0 w 05 BURr ACE s.ooo • 100.000 !0 
LUPUK STU£ LUPTl~•ST,N,DAX. liT--~~ 6 40 H 99,0 II 05 :SURHCt 1,000 • IOOtOOO 50 

••••••••••• OKt.AkO"'l • ••••••••••••••••••• 
CE~'tNT Ll STtP lo!I LLS CADDO 0 SUI!rt.CI: <tOO 150 
"cr<oot. LUD LlSTtR !!ILLS CADDO 0 SUI\P"AC~ <100 0 

:rt!O.RH I PlllTT, Dll'lllLLI: L CUS!tll 0 &URPC£ <100 0 

••••••••••• OPtCON •••••••••••••••••••• 
PINt IPRI'IC$ U!iKHOllll Cl'l~TI!OLP CROOK 13 ISS It, 0 E UNO[RGRO ClOO 50 
t.UC!tf Ll&S iiUTtll~ ~UCLtU LAKE 2!> H a 18,1) t u 5URrJ.CE s.ooo • soo,ooo soo 
WHlTr. KI'IC WUUR'. lll1CL!:U LUI: )0 n e 19,0 ' )l &Uill"lCt )I oo, ooo 50 

.., 
............ 50Utll DAKOTl •••••••••••••••••••• • w 
lPLAND S UIIP:IIOWOI CONT~OLP BUTtE () IUIIHC£ 100 • 1,000 iO l.O 



fNlCTlY!: UPlNIUM I' lilts lH TH! U~ITtD .STAT[S PAC I: 40 
IIOURCP:I oor;, CRliiD JUNCTION, COLORADO 

Nl~!: lj.ll'!: t'ON'I'~OI..LER >111'1: t'OiliiT'l u:c, TOIIHSIUP RUG!: NERfD, lUNING 'fOUL PIIODIJCTXOI'I DEPTH 
METHOD (TO~S U or ouo 117t > (F'r,) 

••••••••••• SO~TH OUOT.l CCOhT' D) ............. 
BO>iATO RA'lt'tl !:~RXCO IIO~ATO BUTT~ 2~ i I; 1,0 [ n &UIIr•cl!: CIOO 0 
P:LihC: LEAS£ ALE:X ~LIM: BUT'!'': 2} • I< 1,0 e: n UNDEi!GRO ,,~no • 100,000 50 
8UD•LUCICY 1'110 TENN,V~LLE't AUTH CIJSTER J4 6 s 1,0 1!: 07 IIUIIHC:E >10Q,OOO 100 
CAYLOR LEASE o[STEI'~ GU.'IT OI CUSTER 6 2 s l,O '!: 07 SURF ACt: <100 50 
[)ARIC I O~R!lQio. + COOK C!JSHR 0 &URf'ACE lOO . 1.~oo D 
OtL "Uti<T1l Gt"TLEW[~ ~~~lHG CUSTER 0 SURF~CE <100 50 
FREtZtOl'T GIW!IP lrriPI,VALLfY A liTH CUST'F"R l6 6 s 1,0 E 07 SURrA.CE loOOO • 100.000 100 
JI~POP. 1 P06I~so•,~EL8t~T Cl'STER 0 SUR!"~CE <100 so 
LOST CHYOI• KE.ilCHl"R\I.U, ,Ft,S, cusrr.• 0 SU~HC:t <ll'.lO 'H; 
Joi,C,l I([~N~Oy, "IKE C, CUSTER 0 Slll<rACt C100 50 
TOO LllE TE'•~. VALLEY A UTI< Cl!ST<'P 33 l s 3,1) E 0) IJ~O!RCRO 1,1!00 • 100, uOO 100 
01!,\t.IUM I CRAVEN UP)t ,CO, CUSI<P 0 5U~ncr ClOO ,., 
ACC IOI."TA!. CIIOUP ~OPf~'l l'RO!HEPS F'ALL PIVER 31 • s 4,0 e: 07 ll"DF.~GRO 100 • 1,000 so 
AMY I LOIICI,B,H•Pli>Y J. HLL ll'lVEII 0 UNOE~GRO o(100 0 
APPLE PH ALLIED EXPL,CO, rALL Rl VER 0 .SURFACE C100 0 
&,•"!.•GROIJ" Tr~N,VALLtY AUTH nLL 1\lVF~ 0 SUI'f"ACE lOO • 1,000 50 
8AI!K[II • 'lOWELL ~r~u.VAtLIY AUT~ II' ALL l'o.IVE~ 21 l 5 2,0 t: 07 sun aCE 1,1100 • 100,000 0 
BAXTER l !'aXTfP, t.P. tlLL l'orYI:R 0 U'IDERGRO <100 50 
II[ADLE CROUP Tf"hN,VlLLrY ~UT~ rlLL RIVEP 14 8 ' ],0 f" 07 5UIInCL oCIOO so 
Bf:IHT 2 D~KOTA URJH+OPLC nLL RIVER Q 5URHCt <100 50 
1\JTS GAC.UP CHORD, Rll~ [, nLL !IIVrR Q SURHCI!: <100 50 
BLUE "'OTE Cli'lRO, POY f', FALL RI\[1< H 1 5 1,0 '!; 01 llURf4Ct lOO • s,ooo 0 
1'>1.10~ •IJEll."'rlil Tt"<ll, ~ ~I..Ll '! ~IJ'tl< UI..L Sll~['< l II 5 ~ ,<l '[ e\7 U"UtPCRQ l,Q(IQ • 1GO,OM zoo 
CIIII..SO•t CA~YO" TEtH ,V,Ll~"Y ldltH fALL PIVfll 0 UI!IO[RG~O 100 . 1,000 0 
CLlRABfLL( CROIIP CKOPD, 1<0~ F.:, rnt. PIVf;!l 19 $ 3,0 r 07 UNOERGFO 1,000 • 100,000 too 
coat. ca•yo~ CKOFO, I!OY 1!:, FHL PIVER 0 SUIInCt 1,000 • IOO,QOO 0 
COAL CA'V!J~ 1 CH'lPO, f<llY t, f.\!..L PJVER ~, 1 $ 2,0 , 07 SURfACE 100 • 1,000 0 
CI'JAL CI.~YO~ 14 Kurr J, • • P'~LL R! VEil 0 SUPFACE oCIOO a 
ClU" LB.H tl''l~, "H.LLf"Y lUTH HLL I'TVEP I;> s '·" I' n SURf.C:t l ,ooo • 100,000 50 
CRlNOJLL CIIOUP Tt'il·, V~LLfY AIJTII Ht.l. l.JVEo; 4 5 ),0 ,. 01 SURFlCE <100 !.0 
crCAo T[Vl, VALLEY A!ITK rnL RlVJ"J,. 0 SUIIrAC:I!: 100 • s,ooo '0 
OA~OTA FLUS C:HO~O, l>tlY !:, HLL RIVtP '' "' s 6,0 [ 07 liURrAC:t lOO • 1,000 SG 
OJ.!-!$ IT[ I.O"'FIIZ I'ROT"'EII:I FAI,L II.IVEP )I II s 4.,0 [ 07 IIURfACt 100 • ,,ooo 50 
[)UNI!:LL L'.A$[ D!S~EY ~l~l~G CO Ht.L RIVFI< 0 SURFACE <tOO 200 
DAPRO• I•~ AND ./ TE~N 4 VALL£Y AUTH FALL RIVP.:I! 2 1 l> 1,0 £ 07 llU~f'ACI!: :.soo.ooo too 
01 AN'. ~ CtiO~Il, PQY I!:. F"ALL RIVE~ IS 1 $ :l,O E 07 liURrlC!: a,ooo • IOQ,QOO lOt) 
oPtr,~aao c•~tow Blit•tP, J ... l:li HLL RIVI!:P 0 SURfACE lrOOO • lOO,OOO '() 
UGLf ArPU: I CHILDEI!S, ""·'· FALL I:UVrl\ 0 SURfACE <100 so 
I:OGE~O~T I> CHOI<O, llOY 'E, HLL RIV£11 H "' II 2,0 E 07 51lRHCI!: lOU • 1r000 200 
GI!:Rl'JIU[)f: • FLOIH CHO~o. POY £, r.t.LL RIVTII 19 l s J,O '!; 01 UHDE~GJIO 1,000 • too,qoc so 
GI!:T W[ ~l("tl 1 CHOIIIl, ROY 1!:. tALL RIV!:l'l 26 1 $ ,,1) r 07 UNDr~CRO 100 • 1,000 ,o 
cou~o Lrur.s TEri~,VALLf"Y AUTH FlLL Ill VER 11 8 6 ),0 p; 07 U~OERGRO >too.ooo UD 
CREE~ )CI'tS CIIOU ALBP1Cti1,P'+J FALL PIV[I\ 0 UMDlRGI!O '· ()00 • 100,000 !>0 
GRtE:~ SLIPPlR 1 CHORD, POY F. FALL PIVER 19 1 5 l,D 1!: 07 5UAP'J.Ct t.ooo • 100,0110 too 
CULL LUst& t •l tE~~,VALLFI -UTH fi.LL IUV£1!. :n 8 5 J,O l 07 SURrACE a,ooo - 1oo,ooo 1!0 
lif.L[H CHOI'D, ROY t. FALL PIVER l't 'I ll l,O t 06 UNDUGRQ 100 • ,,ooo !0 
HELL~ C~~yn~ GPO HJ>i!ON•HAUPTIO!AII f"ALI. RIVI!:R 0 U~CERGRO 100 - 1.0~0 !0 
11n • rn 5 • 6 FA't+IIEY FALL RIVER 20 l II l,O p: '" IUMrACE 1o000 • 100,000 :10 ., 
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!NlC'flVIt UiU.l!lU'I MlNU 1~ THE UNITED I~ATtS PlGE u 
-aou~CEt DOt, GI'AND JUMCTtOMt COLORADO 

MINE !IAN£ CO~Tii DLL£11 fiAI([ COUII'1''J IEC, T04li5!<1P PANGt Nl!:lllO, Mil! INC TOtllt PROOUCTtOII llEPTH 
MtTiiOO (fOilS AS or Olt01179l err, 1 

' ••••••••••• SOUTII lll~O'l'A (CO~T'Ol • •••••••••• 
HI P!'ICP:tTS 4 Cli'lPO, ROY r, HLL RlVEII 20 1 5 ),0 [ 0'7 .StJI!rJCt 100 • 1, 000 ~0 

IIOLOU.P 15•J!.lDO' ('HOPO, POY t. FALL PIV£11 ll 1 5 l,O r 01 UNOERGP.O ' 1,01JO • tOO,O\JO ~0 

HOLDUP 2 CIIOI'O, !lOY E, rt.LL RIVE:R ll ' s 1,0 [ 07 UIIDERGRO 100 • ltOOO 5I) 

IIOLOUP 22 CHili>O, ROll E, TALL ~IV£11 0 U~DE:~GPO <100 50 
I!OT POt•·T GPP CHC!RO, ROY t, FALL MIV£11 a s 3,0 [ ()1 UllOE~GRO 1,000 • 10o,ooo 100 
l~OGiW~ CKOfiO, POY f, ru:,L RH'I:R (q IS J,D r: 0? $li.QfAC! <)00 0 
J lC ~ Pli·E , BON[II, ~O'i' nt.t. IIIVI':P 0 SURtr.lCI: (100 50 
JOlN~ CH'=lRD, POY t, nt.L KIVEll 0 SUIIHC£ CIOO S'l 
kELt.O<OG n~! TENN,VALLEY lUT~ tr.I.Ll. RIVER 19 s •.o £ 01 U!IIH'RGIIO t,ooo • 100,000 tOO 
ru~c Cl'u~D, Pt'Y !:, n.LL ~lH'I< 0 .SUPfAC£ t,OilO • 100,000 sa 
t..a.KOTA l.ODl II LAI<r'ITA P~05P!;C:Tl riLL PIHR () SU~tlC!; <tOll 0 
LUY~ANS I.OC'E CHOi'l), II')Y ;., nt.~ IHVf'A ~') s ],0 E 01 :!iU~I"ACt <100 51) 
t.ro.~ 1 f[ft.,VALLEr AUTI' ru.r. !<IV/I! D Sll.HHCF; loOOO • 100,000 so 
LIOH•f'C ~"ilGH1 TI!:NN,VALI.I'T 4UTH TALL •uvn 12 • .$ l,O I' 01 SURr>.CE 1,0011 • too,ooo 50 
LITTLE AN" TfiAO£ OOLL;\P IOIIC FlLL R!VEP 0 SllRI"ACt <1100 0 
LOOE GIHiUP lilt.L EVEPE'tt TALL i<IV£11 0 SURrlCE <100 0 
LI)Pl 1 t.nqO,A,Ihl>U\'j' J, FALL Ill'{£~ 0 SU!lr~C!: <100 50 
LOliD t.t:~~r II.I.XT!:R, T,~, HLl PfV[P 0 SU~FJ.CE <100 so 
LUCH 1 CIIOI>D, I'OY t, nt.t. !HVt:R 26 ' ' 2,0 t 0'7 U~DERGRO 100 • loOOO 50 
LUCKY S!1liKI !:DG!:"O'•t l'lHI)>.G r.u~. PIYrl' 0 SUMI"•Ct •qoo 0 
LUCIIt 511' I liE: BUT!:;NII.USF'~ I P.AY tALL IIJHII 0 5URqC£ 100 ~ loOOO 0 
LUC~Y rnss ST&VI"NS, r.t.Rl, t:. fALL At'/(1' 0 SIJJ<f-C£ <100 ~0 

.. Ut\' LE~SF TtN~,V~LLTY AUTK tALL PUf" I\ I s 3,0 11: 01 SUPF'lC!: s.ooo • !00,000 50 
•.t.lll:J.t.C. l 9 UN~, VALLn AU'! II rnt ll.l\'F'~ IIJ • 5 ],0 '. 0? ll"'O!!:RGRO·· 100 • 1, ooo 50 
IIATllS p(ll( fEIIIo,V•LLE"t liJTH fALL RlYt!' H 5 J,O 1: 01 SUFtfACE a,uuO • too,ooo 50 
IIC ~~IGHT I Tr.•N,V4LLEY lUTH TALL RtVI:~ 0 SU!Ir ACt I ,ooo • 100.000 50 
NIGCE:h GUlCH 'I'P'IfiN,V~LLI:Y 1.UTl' HI•L III YEP 25 • !' (,(.' , 0'7 SU;!f'ACE <100 50 
OPHELH Ct/0~0, Ptl'f r, nLL ~IVU t' , s l,O ,. 01 suRncr:~ 1!10 • l,oon !0 
l>A!!ST l TF'<~,V~LLFY .I.IITH r~LL RtVtR 1'2 :; l,O [ 01 :IIJAf'4C~ t,ooo • 1()0,000 '110 
PAT 2 tl:'lk,\1.\LLFY Allth ULI.. ~lV!:P 0 ~>U~nct <100 ~0 

UTIH (;IlOilo, I'OY E, rn~:. ll:lfll'jl 0 IJY!>!IICIIO 100 • t,ooo 0 
PAr nu ~E~~,VALLI:Y AUt~ HLt. RnU 0 SURF ACE (100 $0 
Pl':E II£[ CMO~o, ~OY t, FALL HlVE.R 0 U'IO&RCRO <100 0 
PE'Ih\' .. lTT I CHllflo, POY [ 0 tlLL MIY!'ll 0 UIIOtiiGRQ 100 • I, 000 !0 
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CU'I'tl!l' I + 2 t~E~GY fUELS NUC [~LRY 0 UHDERGF!O 1,000 • 1oo,q~o 100 
CLtP't D•[H£P CHHtLt, !,V. 'f."FI'Y 0 UNDI!':RGI>O C100 0 
COH!II.O CO"Pln UllAH,t"C r:~rn 0 • U~DE~GI\0 t,ooo .. too,ooc too 
COHSO(,It>Al!:O ELl. I OTT, ,JlU[,S Q t~fPY 0 UND!:RGIIO l,\lOO • 100,000 0 
CON'fllOVtP.'l'r I HO~ARO,. l'PIJt"l. [Mf'I'Y 0 UHDERCRO 1,000 • too,ooo 0 
COPPER ~Uil liFl!U'Il"', JOAII~£ t~>ERY 0 6UAfAC£ <100 0 
COTTOMiiOOD I !IO'I'f'S, FI<Et> ["'[It'( 0 &Uf\HCE CLOO 50 
COUGHI ~ IIIIN"Ow lli!Af,IIU~ t'I!:RY 0 :SliRI'4Ct: <100 uo 
CR0So1'0"' Cllt.LIJ"•, C~~ROL fl'IE~Y 0 UNI)[OGJlO J,OO" • 1no,ooo 50 
CROio kli'ILTil!i J,(", t"ER'I' 0 oUF!F lCE <tOO 0 
D.+R, CL.ltMS CO~Tl~.U~l~,WYO. t:••[p'{ 0 U~DIT.RCI!O <100 0 
DALTO,_ lll'IOS :1 OlLTON PROS, ['<[R'{ 0 aul!r•ct <100 0 
D•RL[N( l•lO ACERSO~,lLfRED 0 E'IEi'Y 0 UljQ£RGP.O <100 !!0 
DELU DUio<P PllES!!PEY, C. "'• E•u•:n 0 DU>~PS 1,000 • 100,000 0 
DtSU•T w(l()" PtUO ~l!Ct.£1111 ('IEPY 0 UIIDERCRO 100 • 1,000 so 
O£SOLAT IO• !.J,., GL(" A. t••l RY 0 SLli!HC!' <100 0 
DIXIE -l'OYCE !.tHDQUISt, JOt [foi[!IY 0 ISURFACt <100 0 
DOLLY ELLlOTt, JlMF;S 0 E!oERY 0 UHOEiiGRO <100 () 

DOlltTt CPO\JI' o\C~PSO~,~LFREO 0 EllERY 0 UNOERGRO 100 • t.ooo '200 
1)1111.1.. l INLA~O llfSOdRCt+ !:"O:IIY 0 SURr-'CI: <IOQ c 
tAC!.,-·!I•T!U:SHIP OUt~EST IJ•A~+Ott. t"!lH 0 UHD[qG)I.Q 100 .. 1,000 uo 
E.t.GLU !lESt HE~TH, l<.]l.f!JI'Fl tl"tRY 0 IIUI'FlCE C\04; 0 
EL"'t~ [ CASPER CASP[N ,C. PL fOil " t"rRr () !lllRHC! <100 !10 
n'IHSTlC JE"~LS + COVEY tllr,RY 0 UNDERGRO <100 0 
rat~tR IIAI'lt..tO"- J,C", 'ti<'EI!Y 0 SURF ACt <100 0 
rLIHT'IPt l 6T!:tL, L.r, EI<'HY 0 U!IO[RGRO <100 100 
C:Rt:I,T 8151~ U,S,UP~HlU~ COPP tHEPV 0 UIIOERGf\0 <100 100 
GPE£.., DPAi;;O!o lLfii'I!:CnT PRfJS,UI' ['![Ill 0 U~!lE~C~O 100 - 1.ooo 1'!>0 
GRE!:"' Vtl'· 8RYOo;, EUlOII t~EPY 0 ISUIIFACE <100 0 
GREEN V!'11> ') JENS!~, oAJ,:J'ER )(, ,t)'[.IU 0 U'lO£;tCRO 100 .. l. 000 0 
CR£tl' HI~ 5 !NEPCY rurLS NUC [l't.RY ' UNDII:fl\:110 100 • 1,000 100 
c11£-:" vn:~ • ClPITOI.. PEEY Up~ EktPY 0 UIO!l£RGIIO 100 • ltOOO too 
1-lkPO CLI"U'IG 10 PE'tiTTl, JOt\ 'I J, Et<O.:PY 0 UhOtiiCRO <100 0 
IO.POLVC~ Dt<LE DILLOt: [M[I<Y 0 .StlllHC!: 100 • t,ooo 0 
lltl'ltz I DOiolLD KlNNI t"'EII.Y 0 UNOERCRO t.ooo • 101),000 100 
IIIODE!! POH·T CHIDESTEI<, JOt ti'ERY 0 IIURHCt <100 0 
JliCL 6 Olll'I'S PtTPO htiCl EI,R t!>IERY 0 DUMPS t,ooo • too,ooo 300 
li'CLlhE 10 PEtllO WUCI·t•P ENERV 0 I)NOERCII.D 100 - t,ooo so 
liiCLllll: 11 ATIJ) S MJ NF'P IlLS !:~El'lY 0 U"DE~GRO 100 • ltOOO 150 
11tCLlN!: 12 PUPO ltUCLE •P. FI'[PY 0 IJND[IlCP.O l. 000 .. too,ooo 50 
J"'C!Jl~E I 3 PttFIO NUCLE.Il l:!o\EU. 0 UIIDI:RGRO JIIO • 1,ooo 100 
IHCLHII!: t4 • 15 PETRO llUCLLJ.R I:KEI\l' 0 UNOERCRO 1,000 • loo,ooo 50 
lNCLIIIt 16 Pr:TP.O HUCLUP ti-l !:I'll 0 tiNO!IlCI!O 100 • ltOOO 100 
)NCLJNt 11 PtTRO JiUCL!:Ail !:Ill RY 0 UND!:Rta•O ,,ooo • 10G,OOO 50 
INCLINE 16 rouP COPHER3 OIL tMti!Y 0 UHOERGRO 100 • 1,000 0 .,., 
lNC!.l~E 19 rouP COk~£~6 OIL tiiEI\Y 0 UHO[~GRO 100 .. t,ooo 100• t 

~ 
tTl 



INACTIVt:: UPlllltl'4 MIH!:S IN TKt:: UhiTED 6Tltt5 PAGE u 
SOURCE! DO£, Cl'AIID JUNCTION, COLORlDO 

MINE """( CO*'TROLLEI< NAME COUNTY SEC, TOIINSIUP llt.NGE MERID, MIHfiiiG TOT At. PRODUCTUlll Dt::PT>I 
M£TI!OD (TONS AS or 01t01/Hl crr,J 

••••••••••• UTAH (CO~T'Dl ••••••••••• 

INCLINE l•lo.ED.~;E PET~O NUCLUR f'"fRY 0 UloQ[RCRO 100 • lrOOO 100 
lHCI:.INt 20 f'OUR COA~ERS OIL ENtRY 0 UNDERGIIO <100 100 
INC L 1 Nt 21 FOOl" COPI<ERS OIL tl"tRl' 0 UHOERGIIO 1 '000 • 100,000 100 
J!ICLitl!. ".l2 rOUR COR~t::PS OIL ["'till' 0 UNDERGRQ 100 • t.ooo 100 
]NCL PI[ l PETRO NUC!.ElR r.•Erv 0 UhO!:RCRO I, 000 p 100,000 250 
lliC L I q; 4•5 Pt::TPO ltUCli:.AI< [Mll!Y 0 UNDI:RGRO I ,000 " 100,000 200 
!I<C!.llll 7-~Ut 1 P!:TRO ~tJCt UR El'l ~y 0 IJHOERGIIO 11)1,1 • t,ooo 100 
l~CLJ ~E R+CII<OI!.A aTLAS KJH~.\L& E"[RY 0 UIID!:RGRO 1,000 • 100,000 200 
JNCLJHE 9 •IOIITJ.i ATLlS ~IIR!S, E~EIIY 0 UNDERGRO 1,000 • too,ooo uo 
UC:Ll"E 9(HO 1• ATLU ~HlJilLS [M[R\' 0 VNOtilGilO J,ooo • !OOrOI>D uo 
JACK POT f:O~SOLtOATED UI<A [V£PY 0 U~OERGRO <100 0 
.,JOI<NIIl[ J!I'IY :l JO>'PISO''+JO~N SQN [W[~\' 0 SURFACE .::100 0 
.JO)ItiUA t JOS'iUA I<'II'l~li CO t'"EPY 0 ';HDEIICRO <100 0 
II:OH-1!111Nie:Yt U ~EYA Ul'l~.CORP [lo[RY 0 UNOERGPO <100 50 
LUT CI'.\~CE I.A!t CHJ~!"[ MliG ["[~Y 0 SURP'.\CE <tOO 0 
l.lST CHJ~CE 'I WPIGiiT, WJTNE S, ["'f.PY 0 SURrACE <100 0 
L£ ouc t:.U5t V~lO~ CA~~IDE CP t"r~r 0 IJHDEI'GRO 1,000 • l oo. 000 uo 
LITT!.E u~• 1 CHUTt CJJ.Yt''l' Uil, t"FRT II UNDERGRO tOO - "000 100 
l:.lTtLt J('lt CUF<TI:I, ~!iSSEI..!. E.,ERY 0 UNOUC!IO <100 • 0 

LlTTLt LIL•J[f<RY Bt.A.CK BOLt >lNG, !;"'[RY 0 UNOERCRO 1,000 • 100,000 JOO 
l.ltTLE MlH GPl~LIC~ •r~E~AL [ll[RY 0 lllfOt.RCIIC 100 • 1,000 0 
LTTTLr 5UUN ABS "t"'I"G CO, ["f'R'( 0 UlfDERGRC tOO • 1, 000 150 
t.lTTLt -ILDCH JllCI(SOH,GfORG[ I' f;~<[IIY () SUf!rAC.!; <100 0 
LO~f fll[l GPOIJP E:~<FRY £'tTCRPf.tSE F"lf[llt 0 liNOI!:IIGRO <100 0 
t.OO~OUT I IU'11LTflt J,C. £1-lEflY 0 SUIIrAC£ <100 ., 
LOII!:TU \lUCHT, L.P, r;,..rpy 0 UhDERGIIO <100 0 
'LUCKY DOC I f"OOTE L,S, !"r11Y 0 SUIIP'.\CE <tOO 50 
LUCKY !SOU ll'P!:L GRA'<LlC~ "-l~tRAL EI'UY 0 UNOERGRO <100 0 
LUCKY STPI~t NIXOII UPAN!IJM CO E•~PY 0 U~O!:RGRO 100 • 1,000 50 
LUCKy STPIKE 1,2 ASl"US, C,C, [~t:PY 0 UNOEIICiRO 100 • 1,000 0 
LUCKT Sfl<lKI GF>O rEIIIION IJI'A'~ "NG [ .. (!''/ 0 UNOEAGRO 1,000 - 100.000 200 
l..OC)(y IIT!illtE G~O .:IAC:K.SOH,Gt::ORG£. B Flo'!:PI.' HS ll,O r 24 UNDERGitC ),000 • 100,000 1~0 
I'ACPIE .:IEWKI:5 l",!C, !:1'1!'11'1 0 SURHCt <100 0 
14,A,J!5tlC 2 Ill£ Jf:AI< l<l~lNG tMEPY 0 UIIOERGAO <100 150 
I'U[!,A GPO~P (I![Kl:~l~, uOA'IIIE £11E"l' 0 SUPnCt <100 uo 
II.I."Y .JO 2 PI!:TER.SON, Jf:!IS f:"[IIY 0 su;op.cE <100 0 
Ml'!rLDIII!:A U,S,UP~NlUI" CORP EMEPY 0 UIIOEilG!tO <100 100 
MAYTLC:IIoo!:P 1 C'ALDEl'IWOOO, J,M, [l"ERY 0 UI!Oti!GRO 100 - t.ooo 0 
MAYrtOW[!I 12 U • & • URA.N lUM COP.P t~t::PY 0 UhOE~GRO <100 1$0 
IIUl I BENTLEY, Jl"' 'r;M[P/ 0 UNDERGRO s,ooo • too,ooo 0 
l'lSC!LLAIIEOUS fOl'R CORN!:~S OIL [I"LPY 0 U~DEPGRO <100 0 
MOilLE~[ I I'ITILSON, !'IPSO'I F"EIIY () 5URP'.l.CI: <100 0 
MOUiltJ.l' l(lt.(i BKlD'iOAE, 't,H, [jol[pY 0 UNO£RGRO 100 • ,,ooo Q 
MOUNtAIN Kl~G 1 COIISOLtDUED URJ. I:MtRY 0 UIIOERCRO <100 0 
I!OUNTUI< KJNG 2 IUDMORt, 'I',H, E~t::PY 0 UNOtRGRO lOO • 1,ooo 0 
ICQUMT.I.I'- KliiG l UlO~OIIE, !.II, tlltRl' 0 UIIOtP.GRO 1,000 • iOO,OOO 0 

, 
MOllf>ITHII KlliG c~ CflPi60LtDH!D IJRl tMT.PY 0 UKD!:RCRO I ,ooo • lOQ,OOO 0 

I 
..p. 

M\ICHO ULU IUIIFPJ.LS I:Mtlt'f 0 Ulo!OtRGRO 100 • a,ooo !10 0"1 



••••••••••• UfA~ 

"IIPO'l 1 
IIUDOY 8 
Jo!UODY RIVEP 
110, 2 
lltlll"A JOE 
liOIIT'< li[SA i 
liOiltlt Joi!.Sl 12 
NOR'fll !<IS~ ll 
IIOP.tH "Eh 6 
IIOIITJI l'fS.l !l 
~OATH POU~Tlt~ 2 
IIQRTK 5l0PE G~OU 
NOilll' STAr. 
P~Ctrtc YE~TURE6 
PU OA.'i 
PURC:E • !CELL~.Y 
POSS f!\( L I T'l' l 
PAillllT t 
RUH't DA't 
R[O 1,2•S 
AEO ~OO.E IC. 
11[0 POO.t ~ 
!l£0 I'(J~[ -1 
IH;O ~UTTt 1•\ 
IIEO CLHr ) 
~to r~.cr 

liED POI'f" 
II~D .SH.PS 
IIEX 1 
PYU ll 
IIA.HAI>l l 6 
ac.stc.lf··IU•tO 
IICH SEI" 2 
aCH, IIEC, 2•U 
a'lUTH TEt!PLE 
!!OUTM.It>i CPQSS 
IIQUI!!Pfl, 
atlLIIO" ! 
1'!:MPL!: I 
'tOT[>~ POL[ 
TOUCH LUCII: 
't<II'I PlH.!o 
0~ IOU Cl'lf l 
U•~•oO>IN 

VA~ b£PG 1 
Vli'JO!Il> PII'G 4+ 
VlPJOI)S 
V!:kTIJH. 

CO•ITRO! L£11 IU,ME 

l~ACTIVE Ulll-IUM "liltS IN THf U~lttD !TATES 
&DURCEI 00£, GRaND JU"CTJON, COLORlDO 

COU~t'( 

(CO~T 1 0) ••••••••••• 

Cl""l!lOI< ) NG, 
KUI>IT(P t.,T • 
1\UNTJ:P. L,T, 
FRA~O~EN, L•VtP~ 

JOHHSO~ ~ELVIN t 
UNIOh C~PSIDE CP 
CO~SDLIOI.TED ORA 
COH50Ll~Ai£D U~A 
CO~SOLIDlTED UA• 
UNIO._ CU•!'lllE C:l> 
~tL~EPSO~,TKO~AS 
J&CY&ot,, LF.r) D, 
hUS, •O•TY 
l!A't "'--ST lhC, 
Ac;AJ.t\D,E\.1"£111 R,l 
FOU~ CO~hE~S OIL 
I'UTK, l>tLfOPD 
!O.LJ.GtR+P 1 tC PIJCC 
CI"ElH fCflll' >tAlC, 
PP:Tf<O 'IUCLt.lil 
VlTPO "l"V!ULS 
WEI.C>I •1>~I>~G CO 
Prt!IO NUCLEJCI 
lt'A>•S U\111.1'11.'~ CO 
•1•1\EP, •~LLI.C~ 
f;'-11C:"'1'' KY!<lfw 
1-tS.T.l, >~tLrn;.n 

u!JAI+ II•H•7U~ Cfl, 
U~t()~ (lPPtOE Cl' 
~.AY~1<P1'J • PYAh 
E~f I>Gf fli[LS NUC 
P~M ~I~Ir.G C!l 
•cLPSO~,aLFPED 0 
J,&l .. 1J5r C,c, 
SJClO'>!OR[, 't,K, 
wlriN, JO.tl< 
GAAKLICK ~t~rPAL 
I"ClLSON, llOY!..[ 
COhSOLIDATED URJ 
UII~L[, G[\POOII 
C0~$0LIO~,TD UP) 
w 1 ~~, JOI\1 
ti!Ot'I.S, tllll'{f;Y 
~UCL!:l~ l"lN!S 1~ 

~'~IC!!,, ll.l', 
ROll I wSCJ!>, tL• IN 
C0nSOLIOl1tD UP~ 
GF~f.~ ff~N•;T ~NG 

triFRY 
tNt~Y 

t~ti'IY 

[14£1''1' 

t~E!IY 
['l(~y 

r~tllf 

l.~tRY 
[I'[ !If 
["tf!Y 
r.~tllY 
r~E~Y 

f"tf!Y 
["'(~" 
[II!:I'Y 
I!."EI'Y 
t~I:RV 
[~F"I\Y 
,. .... )>y 
[I<P"P't 
I!:II[I>Y 
e:~EPY 

t!-i~Y 
E~o::n 

E•P•'t 

r"''"'" 
[••E"Y 
!:"F!<Y 
f"tkY 
t•fPV 
r"rpy 
tf'O.:PY 
t"tPY 
[fo'[PY 

H.!:RY 
tn:flt 
El'ti'Y 
[JO(PY 

ti!EPY 
£"FRY 
[l'tR't 
[I'[P'! 

E"!:Pl 
E"~qy 

E"EPY 
E" .. ll'l 
t Y(py 
l'".,f"PY 

0 
0 
0 
0 
() 

0 
t\ 
0 
0 
D 

0 
I) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
!I 
0 
1'1 
II 
I) 

n 
(\ 

~ 

" (J 

(I 

0 
0 
Q 

0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
() 

D 
0 

IJ~Df«GRO 

UNO!:RGRO 
SUI'If ~C[ 
SUI!f'ACE 
UIIOrRGf<O 
IJIIOEIIG~O 
UNOERGI!O 
OIIOti<GII.O 
SURF lCE 
UIIOERGPO, 
auPrAC£ 
Ul<[)t'lCRO 

3UI<Ft.CI: 
UNI'E~GRO 

U110!:11.GRO 
Uli0£1!CRO 
.Sll~rACE 
UJIDEI!GRQ 
UHOERGRO 
UllDP:RGI\0 
UNOLRGRO 
UNI'!:RCRO 
UH[JERGkC 
liURrACE 
SUI<ri.CE 
SIJRFACt 
SI!~HCE 
ur-OE.lCl<O 
U•Oti!CP.'l 
.sut<rlCE: 
U~DtPGIIO 
SUPr~C£ 
II•Ot.RGFlO 
UND!:RGi<O 
1/IIOE~GRO 
UIIOERGRO 
SIJI<!".tCE 
SURHC£ 
llUFlflCt 
liURHCt 
UMOERCRO 
6URriiC'E 
UNDERGf\0 
II~OE:RCRO 

ll~DE~C~O 
UIIOERCliO 
Uh0£Rt:IIO 
SU!Ir A(l 

PlG[ n 

TnTAL P~OOUCTION DEPT~ 
(lO~S AS Of 011011,9) (Fl,) 

11!0 • loC>OO 
100 • 1,000 

<I()Q 

<100 
<tOO 

1,000 • 100,000 
<100 
<100 
<10C 

1,000 • 100,000 
<100 

100 • t.ooo 
ctOO 

t,ooo • !Oo,ooo 
lOO • hOOO 

<\00 
<100 

100 .. 1,000 
100 • 1,000 

,,ooo • 100,01)0 
100 - 1,000 

<100 
1,000 .. 10'),000 

<UO 
<100 
<100 
<lOC. 
<100 

1,00') • l~ll,'lOQ 
<100 

1,000 • 100, ~OQ 
<100 

too • 1,noo 
<100 
<100 
<100 
<100 
<100 
<100 
C100 
<100 
<tOO 

100 • 1,000 
<100 

\GO • 1,000 
J,ooo • loo,ooo 
1,000 • 100,00(1 

<100 

100 
0 
0 
0 
0 

1!>0 
0 
0 
0 

50 
JOO 

0 

0 
0 

100 
0 
0 
0 

250 
'2~0 
11:1') 
100 
UQ 
100 

0 
so 

0 
0 
~ 

0 
2SO 
100 
IOQ 

0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 
0 

100 
100 ..,., 

I 
~ 
-.....! 



INACTIVE URANIUM "l"ts IN TNt UkiTED &TATE& PACE u 
SOURCE! DOE, CAA~P JU~CTIO~, COLORlDO 

MINt NAI<E CO~<TFIOLLEII NAME: C:OU~TY .nc:, TOWIISIIIP R~NCt lltRlD, NIH INC TOTAL PROOUC:TXON DI:PTH 
KUt!OD (TOllS AS or ottotn9l (P'T,) 

••••••••••• UTA" (Cm'T'O) ............ 
VlRGihU VALI.tY LAW, GL£11 A, ["EFII! 0 liUIIrACE 100 - 1,000 1()0 
VITIIO DU~~ VlfRO CfiE.,ICU. T14E:f!Y 0 DUIIPS 100 - l ,ooo 0 
lltDOING I!Fll. I',,.,., I<UitRAt..S t.>~I!:~Y 0 UND[RGRO a,ooo • aoo,ooo uo 
IIHIU STAP 1•10 a • B ~II<INC CO, E~otHY' 0 llliOERC~O 100 • 1.ooo 50 
WICKIUP lR~GUI' I A.~ • r,.EIIY 0 UNOERGF!fl <100 200 
IIlLO HOUE 21 1 71 CisttPII "'hir•G f:'l[f<'( 0 UNOERCRO 100 - ltOOO 100 
WILDCAT J[N.SEN + JACIC!ON 1:1<[1!'( 0 tllfllrACE <100 0 
tr.ILLO-' SP~Il'IG.S loll'>~ltR:I + JOI'IU £"1:1'Y 0 SURFACI: <100 0 
~I liD\' BLACK D~AGOI\t UIIJ. E~<EIIY 0 SU!lTlC:t <100 0 
AGATE GI>OUP U~ It Ell ENf.PGY G~RFIELO ~ UNOERGPO 1.000 - uo,ooo 100 
ALLE" ) KUSEP Ull.AN,CO, G~PrHLCI 0 UNOZ:RCRO <100 uo 
II + "' CLAl" U~K~O•" GAJO.FI!:LO 0 5URHCE <100 ~0 

!IUR Cl"'YO" liEJI'ECKE PROS, CJIIfrELD 0 llll!)'[RGJIO C\00 \00 
I!IE"CTY J~C:I( n:otRU. U:SOURCF CAI>FitLO 0 auRnct <100 100 
Uti 'I'PEE U111\'EP51<L URAII,C GlRF'IEtD 0 tiUIIFACE <100 lOC 
liLAC, C'''l' '2 10TH CE"!IIAl' PO~ C#.llf"IF:LO 0 tiURP'4CE <100 100 
BLlC~ MOU'-Tllt: ~C EI..RuY, JOH!t GA"FIELO 0 tiURrAC£ <100 LOO 
BLACK wJOC!I. HOLH~S, J,l'llf!K GAPP'!ELO 0 UND(PGRO 100 • lrOOO 150 
!!LlTZ. [NERG¥ FUFLS Ti!!C ca~~rrno 0 U~OEPGRO 1,000 • 100,000 $0 
IILUE I!IPO ACM£ UqJ.~JU~ M~C I::A"P'U:~D 0 UHOERGRO <100 50 
I!LU£ f\IPO • J!.llH!IO~ tll'.lN%U'4 GAI!rttl..O o, SURfACE <LOO S50 
e t.U'!: COl• .!It &LUE COOS'E "I'IC Gli.Pf!tlO 0 SURP'ACE oC100 100 
8F>Oo<~ TC'P OlVIn!O~,f~E~Y L GAI'f ltLO 0 UIID'!:RGRO <100 uo 
eurr Cl!~ 1ST El SF" 'I, Alii< I GlPI'I£1 0• 0 tlllOEACRO <100 :200 
I!ULL 4 IIIliCH!, r..K. CAPrI f.t,i;. 0 UNP!:RGRO <100 150 
lltl!T 2 HUnT, lifO ClJ' F"I !:LO 0 UtlOERGRO <100 50 
IIUTTL.l~ I<.ASH I S'IUH • .S'ttlllRT CJIIFIELO 0 IURrlCt <100 100 
(:Ulflt'l~ 1 !:IC<f:R, HAPOLP C. CAIIP'HLD 0 St1RI'ACI!: <100 100 
C!:OAR POI 11 1 SILVP'P BELL t~Ol' ca~rJELn 0 UNOUCAO IOO • t,ooo 100 
CHICLE CLiffS COOP[P • l'llOWil GAPfHLD 0 SURrAC!: "'ou 100 
COfP'EE llO):'J.[. I t BPO~N,A,P,••:SSOC CARr IELD 0 litlRtACE <100 100 
CONGRES.'I 14 llllLL0£111 HINIHG C CU<P'It!.O 0 UHD£RGRO <100 '.1~0 
CONCRF SS '22 GUTHRIE + JSSOC, GAPru:~o 0 UNOERCRO <100 250 
COPIG~E;5S ,. GUTI'RH: + ~S$0C, GAPrltLt' D U!ot>t:IICRO <100 lOO 
C:ONC~t!S 25 GUIHRI£ • lo.S.SOC, GA'<fiELO 0 U~OtRCfiO <100 lOO 
COI'IGMI:SS 47 GEIIFRAL UTlt.T!ES CAliri !:LO 0 su~r.\ct <100 100 
CONGfll55 41tU+5 Ulo:.tR, Hlol'Ot.O C, GARri<.:t.O 0 IJURF.\Ct <100 l'O 
CO~GR£55 '!l) lNDUSTIIIU+~lN£6 ClRrltLI.' 0 IJNO£RC:RO <tOO 200 
C~O~•LUCI(Y SLATE li'HT>!, C,C, GAPrii:LO 0 UNO!:RCRO <100 :100 
!>tAN 4 GEHEIUL U'IIL1'IEI G .. PFU:LO 0 IIIJRrACE <100 100 
cu:.~ <:J.~>~lo" un:.a, I!~I'Ol.C c, GlPrltt..O 0 6111\HCI: 100 • 1,000 uo 
O£!:P ClHYOt• !:P:K£R 1 HAROLD C, G11Pri£LO n 6UI'ITACE <100 1~0 
Oti"N[A L0'J HtfiCIILL6 UIU,N IUII Gt.RFtELD 0 6URTAC!: oCIOO 50 
OIRTr llll.l~l: tlJRT'f !HAll[ !'INC COtlELO 0 tiURrACE <100 20() 
DOMS 1 [Ur.R, RITTI!:II GOrttt.D 0 tlt!RFACE <100 !0 
I>I~UI1 P.ROWf/ • SONII CO GARP'1t~D 0 IJNDtRG~'l <100 100 
OP!:l" CLAIII DI'I!HI IIINING CO G/<RfiELO 0 liURrACI: <100 100 , 
DUK£ t!HE Fl'llHDStN 8~05, CJRFI tLO 0 8URHCt <100 100 I 

.j'::a 
(X) 



IN~CTIVE llPlNJUM lltt~r.:a IN TKE UNITED STATtS . UCE "' IOUIIC£1 DO£, C:PAN'D ~UNCTtO~ •• COLORADO 

lilliE NU'E COIH~O!.Ll.P NA'IE COUIIT't ate. TOIIHSI!lP PAtlCF Mtfi.ID, MINlKC TOTAL PRODUCTION DEPT!f 
MEt!iOD CTOHS U or OtiOtt1'Jl err,' 

............ UTAH (COWl" 0) • •••••••••• 
UGL[ GPOUF [ICHII, I'OPAC£ GlPFlELD 0 U'lOI:RGPI) 100 • l,OOO 'UO 
!U'I' COV[ 9 HoNrY POT URAN C GUP'Il':LD 0 aul!r,.cr <100 too 
[011,._ CPuOP [!{ICtll, HAROLD C, Gl!ITilL!l 0 I!URP'aC[ <IOO uo 
ELLEN I ltUr<T, PtO GARI'"ll;t.O 0 tiN DE~ GAO 100 • 11 OCIO 100 

1ELLSo.OPTH 1 PFIO.SPrCTOFI.S, tHC', GA.IIf"H:LO a .SVAT .lC! <100 lOO 
ELOR~ 1 [!(Ki:R, PITTE!I GARtH::LO ·o SURfACE 100 • 1,000 50 
IU,.SwO/<Th I UKtil, I'APOLD C, GA.IlFIELD 0 SURHCI: <100 50 
ERMA IOU.: 1 • '2: ~URUN~II, liEIL GAPriLLD 0 IURHCt <100 50 
tUiliCF: I 1100!), HO .. ~!IO P, G~RrU.LD 0 IIURFA.Ct cli)O 50 
riVE SUP C~OUP oa~fl[LD,~AB~~ P G.IIRFHLD 0 BURr ACE <100 100 
rPt .. o!tt •ss('c 1 f'IIE~O~T .t.SS'lC,O, CHflf:LD 0 SURfACE <100 200 
CU~I"ffLO 5TUO HORSF 8UITt GA!lrft:LO 0 IJHDE'IC:RO <100 200 
CENERH EKHR, MAPOLD C, CA.RrlELO 0 SURf' ACE <I DO 50 
I!,+H,l·lo•J! 8AKER, J'O[ GAFiriELO 0 UhO[RCRO 100 • 1,000 50 
IUIIStt: 4 )U~StN, ,J,H:aR.S GUri!::LO 0 liliRtACE <100 100 
!l~RO POC'I< MOLJ'ES, J,!'tRK CAPrl!LO 0 SUHP',Ct <100 uo 
IUPO SCI>UI:'LE HIJUT, IUY GAPfli:LO 0 SURfAC[ CtllO uo 
HENilY 12 Bf!O,.~, J.r, CAPflELO 0 SURtlC£ CIOO 100 
tll:-'~l'lt J.IOU~ Tit I"" HII~>T, 1<11'1 C~PFlEL!> 0 UHotRGII.O 1,000 • 100,000 50 
ICOI't HCll't 1'1/il~G CO GARfttLO 0 liiiOtRCRO 100 • loOOO ,00 
HOPE•CIPCLt CLif .STUO HOPSl BUTTt CAPrt'-LD 0 UIIDtRGRO 100 • 1r000 50 
MOT swot.. .. T. st:r, HOoOII.!lO S,K, I#JRrtO:LD 0 U•OEAGRO too • I 0 00(1 100 
.lAKE IIUC:I'Aflt.t t\Atj0\' L liJ.FrHLD 0 IIURHCE CIOC' so 
JII' DA"'fl\' K[INT 1 u:o G-PrtfLO 0 !JIIDl!!CAO 100 • t,ooo $0 
JUNE IIELL GROUP roon:: '~lNrR.a.t.s CA~ritLD 0 UNOEIIG~Q 1110 • t.ooo ~0 
KHG C~OUP HU~t, KAY G.VP'I rLD 0 su~rAC£ 1,000 • 100,000 $0 
LAST CHA>IC( UTAit P'~ER!''l CO, CA!IP'IELO 0 UNDLIICRO <100 150 
LITTI [ SL'E ALL£'1 PAilL I( GAPF'IELO I) &UIInCE <100 !10 
LODE C:•H .. x~I~r. CAHIELD 0 .SUI~rACE: <100 ,o 
LONE J., 'ORIE~StN,NE'L J CllflrltLO n IJIIDfRCliO <100 50 
!.ONE·tlGLr 1-9 &HOOTERlbG C!IE!K GAP~ If:ltr> D U"P511CRO 100 • a.ooo 100 
LOIJUE I JUiS![IISP;N, t.I!:E GAP fiELD 0 SURfACE <too 100 
LUC:YY IH Y I>ARt'O+TioilTCHELL GAPF Jf;LO 0 tiNIJfACRO <too 100 
LUC!IY 6HH-t 1•7 J~KS£N + JACKSO~ GJHU:LO 0 UND!:RGRO {,001) - 100,000 JGO 
LU(:!I:Y .\TFII~E 10, nli'PEL, litH ,., Glllf'IELD 0 tiNDE~GRO l,ooa • too,ooo )00 
LUCICY UPti<E 8 + HYOFIO Jt1" StiiVIC (;J,Afl!:LD c IJNllfiiC:FlO 1,000 - too, ooo uo 
LUCKY &TP l ~ E I 9+ EKK£11, Hto.IIOLO C, CAHIELO 0 SUI\ FACt <too 50 
~lvE3TIC • ~ODOC P•P Ali.!OCUT!:& GAIIrJ!:LO 0 tiNOtRCIIO 100 • 1,000 no 
14Avtst IC I II&STU~, G,A, GARP'l[LO 0 IIURF1Ct <100 50 
MAUD 9 IIOVI:LL£, [,0, ClAtitLO 0 UI<D!:RCRO <100 tOO 
"'EARl ~.lC GROUP IIOOD, HOio.,l.l:tO P, GAIIFIFLO 0 UMOtllC~O 100 • J. 000 50 
~IONlGHT Uf/NI:P + TROUT laiiFitLD 0 f,U!IFACI: <100 100 
IIIO~IGHT wJHG!fT, 11,r, C.&:RtiELO 0 .'IIJJifACt <1()0 so 
14I5P'IT I IEI.f, !:llROL Ct.llt Il:L1l 0 IURrACt <100 50 
~ODOC :I IIH!II. t:X!<I:R CARPT!:Lll 0 UNOtRGRO 100 • 1.ooo 100 
HANCY 2 II,+ A,'llNliiC CO, GAllrHLtl 0 IIURrACt (100 !lO 
IIANCY J~Nt II~U Mt!II!IC CO G~RtHLO 0 IURHCt ClQO !10 
IIJ,UJO 1 HU'<To 11.!0 G).Rft[LD 0 UNOI:RGRO 100 - l,ooo 50 ., 

I 
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I~ACTlVt ~FANIUM MfiiU lN THt UlliTto STATl5 UGt so 
&OURC£t DOt, GFIA!jD JUNCTIOM, COLORADO 

!(ltl[ hAI'E CO!oTROLLt~ NAI't COU~'['( etc, 'tOWNSHIP FtMIGE !1[1110, I'IIIIHG TOU!. PIIODUCTIOil DU:I'II 
METHOD (TONS t.a or ott01179! crr,l 

••••••••••• V'l'Ak (COnt•Ol !•••••••••• 
OlL B[[P i [1(1(£:~. IIAI'OLO C, ca~r ltLD G SURHCE <tOO !10 
P[~~tLL ll hUNT, REO G~lltU:LO 0 UNOERGIIO 100 • t,ooo uo 
PHYLLIS EU[R, PITUR GlPrle:t.D 0 UNO[RGRO <100 :ao~ 
OtJ[[II Of' SllfiiA .11':115&11 1 llf'.~L<:'I' G~~FlELO 0 5URf'.I.C£ <100 0 
FL\l~Y tH AC'l[ l'Pl"'lll" ~NC: GUlf I'.:LD (l UNOERGRO t. 000 • too,oon )50 
RtTS ~fST PPCJSPkCTOI<S, INC, GAi>fH:Lo ll UhO!:IICRO <too 100 
!il.I.Tt!,[ShU~ DJVIS, PAY GlRf"lE.Lv 0 U~O.ERGI<O 100 • ~, 000 0 
PED CLiff" TA~~E~,PUTHERFOP CARI'IELD Q SURrt.CE <lOD '0 
Pt..-£ ilO& SEVEY, JAkES GlPrH.LD 0 SURHCt ClOD so 
IIIOAP l ,_G AT (II< Jo~~~o" • ~oss GAPrH.LO Q UPit>ERGRO <10(1 100 
IIQ!l!IE.l'I.S Pfl0.5T J~~SEN ~C' UJNING GAl< fiELD 0 UHI)tAC~O <100 0 
FIOSE AN' I AP"Sl~Ot.G.t,\'LE C G.VriUO () SURFACE CIOO 100 
I!OS1L.a.'0 2 EK~E!I + S•NOI:~S Glllrt ELO 1) SURFACE <ICIO 50 
JIOY OEL GRCUP n:ntRAL PrSOURCF GlPrirLO 0 SUH1C!: <100 !0 
PUI!ILEt 2 1\RCCI UR~~Yv" CO G~RVII Ll) 0 UHO£RGRO <100 lOO 
a. y ,lts CIIIt<I\TE "" lSIIOC, C:lPftfLO 0 UI>O!.RGRO <100 100 
SlLlNA 2 ><AT><tS, R.G., Clt:.f ItLO 0 SUflrACE • <100 0 
SEC',l6•nS•l IE SHt.LCO, rrc, GA'IIrltLO I) UNI"l(RG!o!O 100 .. 1,000 0 
S!:C,&·l2S•11£CT• P+P />.SSCC GAPP"l f"LO I) UNOtRGf!O 100 • ,,ooo 0 
l!MOOnPl~G I • 2 U ~f"Vl URl~,eOPP GlPrli!:LO 0 UhTIEf!GRO <10~ so 
liltt.Vt:R r JIL!,S HIN!JS, Fllt.r> GA.PfiELO 0 IIURrlCt <100 100 
l!I!,VI:P LEH Hl"OS, fRIO GlRfl f"LO 0 SURnCe: <100 100 
6JLV'EFt I!OC't GM\1 srt..r, t:I'PCL GUfH:LO ~ 51JRH.Ct <tOO 50 
&PRlt'G Cl'ION [ki':(R, ~Qj;ACE GlHifLO 0 SURnC~ <100 !10 
IIT~/>.IGtiT CI<F"[~ l~t.RCl fUlLS I<UC GUflELC 0 U"01RGR0 100 • 1,000 !0 
liUIIRlSF 1•1> s.• ... ~t.,It<G co. GARfiELD 0 SfJRti.C£ <100 5/J 
I¥L~U 2 • 14 CPftL r~+ ~IIIG J G.I.RriHO 0 II~OERG~O <tOO UCI 
'TtNO[IlfOOT II!JLFN, !!R•O!,EY C;ARrtELD 0 Ur<Ot:FICRO <10(1 so 
TUCKY1E !2 ~<!Lt HID G~"O~(q C~ArlE:t.n 0 U'IIQ[RGRO <100 !0 
!RACHU 11, U•t O[ij~IS rn£P GAHit!.ll 0 U~O!:qGRO 1.ooo • 100.000 100 
TIIAC!'.Y"!E 9 Ill CK~~ThUT•~Af!TLIY Cl;trH:LO 0 UHO!.QGPO !Oil • t.ooo 100 
TRAIL C,\t.~Qtl 1 !.K~tR, !<fJHCE CARP""LO 0 IUIIrACt <100 100 
Tl'IU lJHI G!IOIJP PP03PtCTUP5,1hC, C)Rflt:LD (l UN'Df:llGRO uo • 1,0()() 50 
TUN!IISO/o AC"[ UIIA~IU~ HNC GA!Ifl[LD 0 UNOEI!.G!IO <100 uo 
V~ L£AI< IIUNT, ~~~ C•llfit:LO 0 SURFACE <100 50 
lilLTf!> GR"JUP l"lAf, 0>!.!.01 Go\Rrl i:LO 0 UI<O(~CRO 100 • 1,000 150 
il"' PAII-T I lol~t.L)C!:, L\"!AN GI-RFllLO 0 iORHCE <100 50 
ll[liT B,lt.ol( !IOGf!IS, !I,S, GaRfli.LO 0 SURfACE <100 ~0 
liHtT£ AULL Cli!OUP TY!Il£,C:Hl6,H,tST GlPFH.LD (I UIIDt~CRO 100 • 1,000 1!10 
NILI.ll!: 1 UFlJ.II({)II et~VICE G)PP" ItL!I 0 .SIJRHC!: <lOO so 
WOOOPUH CI<OIJP t~tiiC¥ ruu.s NUC GAJ>rttLO 0 UNOrACRO 100 ~ a,ooo 50 
YELLOW C ,lT l•l t<ovn.u:, t ,ll, GAl'f!!:L!l 0 UHO!:RCRIJ <11lO 50 
lELL04 JJCHT IURNE't + HOWUin r.,~oprut.o I) UNO!:qGRO 100 • 1,000 i50 
lr:t.Llllo PAl~T l"''LU•AMU GAFlFI£LD 0 UllllERG!I.O 100 • 1. 000 tOO 
l !IS !I llai.SLI!:Y, T014 GP~'lD 0 U!jDERCRO 100 • 1.ooo 0 
l GROUP URANIUI' PFlOO CO G!I~ND 12 l6 s n.o [ 24 UIIOLRGRO 1. 000 • 100,0(10 50 
U:C G!\OliP &Utti"CPLANO•SUTH GRAiof> a IJ!JRI'ACf: (JOO 0 
lUQU~ MA~R%6 ~~~I~G CO GP).N!) l) II 17,0 !: 'H IIURFACE <100 l~O ..,., 

I 
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lNlCTtVt UPl~IUM Ml"'U IN tME UHlTtD STlTtS net 'H 
liOUPCt' DOE, GlllHil JU~CTtOHt CO~ORiOO 

"ilH( Nt..!'E I!Ot<T!\OLL£1< Nl"t C:OUNU etc. 'I'O•~SHIP llltl(i[ '1[1110, MHIIIIG TOTAL Pi'tOOUCtiO!oi Dltl'tll 
•UIIOO (TONS AS or 01/011Hl (rt.) 

••••••••••• UTU\ CC0t1t'Ol ••••••••••• 

AV lS•!<O!l!. U~tO• ClR~tO£ CP GPl~D 1 '~ ! '2!>,11 [ H Ul'iDEiiGM t.ooo • too,ooo too 
U!l£ SPOT 5WUU.,Hl111JLO H GRlNt' 5 2J s 21.0 t 24 SI.IFI"ACe. •1:100 50 
Bl'"lll PO!'lT LlL>t, GL£M CPA'ID 29 '25 6 '25,0 1'; '24 8URflo.Ct too • 1,000 0 
I!(PTHl • rli..C<'l'l CLllll!. + CO, GPl•O )4 '2l s :IO,CI 1/: 24 UNDERGRO \00 • t,ooo 100 
I'IG I!UC:~ 11 Llf\Uf:I'T+I'>UP ()£SS GiUI\IO 26 s 17. Q ,. l4 li!Jili"~CE <100 uo 
1UG Lfl\Jl£ \ ~"CUI G!<UI) 'll 24 6 26,C> f. H 'UNO£RGI\O 1,0!10 • \00,000 0 
8L~CJ( ~PE 1 • 2 lt~l'll ~·~lNE MNG Gill NO ' ll s n.o [ H U~OERGRO t,ooo • 100,000 50 
BL>U£ tiO'{ IU'IRICK, T/oJlL Clll~O 0 IIU~TACE •(lQO 0 
1\t;Uf: CfllEf' !.lC:HOLll, OPt. A. GP.UIO 0 SUI<FJ.C( <1()0 0 
l'L\Jl: C:HlU CDoiCEI'I W.. •R • GIHt>D 0 5\lllhC£ <lllO 50 
I!O'l'l\' I C!I'CL£ P01 lilt:, GAl">D 0 UNOfi!.GRO <100 !I 
1\f<U~'LE Y f>I.S til 5TR.I.TE:GIC "MilLS CPUO 0 \11•0• .tGAO (\~0 0 
6UC:KHQih l COLVtN •BPESNAH. GIIU.D l H s 25.0 [ H IHJRr&C£ <tOO :uo 
!lULl. C a.,yQl' CR.OU J.D>.IR, lVOR (;1!)'10 4 ,, s -.o.o t 14 Uli'OtllG!l.O 100 • l,llOO 0 
t ll WMEELF!l Cl~l III..ACK IIOCJ UWJ.tj • Glll"D 0 UNOtiiG~O <UO 0 
CIPTHII J~CJ<: UlllON Cliii<[OE CP GllA"D .u 24 $ .. , .o r; 24 u ... ot.RC:l!o l,OOO • ltiO, 00 D lOG 
C:~P't-.H JJOII(S U~tOW C~~~tnE C~ CP~~I) 0 U~DEIIGilO <100 () 

C!:OAP POt ,y '2 rOSTER, l.rO>I' GPA>IIl 11 H s. 26,0 t •• UIIOI:~GP.O \,OliO • 1011,000 200 
Cit: ClOG CO~A~Crl[ VPAN,CO G~llltl )9 :22 s :10,0 1: 24 UMlEI\GilO <100 0 
CLEANUP ")TtllllL t.._~Ct 14lP!llollll (:IH"O 0 111SC,•Pa <100 0 
CO!ISHLU!tO~ l S!:C:PtST, All't 0, Gll.ltlt u 2] II lt.fl ( :24 .SLIRfAC!: <100 (I 

COPPl'll 1 II K,• J,•n~ltlG CO, CRI>'·O 1l ::Ill s 20,0 [ 24 5UPH,C:f. <100 0 
coRR~t. cu•r TIIOP"I!\UPG 'IIIC, CIHIIO 0 OUI'PS t,ooo • 100,000 0 
COTTO'II•tflOO 6 Ul'l~~It'"1 PI'OO CO GPA '10 15 25 ., 

". 5 r H !JNVERC!IO I, 1>1.\0 - lOU,OOO 6SO 
COUN'IEP I A'IE~~U><Y, Jf:SS GIU-.o 0 SURHC!: <100 0 
D"lltC E UN~N,~~ CO~TP.OL~ (;RlllO 26 2~ ~ 1'1 ,0 t H \liiOtRGP.O IOO • I,Qoo 200 
OILLE!U I • ) GCILil CLC>UO VRIUI Cll~.,o 0 UHOE~GPO <IOO 100 
t'l>'t MC ~ttL • HVGH[5 GP~~O '24 H 6 20,0 r 24 SUPfACE <100 0 
Ol><'E :noc Ks, .Jt K>~ (;p~ .. o H H :; 10,0 t 2~ UJ<"Ot~G~IJ 100 • 1,000 0 
orscovno· ,Of!l~ll! co. Gl'l~l> 0 UhDERGFlO ClOD uo 
I:.R,GON rLl GRE~! wf!TtFlri U!l GPl~O n ll u.o r; H U~OEIIGIIO <100 so 
tON~ l COLU~BI~ U~l~,CO GPlNO 15 :IS 6 17,5 1: 74 UIIOEXGRO toO • loQilO 0 
IP'rl£ r, UNION C~R~IDE CP GIU"D H 24 :> n,o 1: H UNOtPGRO t,ooo • loo,ooo 200 
r;No or TPAIJ. llLlC!I ClT UPL,C C!lliiD 10 5 s 91,0 \1 24 6URFlCt <100 0 
r,w. s 111/lON C~!lt.IOC <:P GPIUO H N s 25,0 ,. H UI"I)!:IIG!IO 1,()00 • too,otlo l51) 
H. LoCO~ I IIJ.f>l.otl• ,JlCI( GU>.O 21 2) ll 2Q,O [ H SUI\FlC! <100 100 
FLU 101' 'fl'lt.Sot., 11,1'. GIIJ.IIO ~5 'll 5 n,o !: H UllOEIIGRO 1(10 • 1,000 0 
FOOL! LUCK IS~<liiTZ,HA!>OLO M CIIA'oO lO H s ". 0 

[ '24 SU!irt.Ct: <tOQ 0 
rol!"tt:P l!IU. U"lO" C~~&lDE tP CP.I<~Il H H s :u,o r; H UNDtRGIIO 1,ooo .. too,ooe> lOO 
FRU:O~ 2 MO!!ll\CH UPA'tlTUiol CiUllO 9 27 6 2),0 ,. " tiNOI!:AGRO <100 0 
P'l<nPO.AT U~IO~ C~~~lOE CP CAA'ID \ 2~ s 2'!1,0 [ H U!ID[I!CIIQ <100 0 
CAP IIOOO!, 'OU~t 8, G!H~O 0 liUPr~Ct <100 0 
GUGEP 1 t~tR!ON tL •ASSO CPA~O 0 .SIJRf.\C£ uoo 0 
cuonowt UHH ~J.L(l't OP-rS GIU-NO 0 UliOtRGPO <100 0 
(iJ,OP'i KOLF UIIADO MllllNt; GP~IID 24 21 a 'H,O [ H IUI'IrlCt <lOO 0 
GPF:Af OUt I li!R •HA~IQ/1, J, P", GUN[) 0 llHOUGRO lOO • 1,000 0 
Clltttl LlUP[) $MITH • L 11<-tll GII~~D fl 61JPP"lC!: <100 0 
Clltf:ll lPtt I'C:GtKEE, L, GIUNO 0 UliotRGPO <100 uo ., 

I 
0'1 
....... 



,_ 

tlllAC'fiV[ UIIANlU11 •·i:~ts lH 1Hr ~~~~£0 01AT[S l'il.GE :n 
80\IRCEt 1)01:;, (ll\J!.:'!Il JU~Cf!ON, ~JLORlOO 

I 

MINt HAl'£ !:ON'i'ROLL£1t NA!1[ COlf~jTt stc, !OJ.N.SHtP IIUIGE 14UlO, NIHIIIG toTAL PROOUCUOII DEPTH 
14UHOO (TON'$ AS or ott0117~>'l (FT,) 

............. UTIH (COIIT 1 Dl ••••••••••• 

GR!:'I' l"AU!il' BALCOH[S [lPL,O~ GR.NO :a lb 5 :10,0 l. :H UNOERGRO l~ll .. 1,1)()1) - lOll 
HEllER- t :tllErELT C,,. P, GRANO 12 29 s u.o r; 24 5URrAC!: <100 0 
}1[1' JQ[ JIM TWITCHELL GR.l"'P 16 '25 s p,o 1!: :H UHP[IlGRO 1,000 • 100,000 so 
lULL TOP Dt 'OSS,ROU MAP GRAN!> 4 :n .$ H,o [ 24 UIIOERGRO 100 • J,ooo 50 
MtRO~lTO GR~~LlCk ~lNER.lL GPANO () UNt>tiiGl\0 <l(lG 0 
HOP£ IPV!>~t, 0011 J. GPA"O 0 SURfACE <100 0 
HORSETHitr 1 ~~~ D~JVtRS~L UR4N,C GR~ND :a s p,o [ H $\IRI~C!: <!OO 1~0 
lNCLJNE 1,2,1,4+ )TLAS "!JJ,tiULS GPANO 22 2 & 14,0 E 2~ UNOtRGRO ,, 000 • uo,ooo 0 
)!;GEPSOLL 1l &UIIS!:'I 11.1111!:! 'l"C CI\~N!) 0 SURHCt <100 0 
JlK V,+ L,l)rVtLOP.IIZN CPA NO lO 2~ s 17,5 £ 24 Ullt>EII.GRO <100 0 
JOt!~ UNKHO~~ C~~IROLP GRANO 1 2l 5 :n,o E 24 1/IIDEf!GRO 1,000 - 100,000 100 
110ii"NlP' l,l DAVIS, LEON L, GPli'ID 0 SURflCE <100 0 
J1JIINI'U G<tOUP ill!loTQ'4, C,S, G'lall!l ·a ll s 11,0 E H SIJP.f~Ct <100 0 
JUNC'l'lON ~OII.fl UPH<Jll'l CO, GI!ANI'l 0 SURfACE <100 50 
JUNIPER GII0\11' I'ETPO NIICLU~ CIU.'lO 26 22 ' 22,0 1!: 24 UNOER~RO 100 - 1' 000 !0 
kELLY I UI!:!Oh.\THY, JtU CllAt<ID 0 UNDERCI!O <100 50 
J~;t,{l'iDHE KI41GIIT, 11,\l., JR I': !IUD HI 25 t. 10,0 " l4 UNO!:RGRO \00 • l,ooo 0 
LAST INDIA.'' Lr•rs. J,w, GPAN!) 0 UIIO!:RGRO <100 0 
LENA I ~IHER•L HILL URA GRl~D !) IJ~DEIIGRO <100 0 
LEWU A UIIIOII CA~RXOE CP CR~"'O 26 24 s 24,0 [ 24 U~OERGIIO 100 • '. ooo 0 
1..1T'I'LE t:n 'I'ON'! f'tlil. <lR~'<{I 6 ll s 22,0 [ H UI<OE'RGRO t.ooo • 100,000 50 
Lt T'I'LI: LJU.IIRO JON[S, 1!:,~, G-AI.D 0 UNPEPGRO <100 0 
LI'I"l'Lf I"EOICI~E W[#.V[Jl, C~PL GP H D 0 UNOERCRO <tOo 0 
LOtiE PI1<E 2 FC!S'fi!:P • "'lfiEHtf' GllAI.D :u 24 s 26,0 !: '24 SUP fACE <too 0 
LI)Cli((IU't \ C:UO, Cl\l<>t.tS GHKO 0 SURHCt (100 0 
LOTitl!t CI'OUPS 1'1101''1 • OJIH!OW:S CR.l~O 0 UHOERGRO 100 • 1.~oo 0 
LUCJI(Y ray &UTII!:PL-~D•SIJ'l'K GR~~D 1 2l 5 22,0 1!: 24 SURf" ACE <100 0 
M G:ROUP .ltRiiORHl PI>SPCTR Clll'lO l:2 211 s 20,0 [ 24 UHOtR<l~O t,ooo • 100,000 0 
"l'tC~Ltl".S tiEVrLOPS CO, Cll./\0 26 s 18,0 [ H UNO[I!CiRO 100 • 1,000 50 
~Alii£J.L PE~E, 1•1'"0'1'1' JP Gll.t.~otl 0 $UIIHCE <100 0 
Mtf>Cli!IY I l!EIIll"f"• JO~~IIE Gi<~"D 0 3URrAC[ <100 0 
"lLoE KfCH UIJJr r JHD!l3TRIE.S•~III£! CF!l~D 21 26 .s 20,0 H UNOf.:PGRO 100 • t,ooo 0 
-'llii!:RH 11l•Bt.l\ J JFFIFY STOC~S GRANO ~ UHO[RGRO 1,000 • 100,000 50 
M[N[Il.t.L II SHU~WlY + Wt~TWO GRAIIO 15 lr. 5 18,() E 24 SURP'ACI: <JOO 0 
"lt<[FIAL POL•P 8+ ATLA.S•llllX GRAll(! B 24 5 2$,0 r. H UNOE:FICRO <100 400 
l'l"'EPn-]ltG !ILtiE l~te:A .. OlJ'ITAl''~ GRAND 0 UI.OtRCRO 100 .. 1,000 100 
1'1.5UKt I(NlGHT, ,.,II, GR.li.D 26 s 24,0 t 24 IJUPfACE <100 0 
IIOPRIS Ct.at"S LEt I!ORFIIS CRU.o 0 l.ltiDE:RGIIO 100 - 1,ooo 0 
~EW UlloiiiT!IOIIG UNIO~ ClR8tDE CP GRAND 25 II 25,0 [ 24 UNDf;RGRO 100 • t,ooo 0 
liOI!TH lol{lll!: 2 THOII~8UAG URlN ~ GRAND 0 UNDUHiiiO <100 0 
NOIIT~ SLOPE 2 Jfll$l:h + I(QURU GN.l"D 0 SUR1AC£ <100 0 
OLil MC COY IIIHGIIT, t.,fl, Gill NO 0 llURfA.C!: <100 0 
OLP SPOON ~l'URNE:R IIROS Cl\lNO 0 Sllf!rAC( <!Oo 0 
OSCAR I Utf!N ~TliY, J[!l! CRA!.O 0 IUI<flCI: <100 0 
OUDI!: I cno, CHAP!.I!:S CIU,NO 0 tiURP".lCI!: <100 0 
r.r,G,t, IINIOH C.&RI!lD!: CP GRANO 1 24 IS 2!.0 [ H UNOtRGRO 100 • 1,000 0 
P•RCO f> UT All ALLOY DRES t:RliiO 6 21 ! :H,o p: 24 UJIO!:RGRO 100 • loOOO 50 
PlfiU 2' UTAH ALLOY ORES CRU.O 6 2J s 2l,O p; 24 liURfACI!: <too 0 , 

I 
U"l 
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I~ACTIVE UAA"IUM MINES IN TH! 1/k(T£0 5TAT£5 PAG!' IU 
&OIJJIC!:t DO!:, GU.ND JUNCTlO~t COLORlDO 

Ml!iE•JoAfiE CONTROLt,tll NJ.I'E COUNTY ate, TOIIIISilti' lllNGt lllRID, MilliNG TOTAL PROOUCTlON Dtl'l'l{ 
METHOD ('fOijS U or 01/0tl79l lrt,l 

............. UTAH CC!lllf 1 0J . .. , .... _,. 
PEt,TRt:t 'h8 UNIOI< C.l!IRIOE CP GRANO :11 H $ 2'5,0 f 24 UlrOI!:R<iRO 1.o~o • 100,000 JOO 
P!T,TRt[•ELVA "• UN!O~ CAII~IDE CP G!U~D )4 :u 3 :t~.o E H UNOtRGRO t,ooo - 100.000 100 
PETEIISO~ PAOPE~l UIIIOIIJ\oll CO~nOLF< GPliiO 0 1/liOtF!GRO C\00 0 
PETRfFIFD TPtF 2 UNtO~ CAI!RIOE CP G~A~O 21 i-4 s i,,O f" ~· 1/HOEF!GflO J,ooo • uo. 000 151 
PETRIFl~D TREE 9 IJNlO~ C~P~tOE CP 'GRA~O l!L 24 s 2!1,<) 1!: H UI<OtRGI\() 1,000 - 100.000 :1$0 
PillE Tl'tr ! lPVl•£, DC'I'I: J, GJU.'iO lO \9 s lg,o ' 

H. Sl!!tHCI!.: <100 0 
FIHTO JlCII: UNION CAP~lDE CP G!tA~D JO 25 s ::15,0 [ H UhD!:RCR'J <10() 0 
I'ITTS&UIII. UWICl• C~PIIlO!; CP GPA'·D 2~ 24 s 25,0 [ 'H UNbE~GRO 100 • t,ooo 0 
POt.U H!<G U'llO'I C~P!!IOE CP Cll.l'<fl 11 25 .s 25,0 E 24 li~Ot:IIGI!O 1,ooc - IOOtOOO 150 
POND + SHUE>f:lH lJH}(!lQMII Cl'IA~D H lS s 26,0 E H UNOfRGRO 1,0!10 • 100,000 100 • 
PROSPECT I HtTU;J.., LfE CIIA~O u 25 5 ;n,o E 24 SURFACE <100 0 
PIIOSPECT 2 H•RSISQN,JAM[.S L CP.UO ~~ 2~ s :u,o [ N U/IIDtRGIH) 1,000 • lfJO;DIID 0 
PROSPECT ~ !OO~EPANG ~l•l~G (;RAND ~~ 2'!> s 21'>,0 ,. 24 SURHCE <100 ~ 
PROSPECT l wn::u~<, s.,... ~IU"!l Ill 25 s 26,0 I;: 24 liUIIP'l..CE <100 0 
PROSPECT 9 HC fAII!.JNn, Sr.! I' f:;PitloO 19 25 .s 211,0 r :u Uh!)!:RGR!'l .:100 0 
PROSI'ECTO~ "011TGO"-ER'I, JJt.C' CPl'tO 0 SURF ~CE <100 0 
0\JE.STA l !!UH'{, L,E, GPA~II 0 S(fl\r.t,Ct <100 0 
PI.~CH VH:• f05£'4IT£ t>llA,,CO CF!hD 24 2) s 24,() r. H UNOERGilO '(100 100 
PtO KUO l Slollll'£., 111E w, GI'A.;O 21 :14 s :n.~ t 24 SURfACE '()00 0 
lltt> OXlOt 1 + l C:HCI, CI11.~LU GRI.hO • 2J .s H,O r 24 liURf~Cf: «100 so 
III:D TOP 3 (:ALLl'i.lll, JAY GIIHO 0 UNOERGRO <100 0 
PtO Vl~'-OIU"' CliO U~tOi C~~BIOE CP GP-'~0 a 12 5 23,0 E H U"DE~G~O a,ooo • too,ooo ~!) 

P.I!!liOii !HOG£ kr!:C.r..r,H+Ol!.l.AS GPAIIG 0 IHJilf ACt <JOO )50 
RJI'!ROCIC UNlO'I OP!'TOE CP GPA~O H> '24 .s 2S,o t 24 UIIOtRGIIO 1,000 • 100,000 so 
UYI';II VH" tVAPtS ~.C, CRAI<O 0 .SUIIHC!: <100 lOO 
f<OCkt:r JP,GI>O(JP A0<\11!, lVClll l;l'l~t,O '5 .s u. 0 r H tJ~DtRGRO 100 - 1,000 Stl 
0()1\!: ~[OGtl, JOI'" CRt .. O 12 2l s H,O [ 24 tlHO£iiCRO (100 0 
RUStY BUCJ<ET OETRO~IC5 I~C. CRA>'O 0 SIJflrACE <100 0 
foUTrl I I'U DH U~-'<~ CO CIUf[) 0 !iURnce <100 0 
$,I! ,ffii,CT I 0~ UN 10>1 C~ P'l U:>E CP C!lANil le H s 2~.() [ 2( UI'<DtRGRO t.ooo - 100,000 100 
IUOOLE UU'-• HUl Gf!t!fD (} 3!JJ>fAC£ <100 0 
11,_110 rJ.,U loUDLAI.U UPt.NIUII GII:A'll> H 21 s 24,0 '" 24 SURFlC£ <100 0 
ec.:stc.Hc~~clll Ul.U Ml~[IIAL!I CRA"Il ]6 22 :s ii,O E 24 UhOERGRO 1, OOQ • too,ooo 200 
liCII arc, 2 suu or UTAH GR;t.t<IJ 0 SIJilfAC£ <100 0 
SEC,2,13.S·l1E UNION CA~li!OE C!i> Cr>U.I) , H s :n .o r. 14 UNOf.IIGRO t.ooo • 100,000 200 
SEC, n, 225•22£ IIUfF, LILLU>; C~l HI )2 22 $ 22,0 £ 14 UNOEI(GRO t,ooo ~ 100,000 50 
SHUtAIW~P I PQIIZ:R OIL CO, (;flf.,;D 0 UIIOERCII.O I, 000 • 100,000 !>0 
SHth'-IIU~P l,tA,J PO<~ER OIL en. GPHO D U/IIOt~C~O 1t000 • too,ooo ~0 
3ILV~R fo<OON UTU< lLLOY ORES GP~~O II H s 'll,O E 2' tiiiOtRGI!O ((()() SCI 
&LlC~ JH)CX LILt, GLEh C!aloD 28 H 5 ~o.o t H SU!{FAC:t <100 0 
I!.N0\1 FL.I.l't IUTkEIILA!I!l+SU'IH GPJ.HO 0 SU~FACE <100 0 
80CKO :1 ATOMIC POWtR IJRJ. <iUNO 11 47 " 20,0 II 22 UND!~G!lO 100 • l;I>OO 50 
$0UAW PARI'> CPOUI> l'tNL + FIICGI"ill GIUND • n s n.o E 24 UIIOERGRO 1,000 • lOO,QOO 511 
IUE + RUT~ IUHIIAY ,.IHIIlC CO Cll.li<O 0 OIIOERCFIO <100 0 
SURE f'I~t MUF!PH'i, OtrO CFlJI~l) t> .5tlRrACt <100 0 
Ttl~OI• 2 MA.NG[I! + .!O~EII CPA~[) 0 5UIIrt.Ct (100 0 
THC'~l~ !, U~lON CAR~lDE C:P GIH'-'0 :u 24 8 :zs,o [ 24 UIIO[~GRO t,ooo • !Oo,ooo so ...., 
THC.,PSOio C. UIHO~ <:~Riltln: CP liRAilO .H 2• 5 l~.o [ :H ONDERCF!O },000 • Joo,ooo 200 I 

Ul 
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Jll.lCTIV[ UIIAillUM NIH!.!! IH TK[ UNITED STAT~S PlGI!: 54 
SOU~CEI oot, GRA"O JUNCTION, COLORADO 

tlll<[ 1Ul't CO'n'POI,L[R IIAM[ coli~TY SEC, 'I'OWNS!UP IIANCt Mt!llD, JUNIN<f 'I'Ol'AL PROOUCTIOII DEPTrl 
Ml!:'l'HOO t'tOU .t,l!. or OIICl/H) (f'l:,l 

••••••••••• UTA~ (CONl'O) ••••••••••• 
'I'HOA>i GARO/IoER t.,L, GR.l"'O ) I ::12 II :u. 0 !: H SUR!" ACt <100 0 
THREE JAY 19 .Jo>~rs. LEO w. ()R~NO 0 SURrAC:E <100 0 
T08'C CPOUi' DOYL! ~ ... Glll~D 0 UIIDERC:RO <100 no 
TUIITLE ~ERl•ET~LP,.JlMES CI>J~D 0 I!.I.!RflCt <lQO 0 

twih BUTTE LEIII5, c.L. r.~I.'ID 0 lii!RrACI!: <100 0 
uu>< sr.~st, 571 STAt!; •Jf uTAft GPA\0 )2 22 " H,O [ :H U~OtRGRO <100 50 
V'LT..rY Vlf~ 1\0•L!li + WPIGHT GP~I.D lR 16 s 24.0 [ 24 IINOERGRO 1,000 • &oo,ooo so 
VlRGP. '!Ul I OlVlS II,L,+ BESS C'Pll!ll'l ll 13 & H,G £ l• li\J!IflCE <lQO 0 
VIVIAN t ~[~ VIV UNION C~PI'JO[ CP CRANO 3 25 5 2~.0 [ 24 UNO!:RGRO 100 .. 1.ooo 0 
WASP &e£f<~A THY, ,lt;S5 GP~l\10 0 SllJ:tnC:E <100 0 
WI!:OO 1•10 JA"'N!<E, RO!~riO CP1N0 0 SIJPrlCE <IOO 0 
Vl>lt'>'t 1>1'\l•'~ 5~11~, CH~~LES H G/'lhC lS n s ll,O [ H SUIIHCI!: <100 0 
Y!:L.LO" C!l.I.SS POO A£1!:'!••1 THY, JES:i c~r.·.o 0 SUP.f~Ci: C100 0 
YE:LLO_,. I'OPS£ IIC COLOtfCH, w.J. CP~tD 0 llhDEPCRO 100 - 1, OCIO 0 
li'ELLOw ,T .\C~ C 1 TO, C HAPLI!:S CPJPIO 0 UriOUGRO (100 0 
lt\.1.01( lllO~I:> -.&EI'tll'l.'\1'!, Jt:!IS Cll~!.l} Q llli~P'ACI!: <100 0 
YtLLOW Vl'llDIIJ" ~IHCIIT, .IIILLIJ.14 CPA NO 0 UN[)ERCPO <!DO 0 
YIP li'IP SCHU'HCI'E~ J 0 J. GPHO 0 UNOERGRO 100 • 1,000 (} 

Dl:sti'T VH;I< ATKI'iSOII, «.H. lRCltl I) :iU~P'lCE qao u 
ULL lltLt HltiEP.l\,!l PHI~, J\HI'> 0 UlfOt~GR::l 100 - 1,ooo 1~0 
CARNOTI!r kiNG GO~D~H G~OV£S ~G ,J!JAB 0 U"O£RGilO ClOD so 
UGLI: IIUC~ CttPIOGE +WfLOtN JliAI\ H 12 s ,,,o w H UHD[IHlRO (IQO so 
YELLOW (HfFf BL•C~ Rc>C:• "'"'(.• ,JliA 'I )5 1:1 s ",o • 24 UIIO~~GRO )100.000 101) 
'1..'\'t.M <;P.nup Slt.I~I. I'~>C,~ S'lt 1<1-'£. 16 4v s 9,0 ... H UHOE:>tGRO 100 - s,ooo ::iO 
RI.!HP•CE FlSf'IUS~Et<, w ... V, KAI•E 0 IJHD!:~GRO 100 • 1,000 50 
YOU)<G l &L•C~ ~TN,UR~N,C '~"'!: 0 3URnC£ <100 0 
BUDDY u.s.s~(L'f•Pt=.:r"c Pll'H c 27 N l,O w H U-'rDtRCRO t,ooo • 1ou.ooa 500 
CLOYS ~It<( sn:G"-1\,l..[P, "· 'i'Il/Tr ( 21 ~ ),0 .. H 1./NOERGRO 1.ooo • 100,000 ISO 
fAST SLGPf' ~AG"OLU I tAD+OI PIUT!: 0 SUflf'ACE <100 0 
P'lP"!:f' JOY• &1/LL%0>1 'i(l~I.RCH PIUTt:: 4 27 s 1.n ~ 24 UNoLRGRO •• 000 • too,oao soo 
fREFOO~ CI'{CiUP ,\I[EGMILL!:~, P, Pil'tr 4 21 11 ].~ lo 14 UNDEltG!!O >100,000 500 
J D C <i.LtfiNt II ,l, nun: 0 6URP'AC! C11)0 0 
LVC~YSTRIK£ 4NN[ wiLHELM HTATE: PI UTE 4 )7 J! J.O ~ 24 UNOJ!:iiCiRO (100 50 
POTTS rFUCTIO'l BLACK 8[~.1' CONSO PlUTI!: 26 )6 s 4,0 ~ 24 l)NOUGRO 1,000 • HJo.ooo 200 
PROSP!:CTOA ll~lTH, .Pe:,; PI UTe: 4 2' s J,O '" H V"O!:RGi!O I,OOil • too,ooo 200 
Vf<;l Ct.U~! UHt:RLO' • Sl'lT!l PlUH; 0 UNO~tiGRO 100 . s.oao 100 
O•PGW PR PCP[R ~ I<!:CH.l"• v·"'• SALT l,.lH 0 MISC,•Pe <100 0 
A P'~ULT THER£ WA IWGki!:S C,J, II~ N J•JAN 0 IURI"ACE <100 0 
AS!: II I !ITliiH 'TilL El'tRGY S~N Ju•~ 0 UHOf:IICRO s,ooo • 100,000 lOO 
U!: I lN'tt:lllilT~L ti'IIGY """ JIJAo; 0 U~OUGRO 1,000 • 10(),00(1 lOO 
ACE: C:Lt:Orl SH\II•~o.t.:t' tu• JUl~ n l1 s 21,0 E 24 llNUEllG"O lOO • 1.ooo 0 
AJAX [lOS, n•uk SAN JU.l'i 0 S!JRf'~CL!: <100 5() 
A~fTH IIAVAJQ TRI8!: 3A~ JUJ' 0 Ut1D£RGRO CIOO 10() 
l'!K lTT..U•AI'H lUll JIJl~ 0 UHOL!:JlGRO 100 • t,ooo 1150 
AN II ATLAS l'!l>llPlL5 IIHl .JIJAOl II JO II 24,0 t H UNO[RGRO 1,000 • loo,ooo 500 
ASH lTLU HlNFPALS IIA'i JUAII 0 liNOt~GRO l,OQil • IOOtOOO 50 
AHI..liiC!it 1l LIRADCO 6JN JIJ.l~ 0 UN0£1!Cfl0 1,000 .. IOO.ooo no 
J.HI..A~Ckl!: 'i Uli~OCO llf,N JUl.~ 0 UNOtRCRO 1,000 .. 1oo,ono uo ., 
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INlCftVt U~A~lUM IUI<U l~ TMt UhlT!D ITJT!S PlG!: 55 
•oUIIC:ll I)Q[, GP.liiO vUNt~lO~, COLORADO 

lllht IIJ.>'E C:Ot:TIIOLLtP 11~'4t COUNTY II:C:. TO•NSKIP UtHa; 1'4[!110. IHIIUIG fOTU f>ROOUC'I'lON J)[llfli 
"tTHOD C'fONS U or OltOI179l <rt,l 

........ ~ .... ,. .. IJUh CCO~'f '0> ............. 
l! + I Wlll'tt C~W .. OII MOIG SJ.~ JIJA" 0 \l~OtRG~O loOOO • 10(1,01)0 1~0 

p VI:£ IU!.L !-!,~. S~N JLIA~ 0 UNO(!lG/lO CltlO 100 
UC.t.~DI CUTl.tP ULAS •.lliti!ALS Ull JU.Pl 29 s 28,0 l 74 UhDtR.GrtO )100,000 ~50 

8A11C£'!1 I<OLf" U~K~O•~ CO~TROL~ S~l< .. nr•" 0 5UIIf~Ct <100 0 

!l.lL,EY U~~How• CONTRDLR s .... JUJ'l 0 .SUIInCE «100 0 
&ASH• GP0 1!P 51'U"•~l BPOS,"G 61~ Ju•.l l )1 s 21,0 r H IJ"DI'RGIIO \,aoo • loo,ooo 10~ 

· ett UOI' IC !!fSOUPC ES SA~ JU~" 8 H s :t~.o , ,. UNO!;RGI<O 100 . 1,00<' !0 
Ut.L l'lt'E I'AfiLOI< • SI'TtOt< ~~~ .. JUA~ 8 n s 11,0 f: 24 UIIIO!:'IGilO 100 . 1.00~ 100 
1.\EHC\l 1,2,) • • HC00HA~0+PAtRS0M s~~ JU~<I 0 II~D!:"GIIO l,OOO • loo,ooo 200 
l!ET'I:l' GRC'UP ELK ~!PGt ~l•l,.G ~A~ Ju~.' 0 UIIO!:AGI\0 1,000 • 100,000 'a 50 
BIG ~[~ I ntCK, .5A"li!:L SA' J!,J)~ 0 su~<r•cE <\00 0 
!llG '!IL,UYf .S.+ R."i~E"S !IJ'' )Ull ' l1 s 2'5,0 • 2'1 sur<nc!: <100 0 

l!IG BD•[.. PITT"'\.\~, [!><It ~~~~ Jll,\' )t 27 s :n,o r ,. SU!lH.CE <tOO 0 
lllG ~l,JCI( Bllt.EY, .,lLL•CE hjj J•JA'I 0 U"O[ItG!!O I, ooo • lQO,OOO 0 

lllG suer I\ ULAS lltf'ltl'ALS Slit JU•~ 0 UHOEI'IGI'O 100 . 1,000 400 
tUG i>UC~ ' nu.s o(l!Jti1At.5 .Uit JU'"' II lC li ::lt,O ~ H UNDEIIGRO <100 0 

Ui: BUC~. 1.~•81 ATLAS "'l"£~1t.S Slt>. JUll 11 JO s 24,0 [ l' UIIOERGRO 1,000 • too.ooo 100 
SIC sue~ U{&~~J( ~TL~S ~H.rP.I.LS 5~· JUl., I) UHOEr!GfiO 1,01)0 - 100,000 100 
!IIC AVCil9,'4J.,I'l 1 ULAS "lHIULS u.~· JUt. II \1 lO s 24.0 r l4 U~DERGi\0 >lo~.noo ~O<l 

ltC Cll'!:Lil BllLt~, .,.J.LL.I.CI: U,!t J\)~- 0 SUi>F'J.CE CIOO Q 

I!IC I~r)HH UTAII CCLOIIAOO OF ~~~~ JUA1o (I liiiOtRGIIO CIOO 1!0 
etto "Ikf I L~~~EPT, JA~!.S ll S'" JUA" 0 :SUI'Ir ~CE: <lao 0 
BIC ~CJI•~rr OPTII'U•, ~lLLH" ~ .. ~~~ JUA"' () U•OEi><ii!O <101'! !iO 
1!1(; SAOUtE I ~1550\Jl'l B.PL .• co lU,tl JU~'I 0 5U!IF 'CE: <tOO Q 
UG THE JKH APQ5, SUI JUl~ a SURnCt ctoo 0 
!HI,!, ~ •lGiiT, BlLt. SJ" Jv~r~. 0 SURfACE <100 300 
81LLY JOt IHEELE 1\LAC'It flOCI URAN, ""'' JUA'i () SUI< FACt C\00 0 
III~'THOAl roan: orr~EPAL.S t!A~ Jll~ll 10 )1 5 2l,C I! ~· 

UNI)[IH;Ilo 1,000 • 11)0,01)0 0 
BLat¥ )CE.: 1 L'H'Ii• "'·"· Ht- JOJ" 0 li~I\ERGRC <tOt' 0 
IlL AI"~ AU!IO" !>>'lPROCK,LTD ,SJ,N JUl'l 19 l1 s 2!.,0 E ,. Ul'tlERGI!O 100 . t,ooo 0 
BLAC~ CHS l•liJ 'l•l• ELL, '<!:!..VI N l· !!liN JUA'I Q U~OI::RGJIO <tOO ~00 

BUCK >IJ.T GE:D•E~EP<;Y RE5 Sl~ JUA" 28 H .s :u,o E 24 UtoOERGIIO 1,000 • lllO,OOO :;roo 
IILlCK 0I1Df ~BC U:PLORUIO~ sa~< JUAN 0 UNO!:RGRO lOll . I, 00(1 :an 
llt.acK .... rn llli.Vli.JQ Ti<!II!T &aN JIJU. 0 UliOt~GRQ 1,0!'10 • uo.ooo 50 
~LACKSfC'ft. OU.,PS EltCAL!Bl'~ 1110, IHN JUA" 0 OU~PS 1,000 • 100,000 100 
81..0 .SH~I: l'IO•tLL,CtA\lO£ [ Sl~ JUJ'i 0 SURFACE <100 0 
IILrJCK 42 PLUHU I'~G,CC, IIJ" J'Jl" 0 UNO!.RGRO >C1QO 0 
'liLliE BHL I'H,l~. OJ.[~ :~au Ji)lt• 0 UhOERGIIO <I oo 0 
BLUE: 1\lPO HlPe!SO~,JA~£5 L SJ,tl Jill~ 0 UNOERC!10 C\00 0 
liL\ll 8100 UIIII:~OWN C0t.1.'~CLR 5)>1 J(J hi 0 ll>lD£RGRO 100 - 1,000 0 
I!ILUE I>Or.~n I'~ULE't + TJ.II>I£11 :H>I Jllh 0 SURf ACt <'100 Q 

BLIJE 8VTTt J I!IIKioOW~ CO>Tl'l0Lfl S)"' JtHH 0 liU!lfACE CIOCI 0 
Hili" CL.tl' Plt~E~S.CH~RLI!:S &Atl JilJ.• 0 U~<OtfiG~O t,OO!\ • too,ooo Q 

IILUE (ii)O~r BALSLt't + wPIG~T 6) ... JliA~ I!> '21 5 ll,O [ 24 UHOE~GRO 100 - t,ooo Q 

lll..Ut MILL JOHHSO~, t'Uit.ht 8J.N JUaN H 21 a 21,0 r 24 SURflCE c!OC 0 
I!LUE JAY IIALSLtl, H.·"· UN JUh H 21 5 :n.o t 24 U~OtP.C!\0 1,000 • 100,000 Q 
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lHO~f>~Nt'l['IT TUSI•C • OEA~ SAil JUliJ 0 SURHCE <100 ISO 
t .. ou~ ePEE'( PlRAOOX '4INING C SA'< JUAN 0 U~DEPGPO <100 50 
IloDIA• CPEE~ GFIP PA~~OOX MI~IIIG C liA~ JUA ·~ .. 10 )l s 22,0 !: 24 U~[J[HG!Icl 1. 00\l • IQO,O~o 0 
J.Ft.P. 16 /.~1001~ [XPL,ttiC IS All JUA'i 0 .5URI'lCI': <tOO 1~0 

JAC~ C~EHNY CUTLtR SA~ JUA'I 0 U~OfRGRO <100 50 
JAC~PQT t.Oiff STJR I<IIIG,CO SA~ JU~_, n UNOERGAO <10() 50 
JAC~POT IIP't<I!LEY + I; ARC 1A ~l~ JI)U 0 tJ~!Jt~GRO IUO • t.ooo 0 
JAC"S NAVAJO Til-!8!: SA~ Jill• 0 II~I!UGRO I oo • loOOO ]00 
J.r.COP.S (1</JIA lTO"IC E)I:TP.lCT,It S.l.h JIH'< 0 U~M~GAO <I CO 100 
Jl" OAI'OY POGUS, OlPI'IEL II A• JUl~ 0 SURt~CE <100 0 
JO.l~ loATKI~S,LY"A~ "• Uli JUl~ 0 SURfACE <!'lO 0 
JOAN WASK8UI'l11 1 ~.l!<K SAN JU~~ 28 'H s :16,0 , 24 1/~UfRGR() 1,000 - 100,000 0 
JOf 1\ISAt'lP RtOO, ELLIOTT Sl~ Jill' 0 UNDI:RCRO l,flOJ • 1/JO,OOO 200 
J0!-1!• CLAII<'S 5111/"o'l'( I" • B ~A~ JOA., 0 U~OE~GPO 100 • 1,000 1!0 
JOHt• D 2 CLOUS[ + FOSHR SAil Jill~ 0 S.URHCl. <100 100 
J'OHt-lllE IIHUM~AY 1\POS,I'G U'l JU.l" 0 UNOERGRO 1,ooo • 100,000 2,0 
oJQH!o•IE f<'U·E VlCU. I!POS S.lN JUAN 1l ll s 23,0 r. l4 UNOt:RGRO <1<10 0 
JOKER COrTONoOOD '!IIG, st.~ JIIAM 0 1/hO!:RGRO 100 • t.ooo 0 
JOKER I f<l[~f"~AL6 \lEST SAH JUAN 0 U~OE:PGRJ I ,QOO • 100,000 150 
JO~AC lol•l CEh'TUI'f 21 f<I~G Sl"' JUAh 0 II~OI:RGI'O I, 000 • too,ooo 100 
JUOr K.H CIIUG, EAilL M, SAN JIUN 0 SUPrlCt C100 0 
.l'UNCtiOH CROUP APPLESH, GLEN UN Jill~ l H s 2),0 [ 24 UN!I!:RGRO 1,000 • 100,000 0 
KitV U.tll, H.r:. '"~ JUAN ttl n s 21.0 t 24 6URHCE CIOO 0 
Kl~C 3 &tlll"-t MINING CO u~ JUU< ~ U~OERGRO <100 0 
UNG JH[5 Yl~GE URACCO U.ll JUl•l 0 Ut<O[ACPO I. 000 .. 100 1 000 200 
KITTY lii!UIIW,l'( 1\[HNtT'i &All JUAN 0 SUI<rACt <100 0 , 

J 
(J1 

1.0 



INA.C!IVF URaNIUM I'INES IW TKE U~ITED ITlTEI PAGE 60 
IOU11Cr:t oor, GJUND JUNCTlOH, COLORADO 

MINE llll'£ CD~TRDLLEJ'I NlM[ COUNTY S!:C, TOII!ISKIP UM<a: MtRlO, M1N111G TOTAL PROOUC'ttOH DEI'TK 
JCI:'t'KOD ('tONI U or Ol/0117'11) (FT,) 

••••••••••• \ITlK (CONT 1 0) • •••••••••• 
J;~OB ~£00, PPEstOor IAN JUl'> 0 UNOERGRO 100 . 1.000 no 
Ll LOMA 2 UlLtY, 11,0, &A !'I JUAN 0 ll!IOERGRO 100 • ,,ooo 100 
UST CMl~CI: 1 lTLJ.S UJ>.I..).lll14 co lAO! JUAN 11 28 5 :n.o p; 24 UNOERGRO too • ,,aao uo 
Lli!.T CHI"Cf 1 JLCO URA!oll1M llll,t; JUl~ )I n s 25,0 '[ 24 UMOERGRO 1,000 .. 100,000 ,,0 
UST (:'xA~CE: ) IIHUPO::, t>lOE SAil J\Jltl 0 UNO!:'tGRIJ <tOO uo 
L"VEtiN:~ ~ FAQST 1 lLFPEO Ill~ JIJ1.fl 0 .suR ncr <100 0 
Ltl.SE ll2b .suu: or VT.I.t~ lil'f JUlN 0 U!iDERGRO <100 100 
ltAS£ )QI9 .S'!'A'l'E Of' l.IU.H .SAN JIJA'I 0 IUPn.Ct <100 0 
J.EllGt F.I.LISOH "· sa~ J•JA,I 10 )1 s ~1,0 r H UNOEil.GRO 1,000 • lOO,OOO 0 
L!:HA 11> TUiliiF"II liP!'lS 1~'1 J1)).JI 0 UNDEIIGRO 100 .. J,ooo 0 
Ln~ 10 TUI\~EII BRt'S s~~ JUA~ 0 llNDtRGIIO <100 0 
LE~JI ~ I{£LLEY, JJ.Io£ S, UN JUl'i 0 U!IDERGi!O <100 0 
LEO J, J,• J,Ul'!AJ,lU¥ lA 'I JUI:. 0 llt<DE~GRO <100 150 
LIIIEPTY £RtlST, KJIII)LI) $~'1 JUlri H Jl .s 26,0 !: 2~ UIIOf:RGRD 100 • t,ooo uo 
LlNOI lWJ~II J.Tl.J.S 'IINERAL:! ,S,'I JIJA'i J\ JO ll 2(,0 ! 24 U"DtRGRO s,oou • soo,ooo ~0 
r..ITTI.E Olwd4 S'I'OCKS, DONALD 3).'1 JUl" 0 UNOtRGRO <100 0 
LITTLE l)tV1L B!hol.I!:S + Htf"!, I~ Sllf JUA"i 21 5 23,0 t H U!iOt:RCIIO <100 0 
t.lt!L.E lllH 1 Ll:'t<E bUTTr •NC, '""' JUAh 0 l.lliOEJ{GRO 100 • s.ooo $0 
LITtLE 001101.'"!'{ ~'I,NOWN CV~t~OLP Ill» JUAN 0 su~tn.ct <100 0 
LITTLt rA~~ I'ICHOL.!>, CUt. L, U>l JUA!o u 21 ' :n,o t 24 U!IDI:IIGRO <100 0 
LlTTL .. tr<DU~ lllTTOH r 1 ll~ JUAtl 0 IIUIIri.Ct <100 0 
LlTTLt: J~CK QUIGLEY, r~>lNP: &AH JUlN 0 UNDt:RGRO <100 100 
LITTL~' PEHP ~&S~A~RN, t..•'IK u~ JllA~ 0 UhOEII.GFIO 100 • ,,ooo uo 
Lt7.lPD Cl.tvt.l.l~O, J,G, SA~ JUA4 16 '2!1 ll 1) .o t ,. .$URrJ.Ct <100 0 
/,O(;~Jr ~HI(>IOW" Ct:'~'l'l'O.LP jiAij JU-·1 1 lt s :IS,J !': H S~llrtCE" <100 0 
LO~<E eurn: NOOI<Ah J!Al P~ SA~ JUAN 0 U~OERGP.O l, 000 • IOO,QOO uo 
LOJIE Pl~t: O'iEP, DELl! tilT BAN JUA'l 6 12 s l4,0 [ 24 SllRFI.ct <100 0 
LONt: SUR ent.n +l>flLSON SA~ JUAN 1 H .s 26,0 r: H llNDt11GRO 100 • ,,ooo 0 
LOll!' "'OLF ~l~o. •.o. SA~ JIJAN 0 6UIIHCI: <100 0 
IOfllSOn !> . " Stoco;ll, CLlYTON f,HI JU'"' 0 UlOOtRGRO lllO • 1,000 150 
LO"G HOLE IIU.!>r, GL£'1< SAil JUAf: 0 IJND£RGAO <100 0 
LOST er>Y+LOH lilt:' 8AII6tP Kl~I~G CO II A 'I JU~" 0 IJhDI!:RGKO l, 000 • 101),000 2!0 
LOST INDlU I DOotLL lo\NG,CO, su. JUAr.f 0 IIUitfAC.t •ClOO 0 
LOUl:V ULJ! lo!%1.rlllLS IIU JU.l~ 14 ]0 s 24,0 [ ,. UNDI!:RGRO >100,000 '50 
I..OY.l flAY CO!,ORAOO l'IPLG.+ U,N JIJA" 6 )l s ~•.o , 24 UtlD.tRGRO I DO • t.ooo 50 
LUCOO:"( llnY l CENTIJP\' 21 "NG, lA~ JUA.If H :u s 24,0 r 2t IIMDE:RCORO lOO • ltOOO 300 
LUCMY DU 2 AII~STRO~G GEII~AI< !U JUAN 0 611/lrlCE <100 0 
LUCWY I..~OY COlTOii•OOD 'lhG, Utl JUA~ 0 'UI'IOtRG~O 1,000 • 100,000 uo 
LUC~Y .STPIKt 5HU~waY IIA'l' + Pt II'N .:JUAH 0 I.JNDtRGRO t,ooo • 100,000 0 
LUCJ('t .S1PVE GOfORTH, GAY l.l~ JUl/1 0 U~O[IlGRO 100 • lrOOO 100 
LUCI<.T 5TPtllt l • C.li!OT CORP, lllN JUAN 0 IJ"OERGiiO <100 0 
tuo:r :HPrKE :1 CA!TEP, t..UT!R SAN JU~N 0 IIURFlCt <10(1 1'50 
LIJ[,U I U~~NIL1 >' CORPORA'!" ........ JUA'I 0 llNDtRGPO <100 too 
1'18L't DE£' LISBON Ull~h, Ct'lll hH JUA~ 0 UNDERGI\0 too - 1, 000 <&50 
~ACKtJ;t lltJtCT!I lo!lRCr SKtNANOO.lM UN JUAN 0 MlSC,•Pil <tOO 0 
Ml"'l£ ATLU 'llN[~J.I.& IAN JUlN ]'/ 29 s ll4 ,o E H U!IDERCRC )100,000 uo 
WAPC'I' GC01JI' tllt!HiY runs NUC SAN JUUI 0 llHDtiiCRO lo 000 • too,ooo :zoo 
.. ~•tot~ UIIKNI)"" UN JU~N I) l11<D£RGFIO too • 1. 000 uo 

.,., 
I 
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IIIACTIVE URANIUM MtNU lN THE UHITEO IT•TEI PACE 61 
IIOURC:CI ocr:, GI!U'CJ JUNCtiON, COLORADQ 

lUilE Nll'£ COhTRO!.t.tR NAME COUflT1 I'CC, TOWNSHIP UNGt IIERIO, IIINJIIC TOTAL PIIOOUCtlON DEPT II 
lltTHOO (TONS AS or OtiOI/Hl (rT,> 

••••••••••• U'Cl.H (CONT 1 D) • •••••••••• 
I'll'¥" J~l E ISH(T!i,PICHAIIO r, S.lN JU~~ 0 .SUFI FACE <lOG 0 
WAX I /IE HARBISOH,JAH~S L ,UN JUAN c U"'OERG!lO lOO • l ,ooo 0 

MAXINE 2 t!UP.II WtiT£1111 \Ill li,lN Jl!A.'I 0 UNOERCRO <11)0 lao 
lo.Ul!iE ) TPAIIS WEIITtllN Ull lilN JUU 0 UNOE~GIIO ClOG soo 
"'AYI!E -I'll: IIElLSOtl, MILto'ft Ut< JUl.~ () UNOERGIIO l '00\l' • lOO,I)OO IDO 
I'[SJ. GOOO EARTM ~!.G, IU~ ,JIJA"' 0 1\JRHCt <iOO 0 
IIExtCAtl HAt noc IIAV .lJO Til II!E UN JUH 0 KISC,•PB 100 • t.ooo 100 
Mt C011l.1.0" ~TLAS lllhi:RALI S~fl Jtrl~ 0 UIID£RGRO I ,1;100 • 100.000 750 
MID VAL! SHUIIWAh oarn: SAil Jfll'l :u ll s 24,0 E H UNOI'.:RGIIO 1.ooo • lOQ,OOO 0 
MILL A • J 'IIWJ~(i UN JUl~ 1 l1 s 24,0 r: H UNDtRCRO \00 - 1,ooo 0 
l'lNEI<JL 10 SHU,.ii'lX + WI!:6TWO SlN Jill~ 0 UHOERGJ<O <100 0 
XIRAOOA•!IDP~'{ TO ELAI" J,O, lUll JtJ-~ 0 Ut.OERGIIO 100 • 1,"11)0 200 
lollTTtN I N.\VAJO TRIBE SAl< JUl~ 26 ., s 15,0 r 24 SU!<rAC£ 1,000 • lOO,•>OO !10 
KOE I BUKt 1 OO~ALO v. SAil JU)N 0 U~OERCRO 100 • 1,ouo so 
MOKI l MOIII MNC CO u~ JUA'i ll 11 a '21,0 E 24 tlNOtP.CRO 1,000 • 100,000 0 
I'OI.LtE,UT,ST, Sf> liTAtr; OF UUiol au JOA:> 0 UNOERG,.O <100 flO 
MOif'te:ttJ~l IIUCK THlH'OtP Ill lUI< JIJ.\Il l5 u s 24,0 r H U~O!:RGRO 10(1 • l,ilOO 250 
IIONTtzU~l 1 !lLJ,C K THUNOEI! 01 SAil J•JAN 0 UliDt:RGRO 100 • loOOO :1150 
1140NU,.!:II! J IW'tt 1 H,D, u~ JUA~ 26 )6 .s 25,0 [ )6 6UJIT.-Cr <100 0 
MOO"LIGHT 1•l+l U:CU!\lTY III<A+OI!. Ull Jill .. 0 IIUJ<P'ACI!: <100 0 
lllP UIIPr:Lt• + IILACK 5Ato JUl~ 0 UPIDE:RGIIO s,ooo • 100,000 550 
ll[o lL POG£"~11 K,t,+ G,llllG,CO, SUI JUl'l t l7 5 21,0 t 24 6UIIrto.CE <100 uo 
WtPPLES TOIIRI!:S, OAVIO '"" JUAN u lt s 25,0 t 24 IJNOtRG!\0 100 • 1,000 150 
hONE SUCK-fiiG LE fOOT[ 14!NEI'lLS .Uti JUA~ 21 ll s 24,0 It 24 UIID!:RGRO, l,OOQ • too,ooo ~0 

IIOI'ITH l'ltSA MIC::HOL•l.l'll~+IIP IIlii JUU• 0 UffOE:RGRO ' <t<la 0 
MOI'ITM POJ•T • ~HUt: Cl~YO~ lo!NG ll.lll JUl~ 0 UNDERGRO 100 • [,000 100 
IIOPTH Pt,-COII[l• YUU OtvELOP,CO, lh JU'~ l5 IS 15 ,o [ 'H UNOtRGIIO L,OOO • lOO,OOO 50 
010£ A.+' ~~~ING CO Uli JUAH 0 UHD[RCP.O l,OOO • 100,000 150 
OLD PO,.[IEI! Hf:L~.\11, ~ATT+DA SUI J\ll~ 2 22 s :u.o [ 24 SURfACE <100 100 
P.lGOOA EAST RUlU OlL + ll>l JUl~ 0 UHoERGFlO <tOO 50 
PUOl HURST, BOP. SA~ JUAII 0 UNOtRGRO 100 • 1,000 100 
PlSCO,~EN,J~c~lE I.TI..AS l!lH[JU!,.S 5AII JU.IIIII n i9 6 %4,0 !: H UIIOERGRO l>IOO,OOO 6!10 
PAY DAY O!IICLEY, FRA!ll': Uti JUh 0 U!IOERCRO <100 0 
PlY orr WtoTWOOO + ll!ltH UN JUAN , u 5 :n.o 1!: 24 UI<Di:RCRO too • 1,000 0 
PlYOlY•CLOUOy OA tNEPCY rutt.S IIUC IAH JUJIII H )6 5 24,0 t: 24 llNOERCRO 1,01)0 • 100,000 0 
PI:JCW A t IIICH£Y, J.,El UH JIJA" 0 UNOEIICIIO tOO • t.ooo uo 
PURL U'LAS MJNUlLS Uh JUAN l4 )0 I 24,0 r: :H U~DERC!lO l>100,000 550 
PUVI"f OU£EN HIIMEIILE, l!OIIlRD IIJt1 JUAN 7 )6 s :n,o t 24 UNOERGRO <100 2!10 
PEGGY SHUPE, Wt.Dt &UI JU.lH 21 28 a 26,0 t 24 IURP'.lCZ: <100 0 
Pnt GPOUP CJHYONLA~DS URAV UN JUAN 0 UliDERCRO s,ooo • 100,000 100 
PET£111.,0 IIIIU'IWlY Pr.Tr 81'1 JU"M 0 Ur<OERGRO 100 • 1,000 0 
l'lltLLIP DEE l NAVAJO TR18t Ull. Jlll'- 0 ll11D£RCRO 100 - f,I)OO 51) 
PlCI\ll..O PEn: IILtU UPANlUII CO U>l JUAN 0 1\/RH.Cl: <lOO lOO 
PlCiot't UI:A>IS + :tUTROI< SAil JUl~ H 21 s 26,0 E H UNDt!IGRO lOO • 1,000 JOO 
PlNCll UN~NO"H CO~!ROLTI l.t.N JUJI.N 0 IURHCt <100 0 
PillE TRt£ PUt IHU!<~A'I' IAN JUlh 21 21 I n.o r :14 IJNDERGRO <100 0 
PlUTt COil SOL I OUtD UIU Slll JU•II 0 :SUIIrACt <100 0 
POI~T roon Mlt.tli.J.L:S IAN JUAN ' n a 21,0 [ H UMllERC~O <100 100 ., 

I 
0\ 
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lNACTfVt UPA~[UM Mllll!:!l I~ T~E UNlTEC STlTI& PACl 62 
SOU~CE1 oar, Gil AND ~U~CTION• COLO~ADO 

MIN f. NJ,Joo!: COIITROLL!:P HAME cou-.rv StC, TO•~SHtP UNCI HtiHD, MIIIIl~C TOTAL PROOUCTirl!< Pi:I'TH 
I'IUHOO (1'0115 u or 01101119) [rt,l 

............ ut.,., CCO"T'Ol • •••••••••• 
POI'lt 'I'U&A D'.VtLOP,CO, .U'i JUA'I )6 s l6,0 E H SUHACt CIOO 50 
POPEY!: JA~A'IJLLO, TKOS, li.\N JUU 4 u 5 :n,o !" H IIURrAC:t <100 0 
POilCUPl"'E IIAR&I~O~,J.~t5 L :UH JUH 7 21 s 2),0 l 24 UNOf:R.GRO (100 0 
POPCIIP!"£ CI!ATU U~AN,MNC, $~'1 JUlW 0 SURFAC:[ <100 200 
PI!ICF•LUC .. SLAGTtR FXPLORAT s•'~ JUU• 0 U~DEIIGRO <100 100 
PPINCE ALHPt S1LV€P EAGLt ~~G nr. JUJ~ 16 21 5 n.o [ H U~Dtli!ii<O 100 - ,, 00() 0 
PRCIOUCTIO'l SKYLA~O DEVtL,CO SAl' JUA~ 0 Ut;[l[R!iflO 100 - 1, 000 0 
PPOr IT CI'COP ATL~S·A"'X A A 'I JOAN ]I) ll s 2~,0 F 24 U~DERG~O 1, 000 • loo,ooo 150 
PURE LUCK EDGlR tXPLORATIO SA'! JUl~ l5 J6 s 2~.0 t 'H UNOERGAO 100 • I, ooo 150 
R,So~.H. OECURS£, JACI< U\1 JUl" 0 SU~fACt <100 0 
p,o.~tTaJ.'l APU fXPLOPl'riOt. a•• JUAOII 0 UfiO[IlGPO <100 lOll 
RADON HolT PQC:~ G UL~ S "l •FPALS SlN JUA!> 2'1 29 s 24,0 r ,. UNOERGRO >IOOoOOO 700 
PAl~BO" S~lTit, ". 1. u~ JU.l" 0 U~OERGRO 100 - 1,000 () 

RlM 1 C:I"~OU UPJ.OilU! U'l JI!M< 0 UNOEIICJI.O 100 - loOOO 0 
Pl!l GROUP LYL!: I'ROS Sl~ JUA'l 0 SURfACE <100 0 
RA'! J['t ~tsTEPI' l'II<ER.lL6 lUI< JUU. 0 U~Cti<C~O <100 soo 
I<ATTLf.S'' lO![ .. IJ ATLAS 'HioEP.\L5 Ut. JUl~ 0 U"DE<~GIIO IOO • 1,ooo 150 
IIHTLUN~•E: PlT .. noo"O"T l'•C: !lA!> JUA"' 12 29 s :n. o [ H. II~Dt.tCi<O >100,000 200 
R.\V[~ I RADIO GEOP~ISICA 51'"1 JIH" 0 IIURI"ACE C\00 ~0 
liti'EL P J 'IOO!>lN II A., JUAN 0 UloOtRCIIO \,000 ~ IQO,QOO 100 
PECLA["El' O~E liLI.CK, etc u. IUH JUA' 0 Ml5C,•PB <100 0 
REO J!.I)J( • RtD NO ERN:Sf • l)tL!.oO'I su. JUAN 0 U>IDti<GRO <100 250 
11!.0 CA<~YO•J l P£0 Cl'IYO~ "I~E~ IU'I ,IUA.N 0 U~UI!:i<GRO <100 100 
l'tO DEVIL 1 • OUA!IAI',JA~I'ER N, U'< JUll 0 SUIIT.t.Ct <100 0 
PED I<OT l•H lLTU~A ~I~I~r. CO U.ll JIJl'l 0 UIIO£RC!l0 iC.O • ,, 000 so 
litO "'OTf.L U~~~~•M C~NTPOLR 6~'1 JUl'~ a SURP'A.CE <100 0 
l't:D PATCH 5!HJ'4oiiY• OAnr .Slfl ,TIJ.l" 9 H 5 25,0 [ 24 U~DERGIIO <100 ~0 
PI:D ROC II' t<AVAJO fP7~E 5Ah Jill~ 0 UloDUlCRO <100 ISO 
PEO POCK r.P!lUP DE•TO!• t,J, UN ,IUlN 0 UNOUGRO I, 000 • 100,0~0 JOO 
Rt.OL-~DS G~OUP "'UPPJ-!Y, VIC TOP SA'~ JUAN n SURr.t.CE <IOC 0 
RtllECAUt Ptrr~tso~, rRlNI( 5.11." JU.II.~ 14 ,), s 21.~ r H UND!:RGi\0 100 • 1.0~0 0 
lltNECi.II.Or I'VnH HILL UP.l SA~ JUlN 14 :n s 2J,O [ 24 UNOERGRO • <1~0 0 
l!fPRIS!: UL•S KINFII.lU SAN JU.lN ) )0 s :14,0 r: 'H 1/NOERGI\0 lo 000 • 100,000 900 
!lEX CROUPCtOR , GIU~T !IIWIOIIA'i .U>~ JUJ~ 0 UhO!:RGRO lo 000 • 100,000 100 
R!:YhOLO! I I'[YNOLO!I,f'OFACE SA• JU'H 0 &III<HCt <1~0 tOO 
ll!CHH~OSO>. ~Of'EST.II.~E ~NG CO !lA~ JU.II.~ 79 n 5 24,0 [ 24 IIHD£~G~O )10(1,000 :100 
RIOCE 1 !THPSOt.I,~OOORO\o. u~ JU.l~ " l7 s :u,o [ 24 UtlD!:RGKO loOOO • 1oo.~oo 0 
II.I~< POC~ ~.l&5EL UA.II,t'ITE u~ JUlll 0 Ul-Ot~GRO <100 200 
ROAN C~HI( CONSOLIDATED 111!.\ SA~ JUl'i 0 UNOEI'!C~O <100 0 
IIOfii" tUiltl[lt, P'lt£0 .... ~ JUl"' l6 27 s 22,0 r 24 5URfAC!: <100 0 
ROC: II I + 2 BUI>I!I!IOGE:, DEL ,.,. JUUI l4 u s :14,0 [ H UNQEII<iRO lo 000 • IOOoOOO 0 
IIOC:IC [}I')IJR I NAVAJO TRliiiP: lAW JUA~ 0 UNOI:I'!GRO <100 ~0 
POTTE!I LOG UhlltiOW" CO~TROLP ISAH JUAfl 0 SURF~Ct. <100 0 
110'01. rLUS~ llll!li'4"JI.Y 6POS,illG Ut< JUAII 0 lli'ID!:i!GIIO 1 t 000 - 100,000 100 
I'UIIY 111-tUPr:, WlClt Ill< JIJlt,l 0 Slll!rACf: <100 100 
RUSTY 4 TURt.tR URAH CORP SAil JUAN' 0 :IURFI.C!: <100 0 
RUSTY CJN '5 loRlCHT, L,ll, .UI! JUllof 26 l6 a 2~.o [ 24 UNutRGRO <100 2~0 
RU!IT~·LITTLf !olAf. GI:~ERJI.L ELrCT~ lC Ut. Ju.ur 0 UNOf.RGFIO a,ooo ~ loo,ooo ,,0 

.., 
I 

0'1 
N 



INlCTlVE Ull.l!IIUM MIIIU t~ THE UNITED aTAT£1 U.GE u 
-•ou~ctr oct, GPAIID JUNCTION, COLORADO 

KIN£ ""'~t COII'I'~OLt.ER NAME COIINT't SEC, lOjilli!HIP !lANGE ME!IID, MliHIIC TOtAL I'RODIICTION DI.:PTII 
1!£11100 (TOI<S U or ottOll19l err., 

............ UtAH (COliT'D) ............ 
SAOOLE WKITt Cl~TON NtlG au ,JIJJ)i 0 !IIIO!:RGRCI 100 » 1r000 uo 
UDOLE•.SCEitlC 'lUU nEVELOP ,co, UN ,JUl'4 0 UNOtRGl'IO 1QO • I ,ooo lOO 
ULT CtOJR SIRBtR ~lNlNG CO IIlii JUh H 29 .s 20,0 t 24 UND!:PGRO 100 • l, ooo 0 
IULT C:Ft£'1:1( 2 JQII[S BRO.S,J<NG, IA!i Jill~ 0 IIUPrAC:t o(\00 100 
IP,,. JUA•· 4 LIIIO.t.. GIY 1-''iG, Slh JIH"l 0 SIIRrACI!; CIOO 100 
u,,: JIJA•: SIIH"'I: RANCHERS rXP1-+0 U" JI.JA.H H .. , .5 :14,0 ,. :H II"D£RGRO I,OO·l • 100,000 250 
Sll.IH' KIIAPP URAh,DEVEL f>A~ JUit.!< )) )9 I 21,0-[ 24 UNI:l£RGRO o(lOO !10 
sc,sEC,L6,l7S•<l nur: or untr UN JUUI 16 27 s :u,o t 24 U"D'E"GRO "uo 0 
sct .. Ic Jl'll IIUTT SlN JlJil'l 0 III'<O[RGRO !,000 - 1(1(1,000 200 
IICH &tC 2 lltATI: OF UTHI UN JI)~H 0 81JIIrlCt 100 • •• 000 !10 
SCii .S!:C • J& sur~: or l'fAI! :lA~ JIJAt/ 0 SUI!HCI: <100 0 
SCH SlC: )6 1 STU!: or IJTUI S.&.N JU~N 0 U~OERGRO <100 0 
SC:H, :n:c. 16 Ll~B~PT +PALSLEY IIAk Jill~ 0 IUR?'AC£ o( 1 DO 0 
ICH, Stt", J1 liTAtF.: OF I.'Uif UN ,JUH 0 ll/JRt4C£ <lOO 0 
IICH, UC, H SflT't or \ITAf! Sl~ JUAtl l2 n .s n,o t 24 IURFACI!: 100 • t,ono 0 
5CH,S~r.tb•19S·2 lllLSLF'I'r TOM 11!1 .lUlH 16 28 l! 2],0 [ 24 UNOI';RCRO lOG • t.ooo 100 
.SCH,SEC,I6•)0~.l iJI" AUT'!' Sl~ JUA..: 0 UNOEIHiRO t,ooo • aoo.ooo 100 
SCH,S[C,J6,)05•1 tPIOEhT Hit.j CO u~ JUlN )6 )0 s H,O t H UNDERGRO 1,0~0 • 100 0 000 150 
IICII,.SCC,H, US•I STUE or 1./TlH SAN JUHI )6 u s J4,0 E ,. LIIIOI:RGRO t,ooo - too,ooo 100 
!-C:H..,IT% FOLLY UOCr;R UFi~N ,COI'I¥ SJt.j JUAII 0 IURr ACt otlOO $0 
ICilOOL u:cT I ON lMER I CAll UP~" !:I' UN .Ju~~ 0 UIIOI:~C!IO <100 1!0 
I!.[B • .STPOOI., FFACOSO~ ~V,? CT SAN .:fiJI. I< 0 IJIID(RGPO 100 • !, 000 0 
SEC,JII.2-~•14£ u \l~lOll C:ArHHOt SAr. JUl~ n 21 I 2~.0 e: 14 UHK~O"'rl •• 000 • 100,000 450 
SEC,h,l!S•HE ll'lPI<!~S, F!l SA'l JUl~ Jf. 11 s 24,0 F 14 UNOERCRO l,OOO • too.ooo uo 
!i&LDO.., DELAY SHU"~ll SA" JUl'< 0 UNOl!:RCRO 100 • 1,000 0 
UP VICE LYEN,POLLOCK+KV~ SA!, JUJ.~ 0 SuRrtCE <100 0 
$t;f1VICC BtRFIY Lrt.t f'"I'AIIC'l/l I!AY JUA~ u JO !I 2!,0 [ H UND[RCRO 100 • l, OOD 0 
S!U,LE &IIU"~JY !!I,.POS,"G u~ .JUA'I ) ), s 2l,(l E H U~O[RCRO It 001) • too,ooo 100 
SHILl: I!~OC~ I • roon: rllllfRAL.S IH~ .:SUA~ 0 UNO[R(iliO \00 • I, ooo tOO 
Sl!lN( SIHJ""lY 61>0.5, MG llll): JU.lN 0 !INOf.~(.f!O 100 • a,ooo 0 
SIIII<LtY 1 CMAlG ~tkt~G CO, u ... JU,I." 0 UIIO!:~CRO <100 0 
&JIIPHtC'A l SIIUH"'A't 8IIOS,'4G IU>I JIIH 0 UIIOERGRO t,OOQ • li)Q,OOO 0 
U~ llhAS'P!:R NOLA~!', fRAIIK '""' JUAN 0 UNO!RG~O o(100 :uo 
SI([[Ttl' STOCKih JO~!I ,Uio JU'-11 0 UNDERGRO <100 0 
SJO:tP 8lSIIOP 9 OlV!S u~ JUAOI 0 .SURl"ACt <~QO 0 
SKUHI!:OY!C~ 1 lTt.J..S Mlhf"iH.L.S !IAN JUi~ tt ]0 $ 24,0 F 24 U!IUERGRO J,OOO w too,ooo '!>50 
.6~tl'il(0'<ICH 2 ATLAS '4lN[Jii.I.LlS SAN JUAH 14 )Q IS 24,0 t 24 U!IOI:RGRO 1,000 - 100,000 uo 
IHLI~E NAVAJO TRI!It 111.11 JUl'l 2'f u I u. 0 t: ,. U!IOERGRO ltOOO • too.~oo 200 
ILIDt &HIJ!<Iol.lY H • L 1141" ,JIJ)!I 0 UNOtRGRO <100 0 
Bl.lOE-BlG Till>[[ CHtU !llDGt >!NG I All JIJA/l ' 

,,. s 2t, 0 r 24 UKili!:RGRO <100 101) 
:!LU" ltOfftU:tJ".l UIU'I, !Hll Jlali 211 )$ 5 24,0 E u UNOEilGRO <IOC uo 
&1'\lLL fp~ ~ + ~ RHCt!EPS UPL+O Ill!< JIHN )!I 29 I 24,0 t H IJ~DtAGRO I, 000 • 10(1,000 ~00 
&OLOI!U: t•l'l. TlT~lN+GILLESP!t &l" JU.lr. 0 :.uRnct: cuo soo 
80\lTtl ALIC:t HO~tlSTl~t HNG CO UN JIJAII )) )9 II 24,0 E 24 UIIPEPGPO 1,000 • 100,000 lOO 
40UTH .lLMAJil O~OU lTLU MJII[IIlLS IIAh .IUlN 28 29 a 24,0 [ H UllOERGRO )100.000 150 
lOUTH NOTCI! IIERII!TEtii+CU•Tt Uh JUAN 0 UIIOt:AGRO 1,000 • uo. 000 ISO 
&OUTII UOP£ BtHTLU, JI'I ll~ JUl!l ll l I a :u,o E H IUA1'-CE <100 0 
aourH wt~D t D~KOTA ~~~IHG CO hi< .JfJ~Ii 0 UliOti!GRO <10(.1 0 
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llllCTJVE VRl"lUII MllltS IN THE UNITED Stltt& PlGt: 64 
IDIJRCEI DOt, CJl~D JU~CTIOK, COLO~IDO 

' PllOOIJCTlON lllNE N.Vt CO~TIIOLl..tP II A liE COUIITT uc. TOWN.SIIJP ltt.liCt Mtll.LD, MlloiNG TOTAL DEPTH 
MUKOO (TON6 U or Olt011791 crr.l 

••••••••••• OTlrl (CO"-T'Ol ••••••••••• 
6POO~•DI:t esc ~o~tNIII.G co. IUN ,Jl,l~ 0 UNO£liGRO 1,000 • 100.000 )00 
SP.R!'lG Cl't:fK roort ~<Hif'PI.L6 u~ JtJII• J )7 ' 21,0 r 2' UIIDUGRO 1,000 • too,ooo 50 

l'tP~lNG W l Tl:lt <iRO .S~UI'oA'f a!'OS,>~r.; u.lj JUA'l ) ]7 5 21,0 t 2' tiN0£1tG!IO s,ooo - 100,000 uo 
lUlL HlO STAT& or UTAH tl~" JUAI< 0 l!iUIIHCE C100 0 
.S'I',LS£, !Ul UTA :lUTE or UTAH 1Ut1 JUl~ 0 UloiH.RCRO <100 uo 
IITAAt..IGI'T II~UP[, JKf W, SAN JUAN 0 SUIInCE <CIOO 0 

i .STlTt t.If.lt NElt.SON, I'JLTO" SAN JUA't 26 )I s 2•.o [ 24 UlltftRGRO CIOu 0 
\ IITl~KO ltt.•s '(INfPALS IIU JUAN 3 30 s 2(,0 ! H UliOE:RGill.) >1oo,ooo 6!10 

II!ON[ LOG &lSHA\;, rPro L. Ill~ JU., 0 UNOtRGRO <100 50 
llllNDH 4 IUTllMU pnwE~& C S.lll JUA•, 0 SUIIP'AC::!: C100 $0 

SUNOQ"N STI:~lRT, ~U.LI!:Y SA'' JUl'i H :n 5 :u,o [ 24 U'iOUCAO <tOO 0 
IIU'~DO .. Io t.lYlJO TPlPE ~~·~ JUI'I 0 ISVRrACt <100 200 
SUtl"Y Dl't eLA~£. DO"AI,!) V, SA PI JUA~ 6 H ! 2~,0 [ 24 5UIInC~ ClOG 0 
IIU'i~'!'S IDE IULSt.n, tr:,w. SAl< Jl),l' H 21 5 2 ),0 r 24 UNOERGIIO 100 • lrOOG 0 
&UII.Hyi!IDI!: io0001(01iT H•C, &/1.'1 JU.t.OI II ]t .s 24,0 r 24 UNDI!:RCIIO 1,000 • 100,000 )00 
IUNW ISE .t.TL1S MI?II!:JI-(,15 II•" JUU• 0 VNDtRGRO 1,000 • 100,000 so 
!!Utlllts£ STE•ur, "ULtr SU• JUAII 14 21 s 2J,o E ~· 

SUIIHCI!: <tOO 0 

SUNS['t lltCI" J, MI'PI>H¥ SAh JU.l~ )0 )I 5 2,,0 r 24 UIIOI!:RGitO 1,000 • lOO,OOC 50 
&U'16Hl~!: l'fA.JC•&!.I.,.Wl'Z..Vl~ j, llA!v JUA' " lS s :u. 0 r ,.. UHOtRCRO 1,000 - 100.000 0 
&URPPIII!: au:.-o, Cl'lRLI!: U!o JIJlll 0 .SU~HCE <100 0 

TAYLOR P[[D 1>2 l'llVAJO TIIIi!!: IIAW Julio 15 u a ,.,0 [ 24 lJNO!:RGRO s,ooo • lOQ,OOO 200 
Tl!: OUJP;RO t.lRRy SWUI<W~y ,UN JUlN 0 II~OERG~O loOOO • too,ooo 0 
T!PGJAl tEPGliH I"C .5~'1 JUh 0 SURr.cr; <tOO ~0 

TUSUQ ~00Nll< P J ,..,.. JUH 0 UNOERCRO <100 2!10 

TOP JOH~SO~, DH£ tiM< JUAP' Jl ~7 ll 21.0 f H liUAP'ACE <JOO 0 

TRtlliURE ti!OV<: lSlMUS, C,C, Ill~ JUl" 0 IIU>!rAC:!: <tOO 0 

TPE!. BLFU, CI'APLES Ull JUAN 0 UIIO!RGPO 100 • s,ooo 100 
UHIT 1 L!:WlS, lol,[ SlM JUl~ 0 &UI!FlCI!: <100 150 
UHP:'l0'"' -o~l uPA~.sr.:oxc sa• JUAfl 0 UtiOEo!.GRO <100 50 
UR!t.COP l•l or~To• r,J, u~· Jl!•/1 0 UNO!:IIGIIO 1,000 • !Oil,OOO 150 
URI<O.IU" J'IHC. IJUTI<i:PLl"D _. ~ Ill~ JUA~ 6 H.s u.o r 24 lli'IOER(i'RC s,ooo • too,aoo .roo 
UTU! ,U,Lst: 2291 STlTt Of UTAH UN JUA!I 0 6URHC€ <100 100 
UT.O.H ST,LSf, 2H ll!!l!k•A'!• ClOt IIlii JUil'l 0 6UI\HCE <I DO HO 
UT~H IIT.LS[, SJO STU!: Of U'U~ Ill!< JU.lll 0 U~DEilCI\0 (100 0 
UUH ST.LH,17h UOtiiSOIO !~US, [lP l!At ..JUUI 0 1/Nvi'.:RGRO 1.000 • too,ooo uo 
UU"' ST.L3f,'2lH CDShNll t JnS[Pil SAil JUA" 0 UNOI!:RGP.O leO • s.ooo uo 
YlL Vll!Tl I Co~rtoE~AT£0 ~LT II .lUI ,JUAII 0 U~p!!:RGIIO <100 ~~~ 

VALI.rY PO!l<T TIIOIIPSO~, NOfL Ur< J\l.t.'l 0 IIURP'A.Ct <100 0 
vu.t..n vxE~ UOI'IC Rt!IOUI\C1!:5 UN JU.t.N 11 31 IS 24,0 r 24 UNOtiiGIIO <tOO 0 
Vit.!l.t.OlUM QUE!:N 1\RUNKt, .,,ll, IUN JUAN 0 IJNPI!:RGRO 100 • s,ooo 0 
VlRIOUS W,C,T,ti<GHE£111" UN JUAH 0 UhDt~CI!O t.ooo • IOO,OOC. 0 

VUIOUS U!IA~tV~ PROCE6SF 5-" JU~I< 0 .51JIIfACC <100 0 

VtDURt PAIU!<!OlliiT UltAH ,C !U< JUAN H l~ & 25,0 [ 24 UIIOtRGRO IDO . s.ooo 2~0 
VEI:.OfAS VEI.!)t':R5, .:JO\lo lUI' JU)I( 0 UIIOlRG~O <CI 00 0 
nLYU FOOTE I'JiltRA.LI! UH JUAII 19 )I 5 25,0 [ 24 UHOtRCI'IO s,ooo • 100,01)0 0 

VICTOR I(URPKY, OttO UN JUA!f 0 SURr.t.CE CJOO 0 
Ylhl roan ~<ZNtll.t.t.s "'"" Jl1~ll 0 UMOEiiGRO CIQ(I so 
VIr\1 NORTH IIOUtMlPN C:ROU u SAil Jl1 ~N 0 U~OtR<iRO <100 200 , 
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~~ACTIVE URAhlU~ 1'\INU 1M THE UNITED ITlttl PAGE 65 
IIOIJIIClf DO!, GPAIID JUHCTIDW, CO~ORlOO 

Mlllf nvt: CO/JtllOLtr.~ NAME COIJ~H ftc, TOWHSIHP PAN(;[ Ktii.ID, MINING TOTAL PIIOOU(UON O!PTK 
lltTIIOD (TONS U or Ot/01179) lrT,) 

••••••••••• UP I< (CON!'O) ••••••••••• 

vuro~ PLATV.l.. 1'/'IG ,CO, lUN .)UII'J 0 U!IDEI'I.GRO 100 . LrOOO 100 
w,J.1 Coi.S'tOil + ISTtwJ.flt !">AI' Jl:AM 0 UNOEPGRO tOO • ltOOt' 200 
w.N. 111.9.1. P!I'U.OP,CO, ,U!< .. w•~ 21 l s t.' t 24 U!<O!:PGPO s.ooo • 1oo,ooo 150 
lllRA~ 1!111[ I'ILP .. J ~OONll.~ Sl~ Jllll'l 0 U~OE~GRO t,ooo • too,ooo 100 

- "'.lTfRl.Or WJLtY '1fJoJIIG C:f', SA~ JL.I" H> H ' )I, 0 E ~4 SUIIP.CF. <lOCI 0 
WATERLO~•STtPL•O OU~CU. WHTER Jll SU• Jll.t.!+ $ 0 r H UNOERGRO <100 2!'.0 
WEST P.H Drl D~-'H:L P,l', U>; JIJl'" )6 24 1$ 19,0 [ l4 UNDERGo!IO 100 • t.ooo 250 
WH!:fLtR OSULL IV l~•Tio!l ~ P:E: 6~" JO.l'l 0 .SURf lC!: <IOO 2~0 

~HlJll,liJI>D HAVAJD 1Rl!U: ""~ JIIAfl 0 U~D[/UillO t.ooo • too,ooo 1!>0 
lil\lTE C:~~YO~ STk rOOT£ Wl.hl'~H& SA" ,JUl'\ Q UHOERG~tO CIOO 0 
UHIT£ ~CAS[ G~~~~ SA~~y, PO~E:~T ~. &U· JUII'I II 16 :1 2~.o E ,, UIIOERGRO <tOO 0 
'oll.i.Ir Ull!(!o.0\1~ C:C'~Ut'IL~ ISl" JUll I) SUIIP.CE: JCIOu 0 
WIND IILOio·l :a~ "'l\OUEL >II~E~ SA~ ,)IJJ'i Q .5URflCt <100 Q 

ioiNOf.t.LL 21 kTLAS•rMTE !U~< Jt.l'l t) U!i!l[iHlRO ,, 000 • too,ooo 100 
WOF.:LT!:II LY>!J!>, 801! lU~ JU&" 0 SUIII'ACE <tOO 0 
WOOOPOI. 'II tLSCI" ~ULSOII, -lLTOH liP• Jl)l'l )5 3D 5 24.0 t 2" UlfO!:RGRO ,,ooo • too,ooo 0 
Wl'O,.ING liULSO~o, I'lL TO~< :!o.l" JUl• 0 U~O&IlCRO 100 . lrOOO a 
YtL'LO• BVY "'f.Fit: • Jl:!ot'X l!A'I .•u•~ 0 UHOt~<!iRO <100 0 
'tl:l..LO~ C.l~L I'.'>OX, !U.PI>Y l!iAI' .!UA~ ll u li 20,0 " 22 SURnC:E <IOC 0 
n:u.o• .:ro'l~o J1'1 C, I!Ult lUI' JUI,~ 0 U'IOtRCRO I, OllO • too,ooo 50 
'!tl..LOo PAIl. r. • c. •E5!£R" l'!i 5-~ JUAN 0 UlltlEiiHi~O 100 ~ 1.ooo 0 
'UG ZJ.C fooltJGUI', CJRL 8~~ JUt"' 0 Ul'ol(l[R!;RO <100 0 
P,~•t\• AP~IEP, DHlD SEVIVP 0 SURFACE CIOO ~0 
P'LII.'T ti~E 2 ~ARTSV~L£ U~AN,C SEV ltll H H ~ 4,0 ~ 24 t/NOi:i!CIIO <lOG 100 
l!OBO TEUS i'LU"!iERS+l Ulll'fll' 0 UNOERGRO <100 0 
IIPI!:NC>a GPOUi', ~Etlt<UI CO. UI'·'tU• 0 .SU~f".lC:t <too " IIUt'Z~RD I li~~I!.TO~ lS!OC. UI!>TAH 0 &URr,ce: <100 0 
CPO" 1 KA"ll.TClk, STEVE UII<TA~ 0 SUIIf"ACI!: <100 5(1 

Dt.VILS CAVE ~AFITt~SE•.~.LY~• UI'·n'l 0 UNOE~GRO <IOC 50 
[UIIEKA4•(' Hal<¥ II CM~ E~ • 5• '~l'~ UI~H~ 0 U"'Of:R!iRO <100 () 

CRi:.E" PC.C:I\ s~o'f.Tl:\, n~~~E:Llo Ul ~'Tl~ 0 SUflrACt <10~ 50 
1\0l'SE UP "011, 011!1011 UihTlH 0 SIJ~rACt.: <e!OO 0 
LION !I I'O~GEl'T$,&V"Ni~ UI~TA« 0 6URI'AC:t <100 0 
t.O!I~ POl< [P-R !SA L,", Ut~TH' 0 .SIJRnCI!: <lOO 0 
1\ltTLES>~AJ(f H~!<RlSO~ J,>l, UI~"H>l 0 IIURP' .\C:t <100 0 
Sl~OY .lPtSCi'l, OU>I(II C, Ul»'UH 0 SIJfli"AC:t <lOll 0 
.SATI~o GROUP COt.OTAt' UHNJUI' Uit•TlH 0 liUfii'I.C!: <ltli:o lOO 
UEPHEI<S rLUFt'! + I<Utlt tli~!AH 0 151JIIrACC. <10() 0 
l~III.S i'F.IOt H rLOP[ClTA '4Nc; IIASHlhGTO'i 0 liU;tf.\Ct <tOO 0 
I(.QLOe ITA1t OF UTll:l W,l8Hl~GTO'i 0 (IUOERGRO 100 • 1,000 50 
!.OCl\LOPr I Ll 'I'ORI'Ih YNG, W:A.Sr!I~(;TON 0 IIUIIP'AC!. <10~ 0 
.U!'I!:il PQtq LOt:> LA fLORfCtf\ ~NG !0Al1Hlto<;f0~ (\ liUI'If•'C <!()() 0 
liiLVER~~!! I ~UTI:II~ t0Ut1'1£S WU.HIN~TON 6 4! s 13,0 " 21 UIIDUGfiO I 1 ODO • 100,000 uo 
'UNO!:R!IILT l:lG~R, ~lLTti< c. \IA$1!£~(!011 11 41 6 u.o lo' 24 SUII,ACI!: <IOO 0 
&IG JI"'-LI!Tt.t J &I'IT'i • HUNT WlYf.[ 0 UHOEIIGRO 100 • l,ooo ~0 
BLACI'. JACK IIC C.\ULE"C,FUG(IIt IIA'£11[ 0 .liUf!l"A.Cf: CIOO so 
!LU[ Pl6B<:l~ I'ROto~, J,r. WI,'{I.E {) IIURr'C!: <10(1 ~0 
&LUI!: &TOllE BLU[ 6TO~E '4HG ~UNt 0 151./I'!TlCI!: <100 lOO ., 
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TlllC:TfVE: UPANJUM lll'liU l'H THt UHi%ED STATES PAGe: 66 
IIOURC[t DOJ:, (JJI.liiO JUNCTIO~, COLORADO 

MJN£ IIH'!: CON'l'ROL.LfR N1!1[ (:OUNTY liEC, TOioNSIUI' R.t.~Gf IIER10, "'lHII!C TOTAL I'RODUCUON DEPTH 
t<e:TI(QQ (TONS U or 0\101179) crt,l 

I 

••••••••••• iiUH (CO~t'Ol ••••••••••• 

IIJHOC:tll. JACJi. IIRJDCEp,.]JCK I~C lilA:\' HE 0 Ut.!Otl!CRCI 100 - loOOO 0 
CO!IGPEU 26 J NOU5Tf<lt5+14 I "ES II UN[ 0 UNOERCFIO <100 50 
f'A!RYJElo. ROSlNIIOII, l:t.;, IN •AI"[ 0 SURFACE <100 so 
GIUYIIA!l I>OCI<.t "11" liRA WU'N[ 0 sura ncr: <100 !10 
Cl>[E:>o IIC~~fl Al. AI' CO I 'lC. "~Y"f 0 UNO!:~CRO 100 • 1,000 !riO 
GREEN I'O~SH"R CAPitOL PElf URA Wl)'~( . 0 U~OERGRO <100 1()0 

C!IEENLICHl . "''" ELLETT, ltlllOh &, W~Yh!: 0 IINDHlGRO <100 uo 
H'.:CL# H[CLI. l'll•li<G CO, IIAY'I!: 0 U~OEi'lGIIO <100 0 
MELH GPOUP ~HCii,O"AIN + CL lollY"' f) UN[)ERGRO 100 • t.ooo 150 
¥.tli!: .. £:~S \ t'E:Pli<-El.t. Ul' llotli.Jo( WI"C~E 0 UND!:IICIIO <100 50 
USUt<;. I ISAB!:L Pt<G,CO, WAY•!: 0 UNDERGRO <100 ISO 
·UNU•R¥ LY'!A~, Jlt'lP IIH~E 0 SURtAC!: <100 lOG 
LA V[LL I SKII-!:P+.SKJNCR+B WAY!.[ 0 IJ);OERGRO <100 150 
LUT CHA~CE '2 GR!:AT ~ESTER~ UR \O,l)'t.[ 0 SUHACI!: <100 50 
tOV'tl..l.. \ l"'PtRI~t. Ul'lo."lll"' 'IIUM:: 0 StJiiHCt <100 100 
LU!C01"8!: 2 I'ELlCl~ l!Pl>lll./1< w~y.,r 0 l!URrJ.C!: <100 50 
WAliA • PAPJ BEAR P + P ASSnCl.lTES ~l't'l[ 0 SUilt~CE 100 - ,,ooo 0 
NOPTOI• ~OC~Y ¥f .. ,UIIA'I, w~y,,[ 0 SURnCE <iOC. 50 
OAK CRElY LYMio.", eoP W_ll!•E 0 '•'lt'~QGPO C100 100 
OAK RlOG! UnK•o~~ C~~ThOLF W~Y"f: to ;:,\,jlf}':,E: ClOO 50 
OLD CFIO• .,.ONOE!I L~ ~ 0 ""'G W.l'(tJt 0 IIIIO!:t!CRO CIOO 0 
ORAL 1 • l J[IISE'II ~ P.OIJP U W/;YN[ 0 UloiOlR~~O <100 50 
POOl! flu'!' I RnPt~t. fi_.L. WH•E 0 SURHCE <~00 100 
!lOUT~ ro~~ I CPO~~ ~!:HL CO ii&Yt•E 0 liUPrAC!: <100 50 
Tl!U'IOEIIl''<:i NfPO TACO~jy t'f\l 1< t Ul' WA'fiJ' 0 BURr ACt <100 50 
TUI!I!ET I UTAH 50\ITI'liiN UP WH~L 0 UliOI!:AGRO <lt\0 uo 
WILO HOPS!: l"fH US CO~~o~ WEALTH lo.AY"-E 0 IIN[)tRCRO <100 50 
YELLOW C.l"AI- 'I' Ci<AISTEIISEN+"'AT W~l,'•!; 0 UIIO£RCRO !CO • t.OOii 50 
tit(; [)j"f' CUHHi t: .~, \)I!P,O•II 0 SURHC!: <100 0 
BUilL oor. I'UCOO.+~E lLSOII II"~ NO~~ 0 .SUI'!rACE csoc 0 
CAT I ~lLI.A.CE,I<UY!N J u)jn,o~~ 0 U~oERGRO <100 0 
CUB 1 TUSij£11 WJ"lNG CO IJ!Ir"IJ"" 0 UIIOI!:RGRO <lOO 0 
HOLE 4 PI:TT¥ t:NG • EXPL II!II<NO•N 0 SURfACE <100 0 
!IUSll f!ELI. lltlOLP:!I, OllM 1./lll<.tiO•II C) iUUlCf: <100 Q 

••••••••••• ••SI'IHC'tOII • ••••••••••••••••••• 
H,P,S, CLAI~S GREfH ~UGCET ~~C. PFN[) CIIE1tL'!" 0 IIJRfJ.Cl: 100 .. 1,000 ~0 

LOST CllrEI< 4 lTOI!tC 5ILVEII CP P'!"NO ORti~l..r 0 SURHCt t.ooo • too.ooo 100 
OUARH FIDGE (;PO AT0~1C SILV!P CP P[!-0 ORt!LLF 0 6URF'J.CE 100 • s,ooo 0 
C:L tr< 1: L£.\.5 r ON~~OWp, COt;TI<OLP &PO~~~E 0 IIUAHC!: 100 . I, oOo 50 
O~H~ L'E:lSl: H.t.Pti'.05CJR SPOKA.t.:[ 11 28 N 44,0 r )J SURFACE t,ooo • too,ooo so 
DAHL U~C't A HA~I:~ 1 M!IS,LETHA 81'01(,1.1<[ 0 61JRrAC[ 100 • t.ooo 100 
HAIISOf,l LEASE IJN!C~OI'!l C:OHTROLF SPOKAIIt 0 au~ ncr: 100 - t,ooo !0 
H[R!:N 11001>1': LUS IURl'!., OSCAR IIPOHIIS: 0 &URfi.Cl': 1,000 • too,ooc 100 
HUHIIAN !.ElSE HUft'IA II, ttL' SPOKA'>:t 0 SIJilfAC[ 100 • t,ooo 100 
UliP'II LUSf. \lii);.!H)\IH COIITI!OLI< l!ol'OK~tlt u 211 II 4.~,o t u SUFltAC!: 100 • t.ooo 50 "TI 

I 
0) 
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INACTIVE UI>AIII!.II! MZN[S tN THE UNJT[D STAT!& PAGE n 
JOUII(!tl DO[o GP~NO JUNCTION, C~LO~lDO 

Mlllt III.H COt.TROLLtP. lllMt COUIIT'i IEC, 'fOI(IiiKII' hNGt M[UO, M1H1NG tOTAL l'ltOD!ICTIOP. Otf>tH 
MI:THOD (TONS U or Ol/Clli9l (rt,} 

............ "~S~l"GTO" CCO~T'Dl ••••••••••• 
I 

LtHI'I!ItCI'.&R LE.AS£ LtHI"8EC~tP,W,£, I!PGI.<:t!i'!: 0 ISURP'AC£ 100 - 1,000 JO 
MOUoiNit:C LtU!: Oll'll!I!Orr, JACK 8PO~A!.E 0 SURHCE lOO • L,ooo ~0 
LOWLU LEASE l<tST£1111 IIUCLLlll l'iTEvt .,,s 0 &UIIflCt lOO • 1,ooo 50 

••••••••••• "'iO>~IhG • ••••••••••••••••••• 
J.JAX 4l ~SPE~ !l;l~lNG CO, "J.,U.Iil 0 SUP.f4C! <lOO 0 
"L!llN't W,I.TERS + CU~OALL ~J,8A'<Y 0 SIJP.fAC£ <"I DO' 0 
OUERT ~O:!.E LOS SFX'I'QW,LIIICOJ,!I lol AL!I~'I'C 9 l) If '79. 0 w 06 SUPf,Ct: <"100 50 
lflGIIT O"L eutLt ur KtiG ,c ALII~~'C 0 SURHCE <100 '!.0 
IIA.S>UIIN 2 801i'I£V[[.t.F' U.S!li IIIG HCIII>I H H II 15,0 ... 06 SURfACE 'l'lOO ~0 

8ROI'f~ ~tt.RT .SUPtR CUI\ I<~G .CC I!IG l!Qilll 0 SURf lC£ <100 ~0 
l!lGH N00" l S!:'flo.US txnnRU BlG !HlP~ 0 UNCltRCRO 100 • 1,000 100 
HORIJf:liHO£ JOH'I IJA~JU R%'U ~IIG, .. l!lC H~IPI 0 UNO!:RGIIO tOO ., t,ooo 50 
Ji:T ~ IIOOfRN 1011-E$ OEV BIG MOR~ 2l !I " 94,0 I' 06 UNDtRGII.O 1,000 • too,ooo 200 
L'tO !•Eo tll•l':o Hf1:t)o~!l I!IC HvR' n !!' N 94,0 ... 06 t/IIOtiiCiRO 100 .. t. 000 50 
Mil':£ "IC'~£Y Hl"IIO" IHC I!Oilol :u ~~ II 94,0 w 06 UhOEilGRO t ,ooo .. 100,000 so 
UIIQUINt 12 liOLUIIO, RC'Ptii.T L ur. HQR~ 0 .SURHC:t <lOO 50 
'f!H•P~('EFI tiTAN ~<ll.hG CO, P.tC IIOR" 21 5ti ~ tt,O • 06 VIIO!RGRO 1,000 - JDO,OOD '0 
ABLt,eJ~[q,CH~PL HICHLA'ID URUIIUM C~"l'l!!LL H 41 1!1 16,0 w 06 llURfACE <100 50 
A~0"~LY2b! 1 4•42• HFIR•IICG!:[ COI>P, CA"P!I'tt.. 4 -\2 .. 'h,O lo 06 SURfACE ClQO ~0 
AN01ULY9b, 16·~5• I!:EIIR•HC!.!:t C01'!P, CA"P"fLI. 16 4~ )I 1~,0 " 06 &UII1"4Ct CltlO 0 
ut 10 UE UR~Io Ill~ CO. CA''·PHI..L I 4l " 15,0 ... 06 SUIH'lC£ lCO • 1,000 so 
II GROUP LOC:H CHUFC:IHLL CA~I'I!£LL 17 44 h n;,o \, 06 StsP.r.t.CE 100 - 1,000 50 
I!AP 1/0>IE: )l UNP,QII'I COII'fROLI' CllloiPBrLL 20 4S H 1!!,0 "' 06 liURHC~ <100 50 
UC IIOP.t. l l!IC HtLL l<!~IHC CU'PIIELL 0 SURrACt <lOCi 0 
~ILL • r•~L C~li laRONfll, r ,L, CA"'PB!LL H H" H.a .. 06 IWilfAC! <lov 50 
l>t.AC• Sh~•!ILlJF POWE~.IIEPtOON !4, C~~'PF!fLL 10 44 N 1!>,0 \1 06 SURHC£ 1,000 • lOQ,OOO 50 
l!AOCI!: Ct.al"'S IIOSf~Bt.~GE~, Gtllf C~~P!IELt. - 4) II 76,1\ " 06 =u~ncr CIOO 100 
CAH8Lt~ 2 itiH'"OT PRO!PECTl C~I'P!IELt. :u H " 7:J,o . ., 06 ISIJPfACE <lO~ 50 
Cl'IUI~ "UT HUQD X,P,+ A~~OC CAMP8ELL 4 4J "' 1!>,0 lo: Of> !;I.JPHCE 100 - 1,000 150 
CHRYSOPS!,lQ•4t• J.tflll•!<CCEr CO~P, CAI'P~FLL 20 41 N 7),0 w 06 6Ui<nCt 1t000 • 100,000 50 
COLO !!PDT 4 • S CIL5l11T, I'IO!lSE C CVPIIELL 2!1 u " 76,0 .. 01> IIUilHCt ,, 000 • lOO,OGD l!>O 
COLOPAO~ C~~IS~~ l'O•EN,It[PLCON H, CAI'P!!orLI. :n 45 H a,o II 06 :SUPrACE "000 • lOo,aoo 50 
COl.U'!BUS GI>OUP S~LL,CRlCl 0,'11115 CAioiPBEt.L ' u ~ 76,0 ... 06 ISUIIrACC <lOO so 
COllA + ll£T1Y ll.li'ILIIl FXI'L+;,Nc;, Cl 11 PJ!!'LL H 4l ~ 75,0 II 06 50110-CI!: CIOO 50 
~Ot + Ck~lSTE~SF. wtSTtfiN Ul'l!ltU'I Cl'll'lltt.L 11 45 ~ 76,0 j, 06 Sl.lRF.U:t 100 • l,Ooo so 
OO~E sUtTt II!'L$011 + 5PAt!t CAHPIICL[. )5 45 II 74,0 w 06 .SIJRrACt: I oo • 1,000 50 
CJt> GROUP LITtLE l'llC["'t UP CV PULL 5 4) ~ 15,0 06 "UI\TJC:£ "l 0~ 50 
Pll+llUTII SCHL~UT"' LITTLE STl~ )\fj(; Cr."PB!:Lt. H H '75 ,0 ~ Oo SUI<t lC£ •ClOD ~0 
HOC CLAll-'.5 A~!PlCUJ IIIJCL,CP CH•PULL J 46 II 76,1) >I 06 SURfACE 100 • ~.ooo 50 
IHH! LtASI: I<I:ST!:Rll URA"'IU!ol CJ.Io!P&tl.L 11 ·~ II H,!l "' Qt. 6URflCE lrOOO • 100,1)00 50 
fRl 1 &UTL&R, RYeU!'N CAMPULL. 43 N 75,0 w 06 IIURfA.CE tOO • 1, oo~ 50 
JUf: Cloll!:l9,0•41• P:tl'IP•liCCU CORP, CA~PAHL u u )j 7l,O II 06 IIUI\rAC!: 1,000 • 100,000 !!tO 
JU~tnr 1 eno~tN,rtrP.LDOll 1!, Cl~P8ELL 22 '5 N 15,0 II 0& 6UIIHCE l,ooo • tco.ooo 100 
JO!: I tORP!:LL t,O, CAMP~!LL N 0 w 06 su~rAct <100 50 
..rorn: ca L~ER'l', ~OR !It t CA!o!I>&!LL )) u II n,o II 06 SURHCt <100 50 .,., 
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JUCTil'£ UR.\HIUII MINtS IN THt UNITtO STAT!5 PAGE 61 
&OUII<:tl oo-.;, G•A~O JUNC!IOK, COLOIIlDC 

t'IH!' H.ll't: CONTROLL!:P NAME COU"'Tt ate. TO"'N.SHIP IU.HG:E' IIERIO, MIH l.NC TOTAL PIIOPUCitO~ DEPT II 
IU:l'IIOD (TON.5 .l5 or 01/0l179l rrr, > 

••••••••••• WYO~IhC (CO~T'Ol ••••••••••• 

L~U~Y IC~LAYT~·~ ll'ttl..t S'CU t(NC C&--IPI.\lt.f.. 27 (5 II 75,0 w 06 SURfACE qoo 50 
LAllA I, 19 WHYI'OT P~OSPI!:C:TI C.\>IP8ELL 19 u II 14,0 .. oe SURfACE <100 50 
LUCKY ElCHf I 80'10, JlCf C.lli'PR£tt. \0 u ll 16,0 "' (16 IWRr-.cr. <100 50 
HUll' 1 ll!l .. EN 1 lt,ll, CAI<PII!.LL 22 45 ~ 7!!,0 ., 06 .SUFI !"ACt ICO • t,ooo 50 
I<C CLH•S ~ILk, fiA;( CAiotPAI!:LL 27 u II 16,0 w 06 .SURHCr: 100 • 1rDOO liO 
I< IIU,CL.E I' t LE ~OO~E, CE:r.J~Ci;; R, Cl"PaELL i1 4S N 75,0 tl 06 6lll\rACf. 100 .. loOtiO 50 
MYSTr:AT 2 HOT Sl1DS U~4~ C Co\uP8tLL 28 u N 16.~ If 06 Ul<ll!:R~RC <100 50 
tatl'IO !I + t1 "1N 3'1:.r..T&S J.I~G. Cli-IP'i!>E.t.l. ~5 ~l li ,~,(\ I< Of. IUPFJ.Cr: 100 .. loOOQ so 
01111 2 GIL~ URlW,CORP, t.t•rPtltLL !I 45 II 14,0 II 06 tltJJ!rACI: 100 • loOOO 50 
OSAGE LEJS[ IIO•tiii,>IE!ILI>Oj M, tA14P&I!:t.l.o J2 4/i II 74,0 .. 06 SUP.rAcr; 100 • J,ooc 1!10 
PAt l I'IOOt.E BUTTE lolo!G CU·P~tLL q 4) ~ ,5,0 .I 06 &UPf"lCE CIOO liO 
PtH GPilUP II[S![IUI l!Plllllll'l O•'i'IIHL l u ~ 711,0 .. 06 SUIIF~CE l,ooo .. 100,000 50 
PRUU UU't Gll.t!P'T, I'OIISE ClMP&ELL ll ~!I II 1'!.,0 ;I Oh SUilf t.CE <100 50 
OUUII :l Bl'lwEil,tlFRLOO'< M, CA"PBP'LL :n 4S ;, 75,0 .. 06 6UIIHCJ!: <100 100 
R,H,O, TEMPI! "[St[Rrl UPA*ItU" CAMpR[L~ 19 4l II 7!1,0 w 06 SURfACE •uoo so 
111':~0 t.UIH: G!:IJIItl!.OUPCt1S. IIIIC CA>~PIIEt.L l4 42 N 7),0 w 06 su.-r.c:E IQO • 1.ooo !10 
SUL[ Glt.~tPt, "'0115[ CA'IPFIELL 9 42 N a,o 4 06 SURF.\CI!: <100 '0 SCt'H \ lll,&,SC'~L~I.t'!:'4lll CJ.IIUtt,L 1l 4.ol II 1~.o oj 06 51.1111'.\C£ 100 • 1.ooo 100 
.u:c, H•, 4 )\ • u, • GlLfltiH, !-OilS!: CAKP!ELL J6 u " 16,0 It oe :S!JAf.t.CE <100 '0 51"1"0"11 , ~YO ROC OEVF.L CAifl'!'tt.L :u u ~ 1!1,0 

"" 
1)6 &UI\.HC£ <1<10 ~(I 

STUPLl" .,I.,E I!O•~N, K,l-, C~liP81!:LL )0 4J " 15,0 "' 06 &URr ACt <100 50 
aut J JIASEK, J,l, CA''PIU'LL u H ~ 7S,O • 06 8UIIfACE 100 - t,ooo 50 
sn, OEL ~1'£'. f>YL Ott. t'tllrS CA.I'P!II!:LL l H " 15,0 "' 011 SURP'ACE lOO .. I, 000 50 
TRII~CLr J''£!-ICA'< l'PA•,CO 'tA"'I'~FLI, 21 41 II 15,0 • 0~ ll!IQERGRC 100 • l, GOD 100 
Tl!l:t GPC'l.IP UP.~lU•l CllNPOil'A't Cl"P"!:t.L 29 4) ~ 15,0 .. oe. SURf'l.Ct <\110 51 
VAH 81JGGE'\U>! sco t<URD ft,ll,+ J.SSOC CA!o!PI!!:LL H 44 N u.o w 06 liURrACI! •0 00 JOO 
w~nr ~<liLt 1 ~ .s.sr~LAI'T"l'~ C:A~1 PIIE:LL IO H 'i 75,0 II 06 IIURFAC( ol)OO !0 
AJC \Jiif(.~Q .. Ij Cll'BO~ 0 .SURrACE "100 0 
BHI> II.H•9 -tSTR~ SH .,,URAl• CAP80• 14 25 " u.o tj 06 $l1RF lCI!: <100 50 
CEO~~ HL:S•JJC•R' U~lC~ c.r..~AlOt CP CAI'bO\ n D II ~':1,0 II 116 6\JRr.t.CE 1t000 • 10(),'l00 '110 
()lYE LU'f OPr. P:GS JOJ•T VI!:~TUR CPPiloJ'! 0 !.D•G~AI'>t >100,000 ,00 
[lAVE sEC 9+10•1!. G£TTY•S~[~Lf UJV C:lRISO!. 10 27 H H,O I( 06 .SURI ACE :lolOO,DOO :roo 
Ott. ORO l Ht.UG, R l('l(l((!l 1 CAR!IOI! 0 .$UIIr.t.C£ <IOO 50 
II[I,EN IU,y ,\II'ISTROilG, H,T, ('~1180 .. l7 21 II 92,0 w 06 11UI\HC:E a,ooo - uo,ooo 50 
~ETfC~III< !lt;TH L UNlti.OII ~ CC>~'TMLII (;)PliO'- 0 !IUI\UCt lNl • t.ooo ~0 
[, ITTL[ L l ~L·JB 0 K£1<P I!C(;El: CARRO~ 0 HL•I:IliMP& <100 0 
IolTTLr ~H I l/NIU ow:. COJo.TJ!OLP CAPIIO'I 0 1/NQ(!;IIGRO <100 ~0 
IlLLI. Lt:UI: TrllS UTl!. 1'1' 1U CII.PBO~ 26 28 II ,.,o "' 06 .suf!nctc s,ooo .. 100,000 2!0 
I'OI$0" I!UJIII HOKtSTtAO ~I~RLII CAIISCJI! t 12 H 92,0 It oe IIURHCt J. 000 .. 100,000 50 
nc to I..Ul> or.r 'KC:II ..!0111"1: 'lt-i1Ul' Cli'.SOt. 0 lUI\HCt L,<IGO .. 100,000 2!0 
.n:c, H, 2' •· ~ .. BAlLtY,ROIItPT V, CaFI8(.1~ 0 aURrAC'I!. <I CO so 
n:ror.•LIJCH Sl~I HO'ItST£10 P< UlPL5 Cl~I!O• 6 l2 ~ 91,0 " Of> sUI!t.lrCt: 1,ooo • 100,001) 100 

H.C ' I(GS JOI~T Vt'l'TU~ ClP.!IO" t 2T ~ 11,0 " 06 SLIAT ACt >too,oco 1!0 
'fSC HtAP LI:ACI' I.CII .JOINT VtiiTUI' C' ARIIOII 0 HL•OUHPS •• ooo • IOO,ooo 250 
UIUiiH>I Jl~G 1 tL~lt,R~ +IIORI5S 1: li\BOH 0 IIUP.net <\00 0 
WUIII!:R•61JLL!Vh Kf:Rf> IICG[[ CAR£10111 t1 ,, N l8,0 lo Olt SUI!rACt >100,000 :roo 
VO"HY01 2t•H• KEP~ .. ~CGEr CORP, CO"V[illlt 21 37 N n.o w 06 IIJIIHCI!: 1' 000 • 100,000 150 st-rn JtRR-"CGU COPP, CQIIVUst :u 41 N 7<6,0 • 06 SU~fACI!: <100 50 ., , 
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INACTIVE U,A~lUH I<INU IN THE UNITED ITlTES PkGE " IIOUPC£1 DOl:, GRA .. D JUNCTION, COLORADO 

MJN[ lllH COo,TROI.lEP 11.\ME COUNTY IIEC, 'fO;iNSKIP lUNGE M£!1.10, MlhiNG 'l'OUL PROOUCTIOtl DtPfH 
N&:TIIOO ('fOH6 A.S or Ol/011791 (fT.) 

............. IIYO'I!IIIG cco~t'Dl ••••••••••• 

u:rzrl'i tra.s£ !NATH£0& i OILT~ COHVlJ.IS£ 0 SUilHCE <100 !0 
BOX CRU.:II ll!.:l'IED NUCLEAR CONVERSI!: , 35 ~ ,,,0 

"' Of> &URHCE t,ooo • 100,000 ~0 

CUON &ALL 1 UI.Kt-0'-~ CCilTJIOL, CO'~VERSt l 35 14 ·n,o 11 06 SU.FIHC!: 100 - t,ooo 50 
('0>4\I!:PSr '"l"E <!OO!It•HA~'P.L.l"' CO.liVtRU l4 40 II "1!,0 lt 06 lliUilfA.Ct l ,ooo - too,ooo 1!0 
CU~!IfE!I l SH~~~EF UFlN•Mhr. CO"VEIIS!: 2 H ~· 69,0 " 06 5UIIrt.CI!: <100 $0 
lUfiDY LH l7·3R· KEPP•"CGI!:E COIIP, CON VEilS£ IS 38 N ~ 3,0 ., 0' .SURtlCE 1,000 • 100,000 100 
JACKAI..OI>£ u JACI\ALOPE OIL+'ol, co~vrRst 17 )5 " 

,,,0 • 06 !URHCE <100 50 
JOt GROUP CRA~TREE, JO~~ " CO>IVERSE :l6 u " 7),0 ~ 06 $URFA.CI!: 1 ,oGo • 100,000 50 
JUDY 1•1t co~u J,L, COIIV£1\St 2 J2 II 69,0 " 06 IIUIIHC! <100 50 
L"I(B U~KI<OW' CO~T~OL, COIIIV.tFI3E u )5 N , .. ., , 06 5URF.\Ct lrOOO • 100,000 50 
t.It.• eun. "T'•Lll hP.:OCO CO.IOVt'<SE ll JS II ,1,0 .. 06 UHDERGl'r:l <100 !0 
LUCKY ~~~~~ MJII'CY SttR'IrS, JOE'!.. CO"~!:IISE 0 .SV/IFAICE 100 - l, 001' !10 
11l'E 1 co-n JARI'<UT [I<TEIIPRI CONVEFIS£ l n ~ '71,0 w 06 UHOtR(iRO <100 so 
~INt 20•8 Sl-17• Kti!P•~CGE£ COIIP, CONVEi\llt ) ll II H,O "' 06 UNOERCIID <tOo 100 
IIORTi'l li'OLt 1 8rtii60H + CA11BLI~ CONVERSE "' 0 lo Oil 6UfiUCt <100 50 
PEY~OLOS Tl6~•P7 ltrRF•I'CGEF CORP, CO~V£11.6!, 1'f lr. .. ·n,o " 06 1$URF ~CE <100 !•l 
6EC, ),), ... ,) .. XERII•"'CCU CO~P, COIIVEI>&E l n • 'U.O w 06 SUilfACt s.ooo .. 1\)1),000 100 
stc:, 9,), 't•l, .. l(tfii<•~<C:CtE COPP, C:OliV[~.S£ 9 n N 11,0 ~ 06 su~r tct 1, 000 • 100,000 100 
SI:C,10,J7"•1J,. 0 l':f;RP·~CGr.f CORP, C'O"VI:,I!St !0 J7 ~ 7J,O II 06 &URrAC£ 1.ooo - li)O, 000 ~0 
arc,U,l1:.-·n .. lt!RP•I1CGU CO~P, COHVERU: 15 l7 h n,o w 06 !HIRFACI!: 100 • 1,000 1~0 
sEc,u,n .... H-z ~EIIII•MC:GEF' COIIP, CONY!:RIE 16 l1 .. '73,0 "' 0& SUf'fACt 1,01)0 • too,ooo 100 
SEC,21ol1~•1l• ~ UPR•I<C~E£ COPP. CONVER!!: 21 n ~ 'fl,O .. 06 SURflCE s.ooo • 100,001) 100 
IIHEtP.S'il:l'! GROuP Rr:l~tt.r,li!'Pl,flr:l~ K, CONV(MSE 12 l5 ~ 72,0 lo 06 .SiillrlCE <100 50 
.SPI)OJC '10~~1i1UC!!;J.£,DICK CONV[IISE :u ]II N 71,0 " Oil :SURfACE ,.100,000 JO') 
.SPRl"C CROUP U t.SUP, O~!IR<;]. I! CONVERSE lO 4\l h H,O " 06 IIURI'ACE <100 ~0 
4TPOC~•ft08CAT•~t JDH~ J>tTf~$0~ AS CO,.V!J>Si': ~1 lJ ~ 72,0 " 06 .SURf ACt <100 ~0 
TRAfL CPEEC CR~U l'~l"'4l't 1 1!,D,I!:UL C:ON'VtR.S£ 0 UNOLRC:RO <tOO 50 
'TUIH•t!ICI>£ST li:Eill'•"tC:Ef CORP, CO"VFI!SP: 25 41 >I 14,0 II 06 SIIRFl('E t,oon • 100,000 50 
u:t 1 + 2 kERII•~'CO:£ COlli', COflVtRS!: 27 n )l n,o w Oil IIURrACE t,ooo • 100,000 100 
l,+k, U~K~O~~ CC.,Tl'IOLR CIIOOK 0 41/Rri.CE <tOO 0 
l,l, 51.5110~ Hill'< MC,GE't C!II'JO~ ' ~4 ~ 60,0 w 06 t>URHCt <100 !10 
lCJ((fii'A~ LUSt ri!:OtRll. IIFSOUPCE CIIOOK H 56 N 66,0 lt 06 IUIIP'.\CE t.ooo - too,ooo !0 
.IHISP'IELil LUSt: FY.D[RAL Rl60U~CF. CR001( 26 56 N 66,0 "' 06 .SURrACt t.ooo - too,ooo so 
CI5JI/ CllE[I< 6 T~I ITlTt ~JNlHC CROOK 0 &UR'ACE CillO $0 
OEH~JS 2 LUSt I'ICI'AUO lllllt~G C CROOK l 55 " 67,n " 06 :SURfACE 1.ooo • 100,0(){1 50 
GRirFITH LEla!. Cli1HITH,L'I'Lt (f/40(11( 26 !2 N u.o II 06 UhDl!HiRO t.ooo • too,ooo 100 
HIUII!:P Hl<IE UG ltOMt $T AH IlliG CO CIIOOK 2 55 II 61,0 lo 06 UNOtRGRO ltlOO,OC/0 400 
HEL!!E:I< Rl~CII CHRIS HEL~I[R CPOOII u S4 N 60,0 II Oil IIUIItACt 100 - l, 000 0 
HOLMES LtUE T!:~~,VliLEY AUTH CROOK u 54 H e,,o w oe IIURfACt t,ooo • 100,000 100 
I!Ootl!:sT.lM! 1•4 GtOIIE!QUR(FS,I~C Cfl.OOK 26 !l N 66,0 II 06 IIUiltACE 1.000 • 100,000 50 
I( GROUP TEN I , V lLLrY lUTH CIIOOr. 26 !16 ~ 66,0 II 06 I URI ACE 1,000 - 100,000 100 
LAY HOI< Lt UE rtOE!IlL lltsOURCF CPOOK :n s~ " 6!>,0 w 06 U"DtRGRO 1,000 • uo,ooo 200 
LtWl.S O[NNIS LU LlTTLt 110 IH~lllC CIIOOK Q 6URFlCE 1,000 • 100,000 ~0 
MEYEIIII LH!E n; tllll, VI Lt.EY AUf I( ('ROOK u u N 65,0 II 06 VNlltlfCillO JOO • 1, 0110 50 
Nt~ MAY~N 20•SEC HOHtStAJt liNG C~ CROOK to S!l N ll?,ll " 06 UliDt!UiRO 1,000 • soo,ooo 50 
NDRtM SLOP£ UNl(IIO"''I CO~'tPOLII CIIOOK ., 54 N 60,0 ... 06 IURtACt: <100 50 
POIS!'N CPUK CLA P.~KI:R, lfl\11" C~ODK l1l ,, ~ 11,0 "' 06 SURtACt ClOD 50 .,., 
II.I.OOLf: CPOIJP LV~UD ~l(l'li>J.Ut< CllOOK n $5 " n,o w 06 IURtACt <100 so t 
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APPENDIX G 

GENERAL OBSERVATIONS OF URANIUM MINE SITES IN 
COLORADO, NEW MEXICO. TEXAS, AND WYOMING 



G.l. General observations on inactive uranium mine sites in Colorado, 

New Mexico, Texas, and Wyoming 

G-1 

11 Walk through 11 surveys were conducted at selected inactive uranium mines 

in Colorado, New Mexico, Texas. and Wyoming. The primary purpose of the 

"wa 1 k through 11 surveys was to note and describe the genera 1 en vi ronmenta 1 
conditions of the mines. Limited gamma radiation rate measurements were made 
at each site and estimates were made of the volume and area of the mine 

wastes. In addition, each waste area was observed for indications of wind 
and water erosion and to see if the mine entry and vents were open to the 

atmosphere. 

G.l.l Colorado 
The surveys were conducted at mining areas near Uravan and Boulder, 

Colorado. Each area is listed, and the survey results at each mine are 

discussed. 

G.l.l.l Uravan Area 
The Uravan area lies within the Uravan Mineral Belt, which is situated 

on the Utah-Colorado border, encompassing parts of Mesa, Montrose, and San 

Miguel Counties in Colorado and Grand and San Juan Counties in Utah. Uranium 
has been mined in the belt from the Salt Wash Member of the Morrison For-

'mation since 1900. About 150 mines were being worked in the belt in 1978. 
Three companies have announced their intention to build mills in the belt 
area (Wh78). Ore deposits are found mainly in sandstone lenses which are up 

to 1,600 m wide and average about 15 m thick. The ore deposits range in size 
from a few MT in the form of a fossil log to many thousands of MT. The ore 
deposits generally range in thickness from a few centimeters to 7.6 m. 

Irregularly shaped, they can be found almost anywhere within the sandstone 
lenses. One study of the Salt Wash deposits indicated that 70 percent of the 

deposit3 contained less than 2,700 MT of ore each (Wh78). 
Since the ore bodies occur as ro11s, pods, or tabular masses 1 their size 

precludes the use of a prearranged and uniform stoping system. Mining 
practices were to simply follow the ore and leave open stapes behind. Con
sequently, a large number of relatively small mines have been operated in 
this mineral belt. One mill processed ore from 200 mines which have produced 

ore ranging from 91 to 910,000 MT. 
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A substantial fraction of the inactive mines are located in or near the 

Uravan Minera 1 Belt and are 1 is ted by State and county. A tota 1 of 1860 
inactive uranium mines, or about 57 percent of all inactive uranium mines in 

the entire United States, are located in or near the Uravan Mineral Belt. 

State County Inactive Mines 
Surface Underground 

Colorado Mesa 77 109 
Colorado Montrose 76 404 
Colorado San Miguel 70 269 
Utah Emery 60 126 
Utah Grand 69 95 
Utah San Juan 140 365 

Total 492 1368 

G.l.l.l.l Mine 1 
This mine had a vertical shaft which was barricaded to prevent livestock 

from falling into it; however, it remains open to the atmosphere. About 
13,800 cubic meters of mine wastes were dumped on a downslope area adjacent 
to the shaft presently covering an area of about 0.1 hectare (Fig. G.l}. 
There was evidence of wind and water erosion of the wastes. Exposure rates, 
measured 0.914 m above the wastes, ranged from 140-170 llR/hr with several 
spots reaching 250 llR/hr. Several small adjacent waste piles had exposure 
rates of 110 1-1R/hr. No springs or standing water were observed near the 
wastes. 

G.l.l.1.2 Mine 2 
This rim mine {Fig. G.2) faces the San Miguel river valley and produced 

about 1,200 cubic meters of wastes, which were dumped down the canyon wall 
~-~-

and presently cover an area of about 0.4 hectare. Exposure rates measured 
near the dump point were about 200 ~/hr; measurements on the road around the 
ore bins ranged from 50-150 J.IR/hr. The mine entry remains open to the 
atmosphere. There was evidence of wind and water erosion of the m;ne wastes. 
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Figure G.1 Plan view of inactive underground uranium mine No.1, related 
waste rock piles, and surface gamma exposure rates, Uravan 
Mineral Belt, Colorado 
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Figure G.2 Sectional view of inactive underground uranium mine No.2. re
lated waste r.ock piles. and surface gamma exposure rates. 
Uravan M1neral Belt, Colorado 
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G.1.1.1.3 Mine 3 
This mine has an incline entry that remains open to the atmosphere. Two 

waste piles were built up to support ore bins (Fig. G.3). About 38,300 cubic 
meters of wastes, which have a surface area of about two hectares, are con
tained in the two piles. Part of the waste piles extend into an adjacent 
wash and are subject to water erosion. Wind erosion of the wastes was also 
evident. Gamma exposure rates on the waste piles ranged from 120-150 ~R/hr, 
while areas adjacent to the piles were about 160 ~R/hr. The exposure rate on 
the mine access road was 80 ~R/hr. 

G.l.1.1.4 Mine 4 
This was a rim mine with a portal remaining open. The mine wastes 

volume was about 6,100 cubic meters covering an area of about 0.4 hectares 
(Fig. G.4). Wastes have eroded down the slope, through a drain pipe under 
the highway, and into the San Miguel River. Exposure rates on the access 
road and under the ore bins were about 70 11R/hr. Wind erosion of the wastes 
was also evident. 

G.1.1.1.5 Mine 5 
This mine contained a vertical shaft used for forced ventilation of 

connecting mines (Fig. G.5). An undetermined amount of low-grade ore had 
be;n dumped in small piles covering an area of about 5 hectares and was later 
removed for milling. The two remaining piles cover about 1.2 hectares and 
contain about 76,500 m3 of protore and barren wastes including clean-up 

materials from the 5 hectare area. Gamma exposure rates over the former 
waste area ranged from 50-150 1.1 R/hr. Exposure rates over the consolidated 
piles ranged from 50-220 llR/hr. Wind and water erosion were evident at both 
the former and present waste storage areas. 

G.1.1.1.6 Mine 6 
This mine had a vertical shaft used to force ventjlate connecting active 

mines (Fig. G.6}. About 45,900 cubic meters of wastes were dumped on a 

downs lope adjacent .to the mine shaft and now cover about 0.4 hectare of 
ground. Gamma exposure rates measured over the waste pile ranged from 180-220 
UR/hr. Runoff and wind erosion of the wastes were evident. Some of the runoff 
appeared to have entered a nearby stock pond. 
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F1gure G.3 Plan view of inactive underground uramum mine No.3, 
related waste rock piles, and surface gamma exposure rates, 
Uravan Mineral Belt, Colorado 
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Sectional vrew of inactive underground uranium mme No.4, re
lated waste rock piles, and surface gamma exposure rates. 
Uravan Mineral Belt, Colorado 

G-7 



VOLUME OF WASTES - 76 soo m3 
-SURFACE AREA OF WASTES: - - -

1 - FORMER WASTE AREA - 5 Hectares 
2 - WASTE PILES - 1 2 Hectares 

FORMER SUB-ORE STORAGE AREA --- ~--

-+------------50·150 uRihr-------------+-) 

D SHAFT (PRESENTLY BEING 

USED AS A VENTI 
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Figure G.S Plan v1ew of inactive underground uramum mine No.6, related 
waste rock piles, and surface gamma exposure rates, Uravan 
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G.1.1.2 Jamestown Area 
Uranium ore bodies in the Central City District area generally tend to 

be small but high in grade. They are mined in conjunction with precious and 
base-metal ores, particularly gold mining. Pitchblende, associated with all 
types of veins and shoots, occurs in small pods or lenses systematically 
arranged in some veins but erratically distributed in others (Si56). Small 
quantities of pitchblende ore have been shipped from the Central City Dis
trict since 1872; however, most of the ore mined before 1917 was used as a 
source of radium. The fluorite ores of the Jamestown District contain small 
amounts of base metal sulfides and some uranium ore. The quantity of uranium 
ore was insufficient to be mined for uranium alone (Bu56). The surveys 
conducted in the Jamestown, Colorado area were made to evaluate some mining 
areas where uranium was recovered as a by-product. 

G.1.1.2.1 Mine 7 
This mine was relatively small and produced high grade ore (Fig. G.l). 

About 38 cubic meters of wastes remain around the shaft, and gamma exposure 
rates of 400 ~R/hr were measured. Erosion of the wastes into the nearby wash 
was evident. Wind erosion is probably minimal. The mine shaft remains open 
but filled with water. 

G.1.1.2.2 Mine 8 
This mine was principally a fluorspar producer; however, uranium ore was 

also produced and sold (Fig. G.S). The mine shaft remains open to the atmo
sphere. Mine wastes, adjacent to the shaft, occupy about 800 m2, estimated 
to be about 1,700 cubic meters. Gamma exposure rates on the waste pile 
ranged from 60-BO IJR/hr. Extensive water erosion of the wastes has occurred 
and has produced exposure rates below the waste piles ranging from 
40-100 iJR/hr. Wind erosion of the wastes is probably minimal. 

G.1.1.2.3 Mine 9 
This mine {Fig. G.9) was located adjacent to the highway just south of 

Jamestown, Colorado. The mine entry has been covered by a landslide. About 
460 cubic meters of wastes, an area of about 400m2, are present on the site. 
Exposure rates near the entry were about 100 )..i R/hr and ranged from 40-60 
iJR/hr near the highway. 



SHAFT 
(OPEN} 

900 uRihr 

60 UR/hr 

Waste Volume = 38m3 
Surface Area :: 0.04 Hectare 

UJ 

" 0 -a: 

Figure G.7 Plan view of inactive underground uramum mine No.7, 
related w~ste rock piles, and surface gamma exposure rates, 
Central City District, Colorado 
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Figure G.8 Plan view of inactive underground uranium mine No. 8, related 
waste rock piles, and surface gamma exposure rates, Central 
City District, Colorado ' 



\ 

¥ 
w 
1.1..1 
a: 
0 

a 
.( 
0 
a: 

Waste Volume = 460m3 

Surface Area "' 0.04 Hectcue 

Figure G.9 Plan view of inactive underground fluorspar~uranium mine No. 9, related waste rock piles, and surface 
gamma exposure rates, near Jamestown, Colorado 
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G.l.1.2.4 Mine 10 
This mine was relatively small and the entry remains open (Fig. G.lO}. 

Exposure rates near the entry ranged from 100-600 ~/hr. Exposure rates on 
the mine access road were about 70 l.l R/hr •. , Piles containing mine wastes 

occupy about 0.1 hectare with a volume of 150 cubic meters. Water and wind 
erosion of the wastes was evident. 

G.l.l.3 Summary 
Those mj_nes surveyed in the Uravan area are probably typical of the many 

inactive uranium mines in that area. Most of the mines are underground and 

relatively small. Wind and water erosion of the waste piles was evident at 
all of the mines having entryways open, except where noted. Infonnation 
derived from these mine surveys is presented in Table G.l below. Some 
typical mine waste piles are shown in Fig. G .. 11. Subsequent photographs 

depict a typical rim mine (Fig. G.12), an accumulation of wastes on a ledge 
from a typical rim mine (Fig. G.13), and a mine waste dump from a rim mine 

(Fig. G.14). 

Mine 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 

Table G.l Uravan and Jamestown areas 

Cubic Meters of Wastes 

13,800 

1,200 
38,000 
6,100 

76,500 
46,000 

38 
1,700 

460 
150 

Uravan area 

Jamestown area 

Surface Area of Wastes {Hectares) 

0.1 

0.4 
2.0 
0.4 
1.2 
0.4 

0.04 
0.08 
0.04 
0.1 
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Figure G.1 0 Plan view of inactive underground uranium mme No. 10, related 
waste rock ptles, and surface gamma exposure rates, Central 
City District, Colorado 
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Figure G.11 

F1gure G.12 

G-16 

Typical mine waste pile associated with a small- to medium
sized inactive underground uranium mine in the Uravan Mineral 
Belt, Colorado 

Side view of a typical underground uranium mine located on 
the rim of a sandstone mesa in the Uravan Mineral Belt, Colorado 



Figure G.13 Mine waste accumulations near the portal of a typical under
ground rim-type uranium mine in western Colorado 

Figure G.14 Mme waste dump associated with a typ1cal rim-type 
__ underground uramum mine in western Colorado 
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Ore-hauling losses have occurred along the mine access and public 

roads. In addition, mine wastes have been ·used for road ballast. The ore 

losses and mine wastes used for road construction probably became airborne 

with some of the large quantities of dust produced by ore-hauling equipment. 

The lands in the mining areas generally are used for grazing. Some enhanced 

uptake of radioactive materials and trace metals by cattle may be occurring. 

Exploratory drilling is abundant throughout the survey area. Little or no 

reclamation of abandoned drill sites was observed. 

Mines 7 .through 10 were surveyed near Jamestown, Colorado. This type 
of mine was prevalent in this area. Although uranium was not principally 

produced by many of the mines, the mine wastes generally contain radio

activity. Figure G.l5 shows wastes at one such mine entering a stream. 

Mine wastes producing exposure rates of 40-100 ~R/hr in that area were used 
as a fill for the Jamestown Park (210 acres). Evidence indicates that some 

dwellings were bui 1 t on or near the mine wastes. Surface and groundwater 

contamination from the mining activities is possible. 

G.l.2 New Mexico 

Uranium mining operations are continuing to expand production through

out the Grants Mineral Belt regfon of New Mexico •. Underground mining is 

predominant in the Ambrosia Lake, Churchrock, and Crownpoint areas. Surface 
mining operations are also expanding at the Jackpile and St. Anthony mines 

' 
near Paguate/Laguna. However, the majority of inactive uranium mines are 

located in the area around Grants;. therefore, this area was selected for 

the reconnaissance and field study surveys in New Mexico. 

G.1.2.1 Inactive Surface Mines 
Two inactive surface mining areas were observed - the Poison Canyon and 

Zia strip mining areas. Both inactive sites appear to have been more of a 

shallow strip mining operation compared to the extensive and deeper open pit 

operation~ ~urrently underway at the Jackpile and St. Anthony mines. Shallow 

ore pockets were removed at the Poison Canyon and Zia areas, leaving relatively 

small pits and waste piles scattered over several hectares. Field studies 
were completed at several of the Poison Canyon open pits; the radiological data 

obtained from these surveys are summarized below. 



F1gure G.15 Movement of fluorspar-uranium mine wastes from a tailings p1le 
into a stream in the Jamestown area of Colorado 
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G.1.2.2 Inactive Underground Mines 
Six unde~round mines (vertical shaft and incline mining) were observed 

on Mesa Montanosa: Beacon Hill, Davenport, Dog, Flea, Mesa Top, and Malpais. 

Several of these mines (e.g., Mesa Top and Malpais mines) were interconnected 
during their active min.ing periods. A few of these inactive mines are being 
used today as fresh air intake points for active mining operations in the 
area (e.g., mine vents of the inactive Gossett mine are being used in the 
ventilation system of the active Poison Canyon Mine). 

Five underground mines were visited in the Poison Canyon area - Barbara 
Jane 1 and 3, Westvaco, Santa Fe, and Flat Top mines. Also visited were the 
Marcus, San Mateo, Anaconda F-33, Hogan, Dakota, and Dysart No. 1 mines. 
Table G.2 summarizes the reconnaissance and field study survey results. 

G.l.2.3 Summary 
In summary, the open pit (strip mining) areas of New Mexico have not 

been restored and numerous shallow open pits or trenches remain with their 
waste piles undergoing rainwater runoff and windblown contamination of sur
rounding areas. Most of the inactive underground mine sites have had the 
head frame and buildings removed and the portals sealed by timber or steel 
plates to prevent entry, but openings do allow radon exhaust via natural 
ventilation of the mine. Most mine sites have waste piles which are under
going rainwater runoff and windblown contamination of surrounding areas. Most 
of ,the cased mine vents are not capped to prevent radon exhausting. No mine 
water drainage was apparent at any of the sites, and most of the mines appear 
to have collapsed or are flooded. 

G.1.3 Texas 
Compared to some other western states, the uranium production of south 

Texas is relatively insignificant, comprising 5 percent of the current United 
States annual total. However, the relative impact of the mining operations 
is of interest herein for several reasons: 1) geographic concentration of 
the actual ll]jne operations, 2) close proximity of the mines to the general 
population, 3) effect of the high precipitation of the region on the rela
tively abundant toxic-- trace elements in the uranium ore and overburden, and 
4) minimal land reclamation of some of the older mines which produced high 
grade ore. The location of uranium ore deposits in south Texas can be 
readily estimated from the mine locations shown in Fig. 2.4. The deposits 



Mine 

' Anaconda F-33 

Barbara Jane 1 

Barbara Jane 3 

Beacon Hill 

Dakota 

Davenport 

Dog Mine 

Dysart 1 

Table G.2 Inactive uranium mine sites surveyed in New Mexico 

Township and Range 

T12N R9W Sect. 33 and 34 

T13N R19W Sect. 30 

Tl3N Rl9W Sect. 30 

Tl3N R9W Sect. 20 

Tl3N RlOW Sect.4 

T13N R9W Sect. 20 

Tl3N R9W Sect.20 

Tl4N RlOW Sect. 11 

Description 

Two portals sealed by steel doors, large waste piles, 
no water, runoff apparent, no vents found • 

. 
No head frame, portal covered by steel plate, but open. 
Shaft appears to be open, no water, relatively small 
waste pile, runoff from waste pile, three open mine 
vents and one capped. Surveys completed at this site. 

Head frame remains, portal covered by steel plate but 
openings. Shaft appears to have collapsed. Water 
drainage from active mine flows through area, small 
waste piles cleaned off to surface. Several (about 
six) cased mine vents open to surface. 

Small head frame, incline shaft is collapsed. Waste 
pi1es in area, no water but runoff apparent. No 
vents found. 

Two open portals but mine not deep. Some waste 
piles, no vents found, no water, runoff apparent. 

Open incline but roof collapsed about 60 yards into 
mine. No vents found. Waste piles in area, no water, 
runoff apparent. Surveys completed at this site. 

Head frame, incline shaft sealed but appears to have 
collapsed. No vents found. Large water drainage 
ditch, large waste piles, runoff apparent. 

Head frame and buildings, open vents but used in 
nearby active mine system, waste piles. no water, 
no runoff. 



Table G.2 (continued) 

Mine 

Flat Top 

Flea Mine 

Hogan 

Mal pais 

Marquez 

Mesa Top 

Poison Canyon 
Strip Mines 

San Mateo 

Township and Range 

Tl3N R9W Sect. 30 

T13N R9W Sect. 20 

Tl3N R9W Sect. 14 

Tl3N R9W Sect. 20 

T13N R9W Sect. 23 

Tl3N R9W Sect. 20 

Tl3N RlOW Sects. 25, 26 and 139 

Tl3N RBW Sect. 30 

Description 

No head frame, timber and·concrete slab over shaft. 
No water, waste pile cleaned to surface. No runoff. 
Several open mine vents found nearby. 

No head frame, portal sealed with timber. No vents. 
No water but runoff apparent. Large waste piles. 

No head frame, concrete pad covers shaft. No vents 
found, no water. Waste cleaned to surface, no runoff. 

Mine shaft not found but believed to be covered by 
waste piles. No water but runoff apparent. 

Building, portal sealed with timber, several open 
vents. San Mateo Creek flows through site. Waste 
piles and water runoff. 

No head frame, shaft sealed with timber but open, 
large waste piles. Several open mine vents in area. 
No water runoff apparent. Surveys completed at this 
site. 

Open pit or strip mining areas. No shafts or buildings, 
extensive waste piles and numerous pits, no vents. One 
abandoned water well, rain water in one pit. Runoff 
apparent, creek flows between several waste piles in 
Section 25. Surveys completed at this site. 

No head frame, shaft area co11apsed. large waste piles. 
Heap leach pile, mine water drainage areas. No water, 
extensive runoff. One open vent found. Surveys com
pleted at this site. 



Table G.2 {continued) 

Mine Township and Range 

Santa Fe Tl3N R9W Sect. 24 

Westvaco Tl3N RlOW Sect. 25 

Zia Strip Mines Tl2N R9W Sect. 15 

Description 

Head frame and building, waste cleaned to surface. No 
water, no runoff, no vents found. 

No head frame, portal caved in to form hole, no vents 
found. Small waste pile,·no water, runoff apparent. 

Shallow strip mining areas, no shafts or buildings. 
Waste piles,·no water, no runoff apparent, no vents. 
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are in tuffaceous, zeal i tic sandstone and mudstone beds that strike north 
eastward and dip gently southeastward (Ea75). Uranium is produced from a 

three-county area comprised of Karnes, Live Oak, and Duval counties. In each 
area the host rock is different and ranges in age from Eocene to Pliocene. 
The Catahoula Tuff is believed by many authors to be the principal source 
rock for uranium and other elements in the deposits. 

Uranium ores currently mined in south Texas are generally of very 1ow 
grade, the average being about 0.06 percent u3o8• In the recent past many 
operations, now inactive, were mining ore of the ra-nge 0.20-0.25 percent 
u3o8• The ore zone thickness, although variable, is seldom more than 3.05 m. 
The usual mining method is by open pit, however, in situ leaching is becoming 
commonplace and useful under certain conditions. Mine size and geometry are 
variable, depending on the period of mining activity, the depth of the ore 
zone, and the proximity (vertically and laterally) of other ore bodies. Many 
of the mines have a linear trend, paralleling the mineralized roll front. A 
typical open pit mine would be 30-100 m deep and cover approximately 250,000 

m2• Currently, a stripping ratio of 35:1 is followed in this area. Any 
groundwater encountered is diverted to sumps and, from there, pumped to 
hal ding ponds. 

The reclamation of the pit areas involves contouring the land surface 
such that all drainage is internal to an on-site holding pond. Topsoil cover 
is spread about evenly and then seeded with various grasses. It is un
economical to backfill all of the overburden into the pits and, consequently, 
some pit remnants consisting of steep walls, etc. are usually left. 
Generally, reduced agricultural and grazing productivity can be expected in 
the immediate area of the pit and overburden piles, particularly in the case 
of older mines. 

In situ leaching is common when the depth, size, water content, etc. of 
the ore_body prevents economical open pit mining. It is carefully controlled 
by the State, especially with respect to monitor;ng requirements. With 
cessation of leaching it should be noted that local baseline water quality 'of 
the mined aquifer is never fully attained. Potential problem areas are 
locally increased mobility of trace metals and elevated ammonia levels in the 

' leached ore zone. Tailings from in situ leaching operations can be stored on 
site or transferred to mill tailings piles. 
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A compilation of both active and inactive mines by location (county) and 
type of operation is presented in Tab1e G.3 and Fig. 2.4, both of which are 
based on State data (Co78}. 

Table G.3 Status and location of uranium mines in Texas 

County Open Pit(a) 

A I P 

Karnes 8 35 9 

Ka rnes-Gonza 1 es 2 

Karnes-Atascosa 1 

Gonzales 1 

Atascosa 1 

Bee 
live Oak 6 8 

Duval 1 

Webb- Duval 
Webb 

Total 19 44 9 

In Situ Leaching(a) Total 
A I P 

1 

6 

2 

1 

1 

11 0 

52 

2 

1 

1 

1 

1 

20 

5 8 

1 

1 

5 88 

(a)A = active; I = inactive; P = planned. 

G.l.3.1 Field Surveys 
On May 24-30, 1979, active and inactive open pit uranium mines in Karnes 

County, Texas were visited in the company of Texas Health Department radi
ation specialists. The survey included mine wastes and pits fn varying 
stages--active-mining underway, inactive-being reclaimed, inactive-reclaimed, 
and inactive-abandoned without reel amati on. A gamma survey was conducted at 
one open pit- mine that had just been regraded and covered with topsoil but 
not yet reseeded. The field survey results were supplemented with extensive 
gamma survey and environmental monitoring results from the Texas Health 
Department and the Texas Railroad Commission. 
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Uranium mining in Texas involves considerable and successive description 

of the 1 and surface as ore bodies are first uncovered and then removed. 

Tremendous volumes of topsoil, overburden, and water must be relocated a 

number of times in the course of mining. Dewatering has reached the stage 

where off-site release is becoming necessary. In the past, mine waters were 

rarely discharged but were stored in temporary basins on site. Occasionally, 

mine water was pumped to stock ponds to augment other supplies, typically 

derived from rainfall runoff. Water quality had to meet accepted standards 

for stock use. 

Figures G:l6 and G.17 are of a typical large open pit mine in Texas as 

of 1972 and 1978. Note the extensive changes in the landscape as unmined 

land is stripped, mined, and then reclaimed. Much of the overburden is left 

adjacent to the mines, and standing water remains in most pits. The water 

originates as groundwater seepage and overland flow from precipitation. The 

Galen mine, in the right foreground, was abandoned without stabilization 

about 10 years ago. Natural vegetation is very thin owing to the lack of 

topsoil and probable toxic effects of trace elements in the wastes. The pile 

is deeply eroded in places as was shown previously in Figs. 6.10 and 6.11. 

Current Texas requirements for stabi1 ization specify that the gamma 

radiation dose rate must be no more than 0.5 rem per year. For continuous 

exposure, this cor res ponds to 57 IJ R/ hr above background (about 5 ll R/hr). 

Results of 21 mine surveys in Texas {Co77) indicated that gamma-ray exposures 

in excess of 62 1.1 R/hr were found at 16 of the mines surveyed. Contributing 

causes are mineralized overburden (15 of 16), ore pads not properly decon

taminated (8 of 16), and mineralized rock in the pit (4 of 16). 

G.l.3.2 Summary 

In summary, uranium mining has caused radiation levels at some abandoned 

uranium mines to exceed natural background levels. On approximately 

one-tenth of the mined a rea of south Texas, exposure rates caul d exceed 
60 \..lR/hr (the equivdlent of 0.5 rem per year for continuous exposure}. Al

though no -one is believed to be receiving an exposure in excess of 0.5 rem 

per year now, the _area being mined is increasing, and so is the State's 

population; hence, 'the potential for increased population exposures is be

coming greater. Individuals occupy;ng a dwelling built on abandoned mine 



Figure G.16 1972 aenal photograph of the Galen and Pawelek open pit 
mines, Karnes County, Texas 

F1gure G.17 1978 aenal photograph of the Galen and Pawelek open p1t 
mines, Karnes County, Texas 
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areas caul d receive excessive 1 ung exposures from radon and its progeny, as 

well as gamma ray exposures exceeding 0.5 rem per year. 

Reclamation by the mining company can reduce radiation levels on mines. 

One of the most effective methods is to fill in the pit area with the re

maining ore, sub-ore, and overburden material and then cover this area with 

natural dirt or rock of low radioactivity content. 

G.1.4 Wyoming 

The second.largest producer of uranium in the United States is Wyoming. 

W1th higher uranium prices, the mining of many low-grade ore deposits would 

become economical, classifying Wyoming as the largest uranium reserve in the 

United States. Currently there are many new and expanded operations being 

planned. Both surface and underground mining methods are used; however, in 

situ leaching is also underway. Generally, the ore host rocks are arkosic 

sandstones and conglomerates. Currently, unoxidized ores are being mined, 

whereas, in the past, shallow oxidized ore bodies were worked. As a result, 

newer mines are discharging considerably more water to formerly ephemera1 

streams and, in one case, to a dry lake bed. Within Wyoming, there are 14 

major uranium districts, 4 of which are currently producing. These four 

districts, which are detailed below, exemplify the overall geology of Wyoming 

uranium occurrences. 

G.l.4.1 Highland Flats - Box Creek District 

Currently, the largest producing area is the Highland Flats - Box Creek 

district, located in central Converse County. Host rocks for this deposit 

are arkosic sandstones of fluvial origin lying within the Fort Union For

mation. The ore occurs in roll-type, tabular, and dish-shaped deposits. The 

largest and most significant of these are the roll-type deposits, varying 

between 1.5 m and 6.1 m thick. All types are generafly associated with each 

other, occurring from about 46-91 m below the land surface. The ore grade 

ranges from- 0.1 to 0.15 percent u3o8• Fonner mining operations in this area 

were in the overlying Wasatch Formation and produced ore of approximate1y 

0.22 percent u3o8• 
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6.1.4.2 Crooks Gap District 

The second largest producer of uranium, the Crooks Gap district, is 

located in the Green Mountains of Fremont County. Operations began there 1n 

1954. The host rocks are arkosic sandstones in the Battle Spring Fonnation. 

The ore bodies are of tabular, stratiform, and roll-type occurrence modes and 

are concentrated in narrow zones at the margins of the altered sandstone. 

Those currently mined are at or below the water table and are unoxidized .. 

Ore grade ranges from 0.18 to 0.23 percent u
3
o
8

• Fonnerly, smaller, 

near-surface ore bodies were mined. 

G.1.4.3 Gas Hills District 

The Gas Hills district has produced the most uranium in Wyoming and has 

the largest number of mine and mill operations. Large-scale continuous pro

duction has occurred since 1960. It is located in eastern Fremont County. 

The host rocks are arkosic sandstones in the Wind River Fonnation. Within 

this region there are four types of deposits, the roll-type being the most 

important. These are found at depths of about 30 m to 150 m bel ow the 

surface and up to 122 m below the water table. The ore zones are 0.3 m to 

3.1 m thick, occasionally ranging from 6 m to 10 

grade is approximately 0.1 to 0.15 percent u3o8• 

are small~ high-grade residual deposits behind 

deposits. 

G.1.4.4 Shirley Basin District 

m thick. The current ore 

Also within the district 

the main solution front 

The Shirley Basin district in northwest Carbon County has been actively 

mined since 1960 and is expected to expand considerably. The host rocks are 

arkosic sandstones within the Wind River Fonnation and the deposits are of 

the roll-type. Found at the leading edge of the tongue of the roll-front. 

the ore bodies tend to be large, about 15 m wide by 760 m long. Smaller ore 

bodies are found along the top and bottom of the. roll-front. Overall. the 

ore bodies vary from a few hundred to a few thousand MT, at depths from 45 m 

to 90 m below the surface. Main ore bodies lie below the groundwater table, 

sometimes to depths of 90 m. The ore grade ranges from 0.2 to 0.6 percent 

u3o8. 
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G.1.4.5 Summary 

Approximately 90 percent of the ore produced comes from surface mining 

operations. Overburden thickness ranges from 30.5 m to 137 m below ground 

surface. Spoils bank accumulation is on the order of 764 x 103 m3;month for 

an average lifetime of 15 years. This material is stockpiled for later 

reclamation pursuant to the State Environmental Quality Act of 1973; however, 

to date, land reclamation has not begun at any surface mine site. It is 

evident that the mine waste volume from an underground mining operation is 

much less than that generated by an open pit mine; therefore, it is estimated 

that about two hectares per portal would be sufficient to dispose of the 

waste rock. 

The majority of the inactive mines are located in the Gas Hills and 

Shirley Basin mining districts, located in Fremont and Carbon Counties~ 

respectively (Personal communication with UNC staff 1979). There are some 

inactive but not abandoned mines at every production area. Any increase in 

the value of u
3
o
8 

will lead to the reopening of many mines. Therefore, it is 

difficult to select an inactive mine that would be considered abandoned 

(mined out). 

The Morton Ranch leasehold, described as typical of smaller inactive and 

perhaps abandoned operations, was the site of the radiological survey. The 

topographical and climatological parameters of the area are similar in 

practically any portion of central Wyoming. Precipitation ranges from 30 em 

to 36 em per year, with June being the wettest month, November the driest. 

The wind blows constantly at 11ariable frequencies up to 129 km/hr (NUREG 

0438). The topography is ·dominated by plains, low-lying hills, and table 

lands interrupted by stream channelways. 

In 1973, an inactive pft, 1601, was very briefly mined to determine the 

metallurgical qualities of the underlying ore. A pit 110m x 238m x 12.2 m 

deep remains. Adjacent to the pit, piles containing 237,000 m3 [73~000 m
3 

of 

ore and 164,000 m3 of spoil (sub-ore)j of spoil material occupies less than 

2.5 hectares. 

Results of the gamma survey performed along radials originating from the 

center of the pit appear in Fig. G.l8. The near-surface ore body complicated 

field results ~rom the survey; therefore, soil samples were taken at every 

366 m to detennine the presence of wind-blown material or surface ore 

outcropping. Additional soil samples, 75 em profiles, were taken at 

erosional occurrences and in drainages. 



139 

145 

14 5 

1!:1 l 

146 144152 

15 

16 

139 
154 

14S 

1 16 3 
14 7 
' 
\ 

\ 
\ 

' 

GROSS GAMMA EXPOSURE RATE uR/hr 

15.1 

16 J 

1!i 0 

15 8 

141 

15 3 

14 9 

,.-. 
- uz~- ._..._ 

13 9 

U7 - ...... _ -...... 
332 : - ..... 

~. ' 22.0 22 4 ~22 0 186 183 173 170161162 16 0 

\ 
\ 

186 

19 8 

20 4 

\ 195 
\ 
' 36 

598' 

385 ' 

195 ' 
118 

18 8 

174 

19 2 

17.7 

19 6 
20 9 

344 

231 

542 

16 9 

179 

110 
.; 

/ 
/ 

/ 153 
/ 

I 

I 

I 

I 

J 
I 

\ 

I 

\ 

\ 
I 
I 

156 132 

Figure G.18 Results of gamma exposure rate survey at the 1601 pit and environs, Morton Ranch uranium mine, 
Converse County, Wyoming 
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G.2 Aqueous Transport of Mining Wastes in New Mexico and Wyoming 

G.2.1 Description of Field Studies 

Field studies were conducted to investigate the transport of trace 

elements and radionuclides from inactive mining areas to off-site locations 

in New Mexico and Wyoming. These areas were selected because extensive 

uranium mining has occurred to date and is likely to continue. Since the 
mid 1950's, these States have produced the majority of domestic u3o8• 

Samples o.f surface soils, stream sediments, mine drainage water, and 

surface water were collected. Interpretation of the data is complex since 

wind and water erosion work together at different seasons of the year to 
transport the mine material stored above ground. Compounding the problem is 

the semiarid environment of Wyoming and New Mexico where precipitation 
averages 13 to 31 centimeters per year and occurs primarily in the spring. 

The short-duration 11 flash flood 11 summer thundershower will move large 
quantities of material in increments rather than a gradual erosional pattern. 

Sampling was conducted during April and May 1979 at a site within the 
South Powder River Basin in Wyoming, at two sites in Poison Canyon drainage, 

and at the San Mateo mine areas in New Mexico. Most of the soil samples were 
obtained in well-defined runoff gullies where mine and mine spoil drainage 

intersected stream beds. The arid nature of the locations did not provide 

mu,ch opportunity to observe and to measure surface runoff characteristics. 

Sampling locations at the Morton Ranch property in Wyoming are 
summarized in Fig. G.19. The types of samples are identified in the legend. 

Samples taken at the San Mateo mine in New Mexico are depicted in Fig. G.20. 
At three locations at Morton Ranch, a 75 em profile was taken which 

consisted of 15 consecutive 5 em segments. The potential variability of 
trace metals and radionuc1ides at depth may be related to the solubility of 

the species and the amount of surface water residence time. Understanding 

the fractionation of surface contaminants in the soil co1umn is important in 

evaluating the transport of various species by redissolution or leaching. 
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G.2.2 Discussion of Results 
The radiochemical and trace metal analyses for the stations shown in 

Fig. G.19 are contained in Tables G.4, G.5, G.6, and G.7 (Written Communication 
from N.A. Wagman, Battelle Pacific Northwest Laboratory, 1979). 

Table G.4 Trace elements and radionuclides in water in the South Fork of Box 
Creek drainage at UNC Morton Ranch lease 

J:!C i Lg, 1! g/t 
Location(a) Ra-226 U-238 Ba Se v Mn 

W-3 H20 15.5 1220 63 334 8 77 

Filter 18.7 33.7 22 38 47 22 

W-5 H20 4.2 287 76 78 5 9 

Filter 4.48 2.97 16 0.6 8.1 29 

W-6 H20 0.6 34.2 11 <4 10 91 
Filter 0.091 0.209 <4 < .1 <.6 11 

W-7-H20 0.5 38.7 86 <4 7 22 

Filter 0.18 0.976 4 <.1 1.0 18 

W-4.H20 0.13 10.9 44 <4 6 149 

Filter 0.045 0.188 <3 < .1 1.7 6.7 

Acid Blank H2o N.D. N.D. 1 <4 <5 <3 

Fi1 ter 0.59 0.073 <3 < .12 <.4 <.2 

(a)See Figure 6.19. 

Note. -- United Nuclear Corporation {UNC) has recently transferred its 
interest to the Tennessee Valley Authority. 
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Table G.5 Radionuclides and trace metals in sediments in the South Fork of 
Box Creek at UNC Morton Ranch lease 

~Ci/g J.!g[g 
Location(a) Ra-226 U-238 Ba Se v Mn As 

G-1 1.3 0.41 750 <1 <39 70 < 1.6 

G-2 1.8 1.04 690 <1 <42 114 2.9 
G-3 6-.8 7.46 550 7 90 3390 10 

G-4 1.4 1.45 750 <1 <51 100 <1.7 

G-5 1.2 0.87 720 <1 <50 107 3.4 

(a)See Figure 6.19. 

The results in Tables G.4 through G.7 may indicate dispersal patterns of mine 
drainage and waste in a semiarid environment. Intennittent runoff from 
surface or underground mining spoils or an irregular low-volume discharge of 
mine water compounds the difficulty in attributing the fmpacts to either 
suspended or dissolved species. The analyses perfonned on samples from the 
South Fork of Box Creek cannot be used to describe typical impacts from 
larger operations; yet the complexity of stream sedimentation and dilution is 
evident and can signal precautions in monitoring any site of mining 
operation. 

For instance, water samples collected from Box Creek represent an inter
mittently flowing stream without a constant mine discharge. Even in spring 
after most of the snow has mel ted and recharged the upper reaches, streams 
such as Box Creek do not flow but rather contain shallow impoundments. There 
seems to be a movement of water beneath the stream sediments which supports 
these impoundments without observable surface flow. Each of the water and 

sediment samples was from impoundments, except for sediment sample G-1 which 
was from a ~-dry stream bed. The results in Table G.4 show that radium-226 and 

uranium-238 in solution decrease in concentration with downstream distance. 
Station W-3 is hydrologically separate from the drainage basin at the present 
time, but represents mine discharge when dewatering begins. 
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Table G.6 Radionuclides and trace metals in soils near the 1601 open pit 
mine, UNC Morton Ranch lease, Wyoming 

2Ci/g ~ g/g 
Location(a) Ra-226 U-238 Th-230 Ba Mn v Zn Se As 

S-1 119 188 161 760 205 110 29 17 7.5 

S-2 33 7.21 38.6 800 250 160 85 25 11 . 
S-3 3.8 1.87 3.71 760 200 70 36 <1 6.8 

S-4 1.9 1.78 3.54 530 190 100 58 <1 6.0 
S-5 2.5 1.64 1.91 810 140 <50 27 <1 4.2 
S-6(b) 1.86 1.62 1. 74 680 180 100 33 <1 3.9 

S-7 3.4 1.60 2. 71 570 180 70 32 <1 5.6 

{a)See Figure G.19. 
{b)Background sample. 

In conjunction with the decreasing soluble species with distance down
stream, there is a possible trend of increased levels in sediments (see Table 
G.5). This may be, in partll due to the samplfng locations (ponded water). 
It is possible that the soluble species precipitate in standing water either 
because of evaporation increasing the solute concentration or the increase in 
pH. The pH of the 1704 mine water increased from 5.2 to 7.2 eight km down
stream in Box Creek. Another possibility is that these ponds receive surface 
runoff from several hundred meters of stream bed and, therefore, have higher 
sediment loading. 

The data in Tab 1 e G. 6 are from a series of so i 1 samp 1 es obtai ned from 
-the natural drainage leading from the inactive 1601 open pit to the South 
Fork of Box Creek. This mine is dry and therefore it has no liquid discharge 
to Box c:.eek. Over 1,100 m separate the mine spoils material from the creek 
bank. The soil samples were collected at 183, 366, 567~ and 1~100 m from the 
spoils bank. If there had been runoff from cloudbursts or snow melt, sheet 
erosion across this. plane could move the spoils material to the creek. This 
mine was operated for a very short time eight years ago; therefore, the full 
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impact of the long-term erosion could not be measured. Also, wind erosion 

complicates the predictive value of these results since this channel is 

aligned with the predominant wind direction. 

Table G.7 Radionuclides and trace metals in soil profiles at the open pit 
mines, UNC Morton Ranch lease, Wyoming 

Location{a) Depth 

(em) 

P-1 0-2 

P-2 

P-3 

4-6 
10-12 

22-24 
28-30 

0-2 
4-6 

10-12 

22-24 
28-30 

0-2 
4-6 

10-12 
22-24 
28-30 

(a See Figure G.19 

U-238 

188 
1.62 
2.12 

1.21 
1.26 

11.0 

5.39 
1.57 

11.0 

5.73 

3.3 
3.0 

2.69 
1.97 

3.51 

pCi/g 

Ra-226 

119 

2.8 

1.8 
1.4 
1.5 

33.2 
13.0 

2.6 
146 
485 

8.2 
52.0 

1.86 
1.62 

2.1 

Th-230 Mn 

161 205 
1. 79 120 

1.87 59 
1.0 

1.16 

31.4 
18.0 

86 

57 

130 
94 

2.15 130 
238 190 

481 72 

5.5 
11.1 

120 
110 

1.35 210 

1.78 270 

1.5 350 

ll g/g 
Se Ba V 

17 760 110 
1.2 720 <50 

<1 470 150 
1.9 

<1 

2.7 
1.1 

<1 

1.3 
<1 

1.3 
1.1 

1.4 

1.1 

1.1 

550 130 
590 70 

690 90 
760 <50 

770 60 

560 120 
730 90 

701 130 

693 70 

591 130 
618 90 

660 70 

The trend of decreasing radi a active species with increasing distance 
from the spoils bank is evident. The background results for S-6 are 
composite samples of at least six locations \vhere the gamma survey indicated 
no surface contamination. The results show that Ra-226, U-238, and Th-230 
are measurable and decreasing towards the creek. These concentrations above 
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the background samples can be attributed either to wind or water erosion from 
the 1601 spoi1s bank. 

Water erosion of the mine waste pile is documented by the gullying scars 
on the sloped surfaces. Data in Table G.6 indicate definite migration of 
this material at least 360m from the largest gully. Yet it is possible that 
this contamination may have occurred while the mine was active. The ore body 
is sandstone, the fines of which could be resuspended by vehicle traffic or 
equipment operation. 

In Fig. G.20 the drainage pattern for the San Mateo mine in New Mexico 
is depicted. As ·;n the case of the 1601 mine in Wyoming, nearby drainage 
courses are dry most of the year. Runoff in San Mateo Creek lasts for 
several months as a result of snow melt, and is nil the rest of the year, 
except for brief runoff from stonns. Radium-226 data for the sediments (see 
Table G.8) reflect decreasing concentration with distance to San Mateo Creek, 
especially within 350 to 460 m from the waste pile. The radium in San Mateo 
Creek downstream from the intersection of the mine drainage is higher than 
the gully data would indicate. Data for sample 104 seem to indicate that 
contamination has not moved from the gully wash to the creek beds, but this 
is considered most unlikely on the basis of known erosion and obvious 
topographic relations. 

Barium and selenium trends, for the most part, follow a similar pattern 
of decreasing concentration with distance from the waste pile. Arsenic 
concentrations are an exception. Sediments show increasing arsenic to 350 to 
460 m downstream and then decrease from that point to San Mateo Creek. In the 
creek sediments, arsenic and barium concentrations are higher than would be 
expected if mine wastes were the sole source of these elements. 

Sediment and water samp1es (Tables G.8 and G.9, respectively) from San 
Mateo Creek indicate that barium and manganese concentrations are either 
equal to or higher upstream of the gulley intersection than below it. This 
apparent anomaly and the higher-than-expected concentrations for radi urn and 
arsenic in sediments cannot be readily explained. 

In summary, the data collected during Apri1 and May 1979 at the San 
Mateo mine do not indi~ate that mine waste has reached San Mateo Creek; yet 
downstream sediments show anomalies for certain elements. The transport of 
mine waste is measurable approximately 370 to 460 meters from the waste pile. 
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Water erosion is the likely reason for the contamination, but wind may also 
be dispersing material. Meteorological data, particularly wind roses, are 

unavailable at this time. 

Table G.8 Radionuclides and trace metals in sediments from the drainage of 
the San Mateo mine and from San Mateo Creek, New Mexico 

Location(a) 
pCi/g 

Ra-226 Th-232 Ba 
ll9/9 

Se V Mn 

98 

100 
101 

103 

104 

105 

102 

109 

108 

117 0.86 
55 0.64 
36 0.66 

1.6 0.43 

0.77 0.54 

1.2 0.80 

0.77 0.55 
0.38 0.39 

8.1 0.53 

(a)See Figure G.20. 

566 3.9 78 
484 3.7 114 

383 1.2 <50 

434 <1 <42 

517 <1 <52 

562 1.2 102 
695 <1 <51 

597 <1 55 

176 
179 

191 

146 

186 

473 
152 

157 

As Remarks 

Waste pile 
3.1 ·Base of pile 
5.1 100m from 

pile 
6.2 400-500 m 

from pile 
3.6 600-700 m 

from pile 
3.8 

5.5 
2.2 

5.2 

Heap leach 
pile 
Background 
2 km 
upstream 
Downstream 

Table G.9 Radium-226 and trace elements in water from San Mateo Creek near 
San Mateo mine discharge point 

pCi It , ll /t 
Location(a) Ra-226 Ba Se v Mn As Mo Zn 

23 (upstream) 79 < 4 8 55 9 23 56 
21 {downstream) 12.5 26 21 21 10 9 170 150 

(a)See Figure G.20. 
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Data from three soil profiles near the spoils areas of the 1601 and 1704 

mines at Morton Ranch were used to investigate possible downward migration of 

soluble species. In semiarid environments, small precipitation events 

usually result in little noticeable runoff. In many areas, the surface soil 

is very porous and rain immediately infiltrates. The disturbed spoils 

material is probably of even higher porosity; therefore, soluble species 

could, over a period of time, begin to migrate to greater depths. Based upon 

solubility and frequency of rewetting, a fractionation of species could 

occur. 

The overburden at 1601 and 1704 mines contains a high percentage of 

clay. The resultant spoils bank is a homogeneous mixture of 'c1 ay and sand

stone. It was observed during the collection of the soil samples that the 

clay was moist, highly plastic, and obviously of low permeability. Very slow 

downward migration of surface water would be expected; consequently, not much 

fractionation of the species would result. 

The results in Table G.7, however, show contradictory evidence of 

isotopic disequilibrium. The isotopes of uranium, radium, and thorium are 

near equilibrium conditions throughout the profile P-1 taken above the slope 

of the 1601 spoils bank. However, the lower layers of profile P-2 show a 

marked departure of uranium from the radium and thorium. Since uranium is 

more soluble than the other species, it is difficult to explain the anomaly. 

In profile number l11 the top segment probably contains ore material 

eroded to the spoil surface. The segments at greater depth show species 

equal to or less than the data reported as background on the surface in Table 

G.6 (S-6}. This would imply that no downward migration had occurred on the 

surface of the spoils area. Note that the clay-like matrix of the spoils may 

have prevented much surface infiltration, which accounts for the shallow 

erosional scars on horizontal surfaces. 

Profile number 2 was obtained in an alluvial fan below the spoil bank 

slope. The data suggest that the profile did not extend below the a1luvium 

and into the spoil material. The anomaly at greater depth cannot be 

explained, ·but, perhaps, irregular wind and water erosion of the spoils 

material caused this--layering effect. Still, the isotopic disequilibrium is 

not explained. 
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Profile number 3 was a saturated clay column which contained, from the 

odor, a percentage of organic material that was undergoing bacterial decompo

sition. Sheep in the area use the pond nearby and this may account for the 

source of the organics. The results for profile 3, again, show little above 

background concentrations at greater depth, except for slight increases in 

manganese, selenium, and uranium. The profile was in the sediments of Box 

Creek close to the runoff observed from the 1704 spoils bank. The radium and 

uranium data show that concentrations in sediments in the first 30 em are 

higher than what was observed further downstream at point G-2 (Table G.S). 

This is undoUbtedly the result of erosion from the spoils bank. This clay 

sediment matrix could be subject to transport further down Box Creek but only 

under high flow conditions. 

G.2.3 Conclusions 

In summary, the field studies attempted to identify and quantify the 

transport of mine spoils material. There is evidence that contamination is 

measurable up to 370 to 460 m in a gully draining the San Mateo pile and. 

perhaps, 570 m in the natural sloping plane in which the 1601 t~orton Ranch 

mine waste is located. The mechanism of transport is complex because of the 

semiarid environments. There is a good chance of wind and water erosion 

combining to move spoils material these distances in under 10 years. 

The data also support the conclusion that it is not evident that radio

nuclides or trace metal species have reached intermittent streams, either as 

soluble or particulate material. Anomalies were uncovered in San Mateo creek 

which cannot be explained from the samples collected so far. The water and 

sediment samples in the South Fork of Box Creek show decreasing concen

trations of radium and uranium isotopes with downstream distance, but not so 

clearly for the trace metals. The 1 evel s of radium and uranium are not con

clusive of major off-site movement of the spoils material. 

The soil profiles obtained at the Morton Ranch leasehold do not support 

the conjecture of ~ownward migration. Perhaps the clay-like consistency of 

the spoils-- material allows for too little fractionation after only eight 

years. The isotopic ratio discrepancy at greater depth in the profile of an 

alluvial fan of spoils is not understood at this time. 
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Influence of Mine Drainage on Seepage to Groundwater and Surface 

Water Outflow 

Surface Mines 

Mine water discharge from each open pit mine in the Wyoming model area 

is estimated to be 3 .. 00 m3/min. Discharge is to natural ephemeral streams 
~vhich will, in ·some cases, become perennial as a result of the discharge. 

Effects of mine drainage on water quality:. stream biota, and downstream 

potable water uses are largely a result of dilution of suspended and 
dissolved load. The first step in the analysis is to determine what the net 

outflow of water from the sub-basin will be and then to route this water 

downstream where contact with man or the food chain is possible. It is 

assumed that suspended and dissolved chemical loads not leaving the sub-basin 
because of infiltration and evaporation remain on the stream bed and are 
available for subsequent transpor.t in flood flows, which are calculated in 

Section 3.3.3. 

Numerous assumptions are made in the analysis to follow, which is 

patterned after that in NUREG-0511 (Generic Environmental Impact Statement on 

Uranium Milling), with certain corrections and modifications. The calcu

lations are based on the operation of three surface mines dewatering at a 

rate of 9.00 m3/min (3 mines, 3.00 m3/min each) into a sub-basin of 11.4 km2 

area. This will transform 22.7 kilometers of channel {in the sub-basin and 

basin} into perennial streams. Note that 7.04 m3/min will discharge from the 

sub-basin. The rema.inder of the flow (1.96 m3/min) is lost by infiltration 

and seepage in the sub-basin. 

Mine discharge is assumed to enter into a hydrographic area described as 

follows (Table H.l) and shown in Fig. H.l: 
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Table H.l Characteristics of the sub-basin containing the model mines 

Slope of region 
Substrate hydraulic conductivity (vertical) 
Substrate hydraulic conductivity (horizontal) 
Composite hydraulic conductivity 
Total outflow of a stream section 
Total loss due ·to infiltration {seepage) and 

evaporation 
Seepage loss 
Evaporative loss 
Annual evaporation rate 
Length of stream section 
Reach of stream section with perennial flow 
Channel dimensions (see Figure H.2) 
Cross sectional area of channel calculated 

Symbol Value 
0.01 

6 X 10-6 

6 X 10-4 

6 X 10-S 

Calculated 

Calculated 
Calculated 
Calculated 
2 X 10-6 

Variable 
Variable 
Variable 

Units 
% 

m/min 
m/min 
m/min 
m3/min 

m3 /min 
3/ . m m1n 

m3;min 
m/min 
m 
m 

m 

from Q;n and V Variable m2 

Water input from mine drainage 
Wetted perimeter of stream bed 
Velocity of flow 

3.00 per mine m3/min 
Variable 

36 

K = (Kh.Kv)l/2 
= (6 X 10-6 X 6 X 10-4}1/ 2 

= 6 x 10-5 m/min 

Q = L 
B = 

Q = s 
Q = e 
v = 
A = 

(Qs + Qe) 
a + 2b 
KB x f(L) 
Ea x f(L) 
36 m/min 

.ll;n v 

Assuming that B and a are dependent only on Qin' 
V is assumed constant at 36 m/min, and f is a 
fun_ct ion of L. 

m 
m/min 
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Figure H.1 Wyoming model area sub-bastn drainage system 
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To find the total outflow {QT) from a stream section of length L: 

~T ::: -KB- Ea 

!dQT = -(KB + Ea) !dL 
QT = -(KB + Ea}L + C 

At L = 0, QT = Qin' so C = O;n: 
QT = Q. -(KB + Ea)L 1n 

To find the tota1 loss (QL} associated with a stream of length l: 

Since QT = Qin - QL' 
QL = {KB + Ea)L 
A = a x b 

Assuming a ratio of b/a = 0.01, 

_ /Qin ) 
112 

a- F 
B = 1.02a 

so QL = (1.02 K + E) aL 

= [(1.02 (6 x 10-5 m/min)) + (2 x lo-6 m/min}]aL 

· ~ :_:::: : ::~: :~::::·( ~:kr{2 

H-4 

To find the reach (R) of perennial stream created by discharge (if there is 
no net outflow from the section): 

If QT = 0 the(n 0 Q.Qin -{KS + Ea)l 

LQ = 0 = R = KB + 1 ;a ) 

Ass(uming)~/~atio of b/a = 0.01, 
a= Qin 

0.36 
B = 1.02a 
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so R = = 
( 1/2 
0.36 Qin) = 9493.67 x Q~/2 

1.02K + E ln 
( 1. 02K + E) ( ~:~6) l/

2 

The basin drainage channels are assumed to be considerably larger than those 
of the sub-basin and therefore effect a greater evaporation and seepage loss 
on the system. Consequently, loss rates due to seepage were doubled, pro-

du:~n~ ;:~2:o:l::~:gm;:~::~~~~~1/2estimating flows within the basin channels: 

' l/2 
R = 4823.15 x O;n 

Table H.2 contains the calculations of seepage and evaporation loss 
and cumulative discharge for the sub-basin and contiguous areas of the basin. 

Infiltration of mine discharge to ephemeral streams was not calculated 
separately but instead was solved as a combined loss for evaporation and in
filtration. Both losses are a function of surface area. Infiltration takes 
place in both the sub-basin and the basin and at different rates. The final 
calculated infiltration percentage represents a combination of the sub-basin 
and basin losses, which were calculated separately. When 3 mines are 
operating, the full reach of perennial stream created is 22.7 km. 

Infiltration losses in the sub-basin can be calculated as follows: 

(H.l) 

where QL = flow rate or loss as infiltration plus evaporation, m3/min 
= width of stream, meters 
= length of stream, meters 
= 6.12 X 10-5 X aL 

= infiltration loss, m3/min 
= 2.0 X 10-G X al 

= evaporation loss, m3/min 



Table H.2 Seepage and outflow calculations for the Wyoming model mine drainage system 

Section Section Length O;n(3.00 m3/min Total Qin QL O;n - QL R 
Number( a) L (m} per mine) (m3 /min) (m3/min) (m3/min) (m) 

1 2400 3.00 3.00 0.44 2.56 

2 2100 

3 600 2.56 0.10 2.46 

4 3000 3 .. 00 3.00 0.55 2.45 

5 1400 4.91 0.33 4.59 

6 1600 3.00 3.00 0.29 2.71 

7 900 7.30 0.26 7.04 

Basin 141000 7.04 7.04 7.04 12797 

(a)See Fig. H.l. 

Cumulative 
Discharge 
(m3/min) 

7.04 

0 

:r: 
I 

0'1 



Therefore, Q
5 

~ 
= 30.6 

Since total loss = Q
5 

+ Qe = 1.96 m3/min 
and Q5 = Qe x 30.6 

then Q
5 

= 1.96 - Qe and Qe = 1.96 = 0.062 m3;min 
31.6 

Then loss due to infiltration in the sub-basin: .. 
= 1.96 - 0.062 
= 1.898 m3/min 

H-7 

{H.2) 

Infiltration losses in the basin can be calculated as follows: 
QL = [1.02 (1.2 x 10-4) + (2 + 10-

6
)] aL (H.3) 

-4 where Q
5 

= 1.22 x 10 x aL 
Qe = 2 X 10-G X aL 

Therefore, = 61.0 

Then loss due to infiltration in the basin: 
= 7.04- 0.114 
= 6.926 m3/min 

(H.4) 

Therefore, total inflow equals 9m3/min or 4.73 x 106 m3;yr~ and total annual 
infiltration loss equals 4.65 x 106 m3• Restated, 98.2 percent of the 
discharge infiltrates and the remainder evaporates. 
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H.l.2 Underground Mines 
Mine water discharge from underground mines in the New Mexico model area 

averages slightly under 2m3/min. Flow characteristics parallel those in the 
Wyoming model area, as does the methodology applied in calculating the 
infiltration and evaporation losses and the net outflow. The calculations 
are based on the operation of 14 mines dewatering at a rate of 28 m3/min 
(2.00 m3/min per mine) into a sub-basin of 246 km2 area. This will result in 
transfonnatiorr of 24.8 km of channel (in the sub-basin only) into perennial 
streams. Note that there is no discharge from the sub-basin to the basin. 

Mine discharge is assumed to enter into a small sub-basin hydrographic 
unit shown in Figure H.3. The sub-basin characteristics used as model input 
parameters are the same as those for Wyoming (Table H.l) with the exception 
of those presented in Table H.3. 

Table H.3 Characteristics of the sub-basin hydrographic unit in the model 
underground uranium mine area 

Parameter Symbol Value Units 

Substrate hydraulic conductivity (vertical) Kv 6 X 10-S m/min 
Substrate hydraulic conductivity {hor1zontal) Kh 6 X 10-3 m/min 
Substrate hydraulic conductivity K 6 X 10-4 m/min 
Annual evaporation rate E 4.0 X 10 -6 m/min 
Water input from mine discharge Qin 2.00 per mine m3/min 
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Figure H.3 New Mexico model area sub-basin dramage system 
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The loss and outflow fonnulas are of the same fonnat and derivation as 

the Wyoming equations {see Surface Mines}, but have different final fonns due 

to the change in infiltration and evaporation rates. The final equations for 

the New Mexico model area are as follows: 

To find the total loss (QL) 

length L: 
associated with a stream segment of 

QL = (1.02K + E)aL 
= [(1.02 (6 x 10-4 m/min})+ (4.0 x 10-6 m/min)] al 

(H.5) 

To find 

: ;::::: ::~:)m/(m~:~ ,~/2L 
0.36} 

the reach (R) of perenn1al stream created by discharge (if 

there is no net outflow from the section): 
Qin 

R = 
(1.02 K + E) (Qin \ l/

2 

0.36) 
= (0.36 O;n) 112 

(1.02 K + E) 

= 974.03 x {0;n) 1/ 2 

(H.6} 

Since no net outflow from the sub-basin occurs, equations modified for the 

basin channel characteristics are not necessary for this model area. Table 

H.4 presents the calculations of infiltration and evaporation loss and 

cumulative discharge within the sub-basin. 

Infiltration of mine discharge to ephemeral streams was not calculated 

separately but instead. was solved as a combined loss for evaporation and 

infiltration. Both losses are a function of surface area. Infiltration 

takes place only in the sub-basin as there is no net outflow. When 14 mines 

are operating, the full reach of the perennial stream created is 24.8 km. 

-Infiltration losses can be calculated as follows: 

(H. 7) 
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Table H.4 Seepage and outflow calculations for the New Mexico model mine area drainage system 

Section 

Number( a): 

1 
2 I 

3 
4 
5 
6 
J 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Section Length 

L(m) 

1500 
200 

2300 
1000 
800 
500 

3000 
3400 
1000 
700 
500 

1100 
1500 
1400 
1200 
1100 
1000 
600 

1900 
2100 
3200 
2100 
1200 
3900 
1300 
4900 

(a}See Fig. H.3. 

Qin (2.00 m3/min Total Qin 

per mine) {m3/min) 

2.00 2.00 
2.00 2.00 

0 1.71 
2.00 2.00 

0 o. 55 
2.00 2.00 

0 1.27 
2.00 2.00 
2.00 2.00 

0 0.55 
2.00 2.02 

0 1.29 
2.00 2.00 

0 0.01 
2.00 2.00 

0 0.26 
2.00 2.00 
2.00 2.00 

0 1.68 
0 0 

2.00 2.00 
2.00 2.00 

0 0 
2.00 2.00 

0 0 
0 0 

0.29 

1.45 

0.73 

1.45 
0.53 
0.73 
1.28 

1.74 

1.45 
0.87 

Qin - QL 

(m3/min) 

1. 71 

0.55 

1.27 

0.55 
0.02 
1.29 
0.01 

0.26 

0.55 
1.13 

R 

(m) 

1948 

1665 

534 

1241 
1948 

1948 
10 

251 

1635 

1948 
1948 

1948 

Cumulative 

Discharge 

(m3/min) 

0 
:::t: 
I ...... 

...... 
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where QL = flow rate or loss as infiltration plus evaporation, m3/min 
a = width of stream, meters 

Therefore, 

L = length of stream, meters 
Q

5 
= 6.12 x 10-4 x al 
= infiltration loss, m3/min 

-6 Qe = 4.0 X 10 X al 
= evaporation loss, m3/min 

153 
Qe 

Since total loss = Q
5 

+ Qe = 28 m3;min 
and Q = Q x 153 · 

s e , ~8 3 
then Q5 = 28-Qe and Qe = 154 = 0.18 m /min 

Then loss due to infiltration in the sub-basin: 
= 28 - 0.18 
= 27.82 m3/min 

{H.B) 

Therefore, total inflow equals 28.0 m3;min or 1.47 x 107 m3;yr, and total 
annual infiltration loss equals 1.46 x 107 m3• Restated, 99.3 percent of 
the discharge infiltrates and the remainder evaporates. 
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1.1.0 Computation of Mass Emission Factors for Wind Erosion 
Mass emission factors due to wind erosion of overburden, waste rock, and 

sub-ore piles were computed by the equation {Hu76) 

where, 

EF = aiKCLV 

EF = emission factor, MT/hectare-yr, 
a = the portion of total wind erosion losses that would be 

measured as suspended particulates - a has the value of 
0.025 for rocky. gravelly surfaces (Hu76), 

I =soil erodibility - I has the value of 85 MT/hectare-yr 
for rocky, gravelly surfaces {Hu76), 

K = surface roughness factor, assumed to be 1.0,* 
C = climatic factor- reported to be 1.0 for New Mexico and 

0.40 for Wyoming mining regions (Hu76), 

l = unshielded field width factor - assumed to be 1.0,* and 
V = vegetative cover factor - assumed to be 1.0*. 

(I-1) 

Substituting the assigned values into the equation yields an emission 
factor of 2.12 MT/hectare-yr for New Mexico mines and 0.850 MT/hectare-yr for 
Wyoming mines. These factors are applied with appropriate parameters in 
Sections 3.3.4.1 and 3.4.4.3 to estimate the average annual contaminant 
emissions due to wind erosion. 

The mass emission factors due to wind erosion of the ore stockpiles were 
computed by the equation (Bo78) 

EF = 0.025 ill ill { d ) lfl 
1.5 90 235 15 {I-2) 

*Dale, J.T.; 1979, Air Program Branch, U.S. Environmental Protection Agency, 
Region VIII, Denver, CQ, Memo Concerning Uranium Resources Development Com-

pany's Mining Operation in San Juan County, Utah - PDS Permit Requirements. 
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where, 

EF = emission factor, kg of dust per annual MT of material 
put through storage cycle, 

S = silt content - assumed to be 3.0,* 
D = duration of storage - 41 days, 
d = dry days per year - reported to be 273 days at Casper, WY 

and 306 days at Albuquerque, NM (DOC77), and 
f = percent of the time the wind spe~d exceeds 19.3 km/hr - reported 

to be 49 percent at Casper, WY and 20 percent at Albuquerque, 
NM (DOC51-60). 

Substituting the assigned values into Equation I-2 provides emission 
factors related to ore storage piles at mines in New Mexico and Wyoming of 
0.040 kg/MT and 0.086 kg/MT, respectively. These factors are applied with 
the appropriate parameters in Sections 3.3.4.1 and 3.4.4.3 to estimate the 
average annual contaminant emissions from ore stockpiles due to wind erosion. 

1.2.0 References 
Bo78 Bohn:t R., Cuscino, T .. , and Cowherd, C., 1978, 11 Fugitive Emissions from 

Integrated Iron and Steel Plants:t" U.S. Environmental Protection Agency 
Report, EPA-600/2-78-050. 

DOC51-60 Department of Commerce, U.S. Weather Bureau, 1951-1960, "Cl imatography 

'of the United States Series 82 --Decennial Census of the United States 
Cl imate. 11 

OOC77 Department of Commerce, National Oceanic and Atmospheric Administra-
tion, 1977, 11 Climatological Data- National Summary," Volume 28, No. 13. 

Hu76 Hubbard, S.J., 1976, "Evaluation of Fugitive Dust Emissions from Mining: 
Task 1 Report - Identification of Fugitive Dust Sources Associated with 
Mining," Report prepared by PEDCO-Environmental Specialists, Inc. for 
the U.S. Environmental Protection Agency, Las Vegas, NV. 
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J.l Introduction 

This appendix describes the methodology and the parametric values used 

to estimate dose equivalents and health risks for maximum and average 

individuals and for the population within the assessment area surrounding the 

generic underground uranium mine site in New Mexico and the generic surface 

mine site in Wyoming. In the appendix, the tenn dose quiva 1 ents refers to 

the following: 

For radionucl ides inhaled or ingested by an individual, dose equivalents 

are the annual __ committed dose equivalents that will be accumulated over 70 

years following intake for an adult. For external exposure to an indivi

dual, dose equivalents are the annual dose equivalents to an adult for a 

radi onucl ide buildup time in the environment of 8. 5 years {one-half the 

assumed period of mine operation of 17 years}. For radionuc1ides inhaled or 

ingested by the population, dose equivalents are the annual collective dose 

equivalents that will be accumulated over 70 years following intake for an 

adult. For external exposure to a population, dose equivalents are the 

annual collective dose equivalents to an adu1t for a radionuclide buildup 

time in the environment of 8.5 years (one-half the assumed period of mine 

operation of 17 years). 

Simple models are used throughout these calculations. The maximum 

individual calculations are performed independently from the population 

calculations. However, the average individual calculations are obtained by 
; 

dividing the population calculations by the population size. 

J.2 Pathways Considered 

The aquatic pathway analyses consider the general surface stream flow 

pattern shown in Fig. J.l. The generic mine is dewatered by pumping water 

into the third order stream. Much of the year the only water flowing in the 

third order stream is mine water discharge. As the mine water travels down

stream in the third order stream, it either percolates into the soil beneath 

the strea~ or evaporates. At some location downstream before the third order 

stream enters the second order stream, the third order stream dries up sg 

that, for a large part of the year, the radioactive discharges in the mine 

water do not reach the second nor the first order streams. Some of the 

discharged radioactivity moves into the soi1 beneath the third order stream 
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bed and the rest is probably deposited in the sediment on the stream bottom. 

The radioactivity deposited in the sediment is subject to resuspension and 

transport to the second order and first order streams during periods of 

flooding. However, during these floods, the resuspended radioactivity would 

be subject to the large dilution volumes associated with the flood. Some of 

the radioactivity that percolates into the soil could eventually reach 

shallow groundwater, but many of the radionuclides would be subject to large 

remova 1 factors because of ion-exchange interactions between radi onucl ides 

and components. of the soil. These interactions \vould cause groundwater 

concentrations of radionucl ides to be greatly reduced when compared to the 

original surface water concentrations. 

An effort has been made to use realistic computational methods and para

metric data in these analyses whenever possible. However, when actual data 

did not exist, some conservative assumptions were made. The continuous stream 

flow assumption discussed in the following paragraph is the major con

servative assumption in these aquatic analyses. 

To correctly analyze the effects of radionucl ides discharged from the 

mine to third order streams, one would have to have extensive hydrologic 

information on stream flow rates over a long period of record in order to 

predict the quantities of radionucl ides reaching the second order and first 

order streams. One would also need extensive information on soil types and 

ion-exchange characterisitics of the soils within the stream bed areas. 

Because these data are not obtainable for use in these analyses~ the 

simplifying assumption is made that the third order stream discharges mine 

water continuously into the second order stream and that the second order 

stream discharges continuously into the first order stream. Thus, the water 

concentrations of radionuclides in the first order stream are computed by 

dividing the annual radionuclide discharge from one mine by the 

average-annual flow rate in the first order stream. Population and average 

individual dose equivalents and health effects estimates are calculated using 

these wat~.r concentrations. Maximum individual dose equivalents and health 

effects are computed using the water concentrations in the second order 

stream which are computed by dividing the annual radionuclide discharges from 

one mine by the annual average flow rate for the second order stream. These 
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techniques for predicting water concentration should be quite conservative 

since they do not account for periods of no-flow in the third order streams 
nor for loss of radioactivity from the water by percolation into the soil. 

The environmental transport pathways which are examined as potentia 1 
contributors of dose equivalents and health effects to individuals and to the 

population are listed in Table J.l. It was found that essentially all pot
able drinking water in both the New Mexico and the Wyoming assessment areas 

is taken from groundwater supplies. Public water supplies are taken from 
aquifers below 1:he elevation of the aquifers which could be affected by 

recharge from the mine surface water. For this reason, drinking water (path
way 1) is not considered as a pathway of exposure to the population. 
Drinking water could be a significant pathway of exposure for the maximum 

individual living near a uranium mine if he were drinking surface water 

downstream of the mine discharge point or water from a shallow aquifer which 
' had been recharged by the mine surface water. However, this pathway was not 

assessed because it was not possible to quantify radionuclide concentrations 
in potable groundwater from mine discharges with available information. 

Also, it is believed that the occurrence of direct consumption by individuals 
of surface water containing mine discharges would be infrequent or non
existent. 

Through telephone conversations, it was learned that almost all milk 

cows in the assessment areas obtain their drinking water from groundwater 
supplies. In addition, most of the dairy cattle are located 50 km or more 
away from the uranium mines (Ramo, T., Valencia County Agent, Los Lunas, NM, 

1979, personal communication and Loper, R., Soil Conservation Service .. U.S. 

Department of Agriculture, Douglas, WY, 1979, personal communication). For 
these reasons, consumption of milk produced by cows drinking contaminated 

water is not considered in the population dose equivalent calculations. 
Thus, the pathways listed in Table J-1 which are considered for the popu
lation dose equivalent calculations are 2 through 8 and 10. For the maximum 
individual dose equivalent calculations, the pathways considered are 2 
through 10. 

For these generic site analyses, detailed data are not readily available 

regarding fish catch and surface stream water usage as a function of distance 
downstream from the mine for the third, second, and first order streams. 



J-5 

Thus, a simplified approach is taken in computing the population dose 

equivalents and health effects. The population assessment area is defined as 

the areas draining into the streams shown in Fig. J.l. These drainage areas 

are discussed in more detail in Sections 3.3.3 and 3.4.3*. To compute the 

population dose equivalents and health effects, the assumption is made that 

the water concentrations in the first order stream are representative of the 

radionuclide concentrations to which persons within the assessment area could 

be exposed. The resulting river water concentrations of radionucl ides are 

applied to each of the eight pathways for which population dose equivalents 

are calculated. 

The mathematical models used for the population and maximum individual 

dose equivalents and health effects calculations will be discussed in the 

following paragraphs. Average individual dose equivalents and health effects 

are computed by dividing the population values by the number of persons in 

the assessment area. For each pathway, dose equivalents are calculated for 

endosteal cells (bone), red bone marrow~ lung, lfver, stomach wall, lower 

large intestine (LLI} wall, thyroid, kidney, muscle, ovaries, testes and a 

weighted mean dose equivalent which ;s weighted over a11 organs. For the 

external exposure pathways (pathways 7 and 8) these dose equivalents are used 

to estimate health impact by applying a dose-to-health~impact conversion 

factor. This factor is a function of organ and is independent of the nuclide 

involved. However, for all of the internal exposure pathways (pathways 1 

thr'ough 6, 9, and 10) dose equivalents are calculated and reported only for 

the purpose of supplying this infonnation to the reader. The hea1.th impact 

for each pathway is estimated by computing the quantity of each radionucl ide 

taken in by the population or a maximum individual and applying an intake

to-health-impact conversion factor. This factor is a function of the nuclide 

involved but is not a function of organ. When estimates of health impacts 

have been computed for each pathway and radionuclide involved, they may be 

summed over pathways and radionuclides to obtain an estimate of total health 

impacts to the population, and the average and maximum individuals. 

*For the Wyoming site~ the assessment area is the 13,650 km2 regional basin 

drainage area of the Cheyenne River discussed in Section 3.3.3.1.2. For the 

New Mexico site, the assessment area is the 19,037 km2 basin drainage area of 

the Rio San Jose-Rio Puerco Rivers discussed in Section 3.4.3.1.2. 



J-6 

Table J.l Aquatic environmental transport pathways examined 

Pathway Number 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

Pathway 

Drinking water ingestion 
Freshwater fish ingestion 
Above-surface crops ingestion 

Irrigated Cropland 
Milk ingestion -- cows consuming forage raised 

on irrigated pastures 
Beef ingestion -- cows consuming forage raised 

on irrigated pastures 
Inhalation of resuspended material deposited 

during irrigation 
External exposure due to ground contamination by 

material deposited during irrigation 
External exposure due to air submersion in resus
pended material originally deposited during 
1rrigation 
Milk ingestion -- cows drinking contaminated 
surface water 
Beef ingestion -- cows drinking contaminated 
surface water 
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J.3 Freshwater Fish Ingestion 
The computational equation for i ntal<e of a rad i onucl ide by the maximum 

indi~tidual is 

{J.l) 

where, 

Ilnp =annual intake of radionucltde n through pathway p for the 
maximum individual (Ci/y), 

Qn =release rate of radionuclide n to the third order stream (Ci/y}, 
CF

0 
=concentration factor for freshwater fish for radionuclide n 

(Ci/kg per Ci/ R. ), 

If = freshwater fish annual consumption rate for an individual {kg/y), 
and 

Rind = flow rate in 2nd order stream ( ~ /y}. 

The maximum individual dose equivalent may be computed from the equation 

where, 

(J.2) 

=dose equivalent rate to the maximum individual for nuclide n, 
organ o, and pathway p (rem/y), and 

=dose equivalent conversion factor for nuclide n, organ o, and 
pathway p (rem/Ci intake unless specified otherwise) •. 

The maximum individual increased health risk may be computed using the equation 

IR0 p =-Ilnp • Hinp (J.3} 

where, 
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IRnp = increased annual health risk* rate to the maximum individual for 
nuclide n and pathway p (increase in risk per year of release), and 

Hlnp =health risk conversion factor for nuclide nand pathway p {increase 
in risk/Ci intake). 

Equation J.3 may be applied for computing either fatal cancer risk or 
genetic risk to future generations by applying Hinp for fatal cancer risk or 
genetic risk, respectively. 

The equation used to compute total intake of a radionuclide by the popu

lation was 

{J.4} 
R 

where, 

IPnp =annual intake of radionuclide n through pathway p for the population 
(person Ci/y), 

R =flow rate in 1st order stream (i/y), and 

Pff = population eating freshwater fish taken from streams in the assess
ment area {persons). 

The population dose equivalent may be computed from the equation 

(J.S) 

where~ 

DPnop = annual dose equivalent to the population for nuclide n, organ o, 
and pathway p {person-rem/y); 

*The term health risk is used to describe the increase in fatal cancer risk 
to an individual during his lifetime for somatic risks. For genetic risk, the 
term health risk refers to the increased chance for genetic defects in all the 
decendants of an exposed individual. 
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and the annual health effects to the population may be computed using the equation 

(J.6) 

where, 

=annual health effects to the popu1ation for nuclide nand pathway p 

{health effects /y of release). 

Equation J.6 may be applied for computing either fatal cancers or genetic 
effects to future generations by applying the proper value for Hinp~ as dis
cussed above. 

The annual dose equivalent and increased health risk to an average indi
vidual may be computed using equations J.7 and J.8, respectively. 

(J.7) 

(J.B) 

where, 

. 
annual dose equivalent to the average individual within the OAinop = 
assessment area for nuclide n, organ o, and pathway p (rem/y), 

= increased annual risk to the average individual for nuclide n 
and pathway p (increase in risk per year of release), and 

PT = size of population residing within the assessment area {persons). 

J.4 Above-Surface Crops, Milk, and Beef Ingestion - Irrigated Crop Land 
The equation used to compute intake of a radionuclide by the maximum indi

vidual was 

II = Qn • W • R~np 
np 

R. d 1n 

(J.9) 
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where, 

W = irrigation rate of irrigated farmland (t/m2-y), and 

Rlnp = intake rate of radionuclide n by standard man for above-surface 

crops and for a continuous deposition rate to the surface for root 

uptake due to ditch irrigation (Ci intake/y per Ci/m2-y deposited). 

The approa~h for calculation of Rinp uses techniques described in Regu

latory Guide 1.109 (NRC77) and AIRDOS-EPA (Mo79) to compute intake rate by 

receptors per unit deposition rate (by ditch irrigation) to the ground sur

face. Basically, equations 49 (vegetation), 51 (milk), or 52 (beef) from the 

AIRDOS-EPA document (Mo79) are utilized to predict concentrations of radio

nuclides in the foodstuffs at equilibrium. Only the root uptake portion of 

these equations is used since essentially an irrigation in the assessment 

areas is ditch irrigation (Ramo, T., Valencia County Agent, Los Lunas, NM., 
1979, personal communication, and Loper, R., Soil Conservation Service, U.S. 

Department of Agriculture, Douglas, WY, 1979, personal communication). The 

effects of removal of radionuclides from the soil root zone by leaching are 

added to the equations used to predict concentrations of radionuclides in 

foodstuffs since this is an important removal mechanism for the lang.-lived 

radionuclides considered in this analysis. The concentrations are multiplied 

by the annual intake rate of the foodstuff by an individual and divided by 

the annual deposition rate of radionucl ides to the ground surface to yield 

the quantity Rinp· The maximum individual dose equivalents may be computed 

using equation J.2 and the increased health risk to the maximum individual 

may be computed using equation J.3. 
The equation to use in computing total intake of a radionucl ide by the 

population is 

IPnp = Qn • W : Rinp • PP 

R 

(J.lO) 

where, 

pp 

P P can be 

pp 

= population consuming foodstuffs raised on irrigated land {persons). 

determined using the equation 

= CPP • fp • AI (J.ll) 
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and the ratio can be written 

W/R = _R_I_ = fR 
A1 • R Ar (J.l2) 

where, 

CPp = persons per unit area that can be fed from foodstuff p raised on 
irrigated land (persons fed/m 2), 

= fraction of irrigated land used to raise foodstuff p, 
= irrigated land area within the assessment area {m2), 
= total· flow of irrigation water {t/yr}, and 

= ~= fraction of river flow used for irrigation. 
R 

Substituting equations J.ll and J.12 into J.lO and cancelling like terms yields 

IP0 p = Q0 • fR. RI 0p • CPp • fp. {J.l3) 

The population annual dose equivalents may be computed using equation 
J.S and the annual increased health effects to the population may be computed 
using equation J.6. The annual dose equivalents and increased health risks to 
an average individual may be computed using equations J.7 and J.8. 

J.5 Inhalation of Resuspended Material Deposited During Irrigation 
In determining the equations to use to model resuspension of radioactive 

materials deposited by irrigation water, it is assumed that the resuspended 
material does not disperse beyond the irrigation area. This assumption 
should be acceptable for dose equivalent and health effects calculations 
where the irrigation area is large compared to a point resuspension source 
and where the population density does not vary greatly within an assessment 
area. Both of these criteria are met for the New Mexico and the Wyoming 
assessment areas. 

Figure J. 2 shows, pictorially,_ the conservation of mass relationship 
used in the resuspension model. The differential equation which expresses the 
change in soil surface concentration as a function of time is 

dQn = Qn · w + A n A n A n vgn- • Xn - R n- Dn n- sn n dt R {J.14) 



l. 
t ,, 
t 

! 

where, 

nn 
t 

=ground concentration of nuclide nat timet (Ci/m2), 
= time after release of material to surface stream (y), 
=deposition velocity from air to land surface (m/y), 
=air concentration of nuclide n (Ci/m3

}, 
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rate constant for resuspension of radionuclides from soil to air 
(y-1}, 

=radioactive decay constant for radionuclide n (y-1), 

=rate constant for transfer of radionuclides from available to 
unavailable status in soil (y-1}, 

and the other terms are as previously defined. 

If it is further assumed that, at equilibrium, the material resuspended 
from the ground surface is equal to the material redeposited to the ground sur
face (i.e., v

9
nxn = >..~n)' the differential equation can be simplified to yield 

dn Q · w n = n 

dt R {J.l5) 

Equation J.15 would rigorously hold only for equilibrium conditions. It can be 
shown that it is conservative to apply the nonequ1librium initial conditions, 
n0 = 0 at t = 0, in solving equation J.l5 to yield 

n = Qn · W [1-e-(>..Dn T >..sn)t] 

n R(>..D +>.. } 
n sn 

When using equation J.16 in computations involving the maximum individual, R 

is replaced by Rind" 
As mentioned previously, assuming a fairly large uniformly contaminated 

area, the air concentration 
pressed as 

of radionuclides due to resuspension can be ex-

Xn = RF • "' "'n 
where, - __ 

RF = A.R/vgn = __ resuspension factor (m-1). 

Combining equations J.16 and J.17 yields 

Xn = Qn . W . RF [1-e-<Aon + Asn)t] 
R{).On + ).sn) 

(J.l7) 

(J.18) 
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This equation is appropriate to apply for the population dose equivalent 
calculations. For calculations involving the maximum individual, R is replaced 

by Rind" 
The equation used to compute intake of a radionuclide by the maximum 

individual is 

, IInp = Xnls 
where, 

18 = breathing rate for standard man (m3/y). 
Combining equ~tions J.l8 and J.19 yields 

II = Qn • W · RF · r8 ( } 
np R ('' ) [1-e- "on + \n t] 

ind >.on + \n 

( J .19) 

(J. 20) 

The maximum individual annual dose equivalents may be computed using equation 
J.2 and the maximum individual annual increased health risks may be computed 
using equation J.3. 

The equation to use in computing total intake of a radionuclide by the 
population is 

IPnp = Xn • IB • p • AI (J.21) 

where, 

p = population density within the assessment area (person;m2). 

After substitution of equations J.18 and J.l2, we have 

IP = Qn • fR . RF . 1s . p -(>. + >. )t 
np [1-e Dn sn ]. 

(,\Dn + >.sn) 
(J.22) 

The annual population dose equivalents may be computed using equation 
.] .5 and the annual increased hea1th effects to the population may be ·computed 
using equation J.6. The annual dose equivalents and increased health risks 
to an average individual may be computed using equations J.7 and J.8. 

J.6 External Exposure Due to Ground Contamination by Material Deposited from 
Irrigation Water 
As was discussed earlier, health risks are computed from dose equivalents 

for the external exposure pathways. The equation used in computing annual dose 
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equivalents to the maximum individual is 

(J.23) 

where, 

Dnop = dose equivalent factor for external ground contamination for 
nuclide n, organ o, and pathway p (rem/y per Ci/m2), and 

SOF = hou?ehold shielding and occupancy factor (dimensionless). 

Upon substitution of equation J.16 we have {substituting Rind for R) 

Q • W • D • SOF 01 nop = n nop [1-e-{ADn + >-sn)t]. (J.24) 
R. d {AD + >. ) 1n n sn 

The increase in annual health risks for the maximum individual can be computed 
using the equation 

where, 

(J.25) 

= increased annual risk to the maximum individual for nuclide n, 
organ o, and pathway p (increase in risk/year of release), and 

=health risk conversion factor for external doses for organ o 
and pathway p (increase in risk/rem}. 

The equation for computing annual external population dose equivalents due 
to uniform ground contamination is 

DP nap-.= nn °nop • SOF • p • A1 (J.26} 
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Substitution of equations J.l6 and J.12 into this equation yields 

OP = Qn . fR . 0noe . SOF . p -{A + A )t] 
nop (A + A ) [1-e Dn sn . 

On sn 
(J.27) 

For equations J.24 and J.27, the exposed persons are represented as a point 
receptor 1 m above a plane surface with a uniform distribution of radioactivity. 
The increase in health risks for the population are estimated using the equation 

{J.28) 

where, 

PRnop =increased annual health effects to the population for nuclide n, 
organ o, and pathway p (health effects /y of release). 

The annual dose equivalents and fncreased health risks to an average indi
vidual may be computed using equations J.7, and J.29, respectively: 

(J.29) 

where, 

AIRnop =annual increased health risk to the average individual for 
nuclide n, organ o, and pathway p (increase in risk/year of release). 

J.7 External Exposure Due to Air Submersion in Resuspended Material Orig1na11X 
Deeosited During Irrigatio~ 

The equation applied in calculating maximum individual annual external 
dose equivalents due to submersion is 

(J.30) 
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where, 
Dnop = dose equivalent conversion factor for external air submersion 

for nuclide n, organ o, and pathway p (rem/y per Ci/m3). 

Upon combining equations J.30 and J.lS, the dose equivalent rate equation becomes 

DI = Qn . ~ . RF . Dnoe . SOF [1-e-(ADn + Asn)t]. 
nop R. { :\ + /. ) 

1nd On sn 
(J. 31) 

The increase in annual health risks for the maximum individual can be computed 
using equation J.25. 

The equation for computing external population annual dose equivalents 
due to air submersion is 

{J.32) 

Substitution of equations J.18 and J.12 into equation J.32 yields 

(J.33} 

Equations J.31 and J.33 are derived assuming a point receptor immersed in a 
semi-infinite hemispherical cloud of air in which the distribution of activity 
is spatially unifonn. 

The increase in annual health risks for the population are estimated 
using equation J.28. The annual dose equivalent and increased health risk 
to an average individual may be computed using equations J.7 and J.29, 
respective 1 Y~-
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J.8 Milk Ingestion--Cows Drinking Contaminated Surface Water 
The computational equation for intake of a radionuclide by the maximum 

individual is 

I I = Q I Fmn I np n • wm • • mF {J.34) 

Rind 

where, 

Iwm =milk cow drinking water ingestion rate (~/d), 
Fmn =concentration of radionuclide n in the milk per unit daily 

intake of the radionuclide via cattle drinking water (Ci/t 
milk per Ci/day), and 

ImF =adult consumption rate of milk {2/y). 

The maximum annual individual dose equivalents may be computed from equation 
J.2 and the maximum annual individual increased health risks may be computed 
using equation J.3. Annual population dose equivalents and increased health 
impacts were not calculated for this pathway since it was detenni ned that 
consumption of contaminated drinking water by milk cows would be infrequent 
or nonexistent. 

J.9 Beef Ingestion--Cows Drinking Contaminated Surface Water 
The computational equation for intake of a radionucl ide by the maximum 

individual is 

11np = Qn • 1WB • FBn • 1BF 

ind 
where, 

Iwa· -= beef cattle drinking water ingestion rate &Jd), 

(J.35) 

FBn = concent~ation of radionuclide n in beef per unit daily intake 
of the radionuclide via cattle drinking water (Ci/kg beef per 
Ci/day), and 

IBF = adult consumption rate of beef (kg/y). 
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The maximum individual annual dose equivalents may be computed from equation 
J.2 and the maximum individual annual increased health risks may be computed 
using equation J.3. 

Jar computing total intake of a radionucl ide by the population, the 
appropriate equation is 

IPnp = Qn • 1WB • FBn • 1BF • PBW 

R 

where, 

(J.36) 

Paw = number of persons eating beef from cows which drink contaminated 
water (persons). 

The annual population dose equivalents may be computed from equation J.S and 
the annual increased health effects to the population may be computed using 
equation J.6. The annual dose equivalents and increased health risks to an 
average individual may be computed using equations J.7 and J.8, respectively. 

J.1o Generic Sites 
Two generic sites were chosen to represent locations where uranium mines 

may be located. A generic site in Converse County, Wyoming, was chosen to 
represent typical surface mine sites and one in Valencia County, New Mexico, 
was chosen to represent typical underground mining sites. Figure J.l shows 
the general assessment area for both generic sites. These sites are 
described more fully in Sections 3.3.3 and 3.4.3 and in Subsection J.2 of 
this appendix. Some of the characteristics of these sites used in the dose 
equivalent and health effects calculations are listed in Table J.2. 
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Table J.2 Characteristics of the generic sites 

New Mexico Wyoming 

Annual rainfall {em) 20 28 

Total population in 
assessment area 64,950 16,230 

Population density in 2 assessment area (persons/m ) 3.4lxl0-6 1.19xl0-6 

Assessment ·area size (km2) 19,037 13,650 

Streams within assessment area(a) 
(avg. annual flow Arroyo del Puerto-
rate, R/yr} San Mateo Creek Not named 

Third order {small} (small} 

Second order Rio San Jose Lance Creek 
( 5.83x109) {2.18xi010) 

First order Rio Puerco Cheyenne, Dry Fork 
(4.26xto10) (5.64xto10 ) 

Number of persons eating fish 
containing radionuc1ides from 
mine discharges 6,495 1,623 

Annual irrigation rate with-
in assessment areas (m) 1.07(b) 0.59 

Fraction of annual-average 
first order stream flow 
used for irrigation 0.30 0.29 

Land area irrigated with- 2 in assessment area (km ) 12(b) 28 

Number_~f persons eating beef 
from cows drinking 
contaminated water 38,510 3,454 

(a)See Sections 3.3.3 and 3.4.3 for a full discussion of assessment 
area streams and hydrology. 

(b)Some groundwater used for irrigation. See discussion in Subsection J.l3. 
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J.ll Population and Population Density in Assessment Areas 

For both generic sites, the population within the assessment ar~a is 

detennined by computing the population density for a county containing a 

significant part of the assessment area and then sealing this population 

density up to the assessment area size. For New Mexico, Valencia County data 

are, used {Romo, T., Valencia County Agent, Los Lunas, NM, 1979, personal 

comlllJnication). The current population of Valencia County is about 50,000 

persons. The county area is 14,650 km2• The population density, based on 

these data, is 3.41 x 10-6 persons/m2• Considering the size of the assessment 

area to be 19,037 km2 (Section 3.4.3), the estimated total population in the 

assessment area is 64,950 persons. For Wyoming, Converse County data are 

applied (Zaborac, J., Converse Area Planning_ Office, Douglas, WY, 1979, 

personal communication}. The estimated current population of Converse County 
') 

is 13,000 persons and the county area is 10,930 km'-. Thus, the population 
density is calculated to be 1.19 x 10-6 persons/m2• The assessment area 

contains 13,650 km2 {Section 3.3.3); therefore, the total population within 

the Wyoming assessment area is estimated to be 16,230. 

J.12 Population Consuming Fish Containing Radionuclides Discharged 

from Mines 

Infonnation on fish catch specific to the assessment areas is not 
,available. However, three sources agreed that there is very little fishing 

activity in the streams in these areas (Patterson, R., New Mexico Game and 

Fish Department, Santa Fe, NM, 1979, personal communication; Baughman, J., 

Wyoming Game and Fish Division, Cheyenne, WY, 19792 personal communication; 

and Kaufmann, R., U.S. Environmental Protection Agency, Office of Radiation 

Programs, Las Vegas Facility, Las Vegas, NV, 1979, personal communication}. 

Considering these data and the lack of specific information, it is assumed 
that 10 percent of the population within each assessment area consumes fish 

taken from streams within the assessment area. Based on the hydrologic 

character-fstics of these areas, this is probably a conservative assumption. 

-
J.13 Irrigation Within the Assessment Areas 

For the New Mexico site, the following irrigation information was 
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obtained for Valencia County (Romo, T., Valencia County Agent, Los Lunas, NM, 

1979, personal communication}. Valencia County is a very large county and 

the Rio Grande flows through the eastern part of the county at a distance of 

about 100 km from the uranium mine site. Since it is known that a large 

amount of irrigation within the county occurs along the Rio Grande and since 

the Rio Grande was not included in the assessment area, the effect of the 

irrigation along the Rio Grande was extracted from the county data in 

estimating the amount of irrigated land within the assessment area. The 

calculational procedure is described below. 

The three major streams for irrigation in Valencia County are the Rio 

San Jose (second order), the Rio Puerco (first order}, and the Rio Grande. 

The average irrigation rate is 1.07 m/yr. Within Valencia County, 11,234 

hectares are irrigated with surface water only, and 5,306 hectares use a 

combination of surface water and groundwater for irrigation. It is assumed 

that for this 5,306 hectares SO percent of the irrigation water is surface 

water and 50 percent of this is groundwater that does not contain 

mine-related radionuclides. To calculate the equivalent acres 

of land totally irrigated from the Rio San Jose and the Rio Puerco within 

Valencia County we assume that the amount of irrigation existing along 

a stream is directly proportional to the product of the annual-average flow 

rate and the length of the stream within the county. Thus a ratio is 

established to predict the fraction of total land irrigated in Valencia 

.county that is irrigated from the Rio San Jose and the Rio Puerco. The data 

applied in calculating this ratio are listed in Table J.3. 

The ratio is 

47.5(4.3x107) + 132.5{5.8x106) 
...:..:...::...::...l,...:...:...:::..:.;;.::.;:;.,7:r'---==;..;;;..l.-=...::...:::::.:..:.=..::..,6~-----;;8.-- = 0. 06 7. 
47.5{4.3x10 ) + 132.5(5.8xl0 } + 45{8.7x10 ) 

Then the equivalent land irrigated using surface water from the Rio San Jose 

and Rio Puerco in Valencia County is 11,234 (0.067) + 5~306 (0.5)(0.067) = 

930 hectares. Scaling this up to the assessment area size using the ratio of 

assessment area s1~e to Valencia County size yields: 
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Table J.3 Stream data for Valencia County 

Stream 

Rio San Jose 
Rio Puerco 

Rio Grande 

Length Within 

Valencia County (km} 

132.5 

47.5 

45 

930 hectares x 19,037 x 0.01 km2 

14,650 hectares 

Annual Average Flow 

Rate (m3/yr) 

5.8x106 

4.3xl07 

8.7xi08 

= 12.lkri· 

The surface water usage to irrigate this land (1.07 m/y) is 1.29 x 1010 .ely 

and the fraction of the river flow in the first order stream that the surface 

water irrigation represents is 1.29 x 1010/4.26 x 1010 = 0.30. 

For the Wyoming site, the area of land irrigated within the assessment 
area is given in Section 3.3.3 as 2,800 hectares (28 km2). This land is 

irrigated almost entirely with surface water (Loper, R., Soil Conservation 
Service, U.S. Department of Agriculture, Douglas, WY, 1979, personal com

munication). The average irrigation rate within the area is 
0.588 m3 (WSG77). 

, m2-y 

Thus the estimated total irrigation water usage within the assessment area is 

(0.588 m)(2.8xlu7m2) = 
y 

10 = 1. 65 x 10 i /yr. 

Then, the fraction of the first order stream flow that is used for irrigation 
is 1.65 X 101~/5.6 X 1010 = 0.29. 
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J.14 Population Consuming Beef from Cattle Drinking Water Containing Radio
nuclides Discharged from the Uranium Mine 

For the New Mexico site, information on beef consumption is taken from 
the USDA ( DOA73), ( Hennan, J., Statist i ci an-in-Charge, New Mexico Crop and 
Livestock Reporting Service, U.S. Department of Agriculture, Las Cruces, Nr~, 

1979, personal communication). The tenn 11 beef" is a misnomer in that total 
red meat consumption is actual1y considered in these calculations. Since 
well over 50 percent of the red meat production is beef, the calculations are 
simplified by assuming that all meat production, excluding poultry, is beef 
for the purpose of this assessment. Table J.4 shows the computational pro
cedure used to estimate the total meat production for Valencia County for 
1977. Using this information, the total edible meat production for the 
assessment area can be estimated as 

2 
19,0J? km (5.038 X 106 kg/y) = 6.547 X 106 kg/y. 
14,650 km2 

It is estimated that about 50 percent of the water drunk by meat producing 
animals in the assessment area is surface water and 50 percent uncontaminated 
groundwater (Kaufmann, R., U.S. Envirormental Protection Agency, Office of 
Radiation Programs, Las Vegas Facility, Las Vegas, NV, 1979, personal com
munication). Then the weight of edible meat from animals drinking surface 
water containing mine effluents is 3.273 x 106 kg/y. Since it is estimated 
that an adult eats 85 kg/y of meat {Mo79}, the number of persons eating meat 
from animals raised in the assessment area which drink water containing mine 
effluent is 38,510 persons. 

For the Wyoming site, information on meat consumption was obtained from 
the USDA (OOA79). The infonnation listed in Table J.S shows the computa
tional procedure used to estimate the meat production for Converse County for 
1976. Thus, the total edible meat productjon for the assessment area can be 
estimated as 

13,650 km2 (469,700 ![) = 
10,930 km2 y 

5.866 x 105 kg meat. 
y 



J.4 Estimation of meat production in Valencia County for 1977 

Total Animals Ratio of Animals Estimated Edible 
on Pasture on Pasture, Meat Production 

1977 NM State Edible 1977 NM State Jan. 1, 1973{c) Valencia County+ for Va 1 enci a 
Live Weight Fraction Edible Meat,Com- New Mexico State County {Computed 
S l aug h te r ( a ) Live Weight(b} puted from NM State Valencia (Computed from from Col. 4 and 

Animal (kg) Col. 2 and 3 County Col. 5 and 6) (kg/y) 
k 

1 2 3 4 5 6 7 8 

Cattle 260,813,700 .55 143,447,500 1,615,000 54,000 0.0334 4,791,000 
Hogs 8,862,900 .65 5,760,880 63,000 1,500 0.0238 137,100 
Sheep 4,487,460 .55 2,468,110 743,000 30,000 0.0404 99!700 

Total Edible Meat Valencia County 5,027,800 

(a)Herman, J., Statistician-in-Charge, New Mexico Crop and Livestock Reporting Service, U.S. Department of 
Agriculture, Las Cruces, NM, 1979, personal communication. 

7) 

(b)Walsh, P., Statistician-in-Charge, Alabama Crop and Livestock Reporting Service, U.S. Department of Agriculture, 
1979, personal communicatfon. 

{c)OOA73. 

c... 
I 

N 
(.11 



Table J.5 Estimation of meat production in Conve~se County, Wyoming for 1976 

Tota 1 Anima 1 s Ratio of Animals Estimated Edible Meat 
1976 Wyoming on Pasture on Pasture, Converse Production for Converse 
State Red t4eat Jan. 1, 1976(a) County t Wyoming State County (Computed from 
Production{a) (Computed from Col. 2 and 5) 

Animals (kg) Wyoming Converse Col. 3 and 4} .llil 
State County y 

1 2 3 4 5 6 

Cattle 1,580,000 74,000 0.0468 

Red ~1eat 

1\nimals 
(Cattle, 
hogs, and 

0.0468(b) sheep) 10,028,200 469,300 

a DOA79. 
(b)Applied value for cattle since cattle furnish the majority of the red meat production for Converse County 

and for the State of Wyoming. 

c... 
I 

N 
0'\ 
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As for New Mexico, it was estimated that about 50 percent of the water 
drunk by meat producing animals in the assessment area is surface water and 
50 percent uncontaminated groundwater (Loper, R., Soil Conservation Service, 
U.S. Department of Agricu1 ture, Douglas, WY, 1979, personal communication). 
Thus, the estimated weight of edible meat from animals drinking surface water 
containing mine effluents is 293,500 kg meat/y. Using the 85 kg/y adult meat 
consumption rate (Mo79) used for New Mexico, the number of persons eating 
meat from animals raised in the assessment area which drink water containing 
mine effluent is _3,454 persons. 

J.15 Radionuclide Releases 
For both the New Mexico and the Wyoming sites, radionuclide releases are 

given for 11 total uranium 11 and radium-226 in Tables 3.44 and 3.25, respec
tively. The total uranium releases are kg per year. This '1 tota1 uranium 11 

will be almost totally U-238 by weight. For this reason, it is assumed that 
the "total uranium" release is entirely U-238. Further assumptions are that 
U-234 is in secular equilibrium with U~238 but that Th-230 precipitates out 
of the mine water. Also, it is assumed that Rn-222, Pb-214, Bi-214~ Pb-210, 
and Po-210 are in secular equilibrium with Ra-226. The radionuclides 
Pa-234m, Pa-234, Po-218, At-218, Po-214, Tl-210, Bi-210 and Tl-206 are not 
included in the analysis because they are not dosimetrically significant or 
they have very low branching ratios • . 

The total uranium release rate for New Mexico is listed as 1,480 
kg/y-mine. The conversion from kg to Ci for U-238 is 3.336xl0-4 Ci/kg. Using 
this factor, the estimated release rate of U-238 is 0.494 Ci/y-mine. The 
release rate for Ra-226 is 0.0144 Ci/y-mine. The total uranium release rate 
at the Wyoming site is listed as 110 kg/y-mine. Using the conversion factor, 
this release rate can be stated as 0.0367 Ci/y-mine. The Ra-226 release rate 
is 0.0065 Ci/y-mine. 

As discussed in Section 3.3.3.1.4~ radium-226 is strongly sorbed ·onto 
stream sedifDents and is subject to precipitation. For these reasons, it is 
assumed that only 10% of the Ra-226 released in mine discharges is s~i11 

available in surface water in the second and first order streams. Thus, the 
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"effective" annual release of Ra-226 is 10% of the actual releases in mine 

water. Using the assumptions regarding secular equilibrium stated above, the 

radionuclide release rates used in the analyses for both sites are listed in 

Table J.6. 

J.l6 Fish Concentration Factors 
The fish concentration factors express the ratio of radionuclide level 

in freshwater fish (Ci/kg} per unit concentration in water (Gift). The 
values used- for this parameter are suggested by Thompson (Th72} and are 

listed in Table J.7. 

J.17 Fish Consumption and Air Inhalation Rates 
The freshwater fish consumption for an individual is 

which is the value used in the report by the United 

Committee on the Effects of Atomic Radiation (UN77). 

taken as 1.0 kg/y 
Nations Scientific 

This value is not 
specifically stated in Regulatory Guide 1.109 (NRC77). The breathing rate 
for an individual of 8030 m3;y (Mo79) is used for this analysis. This value 
is in close agreement with the value of 8,000 m3;y listed in Regulatory Guide 
1.109. 

J.l8 Stream Flow Rates 

As was noted in Section J.2, second order stream flow rates were used in 
computing maximum individual dose equivalents. These flow rates are listed 
in Table J.2. For the New f1exico site, the second order stream flow rate is 

5.83 x 109 v}y and f~r the Wyoming site it is 2.18 x 1010 l/y. First order 
stream flow rates are considered to be more representative for computations 
involving the population and an average individual. These flow rates are 

also listed in Table J.2 and are 4.26 x 1010 tjy for the New Mexico site and ' 
5.64 x 1010 t/Y for the Wyoming site. 

J.l9 Normalized Human Intake Rate Factors 

The normalized human intake rate factors, Rlnp' express the intake rate 
of radionuclide n by standard man from consumption of above~surface crops, 

milk, and beef for a continuous deposition rate to the surfa.ce. For this 



Table J.6 Annual radionuclide release rates to 
streams for active uranium mines 
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Release Rates for 1 Mine (Ci/y-mine} 
Nuclide 

U-238 
U-234 
Th-230 
Ra-226 

Rn-222 

Pb-214 
Bi-214 
Pb-210 
Po-210 

New Mexico Site Wyoming Site 

0.494 0.0367 
0.494 0.0367 
0 0 
0.00144 0.00065 
0.00144 0.00065 
0.00144 0.00065 
0.00144 0.00065 
0.00144 0.00065 
0.00144 0.00065 

Table J. 7 Freshwater fish concentration factors 

Concentration 
Nuclide Factor (Ci/Kg t Ci/i) 

U-238 2 
U-234 2 

Ra-226 50 
Rn-222 57 
Pb-214 100 
Bi-214 15 
Pb-210 100 
Po-210 500 
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pathway, the source of deposition to the surface is irrigation of fannland. 

Only the quantity of radionucl ides taken up through the root systems of 

plants is considered in deriving these factors since essentially all irri

gation in the assessment areas is ditch irrigation. The method used to 

calculate these factors was discussed in Section J.4 of this appendix and is 

taken from the AIROOS-EPA computer code. The values for various parameters 

used in computing Rlnp for above-surface crops, milk, and beef are discussed 

in the AIRDOS-EPA manual (Mo79). The normalized human intake rate factors 

are tabulated in Table J.8. 

J.20 Persons Fed from Foodstuffs Raised on Irrigated Land and Irrigated 

Land Usage 

The number of persons who can be fed from a unit area of irrigated land 

for above-surface crops, milk, and beef is determined from data contained in 

the AIROOS-EPA computer code (Mo79). The values used for these analyses are, 

in units of persons fed/m2, 3.69 x 10-3 for above-surface crops, 1.76 x 10-3 

., - 4 f h for m1 k, and 1.16 x 10 for bee • In bot New Mexico and Wyoming, irri-

gated farmland is used for raising above surface foods for direct consumption 

by humans and for raising silage for consumption by both milk and beef cows. 

After telephone conversations with both the New Mexico and Wyoming county 

agents, the fractions of irrigated land supporting above-surface crops, dairy 

, farming, and beef farming (see Table J.9) were determined (Romo, T., Valencia 

County Agent, los Lunas, NM, 1980, personal communication and Henderson, F. 

Converse County Agent, Douglas, WY, 1980, personal communication). 

J.21 Resuspension Factor 

The irrigated areas within the assessment sites are assumed to be rela

tively large, unifonn1y contaminated areas. For this situation, the resus

pension factor (RF) is defined as the ratio of air concentration above a 

surface to ground surface concentration. It can be shown that this ratio is 

RF = AR/v 
0

• The resuspension rate constant, A R' can vary over a wide range 

of values
9 

between 10-7 and 10-ll sec-1 (Ne78}. Since resuspension for this 

analysis is confined to irrigated land which should have a re1atively damp 

surface, it is believed that a low resuspension rate should be used. The 

resuspension rate constant chosen for this analysis is A. R=l0- 11 sec-1• The 

deposition velocity to the ground surface {v
9

n) can yary from values as low 

as 0.001 m/sec to as high as 0.1 m/sec (5168). For generic analyses where 



Nuclide 

U-238 

U-234 
Ra-226 

Rn-222 
Pb-214 
Bi-214 
Pb-210 
Po-210 
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Table J.8 Normalized human intake rate factors for 

radionuclide uptake via plant root systems 

Rlnp 
(Ci/day intake per Ci/m2-day deposited) 

Above Surface 

Crops 

3.21xto-2 

3.2lxl0-2 

1.90xl0-2 

6.39x10-l 

3.68xlo-2 

8.43x10-l 

2.98xl0-2 

1.97xl0-3 

Milk 

2 .02xlo-4 

-4 2.02x10 
3.93xl0-3 

4.61x10-l 

8.40xto-4 

l.Slxl0-2 

7.5lxto-4 
-5 3.42x10 

Table J.9 Irrigated land usage 

Beef 

1. 75xto-6 

-6 1.75x10 
2.53xlo-3 

-1 3.49xl0 
6.66xl0-3 

3.92x10-l 

5.23xto-3 

-3 1.88x10 

Type of food Fraction of irrigated land used 
to raise each type of food 

Above-surface crops 
Milk 
Beef 

New Mexico 

0.70 
0.15 

0,15 

Wyoming 

0.10 
0.45 

0.45 
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the site specific value is not known, a commonly chosen value for vgn is 0.01 
m/sec, and this is the value used in this analysis. The value for RF in

ferred from the va 1 ues chosen for .>. R and v gn is 

J.22 Soil Removal Rate Constant 

The soil removal rate constant from available to unavailable soil {), ) . sn 
expresses the rate of movement of ndionucl ides from the p1ant root zone in 

soil to the soil below the root zor1(~. The values used in this analysis are 

based upon a method -described by 2t~es (Ba79}. The soil removal rate con

stants were computed using the data suggested by Baes except that values for 

the distribution coefficients for t.he nuclides not discussed by Baes were 

taken from a report by the Arthur D. Little Company (EPA77). The values 

used for the soil removal rate constant in this analysis are listed in Table 

J.lO. 

J.23 Radionuclide Decay Constants 

The radionucl ide decay constants express the rate of radioacitve decay 

for the nuclides considered in this analysis. The values of this parameter 

for these nuc_lides are listed in Table J.lO and are derived using the 

half-lives given in the Radiological Health Handbook (HEW70). Since secular 

equilibrium was assumed {see J.lS), the radionuclide decay constant for 

Ra-226 was used for its short-lived daughter products. 

J.24 ShieJding and Occupancy Factor 

The shielding and occupancy factor is used to account for shielding of 

persons by buildings during the time that they spend indoors. It is also 

used to account for time spent away from the radiation exposure area. The 

shielding and occupancy factor used in this analysis is 0.5 and is taken from 

Regulatory Guide 1.109 {NRC77). 



Table J.lO Soil removal rate constants and radioactive decay constants 

Nuclide 

U-238 
U-234 
Ra-226 
Rn-222 
Pb-214 
Bi-214 
Pb-21~ 

Po-21C 

Nuclide 

U-238 
U-234 
Ra-226 
Rn-222 
Pb-214 
Bi-214 
Pb-210 
Po-210- -

Soil Removal Radioactive Decay 

Rate Constants (y-1) Constants,>. On {y-1) 

2.58xlo-4 1.54xlo-10 

2.58xl0-4 2.8lxlo-6 

7.74xl0-3 4.33xl0-4 

4.93 6.62xl01 

1.94xlo-4 1.36xi04 

7.63xl0-2 1.85x104 

1.94xl0-4 3.30xla-2 

3.26x10 -3 1.83x10c' 

Table J.ll Milk and beef concentration factors 

Milk Concentration Factor 
(Ci/t milk per Ci/d intake) 

1.40xlo-4 

1.40xl0-4 
-4 5.90x10 

2.00xl0-2 

-5 8. 70x10 
S.OOxl0-4 

-5 9.90xl0 

1.20xl0-4 

Beef Concentration Factor 
(Ci/kg beef per Ci/day intake) 

-6 1.60xl0 

1.60xlo-6 
-4 5.00x10 

2.00xl0-2 
-4 9.10xl0 

1.70xl0-2 
-4 9.10x10 

8. 70xl0-3 
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J.25 Milk and Beef Ingestion Rates by Humans and Milk and Beef Cow Drinking 

Water Rates 

The milk ingestion rate by humans is assumed to be 112 £./y which is the 

value used in AIRDOS-EPA (Mo79). In computing dose equivalents for the beef 

ingestion pathway, hogs and sheep are lumped into the beef pathway. This 

simplified the calculations, and it is believed that the assumption is rea

sonable since cattle account for well over 50 percent of the meat production 

in both the New Mexico and Wyoming assessment areas (OOA73, DOA79). The meat 

ingestion ~ate by humans is assumed to be 85 kg/y, which is the value listed 

for adults in AIRDOS-EPA (Mo79). This ingestion rate is employed in deter

mining the number of persons who could be fed from meat produced within tht:: 

assessment areas, as discussed in Section J.l4. 

The milk cow drinking water intake used in these calculations is 60 

t/d; for beef cattle, the value is 50 '1./d. Both values are the one; 

suggested in Regulatory Guide 1.109 (NRC77). 

J.26 Radionuclide Concentration Factors for Milk and Beef 

The rad i onucl ide concentration factors for milk and beef express the 

concentration of radionucl ides in milk or beef per unit daily intake of 

radionuclides by cattle drinking water. The values for these parameters are 

taken from AIRDOS-EPA (Mo79} and are listed in Table J.ll. 

J.27 Dosimetry Factors 

Internal and external dosimetry factors are derived from the RADRISK 

data library which is being developed by Oak Ridge National Laboratory 

(Du80). The organs 1 i sted are cons ide red to be the more dos imetrically 

significant organs. Breast dosimetry factors were used for the calculations 

for muscle since the muscle factors were not listed in RADRISK and since the 

breast and muscle factors should be similar in magnitude. The dosimetry 

factors tabulated as "weighted mean" were obtained by summing over organs the 

product of the organ dosimetry factors and a relative-risk weighting factor 

for the organ. These dosimetry factors are not the same as total-body dosi

metry factors but are an attempt to express an overall dose that has been 

weighted for risk due to exposing each individual organ. Weighting factors 

were chosen to have a sum of 1. 



J-35 

For the inhalation pathway, the dosimetry factors incorporate the 11 Task 

Group Lung Model 11 (TGLD66}. All nuclides are assumed to be of Class W solu

bility and an AMAD of l.OJ.lm is used. Class W solubility is assumed rather 

than Class Y because it is believed that in order for radioactive compounds 

to be soluble in mine water they must be in a more soluble chemical fonm than 

Class Y compounds. The dosimetry factors used in these assessments are 

listed in Table J.12. 

J.28 Health Effects Conversion Factors 

Health effects conversion factors for the internal and external pathways 

are derived from the RADRISK data library (DuBO). Internal health effects 

conversion factors are needed for both inhalation and ingestion. For these 

internal pathways, the conversion factors are specific to each radionucl ide 

a~d express the potential health impact per unit radionuclide intake. 

External health effects conversion factors are a function of organ but are 

radionuclide independent. The factors relate potential health impact to 

external radiation dose equivalent. Separate sets of health effect 

conversion factors are needed to estimate potential somatic health effects 

(fatal cancers) and potential genetic effects (genetic defects in the 

offspring of the exposed persons). lhe health effects conversion factors for 

the internal pathways are listed in Table J.l3, and those for the external 

pathways are listed in Table J.l4. Additional discussion of the philosophy 

of health impact detennination used to obtain the data in the RADRISK data 

library is included in Section L.l of Appendix L. 



NUU.IDE 

u-238 

u-234 

RA-226 

RN-222 

PB-214 

BI-214 

PB-210 

P0-210 

TAFLE J .12 
OOSE FQUIVAUNI' CDNVEHSION rACI'ORS 

(Th'HALATION NID IN}ESTlON::REH/CI INTAKE 1\.IR SJBI>ERSIQN:;REM/Y PCR l."'I/t-1**3 GROUND ())NJ'/>MINATION=REN/Y PER CI/H**2) 

PATHI-IAY 

I 

INI:W.ATION 
OCFSITOO 
EXT. AIR SlJB.\fW;ION 
EXT. GRaJND mNrAM. 

INHAI..ATIOO 
INGESITO!.'J 
EXT. AIR Sl.Jl:M:RSION 
EXT. GROlJID ffiNI'AM. 

m-l.ALATION 
OCE'SITON 
EXT. AIR SLJIM:RSION 
EXT. GROUND ffiNTA!-1. 

NW..AT!ON 
OCE'Sl'ION 
EXT. AIR ~ERSION 
EXT. GROlJNJ ffiNI'A.'-1. 

INHAIJJION 
OCESTION' 
EXT. AIR S!JIM:RSION 
EXT. GROUND ffiNI'..AH. 

n :HALATION 
DQSITON 
EXT. AIR SUBt-f':.RSION 
EXT. GROUND <DNIAM. 

INHALATION 
m:;ESTION. 
J:XT. AIR SUMRSION 
EXT. GROOND ffiNrA.'1. 

INHAlATION 
:rn:;ESTION 
EXT. AIR Sl/Bl".ERSION 
EXT • GRCXJND Q)NJ:AM, 

OI{;AN 

ENl:XJST. lUll l'.l.li'J; LIVER SIOMI\Ol UI R<\IL 1H'l'RqiD K.II:X>lEY ~<.EIGHI'ED msa.E .iJAR.IE:S TESIES 
CEliS W\RROW \W'.L t-1El\N 

1.29£+07 4.54E+05 8.40E+07 6.40E+04 8.llE+03 1.02E+OS 6.30Etc4 6.63£+06 2.48£+07 6.31£+04 ~.OOE+04 6.01£+04 
1.15£+07 4.02E+OS 4.99E+03 5.30E+04 8.56£+03 1.40E+05 S.58dto4 5.90E+06 3.61E+05 5.59£+04 ~.30£+04 5.34£+04 
3.47E+02 3.08£+02 1.26£+02 2.86E-G3 1.07£+02 8.18E+Ol l.58E+02 9.06£-f.Ol l.83E+02 2.37E+02{9.60E+Ol 2.62£+02 
2.71£+01 2.32£+01 8.59£+00 2.97E+OO 7.26E+OO 8.41E+OO 7.05E+OO 3.04£+00 1.84£+01 3.29£+01; 5.32£+00 3.89£+01 

1.58£+07 4.66£+05 9.52£+07 7.04£+04 8.33£+03 8.19£+04 7.04£+04 7.46£+06 2.82£+07 7.04£+04
1 

t.04E+04 7.04£+04 
1.41£+07 4.24E+05 5.53£+03 6.26£+04 9.63£+03 1.52E+05 6.26£+04 6.64E+06 4.19£+05 6.26£+04 6.26£+04 6.26E+04 
1.08£+03 9.80E+02 4.68£+02 3.76£+02 3.72E+OQ 2.90£+02 6.18£+02 3.75£+02 5.9LE+02 6.15£+02 2.96£+02 6.85Et02 
4.82E+01 4.2ZE+01 1.77E+Ol 1.00E+01 1.45E+Ol 1.46£+01 1.85E+01 9.92£+00 3.06£+01 4.71£+01 1.07£+01 5.S3E+Ol 

2.54£+07 1.46E+06 9.55E+07 5.97£+05 3.91£+03 1.81£+05 6.37E+05 5.98£+05 2.87£+07 6.37E+OS 6.38£+05 6.37£+05· 
2.26£+07 1.30E+06 1.91E+03 5.32£+05 5.45£+03 3.35£+05 5.67E+05 5.33E+05 8.07£+05 5.68E+OS 5.69£+05 5.67£+05 
5.87£+04 5.49£+04 3.37£+04 2.91£+04 2.49E+04 2.09£+04 3.81E+04 2.76£+04 3.65E+04 3.42£+04 Z.OOE~ 4.68E+04 
1.30£+03 1.21£+03 7.43£+02 6.41E+02 5.49£+02 4.61E+02 8.41E+02 6.09£+02 8.05£+02 7.57£+02 4.41£+02 1.02£+03 

3.32£+01 5.46£+00 1.03£+03 7.32£+00 4.88£-01 l.43E-D2 1.02£+00 4.46£+01 3.03E+02 1.02£+00 1.01E+OO l.OOE+OO 
3.40E+04 6.00£+03 1.17£+02 7.39E+03 1.48£+04 6.87£+05 4;50E+02 1.40E+04 2.61£+04 1.06E+03 5.62£+03 9.12£+02 
2.59£+03 2.48E+03 2.00E+03 1.85£+03 2.12E+03 1.56£+03 1.77£+03 1.86E+03 2.09E+03 2.14£+03 7.96E+02 2.40E+03 
5.33£+01 5.12£+01 4.12£+01 3.80E+{l1 4.36£+01 3.21£+01 3.65£+01 3.83£+01 4.30E+Ol 4.40E+Ol 1.64£+01 4,9l1E+Ol 

7.37£+03 1.15£+03 9.34£+04 1.49£+03 1.03Et02 3.02E+OO l.55E+02 9.11E+03 2.78£+04 1.56£+02 l.52E+02 1.50£+02 
2.17£+03 3.19E+02 7.70£+00 4.18E+02 3.14E+03 1.03£+02 2.51E+01 1.01E+03 2.79£+02 3.5SE+Ol 6.44£+01 2.70E+Ol 
l.86E+06 1.76E+06 1.25E+06 l.llE706 l.llE+06 8.72£+05 1.23E+06 1.09£+06 1.32E+06 1.30£+06 6.14£+05 I.6lE+06 
4.02£+04 3.81£+04 2.68£+04 2.39£+04 2.39£+04 1.87£+04 2.66E+04 2.35£+04 2.84£+04 2.81E+o4 l.32E+04 3.45E+04 

5.38£+02 1.35E+02 6.97E+04 8.44E+Ol 7.17£+01 2.83E+Ol 7.93£+01 8.42£+03 2.05E+04 8.00E+Ol 7.69£+01 7.62£+01 
2.37£+02 2.83E+01 7.57E+OO 1.63E+Ol 3.18£+03 2.57£+01 4.17E+OO 3.85E+02 1.54£+02 1.05E+Ol 2.02E+0l 4.88£+00 
9.43£1{6 8.72£+06 8.28E+06 7.54£+06 7.92£+06 6.81E+D6 7.87£+06 7.04£+06 8.33EiD6 8.74E~ 6.93E+06 6.74E+06 
1.65E+05 1.52E+05 1.44E+05 1.31E+05 1.38E+OS 1.17E+05 1.35E+05 1.23E+OS 1.45£+05 l.SZE+OS 1.17£+05 1.20£+05 

6.52£+06 3.81£+05 1.08£+07 2.58£+06 1.18£+03 4.56E+04 1.48£+05 2.30E+06 3.58E+06 1.48E+OS l.48E+05 1.48E+OS 
5.80E+06 2.91E+OS 9.05£+01 2.16Et06 2.04E+02 1.77£+04 8.17£+04 1.00E+06 3.39E+05 8.17£+04 8.18£+04 8.17E+04 
1.32E-t04 l.l9E+04 4.94E+03 3.93E+03 4.19E+03 2.38£+03 7 .34£+03 4.36Et03 6.47£;{)3 6.29E+03 3.97E+03 6.72Ef{)J 
4.42£+02 3.97£+02 1.66£+02 l.28E+02 1.46£+02 8.07£+01 2.42£+02 1.42E+02 2.22E+02 .'2.28£+02 l.32E+02 2.62£+02 

3.78£+05 8.20£+05 7.84E+07 2.52£+06 2.22£+03 8.84E+04 8.10£+05 1.46E+07 2.37E+Or8.10E+OS 8.10£+05 8.10£+05 ~ 
2.44£+05 5.32E+OS 1.15E-Q2 1.63£+06 4.52£+03 1.80E+OS 5.26£+05 9.44£+06 S.67E+O 5.26£+05 5.26E+OS 5.26£+05 I~ 
5.26E+Ol 4.87E+Ol 4.33E+Ol 3.93E+Ol 4.11£+01 3.08E+01 3.52£+01 4.25E+Ol 4.39£+0 4.62£+01 2.38E+01 4.49£+01 
1.02£+00 9.45£-()1 8.40£-Gl 7 .62E-Gl 7 .97£-Gl 5.97£-01 6.82E-G1 8.24E-Ql 8.51E-Ql 8.95E-Ql 4.62£-Ql 8.70£-Gl 
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Table J.13 Health effects conversion factors for internal pathways 

Somatic Genetic 
(fatal cancers/Ci intake) igenetic defects/Ci intake} 

Nucl ide Inhalation Ingestion Inhalation Ingestion 

U-238 3.67xl03 4.79xlo1 8.07xl01 7.20xl01 

U-234 4.14xlo3 5.38xl01 9.57xi01 8.55x!01 

Ra-226 4.21xl03 1.01x102 8.57xi02 7.65xl02 

Rn-222 4.51xl0-2 5.64 1.49xlo-3 1.49 

Pb-214 4.15 6.47xlo-2 2.30x10-l 4.24x10-2 

Bi-214 3.04 3.34xl0 -2 1.13x10-l 7.81xlo-3 

Pb-210 5.3lx10 2 3.94xl01 1.69xl02 7.82xl01 

Po-210 3.50xl03 9.67xlo1 1.21x103 7.84xlo2 

Table J.l4 Health effects conversion factors for external pathways 

Organ Somatic Genetic 
(fatal cancers/rem) (genetic defects/rem) 

Endosteal -6 4. 35x 10 0 

Red Marrow 4.59xl0-5 0 

Lung 8.59xl0""5 0 
Liver 2.20xl0-5 0 

Stomach Wall 1.23xl0""5 0 

LLI Wall 9.81x10 -6 0 

Thyroid 1.20xl0-5 0 

Kidney 4. 90x10-6 0 

Muscle 9 .31x10 -5 
0 

Ovaries 2.46x10 -6 3.00xl0-4 

Testes 2.46xl0-6 3.00xl0-4 
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K.l Generic Sites 
Two generic sites were selected to represent locations where various 

uranium mines are present. The characteristics of these sites, as shown in 
Table K.l, were used in the AIRDOS-EPA code (Mo79). 

Table K.l Characteristics of the generic sites 

Meteorological data: 
Stability Categories 

Period of Record: 

Annual Rainfall: 

Average Mixing Height: 

Mean Ambient Temperature: 

Atmospheric dispersion 
factors (Chi/Q) for 
maximum individual: 

gases 
particulates 

Population: {0-80 km): 

Dairy Cattle (0-80 km): 
Meat Animals (0-80 km): 

Vegetable Crop Area: 
(0-80 km) 

New Mexico 
(Ambrosia Lake) 

Grants/Gnt-Milan (WBAN=93057) 
A-F 

54/01-54/12 

20 em 

800 m 

5.5 E-6 sec/m~ 
1.4 E-6 sec/m 

3.60E+4 persons 

2.30E+3 head 
8.31E+4 head 

2.78E+3 ha 

Wyoming 
(Gas Hills) 

Casper (WBAN-24089) 
A-G · 

67/01-71/12 

29 em 

500 m 

7.4°C 

3 2.5 E-6 sec;m3 1.0 E-6 sec/m 

1.43E+4 persons 

1.17E+3 head 
l.03E+5 head 

3.20E+3 ha 

The model active and inactive underground mines were assumed to be situ
ated at the New Mexico site (see Section 2 ). The Wyoming site was used for 
both the model active and inactive surface mines and the model in situ leach 
mine (see Section 2 ). 
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K.2 Meteorological Data 
Joint frequency distributions by stability category were obtained from 

the National Climatic Center (NOAA-Asheville, NG}. These distributions are 
identified in Table K.l by location. stability category range, and period of 
record. 

The average mixing height (Table K.l} is the distance between the ground 
surface and a stable layer of air where no further mixing occurs. This 
average was computed by determining the harmonic mean of the annual morning 
mixing height and the annual afternoon mixing height for the location (Ho72). 
The rainfall rate determines the value used for the scavenging coefficient. 
No attempt was made to be any more accurate than one ~ignificant figure for 
both average mixing height and scavenging coefficient. Both sites are 
relatively dry locations, as reflected by a scavenging coefficient of 2.0 x 
10-6 sec-1• A dry deposition velocity of 1 cm/s was assigned to 
particulates, while radon was assumed to be non-depositing. 

K.3 Population 
The population data for both generic sites were generated by a computer 

program (At74) that uses an edited and compressed version of the 1970 United 
States Census Bureau's "Master Enumeration District List with Coordinates 11 

containing housing and population counts for each census enumeration district 
{CEO) and the geographic coordinates of the population centroid for the 
district. In the Standard Metropolitan Statistical Areas, the CEO is usually 
a 11 block group'' that consists of a physical city block. In other areas, the 
district used is called an 11enumeration district", and it may cover several 
square miles in a rural area. 

There are approximately 250,000 CEO's ·;n the United States and the 
average population is about 800. The position of the population centroid for 
each CEO was marked on the district maps by the individual census official 
responsible for each district and is based only on his judgment from 
inspe_ction of the population distribution on the map. The CEO entries are 
sorted in ascending order by longitude on the final data tape. 

K.4 Dairy and Meat Animals 
Dairy cattle and meat animal distributions are part of the AIRDOS-EPA 
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input. A constant animal density is assumed. The animal densities are pro

vided by state in Table K.2. These densities were derived from infonnation 

developed by NRC {NRC75). Milk production density in units of 

1 iter/day-square mile was converted to number of dairy cattle/square kilo

meter by assuming a milk production rate of 11.0 liters/day per dairy cow. 

Meat production density in units of kilograms/day-square mile was changed to 

an equivalent number of meat animals/square kilometer by assuming a slaughter 

rate of 0.00381 day-l and 200 kilograms of meat/animal slaughtered. 

State 

New Mexico 

Wyoming 

Table K.2 Animal and vegetable crop distributions 

for use with AIRDOS-EPA 

Dairy Cattle Meat Animal 

Density Density 

{No./km2} (No./km2} 

1.14E-l 4.13 
5.79E-2 5.12 

K.S {Vegetable Crop Area 

Vegetable 

Crop Fraction 
(Km2/l<m2) 

1. 38E-3 
1.59E-3 

A certain fraction of the land within 80 km of the source is used for 

vegetable crop production, which is assumed to be unifonnly distributed 

throughout the entire assessment area. Infonnation on the vegetable pro

duction density in terms of kilograms{fresh weight}/day-square mile was 

obtained from NRC data (NRC75). The vegetable crop fractions (Table K.2} by 

state were computed from the production densities by assuming a production 

rate of 2 kilograms (fresh weight)/year-square meter (NRC77). 

K.6 Food Int"~ike 

Table K.3 summarizes the ingestion values used for both generic sites 

for the maximum individual. These values are based on a USDA report (USDA72) 

for a rural fann situation. Fl and F2 are the percentages produced at the 
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individual's home and within the 80 km assessment area, respective1y. The 
balance of the diet, F3, is considered to be imported from outside the assess
ment area with negligible radionuclide concentrations due to the assessed 
source. The Fl values are obtained by dividing the home-produced quantity by 
the quantity from all sources. The meat values include a combination of beef 
and pork. The vegetable values only include fresh vegetables. 

Table K.3 Sources of food for the maxi mum individual (percent) 

F1 F2 F3 

Vegetables 70.0 0.0 30.0 
Meat 44.2 0.0 55.8 
Milk 39.9 0.0 60.1 

For population exposure estimates, the AIRDOS-EPA code detennines the 
imported fraction needed to supply the nutritional requirements of the entire 
population within 80 km. The quantity of food that is not imported is 
assumed to be grown or produced throughout the entire assessment area and 
consumed by the population within the assessment area as an average value for 
the entire assessment area. The surplus food grown at a given site we 

assumed was shipped outside the assessment area. We did not calculate dose 
for this exported fraction. 

The ingestion pathway is handled by the terrestrial model (NRC77) por· 
tion of the AIRDOS-EPA code. The input values shown ,in Table K.4 were used 
and are independent of location and radionuclide. Selected terrestrial 
pathway parameters, which are radionuclide dependent, are given in Table K.5. 

K.l AIRDOS-EPA OutEut 
An ~xamp1e output of AIROOS-EPA can be found in the AIRDOS-EPA manual 

(Mo79). Doses calculated by AIRDOS-EPA were not used in this report. 
Another code, OARTAB, perfonned dose and risk estimates based on air and 
ground concentrations and ingestion and inhalation intakes and working levels 
calculated by AIRDOS-EPA. An explanation of the DARTAB code can be found in 



SYMBOLIC 

VARIABLE 

PR 
PH 
BRTHRT 

I 

T 

DOl 

TSUBHl 
TSUBH2 
TSUBH3 

TSUBH4 
LAMW 
TSUBEl 

TSUBE2 

YSUBVl 

YSUBV2 

FSUBP 

FSUBS 

QSUBF 

TSUBF 

Table K.4 Selected Input Parameters to AIRDOS-EPA 

DESCRIPTION 

Plume rise 
Release height 
Human breathing rate 
Buildup time for surface deposition 
Fraction of radioactivity retained on 
leafy vegetables and produce after washing 
Time delay-ingestion of pasture grass by animals 
Time delay-ingestion of stored feed by animals 
Time delay-ingestion of leafy vegetables by man 

Time delay-ingestion of produce by man 
Removal rate constant for physical loss by weathering 
Period of exposure d~ring growing season-pasture grass 
Period of exposure during growing season-crops 

or leafy vegetables 
Agricultural productivity by unit area (grass-cow-milk

man pathway) 
Agricultural productivity by unit area {produce or 

leafy vegetables ingested by man) 
Fraction of year animals graze or pasture 
Fraction of daily feed that is pasture grass when 

animals graze on pasture 
Consumption rate of contam1nated feed or forage by 

an animal (dry weight) 
Transport time from an1mal feed-milk-man 

VALUE 

0,.0 m 

1.0 m 

9.17£+5 cm3/hr 
source dependent 

1.0 
0.0 hr 
2.16£+3 hr 

3.36£+2 hr 

3.35E+2 hr 
2.1E-3 hr-l 

7.2E+2 hr 

1.44E+3 hr 

0.28 kg/m2 

0.716 kg/m2 

0.40 

0.43 

15.6 kg/day 
2.0 days 



Table K.4 {Continued) 

SYMBOLIC 

VARIABLE 

uv 
UM 
UF 

UL 
TSUBS 

FSUBG 

FSUBL 
TSUBB 

p 

TAUBEF 
MSUBB 
VSUBM 

Rl 
R2 

DESCRIPTION 

Rate of ingestion of produce by man 
Rate of ingestion of milk by man 
Rate of ingestion of meat by man 
Rate of ingestion of leafy vegetables by man 
Average time from slaughter of meat animal to 

consumption 
Fraction of produce ingested grown in garden of interest 
Fraction of leafy vegetables grown in garden of interest 
Period of long-term buildup for activity in soil 
Effective surface density of soil (dry weight) 

(assumes 15 em plow layer} 
Fraction of meat producing herd slaughtered per day 
Muscle mass of meat producing animal at slaughter 
Milk production of cow 
Fallout interception fraction for pasture 
Fallout interception for vegetable crops 

VALUE 

1.76E+2 kg/yr(a) 

1.12E+2 1/yr 
85.0 kg/yr 
18.0 kg/yr 

20.0 days 
1.0 

1.0 

Same as T 

2.15E+2 kg/m2 

3.81E-3 day-l 
2.0E+2 kg 

11.0 l/day 
0.57 

0.20 

{a)This value, which was used in our analysis, is conservative because it includes fruit consumption. 
Without fruit consumption~ the ingestion rate is 122 kg/yr. 

::::"' 
I 

m 



Table K.S Se 1 ected terres tria 1 pathway P.a rameters by rad i onucl ide 

Mi 1 k-trans fer Meat-transfer 
En vi ronmenta 1 (a} {b) Coefficient Coefficient 

Rad 1 onucl ide Removal Rate {day~ 1 ) 8ivl 8iv2 F m( day/1} F f (day/kg) 

Uranium-238 7.06E-7 2.1E-2 4.2E-3 1.4E-4 1.6E-6 
Uranium-235 7.06E-7 2.1E-2 4.2E-3 1.4E-4 1.6E-6 
Urani um-234 7.06E-7 2.1E-2 4.2E-3 1.4E-4 1.6E-6 
Thorlum-232 5.61E-8 6.3E-3 3.5E-4 S.OE-6 1.6E-6 
Thorium-230 5.61E-8 6.3E-3 3.5E-4 5.0E-6 1.6£-6 
Thorium-228 5.61E-8 6.3E-3 3.5E-4 S.OE-6 1.6E-6 
Act inium-228 2.12E-6 l.OE-2 2.5E-3(c) 2.0E-5 1. 6E-6 
Radium-228 2.12E-5 l.OE-1 7.2E-2(c) 5.9E-4 S.OE-4 
Radium-226 2.12E-5 l.OE-1 7.2E-2{c) 5.9E-4 S.OE-4 
Radium-224 2.12E-5 l.OE-1 7.2E-2 5.9E-4 S.OE-4 
Radon-222 o.o 0.0 o.o o.o 0.0 
Bismuth-214 2. 09E-4 6.0E-l l.SE-1 S.OE-4 1.7E-2 
Bi smuth-212 2.09E-4 6.0E-1 l.SE-1 S.OE-4 1.3E-2 
Lead-214 5.31£-7 1.4£-1 4.8E-3 8.7E-5 9.1E-4 
Lead-212 5.31E-7 1.4E-l 4.8E-3 8.7E-5 9.1E-4 
Lead-210 5.31E-7 l.lE-1 3.9E-3 9.9E-5 9.1E-4 
Polonium-210 8. 93E-6 4.2E-3 2.6E-4 1.2E-4 8.7E-3 
Thallium-208 9.84E-4 l.OE+O 2.5E-1 2.3E-2 4.0E-2 

(a)B 
ivl = Radionuclide concentration in entire above-ground portion of pasture grasses at maturity per unit dry weight 

Radionuclide concentration in soil per unit dry weight 
= pCi/kg dry weifht 

pCi /kg dry so i 

(b}Biv2 = Radionuclide concentration in edible portion of leafy vegetables and fresh produce at maturity per unit 
fresh weight 

Radionuclide concentration in soil per unit dry weight 
= pCi/kg wet weight 

pCi/kg dry soil 

(c)This value, which was. used in our analysis is conservatively high. Using data from DeBortoli (De72) for 
vegetables and grain products, a more realistic value would be 2.6E-3. 
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Appendix L. Concentrations and intakes computed by AIRDOS-EPA are by radionu
clide and receptor location. Table K.6 lists values for effective radio
active decay constants, assumed for the plume (air) and ground surface, which 
influence the concentration and intake estimates. The values chosen for the 
decay constants attempt to account for daughter buildup in the air and on the 
ground surface. 

Table K.6 ·Effective radioactive decay constants 

Decay constant in Oecay constant on 
Radionuclide plume (day-1) ground surface (day .. 1) 

Uranium-238 4.25E-13 4.25£-13 
Uranium-235 2.68E-12 2.68E-12 
Uranium-234 7. 77E-9 7.77£-9 
Thorium-232 1.35E-13 1.35E-13 
Thorium-230 2.47E-8 2.47£-8 
Thorium-228 9.92£-4 1.35£-13 
Actinium-228 2. 72£+0 1.35E-13 
Radium-228 3.30£-4 1.35E-13 

· Radium-226 1.19E-6 1.19E-6 
Radium-224 1.89E-l 1.35£-13 
Radon-222 1.81E-1 l.BlE-1 
Bismuth-214 l.SlE-1 1.19E-6 
B i srruth-212 1.35£-13 1. 35E-13 

Lead-214 l.BIE-1 1.19£-6 
Lead-212 1.35£-13 1.35E-13 

Lead-210 8.52£-5 1.19£ .. 6 
Polonium-210 5.02E-3 1.19E-6 
Tha 11 i um-208 1.35E-13 1.35E-13 
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, .... '', .. 

-~U:~ Airborne Emissions 
;-: <" 

~~~~~}-·We estimated the health impact risks of airborne radionuclide emissions - ~, 

i~tth the DARTAB (Be80) computer code using external exposure input data (air 

~~66ncentration and ground surface concentration) and internal intake input 
l""";J~ ., 

~~ilia {inhalation and ingestion) from the AIRDOS-EPA (Mo79) computer code. 

~F~·~ radon-222 daughter calculations, we perfonned a w~rking level calculation 
!\,.._ ..... -

~~~i~g the AIRDOS-EPA code and the working level exposures for each location 
.... ,_, .. )~, 
twe'f'e ,used as input by the DARTAB code. We assumed the fraction of equi l i-
( :~:r~~:'' 
:~~ti'r1um for the wor-king level calculations to be 0.700 {Ge78). Doses calcu-
.. .,. d" .~-

~~atea, by AIRDOS-EPA were not used in DARTAB. 
1 ~:.... "'" ~ 

:!TF~Jf< Tables L.l and L.2 contain the data used by DARTAB in the health impact 
·f,~ A~ ... 

~.'assessment. and Table l.3 is an example input data file for a DARTAB run. The 
1 I $1hl" :' 

~{f~:t;~.ables are described in the DARTAB manual (BeBO). We calculated dose 

;:f-a':i:es.:and somatic health risks with DARTAB using a data base developed using 
•• \j., .... "' 

\~;-;..:.."'-'· 

~;~~h.'~\''RADRISK (DuBO) computer code. The dose conversion factors for each 
,~ '~ ~,..._:. .... ,.~ r 
~ra(ljonuclide are shown in Table L.l. 
:w;~~~,' 
·:~~"'?~~;~~~· .. ;The doses ca 1 cul a ted using DAR TAB were not used 1 n the risk ca 1 cu..-
~\ .... £.,,.!' 

;~f:~AJjons. We used the risk conversion factors in Table L.l for this purpose. 

~~~~r·ca lcul a ted genetically significant doses for a 30-year exposure period 

i?'~(1the.~;mean years of life where gonadal doses are genetically significant). In 
1f';.(i!..r:f' . ., 

~rc~lculating external dose rates from the ground surface, external dose con-
:: "i:r:' .Ff...;;~:::r ~ ~ • • 

~~ftf~~on factors for the ground surface (see Table L.l), which are for a per-
... ~.,~~;' 
~~~~~'plane surface, are multiplied by 0.5 to correct for the roughness of the 

~;~9~F}·;surface. A weighted mean dose equivalent rate is calculated instead of 

~-;~:~~(~~~al body dose equivalent rate. Weighting factors are chosen to have a 

:-J~~~~:-·of.-.one (see Table L.2). These weighted mean dose equivalent rates are 

~Pf~sented for perspective purposes and are not used in the risk calculations. 
~,..1fl;: ... /•}, ...... 

~-.;:;:~:l~-:- The somatic risk conversion factors for Rn-222 and particulate radionu-
:- '•:• ii" ' 

:·),:~J)iaes (see Table L.l) are calculated based on external exposures and in
·ffi ~Jj. ~ 

i~~~~nal intakes existing for the cohort lifetime (70.7565 years average 
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lifetime expectancy}. When the exposure time for the calculated risks was 

less than the expected lifetime for an individual, we calculated the risk by 

multiplying the risk calculated by DARTAB with the ratio of the actual 

exposure time to the average lifetime expectancy for an individual (e.g., the 

DARTAB calculated risk is multiplied by 1/70.7565 for a one-year exposure 

time}. The risk conversion factor for Rn-222 in Table L.l is for Rn-222 only 

and does not include the risk due to radon daughters. The risk due to radon 

daughters was calculated using a working level calculation and the fatal lung 

cancer risk conversion factor for a lifetime exposure given in Table L.2. 

The somatic health impact for the regional population (fatal cancers per 

year) is ca1culated at equilibrium for continuous exposure and is equal to 

the additional fatal cancers committed over all time per year of exposure. 

Genetic effect risks {effects/birth) to the descendants of the exposed 

parent are calculated based on a 30-year exposure period. When the exposure 

time for the calculated risks was less than 30 years, we calculated the risk 

by multiplying the risk calculated by DARTAB with the ratio of the actual 

exposure time to 30 years (e.g., the DARTAB calculated risk is multiplied by 

1/30 for a -one year exposure time}. Since the presented genetic effect risk 

is to descendants of the exposed individual or individuals, one cannot add 
the individual somatic and genetic effect risks presented in this report. 

The ·genetic effects per- year in the regional population due to radionucl ide 

releases from the mine are calculated for an equilibrium exposure situation. 

The calculated genetic effects per year at equilibrium is equal to the 

genetic effects committed over all time from one year exposure since the 

total genetic damage expressed over all generations is equal to the value in 

each generation reached after prolonged continuous exposure (t.IN77). The 

genetic effects committed to the regional population are calculated using 

risk coefficients (see Table L.2) that are based on a genetically significant 

dose (GSD). The fraction of the population gonadal dose that is genetically 

significant is 30/70.7565 where 30 is the mean individual reproductive life 

in years and 70.7565 is the average individual lifetime expectancy in years. 

For each model uranium mine site, calculations are done separately for 

each mine source as-well as for the total source term for the evaluated mine. 

The additional runs for each source allows us to identify the percentage 

contribution of each source to the total risk. The tables in Chapter 6 
' 
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reflect results for the total mine source term and tables in Appendix L 

present the risk by source term as well as the total risk for each model 

uranium mine type. Tables L.4-L.6 contain individual fatal cancer risks and 

Tables L.7-L.9 contain genetic effect risks. 

L.2 Aqueous Emissions 

The health effects conversion factors used in the aquatic pathways are 

based on information contained in the RADRISK data library (Ou80}. The 

RAORISK data library is the data base used by the DARTAB computer code in 

computing the health impact of airborne releases. Thus, most of the 

philosophy of health impact detennination discussed in Section L.l above 

applies to aquatic releases as well as to airborne releases. The numerical 

values for the health effects conversion factors used for the aquatic 

releases are given in Appendix J along with additional discussions of the use 

of these factors in the aquatic calculations. 



TABLE 1 .• 1 
RADIONUCLIDE DOSE RATE AND HEALTH EFFECT RISK CONVERSION 

FACTORS USED IN URANIUM MINE ASSESSMENTS 
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FOR NUCLIDE : U-238, RESP CLEARANCE CLASS=Y, PARTICLE SIZE=l.O ~D, Fl=0.200E-02 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) {B) (C) 

R MAR 9.64E-07 1.53E-07 3.34E-05 J.89E-06 J.08E+05 232. 
ENDOST 1.96E-06 5.63E-06 6.52E-05 1.43E-04 3.47E+05 271. 
*PUL* 1.37E-09 2.43E-09 1.62E-02 4.13E-02 1.26E+05 85.9 
MUSCLE 7.06E-09 2.76E-08 2.53E-06 7.08E-07 2.37E+05 329. 
LIVER 6.07E-09 2.62E-08 S.JBE-06 6.71E-07 8.53E+04 29.7 
S WALL 4.31E-08 l.SlE-07 6.41E-06 1.67E-07 l.07E+05 72.6 
PANCREAS 6.74E-09 2.76E-08 3.29E-06 7.08E-07 7.63E+04 57.6 
LLI WALL 9.76E-06 7.94E-06 2.05E-04 4.71E-06 8.18E+04 84.1 
KIDNEYS 5.94E-07 2.92E-06 1.70E-05 7.47E-05 9.06E+04 30.4 
BL WALL 4.57E-09 l.SOE-08 7.15£-07 3.8SE-07 6.58E+04 21.4 
ULI WALL 1.73E-06 2.64E-06 6.94E-05 1.61£-06 6.92E+04 22.8 
SI WALL 1.58E-07 4.48E-07 1.22E-05 3.23E-07 6.22E+04 20.8 
OVARIES 1.45E-08 2.63E-08 1.42E-06 6.7IE-07 9.60E+04 53.2 
TESTES 6.04E-09 2.64E-08 1.19E-06 6.75E-07 2.62E+05 389. 
SPLEEN 6.59E-09 2.76E-08 3.13E-06 7.08E-07 8.91E+04 45.B 
UTERUS 7.76E-09 2.77E-08 l.JSE-06 7.07£-07 2.36E+04 1.10 
THYMUS 6.12E-09 2.76E-08 4.80E-06 7.08E-07 9.25E+04 30.4 
THYROID . 6.01E-09 2.76E-08 2.16E-06 7.07E-07 1.58E+05 70.5 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

TESTES 
OVARIES 
AVERAGE 

(D) (D) (D) (D) (E) (F) 
1.55E-07 7.20E-07 1.73E-05 l.SSE-05 7.86E+06 1.17E+04 
4.03E-07 7.17E-07 2.27E-05 I.54E-05 2.88E+06 1.60E+03 
2.79E-07 7.19E-07 2.00E-05 t.SSE-05 5.37E+06 6.63E+03 

FAT&. CANCER RISK CONVERSIOl~ FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H) (I) 

R MARROW 2.27E-07 7.62£-07 7.15E-06 1.77E-05 .100 7.55E-05 
ENDOST 4.22E-08 1.22E-06 1.26E-06 2.78£-05 l.07E-02 8.34E-06 
PULMNARY 5.33E-10 1.48£-08 6.32E-03 .238 7.67E-02 S.23E-05 
BREAST 2.42E-09 l.02E-08 5.92E-07 2.24E-07 9.46E-02 1.31E-04 
LIVER 8.26E-10 3.78E-08 4.73E-07 8.33E-07 1.33E-02 4.64E-06 
ST WALL 3.72E-09 1.57E-07 4.72E-07 1.36£-07 9.28E-03 6.30E-06 
PANCREAS 7.07E-10 3.10E-08 2.38E-07 6.83E-07 9.27E-03 ?.OOE-06 
LLI WALL 6.77E-07 S.SIE-06 1.32E-05 3.22E-06 S.68E-03 S.84E-06 
KIDNEYS 1.89E-08 9.29E-07 4.49E-07 2.04E-05 3.14E-03 l.OSE-06 
BL WALL 1.42E-10 4.85E-09 1.41E-08 t.07E-07 2.28E-03 7.43E-07 
ULI ~L 6.00E-08 9.16E-07 2.23E-06 5.48E-07 2.40E-03 7.9IE-07 
SI WALL 2.73E-09 7.78E-08 1.94E-07 5.40E-08 l.OSE-03 3.61E-07 
OVARIES 2.36E-10 4.21E-09 1.44E-08 9.26E-08 1.67E-03 9.23E-07 
TESTES 9.20E-ll 4.23E-09 l.l2E-08 9.3QE-08 4.55E-03 6,75E-06 
SPLEEN 9.96E-ll 4.43E-09 3.23E-08 9.75E-08 l.SSE-03 7.95E-07 
UTERUS 1.21£-10 4.43E-09 1.34E-08 9.75E-08 4.09E-04 1.34E-07 
THYMUS 9.22E-ll 4 ·43E-09 5 .02E-08 9. 76E-08 1.61E-03 5 .27E-07 
THYROID 4.61E-10 2.22E-09 1 •. 19E-07 S.l3E-08 1.34E-02 5.97E-06 
GENETIC EFFECT RISK CONVERSION FACTORS 

(J) (J) (J) (J) (K) (L) 
AVERAGE 8.37E-14 2.16E-ll 6.00E-12 4.65E-10 1.61E+00 2.00E-03 

TABLE OF UNITS 

(A) - 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
(B} - (MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
(DC (MILLIRAD /YR) /(PERSON MI CROCURI E/CM**2} 
( - (MILLIRAD)/(PERSON PICOCURIE/YR) 

!~H
E - (HILLIRAD) /(PERSON MICROCURIE/CC} 

- ~MILLIRAD) / (PERSON MI CROCURIE/CM**2~ 
- DEATHS~/~1E+5 PERSONS PICOCURIE/YR 
- DEATHS / 1E+5 PERSONS PICOCURIE/CC 

I
I - DEATHS / 1E+5 PERSONS PICOCURIE/CH**2) 
J - GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 

L
K) - (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CC) 

) - (GENET!'C EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/CH**2) 



TABLE L.l 
(CONTINUED) 

L-5 

FOR NUCLIDE : U-234, RESP CLEARANCE CLASS=Y, PARTICLE SIZE=l.O AMAD, Fl=O.ZOOE-02 

,DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 4.40E-09 2.07E-07 1.21E-07 5.26E-06 9.80E+05 422. 
ENDOST 1.84E-08 7.03E-06 4.83E-07 1.78E-04 1.08E+06 482. 
*PUL* 2.77E-ll 2.76E-09 2.73E-04 4.70E-02 4.68E+05 177. 
MUSCLE 2.70E-10 3.13E-08 1.09E-07 S.OlE-07 6.15E+OS 471. 
LIVER l.48E-10 3.13E-08 4.24E-08 S.OlE-07 3.76E+05 100. 
S WALL 4.98E-08 2.06E-07 5.34E-08 1.89E-07 3.72E+05 145. 
PANCREAS 2.02E-10- 3.13E-08 1.92E-08 8.01E-07 2.87E+05 115. 
LLI WALL 2.19E-06 9.01E-06 l.28E-06 5.34E-06 2.90E+05 146. 
KIDNEYS 8.63E-09 3.32E-06 2.24E-07 8.49E-05 3.75E+05 99.2 
BL WALL 2.66E-10 1.71E-08 l.42E-09 4.37E-07 3.20E+05 82.1 
ULI WALL 7.37E-Q7 3.00E-06 4.33E-07 1.82E-06 3.14E+05 81.7 
SI WALL 1.31E-07 S.lOE-07 7.77E-08 3.68E-07 3.07E+05 79.4 
OVARIES 5.67E-09 3.13E-08 5.92E-09 S.OlE-07 2.96E+05 107. 
TESTES 1.30E-10 3.l3E-08 2.18E-09 B.OlE-07 6.85E+05 553. 
SPLEEN 1.62E-10 3.13E-08 3.19E-08 S.OlE-07 3.50E+05 112. 
UTERUS 4.13E-10 3.13E-08 2.72E-09 S.OlE-07 1.77E+05 43.7 

-THYMUS 9.68E-ll 3.l3E-08 3.45E-08 ·B.01E-07 3.35E+05 89.2 
THYROID 8.99E-11 3.13E-08 6.47E-09 S.OlE-07 6.18E+OS 185. 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
,TESTES 3.62E-09 8.55E-07 4.92E-08 1.84E-05 2.06E+07 1.66E+04 
OVARIES 1.70E-07 S.SSE-07 l.SSE-07 1.84E-05 8.88E+06 3.21E+03 
AVERAGE 8.68E-08 8.55E-07 1.02E-07 1.84E-05 1.47E+07 9.90E+03 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
(G) (G) (G) (G) 

R MARROW l.IOE-09 l.02E-06 2.70E-08 2.37E-05 
ENDOST 3.99E-10 1.52E-06 9.50E-09 3.48E-05 
PULMNARY 1.39E-ll l.68E-08 1.15E-04 .270 
BREAST 1.02E-10 l.lSE-08 2.96E-08 2.54E-07 
LIVER 2.16E-11 4.52E-08 4.54E-09 9.94E-07 
ST WALL 4.32E-09 1.78E-07 3.93E-09 1.54E-07 
PANCREAS 2.29E-ll 3.51E-08 1.61E-09 7.73E-07 
LLI WALL 1.52E-07 6.2SE-06 8.77E-08 3.65E-06 
KIDNEYS 2.75E-10 1.06E-06 6.09E-09 2.32E-05 
BL WALL 9.08E-12 S.SlE-09 3.90E-ll 1.21E-07 
ULI WALL 2.56E-08 l.04E-06 1.48E-08 6.22E-07 
SI WALL 2.27E-09 8.85E-08 1.32E-09 6.14E-08 
OVARIES 9.83E-ll 5.02E-09 9.11E-ll l.lOE-07 
TESTES 2.12E-12 5.02E-09 2.97E-ll l.lOE-07 
SPLEEN 2.53E-12 5.02E-09 3.80E-10 l.lOE-07 
UTERUS 7.03E-l2 S.02E-09 3.71E-11 I.IOE-07 
THYMUS 1.49E-12 5.02E-09 4.12E-10 l.lOE-07 
THYROID 7.02E-l2 2.51E-09 4.24E-10 5.81E-08 
GENETIC EFFECT RISK CONVERSION FACTORS 

AIR GROUND 
IMMERSION SURFACE 

(H) (I} 
.319 1.37E-04 
3.32E-02 1.48E-05 
.285 l.OSE-04 
.245 1.88E-04 
5.87E-02 1.56E-05 
3.23E-02 1.26E-05 
3.49E-02 1.40E-05 
2.01E-02 1.01E-05 
I.JOE-02 3.44E-06 
1.11E-02 2.85E-06 
1.09E-02 2.84E-06 
5.33E-03 1.38E-06 
5.14E-03 1.86E-06 
1.19E-02 9.60E-06 
6.07E-03 1.94E-06 
3.07E-03 7.58E-07 
S.SlE-03 l.SSE-06 
5.23E-02 1.57E-05 

/ (J) (J) (J) (J) (K) (L) 
AVERAGE 2.61E-14 2.57E-ll 3.06E-14 5.52E-10 4.41E+OO 2.97E-03 

TABLE OF UNITS 

(A) - 70 YEAR COMMITTED DOSE (MILLIRAD)I(PERSON PICOCURIE) 
B) - ~MILLIRADIYR)I(PERSON MICROCURIE/CC) 
CD) - MILLIRADIYR)I(PERSON MICROCURIE/CM**2) 

) - MILLIRAD~I~PERSON PICOCURIE/YR) 

::

EGI -~HILLIRAD I PERSON MICROCURIEICC) - MILLIRAD I PERSON- MI.CROCURIE/CM**2} 
- DEATHS?/flE+5 PERSONS PICOCURIE/YR 
- DEATHS / lE+S PERSONS PICOCURIE/CC 
- DEATHS / 1E+5 PERSONS PICOCURIE/CM**2) 
- GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 

(K) - {GENETIC EFFECTS/LIVE BIRTH) I (PERSON MICROCURIE/CC) 
(L) - (GENETIC EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/CM**2) 



TABLE L.l 
(CONTINUED) 

L-6 

FOR NUCLIDE : TH-230, RESP CLEARANCE CLASS=Y, PARTICLE SIZE=l.O AMAD, Fl=0.200E-03 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMNERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 2.21E-08 5.79E-05 5.23E-06 1.42E-02 3.24E+06 884. 
ENDOST I.l9E-07 9.09E-04 2.91E-05 .223 3.54£+06 977. 
*PUL* t.65E-10 S.OlE-11 3.09E-04 4.60E-02 1.66£+06 438. 
MUSCLE 1.11E-09 2.28£-07 J.OlE-07 5.70E-OS 1.83E+06 633. 
LIVER 3.49E-09 l.09E-06 9.01E-07 2.73E-04 1.40E+06 339. 
S WALL 5.76E-08 1.99E-07 l.OOE-07 1.29E-07 1.30E+06 353. 
PANCREAS l.lOE-09 2.28E-07 2.64£-07 5.70E-05 1.03E+06 274. 
LLI WALL 2.52E-06 8.83E-06 1.52E-06 5.18E-06 9.88E+05 275. 
KIDNEYS 1.04E-09 2.28E-07 2.17E-07 5.70E-05 1.38E+06 335. 
BL WALL 1.09E-09 1.14£-07 9.59£-08 2.85E-OS 1.17£+06 284. 
ULI WALL 8.45E-07 2.94E-06 S.24E-07 1.73E-06 1.20E+06 289. 
SI WALL t.49E"-07 4.97E-07 1.16E-07 3.03£-07 1.16E+06 280. 
OVARIES 6.69E-09 2.28E-07 1.98E-07 5.70E-05 1.04E+06 270. 
TESTES 8.9IE-10 2.28E-07 !.83E-07 5.70E-05 2.14E+06 769. 
SPLEEN 9.95E-10 2.28E-07 2.62E-07 5.70E-05 1.32E+06 329. 
UTERUS 1.78E-09 2.28E-07 1.88E-07 5.70E-05 7.27E+05 171. 
THYMUS 7.83E-10 2.28E-07 2.88E-07 5.70E-05 1.29E+06 310. 
THYROID 7.74E-10 2.28E-07 2.08E-07 5.70E-05 2.16£+06 544. 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) {F) 
TESTES 
OVARIES 
AVERAGE 

2.38E-08 6.20E-06 3.96E-06 1.30E-03 6.42E+07 2.31E+04 
1.97E-07 6.20E-06 4.24E-06 1.30E-03 3.12£+07 8.10£+03 
l.llE-07 6.20£-06 4.10£-06 1.30£-03 4.77E+07 1.56£+04 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETI~ffi EXPOSURE 
CANCER INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H) (I) 

R MARROW 4.76E-09 2.39E-04 l.OOE-06 5.36E-02 1.05 2.88E-04 
ENDOST 2.22E-09 l.?OE-04 4.91E-07 3.76E-02 .109 3.01E-05 
PULMNARY 6.1SE-ll 3.05E-10 1.30E-04 .265 1.01 2.66E-04 
BREAST 3.91E-10 8.35E-08 8.53E-OB 1.80£-05 -730 2.53E-04 
LIVER 4.98E-l0 1.57E-06 1.09E-07 3.39E-04 .219 5.29E-05 
ST WALL S.OOE-09 1.72E-07 6.47E-09 1.09E-07 .113 3.06£-05 
PANCREAS 1.18E-10 2.54E-07 2.33£-08 5.49£-05 .125 3.33E-05 
LLI WALL 1.75E-07 6.13E-06 l.02E-07 3.55E-06 6.86£-02 1.91E-05 
KIDNEYS 3.21E-ll 7.26E-08 5.52E-09 1.57E-05 4.79E-02 1.16E-05 
BL ~L 3.59E-11 3.63E-08 2.48E-09 7.85E-06 4.06E-02 9.86E-06 
ULI WALL 2.93E-08 1.02E-06 1.7SE-08 S.92E-07 4.16E-02 1.00E-05 
SI WALL 2.58E-09 8.62E-08 1.73E-09 5.17E-08 2.01E-02 4.86£-06 
OVARIES 1.14E-10 3.63E-08 2.59E-09 7.85E-06 1.80E-02 4.68E-06 
TESTES 1.40E-11 3.63E-08 2.42E-09 7.85E-06 3.71E-02 1.33E-05 
SPLEEN 1.51E-11 3.63E-08 3.28E-09 7.85E-06 2.29E-02 5.71E-06 
UTERUS 2.94E-11 3.63E-08 2.50E-09 7.85E-06 1.26E-02 2.97E-06 
THYMUS 1.19E-11 3.63E-08 3.65E-09 7.85E-06 2.24E-02 5.38E-06 
THYROID 5.91E-ll 1.82£-08 l.43E-08 4.14E-06 .183 4.61E-05 
GENETIC EFFECT RISK CONVERSION FACTORS 

(J) (J) (J} (J) (K) (L) 
AVERAGE 3.31E-14 1.86E-10 1.23E-12 3.90E-08 1.43E+Ol 4.68E-03 

TABLE OF UNITS 

i
A) 
B) 
C} 
D) 

(E) 
(F) 
(G) 
(H) 

B5 
~~~ 

- 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
- (MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
- (MILLIRAD/YR)/ (PERSON MICROCURIE/CM**2) 
- (MILLIRAD)/(PERSON PICOCURIE/YR) 
- {MILLIRAD) I (PERSON MICROCURIE/CC) 
- (MILLIRAD) I (PERSON MICROCURIE/CMU2) 
- (DEATHS)/f1E+5 PERSONS PICOCURIE/YR) 
- (DEATHS)/ 1E+5 PERSONS PICOCURIE/CC/ 
- ~DEATHS)/ lE+S PERSONS PICOCURIE/CM**2) 
- GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
- GENETIC EFFECTS/LIVE BIRTH /(PERSON MICROCURIE/CC) 
- GENETIC EFFECTS/LIVE BIRTH~/(PERSON MICROCURIE/CM**2) 



TABLE L.l 
(CONTINUED) 

L-7 

FOR NUCLIDE : RA-226, RESP CLEARANCE CLASS=W, PARTICLE SIZE=l.O AMAD, Fl=0.200E+OO 

DOSE CONVERSION FACTORS· 
ORGAN lNGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C} 

R ~Uffi 2.54E-05 6.40E-05 2.84E-05 7.18E-05 5.49E+07 1.21E+04 
ENDOST 5.07E-05 l.l)E-03 5.69E-05 1.27E-03 5.87E+07 1.30E+04 
*PUL* 1.91E-06 .0 6.33E-06 4.77E-03 3.37E+07 7.43E+03 

. MUSCLE 2.27E-06 2.83E-05 2.50E-06 3.17E-05 3.42E+07 7.57E+03 
LIVER I.SlE-06 2.65E-05 l.70E-06 2.98E-05 2.91E+07 6.41E+03 
S WALL 1.30E-06 2.QBE-07 1.49E-06 1.21E-07 2.49E+07 5.49E+03 
PANCREAS 2.14E-06 2.83E-05 2.41E-06 3.17E-05 2.19E+07 4.84E+03 
LLI WALL 4.15E-05 1.47E-05 2.38E-05 7.84E-06 2.09E+07 4.61E+03 
KIDNEYS 2.01E-06 2.65E-05 2.21E-06 2.98E-05 2.76E+07 6.09E+03 
BL WALL l.SSE-06 1.41E-05 1.56E-06 1.59E-05 2.42E+07 5.35E+03 
ULI WALL 8.07E-06 3.58E-06 5.57E-06 t.94E-06 2.69E+07 5.94E+03 
SI WALL 2.58E-06 4.63E-07 2.42E-06 2.59E-07 2.60E+07 5.74E+03 
OVARIES 2.96E-06 2.83E-05 2.68E-06 3.17E-05 2.QOE+07 4.41E+03 
TESTES 1.66E-06 2.83E-05 l.SOE-06 3.17E-05 4.68E+07 l.03E+04 
SPLEEN 1.56E-06 2.6SE-05 1.75E-06 2.98E-05 2.9SE+07 6.49E+03 
UTERUS 1.75E-06 2.83E-05 1.73E-06· 3.17E-05 2.13E+07 4.68E+03 
THYMUS 1.35E-06 2.83E-05 1.58E-06 3.17E-05 2.89E+07 6.36E+03 
THYROID 1.49E-06 2.83E-05 1.69E-06 3.17E-05 3.81E+07 8.41E+03 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
TESTES 
OVARIES 
AVER.AGE 

2.69E-05 7.6SE-04 2.82E-05 8.57E-04 1.40E+09 3.09E+05 
6.17E-05 7.65E-04 5.00E-05 8.57E-04 6.00E+08 1.32E+05 
4.43E-OS 7.65E-04 3.91E-05 8.57E-04 l.OOE+09 2.21E+05 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOl-l LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H) (I) 

R MARROW 5.77E-06 3.37E-04 6.43E-06 3.78E-04 17.9 3.94E-03 
ENDOST l.OSE-06 2.34E-04 l.lSE-06 2.63E-04 1.81 4.00E-04 
PULMNARY 6.95£-07 .0 3.32E-06 2.90E-02 20.5 4.52E-03 
BREAST 5.48E-07 l.04E-05 5.95E-07 1.16E-05 13.6 3.02E-03 
LIVER 1.42E-07 3.80E-05 1.60E-07 4.2SE-05 4.54 l.OOE-03 
ST WALL 7.19E-08 1.80E-07 8.39E-08 1.04E-07 2.16 4.76E-04 
PANCREAS 1.56E-07 3.15E-05 l.?SE-07 3.53E-05 2.66 5.88E-04 
LLI WALL 2.82E-06 1.02E-05 1.59£-06 5.43E-06 1.45 3.20E-04 
KIDNEYS 4.20E-08 8.4SE-06 4.57E-08 9.46E-06 .958 2.11E-04 
BL WALL 3.75E-08 4.SOE-06 3.46E-08 5.04E-06 .840 1.86E-04 
ULI WALL 2.59E-07 1.24E-06 1.69E-07 6.72E-07 .934 2.06E-04 
SI WALL 3.36E-08 8.03E-08 2.93E-08 4.48E-08 .451 9.96E-05 
OVARIES 3.81E-08 4.50E-06 3.16E-08 5.04E-06 .347 7.65E-05 
TESTES I.77E-08 4.SOE-06 1.86E-08 5.04E-06 .812 1.79E-04 
SPLEEN l.64E-08 4.22E-06 1.83E-08 4.73E-06 .512 1.13E-04 
UTERUS 2.09E-08 4.SOE-06 1.94E-08 5.04E-06 .370 8.12E-OS 
THYUIJS 1.38E-08 4.50E-06 1.67E-08 5.04E-06 .501 l.lOE-04 
THYROID 8.46E-08 2.26E-06 9.60E-08 2.53E-06 3.23 7.12E-04 
GENETIC EFFECT RISK CONVERSION FACTORS 

,. (J) (J) {J) (J) (K) {L) 
AVERAGE 1.33E-ll 2.29E-08 1.17E-ll 2.56E-08 3.QOE+02 6.62E-02 

TABLE OF UNITS 

!A) - 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
B) - (MILLIRAD/YR)/{PERSON MICROCURIE/CC) 
C) - (MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 
D) - (MILtiRADi/(PERSON PICOCURIE/YR) 

l
El - lMILLIRAD /(PERSON MICROCURIE/CC) 
F - MILLIRAD /(PERSON MICROCURIE/CM**2} 
G - DEATHS~/~1E+5 PERSONS PICOCURIE/YR 
H - DEATHS / lE+S PERSONS PIOOCURIE/CC 
I - DEATHS / 1E+5 PERSONS PICOCURIE/CM**2) 
J) - GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 

(K) - (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CC) 
(L) - (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CM**2) 



TABLEL.l 
(CONTINUED) 

L-8 

FOR NUCLIDE : RN-222, RESP CLEARANCE CLASS=Y, PARTICLE SIZE= 1.0 MfAD, Fl=O.O 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR .0 .0 4.29E-ll 2.71E-10 2.48E+06 512. 
ENDOST .0 .0 4.84E-ll 1.66E-09 2.59E+06 533. 
*PUL* .0 .0 2.67E-09 S.14E-08 2.00E+06 412. 
MUSCLE .0 .0 3.29E-11 4.96E-ll 2.14E+06 440. 
LIVER .0 .0 9.80E-ll 3.61E-10 1.85E+06 380. 
S WALL .0 .0 2..08E-10 1.40E-ll 2.12E+06 436. 
PANCREAS .0 .0 6.38E-ll 4.96E-ll l.l9E+06 246. 
LLI WALL .0 .Q t.02E-ll 2.05E-13 1.56E+06 321. 
KIDNEYS .0 .0 2.37E-10 2.22E-09 1.86E+06 38 3. 
BL WALL .0 .0 7.87E-12 2.48E-ll 1.71E+06 352. 
ULl WALL .0 .0 4.60E-ll 2.22E-12 1.74E+06 359. 
SI WALL .0 .0 8.80E-ll 6.38E-12 1.56E+06 322. 
OVARIES .0 .0 I.SlE-11 4.96E-11 7.96E+05 164. 
TESTES .0 .0 7.59E-12 4.96E-ll 2.40E+06 494. 
SPLEEN .0 .0 9.53E-11 6.08E-10 2.27E+06 468. 
UTERUS .0 .0 1.60E-ll 4.96E-ll 1.44E+06 296. 
THYMUS .0 .0 8.27E-ll 4.96E-ll 1.31E+06 270. 
THYROID .0 .0 . 2.67E-ll 4.96E-ll 1.77E+06 365. 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (P) (D) (D) (E) (F) 
TESTES .0 .0 .0 .0 7 .20E+07 1.48E+04 
OVARIES .0 .0 .0 .0 2.39E+07 4.92E+03 
AVERAGE .0 .0 .0 .0 4. 79E+07 9 .87E+03 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H) (I) 

R MARROW .0 .0 1.39E-ll 1.75E-09 .807 1.67E-04 
ENDOST .0 .0 1.48E-12 5.05E-10 7.97E-02 !.64E-05 
PULMNARY .0 .0 !.63E-09 3.13E-07 1.22 2.51E-04 
BREAST .0 .Q 1.31E-ll 1.98E-ll .854 I.76E-04 
LIVER .0 .0 I.53E-ll 5.63E-10 .289 5.93E-05 
ST WALL_ .0 .Q 1.81E-11 1.22E-ll .184 3.78E-05 
PANCREAS .0 .0 7.74E-12 6.02E-ll .145 2.99E-05 
LLI WALL .0 .Q 7.07E-13 1.42E-13 .108 2.23E-05 
KIDNEYS .0 .0 8.23E-12 7.70E-10 6.45E-02 1.33E-05 
BL ~LL .0 .0 2.73E-13 8.60E-12 5.93E-02 1.22E-05 
ULI WALL .0 .0 1.60E-12 7.71E-13 6.04E-02 l-25E-05 
SI WALL .0 .0 l.SJE-12 l.llE-12 2.71E-02 5.59E-06 
OVARIES .0 .0 2.62E-13 8.60E-12 1.38E-02 2.85E-06 
TESTES .0 .0 l.32E-13 8.60E-12 4.16E-02 8.57E-06 
SPLEEN .0 .0 1.65E-12 !.06E-10 3.94E-02 8.12E-06 
UTERUS .0 .Q 2.77E-L3 8.60E-12 2.50E-02 5.14E-06 
THYMUS .0 .0 1.43E-12 8.60E-12 2.27E-02 4.68E-06' 
THYROID .0 .0 2.26E-12 4.20E-12 .150 3.09E-05 
GENETIC EFFECT RISK CONVERSION FACTORS 

(J) (J) (J) (J) (K) (L) 
AVERAGE O.OOE-01 O.OOE-01 O.OOE-01 O.OOE-01 1.44E+Ol 2.96E-03 

TABLE OF UNITS 

(A) 
(B) 

fg~ 
E 
F 
G 
H 
I 
J 

~~ 

- 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
- (MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
- MILLIRAD/YR) /(PERSON MICROCURIE/CM**2) 
- MILLIRAD)/(PERSON PICOCURIE/YR) 
--- MILLIRAD) /(PERSON MICROCURIE/CC) 
- MILLIRAD) /(PERSON MICROCURIE/CM**2~ 
- DEATHS~/flE+S PERSONS PICOCURIE/YR 
- DEATHS I 1E+5 PERSONS PICOCURIEICC 
- DEATHS / lE+S PERSONS P1COCURIE/CM**2) 
- GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
- (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CC) 

(GENETIC EFFECTS/LIVE BIRTH) I (PERSON MICROCURIE /CM**2) 



TABLE L.l 
(CONTINUED) 

L-9 

FOR NUCLIDE : PB-214, RESP CLEARANCE CLASS~W, PARTICLE SIZE=l.O AMAD, Fl=0.200E+OO 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 1.46E-08 1.52E-08 9.59E-09 5.70E-08 1.76E+09 3.81E+05 
ENDOST 7.30E-09 l.OBE-07 l.lOE-08 3.68E-07 1.86E+09 4.02E+05 
*PUL* 7.70E-09 .Q 6.Q7E-07 .Q 1.25E+09 2.68E+05 
MUSCLE l.lSE-08 1.20E-09 7.21E-09 7.45E-09 1.30E+09 2.81E+05 
LIVER 1.82E-08 2.00E-08 2.19E-08 7.32E-08 l.l1E+09 2.39E+05 
S WALL 1.40E-06 8.68E-08 4.60E-08 2.84E-09 1.11E+09 2.39E+05 
PANCREAS 6.50E-08 1.20E-09 1.40E-08 7.45E-09 7.90E+08 1.69E+05 
LLI WALL S.57E-08 2.36E-09 2.16E-09 4.31E-ll 8.72E+08 1.87E+05 
KIDNEYS 2.86E~08 4.89E-08 S.OSE-08 4.53E-07 l.09E+09 2.35E+05 
BL WALL 1.32E-08 6.QOE-10 l.SSE-09 3.72E-09 9.80E+08 2.10E+05 
ULI WALL 3.69E-07 2.44E-08 9.86E-09 4.70E-10 l.OSE+09 2.25E+05 
SI WALL B.OlE-07 6.12E-08 1.89E-08 1.36E-09 9.69E+08 2.08E+05 
OVARIES 4.04E-08 1.20E-09 3.04E-09 7.45E-09 6.14E+08 1.32E+05 
TESTES 3.02E-09 1.20E-09 1.40E-09 7.45E-09 1.61E+09 3.45E+05 
SPLEEN 3.84E-08 1.13E-09 l.l6E-08 7-21E-09 1.26E+09 z.70E+05 
UTERUS 3.52E-08 1.20E-09 3.14E-09 7.45E-09 8.45E+08 1.81E+05 
THYMUS 2.88E-09 1.20E-09 1.86E-08 7.45E-09 9.40E+08 2.02E+05 
THYROID l.06E-09 1.20E-09 5.81E-09 7.45E-09 1.23E+09 2.66E+05 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
TESTES 9.05E-08 3.59E-08 4.20E-08 2.23E-07 4.83E+l0 t.04E+07 
OVARIES l.21E-06 3.59E-08 9.11E-08 2.23E-07 l.84E+l0 3.96E+06 
AVERAGE 6.52E-07 3.59E-08 6.65E-08 2.23E-07 3.34E+10 7.16E+06 

FATAL CANCER RISK CONVERSION FACTORS 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
(G) (G) (G) (G) ' 

R MARROW 4.73E-09 9.72E-08 3.11E-09 3.69E-07 
ENDOST 2.22E-10 3.20E-08 3.34E-10 1.12E-07 
PULMNARY 4.68E-09 .Q 3.69E-07 2.82E-05 
BREAST 4.58E-09 4.78E-10 2.8SE-09 2.97E-09 
LIVER 2.83E-09 3.11E-08 3.41E-09 1.14E-07 
ST WALL 1.22E-07 7.53E-08 3.99E-09 2.46E-09 
PANCREAS 7.90E-09 1.45E-09 1.70E-09 9.04E-09 
LLI WALL 3.87E-09 1.64E-09 l.SOE-10 2.99E-ll 
KIDNEYS 9.94E-10 l.?OE-08 1.75E-09 I.SJE-07 
BL WALL 4.59E-10 2.08E-10 5.39E-ll 1.29E-09 
ULI, WALL 1.28E-08 8.47E-09 3.42E-10 1.63E-10 
SI WALL l.39E-08 l.OGE-08 3.28E-10 2.36E-10 
OVARIES ?.OlE-10 2.08E-10 5.27E-ll 1.29E-09 
TESTES 5.23E-11 2.08E-10 2.43E-ll 1.29E-09 
SPLEEN 6.67E-10 la96E-10 2.02E-10 1.25E-09 
UTERUS 6.11E-10 2.08E-10 5.45E-ll 1.29E-09 
THYMUS 5.00E-ll 2.08E-10 3.23E-10 1.29E-09 
THYROID 8.95E-ll l.OIE-10 4.92E-10 6.30E-10 
GENETIC EFFECT R!SK CONVERSION FACTORS 

FOR LIFETIME EXPOSURE 
AIR GROUND 

IMMERSION SURFACE 
(H) (I) 

5 73. .124 
57.3 1.24E-02 
760. .163 
519. .112 
173. 3.73E-02 
9 6 • 3 2. 0 7 E- 0 2 
95.9 z.OSE-02 
60.5 J.JQE-02 
37.8 8.16E-03 
34.0 7.29E-03 
36.4 ].BIE-03 
16.8 3.61E-03 
10.7 2.29E-03 
27.9 5.99£-03 
21.9 4.68E-03 
14.7 3.14E-03 
16.3 3-SlE-03 
104. 2.25E-02 

(J) (J) (J) (J) (K) (L) 
1.95E-l3 l.OSE-12 2.00E-14 6.70E-12 l.OOE+04 z.14E+OO AVERAGE 

TABLE OF UNITS 

~~~ 
~~l-

- 70 YEAR COHMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 

~
MILLIRIID/YR) /(PERSON MICROCURIE/CC) 
MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 
MILLIRAD)/(PERSON PIOOCURIE/YR) 
MILLIRAD)/(PERSON MICROCURIE/CC) 
MILLIRAD) /(PERSON MI.CROCURIE/CM**2} 

(H 

~~~ -
(L) -

DEATHS)/ 1E+5 PERSONS PICOCURIE/YR 
DEATHS)/ll£+5 PERSONS PICOCURIE/CC 
DEATHS)/ ( 1E+5 PERSONS PICOCURIE/Ctt**2) 
GENETIC EFFECTS/LIVE BIRTH~/~PERSON PICOCURIE/YR) 
GENEtiC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CC) 
GENETIC EFFECTS /LIVE BIRTH / PERSON MI CROCURIE/CM**2) 



TABLE L.l 
(CONTINUED) 

L-10 

FOR NUCLIDE : Bl-214, RESP CLEARANCE CLASS=W, PARTICLE SIZE=l.O AMAD, Fl=O.SOOE-01 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 6.93E-09 1.07E-09 4.37E-09 6.52E-09 8.72E+09 1.52E+06 
ENDOST 3.38E-09 1.17E-08 3.65E-09 2.67E-08 9.43E+09 1.65E+06 
*PUL* 6.37E-09 6.00E-ll 3.18E-07 .Q 8.28E+09 1.44E+06 
MUSCLE 7.02E-09 1.72E-10 4.41E-09 3.78E-09 8.74E+09 1.52E+06 
LIVER 9.67E-09 3.33E-10 7.59E-09 3.84E-09 7.54E+09 1.31E+06 
S WALL 1.06E-06 1.06E-07 1.89E-08 2.64E-09 7.92E+09 l.38E+06 
PANCREAS 5.60E-08 1.72E-10 8.35E-09 3.78E-09 7.94E+09 1.36E+06 
LLI WALL 1.76E-08 4.07E-10 9.08E-10 1.37E-09 6.81E+09 1.17E+06 
KIDNEYS 1.69E-08 1.84E-08 4.36E-08 4.19E-07 7.04E+09 1.23E+06 
BL WALL S.89E-09 1.16E-10 8.13E-10 2.57E-09 7.40E+09 1.29E+06 
ULI WALL 9.75E-08 5.95E-09 2.96E-09 1.44E-09 8.83E+09 1.51E+06 
SI WALL 2.89E-07 2.81E-08 4.95E-09 1.71E-09 6.77E+09 1.17E+06 
OVARIES 1.68E-08 1.72E-10 1.35E-09 3.78E-09 6.93E+09 1.17E+06 
TESTES 1.44E-09 1.72E-10 6.48E-10 3.78E-09 6.74E+09 1.20E+06 
SPLEEN 3.22E-08 1.66E-10 7.27E-09 3.79E-09 8.18E+09 1.44E+06 
UTERUS 1.52E-08 l-72E-10 1.43E-09 3.78E-09 6.24E+09 1.08E+06 
THYMUS 2.37E-09 1.72E-10 1.22E-08 3.78E-09 7.48E+09 1.27E+06 
THYROID 7.26E-10 1.72E-10 3.70E-09 3.78E-09 7.87E+09 1.35E+06 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

TESTES 
OVARIES 
AVERAGE 

CANCER 

R HARROW 
ENDOST 
PULMNARY 
BREAST 
LIVER 
ST WALL 
PANCREAS 
LLI WALL 
KIDNEYS 
BL WALL 
ULI WALL 
SI WALL 
OVARIES 
TESTES 
SPLEEN 
UTERUS 
THYMUS 
THYROID 
GENETIC 

AVERAGE 

(D) (D) (D) (D) (E) (F) 
4-JlE-08 5.08E-09 1.94E-08 1.13E-07 2.02E+ll 3.60E+07 
S.OJE-07 S.OSE-09 4.06E-08 1.13E-07 2.08E+l1 3.51E+07 
2.73E-07 S.OSE-09 J,OOE-08 1.13E-07 2.05E+l1 3.56E+07 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H) (I) 

2.25E-09 5.53E-09 1.41E-09 4.09E-08 2.84E+03 .495 
1.02E-10 2.60E-09 l.lOE-10 7.14E-09 290. S.OSE-02 
3.87E-09 ).65E-10 1.93E-07 2.11E-05 5.04E+03 .876 
2.80E-09 6.77E-ll 1.76E-09 l.SIE-09 3.49E+03 .607 
l.SlE-09 4.41E-10 l.lBE-09 5.91E-09 1.18E+03 .205 
9.21E-08 9.19E-08 1.64E-09 2.29E-09 687. .120 
6.80E-09 2.06E-10 1.0IE-09 4.58E-09 964. .165 
1.22E-09 2.82E-10 6.30E-ll 9.54E-10 473. 8.12E-02 
5.85E-10 6.39E-09 l.SlE-09 1.45E-07 244. 4.27E-02 
2.04E-10 J.99E-ll 2.82E-ll 8.93E-10 257. 4.48E-02 
3.38E-09 2.07E-09 1.03E-10 S.OOE-10 306. 5.24E-02 
S.OlE-09 4.88E-09 8.59E-11 2.96E-10 117. 2.03E-02 
2.91E-10 2.94E-ll 2.35E-ll 6.55E-10 120. 2.03E-02 
2.49E-ll 2.94E-11 1.12E-ll 6.55E-10 117. 2.08E-02 
5.59E-10 2.85E-11 1.26E-10 6.57E-10 142. z.SOE-02 
2.64E-10 2.94E-ll 2.47E-ll 6.55E-10 108. I.87E-02 
4.11E-11 2.94E-ll 2.12E-10 6.55E-10 130. 2.20E-02 
6.14E-ll I.44E-ll 3.13E-10 3.20E-10 666. .114 

EFFECT RISK CONVERSION FACTORS 
(J) (J) (J) (J) (K) (L) 

8.19E-14 1.53E-13 g.QOE-15 3.39E-12 6.15E+04 1.07E+Ol 

TABLE OF UNITS 

(A) 
~B) 
(g~ 

li} 
hn 
(L) 

- 70 YEAR COl1MI TTED DOSE (MILLIRAD) /(PERSON PICOCURIE) 
- (MILLIRAD/YR) I (PERSON lHCROCURIE/CC) 
- (MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 
- (MILLIRAD)/(PERSON PICOCURIE/YR} 
-~MILLIRAD) I (PERSON MICROCURIE/CC) 
- MILLIRAD)/(PERSON MICROCURIE/CM**2) 
- DEATHS~/flE+5 PERSONS PICOCURIE/YR) 
- DEATHS / IE+S PERSONS PICOCURIE/CC) 
- DEATHS / 1E+5 PERSONS PICOCURIE/CM**2} 
- (GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
- (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CC) 
- (GENETIC"'EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/GM**2) 



TABLE L.l 
(CONTINUED) L-11 

FOR NUCLIDE : PB-210, RESP CLEARANCE CLASS=W, PARTICLE SIZE=l.O AMAD, Fl=0.200 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 5.28E-05 1.19E-05 5.92E-05 1.61E-05 1.19E+07 3.97E+03 
ENDOST 1.42E-04 2.83E-04 1.59E-04 3.18E-04 1.32E+07 4.42E+03 
*PUL* 9.05E-08 .Q 3.01E-04 s.-zsE-04 4.94E+06 I.66E+03 
MUSCLE 1.54E-06 4.01E-06 1.78E-06 7.29E-06 6.29E+06 2.28E+03 
LIVER 3.90E-05 1.06E-04 4.37E-05 1.27E-04 3.93E+06 1.28E+03 
S WALL 2.04E-07 2.71E-13 l.07E-06 5.42E-09 4.19E+06 1.46E+03 
PANCREAS 1.58E-06 4.01E-06 1.82E-06 7.29E-06 2.60E+06 884. 
LLI WALL 1.75E-05 l.06E-08 4.04E-05 2.60E-07 2.38E+06 807. 
KIDNEYS !.82E-05 4.93E-05 2.35E-05 1.14E-04 4.36E+06 !.42E+03 
BL WALL 7.61E-07 2.00E-06 8.68E-07 3.65E-06 3.09E+06 1.01E+03 
ULI WALL 3.73E-06 7.55E-10 1.38E-05 7.79E-08 3.11E+06 1.01E+03 
SI WALL 4.73E-07 l.02E-ll 2.43E-06 1.24E-08 2.71E+06 883. 
OVARIES 1.56E~06 4.01E-06 1.77E-06 7.29E-06 3.97E+06 1.32E+03 
TESTES l.SOE-06 4.01E-06 1.72E-06 7.29E-06 6.72E+06 2.62E+03 
SPLEEN 1.47E-06 3.81E-06 1.69E-06 8.72E-05 3.74E+06 1.23E+03 
UTERUS 1.52E-06 4.01E-06 1.74E-06 7.29E-06 1.12E+06 366. 
THYMUS 1.52E-06 4.01E-06 1.77E-06 7.29E-06 4.41E+06 1.44E+03 
THYROID l.SJE-06 4.01E-06 1.75E-06 7.29E-06 7.34E+06 2.42E+03 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) {F) 
2.93E-05 7.79E-05 3.37E-05 1.69E-04 2.02E+08 7.86E+04 
3.05E-05 7.79E-05 3.48E-05 1.69E-04 1.19E+08 3.96E+04 
2.99E-05 7.79E-05 3.43E-05 1.69E-04 1.60E+08 5.91E+04 

TESTES 
OVARIES 
AVERAGE 

CANCER 

R MARROW 
ENDOST 
PULMNAR.Y 
BREAST 
LIVER 

FATAL CANCER RISK CONVERSION FACTORS 
INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
(G) (G) (G) (G) 

1.26E-05 S.BlE-05 1.41E-05 8.32E-05 
J.t!E-06 6.15E-05 3.47E-06 6.91E-05 
3.59E-08 .0 1.83E-04 3.19E-03 
4.36E-07 1.13E-06 5.06E-07 2.36E-06 
4.33E-06 1.17E-04 4.84E-06 1.44E-04 
1.64E-08 2.35E-13 9.02E-08 4.63E-09 
1.36E-07 3.45E-06 l.S?E-07 7.17E-06 
1.22E-06 7.34E-09 2.77E-06 1.78E-07 
4.5IE-07 l.ZlE-05 6.08E-07 3.36E-05 
!.88E-08 4.93E-07 2.15E-08 1.02E-06 
1.29E-07 2.62E-10 4.73E-07 2.66E-08 
7.83E-09 1.76E-12 4.14E-08 2.12E-09 
1.93E-08 4.93E-07 2.19E-08 1.02E-06 
l.SSE-08 4.93E-07 2.13E-08 l.02E-06 
1.81E-08 4.70E-07 2.10E-08 1.46E-05 
1.88E-08 4.93E-07 2.15E-08 1.02E-06 
1.88E-08 4.93E-07 2.20E-08 1.02E-06 
9.99E-08 2.63E-07 l.lSE-07 5.27E-07 

ST WALL 
PANCREAS 
LLI WALL 
KIDNEYS 
BL WALL 
ULI .WALL 
SI WALL 
OVARIES 
TESTES 
SPLEEN 
UTERUS 
THYMUS 
THYROID 
GENETIC EFFECT RISK CONVERSION FACTORS 

FOR LIFETIME EXPOSURE 
AIR GROUND 

IMMERSION SURFACE 
{H) (I) 

3.87 1.29E-03 
.406 1.36E-04 
3.01 l.OlE-03 
2.51 9.10E-04 
.614 2.00E-04 
.364 1.27E-04 
.316 1.07E-04 
.165 5.60E-05 
.151 4.93E-05 
.107 3 .SOE-05 
.108 3.50E-05 
4.70E-02 1.53E-05 
6.89E-02 2.29E-05 
.117 4.55E-05 
6 .49E- 02 2 .l3E-05 
1.94E-02 6.35E-06 
7.65E-02 2.50E-05 
.621 2.05E-04 

(J) (J) (J) (J) (K) 
8.97E-12 2.34E-09 1.03E-ll S.OBE-09 4.81E+Ol 

,. (L) 
1. 77E-02 AVERAGE 

TABLE OF UNITS 

!~
AD)~- 70 YEAR COHMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 

~
MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 
MILLIRAD)/(PERSON PICOCURIE/YR) 

!:
EI) - lMILLIRAD)/(PERSON MICROCURIE/CC) 

MILLIRAO) /(PERSON MICROCURIE/CM**2} 
DEATHS)/(1E+5 PERSONS PICOCURIE/YR 
DEATHS)/(1E+5 PERSONS PICOCURIE/CC 

lK~
Il-lDEATHS) / (1E+5 PERSONS PICOCURIE/CM**2) 

- GENETIC EFFECTS/LIVE BIRTH~/~PERSON PICOCURIE/YR) 
- GENETIC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CC) 
- GENETIC EFFECTS /LIVE BIRTH / PERSON MICROCURIE/CM**2) 



TABLE L .1 
(CONTINUED) 

L-12 

FOR NUCLIDE : P0-210, RESP CLEARANCE CLASS=tv, PARTICLE SIZE=l.O AMAD, Fl=O .lOOE+OO 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOlv LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) {B) (C) 

R MAR 1.91E-11 2.66E-05 3.90E-11 4.10E-05 4.87E+04 9.45 
ENDOST l.21E-ll 1.22E-05 2.91E-ll 1.89E-05 5.26E+04 10.2 
*PUL* 1.15E-11 .Q 3.26£-10 3.92E-03 4.33E+04 8.40 
MUSCLE 1.43E-ll 2.63£-05 3.51E-ll 4.05E-05 4.62£+04 8.95 
LIVER 3.14£-11 8.15E-05 7.57E-11 1.26E-04 3.93E+04 7.62 
S WALL 2.64£-11 2.26E-07 5.59£-11 1.11E-07 4.1IE+04 7.97 
PANCREAS 3.76E-ll 2.63E-05 8.49E-11 4.05£-05 3.85E+04 7.46 
LLI WALL 7.89E-ll 9.01E-06 5.02E-ll 4.42E-06 3.08E+04 5.97 
KIDNEYS 7.50E-ll 4.72E-04 1.24E-10 7.28E-04 4.25£+04 8.24 
BL WALL 1.92E-ll 1.31E-05 2.15£-11 2.03E-05 4.00E+04 7.75 
ULI WALL 5.31E-ll 3.00E-06 4.47E-ll 1.47E-06 4.02£+04 7.80 
SI WALL 4.llE-ll S.OBE-07 3.67E-ll 2.49E-07 3.50E+04 6.79 
OVARIES 4.27E-11 2.63E-05 3.64E-ll 4.05E-05 2.38E+04 4.62 
TESTES l.OSE-11 2.63E-05 1.42£-11 4.05E-05 4.49E+04 8.70 
SPLEEN 1.15E-10 8.15E-04 2.02E-10 1.26E-03 4.69E+04 9.09 
UTERUS 3.51E-ll 2.63E-05 4.26E-11 4.05E-05 3.18E+04 6.17 
THYMUS 1.54E-ll 2.63E-05 7.40E-ll 4.0SE-05 3.03E+04 5.87 
THYROID 8.16E-12 -2.63E-05 2.95E-11 4.05E-05 3.52E+04 6.82 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
TESTES 3.23E-10 7.84E-04 4.24E-10 1.21E-03 1.35E+06 261. 
OVARIES 1.28E-09 7.84E-04 1.09E-09 1.21E-03 7.14E+05 139. 
AVERAGE 8.01E-10 7.84E-04 7.55E-10 1.21E-03 1.03E+06 200. 

CANCER 

R l1ARROW 
ENDOST 
PUU1NARY 
BREAST 
LIVER 
ST WALL 
PANCREAS 
LLI WALL 
KIDNEYS 
BL WALL 
ULI WALL 
SI WALL 
OVARIES 
TESTES 
SPLEEN 
UTERUS 
THYMIJS 
THYROID 
GENETIC 

AVERAGE 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETHfE EXPOSURE 
INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H) (I) 

6.23E-12 1.73E-04 1.27E-ll 2.67E-04 1.59E-02 3.08E-06 
3.73E-13 3.77E-06 8.95E-13 5.80E-06 1.62E-03 3.14E-07 
6.97E-12 .0 1.98E-10 2.38E-02 2.63E-02 5.11E-06 
5.70E-12 1.05E-05 1.40E-ll 1.61E-05 1.84E-02. 3.57E-06 
4.90E-12 1.27E-04 1.18E-ll 1.95E-04 6.14E-03 l.I9E-06 
2.29E-12 I.96E-07 4.84E-12 9.60E-08 3.57E-03 6.91E-07 
4.57E-12 3.19E-05 I.03E-11 4.91E-05 4.68E-03 9.06E-07 
5.47E-12 6.25E-06 3.48E-12 3.06E-06 2.14E-03 4.14E-07 
2.60E-12 1.64E-04 4.30E-12 2.52E-04 1.47E-03 2.86E-07 
6.67E-13 4.56E-06 7.43E-13 7.01E-06 1.39E-03 2.69E-07 
1.84E-12 1.04E-06 1.55E-l2 5.09E-07 1.40E-03 2.71E-07 
7.14E-13 8.82E-08 6.36E-13 4.31E-08 6.07E-04 l.!BE-07 
7.41E-13 4.56E-06 6.30E-l3 ?.OlE-06 4.13E-04 8.02E-08 
1.88E-13 4.56E-06 2.46E-13 7.01E-06 7.79E-04 l.SlE-07 
Z.OOE-12 1.41E-04 3.50E-12 2.17E-04 8.14E-04 I.SBE-07 
6.09E-13 4.56E-06 7.38E-13 ?.OlE-06 5.52E-04 l.07E-07 
2.67E-13 4.56E-06 1.28E-12 7.01E-06 5.26E-04 l.02E-07 
6.91E-13 2.22E-06 2.50E-12 3.42E-06 2.98E-03 5.77E-07 

EFFECT RISK CONVERSION FACTORS 
(J) (J) (J) (J} (K) (L) 

2.40E-16 2.35E-08 2.26E-16 3.63E-08 3.09E-Ol 6.00E-05 

TABLE OF UNITS 

(A) - 70 YEAR CmOOTTED DOSE (HILL IRAD) /(PERSON PICOCURIE) 
(B) {MILLIRAD/YR)/(PERSON MICROCURIE/CC) 

I
C~) - (HILLIRAD/YR) I (PERSON MICROOJRIE/CM**2) 

) (HILLIRAD)/ (PERSON PICOCURIE/YR) 

! -(MILLIRAD) I (PERSON MI.CROQJRIE/CC) 
F (MILLIRAD) /(PERSON MICROCURIE/CM**2~ 

IGH (DEATHS~I~1E+5 PERSONS PICOCURIE/YR 
(DEATHS I 1E+5 PERSONS PICOCURIE/CC . 

J
I) (DEATHS I lE+S PERSONS PICOCURIE/C11**2) 

) (GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
(K) - (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CC} 
(L) - (GENETIC EFFECTS/LIVE BIRTH) I (PERSON MICROCURIE/CM**2) 



TABLE L .l 
(CONTINUED) 

L-13 

FOR NUCLID;E : TH-232, RESP CLEARANCE CLASS=Y, PARTICLE SIZE=I.O AMAD, Fl=0.200E-03 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMUERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R ~~R 9.24E-08 5.22E-05 5.54E-05 l.41E-02 1.40E+06 455. 
ENDOST 2.50E-07 9.30E-04 9.91E-05 .243 1.54E+06 511. 
*PUL* 6.82E-09 4.29E-11 5.84E-03 4.22E-02 6.72E+05 209. 
MUSCLE S.SOE-09 1.99E-07 2.81E-05 9.18E-05 7.91E+05 389. 
LIVER 9.44E-09 9.49E-07 4.81E-05 3.56E-04 5.55E+05 145. 
S WALL S.lBE-08 1.70E-07 4.01E-05 2.67E-07 5.39E+OS 178. 
PANCREAS 8.21E-09 1.99E-07 4.68E-05 9.18E-05 4.09E+05 131. 
LLI WALL 2.15E-06 7.57E-06 3.40E-05 9.48E-06 3.97E+05 138. 
KIDNEYS 8.46E-09 l.BSE-07 2.19E-05 8.82E-05 5.56E+05 145. 
BL WALL S.OOE-09 9.95E-08 4.24E-06 4.59E-05 4.69E+05 121. 
ULI WALL 7.14E-07 2.52E-06 2.90E-05 3.35E-06 4.63E+05 120. 
SI WALL 1.31E-07 4.27E-07 1.52E-05 5.84E-07 4.50E+05 116. 
OVARIES 1.33E-08 1.99E-07 8.14E-06 9.18E-05 4.31E+05 131. 
TESTES 6.08E-09 1.99E-07 3.85E-06 9.18E-05 8.78E+05 477. 
SPLEEN 6.72E-09 I.SBE-07 4.22E-05 8.70E-05 5.10E+05 144. 
UTERUS 7.41E-09 1.99E-07 7.07E-06 9.18E-05 2.51E+05 62.5 
THYMUS 6.31E-09 1.99E-07 7.63E-05 9.18E-05 4.97E+05 130. 
THYROID 5. 79E-09 1.99E-07 2.43E-05 9 .lSE-05 9 .11E+05 253. 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) {D) (E) (F) 
TESTES 
OVARIES 
AVERAGE 

7.86E-08 S.41E-06 4.35E-05 l.SSE-03 2.63E+07 1.43E+04 
2.64E-07 5.41E-06 1.13E-04 l.58E-03 1.29E+07 3.93E+03 
1.72E-07 5.41E-06 7.83E-05 I.SSE-03 !.96E+07 9.12E+03 

FATAL CANCER RISK CONVERSION FACTORS 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET 
(G) (G) (G) 

R MARROW 1.77E-08 2.14E-04 l.OSE-05 
ENDOST 4.33E-09 1.73E-04 1.63E-06 
PULMNARY 1.88E-09 2.61E-10 1.85E-03 
BREAST 1.74E-09 7.29E-08 5.52E-06 
LIVER 9.62E-10 l.36E-06 3.76E-06 
ST WALL 4.31E-09 1.48E-07 l.SSE-06 
PANCREAS 5.04E-10 2.22E-07 2.82E-06 
LLI WALL l.49E-07 5.25E-06 l.91E-06 
KIDNEYS 1.46E-10 5.98E-08 3.77E-07 
BL WALL 9.78E-ll 3.17E-08 7.39E-08 
ULI WALL 2.47E-08 8.74E-07 7.44E-07 
SI 'WALL 2.21E-09 7.40E-08 1.74E-07 
OVARIES 1.65E-10 3.17E-98 7.56E-08 
TESTES 5.49E-11 3.17E-08 3.11E-08 
SPLEEN 5.97E-ll 3.00E-08 3.64E-07 
UTERUS 7.45E-ll 3.17E-08 6.27E-08 
THYMUS 5.63E-ll 3.17E-08 6.59E-07 
THYROID 2.95E-10 1.59E-08 1.21E-06 
GENETIC EFFECT RISK CONVERSION FACTORS 

/ (J) (J) (J) 
AVERAGE 5.16E-14 1.62E-10 2.36E-ll 

TABLE OF UNITS 

HIGH LET 
(G) 

5.26E-02 
4.06E-02 
.242 
2 .31E-05 
3.75E-04 
2.09E-07 
7 .04E-05 
6.00E-06 
l.93E-05 
1.0 lE-05 
1.06E-06 
9 .19E-08 
1.0 1E-05 
1.0 IE-05 
9 .52E-06 
l.OlE-05 
1.0 lE-05 
5 .54E-06 

(J) 
4.74E-08 

FOR LIFETIHE EXPOSURE 
AIR GROUND 

IMMERSION SURFACE 
(H) (I) 

.456 1.48E-04 
4.74E-02 I.57E-05 
.409 1.27E-04 
.316 1.55E-04 
8.67E-02 2.26E-05 
4.68E-02 1.54E-05 
4.97E-02 1.59E-05 
2.76E-02 9.58E-06 
1.93E-02 5.03E-06 
1.63E-02 4.20E-06 
1.61E-02 4.16E-06 
7.81E-03 2.01E-06 
7.48E-03 2.27E-06 
1.52E-02 8.28E-06 
8.85E-03 2 .SOE-06 
4 .36E-03 I.OSE-06 
8.62E-03 2.26E-06 
7.71E-02 2.14E-05 

(K) (L) 
5.89E+00 2.73E-03 

(A) - 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
(Bg~) - (MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
( (MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 

(MILLIRAD)/1PERSON PICOCURIE/YR) 

~H
El- MILLIRAD)/ PERSON MICROCURIE/CC) 

- MILLfRAD) / PERSON MICROCURIE/CM**2~ 
DEATHS~/~lE+S PERSONS PICOCURIE/YR 
DEATHS / lE+5 PERSONS PICOCURIE/CC 

L
4
Il - DEATHS / 1E+5 PERSONS PICOCURIE/CM**2) 

GENETIG EFFECTS/LIVE BIRTH~/~PERSON PICOCURIE/YR) 
GENETIC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CC) 
GENETIC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CM**2) 



TABLE L .1 
(CONTINUED) 

L-14 

FOR NUCLIDE : RA-228, RESP CLEARANCE CLASS=Wt PARTICLE SIZE=l.O AHAD, Fl=0.200E+OO 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 1.76E-05 3.01E-05 2.26E-05 4.08E-05 2.49E-02 S.lOE-05 
ENDOST 3.38E-05 3.02E-04 4.12E-05 4.16E-04 3.08E-02 6.31E-05 
*PUL* 2.03E-06 .0 4.75E-04 3.82E-04 1.68E-02 3.45E-05 
MUSCLE 4.68E-06 2.04E-05 7.64E-06 2.75E-05 6.97E-02 1.43E-04 
LIVER 4.41E-06 1.94E-05 9.64E-06 3.74E-05 l.SOE-04 3.68E-07 
S WALL 2.15E-06 9.94E-13 8.82E-06 2.51E-08 4.23E-02 8.68E-05 
PANCREAS S.OJE-06 2.04E-05 I.OOE-05 2.75E-05 1.21E-02 2.47E-05 
LLI WALL 7.07E-05 2.08E-08 S.07E-05 9.3tE-07 6.97E-03 1.43E-05 
KIDNEYS 4.87E-06 1.94E-05 7.41E-06 2.62E-05 2.45E-05 S.OlE-08 
BL WALL 3.56E-06 l.02E-05 4.00E-06 1.37E-05 2.94E-09 6.03E-12 
ULI WALL 2.16E-05 l.SIE-09 2.68E-05 3.18E-07 6.00E-05 1.23E-07 
SI WALL 5.49E-06 3.58E-ll 1.07E-05 5.31E-08 3.28E-05 6.73E-08 
OVARIES 6.98£-06 2.04E-05 7.64E-06 2.7SE-05 8.99E-03 1.84E-05 
TESTES 4.15E-06 2.04E-05 4.74E-06 2.7SE-05 .150 3.07E-04 
SPLEEN 4.43E-06 1.94E-05 8.85E-06 2.60E-05 4.23E-03 8.68E-06 
UTERUS 6.40E-06 2.04E-05 7.43E-06 2.75E-05 t.68E-06 3.43E-09 
THYMUS 4.80E-06 2.04E-05 1.27E-OS 2.75E-05 2.49E-06 S.lOE-09 
THYROID 3.89E-06 2.04E-05 6.63E-06 2.75E-05 8.47E-03 1.74E-05 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) {D) (E) (F) 
TESTES 1.14E-04 5.53E-04 1.30E-04 7.46E-04 4.50 9.21E-03 
OVARIES 1.97E-04 5.53E-04 2.15E-04 7.46E-04 .270 5.52E-04 
AVERAGE 1.56E-04 S.SJE-04 1.72E-04 7.46E-04 2.38 4.88E-03 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
(G) (G) (G) (G) 

R MARROW 5.27E-06 1.82E-04 6.82E-06 2.48E-04 
ENDOST 9.41E-07 8.02E-05 l.lSE-06 l.12E-04 
PULMNARY l.lOE-06 .0 2 .89E-04 2 .32E-03 
BREAST 1. 7 2E-06 7 .45E-06 2.88E-06 l.OOE-05 
LIVER 6.41E-07 2.76E-05 1.4SE-06 5.40E-05 
ST WALL 1.74E-07 8.63E-13 7.47E-07 2.13E-08 
PANCREAS 5.66E-07 2.27E-05 l.l?E-06 3.05E-05 
LLI WALL 4.89E-06 t.44E-08 3.48E-06 6.32E-07 
KIDNEYS 1.57E-07 6.14E-06 2.42E-07 8.32E-06 
BL WALL 1.16E-07 3.24E-06 l.JQE-07 4.37E-06 
ULI WALL 7.42E-07 6.29E-l0 9.16E-07 l.OSE-07 
SI WALL 9.19E-08 6.21E-12 t.SlE-07 9.00E-09 
OVARIES l.lSE-07 3.24E-06 1.25E-07 4.36E-06 
TESTES 6. 70E-08 3.24E-06 7 .62E-08 4.36E-06 
SPLEEN 7.14E-08 3.07E-06 1.47E-07 4.14E-06 
UTERUS 1.05E-07 3.24E-06 1.21E-07 4.36E-06 
THYMUS 7.75E-08 3.24E-06 2.13E-07 4.36E-06 
THYROID 3.14E-07 t.63E-06 5.43E-07 2.20E-06 
GENETIC EFFECT RISK CotlVERSION FACTORS 

/ (J) (J) (J) (J) 
AVERAGE 4.68E-ll 1.67E-08 5.16E-11 2.24E-08 

TABLE OF UNITS 

AIR 
IMMERSION 

(H} 
S.llE-09 
9 .48E-10 
1.02E-OB 
2.78E-08 
2 .81E-ll 
3.67E-09 
1.4 7E-09 
4.84E-10 
S.SOE-13 
1.02E-16 
2 .08E-12 
5.69E-13 
1.56E-10 
2.60E-09 
1 .34E-u· 
2.92E-14 
4.32E-14 
7 .17E-10 

(K) 
7 .16E-07 

lA) - 70 YEAR Cm1MITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
B) - (MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
CD) - (MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 

) - (MILLIRAD)/(PERSON PICOCURIE/YR) 
E) - (MILLIRAD)/(PERSON MICROCURIE/CC) 
F) - (MILLIRAD)/(PERSON MICROCURIE/CM**2~ 
Gl - lDEATHS~/flE+S PERSONS PICOCURIE/YR H - DEATHS / lE+S PERSONS PIOOCURIE/CC 
I - DEATHS / 1E+5 PERSONS PICOCURIE/CM**2) 
J - GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
K - (GENETIC EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/CC) 

(L) - (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CM**2) 

GROUND 
SURFACE 

(I) 
1.66E-ll 
1.94E-12 
2.tOE-ll 
5. 71E-ll 
5.7SE-14 
7.53E-12 
3 .OOE-12 
9 .92E-13 
1. 74E-15 
2.09E-19 
4.27E-15 
1.17E-15 
3 .19E-13 
s.JJE-12 
1.51E-13 
5.95E-17 
8.85E-17 
l.47E-12 

(L) 
1.46E-09-



TABLE L .1 
(CONTINUED) 

L-15 

FOR NUCLIDE : AC-228, RESP CLEAR.ANCE CLASS=W, PARTICLE SIZE=l.O AMAD, Fl=O.lOOE-02 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION 
U> ~) ~) ~) ~) 

R MAR 1.22E-07 9.47E-09 8.38E-08 2.26E-06 5.41E+09 
ENDOST 4.26E-08 l.lOE-07 I.OlE-07 2.60E-05 5.85E+09 
*PUL* 2.59E-08 1.95E-14 3.62E-06 3.28E-06 4.82E+09 
MUSCLE 8.14E-08 1.70E-10 S.19E-08 5.72E-08 5.11E+09 
LIVER 9.92E-08 1.35E-08 2.79E-07 l.61E-06 4.34E+09 
S WALL 2.08E-06 S.SOE-12 3.50E-07 2.37E-10 4.48E+09 
PANCREAS 1.78E-07 1.70E-10 9.70E-08 5.72E-08 4.49E+09 
LLI WALL 6.16E-06 ?.OOE-09 9.12E-07 I.02E-08 3.54E+09 
KIDNEYS 1.37E-07 1.6SE-10 5. 71E-08 5 .SlE-08 4 .49E+09 
BL WALL 1.44E-07 8.52E-ll 2.68E-08 2.86E-08 4.42E+09 
ULI WALL S.OSE-06 1.33E-09 1.17E-06 3.24E-09 4.64E+09 
SI WALL 3.74E-06 8.78E-11 5.49E-07 S.lSE-10 3.90E+09 
OVARIES S.l~E-07 1.70E-10 8.49E-08 5.72E-08 3.20E+09 
TESTES 3.75E-08 1.70E-10 1.13E-08 5.72E-08 4.73E+09 
SPLEEN 1.19E-07 1.61E-10 7.62E-08 5.42E-08 5.12E+09 
UTERUS 2.98E-07 1.70E-10 5.28E-08 5.72E-08 3.51E+09 
THYMUS_ I.OSE-08 1.70E-10 1.09E-07 5.72E-08 3.71E+09 
THYROID 3.32E-09 1.70E-10 3.61E-08 5.72E-08 4.19E+09 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR 

TESTES 
OVARIES 
AVERAGE 

(D) (D) (D) (D) (E) 
1.12E-06 4.89E-09 3.35E-07 1.63E-06 1.42E+ll 
l.54E-05 4.89E-09 2.54E-06 1.63E-06 9.60E+l0 
8.28E-06 4.89E-09 1.44E-06 1.63E-06 1.19E+ll 

GROUND 
SURFACE 

(C) 
1.02E+06 
1.11E+06 
9.04E+05 
9 .59E+05 
8.14E+05 
8.39E+05 
8.37E+05 
6.61E+05 
8.45E+05 
8.28E+05 
8.65E+05 
7 .32E+OS 
5 .90E+05 
9.00E+05 
9 .59E+05 
6.58E+05 
.6 .90E+05 
7 .86E+05 

EXPOSURE PERIOD 
(F) . 

2.70E+07 
1. 77E+07 
2.24E+07 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
(G) (G) (G) (G) 

R MARROW 3.97E-08 5.92E-08 2.71E-08 1.41E-05 
ENDOST 1.31E-09 3.23E-08 3.08E-09 7.62E-06 
PULMNARY 1.57E-08 I.19E-13 2.20E-06 1-99E-05 
BREAST 3.2SE-08 6.55E-11 2.07E-08 2.18E-08 
LIVER l.SSE-08 2.03E-08 4.35E-08 2.42E-06 
ST WALL l.SOE-07 7.63E-12 3.04E-08 2.04E-10 
PANCREAS 2.17E-08 1.99E-10 1.18E-08 6.64E-08 
LLI WALL 4.28E-07 4.86E-09 6.33E-08 7.0SE-09 
KIDNEYS 4.77E-09 5.52E-ll 1.98E-09 1.83E-08 
BL WALL S.OOE-09 2.85E-11 9.27E-10 9.50E-09 
ULl WALL 2.79E-07 4.62E-10 4.07E-08 1.12E-09 
SI WALL 6.49E-08 1.52E-ll 9.52E-09 8.85E-11 
OVARIES 8.93E-09 2.85E-11 1.47E-09 9.49E-09" 
TESTES 6.50E-10 2.85E-ll 1.94E-10 9.49E·09 
SPLEEN 2.07E-09 2.70E-ll 1.32E-09 9.00E-09 
UTERUS. 5.16E-09 2.85E-ll 9.14E-10 9.49E-09 
THYMUS· 1.88E-10 2 .BSE-11 1. 89E-09 9 .49E-09 
THYROID 2.81E-10 1.41E-ll 3.05E-09 4.71E-09 
GENETIC EFFECT RISK CONVERSION FACTORS 

" (J) (J) (J) (J) 
AVERAGE 2.49E-12 1.47E-13 4.32E-13 4.89E-ll 

TABLE OF UNITS 

AIR 
IMHERSION 

{H) 
1. 76E+03 
180. 
2.93E+03 
2.04E+03 
678. 
389. 
545. 
246. 
156. 
153. 
161. 
67.7 
55.5 
82.1 
88.8 
60.9 
64.4 
355. 

(K) 
3.57E+04 

- 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
(MILLIRAD /YR) /(PERSON UICROCURI E/CC) 
(MILLIRAD/YR) I (PERSON MICROCURIE/CM**2) 
MILLIRAD)/~PERSON PICOCURIE/YR) 
MILLIRAD) I PERSON MICROCURIE/CC) · 
MILLIRAD)/ PERSON MICROCURIE/CM**2~ 
DEATHS~/flE+S PERSONS PICOCURIE/YR 
DEATHS / lE+S· PERSONS PICOCURIE/CC 
DEATHS / 1E+5 PERSONS PICOCURIE/CM**2) 
GENETIC EFFECTS/LIVE BIRTH~/~PERSON PICOCURIEIYR) 
GENETIC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CC) 
GENETIC EFFECTS/LIVE BIRTH / PERSON l-ITCROCURIE/CM**2) 

GROUND 
SURFACE 
(I) 

.332 
3.42E-02 
.550 
.38 3 
.127 
7.28E-02 
.102 
4 .59E-02 
2. 93E-02 
2.87E-02 
3.00E-02 
1.27E-02 
1.02E-02 
1.56E-02 
1.66E-02 
1.14E-02 
1.20E-02 
6.65E-02 

(L) 
6~70E+00 



TABLE L.l 
(CONTINUED) 

FOR NUCLIDE : TH-228, RESP CLEARANCE CLASS=Y, PARTICLE SIZE=l.O AMAD, Fl=0.200E-03 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
{A) (A) (A) (A) (B) (C) 

R MAR 2.27E-07 1.17E-05 1.52E-05 1.13E-03 1.68E+07 3.98E+03 
ENDOST 2.05E-07 1.33E-04 2.04E-05 1.29E-02 1.81E+07 4.32E+03 
*PUL* 1.75E-08 7.32E-ll 1.44E-03 6.21E-02 9.28E+06 2.17E+03 
MUSCLE 9.50E-08 3.33E-07 7.94E-06 3.23E-05 9.69E+06 2.44E+03 
LIVER 6.37E-08 1.20E-06 1.45E-05 1.26E-04 8.02E+06 1.84E+03 
S WALL 1.93E-07 2.36E-07 1.77E-05 3.55E-06 7.IOE+06 1.67E+03 
PANCREAS 6.26E-08 3.33E-07 1.22E-05 3.23E-05 5.81E+06 1.36E+03 
LLI WALL 3.44E-05 2.20E-05 3.91E-04 1.19E-04 5.70E+06 1.35E+03 
KIDNEYS 7.92E-08 3.43E-07 7.68E-06 3.99E-05 7.7SE+06 1.78E+03 
BL WALL 2.62E-07 1.67E-07 4.91E-06 1.61E-05 6.93E+06 1.59E+03 
ULI WALL 4.62E-06 S.OSE-06 1.31E-04 4.30E-05 7.02E+06 1.61E+03 
SI WALL 7.45E-07 6.39E-07 2.73E-05 7.39E-06 6.92E+06 1.59E+03 
OVARIES 7.91E-07 3.33E-07 1.41E-05 3.23E-05 5.28E+06 1.23E+03 
TESTES 9.75E-08 3.33E-07 2.55E-06 3.23E-05 1.18E+07 2.98E+03 
SPLEEN 6.31E-08 3.18E-07 1.09E-05 3.08E-05 7.57E+06 1.74E+03 
UTERUS 2.88E-07 3.33E-07 6.79E-06 3.23E-05 4.91E+06 1.12E+03 
THYMUS l.?IE-08 3.33E-07 l.?OE-05 3.23E-05 7.04E+06 1.61E+03 
THYROID l.llE-08 3.33E-07 5.28E-06 3.23E-05 1.18E+07 2.74E+03 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) {D) (E) (F) 
TESTES 
OVARIES 
AVERAGE 

2.91E-06 9.68E-06 7.19E-05 8.92E-04 3.54E+08 8.94E+04 
2.37E-05 9.68E-06 4.05E-04 8.92E-04 l.58E+08 3.69E+04 
1.33E-05 9.68E-06 2.38E-04 8.92E-04 2.56E+08 6.32E+04 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
. (G) (G) (G) (G) 

R MARROW 7.29E-08 7.31E-05 4.70E-06 6.90E-03 
ENDOST 6.12E-09 3.91E-05 5.91E-07 3.67E-03 
PULMNARY 1.04E-08 4.45E-10 8.16E-04 .367 
BREAST 3.77E-08 1.29E-07 2.94E-06 l.lPE-05 
LIVER 9.82E-09 1.82E-06 2.10E-06 l.SIE-04 
ST WALL 1.68E-08 2.05E-07 1.44E-06 2.93E-06 
PANCREAS 7.55E-09 3.94E-07 1.37E-06 3.62E-05 
LLI WALL 2.38E-06 1.53E-05 2.58E-05 7.90E-05 
KIDNEYS 2.73E-09 1.16E-07 2.49E-07 1.29E-05 
BL WALL 9.09E-09 S.63E-08 1.61E-07 5.17E-06 
ULI WALL 1.60E-07 1.76E-06 4.33E-06 l.42E-05 
SI WALL 1.29E-08 l.llE-07 4.49E-07 1.22E-06 
OVARIES 1.37E-08 5.63E-08 2.32E-07 5.17E-06 
TESTES 1.68E-09 5.63E-08 4.14E-08 5.17E-06 
SPLEEN ~ 1.09E-09 5.38E-08 1.76E-07 4.94E-06 
UTERUS 4.98E-09 5.63E-08 l.llE-07 S.l7E-06 
THYMUS 2.90E-10 5.63E-08 2.73E-07 5.17E-06 
THYROID 9.26E-10 2.77E-08 4.26E-07 2.59E-06 
GENETIC EFFECT RISK CONVERSION FACTORS 

(J) (J) (J) (J) 
AVERAGE 3.99E-12 2.91E-10 7.16E-ll 2.67E-08 

TABLE OF UNITS 

AIR 
IMMERSION 

(H) 
5.47 
.557 
5.65 
3.87 
1.25 
.616 
.706 
.396 
.269 
.240 
.244 
.120 
9.16E-02 
.205 
.131 
8.52E-02 
.122 
.999 

(K) 
7.68E+Ol 

!
A~) - 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 

l 

- ~MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
- MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 

D - MILLIRAD)/~PERSON PICOCURIE/YR) 
(FE - ~ILLIRAD)/ PERSON MICROCURIE/CC) 
( - MILLIRAD)/ PERSON MICROCURIE/CM**2) 

~
GH) - DEATHS)/(IE+S PERSONS PICOCURIE/YR) 

) - DEATHS)/(1E+5 PERSONS PICOCURIE/CC) 
I) - EATHS)/(lE+S PERSONS PICOCURIE/CM**Z) 

(J) - (GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
(LK) -(GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CC) 
( ) (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/C~1**2) 

GROUND 
SURFACE 

(I) 
1.30E-03 
1.33E-04 
1.32E-03 
9.74E-04 
2.87E-04 
1.45E-04 
1.65E-04 
9.37E-05 
6.18E-05 
5.52E-05 
5.59E-05 
2.76E-05 
2.13E-OS 
5.17E-05 
3.02E-05 
1.94E-05 
2.79E-05 
2.32E-04 

(L) 
1.89E-02 



TABLE L.l 
(CONTINUED) 

L-17 

FOR NUCLIDE : RA-224, RESP CLEARANCE CLASS=W, PARTICLE SIZE~l.O AK~, Fl=0.200E+00 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 8.41E-07 2.06E-05 4.77E-07 1.54E-05 7.61E+07 1.66E+04 
ENDOST 7.41E-07 1.78E-04 S.lOE-07 1.33E-04 8.06E+07 1.76E+04 
*PUL* 8.77E-08 .0 7.3SE-06 6.14E-04 5.04E+07 1.10E+04 
MUSCLE 4.06E-07 2.89E-06 2.36E-07 2.16E-06 S.17E+07 1.13E+04 
LIVER 4.91E-07 4.16E-06 3.47E-07 2.96E-06 4.40E+07 9.58E+03 
S WALL S.97E-07 7.89E-07 4.94E-07 3.08E-07 3.99E+07 8.69E+03 
PANCREAS 3.59E-07 2.89E-06 2.59E-07 2.16E-06 3.24E+07 7.06E+03 
LLI WALL 9.03E-OS 2.86E-05 3.47E-05 1.07E-05 3.28E+07 7.16E+03 
KIDNEYS S.07E-07 3.59E-06 3.31E-07 2.93E-06 4.21E+07 9.18E+03 
BL WALL 8.91E-07 1.44E-06 3.78E-07 l.OSE-06 3.69E+07 8.05E+03 
ULI WALL 2.40E-05 l.02E-05 I.OIE-05 3.86E-06 4.15E+07 9.04E+03 
SI WALL 3.25E-06 1.66E-06 1.61E-06 6.42E-07 3.92E+07 8.53E+03 
OVARIES 2.73E-06 2.89E-06 1.12E-06 2.16E-06 2.80E+07 6.IIE+03 
TESTES 3.81E-07 2.89E-06 1.88E-07 2.16E-06 6.99E+07 1.52E+04 
SPLEEN 3.16E-07 2.76E-06 2.27E-07 2.07E-06 4.75E+07 l.03E+04 
UTERUS 1.12E-06 2.89E-06 S.02E-07 2.16E-06 3.37E+07 7.34E+03 
THYMUS l.SSE-07 2.89E-06 2.13E-07 · 2.16E-06 4.25E+07 9.25E+03 
THYROID l.lOE-07 2.89E-06 l.07E-07 2.16E-06 5.26E+07 1.1SE+04 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

{D) (D) (D) {D) (E) (F) 
TESTES 1.14E-05 8.66E-05 5.64E-06 6.48E-05 2.10E+09 4.56E+05 
OVARIES 8.19E-05 8.66E-05 3.37E-05 6.48E-05 8.40E+08 1.83E+05 
AVERAGE 4.67E-05 8.66E-05 1.97E-05 6.48E-05 1.47E+09 3.20E+05 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETUfE EXPOSURE 
CANCER INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(G) (G) (G) (G) (H} (I) 

R MARROW 2.74E-07 1.34E-04 l.SSE-07 l.OOE-04 24.8 5.40E-03 
ENDOST 2.28E-08 5.49E-05 1.57E-08 4.09E-05 2.48 5.42E-04 
PULMNARY S.34E-08 .0 4.47E-06 3.73E-03 30.7 6.69E-03 
BREAST' 1.62E-07 l.lSE-06 9.40E-08 8.63E-07 20.6 4.51E-03 
LIVER 7.67E-08 6.50E-06 5.42E-08 4.63E-06 6.87 l.SOE-03 
ST WALL 5.18E-08 6.84E-07 4.28E-08 2.67E-07 3.46 7.54E-04 
PANCREAS 4.36E-08 3.51E-06 3.15E-08 2.63E-06 3.94 8.58E-04 
LLI WALL 6.26E-06 1.98E-05 2.41E-06 7.41E-06 2.28 4.97E-04 
KIDNEYS 1.76E-08 l.ZSE-06 l.lSE-08 I.OZE-06 1.46 3.19E-04 
BL WALL 3.09E-08 S.OlE-07 1.31E-08 3.75E-07 1.28 2.79E-04 
ULI ·WALL 8.33E-07 3.54E-06 3.49E-07 l.34E-06 1.44 3.14E-04 
SI WALL 5.6SE-08 2.87E-07 2.79E-08 l.llE-07 .680 1.48E-04 
OVARIES 4. 7 4E-08 5.0 lE-07 1.95E-08 3. 75E-07 .486 l.06E-04 
TESTES 6.61E-09 S.OlE-07 3.26E-09 3.75E-07 1.21 2.64E-04 
SPLEEN 5.49E-09 4.79E-07 3.94E-09 3.58E-07 .824 1.79E-04 
UTERUS 1.94E-08 S.OlE-07 8.71E-09 3.75E-07 .585 1.27E-04 
THYMUS 2.74E-09 S.OlE-07 3.70E-09 3.7SE-07 .737 l.61E-04 
THYROID 9.31E-09 2.45E-07 9.05E-09 1.83E-07 4.45 9.74E-04 
GENETIC EFFECT RISK CONVERSION FACTORS 

{J) (J) (J) (J) (K) (L) 
AVERAGE 1.40E-ll 2.59E-09 5.9lE-12 1.95E-09 4.41E+02 9.59E-02 

TABLE OF UNITS 

(A) - 70 YEAR CCH1MITTED DOSE (MILLIRAD) I (PERSON PICOCURIE) 

~
B~~) - (MILLIRAD /YR)/ {PERSON MICRO CURl EICC) 

(MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 
- (MILLIRAD) I (PERSON PICOCURIE/YR) 

(FE) - (MILLIRAD)/(PERSON MICROCURIE/CC) 
( ) (MILLIRAD)I(PERSON MICROCURIE/CM**2) 

~HGI~ - (DEATHS)/(1E+5 PERSONS PICOCURIE/YR) 
(DEATHS)/ (1E+5 PERSONS PICOCURIE/CC) 

1

DEATHS)/(1E+5 PERSONS PICOCURIE/CM**2) 

fL
JK~ - GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 

GENETIC EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/CC) 
GENETIC EFFECTS/LIVE BIRTH}/ (PERSON .MICROCURIE/C!-1**2) 



TABLE L.l 
(CONTINUED) 

L-18 

FOR NUCLIDE : PB-212, RESP CLEARANCE CLASS=W, PARTICLE SIZE=l.O AMAD, Fl=0.200E+00 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 4.76E-07 3.64E-06 2.67E-07 2.45E-06 l.l5E+09 2.57E+05 
ENDOST 4.8~£-07 2.73E-05 3.29E-07 1.79£-05 1.23E+09 2.75E+05 
*PUL* 7.63E-08 .0 l.l4E-05 9.73E-05 7.25E+08 1.61E+05 
MUSCLE 2.21E-07 2.08E-07 1.46E-07 1.90E-07 7.49E+08 l.66E+05 
LIVER 9.06E-07 5.23E-06 6.39E-07. 3.42E-06 6.32E+08 l.40E+OS 
S WALL 2.31£-06 1.27E-07 8.89E-07 5.57E-08 5.75E+08 1.27E+05 
PANCREAS 3.25E-07 2.08E-07 2.47E-07 1.9QE-07 4.62E+08 1.02E+05 
LLI WALL 2.49E-05 2.12E-06 4.93E-06 4.18E-07 4.67E+08 l.03E+05 
KIDNEYS ?.OSE-07 3.30E-06 8.59E-07 6.96E-06 6.08E+08 1.35E+05 
BL WALL 3.80E-07 l.04E-07 l.02E-07 9.47E-08 5.34E+08 1.18E+05 
ULI WALL 2.16E-05 1.76E-06 4.40E-06 3.56E-07 5.85E+08 1.29E+05 
SI WALL 6.40E-06 4.57E-07 1.48E-06 l.lOE-07 S.55E+08 1.23E+05 
OVARIES 1.27E-06 2.08E-07 3.00E-07 1.9QE-07 4.06E+08 9.02E+04 
TESTES 1.56E-07 2.08E-07 6.06E-08 1.90E-07 9.78E+08 2.16E+05 
SPLEEN 2.27E-07 1.96E-07 2.04E-07 1.78E-07 6.64E+08 1.47E+05 
UTERUS 6.35E-07 2.08E-07 1.77E-07 1.90E-07 4.55E+08 l.OOE+OS 
THYMUS 8.88E-08 2.08E-07 2.58E-07 1.90E-07 5.95E+08 1.31E+05 
THYROID 5.47E-08 2.08E-07 9.20E-08 1.9QE-07 7.98E+08 1.78E+05 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
4.68E-06 6.24E-06 1.82E-06 5.69E-06 2.93E+10 6.48E+06 
3.82E-05 6.24E-06 9.01E-06 S.69E-06 1.22E+l0 2.71E+06 
2.15E-05 6.24E-06 5.41£-06 5.69£-06 2.08E+10 4.59E+06 

TESTES 
OVARIES 
AVERAGE 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETUfE EXPOSURE 
CANCER INGESTION INHALATION 

LOW LET HIGH LET LOW LET HIGH LET 
(G) (G) (G) (G) 

R MARROW l.SSE-07 2.37E-05 8.69E-08 1.59E-OS 
ENDOST I.48E-08 8.40E-06 l.OIE-08 S.52E-06 
PULMNARY 4.64E-08 .0 6.92E-06 S.92E-04 
BREAST 8.83E-08 8.30E-08 5.84E-08 7.56E-08 
LIVER 1.42E-07 8.16E-06 9.98E-08 5.35E-06 
ST WALL 2-0lE-07 l.!OE-07 7.72E-08 4.84E-08 
PANCREAS 3.95E-08 2.53E-07 3.00E-08 2.30E-07 
LLI WALL 1.73E-06 1.47E-06 3.42E-07 2.90E-07 
KIDNEYS 2.45E-08 l.lSE-06 2.98E-08 2.42E-06 
BL, WALL 1.32£-08 3.61E-08 3.54E-09 3.29E-08 
ULI WALL 7.48E-07 6.09E-07 1.53E-07 1.24E-07 
SI WALL l.llE-07 7.93E-08 2.57E-08 1.91E-08 
OVARIES 2.21E-08 J.61E-08 5.21E-09 3.29E-08 
TESTES 2.70E-09 3.61E-08 l.OSE-09 3.29E-08 
SPLEEN 3.93E-09 3.40E-08 3.53E-09 3.10E-08 
UTERUS l.lOE-08 3.61E-08 3.08E-09 3.29E-08 
THYMUS 1.54E-09 3.61E-08 4.48E-09 3.29E-08 
THYROID 4.63E-09 1.76E-08 7.79E-09 1.60E-08 
GENETIC EFFECT RISK CONVERSION FACTORS 

AIR GROUND 
IMMERSION SURFACE 

(H) (I) 
374. 8.37E-02 
37.9 8.46E-03 
440. 9.79E-02 
298. 6.62E-02 
98.6 2.19E-02 
49.9 l.IOE-02 
56.1 1.24E-02 
32.4 7.15E-03 
21.1 4.68E-03 
18.5 4.09E-03 
20.3 4.48E-03 
9.63 2.13E-03 
7.04 1.57E-03 
17.0 3.75E-03 
11.5 2.5SE-03 
7.89 l.74E-03 
10.3 2.27E-03 
67.5 I.SlE-02 

(J) (J) {J) (J) (K) 
6.44E-12 1.88E-10 1.62E-12 1.71E-10 6.23E+03 

(L) 
1.38E+OO AVERAGE 

TABLE OF UNITS 

w f~l 
~~s 
>]j 
CK) 
(L) 

- 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 
- ~MILLIRAD/YR)/(PERSON MIGROCURIE/CC) 
- MILLIRAD/YR) /{PERSON MICROCURIE/CM**2) 
- MlLLIR.AD)/ (PERSON PICOCURIE/YR) 
- (MILLIRAD)/(PERSON MICROCURIE/CC) 
- ~MILLIRAD)/(PERSON MICROCURIE/CM*~2~ 
- DEATHS)/(1E+5-PERSONS PICOCURIE/YR 
- DEATHS)/(1E+5 PERSONS PICOCURIE/CC 
- ~DEATHS)/ (1E+5 PERSONS PICOCURIE/CM**2) 
- GENETIC EFFECTS/LIVE BIRTH)/{PERSON PICOCURIE/YR) 
- GENETIC EFFECTS/LIVE BIRTH)/{PERSON MICROCURIE/CC) 
- (GENETIC EFFECTS/LIVE BIRTH)/(PERSON MICROCURIE/CM**2) 



TABLE L.l 
(CONTINUED) 

L-19 

FOR NUCLIDE BI-212t RESP CLEARANCE CLASS=W, PARTICLE SIZE=l·O AMAD, Fl=O.SOOE-01 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOt\1 LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 2.43E-08 3.34E-09 1.25E-08 2.35E-08 1.08E+09 2.00E+05 
ENDOST 1.24E-08 9.66E-09 I.OOE-08 6.80E-08 l.l5E+09 2.14E+05 
*PUL* 1.29E-08 7.98E-10 9.87E-07 l.06E-05 9.78E+08 l.80E+05 
MUSCLE 2.08E-08 2.23E-09 I.24E-08 1.57E-08 1.04E+09 1.92E+05 
LIVER 2.79E-08 2.15E-09 2.04E-08 l.SlE-08 8.85E+08 1.63E+05 
S WALL 1.95E-06 l.98E-07 8.49E-08 1.23E-08 9.43E+08 1.74E+05 
PANCREAS 9.57E-08 2.23E-09 2.37E-08 1.57E-08 8.64E+08 1.58E+05 
LLI WALL 1.72E-07 1.40E-08 8.14E-09 6.06E-09 7.66E+08 1.40E+05 
KIDNEYS 7.68E-08 2.51E-07 l.BlE-07 1.76E-06 8.75E+08 1.63E+05 
BL WALL 2.29E-08 l.SlE-09 3.54E-09 l.06E-08 8.89E+08 1.64E+05 
ULI WALL 8.74E-07 7.77E-08 3.53E-08 8.24E-09 9.71E+08 l.78E+05 
SI WALL 1.23E-06 1.30E-07 4.68E-08 l.OOE-08 7.91E+08 1.46E+05 
OVARIES 7.08E-08 2.23E-09 6.52E-09 1.57E-08 6.87E+08 l.23E+05 
TESTES B.SSE-09 2.23E-09 2.96E-09 1.57E-08 9.14E+08 1.71E+05 
SPLEEN 5.77E-08 2.15E-09 2.15E-08 l.SlE-08 1.04E+09 1.93E+05 
UTERUS 5.72E-08 2.23E-09 6.59E-09 1.57E-08 7.18E+08 1.32E+05 
THYMUS 9.85E-09 2.23E-09 3.01E-08 1.57E-08 7.86E+08 l.43E+05 
THYROID 5.17E-09 2.23E-09 l.OlE-08 1.57E-08 8.81E+08 l.61E+05 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
TESTES 2.65E-07 6.68E-08 8.88E-08 4.70E-07 2.74£+10 5.13E+06 
OVARIES 2.12E-06 6.68E-08 z.95E-07 4.70E-07 2.06E+l0 3.69E+06 
AVERAGE 1.19E-06 6.68E-08 1.42E-07 4.70E-07 2.40E+l0 4.41E+06 

FATAL CANCER RISK CONVERSION FACTORS FOR LIFETIME EXPOSURE 
CANCER INGESTION INHALATION AIR 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION 
(G) {G) (G) (G) (H) 

R MARROW 7.92.E-09 2 .lSE-08 4.08E-09 1.53E-07 352. 
ENDOST 3.82E-10 2.97E-09 3.09E-10 2.09E-08 35.4 
PULMNARY 7 .BBE-09 4 .86E-09 6.00E-07 6.44E-05 593. 
BREAST 8.30E-09 S.89E-10 4.96E-09 6.25E-09 415. 
LIVER 4.36E-09 3.36E-09 3.19E-09 2.36E-08 138. 
ST WALL l.?OE-07 1. 72E-07 7.36E-09 1.07E-08 81.8 
PANCREAS 1.16E-08 2.71E-09 2.88E-09 1.90E-08 105. 
LLI WALL 1.19E-08 9.72E-09 5.65E-l0 4 .21E-09 53.1 
KIDNEYS 2.6 7E-09 8.69E-08 6 .29E-09 6 .llE-07 30.4 
BL WALL 7.95E-10 S.25E-10 1.23E-10 3.69E-09 30.8 
ULI, WALL 3 .03E-08 2. 70E-08 1.23E-09 2.86E-09 33.7 
SI WALL 2 .IJE-08 2.26E-08 8.12E-10 l. 74E-09 13.7 
OVARIES 1.23E-09 3.87E-10 1.13E-10 2. 72E-09 11.9 
TESTES l.54E-10 3.87E-10 5.13E-ll 2. 72E-09 15.9 
SPLEEN l.OOE-09 3. 73E-10 3.73E-10 2.62E-09 18.0 
UTERUS 9.93E-10 3 .87E-10 1.14E-10 2. 72E-09 12.5 
THYMUS 1.71E-10 3.87E-10 5.21E-10 2. 72E-09 13.6 
THYROID 4.37E-10 l.89E-l0 8.53E-10 1.33E-09 74.6 
GENETIC EFFECT RISK CONVERSION FACTORS 

/ 3J) (J) (J) (J) (K) 
AVERAGE 3. 9E-13 2.01E-12 4.26E-14 1.41E-ll 7 .20E+03 

TABLE OF UNITS 

!
A~)~ - 70 YEAR COMMITTED DOSE (MILLIRAD)/(PERSON PICOCURIE) 

MILLIRAD/YR)/(PERSON MICROCURIE/CC) 
MILLIRAD/YR) /(PERSON MICROCUR!E/CM**2) 

- MILLIRAD) /(PERSON PICOCURIE/YR) 

!
E) - MILLIRAD)/(PERSON MICROCURIE/CC) 
F) MILLIRAD)/ (PERSON MICROCURIE/CM**2~ 

HGl~ - DEATHS)/~lE+S PERSONS PICOCURIE/YR 
- DEATHS)/ 1E+5 PERSONS PICOCURIE/CC 
- DEATHS)/ 1E+5 PERSONS PICOCURIE/CN**2) 

ff
J~ - fGENETIC EFFECTS/LIVE BIRTH~/~PERSON PICOCURIE/YR) 

- GENETIC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CC) 
- GENETIC EFFECTS/LIVE BIRTH / PERSON MICROCURIE/CM**2) 

GROUND 
SURFACE 
(I) 

6 .SlE-02 
6.59E-03 .uo 
7 .66E-02 
2.55E-02 
1.51E-02 
l.92E-02 
9. 72E-03 
S.66E-03 
5.69E-03 
6.18E-03 
2.5 3E-03 
2 .13E-03 
2.9 7E-03 
3.35E-03 
2.29E-03 
2.48E-03 
1.36E-02 

(L) 
1.32E+00 
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FOR NUCLIDE : TL-208, RESP CLEARANCE CLASS~W, PARTICLE SIZE=l.O AM~, Fl=0.950E+( 

DOSE CONVERSION FACTORS 
ORGAN INGESTION INHALATION AIR GROUND 

LOW LET HIGH LET LOW LET HIGH LET IMMERSION SURFACE 
(A) (A) (A) (A) (B) (C) 

R MAR 1.72£-09 .0 1.28E-09 .0 l.90E+l0 2.98E+06 
ENDOST l.03E-09 .Q 1.03E-09 .0 2.13E+l0 3.32E+06 
*PUL* 2.57E-09 .Q S.OIE-08 .0 I.91E+10 2.94E+06 
MUSCLE 2.23E-09 .Q 1.33E-09 .0 2.01E+10 3.10E+06 
LIVER 3.22E-09 .0 2.30E-09 .0 1.82E+l0 2.79E+06 
S WALL 2.45E-07 .0 2.35E-09 .0 1.67E+l0 2.60E+06 
PANCREAS 2.25E-08 .0 2.32£-09 .0 2.33E+l0 3.46E+06 
LLI WALL 2.45E-09 .0 1.17E-l0 .0 1.66E+l0 2.52E+06 
KIDNEYS S.l2E-09 .Q 1.19E-09 .0 I.61E+10 2.50E+06 
BL WALL 8.99E-10 .0 l.SSE-10 .0 1.96E+l0 2.98E+06 
ULI WALL 6.36E-09 .0 5.22E-10 .0 2.20E+l0 3.32E+06 
SI WALL 1.20E-08 .Q 4.18E-10 .0 I.67E+10 2.55E+06 
OVARIES 2.IOE-09 .0 2.57E-10 .0 1.85E+l0 2.72E+06 
TESTES · 3.71E-10 .Q I.OSE-10 .0 1.31E+l0 2.13E+06 
SPLEEN 1.26E-08 .0 2.18E-09 .0 1.60E+l0 2.53E+06 
UTERUS 2.24E-09 .0 2.98E-10 .0 !.55E+l0 2.36E+06 
THYMUS B.BOE-10 .0 3.81E-09 .0 2.26E+l0 3.36E+06 
THYROID 3.65E-10 .Q I.llE-09 .0 2.25E+10 3.39E+06 
GENETICALLY SIGNIFICANT DOSE CONVERSION FACTORS FOR 30 YEAR EXPOSURE PERIOD 

(D) (D) (D) (D) (E) (F) 
TESTES 
OVARIES 
AVERAGE 

l.llE-08 .0 3.16E-09 .0 3.93E+l.l 6.39E+07 
6.29E-08 .0 7.70E-09 .0 5.55E+ll 8.16E+07 
3.70E-08 .o 5·43E-09 .0 4-74E+ll 7·28E+07 

FATAL CANCER RISK CONVERSION FACTORS 
'CANCER INGESTION INHALATION 

LO~G3ET HI~~}LET LO~G3ET. HI~g)LET 
R MARROW 5.59E-IO .0 4.18E-10 .0 
ENDOST 3.16E-ll .0 3.17E-ll .0 
PULMNARY 1.56E-09 .0 3.05E-08 .0 
BREAST 8.89E-10 .0 5.30E-10 .0 
LIVER 5.02E-10 .0 3.59E-10 .0 
ST WALL 2.13E-08 .Q 2.04E-10 .0 
PANCREAS 2.73E-09 .0 2.82E-10 .0 
LLI WALL 1.70E-IO .0 S.ISE-12 .0 
KIDNEYS 1.78E-10 .0 4.12E-ll .0 
BL WALL 3.12E-ll .0 5.39E-12 .0 
ULI WALL 2.21E-10 .0 1.81E-ll .0 

, Sl WALL 2.07E-10 .Q 7 .25E-12 .0 
OVARIES 3.64E-ll .0 4.46E-12 .0 
TESTES 6.44E-12 .Q 1.82E-12 .0 
SPLEEN 2 .lBE-10 .Q 3. 79E-ll .0 
UTERUS 3.89E-ll .0 5.17E-12 .0 
THYMUS 1.53E-ll .0 6.62E-ll .0 
THYROID , 3.09E-ll .0 9 .40E-ll .0 
GENETIC EFFECT RISK CONVERSION FACTORS 

" (J) (J) (J) (J) 
AVERAGE l.llE-14 O.OOE-01 1.64£-15 Q.OOE-01 

TABLE OF UNITS 

FOR LIFETIME EXPOSURE 
AIR GROUND 

IMMERSION SURFACE 
(H) (I) 

6 .18E+03 • 970 
656. .102 
1.16E+04 1.79 
8.02E+03 1.24 
2.84E+03 .436 
1.4SE+03 .226 
2 .83E+03 .420 
1 • 15 E+O 3 • l 7 5 
559. 8.68E-02 
680. .103 
763. .llS 
290. 4.42E-02 
321. 4.72E-02 
227. 3.70E-02 
278. 4-39E-02 
269. 4.09E-02 
392. 5.83E-02 
1.90E+03 .287 

(K) (L) 
1.42E+05 2.18E+Ol 

A) - 70 YEAR COUtUTTED DOSE (MILLIRAD) /(PERSON PICOCURIE) 
Bg~ - MILLIRAD/YR)/(PERSON MICROCURIE/CC) 

MILLIRAD/YR)/(PERSON MICROCURIE/CM**2) 
MILLIRAD~/{PERSON PICOCURIE/YR) 

~~
E! - MILLIRAD / PERSON MICROCURIE/CC) 

- MILLIRAD / PERSON MICROCURIE/CM**2~ 
DEATHS) /(1E+5 PERSONS PICOCURIE/YR . 
DEATHS}/ ( 1E+5 PERSONS PICOCURIE/CC 

1 l
DEATHS}/(lE+S PERSONS PICOCURIE/CM**2) 

J GENETIC EFFECTS/LIVE BIRTH)/(PERSON PICOCURIE/YR) 
K) GENETIC EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/CC) 
L) GENETIC EFFECTS/LIVE BIRTH)/ (PERSON MICROCURIE/CM**2) 
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Table L.2 

ADDITIONAL INPUT DATA USED BY DARTAB IN THE 
HEALTH IMPACT ASSESSMENT OF AIRBORNE EMISSIONS 

Ground surface correction factor for external dose = 0.50 
Quality factor= 1.0 (low LET) and 20.0 (high LET) 
Genetic effect risk coefficient for genetically significant dose {GSD} = 

300 effect~i1o6 live birth rad(GSO) (low LET) and 
30000 effects/106 live birth rad (GSO} (high LET} 

Regional population birth rate = 0.14133E-01 births/yr 
Average lifetime expectancy= 70.7565 years 
Rn-222 decay products risk conversion factor for a lifetime exposure = 

1.69 cancer deaths/person-WL 
Organ dose weighting factors used to determine weighted mean dose equivalent 

target organ 
red marrow 
endosteal cells 
pulmonary 
muscle 
liver 
stomach wall 

pancreas 
Lll wall 
kidneys 
bladder wall 
Ull wall 
SI wall 
ovaries 
testes 
spleen 
uterus 
thymus 
thyroid 

weighting factor 
0.15590 
0.01470 
0.29080 
0.19080 
0.07460 
0.04150 

0.05810 
0.03320 
0.01660 
0.01660 
0.01660 
0.00830 
0.00830 
0.00830 
0.00830 

0.00830 
0.00830 

0.04050 
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TABLE L. 3. EXAMPLE INPUT DATA FILE FOR DARTAB 

ACT. AV. SURFACE MINE(ORE SOURCE) -MAX. IND IV. DOSE AND RISK PARAMETERS 
&INPUT 
ILOC=O, JLOC=O, PLOC=IOO., ILET=2*1, 
DTABLE=O, 0, 1, 1, 0, 0, 1, 
RTABLE=O, 0, 1, 1, 0, 0, 1, 
FTABLE=O, 0, 1, 1, 0, 0, 1, 
OUTPUT=F, GSCFAC=0.5, 

&END 
&ORGAN 

NORGN=18, 
ORGN='R MAR', 'ENDOST', '*PUL*', 'MUSCLE', 'LIVER', 'S WALL', 
'PANCREAS', 'LLI WALL', 'KIDNEYS', 'BL WALL', 'ULI WALL', 'SI WALL', 
'OVARIES', 'TESTES', 'SPLEEN','UTERUS', 'THYMUS', 'THYROID', 
TIME=20*70., 

&END 
&QFACTR 
LLET=20*1., HLET=20*20., 

&CANCER 
NCANC=l8, 
CANC='R MARROW', 'ENDOST', 'PULMNARY', 'BREAST', 'LIVER', 'ST WALL', 
'PANCREAS', 'LLI WALL', 'KIDNEYS', 'BL WALL', 'ULI WALL', 'SI WALL', 
'OVARIES', 'TESTES', 'SPLEEN', 'UTERUS', 'THYMUS', 'THYROID', 
RELABS=20*1·, 

&END 
&GENTIC 
GENEFF~T, NGEN=3, GEN='TESTES', 'OVARIES', 'AVERAGE', 
GRFAC=200., 20000., REPPER=.014133, 
GLLET=3*1., GHLET=3*20., 

&END 
&LOCTBL 
NTLOC=l, 
RNLOC=' SUM', 
OGLOC=" SUM' I 

PTLOC=7, 
FALOC=2, 
HLLOC=l, 
LTABLE=l, 

&END 
&ORGANF 
.NORGB=IB, 
'ORGB='R MAR', 'ENDOST', '*PUL*', 'MUSCLE', 'LIVER', 'S WALL', 
'PANCREAS', 'LLI WALL', 'KIDNEYS', 'BL WALL', 'ULI WALL", 'SI WALL', 
'OVARIES', 'TESTES', 'SPLEEN','UTERUS', 'THYMUS', 'THYROID', 
IPATH=l8*5, 
ORGDAT=.l559, .0147, .2908, .1908, .0746, .Old5, .0581, .0332, .0166, 
.0166, .0166, .0083, .0083, .0083, .0083, .0083, .0083, .0405, 

&END 
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Table L.4 Maximum individual fatal cancer risk for one year 
of exposure to atmospheric radioactive emissions 
from model uranium mines 

Lifetime fatal cancer risk 
Mining Vehicular 

Source Activities Ore Sub-ore Overburden Dust Total 

Average 
Surface Mine 
Particulates & Rn-222 1. 6E:-7 3.6E-7 1.7E-8 8.4E-8 4.8E-8 6.7E-7 
Rn-222 daughters 3.3E-6 7 .OE-7 8.3E-7 6.6E-7 0 5.5E-5 

Total 3. 5E-6 l.lE-6 8.5E-7 7.5E-7 4.8E-8 6.2E-6 

Average Large 
- Surface Mine 

Particulates & Rn-222 9.6E-7 1.9E-6 5.9E-8 4. 7E-7 2.9E-7 3.7E-6 
Rn-222 daughters 1.3E-5 1.3E-6 2.8E-6 2. 9E-6 0 1.9£-5 

Total 1.4E-5 3.2E-6 2.8E-6 3.4E-6 2.9E-7 2.3E-5 

Average 
Underground Mine 
Particulates & Rn-222 3.1F.:-8 5.8E-8 6.5E-8 6.3E-10 4.DE-9 1.6E-7 
Rn-222 daughters 9.0E-6 2.2E-7 1.8E-6 1.4E-8 0 l.lE-5 

Total 9.0E-6 2.8E-7 1.9E-6 l.SE-8 4.0E-9 l.lE-5 

Average Large 
Underground Mine 
Part1culates & Rn-222 3.4E-7 6.4E-7 3.7E-7 3.3E-9 S.OE-9 1.4E-6 
Rn-222 daughters l.OE-4 2.0E-6 9.8E-6 7.6E-8 0 l.lE-4 

Total l.OE-4 2.6£-6 l.OE-5 7. 9E-8 8.0£-9 l.IE-4 

Inactive 
Surf~ce Mine 

N.A. (a) {b) Part1culates & Rn-222 0 N.A. 5.5E-8(b) N.A. 5.5E-8 
Rn-222 daughters 1.3E-7 N.A. N.A. 2.9E-7(b) N.A. 4.2£-7 

Total 1.3E-7 N.A. N.A. 3.4E-7 N.A. 4.7E-7 

Inactive 
Underground t~ine (b) Particulates & Rn-222 0 N.A. N.A. 1.5E-8{b} N.A. l.SE-8 
Rn-222 daughters 2.2E-7 N.A. N.A. 5.0E-8(b} N.A. 2.7E-7 

Total 2.2F.-7 N.A. N.A. 6.5£-8 N.A. 2.8E-7 

In situ 
Leach Mine 
Particulates & Rn-222 1.61:-6 N.A. N.A. N.A. N.A. 1.6E-6 
Rn-222 daugh_ters l.lE-5 N.A. N.A. N.A. N.A. l.lE-5 

Total 1.3E-5 N.A. N.A. N.A. N.A. 1. 3 E-5 

~~~N.A. - Not applicable. 
Consists of waste rock covered over by sub-ore (see Sections 3.7.1.1 and 3.7.2.1). 
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Table L.5 Fatal cancer risk to an average ind1vidual in the regional 
populat1an for one year of exposure to atmospheric radio-
active em1ssions from model uranium mines 

Lifetime fatal cancer risk 
r4ining Vehicu1ar 

Source Activities Ore Sub-ore Overburden Dust Total 

Average 
Surface Mine 
Particulates & Rn-222 1. 9E-10 4.0E-10 2.0£-11 9.1E-ll 4. 7E-11 7.5E-10 
Rn-222 daughters 6.5£-9 1.4£-9 1.6E-9 1. JE-9 0 l.lE-8 

Total 6.7£-9 l.BE-9 1.6£-9 1.4£-9 4. 7E-ll 1. 2E-B 

Average La r.ge 
Surface M1ne 
Particulates & Rn-222 l.lE-9 1.7E-9 7.0£-11 5.5£-10 2.8E-10 3.7E-9 
Rn-222 daughters 2.6E-8 J.lE-9 5.4E-9 6.6£-9 0 4.1E-8 

Total 2. 7£-8 4.8E-9 5.5E-9 7.1£-9 2.8E-10 4.5E-8 

Average 
Underground Mine 
Particulates & Rn-222 9. 7E-11 7 .SE-ll 9.8E-ll 9.2E-13 6.5£-12 2.8£-10 
Rn-222 daughters 4.0E-8 l.OE-9 S.OE-9 6.6E-ll 0 4.9E-8 

Total 4.0E-8 1.1 E~9 8.1 E-9 6.7E-ll 6.5E-12 4.9E-8 

Average large 
Underground Mine 
Particulates & Rn-222 l.lE-9 8.5E-10 5.6E-10 4.9E-12 1.3E-11 2.5E-9 
Rn-2Z2 daughters 4.5E-7 9.0E-9 4.4E-8 3.4E-10 0 S.OE-7 

Total 4.5E-7 9.9E-9 4.5E-8 3.4E-10 1.3E-11 S.OE-7 

Inactive 
Surface Mine 

N.A. (a) (b) Particulates & Rn-222 0 N.A. 6.4E-ll~b~ N.A. 6.4E-ll 
Rn-222 daughters 2.6E-10 N.A. N.A. 5.7E-10 b N.A. 8.3E-10 

Total 2.6E-10 N.A. N.A. 6.3E-10 N.A. 8.9E-10 

Inactive 
Underground Mine (b) Particulates & Rn-222 0 N.l\. N.A. 2.0E-llfb) N.A. 2.0E-11 
Rn-222 daughters 9.9E-10 N.A. N.A. 2.2£-10 b) N.A. l.ZE-9 

Total 9.9E-10 N.A. N.A. 2.4E-10 N.A. 1.2E-9 

In situ 
Leach M1ne 
Particulates & Rn-222 8.7E-10 N.A. N.A. N.A. N.A. 8. 7E-10 
Rn~222 daughters 2.1E-8 N.A. N.A. N.A. N.A. 2.1 E-8 

Total 2.2E-8 N.A. N.A. N.A. N.A. 2.2E-8 

(a)N,A. - not applicable. 

{b)Consists of ~aste rock covered over by sub-ore (see Sections 3.7.1.1 and 3.7.2.1). 
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Table L.6 Fatal cancer risk to the populat1on for one year of exposure 
to atmospher1c radioact1ve em1ssions from model uranium mines 

Estimated fatal cancers 
Mi n1 ng Vehicular 

Source Activit1es Ore Sub-ore Overburden Dust Total 

Average 
Surface M1ne 
Particulates & Rn-222 2.6E-6 5.7E-6 2.8E-7 1.3E-6 6.8E-7 l.lE-5 
Rn-222 daughters 9.3E-5 2.0£-5 2.3E-5 1. 9E-5 0 1.6E-4 

Total 9.5E-5 2.6£-5 2.4E-5 2.0[-5 6.8£-7 l.?E-4 

Average Large 
Surface Mine 
Particulates & Rn-222 1.6£-5 2.5E-5 l.OE-6 7.9E-6 4.0E-6 5.4£-5 
Rn-222 daughters 3.7E-4 4.5E-5 7.7£-5 9.4E-5 0 5.9E-4 

Total 3.9E-4 7 .OE-5 7.8E-5 l.OE-4 4.0£-6 6.4£-4 

Average 
Underground M1ne 
Particulates & Rn-222 3.5£-6 2 .SE-6 3.5£-6 .3.3£-8 2.3E-7 l.OE-5 
Rn-222 daughters 1.4E-3 3.6E-5 2.9[-4 2.4E-6 0 1. 7E-3 

Total 1.4E-3 3.9£-5 2.9E-4 2.4£-6 2.3E-7 1.7E-3 

Average Large 
Underground Mine 
Particulates & Rn-222 3.8E-5 3.1E-5 2.0E-5 l.SE-7 4.6E-7 9.0E-5 
Rn-222 daughters 1.6E-2 3.2E-4 1.6E-3 1.2E-5 0 l.SE-2 

Total 1.6£-2 3. SE-4 1.6E-3 1.2E-5 4.6E-7 1.8E-2 

Inactive 
Surface Mine 

N.A. (a) {b) Particulates & Rn-222 0 N.A. 9.1E-7(b) N.A. 9.1E-7 
Rn-222 daughters 3.8E-6 N.A. N.A. 8.1E-6(b) N.A. 1.2E-5 

Total 3.BE-6 N.A. N.A. 9.0£-6 N.A. 1.3E-5 

Inactive 
Underground Mine (b) Particulates & Rn-222 0 N.A. N.A. 7.4E-7(b) N.A. 7. 4E-7 
Rn-222 daughters 3.6E-5 N.A. N.A. 8.0E-6(b) N.A. 4.4E-5 

Total 3.5E-5 N.A. N.A. 8.7£-6 N.A. 4.5E-5 

In situ 
Leach Mine 
Particulates & Rn-222 1.2F.-5 N.A. N.A. N.A. N.A. 1. 2E-5 
Rn-222 daughters 3.0E-4 N.A. N.A. N.A. N.A. 3.0E-4 

Total 3.1E-4 N.A. N.A. N.A. N.A. 3.1£-4 

(a)N.A. -Not applicable. 

{b)Consfsts of waste rock covered over by sub-ore (see Sections 3.7.1.1 and 3.7.2.1). 

' ' 
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Table L.7 Genetic effect risk to descendants of maximum exposed 
individual for one year of parental exposure to atmo-
spheric radioactive particulate and Rn-222 em1Ss1ons 
from model uranium mines 

M' :. 
Genetic risk [effects]birthi 

1n1ng Vehicular 
Source Activities Ore Sub-ore Overburden Dust Total 

Average 
Surface Mine 1.5E-7 3.4E-7 l.SE-8 B. OE-8 4.4E-8 6. 3E-7 

Average Large 
Surface M1ne 9.2E-7 2.0E-6 5.2E-8 4. 5E-7 2.6E-7 3.7E-6 

Average 
Underground Mine 1.3E-8 5. 7E-8 6.2E-8 5.8E-10 3.6E-9 1.4E-7 

Average Large 
Underground M me 1.4E-7 6.3E-7 3.4E-7 3.2E-9 7.2E-9 l.lE-6 

Inactive 
N.A. (a) 6.0E-8(b) Surface Mine 3.9E-13 N.A. N.A. 6.0E-8 

Inactive 
1.6E-8(b) Underground Mine 6.3£-13 N.A. N.A. N.A. 1.6E-8 

In situ 
Leach Mine B.OE-9 N.A. N.A. N.A. N.A. B.OE-9 

(a)N.A. - Not applicable. 

(b)Consists of waste rock covered over by sub-ore (see Sections 3.7.1.1 and 3.7.2.1). 
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Table L.8 Genetic effect risk to descendants of average individual 
of the population for one year of parental exposure to 
atmospheric radioactive particulate aod Rn-222 emissions 
from model uranium mines 

Genetic risk reffects(birthl 
Mining Vehicular 

Source Activities Ore Sub-ore Overburden Dust Total 

Average 
Surface Mine 6.2E-10 1.4E-9 6.0E-ll 3.3E-10 1.6£-10 2. 6E-9 

Average large 
Surface Mine 3.BE-9 6.3E-9 2.1£-10 2.0E-9 9.6E-10 1.3E-8 

Average 
Underground Mine 2. 7E-11 1.2E-10 1.3E-10 1.2E-12 9.3E-12 2.9£-10 

Average Large 
Underground M1ne 3.0E-10 1.3£-9 7.4£-10 6.4E-12 l.BE-11 2.4E-9 

Inactive 
N.A. {a) 2.4E-10(b) Surface H1ne 7.5E-16 N.A. N.A. 2.4E-10 

Inactive 
3.4E-11 {b) Underground Mine 2.8E-15 N.A. N.A. N.A. 3.4E-11 

In situ 
Leach Mine 2. 7E-ll N.A. N.A. N.A. N.A. 2. 7E-11 

{a)N.A. - Not applicable. 

(b)Consists of waste rock covered over by sub-ore (see Sections 3.7.1.1 and 3.7.2.1}. 



L-28 

Table L.9 Genetic effect risk to descendants of the regional 
population for one year of parental exposure to 
atmospheric radioactive particulates and Rn-222 
emissions from model uranium mines 

Genetic risk (effects/ir) Ve~icular Mining 
Source Activities Ore Sub-ore Overburden Dust Total 

Average 
Surface Mine 3.8E-6 8.6E-6 3.6E-7 2.0E-6 9.9E-7 1.6E-5 

Average Large 
Surface Min.e 2.2E-5 3.8E-5 1.3E-6 1.2E-5 5.8£-6 7.9E-5 

Average 
Underground Mine 4.2E-7 1.8E-6 2.0E-6 1.8E-8 1.4E-7 4. 4£-6 

Average Large 
Underground Mine 4.5E-6 2.0£-5 l.lE-5 9.9£-8 2.8E-7 3.6E-5 

Inactive 
N.A. (a) 1.4E-6(b) Surface M1ne 4.5£-12 N.A. N.A. 1.4E-6 

Inactive 
5.0E-7(b) Underground Mine 4.3E-11 N.A. N.A. N.A. S.OE-7 

In situ 
Leach Mine 1.6E-7 N.A. N.A. N.A. N.A. 1.6E-7 

{a)N.A. - Not applicable. 

{b}Consists of waste rock covered over by sub-ore (see Sections 3.7.1.1 and 3.7.2.1 
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