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CHAPTER 1

Introduction

1.1
Purpose of the Guide

During the past decade, there has been increased concern about
the environmental impacts of wuranium mining and milling. In
response to these concerns, improved methods have been developed
to reducs or mitigate undesirable impacts. The Administrator’®s
Guide 1s intended to ~meet the need for a single document that
provides current information acout these CONCerns and
developments, particularly with respect to siting and operating
uranium facilities. It focuses on those factors that require
adoption of methods to prevent contémination of the environment,
limit exposure to radioactivity, and mitigate long;term and

short—-term adverse effects, including socioeconomic impacts.

The primary objective of the Guide is to address the techﬁical,
economic, social, and environmental factors that influencs
uranium mining and the siting of milling <facilities in the
western dnited States. Although the Guide is not a regulatory
document, the information should be useful to local, state, and
federal adminstrators, legislators, policy makers, planners, and
regulators involved in the review or approval process for uranium
projects. The information should also be of interest to citizens

who would be affected by a proposad project.
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The Guide also highlights information that is considerad by
industry during the planning process. For example, site-specific
aspects of mill tailings management are receiving increased
attention from regulators and industry, and some earlierhtailings
disposal practices are no longer acceptabls. To assure.that the
Guide will be useful to the uranium industry, comments from the
Project Steering Committee (which includes mine and mill

operators) were considered.

A secondary objective of the Guide is to inform dsvelopers of the
various options that may be available when planning uranium
development projects. Although the 1location of the mine is
fixed, there are options available in the design of the mill,
such as alternative sites, process methods, waste disposal

locations and pollution control technigques.

1.2
Organization and Content

\

The Guide covers three important aspects of uranium resource

development:

\

e Why and where uranium resource development is likely to
occur

e How ore is mined and processed

e How environmental and social considerations relate to
siting, licensing and operating new or expanded facilitiesJ)




The focus of the Guide 1is on the third aspect 1listad.
Accordingly, uranium resource development and mining and milling
technology are treated to the level required to establish a basis
for the more detailed discussions of siting and environmental
impacts and socioeconomic considerations which follow. Each
chapter is independent of the others so that the resader may go
directly to the material of interest and not have to refer to
sections in other chapters. The information in the Guide is
basically 1limited <o wuranium mining and milling, the initial
steps in the nuclear fuel cycle. A description of the fuel cycle
and a simplified diagraﬁ of the activities necessary tc fuel a
nuclear power reactor and dispose of +the wastes produced are

presented in the Glossary.

The material is organized as follows:

~ - R

Chapter 2- "NUCLEAR POWER AND URANIUM RESQURCES."™ This
chapter summarizes information prepared by <the
Department of Energy (COE). The need for
uranium for existing and future nuclear
generating stations is discussed. Estimates of
the uranium industry's production capability and
data for known ore reserves and potential
uranium resources are included. Additionally,
areas with favorabls uranium geology that may be
the site of new or increased activity are shown.

Chapter 3- “MINING AND MILLING URANIUM CRE." A generalized
perspective of uranium mining and milling
technology is presented. Project lead times and
relative costs are compared for a conventional
mine and mill complex and an in-situ (solution
mining) operation. Engineering <techniques for
mill tailings management are included.
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~

Chapter 4- "SITING AND ENVIRONMENTAL IMPACT. " Those
factors affecting uranium mines and <+he site
specific conditions which influence location of
mills are described. The biological, chemical,
and radiological impacts that occur during
development, operation, and post-reclamation are
discussed.

ORGANIZATION, Continued

Chapter 5- "SOCIOECONOMIC CONSIDERATIONS." The social and
economic costs and bsesnefits associated with
uranium resource development are raviewed and
summarized. The positive and negative impacts
of development on employment, income, . and
population are discussed. Jurisdictional
problems, competition for lakor and land, and
the stress on public services and finance are

analyzed. The opportunity and timing of
mitigation and growth management strategies are
reviewed. Selected data from New Mexico,

Wyoming, and Utah are presentad to illustrate
growth—induced impacts and mitigation practices
in regions experiencing rapid development. )

-

1.3
Uranium Mill Licensing

The Guide refers to many of the 1licensing and regulatory
requirements that apply primarily to uranium mines and mills.
The licensing process is complex, and specific requirements for_a
uranium project vary from state to state. Timely coordination
with regulatory authorities and an understanding .of their
requirements are essential to project scheduling and planning.
Such coordination must include federal, state and county

officials.



One major distinction in licensing uranium mills (and any other
facility where ore is processed) is in the role of the Nuclzar
Regulatory Commission (NRC) and the states. The provisions of
the Atomic Energy Act of 1954, as amended, prcvide for states . to
enter into agreement with the NRC and perform as the regulatory
authority. Those states which have been delegated 1licensing
autnority are called "agreement" states. Those states in which
the NRC maintains its authority are called '"non-agreement’
states. The information on this subject and a list of pertinent
regulations and guidelines are included in Section 4.1 of

Chapter 4.

1.4
Comments and Updating

The information in the Gui&e was compiled from many sources. It
has been carefully reviewed by representatives of government and
industry to eliminate errors or inconsistencies and to ﬁpdate
information obtained from ‘the literature when appropriate.

Readers are invited to submit comments to:

U. S. Environmental Protection Agency
Region VIII

1860 Lincoln Street

Denvexr, CO 80295

Attention Mr. Paul B. Smith

1-5



In the future, significant progress is expected to improve waste
disposal practices and impact mitigation techriques for siting,
design and construction of new uranium mines and mills. The
Guide is in looseleaf form so that its usefulness may be extended

by future revisions to reflect the results of this progress.
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CHAPTER 2

Nuclear Power and Uranium Resources

2.1
The Need for Uranium

The need for uranium in the future will ke determined by the
contribution of nﬁclear power to the domestic and world energy
supply. The ‘generating capacity of new nuclear power plants is
the subjsct of continuing study, and differing energy supply and
demand scenarios have been projected. Increased exploraticn
activity and mine and mill exéansion and/or development clearly
indicate that the domestic and international uranium industry is
expecting significant growth in electric generxration capacity from
nuclear reactors. A recent study maintains that "the reactors
now under construction will result in an increaée in demand for
fuel in excess of existing supply" and that "the fuel supply
industry.f. must increase capacity in a major way during the next

10—-20 years under the most pessimistic future nuclear plant order

assumptions" (Nucleonics Week, March 16, 1978).

2.1.1
Projected Generation by Energy Sources

The . National Electric Reliability Council (NERC) has projected

the amount of electric power that will be generated from
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principal energy sources from 1977 +through 1986, as shown on
Table 2-1 below and in Figure 2-1. The NERC projections are
especially useful in that they are revised annually to reflect
utility-industry plans. The 1977 forecasts indicate a compound
annual growth rate of 5.7 percent for the next ten years. The
National Energy Plan (NEP) projects a similar rate of total
energy consumption for industrial use at more than 5 percent a

year through 1985 (NERC, July 1977).

~ )

Table 2-1

Projected Generation of Electric Power from Principal Energy Sources

Net Electrical Energy Generated

(Million KWHR) Total Change

1977 1986 1977 to 1984
Nuclear 281,211 989,000 +3523
Coal 1,009,851 1,698,164 +168%
0il 350,189 458,163 +131%
Gas 238,240 93,751 - 61%
Hydro 232,915 238,256 + 2%
Total 2,112,406 3,477,344 +164%

\\?ource: NERC, August 1977. 41)
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In 1976 nuclear power represented 8 percent of the installed
generating capacity in the U.S. and accounted for 9.7 percent
of electricity produced. NERC's projected increase from about
13 percent in 1977 to about 28 percent in 1986 represents an
increase in nuclear energy production of three and one-half

times in one decade (NERC, August 1977).

Nuclear generation data from the LCepartment of Energy (DOE),
Energy Information Administration (EIA), differs sliéhtly from
NERC data but show that nuclear power contributed 11.7 percent
in 1977 to toial electricity generation as compared to

9.4 percent in 1976 (DOE, EIA, February 1978).

Other NERC projections are as follows:

('

e Coal fired generation will nearly double from 1977 to 1986x
and will average about U7 percent of . electric energy
production.

e 0il fired generation will continue at 17 percent through
1982 'and decrease to less than 15 percent in 1986. 0il
consumption will increase, however, from 631 million
barrels in 1977 to 878 million barrels in 1986. 0il
consumption will rise as it replaces natural gas.

e Gas fired generation will decline from 2.6 billion
thousand cubic feet (MCF) to 1.1 billion MCF.

e Hydro generation will increase slightly but decredse in
K\i percentage to about 7 percent by 1986.

Most of the requirements for fuel for new base load capacity to

be added by 1986 have been determined.



2.1.2
Growth of Nuclear Power

Nuclear electric power is expected to resume its growth and to
significantly increase its share of the U.S. energy supply
despite current institutional and regulatory constraints. Light
water reactors (LWR's) will probably supply most of the nuclear
generatioh capacity in the short term and during the early years

of the twenty—-first century.

Although forecasts for future growth of the nuclear power differ,
most agree on continued growth in the industry. The National
Energy Plan (NEP) proposed by the Administration in April 1977

projects U.S. installed nuclear capacity as follows:

/7

Nuclear Capacity
Year MW {e)
1976 42,000
1985 127,000
1990 ‘ 195,000
k‘?ooo 380,000 4)

According to the NEP, the nuclear power capacity will increase at
the rate of 16 percent per year through 1985 and 7.3 percent from
1985 through 2000. An industry survey of reactor commitments

shows reactor generation capacity of 159,964 MW(e) in 1985 and

193,591 MW(e) in 1990 (Electrical World, January 15, 1978).. If-
these commitments by industry are realized, the NEP projection
will ke exceeded by about 33,000 MW(e) in 1985 and within

1,400 MW(e) of that projected for 1990.
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2.1.3 :
Uranium Requirements

The total requirement for uranium through the year 2000 and for
30 more years thereafter is nearly 3 million +tons UzOs. The
uranijum requirements for the 380,000 MW(e) projected in the year
2000 would be a 1little more. than 1 million tons, using the
present light-water reactors without reprocessing spent fuel.
The 30-year lifetime requirements for this 380,000 MW(e) would be
on the order of 2 million tons (U.S. DOE, December 1977). About
5000 to 8000 tons of wuranium (U30g) is required +to fuel a
1000 MW(e) 1light-water reactor during its operating life (Boyd,

1977) .

Uranium Production Capability

The DOE has estimated both the uranium iﬁdustry's production
capability and production capability versus requirements.  In
making these estimates, the DOE differentiates between ore
reserves and potential resources. It also defines three
categories of potential resources:. "probable," "possible," and
"speculative." These terms, as well as the basis of the costs,

are defined in the Glossary. '

The estimated capability of the uranium industry is based on the
maximum annual tonnages that could be produced fxrem $30/1b
uranium reéerves through the year 2000, as seen on Figure 2-2.
Industry production and planned capacity is within the limits of
reserves to about‘ 1984; after that, production may be from

probable potential resources (Niningexr, 1978)..
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The estimated uranium production capability versus reguirements
in the U.S. to the year 2000 are shown on Figﬁre 2-3. In this
figure, the maximum production capability (less exports) is
compared with the net wuranium requirements, based on uranium

enrichment contracts with utilities (Nininger, 1978).

The requirements for current enrichment contracts are near the
industry's production capability estimated for the early 1980's.
Several companies have plans as yet unannounced according to DOE,
which could increase production during this period. However, if
the use of nuclear power increases as predicted in the
administration's National Energy Plan, a production shortage will
occur in the mid 1990's (Nininger, 1978).. Production
requiremants would ke met by expansion of low-cost reserves and
potential resources or by use of higher cost material, in the 330

to $50 per pound category.

The costs used by the DOE are called "forward costs" (see
Glossary) and do not by definition equate +to market price
directly. For example, Collieries Management Corporation
indicates the price of U304, in 1978 dollars, will be
"$49.20-360.80 in 1980; 379.20-$100.80 in 1985; and

$86.70—-$110.20 in 1990." (Nucleonics Week, March 16, 1978.)

Breeder Reactors May Extend Uranium Resources

A breeder reactor produces more fuel than it consumes, and thus
could extend uranium resources. However, breeder reactors are
not likely to be available to lessen the short-term uranium needs

of LWR's.



An alternative to +the breeder is the Canadian Natural Uranium
Reactor (CANDU), which reportedly can obtain 20 to 40 percent
more en2rgy from uranium than a LWR. Other reactor development
concepts which 4o not require highly enriched uranium are being

investigated to limit proliferation of nuclear material.

Uranium Enrichment

Almost 90 percent of the world's present and planned nuclear
generating capacity requires slightly enriched uranium as fuel
(Reeny et al., 1977). The enrichment process requires that the
U304 be converted to uranium hexafluoride (UFg), which 1s the
input (feed) for +the process. Natural uranium contains about
0.7 perxcent of the fissionable isotope 23sy. Enrichment
increases the concentration of this isotope to approximately
3 percent, which is necessary to provide fuel for a light—water

reactor.

Commercial quantities of enriched uranium are produced by
government-owned gaseous diffusion plants. These plants are
energy intensive. At full capacity the plants require 6,1000 MW
of electrical power (NRC GESMO, NUREG-0002, Vol. 3, 1976). The
plants not only produce thé enriched UFg product but also UFg
that is depleted in 235U, called tails. The tails assay,
axpressed as the percentage of 235y, at which an enrichment plant
is operated, depends upon availabkility of wuranium feed, plant
capacity, and power availability. 1In 1980 the government will
operate at an increased tails assay. At that time, the

parcentage will increase to 0.25 percent from 0.2 percent.
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Because of +the increase in the tails assay, the overall
requiremants for U304 concentrate will increase more than

20 percent (Reeny et al., 1977).

Recycling (Reprocessing)

There is now a moratorium on recycling spent fuel from LWR's.
Domestic uranium reserves would be extended Ly recycling spent
fuel (Boyd et al., 1977). Although recycling would ease demand,

there would be a shortfall in the supply of uranium.

2.2
Uranium Supply

Estimates of domestic uranium reserves and resources follow.

U30g, Millions
of Short Tons

Reserves [ known] 0.7 all that is certain
Prokable maximum 3.7 upper planning limit
Prudent planning base 1.8-2.0

Source: (Cullex, 1977)

- J

Estimates of known reserves total akout 680,000 tons, and
prokakle resources may add 1.1 million tons, resulting in a
1.8 million ton prudent planning kLase. The 3.7 million tons
include possible and speculative <resources yet to be located

(Cullexr, 1977).
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2.2.1
Uranium Ore Reserves

DOE estimates of domestic ore reserves are based largely on data
furnished by industry. These data consist primarily of gamma-ray

logs of drill holes and other ore deposit sampling information. .

The majority of uranium reserves in the United States are in
sandstones of the Mesozoic and Tertiary ages in the following
comparatively small areas:

- )

e Grants mineral belt of New Mexico

o Tertiary basins in Wyoming
e Gulf Coastal Plain in Texas

e Paradox Basin in Colorado and Utah

e Spokane area in Washington

N J

The DOE has estimated the amount of uranium that can be exploited
for a forward cost of $30/1b. The location of these reserves and
the estimated amount of uranium oxide within each reserve are

shown on Figure 2-4.
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North Dakota
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SOURCE: Nininger, 1978 Total (rounded) 590 100
Figure 2-5

U.S. Reserves of $30 Per Pound U3Os by States (1/1/78 Preliminary)
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Each ore body must be able to support the total forward operating
and capital costs in order to be recognized as a reserve. A more
comprehensive discussion of forward costs, ore reserve
categorization and estimation methoddlogy is given by Meehan
(1977) . The distribution of U.S. wuranium reserves as of
January 1, 1977 for the $30/1b forward cost category is given on

Figure 2-5.

Additions to 1reserves are likely to be in, or extensions of,
presently-known producing districts, mostly in Wyoming and New
Mexico. New Mexico accounts for approximately 50 bercent of the
uranium produced in the U.S. (Nininger, 1978). The New Mexico
Environmental Improvement Agency (NMEIA) expects 15 new uranium
mills to become operational in New Mexiqo in the next few years.
Nine new mines are in the development stage and 13 more have keen

proposed (Rocky Mountain Enexqgy 8umﬁary, January 23, 1978.) Many

of the proposed developments will be in the San Juan Basin north
of the Grants mineral belt.. 1In northeastern Wyoming, the
Sundance project 1is reported to have potential yellowcake
reserves M"in the 50 million pound vicinity bLelieved to be
economically recoverakbkle by solution mining techniques."

(Nucleonics Week, January 12, 1978.)

Other significant new discoveries are being developed in Arizona
at Date Creek and the central Colorado Rockies at Tallahassee
Creek (Meehan, 1977) . Also, plans were announced for a uranium
mine to be operating neaxr Bakersfield, California, by fall 1978.

Proven reserves total akout 162,000 pounds in hard rock, not

sandstone. According to reports by Portland General Electric
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gsologists, potential reserves within 2 miles of the mine may

zotal 5-10 million pounds (Nucleonics Week, March 2, 1978).

2.2.2
Uranium Resources

The location of new uranium-producing districts and the extent to
which thay will be developed are of primary interest to thosz who
may be affectad by wuranium activities. Tarle 2-2 shows the
locations of potential uranium resources and estimates of how
mucn ors these .resources may yield. Figure 2-6 is a map of
National Uranium Resource Evaluation zreporting regions. Tacle

2-3 tabulates the amount of $30/1b uranium by state. Figure 2-7

shows tha location of potential uranium areas.

The DCE resource classifications, which reflsct the differences
in the r=liability of the resource sstimates, are listed in the
Glossary. Additional information on estimates of ore reserves
and potential resources is given in the "sStatistical LCata of the
Uranium Industry," which is compiled by the Grand Juncfion Office

of DOE.

Surface_Drilling Activitisas

The rxissz in +the price of uranium and the increased demand for
uranium supplies have stimulatad exploration in the U.S;
Exploration activities have increased dramatically since 1972,
and the amount of surface drilling for uranium in 1977 was the

nighest aver.
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Tons U3O8 Tons U305 ($30/1b.)
Production 1/1/717 1/1/77 Potential Resources
Region to 1/1/77 Reserves Probable Possible Speculative
Colorado Plateau 206,400 378,000 545,000 610,000 90,000
Wyoming Basins 63,600 ~ 210,100 300,000 50,000 : 30,000
Coastal Plain 8,900 43;900 115,000 60,000 25,000
Northern Rockies 20,000 27,000 63,000 49,000
Colorado and éouthern Rockies 9,400 46,000 38,000 20,000
Great Plains - 16,500 - 6,300 23}000 59,000 37,000
Basin and Range . 10,900 29,000 228,000 51,000
Pacific Coast and Sierra Nevada <1,000 1,400 4,000 12,000 8,000
Central Lowlands <1,000 0 * * 71,000
Appalachian Highlands <1,000 0 * ' * 78,000
‘Columbia Plateaus <1,000 0 * * 21,000
Southerh Canadian Shield 0 0 * * *
Alaska <1,000 -0 1,000 * *
TOTAL 296,400 680,000 1,090,000 1,120,000 480,000

*Resources not estimated because of inadequate knowledge.

SOURCE: Hetland, 1977

Table 2-2
Summary of Uranium Production, Reserves, and Potential Resources by Regions J
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State

Alaska
Arizona
Arkarsas
California
Colorado
Connecticut
Idaho
Montana
Nevada

New Jersey
New Mexico
North Carolina
North Dakota
Oklahoma
Oregon
Pennsylvania
South Dakota
Texas

Utah
Washington
Wyoming

TOTAL

Table 2-3

asof 1/1/77

Probable

Possible

1,000
37,000

11,000
101,000

4,000

398,000

7,000

7,000

7,000

117,000

77,000
9,000
314,000

50,000
10,000
82,000
5,000
7,000
13,000

466,000

9,000

21,000
4,000
60,000
270,000
23,000
100,000

Speculativ;\\

1,090,000

1,120,000

SOURCE:

Distribution of $30 Per Pound U3Os Potential Uranium Resources by State

Hetland, 1977

11,000
1,000
8,000

37,000
9,000

31,000

43,000

14,000
9,000

77,000

17,000

65,000
7,000

45,000
5,000

54,000.
5,000

15,000

27,000

480,000

_/
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Most of  the exploration is concentréted in the vicinity of the
major uranium-producing districts. Wyoming, New Mexico, Texas,
Colorado, and Utah accounted for 92.7 percent of the surface
drilling in 1977 (Nininger, 1978). Significant -exploratiocn

activities in 1977 reported ky DOE are shown on Figure 2-8.

Surface drilling statistics given in Table 2-4 show the rapid
expansion of exploration and development drilling since the 1low

point. in 1971.

e y N

Table 2-4

Summary of Surface Drilling for Uranium

AVE.
HOLE PERCENT PERCENT
MILLIONS THOUSANDS DEPTH EXPLORATION DEVELOPMENT

YEAR OF FEET OF HOLES IN FEET DRILLING DRILLING
1968 24 30 410 68 32
1969 30 58 394 69 31
1970 24 76 400 _ 76 24
1971 15 59 398 74 : 26
1972 15 39 421 78 22
1973 16 37 480 66 34
1974 22 . 34 550 73 27
1875 27 40 457 65 35
1976 35 67 506 57 43
1977 40 94 434 .64 36

Kkéource: Nininger, 1978
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Other Exploration Activities

Industry and DCE have recently increased +their exploration
activities, such as geologic mapping and geochemical and
geophysical surveying, in new areas. The success of exploration

in frontier areas remains to be demonstrated (Chenoweth, 1977).

Production from Lower Grade Ores

Production estimates for 1985—1§SO are difficult +to project
because of the problems with development of 1lower-grade uranium
ore. Yellowcake production in 1977 was estimated as 15,000 short
tons (Kahn, 1977) from ore of a higher grade than would be
expected in the 1980's and 1990's. Development of future uranium
supplies will be tied directly to world-wide demand.. The selling
price o¢f uranium oxide' extracted from lower-grade ores is
expected to be higher.

2.2.3 :
Future Uranium Production Centers

The DOE Supply Analysis Division has analyzed existing, expanded,
and proposed uranuim mining and milling capabilities in the U.S.
The production centers are shown on Figures 2-9A and 2-9B. The
DOE projections should prove helpful to planners in that the

projections are for a relatively long time span.
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The production capabilities are an upper limit estimate of how
much uranium the industry coculd produce. It appears that the
estimate does not include financing or licensing constraints that
might alter mine development or mill construction schedules.
Production centers were classified according to certainty of
future production. The classifications are excerpted as follows

(Klemenic et al., 1977):

4 )

e CLASS 1 CENTERS include the existing mills with supporting
mines and other facilities at which concentrate was being
produced at +the time the capakility estimate was made.
Ownership of the facilities and tributary sources can
readily be identified. Production costs can reasonably be
defined, and future production is well assured.

e CIASS 2 CENTERS include wuranium mills and supporting
resources for which construction commitments are evident
and 'mine _development has been announced or is underway.
Class 2 centers are generally converted to Class 1 centers
within three years.

e CLASS 3 CENTERS are uranium mills in regions where the
amount and grade of reserves justify production but where
mill construction is not yet evident. Three to five years
are estimated for mine and mill installation.

e CLASS 4 CENTERS are possible centers postulated for areas
in which present reserves are insufficient to support
production facilities but where exploration andsor
geologic evidence has indicated sufficient ‘"probable"
potential «resources to warrant the assumption of eventual
production. The assummed lead time to develop reserves
and construct mining and milling facilities for Class 4
centers generally ranges from 6 to 22 years and averages
14 years. Consolidation of land holdings is a long lead-
time item.

\_ _J
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CLASS 1 PRODUCTION CENTERS
\. The Anaconda Company Grants, New Mexico [:]
2. Atlas Carporation Road, Utah
3. Conoco & Pioneer Nuclear, Inc. Falls City, Texas CLASS 2 PROOUCTION CENTERS )
4. Cotter Corpaoration Canon Gity, Coforado 25, Chavran Resourcss Company Panna Maria, Texas
5. Dawn Mining Company Ford, ¥ashington 26. Farmiand Industries, Inc Piercs, Flarica
6. Exxon Company, U.S.A. Powder River BasinN¥yo 27. Fresport Yranium Recovery Co Uncle Sam, Louisianna
7. Federal American Partners Gas Hills, Yyoming 28. BGardinisr, Inc Tampa, Florida
8. Intercontinental Energy Corp. Pawnee, Texas 29. Guif Bineral Resourcas Co San Hates, New Mexico
9. Kerr-McGee Nuclear Corp. Grants, New Hexico 30. Homestake Mining Company Marshall Pass, Calo
10. Lucky Mc Uranium Corporation Gas Hills, Wyoming 31, Kerr-HzGes Nuclear Corp Powder River Basin ¥yo
1. Lucky Mc Uranium Carporation Shirley Basin, Wyo 32. Mineral Exploration Company  Red Desert, Wyoming
12. Nodil Qi) Company Jruni, Texas 33. Petrotomics Company Shirley Basin, Wyo
13. Rio Algom Corporation la Sal, Utah 34. Phillips Petrateum Company Nose Rock, New ¥exico
If. Rncgy ktn. Energy Company 8ear Cresk, Wye 35. Durita Development Company Naturita-Durango, Col
15. Sahio Oil-Resarve 0il Laguna, New Mexico 36. Solution Engineering, lnc Falls City, Texas
16. Union Carbide Carporation Gas Hills, Wyoming 37. United Nuclear Corporation Norton Ranch, Wyoming
17. Union Carbide Corporation Uravan, Calerado 38. ¥estern Nuclear, inc fellpinit, Wash
18. United Ruciear Corporation Church Rock, N.M. 19 'yoaing'lineral Carp Bingham, Utan
19. United Nuciear Homestaks- ) : : : :
Partners Grants. New Mexico 40. Wyoaing Minersl Carp Powder River Basin,Wyo
20. Uranium Recovery Carp. Muinerry, Florida . .
2%. U.S. Steel Seoryge West, Texas SOURCE: Adapted from Klemenic, 1977
22. U.S. Steei-Miagra Mohamk George West, Texas
23. Wastern Nuclear, Inc. Jaftrey City, Wyoming

24, Wyoming Mineral Corporation  Bruni & Ray Point, Texas

Figure 2-9A
Class 1 and Class 2 Production Centers in the United States

K $30 Per Pound U3Os
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Other
Other
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41.
42,
4.
44,
45.
46.
41.
48.
43.

58.

80.
81.

3 PRODUCTION CENTERS

Artillery Peak Arizona
Cleveiand-Clifts lron Co Pumpkin Butte, Wyo
Ctasa Point New Rexico
East Crooks Gap Yyoming
Edgemant South Dakota
Pionesr Nuclear, inc Utan

Rampant Exploration, Carp Tallahassee Cresk,
Rio Grande Trench New Nexico
Rocky Mauntain Energy Co Coppear Mtn,Wye
4 PRODUCTION CENTERS

Baggs Yyoaing
Cameron - Arizona

Case Catitornia
Farniey Nevada
Lakeviow Gregon
Rarysvaile Utan

Nountain City Nevada

at, Taylor Hew Mexico

NE Great Divide Basin Syoming

North Black Hills South Dakota
Shiproek New Hexico
Sierra Ancha Arizona

Copper Operations By-Product ¥esterp U.S.
Phosphats By- Prod. SE & ¥ U.S.

Figure 2-98B

Cot

SOURCE: Adapted from Klemenic, 1877

Class 3 and Class 4 Production Centers in the Unit_ed States

$30 Per Pound U3Os
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CHAPTER 3

Mining and Milling Uranium Ore

Uranium development projects must opsrate within the framework of
acceptable mining and milling technology. General understanding
of +the current state of this technology is necessary in order to
compare siting options and development processes in <respect *o
environmantal and socioceconomic concerns. Current practices in
mining and milling uranium ores are summarized under the

following tcpics:

4 | R
Qverview of uranium resource development
Uranium mining

Uranium processing methods

Production costs

Mill tailings management

o /

e 6 6 & O

3.1

Uranium Resource Development

Successful uranium resource development depends upon
cdmprehensive planning prior to mining and miliinge. The

following sections brieflv discuss the planning steps and provide

an overview of the common processing stages and methods.
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3.1.1
Steps Prior to Mining and Milling

Once a uranium ore body has Dbeen located and the neceéSary
permits and licenses have been obtained, exploration drilling is
followed by development drilling to determine the grade, size,
depth and shape of the deposit. The drilling provides samples
which are analyzed +to identify the physical and chemical
propertiss of the ore. Samples from the deposit are also tested
to determine thé. process necessary to extract uranium from the
ore and recover the material as a marketable product. Site
surveys and preliminary mine—planning studies are usually
conducted simultaneously with the process development
investigation. A series of coordinated site—surveys is performed
to provide data relative to soil mechanics, hydrology,
topograpny, ‘ﬁeteorology, vegetation and wildlife, public healtn
and sanitation, labor «resources, transportation and available
sources of material and equipment. Assuming the ore responds
favorably to treatment, the data collected from the process
development studies and site surveys are used to conduct
preliminary mill-engineering studies and to determine the
economic feasibility of the project. If the economics appear
favorable, financing is arranged, environmental factors are
assessed, a mill site is selected and detailed engineering is

initiated (O'Rourke and Whelan, 1968).

Developing a uranium prospect 1s similar to developing other
mineral deposits except that regulatory controls are strictly
enforced by the NRC or one of the agresement states in accordance

with the Atomic Energy Act of 1954 as amended. Accordingly, many
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federal, state and local government agenciss must be consulted,
and ultimately their approval to procead must be oktainsd. The
licensing and permitting process may result in long lead times

for development of uranium properties.

After licenses, permits and approvals are secured, construction
of the mine-mill complex begins. Development usually r=squires
several years to complete. The exact development route followed
by companies will vary, but a simplified program is illustrated
on Figur=z 3-1.

3.1.2

Methods to Mine and Process Uranium Ore

A .variety of methods are employed by the industry to mine and
process uranium ore. Most methods have several steps in commcn.
As illustrated on Figure 3-2, the uranium-bkearing ore is mined
and transported to the processing facility. The ore 1s crushed
and ground to expose the uranium minerals on the surface of
barren host—rock particles. The ground ore is pulped with water,
and chemicals are added to dissolve the uranium. The dissclved
uranium is separated from the leached residue, and the uranium-
bearing 1liquor is treated by selective chemical technigues to
yield a uranium-rich product liquor. The uranium is precipitated

from this liquor, dried and shipped to enrichment plants.

One . notable exception to this general mining-milling scheme is
the in-situ extraction of uranium from intact ore bodies. This
tecnnique is relatively new to +the mining industry, and
relatively few deposits are presently treated in this mannezx.

Basically, in-situ extraction (soluticn mining) involves drillin
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. Locate and secure mineral claims
Obtain permits and licenses
Exploratory drilling
Development drilling
Process—~development studies
Geotechnical site surveys

Preliminary planning and
engineering of mine

Economic feasibility analysis
Financing

Environmental assessment
-M111 site selection

Detalled design and engineering
of mine and mill

Construction

mu—

Figure 3-1
Steps in Uranium Resource Deve_lopment

\-

SOURCE: Adapted from CSMRI, 1978
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Figure 3-2
Steps Common to Most Processing Methods

SOURCE: CSMRI




a series of wells into a permeable uraniferous aguifer, injecting
a leaching agent into the wells, and pumping the uranium-bearing
solution to the surface for further treatment and recovery of the
U30g (See Figure 3—8}. This eliminates the costly-steps of
mining, crushing, and grinding and reduces the above-ground
deposition of mill tailings. However, the long term impact of
in-situ extraction on ground water and the methods to effectivély
restore solution-mined aquifiers to premining or to acceptable

water quality are being studied.

Table 3—-1 1lists the process variations for open pit and

underground mines and for solution mining.

3.2
Uranium Mining

Uranium mining methods fall within the categories of underground
mining, surface ﬁining, and bore-hole mining.‘ Tﬁe preferzred
method is the one that requires the least cost per pound of ore
recovered while remaining within the constraints of. many
technical, environmental, and regulatory factors.

3.2.1

" Mining Method Selection

Selection of +the mining method is based on anetailed geologic,
engiﬁeering.and eéonomic analysis of the ore deposit. Factors to
be considered are the ~ore body's size, grade, host-rock

mechanics, location, depth, geometry and engineering properties.

3-6



(

~

Open-Pit Mines

Underground Mines

\

Solution Mining

Development drilling
Stripping*

Mine waste®

Waste dump‘

Develop ore faces
Drill, blast"

Load

Haul

Crush®

Grind*

Leach urenium
Liquid-solid separation-
U308 concentration
Precipitate, dry, package

Tailings dam® operations

Development drilling
Shaft sinking®
Development drifting
Waste dump'

Develop stopes

Drill, blast

Mock out

Haul

Hoist

Haul to mill

Crushk®

Gring*

Leach uranium
Liquid-solid separation
U308 concentration
Precipitate, dry, péckage

Tailings dan* operations

Develcpment drilling

Drill wells

Leach uranium

Pump sclution to mill

Liquid-golid separation
U308 coacentration
Precipitate, dry, pacikage

Recirculate leach

solutions
Reclamation Reclamation Aquifer resteration
16 18 9
Total stages to produce a saleable product
SOURCE: NOTE:

Adopted from
Hunkin, October,

1975

Table 3-1

Process Variations at U.S. Uranium Mines and Mills

.

* Denotes stages generally producing
significant changes in or affecting
land surfaces, water quality, personnel
safety or radiation exposure.
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Size and Grade of the Ore Body

The boundaries of naturally occurring uranium deposits are seldom
easily defined, and the mineralization grade usually varies from
barren to mineralized rock. Although methods for selective
mining are available, it is still impossikle to distinguish
completely between barren and mineralized material. The mining
plan is based on information from development drilling and
normally contains an allowance for dilution of the ore during

mining.

Unit 'éosts for moving ore and waste are normally less in a
surface operation than for underground mines because the 1larger
machines used are more efficient and productivity is greater. As
a result, surface mining is preferred whenever the ore body is
sufficiently large and close to the surface so that waste removal

costs (stripping ratio) are not excessive.

Geographic Location of the Ore Body

The location of an ore body is a major factor in making the
decision to proceed with mine design and evaluation. If an ore
body is located within a specially designated public land (e.g.,
a wilderness area), mining may not be allowed. As more public
lands are reserved for special uses, (e.g., the Alaska
Wilderness) the number of +the 'potential uranium reserves

available for development is reduced.



Depth and Geometry of the QOre Body

Depth and geometry of the ors body have a definite impact on the
mining m2thod selected. Open pit uranium mining is practiced to
depths of 400 feet, but the grade of the ors and the size of the
deposit dictate the practical depth of a surface mine. Small,
high-grade deposits can often be mined more efficiently by
underground methods even though they may ke located within a few
hundred feet of the surface. A large blanket-type deposit could
pe more =zasily mined by open-pit methods even if depths are

equivalent.

Engineering Properties of the Ore and Waske

Mine design must take into account th= engineering properties of
the ore, waste rock, and material surrounding the ore deposit(s).
Underground mining requires sufficient rock strength and
competancy to economically prevent failure of mine walls, roofs
and pillars. In surface mining, rock strength determines ths

slope of the pit walls required to maintain slope stakility.

The presence of ground water may reducse rock strength by
increasing pore pressure in the material. The result may be the
failure of the surrounding rock and a cave-in in an underground
mine or flooding and wall collapse in a surface mine. Ground
water may also soften shale beds, allowing pillars in an
underground mine to punch into the surrounding rock, resulting in
a roof fall. 1Intrusion of large volumes of ground water into an

underground or surface mine requires costly pumping and tresatment
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systems; for example, the Mt. Taylor mine in New Mexico has a
13,000—gpm capacity pumping system (Jackson, 1977).

3.2.2 4 :

Underground Mining

Underground mining has +the advantage of selectivity. The only
waste materials removed are those associated with the ore body or
from adits, access tunnels and shafts. Oon the other hand,
because underground mining methods are costly, they are selacted
only wha2n other methods are impractical, such as when the ore
body is at too great a depth for surface development. Also,
underground mining is more lakor-intensive because of confined
work spaces and smaller capacity machines used. Special
provision must ke made for access, haulage systems and

ventilation.
Access

In an underground mine, access to the ore is generally by means
of a vertical shaft, a sloped incline or decline, or a relatively
level +tunnel or adit. Tunnels are generally preferred because
they can be driven so that natural drainage will occur and ore
haulage is less difficult. However, tunnels are only feasible
where‘topogréphy allows the portal to be located at an elevation
near that of +the ore body. Typical examples of tunnel or adit
access are the underground mines of the Federal-American Partners
in the Gas Hills of Wyoming and +the older workings of the

Schwartzwalder Mine in Colorado.
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A vartical shaft project 1is being constructed at Mt.
Taylor, New Mexico, by Gulf Mineral Resources Co.
(Jackson, 1977). The ore body is approximately 3,200 feet
below the surface of the ground in an area of relatively
flat terrain. Two vertical, concrete-lined shafts at a
maximum depth of 3,300 feet will provide access to the ore
body and sumps for mine water that must be pumped to the
surface and ventilation. The shafts are 400 feet apart.
A 24—ft diameter main shaft will provide a hoisting
capacity of 4,500 tpd from the ore body by means of +two
skips powered by a 2,500-hp double drum hoist. The main
shaft also serves as the air exhaust for the mine. A
smaller, 14—ft diameter shaft serves as the intake shaft
k\_for ventilation and provides access for men and materials.

Mine Transportation

Mine transportation ox haulags systems ars required to move ore
and wastés out of the mine or to the bottom of the shaft and +o
move men and supplies into the mine. Typically, conveyor belts,
rubber-tired trucks or rail systems are used. Truck and rail
systems are preferred in uranium mines. The advantages of each

system are compared in Dwosh, (1978).

Tunnels and drifts are wusually driven in waste rock so that
extraction of the ore and subsaquent subsidence will not damage
the mine transportation and ore haulage systems. The tunnels and

drifis also provide conduits for the ventilation system.

Ventilation

The mine ventilation system must remove all fumes from equipment,
explosions, etc., and must also reduce dust and zradon gas
concentrations to below regulatory levels. Ventilation
requiremants vary from state to state, and careful attention to

ventilation system design 1s required.



Room—-and-Pillar Mining

A common mining method in tabular ore bodies is called the room-
and-pillar method, illustrated on Figure 3-3., There 1is a high
degree of flexibility in room-and-pillar mining.. Work is done by
equipﬁent sections. A section might consist of a wheel or
crawler type of 1loader, drill, and one or more rubber-tired
trucks or buggies to haul the ore. The successful use of this
type of equipment depends upon having a sufficient number of
working places so that each machine can be rotated from place to
place as its function is completed. This requires a sufficient
number of working places in a reasonably confined district and

close supervision on the part of the section foreman.

Thinning or thickening of the ore body, karren zones and poor
roof conditions may be handled easily by the room and-pillgr
method. When the ore body .is quite regular, the rooms and
pillars are uniform in size and equally spaced as previously
shown. However, when the ore body is irregular, as is the case
in most uranium deposits, a system of room-and-random-pillar
mining .is generally used. Pillars are generally left whenever
waste material is encountered, but if ore pillars must be 1left,
they may be recovered just before the mine is abandoned when

‘caving of the stopes is no longer a problem.

Open Room With Random Pillar Mining

Mining of orxe by the open room with random pillar method begins
on either an outcrop (rare occurrences at this late date for new

mines) or at an ore intercept in an exploration hole at the
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terminus of the drift or entry. Development then generally
progresses along the ore trend with attampts being made to stay
in ore. As the ore bodies broaden beyond 20 feet wide, and
depending on roof «conditions, pillars are left in waste or low

grade ors, if possiktle.

~

(rA typical example of a small open room with random pillar
uranium mine is the Dexremo Mine operated by Union Carbide
(Barvey, 1977). The Deremo Mine is located on the
Colorado-Utah state line approximately 64 miles from the
Four Corners and about 80 miles road distance from Uravan.
The mine workings cover an arxea 8,500 feet in <+the north-
south direction by 6,500 feet in the east-west direction.

The Deremo Mine is being serviced through three vertical
shafts about 750 feet deep. A three-compartment timberad
shaft named the Deremo No. 1 was sunk in 1957, and the
first ore was hoisted in 1958. As mining advanced to the
south, additional hoisting facilities were needed, and in
1967, the Deremo No. 2 and the Snyder shafts were put into
operation. These consisted of 64-inch diameter holes
drillasd from the surface and lined with a 48-inch metal
casing. The annulus 1is filled with cement. Four-inch
heavy-duty pipe was welded to the casing, and this servss
as a shaft guide for the skips as well as for compressad
air and water lines. The haulage system at +the Deremo
Mine was originally rail, but by 1971 it had been
converted from track to trackless haulage.

A total of 103,000 tons of ore and 90,000 tons of waste
was removed from the mine during 1976. All loading and
hauling of muck from the face to shaft station is done

with rubber-tired trackless equipment. Drilling is
accomplished with compressed air-driven push-feed drills.
The rock is broken with conventional explosives. = The

average output for production crew personnel is 24 tons of
ore and waste per man-shift and for all mine personnel is

\\>6.9 tons per man-shift.

3.2.3
Surface Mining

Frequently, - an ore body is large enough and close enough to the

surface that it may be mined by surface or open-pit methods. An
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example of surface mining in flat terxrain is shown on Figure 3-4.
Unit operations are the same as for underground mining; howaver,
the auxiliary requirements are not as complex, and the overall

operation is generally less costly.

Generally, an extremely large excavation is required to get at a
fairly small tonnage of ore. In many uranium mines, from
10 to 20 tons of waste must be removed for ezach ton of ore mined
and occasionally, the stripping ratio may exceed 30 to f.
Stripping ratios, of up to 80:1 could ke encountered

(Goodiex, 1978).

Rock breakage in open pits is often accomplished with
conventional drilling and blasting methods, but in uranium mines
the strata are frequently soft enough so that crawler tractor
mounted rippers may be used. Rock loading may be done by shovsls
or front-end 1loaders or by self-propelled scrapers. Haulage is
accomplished by trucks or scrapers. Frequently, mine fleets

include a number of each of these units.

Surface mining methods are used in uranium mines in the Gas Hills
and Shirley and Powder River Basins in Wyoming, Laguna Distr&ct
of New Mexico and in south Texas, and in several areas in
Colorado and Utah. A number of éxcellent papefs on open-pit

mining describe operations in these states (Wood, 1977; White,

December, 1975; "Conguista...", Mining Enqineering, 1972) .
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4 )
A typical open-pit mine is the Utah International
Inc.'s Lucky Mc, located in the Gas Hills of Wyoming.
Wheel tractor scrapers push-loaded bty bulldozsrs were
the initial machines used for the overburden zremoval.
However, as pit depths increased, a shift to shovel or
loader and truck fleets were used because of the more
favorable machine-to-payload weight ratios obtained
with trucks.

Ore +trends at Lucky Mc are gquite narrow, sinuous and
discontinuous. Therefore, when the stripping operation
is within akout 10 feet of the ore horizon, great
caution must be exercised to avoid loss of ore. Very
thin cuts of waste are taken with the scrapers as the
ore body is approached, and each cut is supervised by
grade-control personnel. As the ore is exposed, it is
cleaned by dozers or loaders until a large exposed lump
of ore remains on the pit floor.

Mining of +the ore 1is accomplished with a backhoe of
2 1/4 to 2 3/8 cubic yard capacity. Ore is loaded into
20— or 35-ton trucks for transport out of the pit.
Mining is controlled by grade-control personnel
equipped with Geiger counters which detect the gamma
radiocactivity associated with uranium daughter products
in the mineralized ore.

\_ | Y,

Mine reclamation is playing an increasingly important role in the
feasibility, planning and economics of open pit mining. State
regulations and tﬁeir enforcement vary from state to state..

3.2.4

Bore-Hole Mining

Bore hole mining differs from solution mining in that the ore is
actually broken up in—place and removed from the bottom of the
bore hole by fluid flow. Figure 3-5 depicts a hypothetical bore-
hole mining arrangement. A series of bore holes is first drilled
into the ore body, and then a steel pipe is used to lower a
high—pressure‘horizonfal nozzle into the hole, and water is
pumped at high pressure into the ore body. Thg high pressure

water bresaks up the ore and puts it into a slurry. The slurry is
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pumped from the ©bore-hole to a mill for processing via a
collection tank. Tailings from the . mill are pumped into the
mined-out cavities in the ore body as backfill. Bore-hole mining
is being tested in various mining applications but this technique
is currently not in commercial use in the uranium industry.

3.3 -
Uranium Processing Methods

Uranium ore processing methods include:

4 )

e Conventional acid leaching

e Conventional alkaline leaching
e In-situ leaching (solution mining)
o Heap leaching

e Recovery of uranium as a byproduct

\— )

Comparison of Acid and Alkaline Leaching

Uranium is. recovered from the ore by dissolution in a liquid
medium, commonly called leaching. In order to increase ths rate
-0of uranium dissolution, the pH of the leaching solution is either
decreased (acid) or increased (alkaline), depending on the
characteristics of the ore. Acid 1leaching is generally moxe
effective than alkaline leaching for +treating difficult ores-.
Acid treatment usually requires less leaching time and lower
temperatures and provides more flexibility to deal with changing

ore characteristics than 1s possible with an alkaline procsss.
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Also, acid leaching usually does not require grinding the ore to
as fine a size as does alkaline processing. In acid circuits,
however, a substantial portion of the leaching solution must be

rejected to tailings after the uranium is removed because soluble

impuriti2s tend to concentrate excessively.

In contrast, alkaiine leaching is more selective for uranium
minefals so that leaching solutions contain fewer impurities.‘
Because of the relatively pure solutions, direct precipitation of
yeilowcaxe often is feasible without solution purification, and
leaching solutions -may be regenerated ana recycled with 1less
problems due to impurity buildup. Alkaline solutions are
relatively noncorrosive and are very suitable for treating high

lime ores which would consume large quantities of acid.

Leaching Agent Determination

The characteristics of the ore and the relative procesé economics
will determine the leaching reagent best suited to a particular
ore. The - predominant factors in +this decisioﬁ are reagent
consumption and the maximum uranium extraction obtained with <the
particular leach liquor (Merritt, April 1977).  Sulfuric, nitric,
hydiochloric and other acids may be used for leaching, but
sulfuric acid is wused almost exclusively due +to cost and
corrosion factors. Usually, mixtures of ammonium carbonate and

ammonium bicarbonate solutions are used for solution mining.

Environmental considerations may also influence 1lixiviant
selection, especially for solution mining operations. Federal

and state agencies have placed strict requirements for restoring
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the water in a uraniferous agquifer to its original state, and
thus many solution mining operators may find it necessary to
select a leaching solution based on these environmental
regulations. Of particular concern with ammonium carbonatse
solutions is the residual ammonia level in minad aquifers.

3.3.1

Conventional Acid Leaching

The majority of the uranium ores treated in the U.S. today are
processed in conventional sulfuric acid leaching mills. In its
simplest form, the typical sulfuric acid mill reduces the sizs of
the ore, 1leaches the ground pulp toA dissolve the uranium,
purifies the wuranium-bearing solution and precipitates the
yellowcake from the purified solution. A typical flowsheet for

an acid leaching mill is shown on Figure 3-6.

Crushing and Grinding

Coarse ore is retrieved from storage pads and fed to the crushing
circuit. The primary crusher reduces the size of the c¢re <to
2 to 6 inches in diameter, while the secondary crusher further
reduces the size of the ore to 1/8 to 1/2 inch. The product from
the crusher circuit is fed to rod or ball mills where water is
added, and the ore 1is ground finer to 1liberate +the uranium
minerals from waste constituents, thereky rendering'the uranium
minerals susceptible to chemical attack. In general, most acid
leaching mills grind the ore to 28 mesh, but the size of grind

may vary from 10 to 200 mesh.

3-21



Ore from Receiving Pads

X
Primary Crushing

Secondary Crushing

Y

.Grinding

4

0XIDANTS

sofution

>»1 Leaching

WATER

e

Y ¥ 3
Liquid-Solid

)

Clarification

Separation

residue

Figure 3-6

-

A %4

recycle solution
& water

\

> Tailings Pond

A

Concentration

y

Precipitation

\

Dewatering

A

Drying &
Packaging

\

YELLOW CAKE
(Uaﬂg)

U3Os Extraction by Sulfuric Acid Leaching

SOURCE: CSMRI

3-22




Semiautogsnous Mills

A relatively recent <trend 1s ~to replace mechanical secondary
crushers and rod mills with semiautoggnous grinding mills. The
semiautogenous mills eliminate the need for fine ore storage and
simplify the problems associated with wet and frozen ore. The
primary crushing circuit is not necessarily an integral part of

the main plant.

Leaching

From the grinding circuit, the ore slurry is pumped to the
leaching circuit: Sulfuric acid and an oxidant, such as sodium
chlorate, are added to the pulp to dissolve the uranium. Acid
leaching is usually accomplished in mechanically agitated <tanks
arranged 1in series, but air agitated tanks (Pachucas) are also
used. Leaching times vary from 4 to 30 hours, and leaching
teﬁperatures range from ahbient to 90 deérees Centigrade. Acid
and oxidant requirements depend on the mineralogy of the ore and

the concentration of free acid required to dissolve the uranium.

Liquid-Solid Separation

The next stage in the milling process is to separate the uranium-
bearing solution from the spent ore residue. Basically, the
liquid-solid separation may Dbe accomplished by countexrcurrent
decantation (CCD) in thickeners or by separating the sand and
slime fractions of +the pulp followed Ly treating the slime

portion in a CCD or resin-in-pulp (RIP) circuit.
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The majority of the acid-leaching mills éperating today use CCD
for liquid-solid separation. In the CCD «circuits, solids and
washing solutions move countercurrently to each other in
thickeners to achieve displacement of ali but 1 percent or 1less
of the solukle values from fhe solid residue. The residue is
then discharged to waste while the solution advances to

purification and concentration.

At some mills, the sands are separated from the slimes by
cyclones and/or mechanical classifiers. Usually, this is done to
prevent the coarse sand particlés from overloading the
thickeners. After the sand-slime split 1is accomplished, the
slime pulp will contain over 99 percent of the soluble uranium,
and the sands can therefore be discarded. The slime fraction can
then be processed in a conventional CCD thickener circuit. At
two mills, bowever, the slimes are treated in RIP .circuits to
recover uranium directly from the pulp. Solution from the CCD
circuit is clarified or filtered +to insure zremoval of £fine,

suspended solids from the uranium-bearing liquor.

Concentration

The next step involves concentration of the uranium in solution.
All acid leaching mills use at least one stage of resin ion
exchange (IX) or solvent extraction (SX) and in some cases both
to selectively extract uranium from the leaching solution.
Subsequent removal of uranium from the resin or solvent with a
suitable reagent yields a purified and concentrated solution of

uranium from which a high-grade wuranium product can be
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precipitated. Solvent extraction and resin ion exchange both
involve the interchange ¢f ions between the leaching solution and
either a so0lid resin or an organic liquid. Both +techniques ars
multistage processes employing variocus types of equipmant to

contact the solution with the exchange media.

Resin ion exchange involves contacting the solid 20-50 mesh resin
beads with uranium-bearing 1liguor in a series. of tanks or
"columns. " The uranium ions are selectively adsorbed onto ths
resin beads and the karren solution leaving the columns can be
recycled to the CCD washing circuit and/or discarded. After the
resin beads are saturated with uranium, the resin is eluted with
a suitable reagent, and the concentrated solution is pumped to

the precipitation circuit.

RIP systems are used to recover dissolved uranium directly from
slime pulp. Different <types of specialized =equipment and
circuits are used for this purpose in which, as the name implies,

the resin is suspended directly in the pulp.

The solvent extraction process involves transfer of the uranium
ions in the solution to a liquid organic extractant. The crganic
complex formed with uranium is soluble in the organic phase and
insolubls in the aqueous phase. The exchange reaction requirses
intimate mixing of the +two phases. Subsequent separation of
these immiscikle phases by settling yields a top layer of the
metal-enriched oxrganic solution and a Lkottom layer of barren
solution which is recycled to the CCD washing c¢ircuit and/cr

discarded. The loaded organic 1is then recontacted with a
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suitable reagent to transfer the uranium back to a concentrated

aqueous solution.

A two-stage concentration process employing resin ion exchange
followed by solvent extraction 1is +termed +the Eluex process.
Conventional column or RIP ion exchange is used to adsorb soluble
uranium. The loaded resin is eluted with sulfuric acid, and the
eluate 1is fed to a solvent extraction circuit where uranium is
extracted by an orxrganic liquid. The loaded organic is stripped
of the uranium, and the concentrated solution goas to
precipitation. The Eluex process 1is an extremely efficient
method for concentrating wuranium from dilute solutions and
eliminates extraneous ions (such as chlorides used during elution
and stripping) from the circuit (Merritt, Oct. 1977). Also, the
process decreases reagent costs and may provide a purer uranium
product. The system, however, is more complicated than other
concentration processes and usually requires a greater capital
investment. Altﬁough the exchange resins and organics are very
selectiva for uranium, certain impurities may interfere with IX

or SX and complicate the entire concentration circuit.

Precipitation

Several 'techniques can be used to precipitate uranium from acid
solutions; direct neutralization with a base such as ammonia is
the most common. The wuranium precipitate (yellowcake) is
dewatered, dried and shipped to the refinery: This final product

usually contains 85 percent to 95 percent U304 and a very small

percentage of uranium daughters.
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trong Acid Curing

Acid leaching methods other than mechanical or air agitation have
been used in the U.S. and are now used at certain foreign
operations. One such method is the strong acid curing technique.
This process involves agglomerating coarsely ground ore with
concentrated sulfuric acid and allowing +the wetted but free-
flowing ore to cure at elevated temperatures in silos, rotating
drums or on pads. The acid-cured material is water leached, ané
the dissolved uranium can be reqovered by the wvarious methods
previously .described. Proponénts of the process claim reduced
acid consumption, increased extraction, decreazsed reaction times

and lower capital costs (Lendrum, 1974; Smith and Garrett, 1972).

3.3.2 :
Conventional Alkaline Leaching

Unlike acid leaching systems, alkaline leaching requires the use
of an integrated, closed-circuit process, since economics dictate

recovery of the reagents in the leaching solutions.

A typical alkaline leaching flowsheet is 1illustrated on
Figure 3-7.

Crushing and Grinding

The crﬁshing plant for alkaline circuits is essentially the same’
as an acid-leaching plant except for the grindirng circuit. In

the alkaline-leaching process, the chemical reactions are slower
and must be assisted by exposing mcre of the mineral surfaces.
To obtain the finely-ground product, the, grinding-sizing

operation is usually performed at relatively low pulp densities;
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therefore, a thickener or filter is used ketween the grinding and
leaching circuits to remove the excess solution. The excess
solution 1is «recycled to the grinding circuit, and the thickened
pulp (50-60 percent solids) 1is transferrad to the 1leaching

circuit.

Leaching

Both atmospheric and pressure leaching vessels are used in
alkaline circuits, and 1leaching +times are relatsd to the
temperature and pressure used. Pressure l=2aching in autoclaves
may require from 4 to 20 hours at +temperatures ranging from
95 to 120 degrees Centigrade and pressures varying from
30 to 90 psig. Air—-agitated Pachucas are frequently ussd for
atmospheric leaching at temperatures of 75 to 90 degrees
Centigrade and leaching times of up to 96 hours. Pachucas ars

particularly well-suited to alkaline leaching, since the

agitation air also provides the air necessary +o oxidize the
uranium. Since most Pachuca tanks are 40 to 60 feet deep, the

benefit of approximately 25 psig at the bottom of +the +tanks is

also realized.

Ligquid-So0lid Separation

The method of separating the liquids from the solids in an
alkaline circuit is very similar to that used in an acid system
2xcept that filters are generally preferred because of ketter
washing efficiency and because of the difficulties associated
with achieving good densification with the finer solids and more

viscous alkaline solutions.
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Precipitation

Since alkaline-leaching solutions are very selective for uranium,
the uranium can be precipitated directly from the clarified lesach
liquor, and thus the- concentration step prevalent in acid
leaching circuits can be eliminated. Two methods are used to
precipitate uranium from alkaline liquors. If nearly
quantitative recovery is required, the solutions are acidified,
boiled to expel carbon dioxide and +then neutralized to
precipitate the uranium. However, it is usually more important
to conserve the reagent for recycle than to achieve complete
precipitation, and therefore +the preferrsd method is to
precipitate yellowcake with sodium hydroxide. The precipitate is
dewatered, dried, packaged and shipped to the refinery (Merriﬁt,

April 1977)..

The solution £from the precipitation circuit is regenerated and
recycled. The regeneration step involves sparging the solution
with carbon dioxide in recarbonation towers to achieve the
desired carbonate content. Solid sodium carbonate may also Dbe

added depending on the sodium balance throughout the circuit.

£3.33
In-Situ Leaching (Solution Mining)

In—-situ leaching is a relatively new method of extracting uranium
in which wells are injected with a 1lixiviant and the uraniuam-
bearing 1liquor is recovered. The wuranium is reéovered by
drilling into the ore body, circulating a lixiviant +to dissolve

the mineral, extracting the values from the 1liquor and



regenerating the lixiviant for continued use underground (Lewis,

et al., 1976).

Advantag=ss and Disadvantages

Increasing interest in this technique is understandable since
solution mining offers several advantages cempared to
conventional mine-mill complexes. For ore bodies minsable by

in-situ leaching, the advantages include:

- R

e Minimal surface disturkance, particularly compared to
surface mining

e Personnel exposure to radiation is significantly reduc=d

e Lower grade ores can ke treated, effectively increasing
the recoverable reserves of uranium

Lower <capital «costs, improved cash flow, and generally
greater return on the investment

e Less waste generation and land restoration

_ Y,

Major disadvantages are the potential for ground water
contamination and a lower level of uranium extraction. Also,

few ore kodies are suitable for in-situ leaching.



Solution Mining Criteria

For an ore body to qualify as a candidate for solution mining,

the following criteria must be met (Hancock, 1977):

e The deposit should be a relatively horizontal bed—\\
underlain by impermeable strata.

e The ore body must be below the water table (i.e., a
uraniferous aquifer).

e The permeability, porosity and hydrology of the deposit
must be favorable. '

Well Field Operations

Well development is perhaps the most important aspect of solution
mining. .Wells for injecting the leaching solution are typically
4 inches in diameter and cased with PVC pipe cemented to the
surface. Production wells are similar in construction but are
usually larger in diameter. The continuous casing is interrupted
where the well intersects +the mineralized zone to allow
introduction of a lixiviant. &n example of well construction and
a vertical cross section of a typical weli field is shown on
Figure 3-8 (Wyoming Mineral Corp., 1976). Several different
types of well patterns have been investigated, but the five-spot
pattern is probably the most common. A typical five-spot pattern
used at U.S. Steel's property at Clay West, Texas, is shown on

Figure 3-9 (White, 1975).
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\ Typical Well-Field Pattern
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Injection of a 1lixiviant forms a nydraulic gradient within <the
uraniferous aquifer. This gradient, together with the withdrawal
rate at the production well, determines +the direction and
velocity of solution flow. Solution flow is toward the
production well, since the hydraulic head at that point is less
than that developed at the point of injection. Thus, the pumping
rates and pressures can be used to confine the lixiviant to the
desired area. ©Normally, more liquor is withdrawn than injected
to prevent solution migration and contamination of the ground
water. Monitor wells are placed in +the aquifsr as well as
outside the ore zone to detect escaping solution. If solution
migration is noted, the hydraulic gradient can be adjusted by

pumping to force the liquor back into the well fi=ld.

The uranium-kearing 1liquor is collected from the rscovery wells
and'pumped to the plant area. The liquor 1is wusually clarified
and than treated in ion exchange columns to remove the uranium.
A typical flowsheet for a solution mining operation is shown on

Figure 3-10.

Although several types of 1leaching solutions can be usad to
extract the wuranium, relatively weak solutions of ammonium
bicarbonate or carbonate ars used at most operations. Unlike
conventional milling, the choice of reagent for in-situ leaching
is based primarily on underground performance, including factors
such as selectivity, maintenance of permeability, suitability <o

recirculation and environmental considerations.
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3.3.4
Heap Leaching

Heap 1leaching 4is broadly defined as leaching of an ore in a
static or semistatic condition either by gravity flow downward
through an open pile or by flooding a confined ore pile. Heap
leaching is useful for the treatment of low-grade dumps, small
ore bodies located at considerable distances from the processing
facilitizss, ores that otherwise would have been treated as wastz
material ox, 1in some cases, abandoned mill tailings. Ths major
disadvantage of heap leaching is that uranium recovery is 1lower
than for conventional milling processes. Not all of the ors in
the sloping sides of +the heap 1is contacted by the 1leaching
solution, and therefore uranium in the unwettad zone is not

recovered.

Beap Leach Pad Construction

Typically, 1leaching pads are prepared Ly leveling a site and
covering it with an impermeakle liner such as plastic sheeting or
a clay base (Woolery et al., 1977). The pad is constructed with
a slight slope, and pipes are placed at intervals to collect the
solution. The entire pad is then covered with gravel to improve
drainage, and the orxe is placed on the pad and leveled. Usually,
berms are constructed around the ore pile to permit ponding of
the leaching solutions. The éctual size and configuration of a
heap may vary, but a typical construction for heap leaching is
illustrated on Figure 3-11 (Merritt, 1971). The solution Ilows
downward through the ore, into the pipes, and is collected in

launders. Weak sulfuric acid solutions are used, and several
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months may be required to complets the leaching cycle.

Uranium Recovery Options

Uranium can be recovered from the solution by +the methods
previously discussed--IX, SX, or Eluex. At Western Nuclear's
heap 1leaching operation in Wyoming, which is not operating at
this time, high-grade solution was shipped to the nearby mill for
uranium recovery while low-grade solutions were processed through
a small SX circuit at the site. Ysllowcake was precipitated at
the sit=z but transported to the mill for suksequent drying and
packaging. At Union Carbide's neap 1leaching operation at
Maybell, Colorado, the wuranium 1is concentrated by IX and
precipitated at the site, but the yellowcaks product is shipped
to Union Carbide's Uravan, Colorado, plant for further
processing. Ranchers Exploration and Development Company
recently initiated a heap 1leaching operation near Naturita,
Colorado. The operation is unique in that previously akandoned
uranium mill +tailings are being reprocessed. In this case, the
tailings are being moved for processing from a river flood plain

t0o a more desirable disposal sits.

As with solution mining, +the costly grinding and liquid-solid
separaiion steps associated with conventional milling are
eliminatad. However, the ore must be mined and usually must ke
crushed to some extent and stockpiled to facilitate 1leaching.
Leaching in heaps or in-situ requires several months for maximum
uranium extraction in contrast to leaching times of a few hours

in the majority of conventional mills. Also, recovery from a



neap or solution mining operation rarely exceeds
60 to 70 percent, while recoveries 1in excess of 90 percent are
commen at conventional mills. No one processing method is right
for a particular ore body--each case must be treated separately
and a method selected based on the characteristics of the ore and

the process economics.

Byproducts

The description of the various processing methods was simplified
somewhat in that certain impurities in the uranium ore can
complicate the milling flowsheet, as will the recovery of
byproducts. Vanadium, copper and molybdenum are notable
byproducts of uranium milils.

3.3.5

Other Methods

Most of the uranium concentrates produced in the U.S. each year
are processed by the methods described. Treatment of other types
of ores, however, often yields uranium as a byproduct. Phosphate
and copper ores are notable examples. These ores and xesultant

waste streams may require consideration as radioactive materials.

Urxanium Byproduct of Phosvhate Concentrate

It has been estiﬁated that the minable reserves of phosphate rock
in the U.S. contain more than one billibn poun&s of wuraanium.
Since the uranium content of the phosphate rock is 50 to 200 ppm,
"conventional leaching methods have not been effective in
selectively extracting the uranium.  However, an increasing

amount of phosphate concentrates are being converted to
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phosphoric acid, and sulfuric acid used to digest the phosphate
concentrates also dissolves any contained uranium. A number of
uranium recovery methods are being studied. The most successful
method develo?ed thus far is a complex solvent extraction
technique for recovering the dissolved uranium from the impure
phosphoric acid. Uranium Recovery Corporation has been operating
a commerical facility near Bartow, Florida, for several years,
and Gardinier Incorporated is proceeding with construction of a
similar plant near Tampa. Other companies with processes in
various stages of development include Earth Sciences,
Incorporated, Gulf 0©0il Chemicals, and Fresport Minerals (Ross,

1975) .

Uranium Byproduct of Copper leaching

Heap leaching of copper ores is practiced throughout the western
United States. In +this process U305, 1f present, 1is also
extracted, and leach 1liquors at many operations contain from
1 to 40 ppm U30g. Resin ion exchange can be uéed to recover the
uranium. At the present time, Wyoming Mineral Corporaiion's
Eluex plant at Rennecott's Bingham Canyon prorerty is the only
commercial facility extracting U304 from copper 1leaching
solutions. Anamax is operating a similar pilot plant at their
copper mine south of Tucson, and several other companiss are

evaluating this source of'uranium (Brooke, 1976).

3.3.6
Processing Methods at U.S. Uranium Mills

The mining and processing methods used at domestic uranium mills

are outlined in Table 3-2A. Proposed.facilities have been listed
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~ Process Variations at Operational U.S. Uranium Mines and Mills

" Mining " Leaching Liquid-Solid
Plant Method Meathod Separation Concentration Precipitation
Operational
Anaconda Co., Grants, New Mexico 0.P. + U.G. Acid cch sX NH,
Atlas Corp., Moab, Utah u.G. Acid CCD + Filt. sX H; 0,
u.G. Alkaline (Na} Filt, None NaOH-H;0;
Conoco & Ploneer Nuclear, Falls City, Texas 0.P. Acid CCD 5X NH,
Cotter Corp., Canon City, Colorado u.G. Alkaline (Na) CCD + Filt, Noone NaOH
Acld-Pressure CCD sX NH,
Dawn Mining Co., Ford, Washington O.P. Acid CcCD 1X ) NH,
Exxon, U.S.A., Powder River Basin, Wyoming O.P. + U.G. Acid CCD SX NH,
Federal American Partners, Gae Hills, Wyoming U.G. + O.P. Acid . Ss RIP + SX NH,
Intercontinental Encrgy Corp., Pawnee, Texas In Situ Alkaline (NH,) None 1X . Steam
Kerr McGee Nuclear Corp., Grants, New Mexico u.G. Acid SS sX NH,
Lucky Mc Uranium Corp., Gas Hills, Wyoming O.P. Acid CCD Eluex NH,
Lucky Mc Uranium Corp., Shirley Basin, Wyoming O.P. Acid SS sX NH,
Mobil Oil Co., Bruni, Texas In Sita Alkaline (NH,) None 1X Steam
Rio Algom Corp., La Sal, Utah u.G. Alkaline (Na) Filt, None NaOH
Rocky Mountain Energy, Powder River Basin, Wyoming O.P. Acid cch sX NH,
Ranchers Exploration, Naturita, Colorado Noae Acid Heap Cure None SX NH,
Sohlo-Rescrve, Ccbolleta, New Mexico U.G. + O.P. Acid CCD sX NH;,
Union Carbide Corp., Uravan, Colorado u.G. Acld CCD 1X NH,
Union Carbide Corp., Gas Hills, Wyoming O.P. Acid SS ' RIP + SX NH;,
0.P. Acid Heap None --- Solution to Main Mill ---
Union Carbide Corp., Maybell, Colorado Oo.P. Acid Ileap None 1X .-
Ualon Carbide Corp., Kingsville, Texas In Sita Alkaline (NH,) None IX --
United Nuclear Corp., Church Rock, New Mexico uU.G. Acid cCcD sX NH;
United Muclear - Homesgstake Partners, Grants, New Mexico U.G. Alkaline (Na) Filt, None NaOH
U.S. Steel, George West, Texas In Situ Alkaline (NH,) None X .-
U.S. Steel - Niagra Mohawk, George West, Texae In Situ Alkaline (NH;) None . 1X --
Uranfum Recovery Corp., Mulberry, Florida None None None ~-- 8§X from Phoephoric ---
Western Nuclear, Inc., Jeffrey City, Wyoming U.G. Acid 5S RIP + SX NH,
Wyoming Mineral Corp., Bruni, Texas In Situ Alkaline (N1i,) None 1X .-
Wyoming Mlneral Corp., Ray Polnt, Texas In Situ Alkallne {NH,) None 1IX --
Wyoming Mineral Corp., Bingham Canyon, Utah None None None -- Eluex from Cu Solutions--
SOURCE: CSMRI Key to Table: 0.P. = Open Pic
U.G. = Underground
CCD = Countercurrent Decantation in Thickenars
§S = Sand Slime Separation
Filc.= Filters .
X = Column Ion Exchenge
SX = Solvent Extraction
Table 3-2A RIP = Resin in Pulp




in Takle 3-2B and are in various stagses of development (White,
1975; Facer, 1977; Reed et al., 1976).

3.3.7

Future Trenas in Yellowcake Production

In 1975, 23 open—pit mines produced 55 pexrcsent of the uranium oxs
while approximately 42 percent of the tonnage' came from
121 underground mines. The balance of production was attributed
to heap leaching operations, solution mining, uranium recovered
from mins waters and phosphoric acid, and miscellaneous low—gradsz
stockpiles. In 1974, the percentage of ore mined from open pits
was 58 percent and 40 percent from undergrouné mines (Prast,
1976 ; Gordon, 1976). However, it is difficult to predict <trends
with any reasonable desgree of accuracy. New discoveries in New
Mexico are deep and will therefore be exploited by underground
mining methods. In cdntrast, saveral large, shallow, low-grads
deposits are being vinvestigated elsewhere, and economic
development of +these ore bodies will require mining large

- tonnages from open pits.

. New plants are not likely to differ significantly from existing
plants. Recent improvements in filtration, ion exchangs, and
thickening technoleogy will alter the type of squipment uszd, bput
the basic processing methods will remain the same. However,

exploitation of small, lcw-grade deposits by solﬁtion mining, and
heap or vat leaching will receive increased attention. Portakle
skid—-mounted plants may be used in many cases or crude
concentrates and solutions may be shipped to mills located some

distance away from the field operation. Also, keneficiation
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Miniag Leaching Liquid-Solid
Plant Method Method Scparation  Coaceatration Precipilatioa
Praposed
Chevran Oil, Panna Marla, Texas O.P, Acld -- - .-
Cleveland Cliffs Iron Co,, Pumipkia Buttcs, Wyoming In Situ Alkaline (NIL) Nono X Steam
Counoco, Crownpoint, New Moxico u.G. Acid SSor CCD SX NH,
Encrgy Fuels, Blanding, Utah Ore Buying =  ccecesseccocnaccnaoc.n Unannounced »-remmccmcacccenaccas
Gulf Mineral Resources, McKinley County, New Mexico u.G. Acid CcCD SX NH,
Homestake Mining Co., Gunnison, Colorado 0.P, Alkaline (Na) Fils. Nono NuOH
Mobil Oil Co., Crownpoint, New Meuxico uU.G, Acid CcCD SX NH,
Ogle Petroleum, Bison Basin, Wyoming In Situ Alkaline (NH;) None 2.4 Stecam
Petrotomdcs, Shirley Bastn, Wyoming . O.P. Acid cCD 5% NH,
Phillipps Petroleum, McKinley County, New Mexico U.G. Acid CCD s5X NH,
Piloacer Nuclear, lnc., McKinley County, New Mexico U.G. = eeeesccsacccmemc e Unaanounced ~wvecmcnmccacrconanan
Pifoueer-Uravan, Uravan, Colorada U.G. + 0.P. Acld 00000 eececccccnaa- Unannounced -vvevmrcacevaca
Plateau Resources, Ltd., Hanksville, Utah u.G. Acid cCch SX NH,
Rocky Mountain Encrgy, Casper, Wyomiag In Situ Acid None X --
TVA, Edgemont, South Dakota O.P. Acld 0 cecceeeaceaa Unannounced ~c-cccencanacs
Union Oil, Shirley Dasia, Wyoming 0.P, Acid cco sX NH,
Uuited Nuclear Corp., Martan Ranch, Wyoming U.G. + 0.P, Acid cCcD X N,
Western Nuclear, Inc,, Ford, Washingion 0.P, Acid CcCD sX NIl
Wyoming Minerals Corp., lrigrary Site, Wyoming Ia Situ Alkaline (NH,) None X -
Gardinjer Inc., Tampa, Florida None Noane None --- SX from Phosphoric ~--
Cyprua Mines Corp., Canan City, Colorada O.P. + U.G. Acid  seccvccnmecens Unannounced --wvcccncccnns
Freepart Mincrals, Uancle Sam, Louisianna Noac None None --- SX from Phosphoric ---
Texura Corp., Hobson, Texas In Situ Alkaline (NI1,)  ----ccemcaass Unannounceéd a----~cocucens
Solution Engincering, Three Rivers, Texas Recovery from Tallings Liquor None X --
Phelps Dodge, Bisbee, Arizona None None None -- Eluex from Cu Solutionyg--
Anamax, Tucson, Arizona Nune Noue MNone -= Eluex from Cu Solutions--
Kerr McGee Nuclear Corp,, Casper, Wyoming O.P. + U.G. == e~ecec-svace- Unannounced - --ccvuneooce
SOURCE: CSMRI Key to Table: 0.P. = QOpen P1it

U.G. = Underground

CCD = Countercurrent Decanctaction 1ian Thickeners

SS = Sand Slime Separacion

. Filc.= Filecers

IX = Column lon Exchange

sX = Solvent Extraction

RIP = Resin in Pulp

Table 3-2B

Process Variations Proposed for Future U.S. Uranium Mines and Mills
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methods and ore buying stations may increase. Experience has
shown that some ore buying stations may also become mill sites
when sufficient ore supplies are assured through exploration and

mining in nearky areas.

Beneficiation

For the few ores exhibiting suitakle beneficiation
characteristics, effective methods have included sizing,
radiocactive sorting and froth flotation to generate uranium-rich
concentrates. However, Dbeneficiation methoeds rarely yisld
tailings 1low enough in uranium to justify +the =aconomic loss as
compared to processing all of the ore in a mill. The most
successfui applications of beneficiation techniques have not been
for direct concentration of the uranium, but ‘for separation of
the ore into fractions, such as high and low lime and carkon or
sulfide fractions, which can be treataed more efficiently by
specific leaching methods. Nevertheless, beneficiation methods
will recsive increased attention as lower and 1lower grade oxes

are developed.

Qre Buying Stations

Certain corporations buy ore from several independent miners in a
given area. The individual lots of ore are processed through a
centrally located sampling plant to determine the uranium contzant
of the ore lot and expedite settlement payments. The primary
crushing is acccmplished at the sampling plant, and the crushed

ore is then shipped to the mill, which may be located some
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distancs rom the aampling plant. Examples of ore bkuying
stations include the four sampling plants located at Blanding,
and Hanksville, Utah (operated by Enexrgy Fuels and Platzau
Resources, Ltd.) and twoe plants located near Naturita and

Whitewater, Colorado (General Elsctric Coxrp. and Cotter Corp.).

3.4
Production Costs

Uranium production costs vary substantially with the location of
the deposit, stripping ratios, ors grade, mill capacity, reagent
consumption and many other factors. Resource requirements and
capital and operating costs for a mine/mill ccmplex are presentad

in the following section.

3.4.1
Resource Requirements

‘In addition fo the availability of an ors supply, important
considerations in evaluating a potential site for a uranium mill
are the availability of labor, utilities, land, s=rvices and
sources of required supplies in the area. Significant resource

requireaments for uranium complexes are:

a )

e TABOR - Total semployment in the uranium industry in 1975
was approximately 9,700, 2,100 in exploration, 5,400 in
mining and 2,200 in milling. Of the 5,400 individuals
associated with mining, 1,800 were employed as undexground
minars, 700 as open—pit miners and 1,200 as supervisors
and administrators.

A +typical 2,000 tpd open—pit conventional acid-leaching
operation (CCD, SX NH3 precipitation) employs
approximately 200 people. Of the 200, approximately
65 would be employed in the mill, 90-100 in the mine and
the remainder in administration and nonprocess functicns.
However, labor requirements vary dJgreatly and may be as
high as 400-450 people (Goodier, 1978). A total of aboutg/)

A
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4 )
230 people would be employed during the peak construction
phase of such a facility. For comparison, a typical 1,000
tpd underground mine would require approximately the same
labor force for mining as a 2,000 tpé open—-pit operation.

e UTILITIES - Requirements for utilities vary substantially
in the industry, but the range for uranium mills is
approximately (Merritt 1971):

Utilitv Quantity/Ton Or=a
Electricity 17 to 35 kw hr

Fuel 348,000 o 1,120,000 Btu
Water 1 to 7 tons

Steam 179, to 800 1lbs
Cempressed Aix 1,000 <o 13,000 £t3

Most of the power required by wuranium mills is for
crushing and grinding, and the wide range is due *to
variations in ore hardness and fineness of grind required.
Variations in fuel requirements are due to different
temperatures employed during leaching, the amount of
building heat required, and the availability of by-product
steam from various sources such as acid plants. Most of
the variations in water and air requirements are due to
the process employed.

Utility requirements for mines also vary substantially.
Power requirements for a 1,000 tpd underground mine were
recently reported at approximately 22 kw hr/ton. Of this
valuz, 50 percent was for ventilation. Water consumption
at the same mine was reported at 1,000 gpd (Harvey 1977).

Utility requirements for open—-pit mines ars considerably
different than those for underground mines. Electrical
power requirements are minimal, 2 kw hr per ton of ore;
principal applications ars pit dewatering and lighting.
Water requirements are normally greater in open-—pit mines
with dust abatement the major use. Consumption could
approach 50,000 gpd, although much of this could be
obtained from the pit itself. Fuel consumption fcr mobile
machinery represents the major utility requirement in
surface mining. Fuel consumption typically zruns from
10 to 40 gal of diesel fuel per machine pexr hour (Goodier,
1978). Mines using electric-powered equipment would
consume more electricity and less fuel. CLCepending on
quantities of overburden moved to recover the ore, fuel
requirements could range from 2 gal per ton.

e SUPPLIES - A large portion of the supplies necessary to
sustain an operation are the chemicals used in the milling
operation. It is not possible to generalize chemical

requirements, since the amounts will vary widely with the
type and amount of ore being processed. Acid requirements

\— J
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SUPPLIES, Continued

can vary from 40 lb/ton for an easily treated Wyoming ore
and 300-500 lbs/ton for a refractory ore from the western
slope of Colorado. For alkaline circuits, sodium
carbonate consumption can vary from 10 to 80 lb/ton of
ore. . Similary, oxidant requirements for an acid circuit
can vary from Q0 to 40 1b of sodium chlorate per ton of ore
treated.  Flocculating agents are used to aid the
liquid-solid separation process. Typical requirements are
0.1 lb/ton of ore. Ammonia requirements for yellowcake
precipitation are typically 0.4 1lb/lb of U30g. Other
chemicals which are used in a typical acid circuit include
lime, kerosene and amine organic extractant. Blasting
explosives also contribute significantly to supply
requirements.

LAND - Surface 1land requirements are directly related %o
the type of mining method used and the tonnage of ore
processed. A 5,000 tpd open—pit operation with a 30:1
stripping ratio will cover more surface area than a
1,000 tpd underground operation. The mine is the greatest
land consumexr, followed by the tailings pond, and then the
surface works. Several thousand acres may be involved in
a surface mining operation, and the workings of an
underground mine can cover as much area, although it is
not visible. Typical land regquirements for the mill and
other surface works range from 10 to 20 acres.

-

MAJOR MINE EQUIPMENT. - Machinery requirements for a
1,000 tpd underground and open—-pit mine are compared
below:

Underground Open-pit

14 long hole drills 3 shovels, 16 yd3 electric
3 Wagner trucks 2 rotary klast hole drills
11 tractor-trailer units 2 hydraulic backhoes, 3 yds3
1 single-boom jumbo 16 haulage trucks, 120 ton
1 road grader 9 haulage trucks, 35 ton

1 compressor 2,400 cfm 2 wheel loaders
1 compressor 1,200 cfm 7 push-pull scrapers
1 fan 4 crawler tractors
1 hoist 2 wheel tractors
3

motor graders

The equpiment fleet for the open—pit operation includes
the equipment needed for pre—production stripping.

SUPPORT FACILITIES - In addition to the mine, the mill and
the tailings pond, additional on—-site facilities are
required to service +the operation. Support facilitiesJ)
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which are common to all processing complexes include a
warzhouse, a mill maintenance shop, a repair and servics
garage for the mine mokile eguipment, an analytical and
metallurgical laboratory, a changehouse and an
administration building. Smaller, additional buildings
are requiraed for the scale house, fire truck garags,
lubrication o0il storage, flammakle liquids storage,
tailings water pumphouse, and tire storage.

Other on-site and off-site facilities may be necessary to
support the operation. Facilities which may be included
in this category include an acid plant and a town site.
Western Nuclear's operation at Jeffery City, Wyoming,
represents a good example of an uranium operation with a
town sit=.

N\ J

3.4.2
Capital and Operating Costs

Although the price of U3C4 for immediate delivery has risen from

55.95/1o in August 1971 to greater than $40/1k today (Nucleonics

Week, March 16, 1978), +the average contract price for U304 is
approximately $14/1b. Since many uranium producers have basn in
operation since the early 1950's, <the plants and all of or a
major portion of the mine development costs have been amortized.
For these reasons, these producers can ccntinue +to producs

relatively low—cost y=sllowcakse.

In contrast, +the newcomer to the industry must absorb the
inflation which has occurred since the 1950's and must,
therefors, demand a higher price for the product. Since 1973,
average mining labor costs have increased from approximately
$4.50/hr +to $8/hr. The <cost of drilling rigs capable of
1,000—foot depths has increased from 3$22/hr in 1970 +<o about
$65/hr in 1978 (Butts, 1978). Also, the cost of No. 2 diesel

fuel has risen over 350 percent in the past six years (Koch,
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- 1977) . These are but a few examples of the inflationary trends
affecting the industry. For these and other reasons, a new
producer in 1978 must receive $25 to $30/1b of U304 to break even
(recover capital and operating costs). This break—even value

excludes the cost of exploring for new reserves.

Due to the many possible combinations of mining and processing
methods, it is difficult to present cost generalizations.
However the capital expenditure required to develop -a
1,000—foot—deep ore body by underground mining methods is roughly
$80 to $120 (1978 dollars) per annual ton of ore recovered. A
2,000—foot—deep deposit could réquire capital investment of as
much as $200 per annual ton. The capital cost of a surface mine
can equal the capital costs of the underground mine. This
situation is due to the extensive pre-production stripping
required +to expose the ore Dbody. Mill capital costs are
presently abou# $15,000 per daily ton of capacity (1978 dollars),
assuﬁing a conventional acid-leaching, CCD and SX circuit is

utilized.

Example Costs for Open—pit Mine and Mill

Typical capital and operating costs for a new conventional 1,000
tpd open-pit mine and mill facility are summarized in Table 3-3
(Phillips, 1977).. The costs are based on milling 1,000 tpd of
ore containing 0.10 percent U304 with a stripping ratio of
22 cu yd/pound of Uz0g. Truck shovel combinations and scrapers
are used for stripping, and one—third of the stripping costs are

treated as pre-stripping. Trucks and front end 1loaders or
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Operating Costs $/ton Ore $/1b U308
Strip and Internal Waste 20.00 11.11
Mining 3.80 2.11
Milling 7.00 3.89
General and Administrative 3.00 1.67
Aquifer Restoration 0.80 0.44
Royalty and Severance Taxes 3.60 2.00
Total $38.20 $21.22
Investment $ Million
Mine Mobile Equipment 9.0
Mill and Tailings 15.0
Mine Shops and Electric 2.5
Roads, Site Preparation, etc. 1.0
Total Capital $27.5
Working Capital 3.0
Pre-stripping 7.0
Infraséructure 4.0
Total Initial Investment $41.5

SOURCE: Adapted from Phillips, April 1977.

Table 3-3

Economics of Conventional Mining and Milling
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backhoes are used for mining and an internal waste ratio of thrée
cu yd/ton of ore was assumed. Milling costs were based on a
conventional agitated acid 1leaching, solvent extraction, .and
precipitation qircuit. Acid consumpt;on was'assumedvat 60 lb/ton
of ore, and overall recovery was. estimated at 90 percent.
General and administrative expenses include on—site supervision,
office and safety personnel, and home office overhead allocation.
~Royalties and severénce taxes were estimated at 2 percent and
3 percent of gross revenue. Working capital allows for three
months of oéeration, and infrastructure including relocation ané
training expenses, housing subsidies and pre—startup
-admininstrative expenses. A 24-month construction period was

assumed, and the life of the property was estimated at 12 years.

Estimated'Costs for In—Situ Ileaching

The estiméted capital and opgréting costs fqr in-situ leaching of
a 0.05 éercent U30g ore body are shown in Table 3-4. The
estimate was based on a production rate of.250,000 1lb U308/yr
from a 500—-foot—deep deposit. The wells are drilled in a
line—drive pattern, and the number of production and injection
wells are 'equal. The injection and production wells are
constructed identically to allow reversal of functions, and each
well is 5 inches in diameter, cased with PVC and cemented to the
surface. . The wells are spaced at 50 feet, and the injection rate
was assumed at 10 gpm per wellf Well costs were increased- by

5 percent for failures.

The estimate was based on a sulfuric acid rather than ammonium
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Operating Costs

$/1b U308

Wells

Pumps and Piping

Power, Coring, etc.
Milling

General and Administrative
Reclamation

Royalty and Taxes

Total

Investment

12.10
2.32
0.86
6.76
1.40

0.34

2.00

$25.78

$ Million

Mobile Equipment
Mi11 and.Tailings
ARoads, Site Preparation, etc.
fotal Capital |
Working Capital
Initial Well Field
Infrastructure

Total Investment

SOURCE: Adapted from Phillips, 1977.

Table 3-4
Economics of Solution Mining

2.3

6.5

1.0

5.8

1.4

2.2

[
(9% )

$§14.7
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carbonate léaching, but the costs should not vary significantly.,
Mild st=zel would réplace FRP tanks for a savings, but most other
costs would remain essentially +the same. The uranium—bearing
liquor contains approximately 50 ppm U304 and is processed in ion
exchange columns followed by solveht extraction. Calcined
yellowcake is the final product. Cverall recovery was estimated
at 60 percent for the solution mining operation. Design and
cOnstructién of the in-situ complex was assumed to require
18 months, and the productive ;ife of the deposit was assumed at

12 years to match the open-pit model.

The reported values are presented to acquaint thne reader with
general uranium production costs. These cost figures should not
be used to project the economics associated witﬁ any existing or
. proposed facilities, since estimates vary greatly and depend on
many project specific conditions. For example, the Wyoming
Department of Economic Planning and Development estimates the
operating cost of a uranium mill to ke $10 per ton of oré
(Goodier, 1978).. However, certain uranium mill operators have
recently reported that total process chemical costs alone

approach 316 per ton of ore treated (Butts, 1978).

3.5
Mill Tailings Management

Mill +tailings, as discussed herein, are defined as gangue and
‘other refuse material resulting from the washing, concentration
and.‘treatment of ground ores. Their disposal is a critical part
. of the uranium milling process. In view of the long half 1lives

of the radionuclides in tailings, the integrity of related
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containment structures must be assured for many millennia, which

for planning purposes can be considered perpetuity.

Historically, in the mining industry, some practices have
resulted in unsafe structures, and disastrous failures have
occurred. The problem is complex. An interdisciplinary
tecﬁnical approach 1is required for safe and efficient
construction and operation. However, it is possible with today's

earth dam design practices to build safe, permanent structures.

Concerns related to environmental impacts add an additional
.dimension to uranium mill tailings management. Post—operational
reclamation and maintenance are important regulatory concerns in
preventing radiocactive contamination of <the environment and

exposure of the population to radiation.

3.5.1
Performance Objectives

The following performance objectives for management of tailings
from uranium ore processing plants were issued for industry
guidance by the Nuclear Regulatory Commission (NRC EBranch

Position, May 13, 1977).

‘\

Siting and Design

1 Locate the tailings isolation area remote from people such
that population exposures are zreduced to the maximum
extent reasonably achievable.

\ | )
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SITING AND DESIGN, Continued

2 Locate the +tailings isolation area such that disruption
and dispersion by natural forces is eliminated or reduc=d
to the maximum extent reasonably achievable.

3 Design the 1isolation area such that sespage of toxic

materials into the ground water system is eliminated or
reduced to the maximum extent reasonakly achievable.

During Operations

4 Eliminate +the blowing of tailings to unrestricted areas
during normal operating conditions.

Post-Reclamation

[y

S Reduce direct gamma radiation from the impoundment area to
essentially background.

6 Reduce the radon emanation rate from the impoundment area
to about twice +the emanation rate in the surrounding
environs.

7 Eliminate the need for an ongoing monitoring and
maintenance program following successful reclamation.

8 Provide surety arrangements to ensure that sufficient
funds are available to complete the full reclamation plan.

. Y

3.5.2 o
Site Selection for Tailings Impoundments

Factors which must be considered when evaluating the'éuitability
of candidate sites for tailings disposal include economics,
engineering feasibility, safety and environmental impact.
Environmental considerations are discussed in Chapter 4..

Site—specific factors are discussed below.

Location of Ore Processing Facility

Suitable 1locations for tailings disposal have an important

influence on the selection of candidate sites for the ore
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processing facility. The location of suitable disposal sites
may, in fact, limit sitihg options. The location of the mill is
also influenced by tne mine location and other factors, such as
population centers, transportation and availakility of services.
Accordingly, although certain physical conditions are raquired
for a suitable tailings disposal site, the final selection must
be made in conjunction with economic and engineering studies
which take into account siting of all elements of the mining and

processing facilities.

Topography

A natural depression offers ‘the most economical and, in most
cases, the safest structure for impoundment of tailings, but such
disposal sites axe rare. Dams across valleys or on side hills
must taks into account storm runoff waters and provide measures
to prevent erosion. A stock—pile type of dam on relatively level

ground can eliminate the damage from runoff water.

Engineering Geology

Thorough geotechnical investigations of a potential site must ke
made. Subsurface investigations must assess the characteristics
of foundations and abutments with <xrespsct +to seepage and
stability when subjected +to the 1loadings of the retaining
structurss. Geotechnical design parameters for all materials to
be utilized in the retention embankment and its foundation must

be defined. Discussions of necessary geotechnical



are presanted in NRC Regulatory Guide 3.11, and .in Colorado

Geoleogical Survey Guidelines, March 8, 1978.

Seismic Activity

The potential site for tailings impoundment may.be subjected to
the effects of seismic activity. Application of modern earth-dam
practices can result in safe impounding structures even in zones

of high seismic activity.
Meteorology

Meteorology is important for site. evaluation. Site
meteorological data and dispersion models are used to estimate

airborne contaminant movement, concentration and radiation dose.

Hydrology

Depending on the methods wused to seal an impoundment, <the
potential for seepage will vary. Seepage may enter streams,
rivers or potakle water supplies through surface runoff or ground
water recharge. Accordingly, tﬁe hydrologic characteristics of
the area are important factors in assessing'site suitability.
The .requirements for water tightness of the reservoir are thus

related to this hydrologic evaluation.

The . potential for flooding from heavy rainfall and runoff must
also ke evaluated to‘permit impounding structure design that will
"avoid overtopping, erosion and subsequent failure. This is
particularly true with c¢ross wvalley and sidehill types of

embankments which may be in the path of large volumes of storm

3-58



runoff. Adegquate storage volume and diversion channsls and
spillways must thexefore be wused to prevent pollution of
downstrzam surface waters. The stockpile dam and sukgrade
disposal structure are the least susceptible tc damage from

excess surface runoff.

Population Density

Population density and future growth projections should ke
considersd in the 'selection of a site for disposal of +tailings.
Tailings dams in the proximity of populated aresas may bLe

okjectionakls for the following reasons:

e Dangsr of structural failure with resultant releasz of
pollutants

e Fugitive dust and radiocactive emissions during operation
and after decommissioning

e Aestnetic characteristics

® Possiblz pollution of potable water sources

K\r Unauthorized removal of tailings

3.5.3
Current Tailings Disposal Practice

In the past, methods of disposing of uranium tailings have
generally followed the methods practiced <for waste disposal
from otaer mineral processing plants. A uranium tailings

disposal facility, however, has the following unique features:
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e Hazards from incorrect dam design or facility management
are potentially long—-lived because of the long half-life
of the radioactive substances involved.

e Required capacity is generally smaller than for a number
of other mineral processing operations (2,000 tons per day

compared to as much as 100,000 tons per day)..

S

Disposal and Retention Systems

Historically, the following metheds of tailings disposal have

been used:

e Disposal in bodies of water, including rivers, lakes and
oceans. This method is usually inappropriate for uranium

tailings due to the nature of the material.
e Disposal in depleted mines.
e Disposal in natural basins.

e Disposal behind embankments constructed of tailings or
borrow material.

\ J

Rarely can the activities of mining and milling be coordihated
well enough for the mined—out areas +to serve as the only
impoundment site for +the tailings. In addition, ground water
pollution potential often makes disposal in depleted mines
unacceptakble unless tailings can be dewatered. France and Canada
have implemented such treatment and disposal techniques. In the

United States, however, above-ground disposal has been used.

The predominant method for storage of tailings has been disposal

and retention behind one of the following embankments:
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e CROSS VALLEY - The embankment is constructed in a canyon
or vallay. The embankment extends from wvalley wall to

valley wall.

e SIDE HILL - The embankment is constructed on the side of a
slope. An impounding emkankment is constructed on the
downhill side, and the uphill ground surface completes the
enclosure.

e STOCKPILE — A complete embankment enclosure is built on
relatively flat ground.

\_ Y,

The cross valley method has been the favorad method in the past

due to the economics of a single emkbankment.

Transport and Deposition

Uranium tailings are often transported to the disposal area by
pipeline, since this method provides flexibility in siting the
tailings impoundment. Pipeline transport and methods of
deposition at the embankment are discussed in detail in Aplin and

Argall, (1977).

Tailings Embankment Lesign and Construction

The purpoée of tailings dam conétruction for uranium mills and
mines is to safely and permanently contain radioactive materials.
Current experience and knowledge in the field of geotechnical
engineering as applied to the design and construction of water
retention dams must bke used. With thorough investigation and
planning, economical designs can be pFoduced which ensure safety
and prevent contamination. Where it is not feasible to raise a
tailings dam in stages because of environmental, safety, ox

regulatory reasons, construction of a full-height water—retention
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dam from borrow material or placement of tailings below grade may

be required. -

Three methods of tailings embankment construction have commonly
been used in the mining industry. These include the upstream
method, the downstream method and the centerline method. Each
method begins with construction of a starter dike. . The
downstream - and centerline methods are shown in Figure 3-12.
"Each tailings dam must be developea to meet the specific
requirements of the particular project. Downstream methods of
dam construction should be used for all Lkut very minor dams

located in areas of low seismic activity." (Klohn, 1977).

o | ™
e THE UPSTREAM METHOD - Historically, this is the most
common method because it requires little rewoxrking of the
hydraulically deposited tailings. Tailings are discharged
_from the crest of a starter dike. Coarse material settles
out at the dike, with the finer matexrial settling further
upstream toward the pond. Each suksequent dike is shifted
upstream, with its toe resting on top of the previous dike
and its upstream portion over finer material from the
previous lift.

This type of dam is relatively simple and inexpensive, but
it has . inherent weaknesses. As the dam height is
increased, the critical failure surface shifts from within
the coarser material at the downstream face to the lower"
shear strength finer material and slimes within the dam.
Also, the phreatic surface may rise within the dam as  the
-£ill height increases. Upstream method impoundments are
particularly susceptible to failure by liquefaction under
seismic loading or to progressive failure due to erosion
or foundation instability. The U.S. Army Corps of
Engineers' position on using "upstream lifting (upstream
method) for the purpose of achieving an impervious barrier
and ‘provide zero discharge for radiocactive uranium mill
tailings is that it is not acceptable because structural
integrity can not be assured" (U.S. Army Corps of
Engineers, 1974).
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e THE DOWNSTREAM METHCD - Construction rcegins with an

impervious starter dam, which may Le ruilt as a
nomogeneous embankment of impervious borrow material or a
zonaed embankment with an upstream impervious zone. 1In the
case of the homogeneous emkbankment, an underdrain is
provided to control the phreatic surface (Figure 3-12).
The starter dam is compacted in layers to minimize seepage
and provide a strong structure. The height of the dam is
increased by adding material to the downstream face of the
dam. Material added to the embankment can therefore Le
compacted. The centerline of this type of dam shifts
downstream as its height 1s 1increased. The impexrvious
zone of the embankment can be carried into the foundation
Ly means of a core trench to create an impervious cutoff.
The extent of this core trench depands on tne geologyv cf
the foundation.

The major advantage of embankments constructed ky the
downstream method is the the kest modern pratice in the
design of earth and rockfill dams can re £follcwed.
Therefore, +they can be 1readily kuilt to withstand

earthquake forces. The major disadvantage of the
downstream method of construction is the large volume of
coarse material required for its construction. If

suificient environmentally-acceptakle coarse tailings arse
not availakle, borrow material may ke required. Also,
sincs the downstream slope changes continuously during
construction, some measures may Le required to prevent
wind and rain erosion.

THE CENTERLINE METHOD - A variation of the downstream
method, except that the crest of +the dam 1is raised
vertically without a horizontal shift (Figure 3-12).
Therzfore, only the downstream half of the retention
embankment is constructed with the structural integrity
and control which is possible for the whole embankment in
the downstream method. The advantage of this method is
that it reduces the required amounts of borrow materials.
The disadvantage is reduced structural stakility.

/

AN

A summary discussion of -tailings dam design

referencas are presented in Sodexrkurg and Busch (1977), Short

Course, CSU (1978), and NRC Regulatory Guide 3.11.

and additional
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Seepage Control for Tailings Embankments

Control of pore water pressure and seepage forces within a water-
retaining embankment. is essential to overall embankment and
foundation stability. Measures must therefore ke taken <o
maintain the phreatic surface at a low level within the

embankment. This is basic to modern earth dam design.

Seepage through the tailings embankment may .be reduced to a
minimum kty placing an impermeable seal of clay or a mémbrane on
the upstream face of the dam, or by deposition of tailinés slimes.
on the upstream face of the dam. These methods are only

applicable to the downstream method of emcankment construction.

In the downstream method, where +the whole emkankment 1is
controlied £ill, the zoning of the embankment is designed to
provide drainage within the embankment and keep the phreatic
surface low in the downstream zones. Where the embankment is one
homogeneous zone, an underdrain 1s used to draw down the phreatic
surface (Figure 3-12). In the centerline method, the same
techniques can be applied. However, the full hydrostatic
pressure may be present at the centerline of the embankment. If
a verticalAimpervious zone is incorporated immediately downstrsam
of the centerline in the constructed portion of the embankment, a
dam equivalent to a conventional dam with an impervious central
core can be r[rovided. In the wupstream method, no drainage
provision can be provided, and high phreatic surfaces may result
in many cases. This is one of the factors lsading to instability

of this type of structure.
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In some cases, sand drains or other vertical drains may be
required in the foundation beneath the downstream slope of the
embankment to control pore pressure due to underseepage.in

certain foundation geology.

In conjunction with installation of positive seepage control
measures within +the tailings embankment, various monitoring
systems should be installed in the structure. These should

include, as a minimum, the following:

e A system of piezometers in the embankment and foundation
to define the phreatic surface(s).

e A sespage collection system to monitor volume of flow.

e Wells downstream (i.e. down gradient) of the structure to
facilitate environmental sampling.

N\ J

Further discussion of seepage control measures are presented in
U.S. Bureau of Reclamation (1973), and Soderburg and Busch

(1977) .

Embankment Stabilization

Certain design and construction measures can be taken to
stabilize the impoundment and prevent structural failure. These
measures, listed below, may also assist in the reclamation

program, discussed in more detail in Chapter 4.
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The potential for erosion of the downstream slope of the
embankment may ke reduced by terracing, placing topsoil
and seeding, or placing riprap.

The potential for saturation and development of excess
pore pressures due to continued precipitation or surface
runoff inflow may Le reduced ky several means. Shaping
and contouring of the £inal impoundment surface will
prevant areas of ponding. Placement of a clay seal over
the final surface will minimize infiltration.

Placament of topsoil and seeding of the finished surface
will ennance the formation of an adequats vegetative cover
and will reduce erosion of the impoundment surface. 1In
arid climates it may be necessary to substitute coarse
rock to prevent wind and water erosion.
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SITING AND ENVIRONMENTAL IMPACT
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CHAPTER ¢




Siting and Environmental Impact

Once the decision has been made to proceed with a uranium mining
and milling project, +the operator must decide whare to site ths
facilities and how to mine and process the ore in the most
aconomical and environmentally safe manner pessible.  His
decisions are influenced by many factors, one of which is a
continuing concern on the part of government and the pubklic for
the eifects of mining and milling on the environment and public
safety. This concern is manifested in a series of local, state,
and federal regulations covering all phases of the project from
the pre-mining stage, throughout the active life of the projsct,

to post-reclamation surveillance.

The purpose of this chapter is to highlight the regulations and
procedures that the operator incorporates in his project plans,
the environmental factors affecting location of mine surtface
facilities such as ihe mill and tailings disposal sites, the
project activities and tkeir impact on the environment, and the

objectives of monitoring, surveillance and reclamation. .
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4.1
Regulations, Standards and Guidelines

Various federal and state agencies prepare and administer
regulations and standards to insure public safety and to protect
the environment during development of uranium resources. These
agencies also issue guidelines to assist industry in obtaining

the required licenses and permits.

a.1.1
Regulatory Authority

The federal agencies primarily involved in uranium mining and
milling are the Nuclear Regulatory Commission (NMRC) and the
Environmental Protection Agency (EPA). The NRC licenses and
regulates the nuclear energy industry +to protect the public
health and safety and the environment. It fulfills its
responsibilities through licensing and resgulation of nuclear
facilities, which include wuranium mills. It also develops
working relationships with the states regarding regulation of
nuclear materials such as processed uranium ore. The purpose of
the EPA is to "control and abkate pollution in the areas of air,
water, solid waste, . . ..and radiation" (U.S. Government Manual,
1976).. One of its activities is to coordinate and support
reseaxch and anti-pollution activities' by state and local
governments. . Several other federal agencies may also be
involved. For example, in the western states, federal lands are
administered primarily by the Bureau of Land Management (BLM) and

the U.S. Forest Service (USFS).. In addition to the BLM and USFS,
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the Bureau of Reclamation and the Bureau of Indian Affairs are
often involved in approval of rights—of-way or special land use

applications or operating plans.

Some of the NRC requirements and guidelines are:

(/: Requirement for Source Material License (10CFR40.31f) f\
e Requirement for Supporting Environmental Report (10CFRS51)

e "Standard Format and Content of License Applications for
Uranium Mills,"™ NRC Regulatory Guide 3.5 (Revision 1,
November 1977, distributed for comment)

e "preparation of Environmental Reperts for Uranium Mills, "
NRC Regulatory Guide 3.8, April 1973 (Being Revised
1978) .

e "Design, Construction, and Inspection of Embankment
Retention Systems for Uranium Mills,"™ NRC Regulatory
Guide 3.11 (Revision 2, December, 1977)

e "Measuring, Evaluating, and Reporting Radiocactivity in
Releases of Radioactive Materials in Liquid and Airborne
Effluents from Uranium Mills," NRC Regulatory Guide &4.14
(distributed for comment June 1977)

e "Quality Assurance for Radiological Monitoring Programs
(Normal Operations) Effluent Streams and the Environment,"
NRC Regulatory Guide 4.15, December 1977

e "Applications of Bicassay for Uranium," NRC Regulatory
Guide 8.11, June 1974. A Branch Position for uranium
mills is expected in 1978. :

e "Instruction Concerning Prenatal Radiation Exposure,"™ NRC
Regulatory Guide 8.13, November 1975, Revision 1 4)

The NRC is preparing other guideé for inspection and operation of
tailings ponds and for slurry pipelines. The NRC also prepares
branch position papers to serve as interim guidelines. Forx

example, the Fuel Processing and Fabrication Branch released
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"Branch Position: Uranium Mill Tailings Management" in May 1977,
which was later incorporated into Regulatory Guide 3.5. The
"Branch Position for Preoperational Radiological Environmental
Mdnitoring Programs for OUranium Mills® was  released in
January 1978. Another branch position paper for operational
monitoring will be issued. Copies of NRC regulatory guides and
branch position papers may be obtained from the U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555, Attention:

Director, Division of Document Control.

Some examples of +the EPA water, air quality, and radiation

protection standards are:

4 )

e ENVIRONMENTAL RADIATION PROTECTION STANDARDS FOR NUCLEAR
POWER OPERATIONS (40 CFR DPART 190, FEDERAL REGISTER,
VOLUME 42, NO. 9) were published January 13, 1977. New
dose limits for individuals were established to provide
protection for populations 1living in the vicinity of
uranium mills and other fuel cycle operations.

The standards specify that "operations... shall be
conducted in such a manner to provide reasonable assurance
that... the annual equivalent dose equivalent does not
excead 25 millirems to the whole body,... of any member of
the public as the result of exposures to planned
discharges of radiocactive materials, radon and its
daughters excepted, to the general environment from
uranium fuel cycle operations and to radiation from these
operations"™ (40CFR 190.10a). As defined in the standard,
the term "Yradiation" (40CFR 190.02e) includes (among
others) alpha, beta, and gamma rays, which are most
pertinent to wuranium milling. The standard defines
general environment as the "total texrrestrial,
atmospheric, and aquatic environments outside sites..."
(40CFR 190.02¢c) of fuel <cycle operations, such as the
uranium mill site boundaries.




When fully developed these standards will apply to uranium
mills and mill tailings. For instance, radon and its
daughters were not included in the initial standard. It
is expected that these standards will be updated as
additional data for the «radionuclides become available
(Hendricks, 1977).

e EPA LIQUID EFFLUENT GUIDELINES FOR ORE MINING AND DRESSING
(40CFRU440, Sukpart E) when revised will contain effluent
discharge 1limits. Presently the standards are suspended
by court order. Originally zero discharge 1limits were
specified.

e RESOURCE CONSERVATION AND RECOVERY ACT (RCRA) OF 1976
defines so0lid waste to include all radiocactive waste not
covared Dy the Atomic Enexrgy Act of 1954, as amended.
This includes natural radiocactive material and
accelerator-produced material. Those so0lid wastes to be
identified are being defined at this time in Section 3001,
"Identification and listing of hazardous waste.™

EPA draft hazardous-waste criteria include radium-226 at
concentrations equal to or greater than 5 pCi per gram
(gm) of dry waste and/or 50 pCi per liter (1) of liquid
wasta. Disposal of radioactive waste with activities
below this 1level would be regulated ky the states using
RCRA section 4004, Land Disposal Site Classification

Criteria. Waste exceeding the dry and/or 1liquid
concentrations of 5 pCi/gm ands/or 50 pCisl will be
ragulated by the EPA or a state through a

permit/enforcement regulatory program (RCRA Subtitle C)

A special study of mining waste is being conducted by the
EPA Office of Solid Waste. Following completion of the
study the standards for storage, treatment and disposal
(Section 3004) will be revised to define acceptable and
specific mining waste disposal 1limits and processes
(J.Yeagely, EPA personal communication, 1978).

. .

Since the 1late 1950's, the states have greatly increased their

responsibilities for enforcing and monitoring federal standards
and for measuring and mitigating environmental effects of nuclear
development within their borders. Congress enacted Section 274
of the Atomic Energy Act of 1954, as amended in 1959 to recognize

the interests ¢of the states in atomic enerqgy, to <clarify state



and federal responsikilities, and to provide for states to enter
into formal agreement with the Atomic Energy Commission (now the
NRC) for regulatory authority over source, kyproduct,- and small

quantities of special nuclear material (NRC, NUREG-0388, 1977).

States that have Dbeen delegated licensing authority for source
material under the Atomic Energy Act of 1954, as amended, are
called agreement states, and at this date .25 stafes have
developad their own programs and entered into formal agreemsants
with tha NRC. Kentucky was thelfirst to become an agreement
state, in 1962, and New Mexico was the last, in 1974. Agreement

states, in order of effective agresement date, are:

4 )

1. Kentucky - 1962 . 14. Nekcraska - 1966
2. California - 1962 15... Washington - 1966%*
3. Mississippi - 1962 16. Arizona.- 1967%*
4, New York - 1962 17. . Louisiana - 1967
5. Texas - 1963%* 18. Colorado - 1968%
6., Arkansas - 1963 19. Idaho - 1968%
7. Florida - 1964 ’ 20. North Cakota - 1969
8. North Carolina - 1964 21. South Carolina - 1969
9. Kansas - 1965 - 22. Georgia - 1969
10. Oregon - 1965 23. Maryland - 1971
11. Tennessee - 1965 24.  Nevada. - 1972
12. New Hampshire - 1966 25. New Mexico - 1974%
13. Alabama - 1966
*States with licensing programs for uranium milling activi-
ties (smith, EPA, personal communication, 1978)

\_ | )

States that have not entered into a formal agreement are called

non-agrzazment states. In these states, the NRC maintains its
regulatory authority. The non-agreement states include three

uranium-producing states: South Dakota, Utah, and Wyoming. Iin
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uranium-producing states: South Dakota, Utah, and Wyoming.. In
non-agreement states, £he NRC requires a Source Material License
to process or refine uranium ore once it is mined. The NRC
license requirements apply to ore that contains 0.05 percent or
more by weight of uranium or thorium or any combination of +the
-two prior to processing, such as grinding, roasting, or :efining
(10CFR 40.4h,k). Agreement states have been delegated (by
agreement) the authority for source material; they issue a
Radioactive Material Licsnse, which is comparable to . the NRC

sSource Material License.

4.1.2
Regulatory Procedures and Permit Requirements

The procedures and requirements for obtaining a permit to mill
uranium are similar for agreement and non-agreement states;
however, these vary from state to state and with each project.
Early during development of project plans the operator contacts
the regulatory agencies to coordinate compliance with their
requirements, which influence engineering and economic
feasibility of the project. The project team should work closely
with the agencies to insure completeness of the applications and
to develop a schedule that reflects their review procedures.
After clarifying what permits are required and what supporting
information is needed for each one, a program is finalized. The
applicant collects baseline data (including radiological data),
provides results of pre-mining investigations, prepares and files

applications, and submits detailed project plans.



4.1.3
Proposed Legislation and Requirements

Additional or revised requirements may result from:

e SAFE DRINKING WATER ACT - The states are to develop
programs to protect existing and potential sourcas of

drinking water.

e CLEAN AIR ACT AMENDMENTS OF 1977 — The amendments
authorize EPA to set guidelines for certain radioactive
materials that are presently unregulated (P.L. 95-95,
sec. .122(a)). The amendments also have significant
implications on uranium projects particularly in meeting
national ambient air gquality standards (NAAQS) and
prevention of significant deterioration (FSD).

EPA policy has been that NAAQS and PSD increments need not
be attained on company property where physical access by
the general public is precluded by fence or other physical
means (Environment Reporter, February 1978). The EPA is
reconsidering the policy which may lead +to a revised .
definition of "ambient air" on company property. Uranium
mines and mills would be among sources significantly
affected by a policy revision.

\— _J

The preceding comments are examples of changing regulations
prompted by new or revised legislation. The potential +technical
and economic impact of the legislation during its formulation and
after enactment is well documented in comments and reports Ly
government and industry.. Investigators and reviewers who need to
know more should consult the responsible agency and industry

groups. .

In a non-agreement state, the applicant's environmental report
accompanies the application to the NRC for a Source Materials

License..  The NRC then prepares a draft environmental statement.
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Agreement states have their own licensing pfocedures, which have
to be comparable to the NRC; however, an environmental impact
statement may not be required by some states. By example,
Table 4-—1 shows the permits and time required for the Sweetwater
Project uranium mine and mill in Wyoming, a non-agreement state
(NRC, NUREG-0403, 1977)..  The principal agencies involved were
the Wyoming‘Department of Environmental Cuality (DEQ), the State
Engineer (SE), the Wyoming Industrial Siting Commission (WISC),
the U.S. Nuclear Regulatory Commission (NRC), and the Bureau of

Land Management (BLM).

When an applicant files for permits or license approvals, the
lead agency will request comments from the other agencies
involved. Comments will be incorporated intc the environmental
statement. Project plans will be reviewed to determine if
regulatory and bonding reguirements are satisfied and if designs
have been developed to control and mitigate environmental effects

and provide for the safety of the public.

Public hearings may be <required once the lead agency review
process is complete. After the review and hearings thne permit is
either granted or denied. The permit may be granted with:
stipulations which c¢ften include performance bonds, specific

monitoring and post-reclamation procedures.

The concern about long—term effects of low—level radioactive
wastes has resulted in revised regulations for licensing wuranium
mills and improving tailings disposal systems. The regulations

require stringent project decommissioning and post-reclamation
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Granting Date of Date
Permit or License Authority Application Granted
License to Mine DEQ-LgD? Dec. 1976 Denied
Resubmitted Aug. 24, 1977 In Review
Permit to Mine DEQ-LQD Dec. 1976 Denied
Resubmitted Aug. 24, 1977 In Review

Air Permit to Construct DEQ—AQDb May 1977 Aug. 30, 1977
Air Permit to Install Mill DEQ-AQD — —

Processing Equipment
Sanitary Sewage Disposal DEQ—WQDc - -—
NPDES (wmine dewatering) DEQ-WQD Feb. 1977 Jul. 1977
Mill Waste Water (tailings) DEQ-WQD Jul. 28, 1977 In Review
Potable Water Supply DEQ-WQD Jul. 28, 1977 -—
Waste Treatment Plant

(BaCl2 treatment equipment) DEQ-WQD Jul. 28, 1977 In Review
Water Wells (18) sg? Jul. 28, 1977 In Review
Tailing Impoundment SE Jul. 28, 1977 In Review
Mill Settling Pond SE Jul. 28, 1977 In Review
Mine Dewatering Settling Ponds SE Jul. 28, 1977 In Review
Right-of-Way

Access Road BLM® Feb. 1977 May 1977

Transmission Line BLM -_— —_—

Access Road (Sweetwater County of Dec. 1975 Jan. 1976

County) Sweetwater Amended Jun. 1976
Sand & Gravel Pit (mining) pEQ-LQdf May 1977 Jun. 1977
Site Equipment Staging Approval DEQ—LQDg o Jun. 1977
Industrial Siting Permit WISCh Show cause hearing Mar. 19771
Oct. 1976
Zoning Change County of Dec. 1975 Apr. 1976
Sweetwater
Final Impoundment SE Jul. 28, 1977 In Review
Air Permit to Operate DEQ-AQD _— -—
Industrial Waste Disposal Site  DEQ-SwD) Aug. 1977 Withdrava
Refiled Nov. 1977

Source Materials License NRCk Nov. 1976

In Review

Wyoming State Engineer

Table 4-1

November 1977

€7.S. Bureau of Land Management

Obtained via Sweetwater County Engineers Office

8Modification to existing DEQ-LQD Permit 302 for open test pit

hyoming Office of Industrial Sitirg Admirnistration

iNegative Declaration issued March 1977

jUyoming Dept. of Environmental Quality-Solid Waste Management Div.
.S. Nuclear Regulatory Commission

3yoming Dept. of Environmental Quality-Land Quality Div.
bUyoming Dept. cf Environmental Qualiry-Air Quality Div.
Ciyoming Dept. of Environmental Guality-Water Quality Div.

SOURCE:

NRC, DES, NUREG-0403,
December 1977

Status of Approvals and Permits Required for the Sweetwater Project as of

%
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procedures. A Generic Envircnmental Impact Statement on uranium
milling (GEIS) is to be released by the NRC in the fall of 1978
which may alter future tailings disposal system designs and

modify recent license permit stipulations.

4.2 A
Factors Affecting Facilities Siting

Decisions for siting are made within a framework of engineering,
economic and regulatory requirehents. The location of the mine
is 1limited to where the ore is; however, some options are
availarcle for the mill location. Because the large tonnages of
ore have to be hauled to the mill from the mine, the mill should
be as close to the mine as possible. The cost of hauling many
thousands of +tons of ore is one of the major production costs.
Another restriction that 1limits the location of the mill is the
need for disposal and storage of the mill liguid and solid wastes
remaining after ore processing. With these restrictiqns in mind,
several sites within the project boundaries are usually examined
to select the best site for construction and operation of the
mine's surface facilities and for a disposal site for mine waste.
Similarly, sites are selected for the mill and its large volume
of wastes. Economics also dictate that the facilities be located
so that they do not interfere' with recovery of the ore. In
addition to +these engineering - and economic restraints, the
operator is required to design the mine and/or mill to comply
with environmental, safety, and radiation protection standards.
Environmental factors considered in opening a mine and siting the

mill and waste disposal facilities include:
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/k; Topogfaphy “\

e Population

o.Geology and geochemistry

e Hydrology, surface and groundwater
e Soils and overkurden

e Meteorology

e Biology

e Seismicity

e Cultural features

- J

These factors do not operate ihdependently but are relata2d to
each othar. For example, hydrology and meteorology are dependent

on the local topography. Topography, likewise, 1is controlled to

()]

a large extent by geology. Meteorology at the site is affacted
by hilly or zrugged terrain, 'since the winds are sometimss

channeled along canyons, gulliss and water courses.

4.2.1
Topography

The topographic features of a site influence the location of
facilities such as buildings, ote storage pads, .and waste
handling and disposal iméoundments. For instance, flat terrain
is favorad for the location of buildings, storage pads and roads,
while sloping terrain is favored for gravity flow from the mill
to the settling ponds and <tailings impoundments. Stable
topography is desirable for siting the permanent facilitiss.

Rapidly changing topography indiéates rapid erosion or other mass
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wasting processes that can cause problems for mine and mill
facilities. Of particular importance is the reduction of erosion

potential for tailings impoundments.

The topography of a site and surrounding area also influences
other environmental conditions, such as meteorology, hydrology,
and biology. These influences are discussed in the sections

pertaining to the specific conditions.

4.2.2

Population

The proximity to the nearest resident and to impoertant population
centers is of concern in deciding where to iocate mills or other
facilities that discharge radicactive or chemical contaminants %o
the environment. Population centers include humaﬁs, agricultural
plants and animals consumed by humans, economically or
esthetically valuable wildlife, and indigenous natural
populations that are important to the self-maintenance and
stébilit§_of ecological systems. "Proximity" refers to- the
nearness of a pollution source to population centers and the
degree to which pollutants can ~contact such populations. The
estimated radiation dose is calculated based on populatioas
living within 50 miles of a mill wusing expected radioactive
effluent release estimates, on-site meteorological data, and land
use.aﬁd population data. If no radiocactive 1liquids axe +to be
releaséd, estimates are then prepared for particulate and gasasous
effluents. These estimates include mill and tailings site

characteristics, the mill equipment pexrformance and exposure
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to man. Radionuclide doses to individuals are predicted at
reference locations such as the nearest permanent residence and

at the downwind project-site boundary.

4.2.3
Geology and Geochemistry

Geology 1is interrelated with the surface and subsurface features
of the site, the ore, the project activities and elimination or
reduction of environmental impacts. The types of rock materials
and their structure not only determihe wnere ore will ke found,
but influence surface drainage, ground water flows and soil
formation. This geologic information is kasic to predictihg the
faﬁe oL matérials, particularly subsurface efflﬁents. The
geochemistry of the sites are determined to show how uranium and
other elements and isotopes are distributed and how they may
migrate as a result of mining. Open pit mining will alter the
subsurfacé structure, soil profile, land form and hydrology of
the local area. To predict the effects of mining a geochemical
survey is conducted to provide rock, soil, overburden, plants and

water sample data.

The effects of geologic conditions wupon the propoéed project
construction and land use, and conversely the effects of <the
project wupon geologic processes and conditions in the area, are
evaluated to satisfy statutory requirements and/or guidelines.
For instance, "Recommended Guidelines for Preparing Enéineering
Geologic Reports for Uranium Mill Siting, Radioactive Tailing

Storage and Associated Land Use Changes" was issued by the
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Colorado Geological Suxrvey (CGS) in March 1978. The guidelines

include regulations of the State of Colorado and the NRC.

4.2.4
Hydrology

The source, quantity,'quality and ﬁovement of surface and ground
waters influence the design of mine facilities and the siting and
design of mill facilities and waste disposal systems. Water is
required for makeup for mill processes and domestic use.
Hydrologic systems can be major pathways for movement and
transport of radiocactive and chemical waste from mine and mill
sites to the environment. In cases where water for mill use is
taken from surface or ground water supplies, the impact of water
withdrawal on the supply must be evaluatad. Cepletion of surface
water flows énd drawdown of local water takles are generally
regulated and must not exceed agency requirements, which vary
from state to state. The quality of water used for domestic
purposes should meet minimum requirements set by state agencies,
usually following the U.S. Public Health Service recommended

drinking water standards.

The National Pollution Discharge Elimination System (NPDES)
permit specifies diécharge conditions in those instances where
surface waters are-to receive liquid discharges from a mines/mill
operation. Dilution capacity and water quality must be
determined .to predict environmental effects in the event of
accidental releases and undetected seepage} Dilution capacity

increases with flow rate and turbulence of streams. Changes in
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wéter quality, sﬁch as sediment load and dissolved solids
content, which might occur as a result of an accidental mine/mili
dischargs, may have a significant biological or esthetic impact
and possiblj provide potential £for focd chain_transport of

radionuclides and other contaminants to the human population;

Water systems are>major pathways of radionuclide transpor:t to the
environmant., Radionuclides in seepage rom tailings retention
systems can migrate downward into agﬁifers that may appear at the
surfacé as springs or seeps that may affect humans, crops, or
livestock. Conversely, radionuclides in surface waters,
resulting from aerial deposition or waste discharge, may enéer
the ground water system by infiltration and affect ground water
supplies. Therefore, +the relationship and inferactions of

surface water with ground water must be understood.

The depth tb the ground water table is important in the design of
mine dewafering systems. Where a mine penetrates the water
table, accumulated water must be removed (dewatering). The rate
of dewatering depends on the hydraulic chaf&cteristics and the
depth of penetration of the water table. In the majority of
cases, the natural ground water asséciated with uranium deposits
is not suitakle for consumpticn because the radium content
exceeds state and federal limits. This Water may require
treatment +to remove uranium, radium or otﬁer contaminants before
dischargs to comply with NPLES permit limitations. Depth to
ground water is also important in locating tailings disposal
areas, since a large distance-between ground water and tailings

is desirable.. Surface waters and natural drainages at or nesarx
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prospective mine or mill sites should be examined for erosion and
deposition potential. High water runcff from rapid snow melt or
thunderstorms can dramatically alter stream channels and cause
severe erosion. This should be of particular consideration when

Ssiting mill tailings retention systems and ore storage piles.

4.2.5
Soils and Overburden

The soils and overburden at a potential site are sampled and

tested to determine the following:

)

Chemical and physical properties ‘\

e Presence and concentration of radiocactive or toxic
materials

e Reclamation potential
e Suitability for construction of embankments

e Suitability for construction of surface facilities

K\: Susceptibility to erosion by wind and water )

The analyses of soils and overburden ars routinely performed to
evaluate project sites. The relationship of the soils and
overburdsen to radiocactive or toxic materials movement at the mine

and at mill sites is also part of the evaluation.

Soil and sediments usually become a major reservoir for
potentially toxic or radioactive materials at mines and mills.
Material particles are subject +to wind erosion and off-site

migration, depending upon particle size, moisture content,
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vegetation cover, wind speed and oﬁher factors. 1In an open-pit
operétion overkturden properties are detezmined,.since it is often
stored, backfilled or used as a substrate in reclamation. Soil
properties which affect dispersal of these materials in the
environment include porosity, permeability, ion exchange

capacity, and erodibility.

If tailings are to eventually be covered with topsoils from the
site, the porosity and diffusion coefficientsAwhich affect radon
diffusion should be known. In general, clay soils provide a more
efficient barrier to radon migration than coarse-textured soils.
C;ay is also somewhat advantageous as a sukstrate for tailings
ponds because of its large <capacity to adsorb and retain
dissolved radionuclides (whicker and Johnson, 1978). High
adsorption capacity of soil and geological substrate can provide
effective protection of subéurface aquifers from radionuclides
and undesirable chemicals. The textural properties of surface

soils also affect erosion . potential and thus determine their

suitability in tailings management and reclamation.

The nature of soil and earth materials in contact with-sﬁrface
and suksurface water affects surface wéter exchange of dissolved
minerals and hence, radionuélide migration. In general, the
greater the ion adsorption capacity of such materials, the more
effectively elements and radionuclides will be retained near a
mine or mill site and result in lower concentrations of dissolved
radionuclides in water. A disadvantage of fine-grained, highly
adsorkent sediments in surface dfainages is that tﬁey are subject

to scouring and 1long-distance displacement during high water
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runoff periods. In some cases, adsorbent clay beds are
advantageously protected by overlying gravel and boulders in

streamkeads.

4.2.6
Meteorology

Meteoroiogical conditions influence the dispersion and deposition
of éirborne effluents, such as stack releases of resuspension of
radionuclide-ftearing particles eroded from ore or from dry mill
tailings. Wind direction determines. the overall directional
spread of airborne materials. A respresentative "wind ross" is
used to evaluate proposed mine or mill sites. A wind rose 1is a
graphic representation of wind direction and speed frequencies
based upon data gathered over scme period of time. Thesa data
are used to predict prevailing wind direction, mean wind speed

azimuth, and frequency of occurrence.

Understanding wind speed regime 1is necessary to pradict
fadionuclide movement in the vicinity of a mine or mill sit and
to design an appropriate monitoring program when cperations
begin. Sources of airborne radioactivity dispersed in the
atmosphere largely by wind action are radioactive 222Rn gas,
which. emanates from uranium ore and from mill +tailings; small
particles of yellowcake, which are released from dryer stacks;
and ore and mill tailings dust generated Lty human activity or
Qind resuspension. According to typical Gaussian plume models
(Turner, 1970; Smith, 1968), the air concentration at some point

downwind of a source is inversely proportional to the mean wind
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speed which acts upon a plume. Thus, higher mean wind speeds
will wusually reduce air concentrations and potential radiation

doses downwind from such sources.

Another meteorological feature which affects atmospheric
dispersion of air-rForne materials is the wvertical stability of
the atmosphere. Vertical stability depends 1largely upon the
temperature structure of the atmosphere. Unstable conditions
promote mixing of air—korne contaminants with the atmosphers and
stable conditions do not. Vertical stability is often descriked
by .the Pasquill stability categoxry (Turner, 1970), which can be
predicted reasonably well from wind speed and solar insolation or
wind direction variability (wind sigma) data. These data vary
according to regional and local topograpiny, the capability of the
earth's surface to absorb and refleact solar radiation, and other

factors.

Precipitation influences the migration of materials.from mine and
mill sites. For instance, precipitation increases surface
moisture which in turn stabilizes otherwise wind-erodible soils.
On the other hénd, high runoff- may cause undesirabls water
erosion of ore and tailings. Precipitation also reamoves
particles from the atmosphere through the processes of "washout®
and Mrainout" (Slade, 1968). This can affect the spatial
distrikbution of radionuclides as well as their route of intake by
animals. = Precipitation patterns also affect ground water and the
subterranean migration of <radionuclides. Moisture can also
affect the‘ ;ate of rédon amanation ﬁhrough soil cover,

particularly in a ground frost situation.
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The tendency for ore and taiiings dust to become resuspended and
entrained in the air stream as well as the process of saltation
increases sharply with wind speed. In fact, some studies have
shown that soil movement is proportional to the cube of the wind
speed (Skidmore, 1976). The net effect of wind speed upon
radiation doses around uranium mines and mills depends on the
nature of the ore and tailings as well as other factors..
Therefore, a general statement cannot be made as to the
feasibility of windy sites, except that the problem is complex

and should be evaluated for each potential site.

4.2.7

Biology

The ecology of a prospective site and the surrounding area may be
affected by mine and mill operations. Of primary concern are the
kinds and numbers of organisms and their direct value tc man, or
their value for maintenance of the character and stakility of the
environment. Sound - management decisions are particularly
important if potential sites are on or adjacent +to lands with
crops, domestic 1livestock, important game and fish species, or
rare or endangered wildlife, because the consequences of
operational mishaps or accidents such as tailings dam failures
would ke worse in such areas than in biologically unproductive
arease. Furthermore, food-chain transport cf radioactive
mateiials and heavy metals under normal operations may be
enhanced in areas that are productive in agriculture, fish ox

wildlife.



Agriculture, crops and livesfock operatioﬁs adjacent to a mine-
mill project have considerable potential to Lecome contaminated
with radionuclides or toxic materials 1like selenium or
molybdenum. Cases have existed in the past where contaminated
irrigation water and dust from operations have resulted in
contaminated crops, and milk and meat products, which constitute
part of the human food chain (Whicker and Johnson, 1978).. A case
of molybdinosis in cattle was reported near an operation where
uranium was zrecovered from lignite ash (F. Smith, EPA personal
communication, 1978). While the radiation or toxic exposures to
crops, livestock and humans resulting from such contamination may
be acceptable and within standards and regulatory guidelines,

such exposures can ke minimized through carcsful site selection

and appropriate environmental controls.

Fish and game species have economic aﬁd ecological values in
themselvas, and in addition are consumed to varying degrees Dby
humans. Fish and wildlife can use areas not readily controlled
by human intervention. For example, waterfowl can use ponds
associatzd with mines and mills, become contaminated, leave the
ar=a, and then be consumed by humans. Most terrestrial wildlife
can cross ordinary fences and feed adjacent to a tailings
reténtion system and ingest contaminated so0il and vegetation.
Certain animals can burrow into dams or reclaimed tailings piles,
reducing the integrity of the stabilization materials. Fish can
concentrate to a remarkakle degree certain radionuclides which
enter watercourses. For _these' and other reasorns, siting

decisions should give due consideration to natural populations
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and to a reduction in radiocactive emissions.

4.2.8
Seismicity

Earthquakes have the potential to disrupt the integrity of
tailings dams, mine structures and mill processing facilities.
Ground motion and subsegﬁent dynamic response could cause
structural failures which c¢ould result in the release of
radiocactive and chemical materials to the environment. Siting
and design of mines, mills, and waste retention systems should be
consistent with the probability of damaging ground motion. Zones
of specific earthquake magnitude have been delineated on a
regional basis, and specific sites can be examined locally for
faults and other evidence of geologic instability. For
seismicity information in the U.S. see Algermissen and Perkins
(1976) , Coffman and von Hake (1973) and NOAA (1973)..

" 4.2.9
Cuitural Features

Historical and @ axcheological sites in the project area may
reguire special consideration in the location of mine and mill
facilities. These include natural landmarks and historic sites
or areas listed in the National Registry of Natural Landmarks
(37 CFR 1496) or the National Register of Historic Places.
Contact with the State Liaison Officer - Historic Preservation or
Historic Preserxrvation Cfficer 1is usually required. Procedures

for protection are given in 36 CFR 800.
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The archeological significance of +the site must alsoc be
determined. Steps to recover historical or archeological data
are required by the Bistoric and Archeological Preservation Act

of 1974 (PL 93—291), and may affect the development of a project.

4.3
Non-Radiological Impacts

The potential for environmental impacts from uranium mines and
mills is greatest during the operational phase of the project
when ore is extracted, transported and milled, and wastes are
disposed of. The importance of environmental concerns which are
generally associated with a uranium project varies with the type
of project, method of operation and a multitude of site-related
characteristics. Therefore, it is not possible to qualify
potential impacts, or in many cases even to predict if they will
be significant, until after the project is defined. The projéct
opeiator has the responsibility to limit operational impacts to
acceptable levels, and he must provide evidence of this in
environmental reports or other documents which are iequired to
license the project. 1In all cases, as a condition of licensing,
impacts will ke limited to comply with regulations set by federal
and state agencies +to protect the health and safety of the
public. In order to limit environmental 4impacts to acceptable

levels, it is necessary to:

e Identify potential impact sources
o Assess the importance of impacts from these sources

e Control impacts, when necessary, by employing specific
design or operational measures
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The . potential non-radiological impacts for a mine and mill
include changes in land use, topography, surface and ground water

quality, air quality, and kiology and socils.

4.3.1
Land Use

Mining and milling operations which remove land from other uses

for the duration of the project include:

4 )

e Exploration and pre-mining investigations
e Mine development and operation

. Overbuﬁden disposal

e QOre stockpiling

e Roads for access and ore haulage

e Utility corridors

- J

Table 4—2 lists the amount of land that has been used for various
uranium projects. It is readily apparent from this <table that
specific 1land requirements cannot bLe generalized or pradicted
from the type or size of an operation. The impacts are more a
function of 1location and size of ore deposits, mining and

extracticn methods, and duration of activity.

The 1land use impacts are mitigated by disturbing as little area
as possible and by reclaiming the areas disturbed after

operations cease, as discussed in section 4.5.

Although most states require reclamation back to productive use,

the land use capacity in some areas may ke permanently altered.
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Mill Mine

Proiect Present Proiected Tailings Boads Dewatering Total
Lucky HcMine

Gas Hills, Wyoating

(open pit-acid leach) 50 23550 ‘500 150 — - 3150
Bear Creek Project

Converss County, Wyoaning

(open pit~acid leach) 130 2060 153 104 - - 3000
Sherwood Project

Spokane Indian Resarv.,

Washington

(open pit-acid leach) 40 155 106 —-— _— 320
Irigaray Project .

(in-situ) 5 1000 -— -~ -— ~~1000
Sveetwater Project

Red Degert, Wyoaing

(open pit~acid leach 1

and Heap leach) 87 (4007) 1600 300 30 3450 6000
Union Carbide

Gas Hills, Wyoming 2

(open pit-acid leach) 225 1500 — -— - -— 1725
Rio Algom Mine less than 1

Moab, Utah (2-18* holes

(undarground mine) plus head

aill and tailings 2 structurss) 25 -— -— 27
Atlaa

Moad, Utah 250 occupied no average (included - -— 250

uill acd tailinge 500 afte (supplies ia will) .

’ from v30
different minas)

1

Heap leach and reclamation
zIncludu tailings

SOURCE: Compilad by SWEC

Table 4-2
Approximate Land Requirements (in acres) for Various Mine and Mill Activities

- - /
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For instance, waste dispésal areas such as overkurden dumps and
tailings piles would have restricted grazing 1if a vegetation
cover were not reestablished or if radioactive releases were not
controlled. The highwall and pit 1left after open pit mining
would constitute a permanent alteration in land use capability,

unless reclamation were undertaken.

4.3.2
Topography

Some topography alterations occur as parxt of any project
operation. Large topographic changes may zresult from open—pit
operations, which generally lsave a highwall, a small pit, and .a
spoils disposal area higher than the local terrain. Also, the
construction of mill tailings impoundments and the deposition of
tailings into them creates a permanent change in topography.
Additional minor changes. are caused by roads and other
transportation facilities, leveling for construction, drainage
diversions, and construction of heap  leach pads and in-situ

facilities in some proposed operations.

433
Surface and Ground Water

Surface and ground waters in the vicinity of uranium projects may

be affected by a number of project—related activities.

The significance of a particular potential impact on site
hydrology is closely related to the type of project, method of
operation, and specific site characteristics. Activities which

have potential for hydrologic impact include the following:
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(,; Mine dewatering ‘\
e Water makeup requirements

¢ Liquid waste disposal

¢ Surface runoff J}

\—

Mine dewatering is required when a surface or underground mine

penetratss the local ground water table. Water accumulates in

the mine and must be removed so that operations can continue.

Mine dewatering may affect surface and ground water in three
ways: 1) by lowering the local ground water table, 2) by changing
ths water gquality in surface and ground water systems, and 3) by
increasing the flow in liocal water systems. Localized 1lowering
of the ground water table (drawdown) usually results from
dewatering activities and may interfere with +the production of
wells drawing from the same aquifer or from a hydraulically
connected aquifer. Dewatering may also change the quality of the
ground water. As water is continually removed, transport of
water from surrounding areas to the area of pumping will occur.
If this water is of different quality than the local water, a
change in composition will occur. Surface water quality and flow
may Dbe changed if mine water is discharged. The magnitude of
these changes 1is dependent on the respective volumes and
compositions of the discharge and receiving water. The discharge

of mine water would have to comply with NPDES permit limitations.

Water makeup rxequirements for uranium mills are reported to range

from 230 to 400 gallons of water per ton of ore for acid leaching
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circuits and approximately 60 gallons per ton'for an alkaline
leaching circuit. Mills using the acid 1leach process require
more watar than mills using alkaline leaching because more of tne
alkaline 1leach solution may . be recycled. Makeup water is
obtained - from mine dewatering or from wells. 1In general, theb
withdrawal of makeup water wusad in a uranium mill does not

adversely impact local water supplies.

Liquid waste disposal is required in +the operation of
conventional acid and alkaline leach mills. In most cases, the
wastes are mixed with spent tailings to form a slurry, which is
transported to the tailings disposal arxea; discharge of wastes to
surface waters is not generally practiced. There is generally
some recycling of sluice water.:@ The primary waste produced 1is
spent l=aching solution, which also contains small amounts of
organic process solivents, mostly kerosene. Crganics lost to
tailiﬁgs ponds have been «reported to ke 20 and 160 gpd forx

1000—-tpd mills and 3000—tpd mills, respectively.

Ligquid waste disposal may impact surface and ground water
gquality. Since liquid wastaes are generally impounded with mill
tailings, the primary impact of disposal will result from seepége
from the tailings pond. Seepage wiil affect the quality of
surface and ground water. Thé amount of seepage of tailings
solution from the pond depends on the depth and size of the pond,
the tailings placement and dam construction, the soil
ancountered, and liner, if any, used. Two reportad seepage rates

are 45 gpm and 75 gpm for 50-acre and 150-acre impoundments,



respectively. Seepage in recent impoundments has been reduced by

impervious clay and plastic liners.

Seepage from the tailings impoundment system may have high
concentrations of dissolved solids, including heavy metals, and
will increase the concentration of these materials in the ground
water. Of Eaitidular concern are the metals'which exhikit higher
solubilities at low (acidic) pH and are leached from the ore with
uranium in acid leaching. Alkaline leaching is a more selective
uranium ieaching process and does not dissolve as many metals as.
acid leaching; therefore, the impact of a wunit wvolume of acid
leach tailings solution on dissolved metals cohcentrations in
ground water is greater than for a unit volume of alkaline 1leach
tailings solution. Also, the alkaline lezach process produces
approximately one—fifth the liquid waste volume of the acid leach
process. The quality of surface waters may ke altered if ground

water reaches the surface.

surface runoff from disturbed areas may affect the quality of

surrounding water and may cause erosion. Due to differences in
material characteristics, surface runoff from. overburdén and
waste rock dumps may contain .dissolved solids not normally
present in surface runoff. Also, prior to reclamation, sufface
runoff can carry sediments frbm disturbed areas, including
tailings impoundments. This runoff may impact local water
quality. Since overkurden dumps and - backfilled mines (surface
mines) contain material that has been excavated and not
recompacted t§ its original density, runoff characteristics from

these areas could be different than from surrounding material.
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These differences could result in an alteration of local surface

and ground water characteristics and quality.

Reducing Hydrolecgical Impacts

The impacts of the operation of wuranium mines and mills on
surface and ground water systems can ke reduced or mitigated in
most cases. Alfhough the lowered ground water takle resulting
from mine dewatering is unavoidable, inﬁerference with the
production of local wells may be overcome ky deepening existing
wells, drilling new wells or providing an alternate source of
water. Mine water <can be used within  the project for dust
control and mill makeup +to reduce +the quantity of water

dischargzd, thus reducing the impact on the receiving water body.

Séepage of 1liquids from the tailings impoundment may ke reduced
by proper impoundment location, distribution of +tailings behind
the dam, and installation of an impermeable liner. Because
complete elimination of seepage is.difficult due to faults that
develop in the 1liner, the ground water needs to ke monitored
periodically. ‘

Rundff' and dam seepage may be collected ky a smailer, second dam
downstream of +the impoundment and returned to the tailing
impoundment, thus- preventing discharge of tailing solutions to
surface wéters or drainages. Drainage ditches are employed to
divert.runoff from the overburden dumps and from the tailing area

to minimize the quantity of precipitation entering these areas.

Solution mining impacts are different from those of conventional
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mining and milling, primarily because leaching solution is
injected into the ore body. 'This process changes the quality'of
ground water in the wuraniferous aquifer. The migration of
leaching solution from the field is controlled by changes in the
pumping rate (injsction and withdrawal) of solution. At the.
completion of operations at each facility, ground water will be
reci:culgted and treatad to festore water quality | to an
acceptable level. Disposal of 1ligquid wastes is. usuaily by
ponding, and seepage from the ponds may alter water quality, as

previously discussed.

Heap leaching is a process used to recover uranium from low—grade

ore énd tailings from abandoned mills. Process water
requiremants for heap 1leaching have bLkeen estimated to be
approximately 200-300 gallons per ton of ore. Since this watér
is completely recycled, makeup is only required to replace losses
such as svaporation. After a water inventory has been achieved,
makeup reguirements are low. In ‘a properly constructed and
operated heap leaching facility, there should ke no ligquid waste
discharge.. All process water (that is, leaching solution) is
recoverad and recycled to the heap leaching area or to the
uranium mill as makeup; Seepage of leaching soluticn to ground
water may océur if the pads for the heaps are not impervious or
are faulted. Leaching solution would ke of low pH with a high
concentration of metals, and could affect 1local ground water
quality. Proper construction of the pad minimizes seepage from

the heap.
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4.3.4
- Air Quality

Uranium mining and milling produce +two types of air-borne
contaminants— gaseous wastes and fugitive dust. Typical

air-torne emissions from mills are listed on Table 4. 3.

Gaseous wastes result from the combustion of fuels in mining and

from vaporization of mill process fluids. Mining equipment is
frequently diesel or gasoline powered, and the combustion
products are discharged to +the atmosphere. The combustion
products of concern are unburned hydrocarbons, carbon monoxide,
nitrogen oxides, sulfur oxides, and suspended particulates. The
quantity of combustion gases released to the atmosphere depends
on the number, size and types of mine equipment used and is
increased by on—-site generation of process steam and electricity.
Typical air—-borne emissions from heavy equipment are given on

Table 4.4.

Although fuels presently used £for on-site generaticn (e.g.,
propane and light fuel o0il) are relatively clean, use of coal in
the future may result in increased emissions of sulfur oxides and
particulates. Gaseous wastes occur in the milling process in the
form of vaporized fluids. These wastes occur in the process area
itself (that is, the mill building) and from pond and tailings
impoundment surfaces. Since the majority of wuranium mills
operate with an acid leach circuit, more experience with this
process. is available than for the other listed processes. Fluid
vaporization from alkaline leaching circuits has been estimated

to be very low. Ammonia releases from in-situ leaching (ammonium
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ve-v

-

Process Liquids Vaporization
Sulfur trioxide
Hydrocarbons1

Chlorine

Ammonia

Yellowcake Dust

Fugltive Dust from
Dry Tailings Surface

1

2
SOURCE: Compiled by SWEC

Table 4-3

Acid Leach Alkaline Leach In-Situ Leach

0.2 - 2 1b/day — -

100 - 180 1b/day NE NE
0.2 - 0.4 1b/day NE NE

g — 55 — 802
0.25 - 5 1b/day 2.5 1b/day -3
0.4 - 4 1b/acre-hr 0.4-4 1b/acre-hr —_

Hydrocarbons are primarily kerosene with small amounts of amines and alcohols

Based on ammonium carbonate as the lixliviant

Typical Airborne Emissions from Uranium Mills

Heap Leach

3 values not reported but would be within range for an acid leach mill of similar size




GE-p

Carbon Monoxide
liydrocarbons
Hitrogen Oxides
Sulfur Oxides

Suspended Particulates

Surface Mine

Mining
1b/day

295
36
485
36

17

Stripping
1b/day

328
54
539
40

19

* Reported values Increased to the next whole number

Underground Mine

1b/day
42
7

68

SOURCE: EPA, Assgessment of Environmental Aspects of Uranium Mining and Milling,

EPA 600/7-76-036, December 1976

Table 4-4

Estimated Emissions from Heavy Equipment at Surface and Underground

Mines

\




carbonate 1lixiviant) are primarily from lixiviant storage

treatment and disposal pond surfaces.

Fugitive dust is produced in both mining and milling. In the
mining process, it is produced from vehicular traffic (primarily
ore transport), and its impact is generally 1limited to the
vicinity of the mine and haul xroads, except under adverse
meteorological  conditions. Mining also produces dust from
overkurden and ore handling. In the milling process, yellowcake
-dust can be réleasedAinto:the atmosphere. The primary impact of
fugitive dust 1is discussed under +the effects of -mining on

Vegetation in Section 4.3.5..

Reducing Air Cuality Impacts

Mitigation measures to contain gaseous wastes are usually
unnecessary because the quantities released into the atmosphere
are small and have 1little impact on amkient air quality. In
addition, fuels used for combustion are relatively clean  fuels
such as propane and light fuel oil, although burning of coal may
increase in the future. Vaporization of process fluids generally
occurs at a low rate, and the impact on amkient air quality is
negligible. Some organics (mostly kerosene) may be contained in
the mill tailings and can evapdrate; however, since the quantity
of organics is low and evaporation is primarily from the surface
of the tailings area, the rate of release is low and the impact

on ambient air quality is also negligible.

Fugitive dust from vehicular traffic and ore crushing and
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handling may be minimized by using wet processes and dust—-removal

equipment.

Yellowcaka dust resulting from drying and packaging is generally
recovered, and the impact on suspended particulate levels is

negligible.

4.3.5
Biology and Soils

Loss and displacement of soils and destruction of vegetation and
wildlife habitat are impacts of mining and milling. The removal
of vegetation and soils from disturbed areas represents a loss of
primary biological productivity on which +the local ecosystems
depend.. Some areas, such as the mine and waste dumps, will be
temporarily distrubed and will be reclaimed during mining. Other
areas, such as the mill site, tailings disposal area and roads,

will ke reclaimed after operations cease.

Soils are severely disrupted by most mining activities. Soils as
pedogenic units have developed into horizons ky natural processes
of weathering and biological activity. These soil units are
destroyed by removal, transport, and stockpiling. The character
of replaced soils will change and, if left stockpiled for long
periods of time, will lose the soil organisms responsible for
decomposition and nutrient c¢ycling. These soil bioclogical
processes are only slowly restored in soils, and may cause
reduced plant growth during the early revegetation stage..
Fertilizing can partially compensate for the reduced biological
soil activity. Vegetation can be affected from dust deposited on

leaf surfaces, which may reduce plant vigor. This occurs uéually
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along dirt =roads and in the immediate vicinity of mines. The

problem is minimal and of short duration.

Wildlife effects are related first to direct loss of animals by
construction and mining activities and, secondly, by the loss of
food and shelter when plant cover and hakitat are destroyed.
There is permanent loss of habitat during the life of a project
by roads and buildings, and mostly a temporary loss of areas
disturbaed by mining activity, such as an open-pit operation.
Underground mines generally disrupt such small acreage that the
effect on wildlife is insignificant. 1Increased human populations
and travel to mining and milling activities impact wildlife such
as large mammals and predators that are not tolerant of human
disturkances. Other problems are associated with increased human
activity and include poaching and shooting o¢f animals in the
vicinity of remote projects, increased traffic and road kills,

and the use of off-rocad yehicles.

Mine dewatering may occasionally create temporary aquatic habitat
where none previously existed. The effect of new aguatic habitat
may increase production and provide hakitats for waterfowl and
aquatic organisms. GCne possible detrimental effect of adaditional
water is that the survival of wildlife that may come to depend on
it would be threatened by its removal (Wyoming Game & Fish,

personal communication).

The impacts on biology and scils can be reduced by reclamation

procedurzs, as discussed in Section #4.5.
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4.4
Radiological Impacts

Man 1is subjected +to low-level exposure from natural radiation
sources that are a part of the natural ambient environment.
These uncontrollable exposures result from radiocactive materials
in the earth's crust, radionuclides in air and water, and cosmic
radiation (EPA, 1977). As a result also of man's activities, he
is subjected to additional exposure, which can be controlled.
These radiations have been called technologically enhanced
natural radiation (TENR) to distinguish them <from natural
terrestrial and cosmic radiation (EPA, 1977). TENR can result
from a number of sources, including weapons testing, medical
treatment and diagnosis, uranium mining and milling, fertilizer,
supersonic air travel at high altitudes, "and burning of fossil

fuels.

In uranium mining and milling, only 10-15 percent of the
radiocactive material in the ore 1is removed; +the remaining
85-90 percent remains in mill tailings. The mining and
processing increaseé the potential for TENR to human populations
and ecosystems in the vicinity of wuranium projects.. Such
exposure has the'potential, if not controlled, of increasing
genetic and somatic effects, such as cancer in occupationally
exposed workers and others near a mine or mill. The dose
commitment +to populations around uranium mines and mills is dnly
a fraction of natural radiation doses and is also much less than
medical radiation doses. Quantitative comparisons bketween

radiation dose from natural background radiation, from medical
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sources and from uranium facilities are provided for a proposed

uranium mill in the Chapter 4 appendix.

The annual dose commitments to individuals and populations in the
vicinity of a uranium mill are predicted and supplied with the
application for a new or continued NRC Source Material License.
Included in the supporting data are radiation doselrates from the
natural environment 1in the area and a comparison of annual dose
commitments -to individuals with respect to existing and future
regulations. These data provide a perépective as to the

contrikbution from new or continued operations.

A summary of dose rates from the natural environment is presented
on Takle 4.5. Tﬁe existing radiation environment shown 1is
cbmposed mainly of secondary cosmic radiation, cosmogenic.
radiocactivity and terrestrial radiocactivity and radiation from
oﬁfsite sources such as other -uranium mining and milling
operations. The specific dose rates for the nafural radiation
sources of expésure are contained in the referenced. NRC Draft

Environmental Statement, NUREG-0439, April 1978.

For -Wyoming the radiation dose equivalent rate from the natural
environmsnt 1is estimated to be about 185,mrem‘ ‘pexr year.
AdditionalAsite-speéific natural radiation background data may be
required, especially that concerning the radon level for the area

to detail the site-specific levels for the project..

The evaluation of radiological impacts is in part based on the
predicted annual dose commitments to the whole body, skeleton,

lungs, and bronchial epithelium resulting from normal operations.
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a
Dose, mrem/yr

. Bronchial
Source of Exposure Whole~-Body Bone Lung Epithelium
Cosmic radiation

Direct 77 77 77 -
Cosmogenic radionuclides 1 1 1 -
Terrestrial radiationb 88 70 88 -
Internally deposited radionuclides 20 45 20 -
Inhaled radionuclides (chiefly Rn-222) - - 1.0° 625
Total Dose Rate 186 193 187 625

a
These doses are typical of the general region; exposure levels fluctuate from area
to crea, and other data may vary because of this.

bOutdoor dose equivalent rates; shielding from building structures is not accounted for.

®Inhalation dose due to radon daughters is expressed as dose to the bronchial epithelium.

SOURCE: Adapted from U.S. Nuclear Regulatory Commission, DES NUREG-0439 pg 2-29 April 1978.

Table 4-5

Summary of Typical Radiation Dose Rates from the Natural Environment in the Wyoming area

J




Table 4—-6 summarizes the predictions for dose commitments for an
operation in which burial of tailings in clay-lined pits above
the water table would be used. The predictions indicate that
they are less than the present NRC dose limits for members of the
public outside of the restricted areas (10 CFR Part 20; Standards
for Protection Against Radiation) and the proposed EPA standard
for annual dosé commitment (40 CFR 190). In +this case the
nearest permanent resident was 6.8 miles north of the proposed

mill (NRC, NUREG-0439, April 1978).

The population dose commitments were also calculated and found to
be "only small fractions® of the dose received from natural
background radiation and ™Malso small" when compared +to the
average medical and dental X—-ray exposures currently given to the
public for diagrnostic purposes (NRC, NUREG—-0439, April 1978).
The EPA standard does not yet specify the value for doses from

222Rn daughters.

The principal radiological concerns related to uranium mines and

mills are:

o Movement of radionuclides in the environment
e Biological effects of radiation

e Control of radioactive wastes and emissions
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Receptor Organ

" Estimated Annual Radiation Protec- Fraction of
Dose Commitments, tion Standard, Standard
mrem/yr mrem/yr 4

Whole body
Lung
Bone

Bronchial epit

Whole body
Lung
Bone

Bronchial epit

aRadiation sta
Level (WL).

of Rn-222 in
particle ener

PNot applicabl

c
Nearest priva

PRESENT NRC REGULATION (10 CFR 20)

0.08 500 0.02

0.28 1500 0.02

0.26 3000 0.009
helium  0.0000145 (WL)® 0.033 (wL)® 0.04

FUTURE EPA STANDARD (40 CFR 190)

0.08 25 0.3
0.28 25 1.1
0.26 25 1.0
heliun  0.0000145 (WL)® NAP NAP

ndards for exposures to Rn~222 and daughter products are expressed in Working
WL means the amount of any combination of s?ort-lived radioactive decay products
one liter of air that will release 1.3 x 10” mega.electron volts of alpha

gy during their radioactive decay to Pb-210 (radium D).

e, since 40 CFR 190 does not include doses from Rn-222 daughters.

te residenqe 6.8 miles north of proposed mill.

SOURCE: USNRC, DES, NUREG-0439, April 1978.

Table 4-6

Comparison of Annual Dose Commitments to Indw:duals with Radiation
Protection Standards




4.4.1

Movement oi Radionuclides in the Environment

Uranium ore contains naturally occurring isotopes of the element
and a series of radioactive progeny which are formed by <he
radioactive decay of parent materials. These radionuclides have
the potential for movement in the environment through a numker of
pathways. A generalized scheme illustrating the principal
radionuclide transport pathways around uranium mines and mills is
given on Figure 4-1. The Dboxes represent compartments, or
"reservoirs," which contain radiocactive materials, and the arrows
represent flows or transfers between the compartments. The major
processes or mechanisms which cause such transfers are indicated..
Not all possikle transfer pathways are shown in order to simplify
the diagram, kut the pathways that are usually of major interest
are given. The radionuclides of principal concern are also
indicated for some of the pathways. while losses of
radionuclides may occur in the system depicted by dispersion in
air and water, these losses are not shown. A more dstailed
description of the radionuclides involved and their transport

pathways is given in the Chapter 4 appendix.

The akundance of <these radioactive materials depends primarily
upon the grade of the ore, which in turn is dependent upon the
geological and geochemical history of the ore deposit. The ore
body, when exposed to the environment through mining, can serve
as a source of radioactivity. Dissemination of radioactive

material from an ore kody may occur by three mechanisms:
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e Emanation of radon gas

e Movement of radionuclide-tearing particles <from the
surface of the ore body by physical disturkance

K\j Leaching of the ore body by mobile ground water

: J

Radon gas (222Rn) a daughter product of the uranium decay series,

can emanate from the ore body and reach the atmosphere as soon as
the ore 1is exposed in a shaft or open pit. Radon also emanates
from the ore in transit and in stockpiles. The rate of radon
release 1s greater with higher grade ore, increased porosity and
exposure to the atmosphere. The decay of 222kn forms a series of
radiocactive daughter products whose fate depends largely upon the
dispersion characteristics of the air in contact with +he ore

pody and the physical nature of the surroundings.

The movement of radioactive particles of ocrxe from the ore body
depends upon the physical characteristics of the ‘ore, such as
texture and cohesiveness and the physical disturbance to which
the ore surface is exposed. Dry ore sometimes genexates
considerable gquantities of radiocactivz dust as it is mined. Ore
stockpiled on the surface, awaiting the milling - process, is
subject to wind erosion, particularly if it crumkles to form
loose particles. Radioactive emissions may result from crushing
and grinding of ore, yellowcake drying and disposal of tailiﬁgs,
which contain only a little less radioactivity than the raw ore

(except for uranium).

Like  exposed ore bodies, mill tailings are subject to radon
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emanation, erésion by precipitation and wind resuspension, and
lcaching of radionuclides into the ground water. Tailings are
also subject to limited invasion by plants and animals that can
transport radionuclides. The chemical processes within the mill
may convert some of the radioactive materials in tailings to more

soluble, biologically mobile forms than were in the ore.

The actual 'quantities of radionuclides xreleased +to the
environmsnt from uranium mines and mills are subject to manv
variakles and theréfore differ. from site to site. However, some
data ars available on estimated or measured release rates for
currently operating mines and mills. Data for mills are more

plentiful than for mines.

" The major pathways by which radionuclides are dispersed to the
environment are (1) aerial transport of dusts and gases and (2)
liquid dischaxrges (see Appendix). - Aerial transport of
radionuclides ‘may extend well beyond +the boundaries of an
operating facility. Some approximate figures estimated for
airborne release rates from various sources at "model" or typical
uranium mills in New Mexico and Wyoming are presented in
Table 4-7. It is evident that the release rates vary by source
and that 222Rn release rates are far greater than for the other
radionuclides. This immediately calls attention to 'radon and
progeny for radiation exposure to populations in the environs of

a uranium mill.

There are different contributions &y source ketween acid- and

alkaline-leach mills, but the <total <release quantitiés are
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8v-¥

Source® | u 226, 230, 234, 210, 210, 210, 222,
ore crusher & bins 5 - 5 5 5 5 5 5 37,000
yellow cake 85 1 2 2 - - - -

tailings pond - - - - - - - 166,000
tailings beach 1 5 9 1 8 8 8 3,240,000
Tatals 91 11 16 8 13 13 13 3,443,000

#The values are in mCi/year and represent .averages of acid-leach and
alkaline leach processes.

8Values calculated for operating model mills near the end of their expected
life of 20 years.

SOURCE: Adapted from Sears, et al. (1975).

Table 4-7
Estimated Airborne Release Rates of Radionuclides from Model Uranium Mills in New Mexico
and Wyoming

\




similar (Sears et al., 1975). The length of 6perating time of a
mill also affects the effluent releases, with the greatest
potential releases occurring near the end of the expected mill
life of 20 years when several million tons of tailings have

. accumulated.

Specific figures for airborne release rates of fadionuclides from
mines ars not readily availakle. In'underground mines, radon is
released from the mine ventilation systems in measurable
gquantities, bLbut few reliable measurements are currently
availakls. 1In largé open-pit mines which have exposed ore kodies
that are porous, relatively dry, and spread over a large suriace
area, the 222Rn emanation rates could approach those of mill

tailings systems.

Liquid releases of radionuclides outside the confines of a mill

tailings complex through seepage have been estimated telow:

('Release Rates of Radionuclides to the Ground Water Seepage .
(From Acid-Leach and Alkaline-Leach Mill Tailings Ponds)

Values in mCi/year

Process U 226 Kg ?3°Th 210Fh | 210P¢p 210Bj
Acid-leach 660 51 18,000 51 51 51
Alkaline-leach 690 7 _ 1 6 1 7

Source: Adopted from Sears et al. (197)5)

N\ _
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The values shown in +the table are based on using tailings
material for the tailings dam. In this case the assumption was
made that 10 percent of the radionuclides in untreated liguid
waste was lost by seepage from the tailings pond. Cther cases
were examined which assumed a combination of careful siting of
the tailings disposal dam, use of earth embankments with clay
cores and treatment of +the liquid waste. The assumed loss of
radionuclides for these various combinations was considerably
less, about 0.1 percent of the radionuclides in untreated wastes.
These combinations and assumptions are tabulated by Sears st al.

(1975) . .

4.4.2
Accidental Releases

Careful design of uranium processing facilities is required to
avoid accidental releases involving radionuclide-bearing
materials. Several systems or processes have the potential for
accidental releases. These include the release of mill tailings
solids or slurry which have the potential for dissemination of
the radionuclides and contamination of affected areas. Failure
of the air cleaning system used in yellowcake drying and dzumming
may result in release of radioactive materials into the
atmosphere.. Transportation mishaps also may result in localized
yellowcake spills. Because of the radiocactive nature of these
releases they must bhave thorough cleanup and decontamination
procedures. The potential for accidental chemical releases

should be considered also.. For example, reagents used in ore
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processing may escape because of a zrupture in a line or Ly

seepage from a faulty tank.

Operators of uranium mines and mills have the responsikility for
cleaning up and decontamination of affected areas. The plans and
contingsncy procedures for treatment of spills caused by
accidents need to be coordinated with local and state authorities

that may have their own emergency procedures.

In general, accidental releases occur because of improper design
or operation or as a result of catastrophic events such as fires,
floods, windstorms oxr earthquakes. Recent tailings spills havs
been attributed to inadequate design. Examples of +these spills

are.

[

e Several 1leaks in a slurry pipeline prevented development \\
of the tailings beach at the upstream face of +the danm.
(The slimes in the beach tend to seal the face and contain
the liquids.) In this instance, the liquids leaked through
the dam.

e A break in a pipe went undetected for several hours during
which time the dam eroded causing a breach and 1loss of
tailings downstream.

e During the winter months the height of the embankment was
increased with dirt containing Snow and moisture.
Coincident with +the onset of milder temperatures the
tailings water was in direct contact with the embankment.
A section of the embankment failed and flooded a portion
of the mill.

- J

Most accidental releases can be prevented by judicious design and
maintenance of safe conditions. However, accidental releases may

occur due to natural events beyond the control of the mine or



mill operator. The frequency of occurrence and severity of the
releases can be predicted and analyzed by using probability
statistics and experience from similar operations. Potential
affects of the releases can be evaluated and emergency plans and

procedures prepared.

4.4.3
Biological Effects of Radiation Dose

Estimates of biological effects can bLe made by predicting or
measuring the radiation dose to pcpulations in areas adjacent to
mine or mill sites and relating the dose to biological effects.
Prediction of dose first feguires the collection of gquantitative
data on source terms, which describe the quantities and nature of
various radionuclides released through time and the circumstances
of the releases. Second, environmental transport pathways must
be understood, and quantitative parameters must Le used +to
describe dispersion, deposition, adsorption, ingestion, and
inhalation. Third, the distribution and retention of various
radionuclides in the tissues of organisms must be understood.
Finally, the dose in units of rads or rems must be calculated
from the tissue concentrations. Dose is usually translated to
expected effects on the basis of the studies (NAS/NRC, 1972)

dealing with the biological effects of ionizing radiation.

Because of the numerous steps involved. in calculating dose and
its. variabkility with time and location, it is important to
validate thecretically predicted doses by periodic sampling of

biota and radiochemical measurement of radionuclides in
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bioleogical +tissues. Such validation is possible for operating
mines and mills .and can be wused in the adjustments  and
modifications necessary in the development of predictive models.
Validataed models for a given mine or mill can be used with care
to predict the radiological effects of comparakble mines or millis
in similar ecological settings. In this fashion, operational
experience can be used effectively to guide further growth of the

industry in an environmentally acceptable manner.

4.4.4
Control of Radioactive Wastes

Release of radioactive materials in uranium mines and mills can
be controlled by several means. bust containing radionuclideé
from exposed ore, haul roads, and stockpiles can be reduced by
watering or applying chemical stabilizers. Dust and yellowcake
can be removed from the air in mills by filtering or scrukbing,
and gaseous effluents may be released through stacks to. promcte
dispersion. Mill floors can be sloped to a ﬁump where spilled
materials can be collected and mill tailings can'be.discharged to

a lined impoundment where all ligquids are contained.

When operations cease, tailings <can Lke carefully graded and
covered with sufficient overburden and topsoil +to reduce radon
release. Seeding and fencing of the area completes the initial
stabilization. Continued irrigation may ke required to establish

vegetative growth.

The NRC position is that underground disposal is one of the most

environmentally acceptable means of +tailings disposal (NRC,
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Branch Position, May 1977).. Underxrground dispcsal would eliminate
the proklem of _erosion and, 4with sufficient cover, the
radiclogical hazards. This method may also be cost effective.
Potential probklems related to ground water contamination were
previously noted. The NRC is suggesting as an option that
tailings be dewatered to about 20 percent moisture and disposad
into either an open pit or kack into an excavation.

4.5

Reclamation, Stabilization and Decommissioning

Most states require reclamation of lands affected by mining,
milling and waste disposal. The objective of reclamation is to
return these lands to their former use or to a more tiolcgically
productive use.. Many states require that a reclamation plan be
submitted and approved before a permit to mine or a uranium mill
license is issued. In Wyoming, for example, the. plan and
supperting information must satisfy statutes, rules, regulations,
standards and guidelines of the state Environmental ¢guality Act
of 1973, as amended, the state Lana Quality Division Rules and
Regulations of 1975, +the Nuclear Regulatory Commission (10
CFR 40) and Regulatory Guide 3.8. In instances where federal
lands are involved, U.S. Geological Survey and U.S. TForest
Sexrvice regulations would apply. The scope of a reclamation plén
generally includes decommissioning, stabilization, ~and
reclamation of the mine and mill site aﬁd tailingsAdisposal area
as well as the procedures necessary for establishing plant growth

and restoration of the hydrzological features of the site.

Mine <reclamation, particularly for open pit mines, is becoming
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increasingly important in the feasibility, planning and costs of
open—pit mining. Contouring, high-wall elimination and
back—£filling requirements are important considerations. State
regulations and interpretations vary greatly. The estimated cost
of reclamation is the basis for a surety bond arrangement to
insure that reclamation and decommissioning are carried out

according to the reclamation plan.

At the present time (1978), the NRC is requiring operators of new
projects to update or change their reclamation and
decommissioning plans, especially for mill tailings management,
as information is develcped either from the NRC Generic
Environmental Impact Statement on uranium milling or from new

research.

4.5.1
Reclamation

Planning for reclamation of affected 1lands begins with an
inventory of the project area soil and overburden, its vegetation
and a determination of the suitability of the soil to support
plant growth. 1In addition, the water gquality and affinity of
wildlife for the vegetative species of the area is also evaluated
(Wyoming Department of Environmental Cuality, Lahd Quality
Division, Guidelines Nos. 1-6, 1976-78). As an example of
reclamation planning, Wyoming requires a pre-mining vegetation
inventory that includes a quantitative estimate of plant
productivity for .evaluating post-mining reclamation. . This
involves various state agencies depending on the proposed

post-mining land use; for instance, state fish and wildlife
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personnal must ke consulted where wildlife habkitat is to be

restored.

The topsoil is especially critical to reclamation in arid regions
of the Wast. 1In some areas these soils are not well. developed
and not present in sufficient amounts to adequately cover the
affected areas; Consegquently, oveiburden may be used with
stockpilad soil in comkination with soil <conditioners,
fertilizsrs and chemical stakilizers. The objective of thsase
additions is to promote <retention of moisture and air and to

provide support and nourishment for plant growth.

The re—sstablishment of native grasses, shrubs and forbs is
essential for wildlife habitat, since the grassland and
agricultural crops may not be particularly beneficial to wildlife
in some areas. Recontouring %o provide varied terrain also

enhances diverse wildiife populations.

The Soil Conservation Service has prepared recommended seed
mixtures that are best suited to climatic and soil conditions in
different areas o¢f the West; hovever, where overburden is used
without proper conditioning, the overkurdan may inhikit
infiltration and result in buildup of clay soils. The clay soils

are not conducive tc plant growth and are subject to surface

erosion, which can increase sediment loads into watercourses.

The availability of water is a key factor in reclamation. Waterx
must ke available to supplement the natural rainfall to establish

the initial plant growth. Although irrigation practices vary,
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once the vegetation is estaklished it can grow without irrigation

within a few seasons.

Reclaimed areas are generally protected from grazing by fencing
for at l=ast two growing seasons to aliow the plants to become
astablished. Release of surety bonds is dependent on this final

step in reclamation.

For an open pit mine and a mill, reclamation may ke required for

the following:

@ )

e Mine pit

e Overkurden and topsoil storage areas

e Ore stockpile areas |

L ﬁaste or refuse disposal areas

e Mill tailings impoundment

e Embankments or impoundment basin

¢ Drainage cénduit and control structures
e Shop and mill areas

° Prqcessing areas external to“the mill

. Access’and haul roads

e Other affected lands

\_ Y,

Reclamation of mined arxeas begins and continues during mining.

Tybically, reclamation of the mine pit begins shortly after the
initial stripping operations have been completed and sufficient
6re has been removed tc permit backfilling of the overburden into

the .pit. The overburden is graded and shaped to permit topsoil
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spréading, seedbed preparation, and seeding at the start of the
next growing season. Some haul roads may be ripped, graded and
prepared as a seedked foi revegetation as the mine pit advances.,
Also, as some mill tailings impoundmént or disposal areas are
filled to capacity, the liquids are allowed to evaporate and the
‘tailings are stakilized and revegetated. Cther areas ére
reclaimed using similar procedures at the time the mine and mill

operations cease and the facilities are decommissioned.

The overall cost of reclamation may include the cost of the
following elements; the comkination of these costs depends on the

area and project site specifics:

~ A

o Topscil and overkurden moving and segregation
e Overkurden dump shaping

e Topsoil spreading

o Tailings burial

e Settling pond and mill site filling

e Fertilizing

e Seedbed preparation

e Sceding and seed

e Placement of special stabilization materials

e Decommissioning

\ _J

An ongoing monitoring and maintenance program may not be required
if it can be demonstrated that the reclamation and

decommissioning effort has produced a stable area free from wind
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and water erosion or other distrukance, and that the radicactive

and toxic materials are sufficiently contained.

4.5.2
Stabilization

A variety of methods may be used to stakilize the topsoil,

overkturden or spoil that are stockpiled and used in reclamation

of mined areas. The topsoil can support vegetation quickly,

although irrigation and plant nutrients may be needed to

establish plant growth. Overburden and spoil may be stabilized

by covering with topsoil and by revegetation. The piles are

graded to a slope of less than 3:1 to reduce surface water runoff

erosion.

The mill tailings pose special
contains ‘more than. 85 percent of

present in the original cre.

reclamation of tailings regquire

long—term potential hazards

chemical toxicity. While the

active, surface stabilization

sands and slimes are covered by liquid

beach.
and the surface becomes dry.

saltation, can erode the

particles being carried away from the

Wind related processes,

surface,

prokblems Lbecause the waste still
the total radiocactivity that was

Therefore, stabilization and

special consideration of the

of radiocactivity and possikle

tailings retention system is

is less of a problem because the

except at the tailings

After mill operations are complete, the liquid evaporates

such as

resulting in radiocactive

impoundment. Covering the

surface with overburden and either rip-rap (rock cover) and/or
vegetation effectively stabilizes the surface; ‘however,
additional measures may be taken to provide protection from
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radiation, as evidenced by the recent objectives of the NRC and

EFA.

The NRC Branch ~Position of May 1977 requires the operator to
minimize erosion, radon emanation and direct gamma radiation from
tailings after operations cease. This can be accomplished
through tailings removal and below—grade burial, if justified, or
through a covering with uncontaminated overburden and soil.

Specific performance objectives include:

e Reduction of direct gamma radiation to a 1level
indistinguishable from background in the area

e Reduction of the radon emanation rate from the tailings

area to a 1level no greater than twice that of the
surrcunding area

e Elimination of +the need for an ongoing monitoring and
maintenance program following successful reclamation

e Provision of surety arrangements to assure that sufficient
funds are available to complete the full reclamation plan

\_ | W,

It can be shown by calculation <that the first performance

objective, reduction of direct gamma radiation, can ke achieved
by <covering the surface of tailings piles with overburden
material. Cover in excess of 3 feet can ke expectad to reduce

the gamma radiation levels to nearly kackground.

Reduction of the radon emanation rate can also ke achieved by a
cover of overkurden. The magnitude of this reduction 1is a
function of overburden depth and porosity to gaseous flow. Since

clay is less permeable to gases than coarser materials, it
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provides a Lketter barrier to the flow of gases and liquids. A
clay cap of approximately one-foot-thick covered with 5 1/2 feet
of overburden will reduce radon emanation by a factor of roughiy
100 (NRC, NUREG—0129, 1977) whiéh should meet +the performance
okjectiva. Without the clay cap, some 15 feet of overrurden may
be required to produce the same reduction (Whicker and Johnson,

1978) .

Current design objectives for~tailihgs impoundments provide for
total containment and the control of the relsase of material into
" the environment. Erosion and seepage of solutions are controlled
by dams and by lining the tailings ponds with either bentonite
clay or én artificial liner. Dikes, berms, and water diversion
channels prevent erosion into haturél drainages. Wwind erosion is
controlled by keeping the tailings constantly wet or by chemical
stabilization of the edges. Fences control animal access, and
pickett type of drift fences can decrease wind velocities at the

surface. Specific control  measures for tailings impoundments

[0

peing installed include covering the tailings with overkurden an
so0il to a depth of 6 to 15 feet, bulldozing the edges of the
tailings toward the center to reduce the area to ce reclaimed,

and revegetating.

Revegetation of tailinés impoundments can pose special problems
if the planté create qonditions that accelerates the 1zrelease of
radioactive materials from the tailinés. Hendricks (1977)'has
postulated that plants can take up radionuclides through the
roots and release them to the environment or ke grazed by animals

that may be eaten by man. Radon may also bé released through the
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lea&es of plants. The alternative to revegetation is to riprap
the surface with xrock or otherwise stabilize the tailings
surface. Plants stabilize a soils surface, and since the period
of time in which radioactive «releases are a concern 1is in
thousands of years, stabilizing +the tailings surface with
mechanical means is only a shortéterm solution. Natural
processes of soil formation and plant succession will revegetate

all but the most resistant rock surface in a few hundred years.

Use of tailings impoundment areas after reclamation may be
restricted. At the Bear Creek project, Lucky Mc Uranium Mill,
and the Sweetwater Project, the NRC has placed the following
restrictions on the tailings disposal system (NRC, NUREG - 0129,

0295, 0403, 1977):

s “

"1 The holder of possessory interest will not permit the
exposure and release of tailings materials to the
surrounding area.

2 The holder of possessory interest will prohibit erection.
of any structures for occupancy by man or animals.

3 Sukdivision of the covered surface will be prohibited.

4 No private roads, rails, or rights—of-way may be
established across the covered surface.™

. _/

More recently, the NRC has proposed burial of tailings in open
pits or excavations to solve the long—term procblem of erosion and
_radioactive releases. This is in line with the NRC position that
future tailings disposal systems be designed to eliminate the

need for long—term monitoring and care. At present there is no
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experience with this system of tailings disposal and +there has
been no evaulation of potential proklems such as transport of
"tailings and ground water contamination. Nevertheless, +the NRC
and uranium industry are currently evaluating this method for

technical and economic feasibility.

Continued research 1is 1leading to a Letter understanding of
tailings management. Literature dealing with tailings
rehabilitation issues includes Schiager, 1974; Goldsmith, 1976;
Bernhardt, Johns and Raufmann, 1975; Raufman, Eadie and Russell,

1976; Scarano, 1977; Ford, Bacon and Davis Utah Inc., 1977.

4.5.3
Decommissioning

The NRC requires a decommissioning plan, including estimated
césts and surety arrangements at the beginning of a project. A
more detailed plan is required near the end of the useful life of"
the projesct (NRC, NUREG;OQQB, December 1977). The plan for a

mill may include:

™

(’; Decontamination of the processing facilities
e Disposal of fuels and chemicals

e Dismantling and removal of buildings and structures (power
lines)

e Burial of foundations

e Covering of buried materials, grading, c¢overing with
\\ topsoil and revegetating

/
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In some cases selected buildings, structures, roads, wells and
flood control ponds may be left for future use by the iand cwner.
The mill site area will be contoured, layered with topscil and
~also revegetated. Radiation surveys may «Le conductad to
demonstrate that levels of radioactivity are within prescribed

limits and that the decontamination procedures were successful.

4.6
Monitoring and Surveillance Programs

Federal and state agencies require that monitoring prcgrams be
designed and approved before any significant development
activities begin and that these programs continue during
operatioqs. After operations cease and reclamation procedures
are complete, surveillance of the project site may be required to
measure the success of reclamation and to demonstrate that the
requirements of the performance bond have been met. As noted in
Section 3.5, NRC performance objectives include elimination of
ongoing monitoring and maintenance following successful

reclamation.

Preoperational and operational monitoring programs are conducted
to predict and evaluate the impdct of mine and mill operations.

The major elements of the monitoring programs include:

(,: Establishing sampling procedures, frequencies, material tog‘\
be collected, and types of analyses

e Maintaining accurate xecords in an accessible form,
including the traceability of samples

e Analyzing and interpreting data

e Periodically reviewing the results and updating programs ‘4)
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NRC prescribes monitoring requirements in non—agreement states,

and agreement states pattern their programs after the following:

-~

s NRC Regulatofy Guide 3.8, Preparation of Environmental
Reports For Uranium Mills (1973)

e NRC Regulatory Guide 4.14, Measuring, Evaluating, and
Reporting Radiocactivity in Releases of Radioactive
Materials in Liquid and Airborne Effluents From Uranium
Mills. Distributed for comment, June 1977.

e "Branch Position For Preoperational Radiological
Environmental Monitoring Programs For Uranium Mills™"
(1978)

e "Proposed Branch Position For Cperational Radiological
Environmental Monitoring Programs For Uranium. Mills"

K (1978) J

The sampling parameters needed to satisfy the non-radiological
aspects of a uranium project are usually similar +o any othex
mining project. Sampling for radionuclides is conducted either

on a more fregquent or continuous basis.

4.6.1
Preoperational Monitoring

The objective of preoperational monitoring is to measure the
characteristics of the site prior to mining or mill construction
activities. The impact from these activities may ke predicted
using modeling techniques and site measurements. These data alsco
serve as a reference for monitoring the impacts that result from

construction and operation.



Section 6.0, Effluent and Environmental Measurements and

Monitoring Programs, of NRC Regulatory Guide 3.8,

objectives and

information needs for the

preoperational program for each of the following:

(.

\\‘.

SURFACE WATERS 4‘\

GRCUND WATER
Physical and chemical parameters -
Models

AIR
Meteorology
Models

LAND

Geology and soils

Land use and demographic surveys
Ecological parameters

RADIOLOGICAL SURVEYS

J

The radiological

sets forth

applicants

surveys are not classified further in the

Guide, but they may include:

External gamma radiation ‘\\
Radionuclides in soils
Radioactivity analyses of water
Biological radioactivity

Airborne radioactive dust

Radon in air AJ/




Instrumentation, scheduling, techniques and procedures are

emphasized in Section 6.0 of Regulatory Guide 3.8.

The NRC Branch Position for preoperational radiological
environmental monitoring programs specifies the need for data on
background radionuclide concentrations and radiation dose rates
at the mill site and vicinity prior to operations. The data is

required for:

/’ﬁ of 4‘\

e Assessing radiological impacts the future milling
operations

e Determining compliance with applicable environmental
standards

e Base line reference data at time of site decommissioning

- Y,

The data from the program may include many of the components
listed in the example program illustrated in the NRC Branch
Position. In general, the sampling media, +the frequency of
sampling, and types of analyses performed will be continued
during operational monitoring. Typically, preoperational
monitoring begins one year before milling operations start.

Similarly, +this type of monitoring is conducted prior to mining.



4.6.2
Operational Monitoring

The elements of the operational program also set forth in

Section 6.0 of NRC Regulatory Guide 3.8 are:

a )

e Mill-effluent monitoring
. Environmental Radiological Monitoring
e Chemical effluent monitoring

e Meteorological monitoring

o Ecological monitoring.

-

In the case where the proposed project includes a uranium mine, a
mine and mill effluent monitoring program is required. An
example of an operational monitoring program is shown in
Table 4-8. This example is a proposed program for the Sweetwater
Uranium Project, and thérefore it may be modifisd somewhat Ly the
time it is finally approved by NRC. The environmental elements
and materials sampled include all of the five elements cited in

the Regulatory Guide 3.8.

After the applicant submitted the program, the NRC issued a
proposed Branch Position For Cperational Radiological
Environmental Monitoring Programs For Uranium Mills (NRC,
Proposed Branch Position, 1978). The NRC has formally defined
+he measurement data needs for radiation dose ratss and

radionuclide concentrations in the mill site environs.



Ssmpling Progrnnm

\

SQURCE:

\

Table 4-3
Operational Monitoring Program

(Same as soil)

NRC, DES, NUREG-0LO3, Decombor 1977.

. Sample
Eavironmental Element Analysis Isotope, Radiation, or
& Muterial Samnled Location Mathad Freauency Frrouency Chemicnl Identified
Aobient Air
Suspended particles 6 Locations, at least High volumo Coatinuous Quarterly Total suspended particles,
3 downwind of the site air samplor (ccmposite) U-nat, Ra-226, Th-230, and
Po-210
" Clean air 6 Locations, at locaat GRAB Rn-222
3 dowvnwind of the site 0.5-2 L/ain Monthly Monthly Rn-222
for 1 veek (1 veek con-
tinuous per
month)
Effluent Air Tollowcake drier Representiative  Seai-annually Seni-annually Th-230, Ra-226
and packaging stacks CRAB Quarterly Quarterly U-nat
All mill stacks Ropresentative Semi-annually Semi-annually U-nat, Total suspended
GRAB particulates
Roof vents, a-x bldg. Annually Annually Total hydrocarbons, NHS
Ground Vater
Monitor wells 4-6 Locations near GRAB First year:
tailings impoundment monthly, Monthly O-nat, Ra~226 a
quarterly Quarterly Th-230, Pb=210, chenicals
Following yra: :
quarterly, Quarterly U-nat, Ra-226 a
angually VAnnually Th-220, P-220, chemicals
Monitor wells 4-6 Locations near CRAB First year:
nining & mill sitas, quartarly, Quarterly U-nat, Ra-226 a
including potable annually Annually Th-230, Po~210, chemicals
vater supply Following yrs:
semi-arnually, Semi-annually U-nat, Ra-226 a
annually Annually Pb-210, Th-230, chemicala
Tailirgs Liquid Tailings pond GRAB Annually Annually ™-210, U-nat, Ra=226
Th-230, pH
Azbient Radiation
Direct external 6 Locations Therno- Continuously Quarterly Gamma, Bata
axposura (saze as ambient air luminescent
stations) doaimeters
Mine Dewvatesring Sattling ponds ocutlet GRAB Per NFDES Per NPUES Per NPDES Permit
Discharge Permit Permit (see Appendix D)
Topsoil 6 Locatiocns GRAB Aanually Annually U-nat, Ra-226, Th-230
(c-2"} P-210, Gross
{an-5")
Biota
Vegetation 6 locations GRA3 Aanually Annually U-nat, Ra-226, Th-230

SChemical parametars %o be analyzed for will be dotormined Irom an analysis of samples taken from the tailings poad once
operationa of the mill have bogun.

Po--210
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"These measurement data are needed:

e To demonstrate or confirm compliance with applicable
environmental radiation standards and regulations, €eJa,
10 CFR 20, "sStandards for Protection Against Radiation"
and 40 CFR 190, "Environmental Radiation Protection
Standards for DMNuclear Power Operations (EPA Uranium Fuel
Cyclz Standards)." Section 20.201 of 10 CFR 20 entitled
"Surveys" requires that a licensee conduct such surveys of
concentrations of radioactive materials as may be
necessary to demonstrate compliance with the regulations.

e For use Dby the NRC staff in evaluating the environmental
impact of +the radioactive effluents from the milling
operations including estimates of the potential radiation
doses to the public.

e For evaluation by the NRC staff of the adequacy and
performance of efflusnt control systems and procedures,
including tailings retention systems." y

-

The NRC stresses effluent measurements off-site rather than at
the point of release because of the difficulty of taking direct
measurements for sourées such as tailings piles and ore storage
pads. The NRC lists several essential program elements: air,
water soil, and vegetation or forage sampling, and direct.

radiation measurements.

- A

e AIR SAMPLING - Ambient air quality is sampled because of
the potential radiological hazard from airborne ore,
yellowcake and dusts as well as radon gas generated from
radium contained in tailings.

e WATER SAMPLING - Water is sampled because several of the
radionuclides in the tailings may ke leached and leave the
site by ground water or surface water movement.

Ground water must be collected from sampling wells located
down gradient around the designated tailings disposal
area. Hydreological data are used to place these wells in
the predominant flow direction away from the site. A
control well is located upgradient akove the tailings site

N J
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disposal area. Drinking water or livestock well water is<\\
also sampled.

Surface water must be collected from large water
impoundments near the mill site that may be subject to
surface drainage or influenced Ly seepage from the
tailings site. Samples of surface water are also
collected upstream and downstream of the mill site.

e SOIL. SAMFLING - Surface soil samples are taken as a
measure of area radicactivity contamination due to site
operations. Contamination could result from airborne

dispersion or transport due to liquid effluents or runoff.
These samples are taken at the same locations for air
particulate samples.

e VEGETATION OR FCORAGE SAMPLING - Samples of plants that
serxrve as forage for 1local wildlife or 1livestock are
important to collect for two reasons. First, since plants
generally have large surface areas, they are collaectors of
radioactive contamination xresulting from the operation.
Secondly, plants are part of terrestrial food pathways to
wildlife, livestock and eventually to humans.

The sampling is considered necessary if dose calculations
show that ingestion of meat from these grazing animals
constitute a potentially important exposure pathway.

e DIRECT RADIATION MEASUREMENTS - Gamma rays from
radionuclides are measured at the same locations as air
particulate samples to oktain gamma dose rates.

N J

The specific number, frequency and type of analyses required for
cach of the program elements are outlined in NRC's proposed
Branch Position. Although the NRC position is not final, each
program element is reviewed on a site—-specific basis, and final
approval of these is documented in the Final Environmental Impact

Statement for the proposed project.
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4.6.3 ' :
Post-Reclamation Surveillanc

Surveillance is necessary to determine that reclamation has been
successful. Revegetation is necessary to restore productivity
and to meet surety requirements. Stabilized areas should be
periodically checked, particularly if there is a potential

radiological or chemical hazard.

Radiological and chemical surveillance should continue until it
is‘ determined +that no significant release of material is
probakle. The tailings impoundment desién, the reclamation
procedures, and the type of stabjilization of any other material
produced or stored onsite will determine the extent and duration

of the surveillance program.

For instance, surveillance and monitoridg activities may be more
frequent at first and then diminish as the land and reclamation
adjust +to normal cycles. If no change in the project site is
detected after a period of time, usually 5 +to 25 years, then
inspection of the area will only be necessary on a lcng—term

basis.

The . long—term institutional controls that govern the use of the
project site or use of materials.from the site have yet to be
established. In the past, tailings were used as £ill in the
censtruction of residences. Radon emanating from the tailings
was trapped in the dwellings resulting in a radiological health
hazard to the occupants due +to inhalation of zradon and its
daughtefs._ An expensive remedial program was required to remove

the tailings from under the homes. The questions of who has
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title to project lands after mining and milling has ceased and of
how to provide-eontinued protection of the puklic are unresolved
and remain the subject of regulatory agency review and public

ccmment.

TWwo <xreports which address the problems of long term controls are

the EPA Background Report, Considerations of Environmental

Protection Criteria for Radiocactive Waste, Fekruary 1978, and the
report by the Western Interstate Nuclear Eoard Committee on

Mining and Milling of Nuclear Fuels, Peclicy Recommendations o

———

Financing Stakilization, Perpetual Suxveillance and Maintenance

of Uranium Mill Tailings, April 1977.
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CHAPTER 4

Appendix

This appendix contains discussions of the following topics:

4 )

o radionuclides of the uranium decay series
e radionuclide transport and exposure pathways

e prediction of radiation dose

K\o radiation dose rates and their significance

_/

Also included are tables that summarize estimat=2d dose rates from
background sources of radiocactivity and from uranium mills.

A-1
Radionuclides of the Uranium Decay Series

The radionuclides extracted from uranium ore are fissile 235U and
fertile 238y, sSome 99.28 percent of natural uranium is 2387,
while only 0.72 pexrcent is 23SU. The potential radiation
contamination from uranium mining and milling arises not so much
from the uranium itself, but from the radionuclides generated by
its decay. Natural uranium exists in the earth's crust because
of the long half-lives of the principal uranium isotopes. The
physical half-life of 238y is 4.5 billion years, and that of 235U
is 0.7 billion years. The radioactive decay of 233U and 238y
generates shorter-lived daughter products at an essentially
constant rate as measured in terms of human experience. Although
both 235U and 238U generate a series of radioactive products, the
232y chain is discussed due to the apbundance of 238Q.

The. 2387 series includes 13 principal radionuclides in addition

to the primordial parent (see Figure A-1). The series terminates
with the fcrmation of stable 29épPb. Secular equilibrium of 2387
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I"igure A-1 _
The Priary Decay Series of Uranium - 238

radiation are shown.
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and daughters is usually assumed for geological deposits, which
means that daughter and parent activities, expressed as curies,
ox disintegrations per unit time, are equal. Chemical, physical
and biological processes can act upon a sample of ore to cause
chemical separation of some members of the uranium decay series,
disrupting secular equilibrium.

During milling, about 85-95 percent of the uranium is recovered
from the ore as uranium oxide (yellowcake). The mill tailings,
therefora, axe depleted in the uranium isotopes. They are also
soon depletad in 234Th and 234Pa as well, because these nuclides
are being produced at a much reduced rate and the amounts present
decay in a matter of months to innocuous levels, owing to their
short half-lives. However, long-lived 239Th maintains the chain
of radionuclides from 226Ra through 210po,

In tailings, however, several complications can arise. For
instancs, 226Ra and 2390Th may separate to some extent, disrupting
secular equilibrium between the two radionuclides. In addition,
gaseous 222Rn can escape from the tailings, quite rapidly in some
cases, to form a partial discontinuity in the secular equilibrium
of the decay chain. The degrezs of <this discontinuity is
dependent wupon the rate at which radon can diffuse away from its
source, 226Ra. If diffusion is very poor, essentially all <he
222Rn will decay in place, and secular equilibrium is likely to
be maintained through 206pb. If a large fraction of the 222Rn
atoms diffuse from the tailings to the atmosphere, the daughter
nuclides of radon will show reduced activity levels in the
tailings with respect to 226Ra.

Calculation shows that a curie of 226Ra will produce a curie of
222Rn every 5.5 days, or 0.18 Cisday. A most important objective
of tailings management 1is to reduce the escape of radon to the
atmosphere because it usually produces a greater radiation dose
to humans, plants, and animals around a mill than any other
process.

The most commonly monitored radionuclides occurring around mill
tailings include 230Th, 226Ra, 222Rn, and 219pk, Thorium—230 is
a long-lived alpha emitter that lodges primarily in bone if
assimilated. Fortunately, because of its low solubility 230Th is
not 1readily taken up by plants or assimilated by animals.
However, it can enter the body through inhalation and Lecome a
more significant hazard than other radionuclides in mill tailings
dust (ICRP, 1960).

Radium—226 generally poses a greater ingestion hazard than 230Th
because it forms more soluble compounds and behaves chemically in
a manner similar to calcium, an essential nutrient element. It
is therefore assimilated by both plants and animals. Radium—226,
an alpha emitter, 1lodges +tightly in the bone matrix, and in
sufficient 1levels, it has produced bone cancer 1in humans
(Evans, 1967; Finkel, Miller and Hasterlik, 1969). Overall,
226Ra is of more concern than the other. radionuclides in mill
tailings from the standpoint of food-chain transport processes.
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Radon~222 can ©pose perhaps the gra2atest biological risk around
uranium mines and mills becauss it can be released into the
atmosphere 1in large guantities from exposed ore or tailings, and
its decay produces a seriss of sevan radionuclides wnich can be
inhaled or enter fcod chains. These daughtsr products oi 222Rn
generally produce a much greatsr health xisk than does radon
itself. The reason for this is that radon is a noble gas and is
not easily absorbsd or adsorbed by ktiological surfaces.

Lead-210 is long-lived and has some potential <o accumulata in
on biological tissues. It is also a Lkons sessker with
intermediate tandency to be assimilated. Levels of sesveral oth
radionuclides, such as 218po, 2143i and 210Po, can sometimes
inferred from measursments of 2223n and 210pPb (Evans, 1967).

o M o}
o K ?j) H

A substantial body of information exists about the levels of
radionuclides in ore and mill +*ailings and on the guancities
wnich c¢an Dbs releaszd to ths environment (S=ars, et al., 13975).
There is much less data, nowever, on the Dpshavioxr of thsase
radionuclides once tney snter scological systems.

A-2
Radionuclide Transport and Exposure Pathways

Ionizing radiation emitted from the radionuclidas associatsd with
uranium mining and milling impact bioldgical populations 1in <two
ways. Cng- 1s by internal irradiation from radionucli
deposited within tissuss, and +the other is oy extern
irradiation fxom radionuclides that are near but external to tia
2xposad biological tissues. Th2 radiation dose racsive is
=herefore nignly depaendent upon the amounts of radiocactive
material that snter the organism as well as <the amounts zhat
rzside in the immediate envircnment. In order to pradict
amounts, ths environmantal transport pathways must be understood
and quantifizd.

Two route of radionuclide <ransport involve aquatic and
terrestrial systems. Transport kstwesn these systems i1s possilkls
through erosion, irrigation, and asrial deposition. As

indicat2d, mine-mill &ffluents rsach the tsrrestrial environmant
mainly through erosion of radionuclide-kesaring particles of ore,
tailings or y=llowcake, and through emanaticn of gaseous 222Rn:
from or2 and tailings. Agquatic systems receive radionuclidss by
surfaces runoff, seepage into the grcund watar, asrial deposition,
and erosion of contaminatad soil. Ground water may appear on the
surface <through wells, springs, or a rising water tablz
associatad with topographic dspressions or incrsased nydrostatic
prassure.

Radicnuclides in the tmosphere are subject to dispersion,
dirsctional transport, d=position, and inhalation. Dispersion
and transport are detarmined by meteorological factors such as
wind speed, dirsction, and turbulence, and by precipitation.
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Deposition by gravitation forces, impaction, and rainout or
washout (Slade, 1968) «results in +the contamination of soil,
vegetation and surface water. The smaller (<10 microns) aerosol
particles may ke inhaled by animals and man. Material which has
been deposited on the so0il can become resuspended by wind and
other kinds of physical disturbance. This material thus becomes
subject to further dispersal and deposition at a distant
location.

Radioactive materials in surface waters are subject to complex
processas involving dispersion, physical transport and absorption
ands/or adsorption by sedimentary material, aquatic plants and
animals. Surface waters may be applied to the 1land for
irrigation purposes or consumed by humans and wildlife.
Dispersion and transport is determined by the nature of <the
hydrological system and the ssdiments and aquatic Dbiota.
Absorption and desorption processes ar2 complex, depending upon
physical, chemical and biological factors.

Populations contaminated with radioactivity are of concern for
three major reasons. First, radionuclides incorporated into
living tissues are subject to food chain transport and may reach
man. Sacond, radicactive material may be spread from a site of
contamination by movements of plants and animals. Third, the
radioactivity may have a detrimental effsct wupon the organism
itself. Food <chain +transport of radionuclides in terrestrial
acosystems involves ingestion of contaminatad plant or animal
tissues and assimilation and incorporation of " the material.
Terrestrial food chain transport to man largely involves
consumption of crops and domestic animal products, although
wildlife species a&are also consumed by a fraction of the
population. Aquatic food-chain-derived material can reach man
through consumption of fish and waterfowl. As mentioned
previously, food chain transport involves chemical and
physiological processes and there is discrimination at biological
memkranes. O0f the elements involved in the uranium series,
radium is most readily assimilated by most organisms. Lead and
polonium are intermediate 1in their 1level of absorption by
organisms.

External exposures to organisms from radionuclides in the
environment arise principally from gamma rays and secondarily
from beta particles. In most ecosystems the soil is usually the
predominant reservoir of radioactivity. Thus, the decay of
gamma—emitting radionuclides in so0il normally accounts for a
large fraction of the external exposure received by plants and
animals.
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A-3
Prediction of Radiation Dose

Prediction o0f radiation dose <o organisms from environmental
ralsases of radiocactive materials is extremely complex, yet such
pradictions are requirsd for =snvironmsntal rsports and impact
statements. The steps 1in the predictivs process include:
d=stermination of source terms; atmosphneric and aqusous dispersion
and deposition; absorption and uptake ty plants; ingestion and
inhalation Dby animals and man; xretention and distribution of
radionuclidas in the Dody, concentrations in critical organs; and
finally, calculation of dosa Each step can involve complsx
2guations with numerocus parameters in each. Very fa2w of the
paramet2rs are constant over the wide range of circumstances
ancounterad at uranium mines and mills. Because of thsase
complexities, there is usually a considerable degrse of
uncertainty associated with dose prsdiction. Predictive models
ars still c=2ing dsvelopead.

Sou‘cc Ts3rms are usually pradicted from actual measuremsnts at
op=r ng facilities or from theorstical calculations. Emanation
rates of radon can ke =zstimated on ths kasis of theorstical
models (Xraner et al., 1964; Tann=2r, 1964) ands/or =mpirical
relationships (Schiagar, 1974). Rates of particulate suspension
by wind can also ks estimated irn some cases from ths literaturs.
Helpful referasncss includs Healy and Fuguay (1958); Mills,
Dahlman and Olson (1974); and ssvaral papers in the volume =ditad
oy Engl=mann and Sabm (1576) . The prorlems of csglmatlng

9]

ssepags of <radionucl i—-bcar ng liguids into the ground and
sutsequsent migration of the material are discussed by Sears
2t al. (1975).

Atmospharic dispersion estimates have almost sxclusively employad
Gaussian plume models with minor modifications to these models.
dors recent modifications and applications are presented by Slads
(1968), Smith (1968), and Turnsr (1970). The purpose of <he
dispersion calculations 1is to predict +the concentrations of
radionuclidas in air at specific locaticons ralative to a given
source. With appropriate meteorological data, tmospheri

dispersion calculaticns can be applisd with rsasonabls precision
at all sites, excepting those in complex, ruggad tTerrain.

Zstimating dispersion of radionuclides in suxface waters depends
on mixing, turbulence and flow. These ars site-specific and
depend upon the geometry and nature of the channel or basin.
Radionuclides in watsr are most likely to entsr the food chain by
direct 1ingestion or sorpticn by aquatic organisms. In ths case
of dirsct ingestion, the relationships Estwesn water
concentrations, human Dbody Dburdens, and radiatio doses are
thoroughly tabulatad in ICRP (1960). Limited data on the
relationships between water concentrations of naturzally occurring
radionuclides and concantrations in the +tissuas of aquatic
organisms ars available (Polikarpov, 1966; IAZA, 1978). Such
data can Dbe applied with caution +tc¢ aguatic ecosystems in

-
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general, so 1long as the magnitudes of uncertainty and their
causes ar= understood.

Passage of +the naturally occurring radionuclides through food
chains also involves many complexities. Some helpful
publications are available for radiological impact assessment.
Some of the basic meda2ls which permit the calculation of tissue
curdens from intake and retantion data ara2 outlinsd in ICRP
{(1960) . Such models ars applicable to plants, animals and
humans, providing +the appropriate kinds of parameters and
accurate parameter values can bse located. Wnile there is
generally a lack c¢f information on parametsexs appropriats to
organisms around uranium mines and mills, wuseful data 4includes
Osburn, 1965; Russell and Smitna, 1966; NAS, 1973; Eisenbud, 1973;
Cannon, 1952; Gopal-Ayengar, 1962; Garner, 1972; Hill, 1960; and
Blanchard, 1967.

Wnen concentrations of radionuclides in the bilological tissuss
nave Lkssn calculated, the resulting radiation dose may be
calculatzsd. Coss, measurad in rads or prefieracly dose eqguivalsnt
mesasured in r=ms, is tne common dznominator usad to descrikbe <the
effectiva amount o©0f radiation senergy &bsorbad by critical
tissuss. Thess dose units ars usa2d as the fundamental predictors
of biological damage or risk. Doses received DLy various
int2rnally dsposited radionuclides, as wall as those from
axternal irradiaztion, can Dpe summsd in order to estimats total
dose. Doses are exrrassad as a rate (that 1is, rads/year;
rams/year) or as a time-integratsad dose commitment (that 1is, xrads
or rems). DMethods of calculating dose are outlinsd in sevsaral
publications (ICRP, 1960; Hine and Brownell, 1956; and Morgan and
Turner, 1967).

A-4
Radiation Dose Rates and their Significance

The radiological impact of uranium mining and milling is measured
oy th2 radiation doses raceived by populations. The calculated
dose is roportional <to the concsantration of radioactivity and
the average residence tims of ths radioactivity in Dbiological
tissue. This dose is termed "dose commitment”" or the total dose
integrated ovsr the life time of the organism.

Radiation dose rates and dose commitments calculated for all
non-human segments cf the =scosystem ars normally averages for the
populations involved, while those calculated for humans are worst:
possible cases for the individuals involved. This practice 1is
followed because concern for human risk is expressed in relation
£0 individuals and is much more conservative +than concern
axpressed at +the population 1level. The proper dose unit is a
multiple of the rem, which 1s often alsc termed +ths dose
equivalant. If human population doses are calculated, the proper
unit is man-rems. This 1is the average dose +to the human
population at risk multiplied by the +total numker 1in <ths
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population. Expressed this way the value has relevance to <%hs
risk of genetic and somatic effects which can only be evidenced in
populations.

Direct =extsrnal radiation dosses to humans are by gamma—rays from
radionuclides in mill tailings or contaminated local soils.
Estimates ot radiation exposure rates from radionuclidss
uniformly distributed in soil ars provided in Tabls A—1.
Gamma-ray radiation doses are significant for the whole-bedy
and/or tne gonads and may be calculated easily from the measured
exposurs ratss (X) as:

DOSE RATE ( £15%- ) = 0.87 X (LX)

Ssars et al. (1975) measursd exposure ratss over saveral tailings
piles and found the values to average close to 900 microrosntgens
per nour (wR/hr). Background exposure rates in the environs of
typical uranium mining or milling operations g=ansrally avarags
abou; 20 wR/hxr. Gamma—-ray exposuras from tailings can ke rsducsad

z0 natural FPbackground 1levels by covering <ths <tailings wich
approximately three feet of earxth.

Internal dose 1s receivad from 222Rn emanating from tailings and
from otha2r radionuclides. The criticzl organ is the lung dus to
inhalation of radon daughtars. Radon emanation is a function of
thes radium concentration, material porosity, atmospharic
prassure, so0il moisture, and insrt cover. The majority of the
iung doss is due to the daughtesrs of 222Rn dscay. Sears et al.
(1875) hnave shown that thz major contrifution to lung dose fxrom
radon and 1its daughters is +the tailings pile and not ths
operating mill. The maximum daughter-product concentration will
occur just beyond the edgs of the tailings pile in +tha2 downwind
direction.

Dose +to the lung from inhalation of other suspended radionuclides
as well as internal organ dose from £ood chain <transifer of
radionuclides dispersed in the 1local environment must also be
considersd. For "worst possible" dose calculations an individual
is considaxed to live on the sits*bcundary of the mill witnin the

pravailing wind dlreCtlon from the tailings pile. Sears et al.
(1975) have calculats annual dose rates to th2 whole-body and
critical organs of individuals for such casses. Tables A-2 and

A-3 are from their publ*cation and are given for model mills in
New Mexico or Wyoming for either acid leach followed by solvant
axtracticn oxr for alkaline leach processes. These ars "worsct
possible" casss and assume tne individuals raise their entirs
food supply locally. There are climatological diffsrances, such
as wind speed, that proauuc the differences Letwsen the New
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Exposure Rate/Radionuclide.Concentrationa

‘\\\

Table A-1

-

SOURCE: Adapted from NCRP (1976).

Calculated Exposure Rates for Radionuclides Uniformly Distributed in Soil

Radionuclide R hr-l/pCi g-l #R hr'-l/indiciated concentration
266 -6 -1 b
Ra + daughters 1.80 0.61/0.358 x 10 g g Ra
214 -6 -1 b
Pb 0.20 0.70/0.358 x 10 ug g Ra
214 -6 -1 b
Bi 1.60 0.54/0.358 x 10 ug g Ra
238 -1 238
U + daughters 1.82 0.62/ug g U
a
One meter above ground; R=Roentgen
b 226 -1 238
Concentration of Ra in equilibrium with 1 g g U.

_/
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MILL PROCESSES AND TAILINGS COMBINED

—\

Solvent Extraction Process

Alkaline Leach Process

duce
and

Table A-2

\_

923

Individual is
when tailings

ocally.
Rn gas

0.5 miles from the mill during the twentieth year of operation
cover maximum area, assuming 100 per cent of the food is pro-

from operating mill and the active tailings area.

SOURCE: Adapted from Sears et al (1975)

The doses are the sum of the doses from airborne particulates

Total Maximum Annual Radiation Dose to Individuals from an Operating Mill in New Mexico

(mrem) (inrem)

Mill Tailings Total M111 Tailings Total
Total Body 20.2 16.6 36.8 25.3 16.1 41.4
Bone 232.4 168.0 400.4 265.5 166.3 431.8
Liver 23.6 19.4 43.0 28.3 18.9 47.2
Kidney 40.1 27.0 67.1 40.9 27.1 68.0
Spleen 23.5 21.6 45.1 29.4 20.8 50.2
Lung 29.3 60.4 89.7 35.2 84.9 120.1

a




MILL PROCESSES AND TAILINGS COMBINED

\

\_

Solvent Extraction Process Alkaline Leach Process
(mrem) (mrem)
Mill Tailings Total M1i11 Tailings Total
Total Body 16.5 44.4 60.9 20.6 81.6 102.2
Bone 189.4 447.9 637.3 215.6 841.5 1057.1
Liver 19.1 51.7 70.8 23.0 95.6 118.6
Kidney 32.5 71.9 104.4 33.2 137.3 170.5
S8pleen 19.3 57.7 17.0 23.7 105.2 128.9
Lung 23.6 50.8 74.4 28.4 100.5 128.9
a _
Individual is 0.5 miles from the mill during the twentieth year of operation
when tailings cover maximum area, assuming 100 per cent of the food is pro-
duced locally. The doses are the sum of the doses from airborne particulates
and 222gq gas from operating mill and the active tallings area.
SOURCE: Adapted from Sears et al (1975)
Table A-3 .
Total Maximum Annual Radiation Dose to Individuals from an Operating Mill in Wyoming




Mexico and the Wyoming cases. From these tables, bone is
observed to be the «critical organ, 228Ra 1is the 1limiting
radicnuclide, and drinking water and the milk food-chain are the
critical environmental pathways.

For comparison, predicted doses to individuals who could or do
reside at various 1locations 1in the wvicinity of two Wyoming
uranium projects are presented in Tables A-4 and A-5. Table A-4
is from a project that began recently, and Takle A-5 1is from a
proposed project. The predicted radiation doses are based on
conservative assumptions by overstating the exposure. The
radiation dose depends on the distance and diraction from the
source. The estimates are calculated using the mine and mill
site characteristics, mill equipment performance, and the actual
pathways in the vicinity of the projects.

Radiation dose may also be calculated for all other non-human
components of the local ecosystems. Wildlife and livestock have
nearly identical radiation sensitivities as humans, and it is
generally thought that if radiocactive effiuents are controlled to
meet human protection standards, then animal biological effects
will be of no concern. Plants and lower forms of animal life are
much more radiation resistant than higher forms. Table A—-6 from
Whicker and Fraley (1974) shows that plant communities are in
general radiation resistant. Those plant communities found near
uranium milling operations in the western U.S. would not be
axpected to show any radiation effects.

From calculated human doses, the expected kiological effect or
risk may also be directly calculated. Two publications are
sources for the calculation procedures (UNSCEAR, 1972; NAS/NRC,
1972) . The latter publication (called the BEIR report) has
expressed the overall risk of radiation dose in terms of genetic
and somatic effects. If large populations could be exposed, the
risk of genetic effects must be considered. The BEIR report
states that between 5 and 50 percent of all ill health is due to
genetic defects and estimates that 170 mrems/year to a large
population would increase the overall incidence of ill health by
5 percent.. Again, the increased incidence 1is thought tc¢ be
directly proportional to the additional dose.

Since the number of persons that might ke exposed as a result of
mining and milling operations is relatively small, the
appropriate risk is not genetic effects in a large population put
somatic effects to the individuals involved. Cancer induction is
generally assumed to be the most sensitive measure of somatic
effects, and the BEIR report predicts that an additional exposure
of 170 mrem/year to tha U.S. population would xrasult in an
increase "of about 2% in the spontaneocus cancer death rate which
is an increase of about 0.3% in the overall death rate from all
causes." The risk to any individual per unit radiation dose is
expected +to be the same. The risk is also directly proportional
to the radiation dose, and direct extrapolations to the doses
calculatad for uranium mining and milling may be made.
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Exposure (mrem/year)

Distance From Sector Whole

Location Source (meters) Affected Body Kidneys Lungs Bone
Point of maximum ground-

level concentrations off _

site: 2000 E <0.01 1.1 27.5 4.8
Site boundary in the b

‘direction of the pre- 1800 (min) NE <0.01 1.2 23.0 5.2
vailing wind: 2500 (max)¢

Site boundary nearest the
 sources of emission: 1100 W <0.01 1.5 28.0 6.5
Nearest residence 1in the

direction of the pre-

vailing wind 10,500 NE £0.01 approx. approx. approx.
(Carson Ranch) 0.05 1.30 0.23

a
Based on 50 year dose commitments. To determine total annual exposure,
_the accumulated dose can effectively be divided by 50.

b
The shortest distance to a site boundary within the affected sector.

c
The greatest distance to a site boundary within the affected sector.

SOURCE: Rocky Mountain Energy, 1975

Table A-4
Radiation Dose Commitment to Individuals from the Bear Creek Project

- —/
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Exposure Bronchial
Location Pathway Whole Body Bone Lung Epithelium
b -4 -2
Bairoil, Inhalation 2.3 x 10_3 4.9 3.0 x 10_3 1.48
35 km NE External 1.9 x 10__3 2.2 1.8 x 10-_2
Subtotal 2.1 x 10 7.1 3.2 x 10
Ingestion 4.5 x 103 5.7 4.5 x 1072
Total 6.6 x 107> 6.4 3.6 x 1072 1.48
Property Inhalation 2.6 x 10:§ 5.7 3.2 7 62.5
boundary, External 8.8 x 10_l 1.0 8.1 x 10
2.5 km NE Subtotal 1.2 x 10 6.7 3.3 62.5
Ingestion 4.5 x 10—3 5.7 4.5 x 10_3
Total 1.2x10t 7.3 3.3 62.5

%Doses integrated over a 50~year period from one year of inhalation or ingestion.

bDoses to whole body, lung and bone are those resulting from inhalation of particulates
of U-238, U~234, Th-230, Ra-226, and Pb-210.
those resulting from inhalation of radon daughters.

SOURCE: NRC, NUREG, 0403, December, 1977

Table A-5

The doses to the bronchial epithelium are

Radiation Dose Commitments to Individuals (mrem/yr) for the Sweetwater Project




(

Exposures (kR) to Produce

~

Minor Intermediate Severe
Community Type Effects Effects Effects
Coniferous Forest 0.1-1 1-2 2
Deciduous Forest 1-5 5-10 10
Shrub 1-5 5-20 20
Tropical Rain Forest 5-10 10-40 40
Rock Outcrop (herbaceous) 8-10 10-40 40
01d Fields (herbaceous) 3-10 10-100 100
Grassland 8-10 10-100 100
Moss-~lichen 10-50 50-500 500

irradiation.

Table A-6

Plant Communities

-

&Short-term exposures range from about 8 to 10 days, according to
the literature from which this table was derived.
might be reduced by factors of 2 to 4 for acute or fallout—decay

SOURCE: Adapted from Whicker and Fraley (1974).

Estimated Short-Term Radiation Exposures Required to Damage Various

Exposures
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//’* Average Dose Rate* ﬁ\\\

Source (mrem/yr)

Environmental

Natural . 102

Global Fallout 4

Nuclear Power _ ‘0.003
Subtotal 106
Medical

Diagnostic 7 2%%

Radiopharmaceuticals 1
Subtotal 73
Occupational 0.8
Miscellaneous 2

TOTAL 182

*Note: The numbers shown are average values only. For
given segments of the population, dose rates comsidarably
greater than these may be experienced.

**Bised on thé abdominal dose.

SOURCE: Whicker and Johnson, 1978

Table A-7
Summary of Estimates of Annual Whole-Body Dose Rates in the United States
(1970)

. J
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Dose Rates (mrad y-l)

\

“Normal” Areas

N

Bone=-
lining Bone
Source of Irradiation Gonads Cells Marrow
External irradiationm
Cosmic rays: diounizing component 28 28 28
neutron component 0.35 0.35 0.35
Terrestrial radiation
(including air) 44 44 44
Internal irradiation
3H 0.001 0.001 0.001
lAc 0.7 0.8 0.7
40K 19 15 15
87Rb 0.3 0.6 0.6
210, 0.6 1.6 0.3
Po
220Rn 0.003 0.05 0.05
222Rn 0.07 0.08 0.08
226Ra 0.02 0.6 C.1l
228 0.03 0.8 0.1
238U 0.03 0.3 0.06
ROUNDED TOTAL 93 92 89
SOURCE: Whicker and Johnson, 1978
Table A-8

Dose Rates Due to Internal and External Irradiation from Natural Sources in
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From inspecting the data in Tables A-2 through A-5 it is seen
that the BEIR report predictions are based on an exposure which
approximates "worst case" conditions which are orders of
magnitude higher than predicted for the general population in the
vicinity of an operating facility. Although such predictions are
useful in setting standards to protect the puklic, they are not
particularly meaningful to local populations who wish to assess
the "real world" risk of siting uranium processing facilities
n2ar their communities. The doses to the average individual in
the vicinity of a model wuranium mill has been estimated at
-« 045 mrem/yxr (EPA, 1977) . Therefore, the actual risk to
populations is probatly less than predicted akove by a factor of
saveral 1000, assuming a 1linear relationship between dose and
health =ffects.

Additional perspective to the 1risk of radiation from uranium
production facilities is provided Ly comparing that dose
increment to the dose from natural radiation background, although
background radiation must be qualified since it is variable. The
cosmic ray component of Fkackgrcund dose approximately doubles
with evary mile of altitude increase from sea level to about
20,000 feet. The contribution from natural gamma-ray emitters in
the earth's crust also, of course, varies. A description of
background radiation whole body gamma dose should include
terrestrial dose equivalent (DE) and cosmic DE. The cosmic DE
has two components, an 1ionizing one and a neutron one. The
increased radium and thorium concentrations,in ths western states
significantly increase the terrestrial dose. As a result the
annual background dose in the western states probably averages
over 200 mrem/year (Whicker and Johnson, 1878). Background is
measured during the preoperational phase of radiological
monitoring and should be used when comparing the doses calculated
for mining and milling operations. Tables A-7 and 2A-8 present
estimates of dose rates to U.S. inhabitants.

Another way of considering the biological effects of radiation
dose 1is to discuss life-span shortening of human populations. It
is generally thought that life-span snortening is an integration
of all radiation effects which are non-specific for 1low 1level
chronic radiation. The consensus is that a life-span shortening
of 1 day per total accumulated dose of 1 rem 1is a conservative
guantitative measure of human life-span shortening from ionizing
radiation (Whicker and Johnson, 1978). Again, assuming an
average individual dose from a uranium mill of 0.045 mrem/yr, an
accumulated dose of 1 mrem would not Le received in a lifetime.

4A-18
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CHAPTER 5

Socioeconomic Considerations

Socioeconomic impacts can be positive, negative, or more
commonly, a combination of both. Positive impacts frequently
include expanded employment and business opportunities, enlarged
local tax bases, and arrested decline in some rural areas.
Negative impacts may include éhortages in public facilities,
shortages or inflated prices for housing and privately supplied
goods and services, and the emergence of new types of social and
political frictions. The.potential for negative impacts arises
because most energy <reserves are in relatively isolated areas
where local communities may not have the expertise, the growth
management institutions, or the financial resources necessary to

accommodate rapid economic growth without major disruptions.

Irn general, neither the opportunities nor the problems presented
by uranium developments are as significant as those presented by
other new energy developments, such as coal mines, synthetic
fuels facilities, or power plants, because uranium mines and
mills typically have fewer employees. However, the opportunities
'may be enhanced and many of the negative impacts avoided or
mitigated if growth is anticipated and public and privats sector

decision makers cooperate in developing responses.
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Based on analysis of a number of uranium and other energy

development projects, impacts fall into the following categories:

-

e DIRECT IMFACTS ON EMPLOYMENT AND INCCME - The introduction
of a new mine ox mill means new jobs, usually at higher
than average wages.

e INDIRECT AND INDUCED IMPACTS ON EMPFLCYMENT AND INCOME
Mines, milis, and their employces make new demands for
local goods and services and spend a portion of their
incomes locally.

o POPULATION CHANGES - There may or may not ke significant
numbers of newcomers to the community.

o PUBLIC SERVICES AND PUBLIC FINANCE - Tax rev=anues will
increase, but so will demands for public facilities and
services.

¢ HOUSING AND COMMERCIAL DEVELOPMENT - Cemand for private

facilities and sservices also increases; if local
entresprensurs do not respond, shortages and inflation will
resulte.

- o SOCIOCULTURAL AND POLITICAL CHANGE - The introduction of
large numbers of newcomers may produce changes 1in Loth
formal and informal relationships.

e OTHER POTENTIAL CCNFLICIS - These may include competition
ketween regulatory agencies for authority, competition
among alternative users of land (2.9., recreationists vs.
mining interests), or competition for local labor.

= J

ecause of +the complex interaction between uranium development

)

projects and their host communities, there is no universal model
to predict socioceconomic impacts. Even in cases where models
exist, the state of the art in forecasting is not precise. Some
degree o¢f uncertainty concerning the futurse is unavoidable. On
the othner nhand, in contrast to certain impacts +to +the physical

environment from uranium development, most adverse socioeconomic
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impacts are relatively easy to mitigate by institutional means.
Accordingly, one key to harmonious developmant of uranium
resourcas is early contingency planning by both the developer and
the host community, followed by an impacts—monitoring program

once devalopment gets under way.

éocioeconomic impacts depend on the characteristics of the host
community, the region, and of the project itself. The effects of
all growth near the host community should be included in the
analysis of appropriate responses. Frequently, ths impacts of a
single project are relatively negligible, whil=2 the impacts of
all new stimuli to the local economy, including one or more mines
ands/or mills, are gquite large. Table 5-1 summarizes important
factors in each category and will serve as a convenient checklist

for administrators and planners.

The following discussion provides a more detailed description of
impacts as well as other sources of information and possible
industry and government raesponses for each impact category. In
some instances, more text is devoted o problems than to
opportunities; this is not done Dbecause the propblems will
nacessarily outweigh the opportunities, but because with proper
attention and planning, mcst problems can be avoided or at least

alleviated.



p-c

N

Impace Cagegory

(1) Direct Jmpacta on
Eaploywent and
Tacome

(2) Indirect and
Induced Iwpaccts on
Employaenc and
Income

(3) Populacion Changea

Table 5-1

Opportunttics/Prob)emy

Communittes with high unewployment
will receive ncewcd new jobs.

fucreased economic activicty may
bring incrcased per capita fncowes.

Substantial growth of limlted duration
(e.8., depleting reserves) or uncercain
duracion (e.g., aa a consequence of
volacilicy 1a uranjum prices) may set the
coumiunley up for u bust to follow the boom.

The rate of growth and/or uncuertalnty
concernbng the tlntng or duraclon of
ucsntum developwent way cuuse slresses
ov breakdowns in other uystema.

Increuses in local pucchasing power may
ultiwacely lead o the avallabliltcy of a
wider range of privare goods and scrvices.

Tocreasud growth way lead to new local
entreprencurfal opportunicles,

Local luboy cotits may be forced upward by
couwpieeltfon from the Incowlng uraalum in-
dusgry, productag local fallacton. Local
businesscs wmay not boe able to compete with
hgher faduscry woges. Reduced avoatlabiltey
of labur dugrades quality of service,

Fever of the communtrys young people
way leave because they percelve a lack
of cconomic oppurtuntey.

Population growch miy overtax existing
publte and private foctlitles and
services,

Relaced Mine/ME)) Characeerlatics

Related Communlry/Reptonal Characterioacics

Phastng of conscruccion and oper-
acing ewployment.

Production levels.

Marglaal versus clearly ccoaomtc
ore grades.

Local hWiviag versus the nusber of
fn-wigrancs.

tubor requivement for LWighly wpe-
cinlized skidls.

Recvalvwent efforcs of the uraafua
snd conscruction cowpsnles aad/or
unfon policles,

Avallablltey of on-the-job cralning

Progoam.
Discance to local coumunitiews.

Extent of Jocad verdus non-locul
purchastug.

Disgance 1o Yocal communiites.

Scerrlement pattevns of enployees.

Bwploymenc cotals.

Characteristics of lncoming work
forco and familice.

Factors Influencing the Occurrence of Socioeconomic Impacts

Degree of reglonal unemployacnt and
underemploywent.

Avatlabiltty of speclalized akills and
exfuccence of local unton hall.

Relactonshtp of Jocal salaries to cou-
struction and uranfuwn project valaries.

Presence and cffcctiveness ac local
vacatlonul), teckalea) or tndustry tralning
pProgriama.

o Commuting Jdistance to work site.

e Distance to reglonal trade ceater.

Present level of diversification.

& Present lucal salary levels.

Degree of reglonal uncwployweat and
undévamploymene .

Likelfhood of loucal versusd nun-local pur-
chases by houschold and service sectors.

Avatlabilicy and capicald for floanclog
buslueus venturesy.

s Prescat uvatlsabilicy of public and
private facilitdcs and services, houslug
and othur awmenitles.

o Travel tiwe to place of cuployment,

SOURCE: DRI




lopact Category

(4) Public Services
and Public Floance

(3) Houoting and
Conmercial
Vevelopneat

Opporstunities/Problems

Urantum developments lead to large fn-

creases in the local propercty tax base.
Virfomately, chis may provide for raduc-
tlions fn tax rates and/cr increasea in

the level of public services.

During the inttial deveclopment perlod,

tax base grouwth may log far behind popula-
tion growth., Llocal jurisdictions may also
encounter Instfcucional coanstraints in
attempcing to borrow funds to finance
development. The result may be lancrcasee
in local tax rates and/or degradation in
public services for several yeara.

Public finaunce problems prevent timely
provision of services and facilicieu,

Dissacfusfaccion of workers aud cheir
familfes with thetr quality of Jife may
lead to altenation and to high labor

turnover rates, low productivity and higher

production costs.

Dissatisfaction with reductions 1n che
qualtty of life may lead to increased
opposition to future energy developmeants
by residencs and scate and local
goveraments .,

Private fnveators, particularly houaing
developers and lenders, may not have the
ability or adequate incenctive to keep up
wvith growth in che economy. Shortagus
and locel iaflation are tile recult.

Table 5-1 (continued)
Factors Influencing the Occurrence of Socioeconomic Impacts

Relared Mine/MI)) Characteristics

e Phasing of construction and
operating employmenc.

e Timing of assessed valuation
facreases.

o Jurfsdticelon(s) recefving new

asgessed valuation versus those
receiving population.

o Silaries of t{ncoming workera.

e Housing preferences of incoming
workers.

o Degree of local versus non-local
purchaaing.

o Tiwing and duration of ucsnfua
development.

felated Community/Reglonal Characteristics

Local revenue structure.

Inscitutional constralats on public
borrowing.

Jurtsdiccion(s) recelving population
increases versus cthoese receiving incressed
assessed valuwation.

Avaflabilfcty of state mechanlume for
impact assistance.

Local cost factora for supplyling services
end facilicfea.

Local expertise in obtaining outside

financing and ta fedevral/atace
grantseanship.

Availabllity and cost of factore of
production.

Present diversity of local economy.

Constraints on borrovwing developaent
capital, obtaining wmortgsges.

Aveilability, cost, snd quality of
exiasting housing.

Local entreprencuriasl abtlity.

SOURCE: DRI
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(6) Sociocultural and .
Political Changes

(7) Other Potential
Conflicts

(,’/'> Impact_Coategory Opportunities/Prob)emq

Newcomers may bring assets (education,
wmanagerial skille) which can bLenefit
the community.

Values conflicts may arise hetween old-
time and newcomer cultures.

Old-timers may expcrience a loss of
intimacy and “small town feeling"
ap the community grows.

Old-timera may loese political control
of their community,

Housing shortages, shortages or de-
grodation in the quallty of other
privately and publicly financed gooda
and services, and rural spravl settle-
ment patterns all tend to produce more
altenation of residents. Thias alicna-
tion also further kncreases the 1ikell~
hood that old-timers will resent the
changee in life-styles snd that values
conf{liccs will arfue.

Local governments' inability to hawdle
thelr own houslng ond public [innnce
problema may hring more atate and
federal Intervention into cosmuaity
affaira. Thie intexventlon any be
xcacnted by local rcaidents and
offfcials.

Low paying jobs in public and
privaete asector cannot compete for
labor.

Competition for land may bid up
pricea. Land uses change (marginsl
egriculture land taken out of
production).

Competing regulatory suthorities

may increase uncertaloty concerning
the occurrence and timing of develop-
ment and thua hinder efforts to
mitigate impactas.

Table 5-1 (continued)
Factors Influencing the Occurrence of Socioeconomic Impacts

Rolated Mine/Mill Chuarncteviatics

Related Community/Regtonal Charoctertatice

e Social characteristice of
{ncoming work force.

¢ Expectations of quality of life.

o Wage rates of construction and
uranium induatry.

s Locatton of development and
characteriatice of surrounding
acea.

e Exiating soctial, political and cultural
structures.

Settlement patterns encouraged by
community.

e Efforts to sssiwilate nevcomers.

o Wage rates and extent of underemployment
{n other local sectors.

o Existence of plannfng and zontog prohibits
aowe uses.

e Applicable state regulatory structures.

SOURCE; DRI




5.1 |
Direct Impacts on Employment and Income

Changes in employment and income as a result of uranium-related
development cause direct impacts~ on the local and rsgional
economy. These impacts are usually viewed as positive by the
host community. The benefits of these changes can Le increased
and othar indirect negative impacts reduced if uranium projects
can hire local residents; for instance, local unemployment can be
reduced and per «capita income increased, thereby reducing the
negative impact of requiring new schcols before the tax base is
availabla to pay for them. Generally, total direct impacts on

employment and income will be a function of the following:

~ R

e The number o¢f facilities Dbeing built in ths same area.
When several projects occur in the same region, each
succeeding project will relvy more on outsiders for
employees.

e The phasing of development of multiple facilities.
Construction-~related employment can often be made much
more stable if projects are timed so that essentially the
same work force is employed for each project.

e The level of effort by the mine or mill to hire local
residents.

e The 1labor requirement for highly specialized skills.
Local labor pools in rural areas are not often able +to
provide workers with highly specialized or technical
expertise.

e The degree of regional unemployment. Improper functicning
of formal or informal information networks on employment
opportunities may lead to the number of newcomers
exceeding the number of new Jjobs, actually increasing
unemployment.




5.1.1
Employment

.The three most common analytical approaches used to estimate tine
number of local employees versus newcomers are (1) to assume all
employees are newcomers, (2) to extrapolate from the ratio of
newéomers found in similar projects, and (3) to analyze thé local
market's capabilities to meet project needs. To assume that all>
new employees will be newcomérs is a conservati&e approach, often
taken where +there is little available data. It is based on the
premise that local hirees will be vacating Jjobs that will be
filled in +turn by newcomers. .The extrapolation approach is to
use the results of surveys taken 1in previous energy-impacted
areas. The market—analysis approach is to analyze the skills of
the local labor force and relate them to the needs of the mine or

mill.

In analyzing direct employment, a distinction is made between
construction and permanent workers. This distinction is
important in both assessing long—-term impacts and in considering
. mitigation measures. Since construétion workers tend to be.
temporary, area populations may fall as raéidly at the end of
construction as they rose at the beginning. Thus classrooms and
utilities systems built to handle the increased population will
not be efficiently used, but the remaining residents will still
be responsible for the. debt incurred for construction of such

facilities.



/ Peak Total ) _\
Start-up Normal Construction Construction Operating Union/
Project Date Capacity Time Force Force# Non~Union
Mines
Surface mid 1,720 TPD 7 months 141 141 aon-union
1970°s :
Surface mid varies 2 years NA 455 uniog
1950's according
to ;rade
Surface early 2,000 TPD 2-1/2 years NA 220 non-unioa
1970's (initially
scrapper
operation)
Underground projected 4,500 TPD 10 years for 300 750 NA
early all constructioa
e 1980's to ba complete
Underground early 1,100 TPD 2-1/2 yeara 60 164 mixed
1970's
Underground early 600 TPD 4-1/2 years for 8A 180 union
1970's all construction
to be ccuplete
M{1lls .
Mill (actd- mid 3,000 TPD 11 nonths . 600 421 unioca
leach) 1950's expanding to for expaasica
expanding 5,000 T?D
lace
1970's
i1l early 750 TPD 20 months 60 83 rixed
(carbonate= 1970's (all surface
leach) . buildings)
Mi1l (acid- nid 1,200 TPD 4 years for 120 185 non-untea
leach § 1550's entire (conversion)
akaline=~ converted . ecnversion
leach) 21d 1970's
M11l (acid- oid 1,000 TPD 1 year 70 51 non-unfon
leach) 1970's (includes 2
month delay
‘for NRC
Statement)

*Includes office and maintenance personnel.

SOURCE: DRI intervicws with mine and mill operators.

Table 5-2
Estimates of Work Forces for Selected Uranium Mines and Mills

-

/




Examples of the number of operation and construction employees
and construction times for various types of uranium mines and
mills are shown in Table 5-2. These vary widely from project to

project, depending on such factors as:

. - D

e Geologic conditions

e The resultant mine and mill plans and engineering
specifications

e The construction techniques used (e.g9., extent of
prefabricated subsystems)

e The geographic location (including the consideration of
estaklished +transportation systems and distance to
regional trade centers)

e The existence of regional union lakcr pools and types of
skills represented

e The discretion allowed project managers to make trade-offs
to use smaller construction forces over longexr periods of
time

e J

The prime contractor for the construction project and operating
companies for mine and mill facilities are the best sources for
obtaining data on employment. Where an employer's data are
unavailable, general figures on worker productivity may be used
in combination with estimates of mine output. Table 5-3 gives
the average worker-productivity in the U.S. for undexground and
open—pit mines. As indicated, it is impoxtant to use recent
estimates because productivity has fluctuated sharply with
technological innovations and changes in mine safety

requirements.
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Tons Per Man-Shift

Underground Mines Open Pit Mines
Service Service
and and

Miners Support Total Miners Support Total
1969 7.8 18.0 5.4 16.6 22.1 9.5
1970 8.5 18.6 5.8 19.1 27.1 11.3
1971 8.1 18.1 5.6 21.7 27.8 12.2
1972 8.6 19.4 6.0 22.7 32.0 13.3
1973 8.2 15.3 5.4 28.0 38.6 16.2
1974 8.3 19.0 5.8 30.7 35.3 164
1975 6.4 10.6 4.0 26.1 29.6 13.9
1976 7.5 9.0 G.1 21.8 30.6 12.7

Source: ERDA, January 1976.

Table 5-3
Changes in Worker Productivity

N J

5.1.2
Income

Wage rates fcr construction and operating employses will ncrmally
be considerably higher than those of the local service and public
employees, even allowing for variations such as region, skillé
involved and union pay scales. Uranium industry employeass can
furtner augment their base pay by overtime, bonuses and other
incentives based on individual productivity. As a result, it 1is
frequently possible for an experienced miner taking advantage of
all offered incentives to maks $30;000 per year. Typical wages

received by employeses in wvarious industries are given in



Table 5-4. wage differentials for different skills

illustrated in Takle 5-5.

are

s

Potential actions to enhance opportunitiss and/or mitigate
proklems include:

Community actions
e Vocational training programs for local residents

e Accurate Jjob status publicity (to prevent in—-migration of
workers in excess of availakle jobs)

Industry actions

e Local recruitment efforts by both construction contractors
and operators

For more information see:

General sources on worker characteristics

e University of Wyoming. Agricutural Experiment Station.
Prefile of a Rural Area work Force: The Wyoming Uranium
Industxy. Research Journal 79, Laramie: January 1974.

e Uhlmann, Julie M., et al. A Study of TIwo Wyoming
Communities Underqoing the 1Initial Effects of Energy
Resource Development in the Powder River Basin: Buiffalo
and Douglas, Wyoming—1975. Laramie: University of
Wyoming, 1976.

e Mountain West Research, Inc. Construction Worker Profile.
Washington, D.C.: 01d West Regional Commission, 1976.

Other sourcses

e Environmental Impact Statements for specific facilities
(e.g., Rocky Mountain Energy Company, Beaxr Creek facility,
Converse County, Wyoming; Minerals Exploration Co., Red
Desert facility, Sweetwater County, Wyoming; Rio Algonm,
La Sal facility, San Juan County, Utah)

e State and regional employment offices

e Unions




€T-9

Occupation Wyoming New Mexico Utah

Uranium Industry

Mine $1,250 - 1,833 $1,000 - 1,833 $1,500 - 1,833
Mill $1,250 - 1,667 $1,000 - 1,500 $1,000 - 1,500
Carpenter (union) $1,600 - 1,900 $1,730 - 1,880 = —e—me—-
(non-union) $ 920 - 1,070 $ 870 - 1,020 $ 700 - 850
Police Officer $ 780 - 930 $ 806 - 1,100 § 700 - 850
Fireman  eeeme——— $ 600 - 800 $ 680 - 830
City Laborer $§ 700 - 850 $ 550 - 650 $ 520 - 670
City Mechanic §1,190 - 1,340 $ 800 - 900 $ 870 - 1,020
Clerk-Typlst (steno) $ 500 - 650 $ 520 - 670 $ 440 - 590
(bookkeeper) $ 580 - 730 e s e
Auto Machanic $ 930 - 1,080 $ 800 -~ 900 $ 660 - 810
Truck Driver (heavy) § 840 - 990 $1,130 - 1,280 $ 910 - 1,060
(light) $ 630 - 780 $ 780 - 930 $ 490 - 640

SOURCE: 1977 State Job Listings.

Table 5-4
Average Monthly Salary Ranges for Selected Areas

\




e

Job
Category

Junior lab
technician,
unskilled,
beginning
secretary

Secretary,
entry level,
semi-skilled

Skilled
draftsmen,
operators,
miners

Supervisory
personnel

Administration

Table 5-5

o

Industry
Average

under
$10,000

$10,000~
15,000

$15,000-
- 20,000

§20,000-

25,000

above
$25,000

Mill
Average

under
$10,000

$10,000-
12,000

$12,000~-
18,000

$14,000-

20,000

above
$20,000

Mine
Average

under
$10,000

$10,000-
15,000

$§15,000-
20,000

$20,000-

25,000

above
$25,000

SOURCE: DRI interviews with industry officials in Wyoming, Utah, and
New Mexico.

Examples of Average Wages for Uranium Industry Workers

\
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5.2
Indirect and Induced Impacts on Employment and Income

The direct changes in employment and income associated with
uranium development can cause indirect and/or induced changes in
virtually every other sector of the local and regional economies. .
Uranium development may produce indirect changes in other basic
industries; for example, increases in uranium-linked indus*ries,
such as railroad-— and mining—equipment suppliers, may occur.
Capital expenditures and salary dollars invest=2d4 in the local
aconomy by +the wuranium industry and associated activities
increase spending, which 1leads +to induced changes, such as
increased purchasing power, economic activity, and supporting

(nonbasic) jobs.

Indirect changes are not always positive. For example,
agricultural production may decrease because of competition for

local labor. This in turn could reduce economic diversity.

5.2.1
Non-Basic Economic Activity

Uranium development also stimulates changes in nonbasic economic
activity. In a simple model of a 1local or regional economy,
basic economic activities are those which import purchasing power
from outside the rggion. Nonbasic activities, activities which
provide goods and services to households and/or businesses within
the region, are considered to be a function of the level of basic
economic activities. Nonbasic economic activities include some

(but not necessarily all) wholesaling, commercial and financial
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establishments, some light industries, the 1local housing

industry, and the local puklic sector.

The extent of indirect or induced impacts in the host community

depends upon the following:

(f- The | . ‘\

. distance to the nearest regional +trade center.
Regional trade centers are capable of absorbing a portion
of the increased activity due to area resource development
without much disruption. Small rural communities are not
able to do this.

e The shopping habits of local residents. As an exampls,
Alkuguerque is within easy driving distance (all
interstate) of Grants, New Mexico, and many residents of
Grants drive there to shop. This may tend to reduce the
incentive for Grants to greatly expand its businesses.

e Present diversification of +the 1local economy. Many
businesses in small rural communities could not handle a
suddan, large increase in business. Limited shopping is
available, usually consisting of a drug store, small
department—-type store, a limited item grocery store, atc

5.2.2
Analytical Approaches

The analytical approaches used most frequently for estimating
changes in nonbasic economic activity due to changes in basic
economic activity are. export-base multipliers and ihput—output
models. Export—-base analysis expresses the ielationship between
basic and nonbasic activities 1in texms of simple ratios, or
multipliers. 'Multipliers may be calculated using either

employment or income data.
Input-output analysis is based on the interrelationships of firms
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both as purchasers of inputs and as producers of outputs. It
provides a means of determining how changes in the output of any
industxry will affect each sector of +the =conomy. Input-output
analysis 1is a more sophisticated technique than export—base
analysis; however, it is used much less requently in impact
assessment. One reason 1is the cost. Up-to-date input-output
tables are frequently unavailakle for the area to be studied and
are expensive to prepare. The most common approach is the
employment multiplier, primarily because of ease of application.

Income multipliers may be used almost as easily.

Depending on the local sconomic and political environment (e.qg.,
present levels of unemployment and underemployment and political
attitudes toward growth), the host community may want to maximizs
or miniﬁize the indirect and induced effects of the prcposed

developmant.

(rPotential actions to enhance opportunities and/or mitigate ‘\
proklems include:

Community actions

e Informal actions (e.g., Chamber of Commerce) +to publicize
business opportunities

Industry actions

e Maximizing (or minimizing) local purchases of supplies and
material

e Encouraging employces to 1live nearby (or to commute to

K\_ nearby communities)
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For more information see:

More detailed descriptions of analytical techniques

e Miernyk, William H. The Elements of Input—Qutput Analysis.
New York: Random House, 1965.

e Tiebout, Charles M. The Community Economic Base Study.
New York: Committee for Economic Development, December
1962.

e Hirsch, W.2. Urban Economic Analysis. New York:
McGraw—Bill, 1973..

Examples of use of these techniques

e Employment Multiplier: Denver Research Institute,
University of Denver (e.g., Gilmore, et al., Socioeconomic
Analysis Appropriate for an Environmental Impact Statement
for a Uranium Mine-Mill Complex at Bear Creek, Wyoming).

e Tncome Multiplier: Arizona State University, Department of
Economics (e.g., Chalmers, James A. and E.J. Anderson
{ Mountain West Research, 1Inc.].. Economic/Demographic
Assessméent Manual. Denver: Bureau of Reclamation,
November 1977).

e Input—-Output: University of New Mexico, Bureau of Business
and Economic Research, Albuquerque, New Mexico.

N— J

5.3
Population Changes

Estimates of population growth relatsd to development are based
on employment projections. First, employment estimates are
adjusted to account for'any expected increases in jobs held by
local residents (e.g., changes in unemployment levels ands/or
labor participation rates). The resulting estimates, that is
jobs to be taken by outsiders, are tnen translated into estimates

of population growth using one of the following three techniques:
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e Labor participation — The ratio of labor force members to
population. This technique assumes that this ratio is the
same as the regional average.

e Worker characteristics — The cnaracteristics of the work
force are assumed to be similar to those found in surveys
at previous project sites. Singles and families are

projected separately using such variables as head of
household, family size, and number of children. Different
variables are normally used for construction and operating
employees.

e Cohort survival - Births, deaths, and net migration are
projected separately for each age and sex cohort of +the
population at periodic intervals. Additional assumptions
must be made concerning the age and sex distribution of
newcomers.

- _

While the cohort survival technique provides the most detailed
results, it is the most time consuming and rsquires the most data
and initial assumptions. This added detail may be appropriate in
special situations such as where there is concern over the size
of the elderly population or where mines or mills are located
near Indian reservations.

5.3.1
Settlement Patterns

In addition to the magnitude and timing, the geographic
distribution of income and employment effects among local
communities and taxing jurisdictions is important. Possible

settlement patterns are influenced by the following:
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e Location of the new facility
e Travel time to the point of new employment

e Presant availability and quality of public amenities
(¢.g., utilities, schools, puklic sexvices, recreation
facilities)

e Present availability and quality of private facilities and
sexvices (e.g., shopping and medical care) and presence of
employment opportunities £for any other wage earners in
families

e Present availability and quality of housing

e Announced plans for new housing developments, and public
and private facilities and services

e Residential choices of people presently working at or near
the point of new employment

e Special incentives (e.g., availakility of subsidizad
housing or special transit systams) 4/

5.3.2
Prediction Techniques

Three of the most commonly used approachés for predicting the

geographic distrikbution of impacts are as follows:

\

e The gravity model, in which community attractiveness is a
function of population mass and distance

e A community weighting approach, which incorporates housing
prices and subjective assessments of the community
attractiveness

e The Delphi technique, a system for eliciting expert
opinion by sequential rounds of questioning

\- J




None of these methods Lave been shown to ke particularly accurate
predictors of settlement patterns. It may be that the decision
process 1is sufficiently random that no +technigue is a good
predictor. In some instances, it may ke Dbhetter to think of
worker settlement patterns as a policy variable rather than
something to forecast. Workers might be encouraged to 1live in
the communities where their presence causass the most favorable

impacts and the fewest problems.

e ~

Potential actions to enhance opportunities and/or mitigate
problems include:

Community actions

e Encouragement of housing growth to accomodate types of
population desired (e.g., permanent single family units or
mokile homes and barracks)

e Use of growth management technigues (=2.g9., zoning, utility
moratoria, higher tap fees) in +those areas which would
suffsr the most adverse impacts

Industry actions

e Recruitment efforts focused on desired types of employeces

e Informal encouragement of employees to live in designated
areas

e Incentives to employees to live in designated areas (e.g.,
K\‘ bus service to mine/mill sites, subsidiz=d housing)

_J




(,;or more information see:

Examples of population analysis technigues

e Labor Participation: Tennessee Valley ARuthority. Final
Environmental tatement Morton Ranch Uzranium Mining.
Chattanooga, Tennesssee: January 1976.

e Worker Characteristics: U.S. Nuclear Regulatory
Commission. Draft Environmental Statement Rocky Mountain
Energy Companv's Bear Creek Project. Wwashington, D.C.:
January 1977.

e Cohort Survival: Wyoming. Department of Economic Planning
and Development (DEPAD). The Navajo Nation, OQffice of
Program Development. The Navajo ZEconomic-Demogxraphic
Model. Window Rock, Arizona: January 1976. Available
from Office of the State Planning Coordinator, Salt Lake
City, Utah.

Examples of techniques for analyzing population settlement
patterns

e Gravity Models: Chalmers, James A. "The Role of Spatial
Relationships in Assessing the Social and Economic Impacts
of Large Scale Construction Projects."” Natural Resourcss
Journal, April 1977, pp. 209-222.°

e Community Weighting: Williams, David, et al. Impacts of
the Propocsed Peabody Rochelle Coal Mine. Reston,
Virginia: USGs, 1978.

e Delphi: Schmitz, Stave, et al. Growth Monitoring System
Project Report for State Planning and Management Region
XI..  Rifle: Colorado Wwest Area Council of Government,
1977.

— _/

5.4
Public Services and Public Finance

The development of uranium resources may have major impacts on
public finance and public services. Many local jurisdictions
hosting uranium development eventually benefit from an increased

tax base. In the short run, however, uranium developments in
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sparsely populated areas may also cause serious public finance
problems. When a new development is initiated, the need for
public 2axpenditures frequently grows much faster than revenues
from existing sources. This is particularly +rue for city or
town governments, since development normally tak=ss place outside

corporata limits.

Local officials may confront the following probklems:

e Revenue shortfalls (cash flow problems) resulting from ths
lag times in receipts of increases in revenues and the

lead times required to provide new facilities.

e The potential for mismatches Letween <those receiving
ravenue increases and those confronted with increases in
demands for services (uranium development can take placs
across county, school district or even state 1lines from
whezre population settles). For example, Grants, in
Valencia County, New Mexico, is the home of employzes of
the Kerr-McGee Ambrosia Lake Mill, the Rancher's Johnny M
Mine, and the Gulf Mt. Taylor Mine—all located in
McKinley County. Municipalities almost always have these
problems, since uranium operations are rarely within
corporate limits.

e The high level of risks for local bonding. The timing and
duration of uranium developments are subject to
uncertainty. Since the tax base depends on their
presence, their delay or abandonment imposes a high bond
repayment burden on the residual tax bkas=a.

e The potential for sharp increases in public operating
costs. Salary costs ILrequently increase due to
competition with the new uranium-related jobs.

e The need for new expertise. The financial expertise
necessary to be successful in obtaining outside assistance
or 1in obtaining satisfactory arrangements with outside
financial institutions or bond markets is frequently not
available in small communities.




The revenues and expenditures associated with uranium development
must be projected to determine net impacts. Proﬁections should
be made at least ‘on an annual kasis to refléct concerns over
front-end financing and cash flow problems. They should be made
separately for each relevant jurisdiqtion to address the issue of

mismatches between those receiving the costs and those receiving

the benefits.

5.4.1
Revenues

A close examination of the tax structure of the state whers the
operations are located is necessary for accurate estimates of
public revenues directly related to uranium production.
Table 5-6 lists the taxes applicakle in the state of Utah.
Table 5-7 provides an example of the taxes due from a typical
mining operation in Utah. Other states vary greatly from +this
example. The approach 'commonly used to project other indirect
public revenues includes aividing revenues into suk-categories
which can be estimated based on previously derxrived estimates of
increases in real property, production, income and/or population.
Estimates of virtually all revenues other than those directly
related to uranium development are made on a per capita basis..
Some more complex estimating methods involve use of input-output
analysis to derive public sector revenues and use of multivariate

relationships derived from cross-sectional analysis.
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Title & \
Legal Year Allocation
Citation | Enacted Basi{s of Tax Rates and Use
General 1849 302 of "reasonable fair cash value”"* | Varies in each city, county School discrices,
Property of real and tangible personal and school district. In municipalities,
59-1~-1 property. Metalliferous mines 1977, total property tax counties, and
to assessed at $5 an acre plus two ranged from 46 mills in an special distrwicts.
59-11-16 times average net proceeds. In unincorporated area of
addition, machinery and other Daggett County to 114.95
property of mines assessed at 30% in Salt Lake City; state
of reasonable fair cash value. average was 78.59.
Sales 1833 Retail sales or use of tangible 42 of purchase price. To General Fund.
and Use personal property, utilicty services,
59-15~4 admissions, meals, general services,
59-16-3 hotel, motel, laundry and dry
cleaning.
11-9-4 1959 Local option--county, city. 3/4% of purchase price. Returned to local
11~-9-6 . unit imposing tax.
11-9-4 1974 Local option--county (only Salt 1/4% of purchase price. Transir District.
11-9-6 Lake, Weber and Davis Counties).
Corporate | 1931 Net income allocable to state; no 4% of net taxable income. To' Uniform School
Franchise deduction for federal taxes. Minimum tax for state banks Fund; distributions
59-13~65 and corporations 1s $25. to districts under
ainimum school
_program.
Onemploy- | 1936 Base is the latest average annual A tange of 1.3X to 3% To Unemployment
ment wage; this changes every ycar—— of covered payroll. En- Compensation Fund;
Compensa~ curreantly $9,600. tire tax paid by employer. used to pay unem—
tion ployment benefits.
35-4-7
Motor 1923 Gallons of motor fuel sold or used. 9¢ per gallon. To Highway Con-
Fuel (July 1, 1978) struction and
41-11-6 Maintenance Fund;
used for highway
censtruction and
maintenance.
Motor 1909 Motoreycles, private autos, house Motorcycles and small Cities and coun—
Vehicle trailers, wmanufacturers, transport- trailers——52.50; private ties get first
Registra= ers, dealers, and wreckers--flatc autos-=$5.00; house $2,000,000 after
tion fees. Motor vehicles, trailers, trailers--$5.00; commercial admin. expense.
41-1-127 and semitrailers used for trans- vehicles~-5$7.50 to $585, Balance: 3/4 to
portation of passengers or extra for reflectorized cities and coun-
property-—unladened weight of plates-—S$1.00 per set. ties, 1/4 to State
vehicle. Highwav Fund.
Mine 1937 Gross amount received or gross value | 1Z. To General Fund.
Occupa~- of metalliferous ore sold--$50,000
tion exempt.
59-5-67

e

*"Regsonable fair cash value" is not necessarily current market value. Presently the actual assess-
ment ractio is between 62 to 241 in the extremes, but the state aim 1s for all property to eveutually be
assessed at 20Z of current market value.

SOURCE: Compiled by the Utah Foundation from the Utah Code Annotated 1953, as amended.

Updated based on interviews with the Utah State Tax Commission.

Table 5-6
Examples of Utah Taxes to be Paid by Uranium Mining and Milling Companies

_/
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///'—Assumgtions: ) ﬁ‘\\\

e Initial investment = $45,000,000 (1977 dollars)
Cost of mine = §25,000,000
Cost of equipment = § 1,000,000
Mine normal capacity = 1,700 TPD
Mill normal capacity = 1,000 TPD
Pounds of yellowcake/year = 600,000
Selling price = $ 40

Complex is on BLM land

Estimated taxes for first year of operation (1978)

Uranium company property and assets are distributed equally between
Utah and another state

Property Tax
Assessed value of mill is 207 of $25,000,000 . « . +« « ¢« « « « « « § 5,000,000

_Assessed value of machinery is 20%Z of $1,000,000 . . . . . . . . . 200,000

Assessed value is 2 times $1,300,000 (net proceeds =
gross procceds minus mining cost and machinery
purchased during Year) « « « o v « o o o o o o 4 = s o o s o 2,600,000

$ 7,800,000

Tax rate 60 mills

$§ 468,000

Sales or Use Tax
$3,000,000 expended annually for mine and mill
supplies times 4.75% & « v 4 4 o & 4 4 e s 4 o s e e e s e . s« $ 142,500

Corporate Franchise Tax
Net proceeds ($1,300,000) minus 1/3 for depletion
allowance (432,900) = $867,100

$867,100 divided by two (because company equally split
between two states) = $433,550
$433,550 X 4% v . ¢ 4 s 4 4 % 4 6 s et s s s e e e e e e e § 17,342

Unemplovment Compensation
Estimate for 210 employees earning $3,816,000 is 2.7%
on the first $9,600 paid to each employee during 1978
(59,600 x 210 = $2,016,000 X 2.7%) ¢« v ¢ & v o o o o s o o « o« o § 54,432

Mine Occupation Tax
Gross proceeds ($2,400,000) minus deduction
($50,000) = $2,350,000 X 1Z & « ¢ « o « s o « ¢ o « o« o « + + « $ 23,500

TOTAL . §. 705,744
SOURCE: DRI

Table 5-7

Estimated Major Utah Taxes to be Paid by a Hypothetical Uranium Mine-Mill

Complex

\_ /
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Another important variable is the «revenues mix of local
jurisdictions. Jurisdictions which rely heavily on ad valorem
taxes are the hardest hit Ly revenue lags. Sales taxes and tap
fees are examples of sources which arrive -earlier. Equally
important is consideration of. the fiscal position of the
jurisdiction . before development begins. Counties with
substantial amounts of other resource production, such as oil,
gas, and coal, are in a much better position to address uranium
development problems +than those with predominantly agricultural

tax bases.

5.4.2
Expenditures

A variety of techniques are available for estimating needs for
new public expenditures. Two of the most common approaches are
the wuse of national or regional per capita standards and the use
of the T"best judgment® of local officials responsible for
providing the serxvices.. No approach is without probklems, and a
detailed analysis of these issues is necessary before carrying

out an expenditure analysis.

Special emphasis should be given +to the differances between
public facilities and services required by permanent residents
and those required by temporary construction workers. This is
necessary to avoid overestimating the increases in public
expenditures. Needs also vary greatly from community to
community. A useful rule of thumb for early planning is that

roughly $1,000 per year in new operating expenditures and $5,000
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in new capital outlays are required for each new resident if the
quality of 1local services is +to ke maintained (Moore, 1976).
Some capital outlays need to occur one to two years prior to the
arrival of the new construction work fozxce.

5.4.3
Public Finance Constraints

With the exception of jurisdictional mismatches, most
development-related public finance problems are relatively short-
vterm, - lasting from two to seven years. Host communities and
other local jurisdictions require eithexr outside capital or a
substantial 1line of credit to get through these critical years.
Unfortunately, most experience thus far has been that outside
assistance and local borrowing have not been sufficient to
prevent a reduction in +the level of local services. Local
borrowing is inhibited by the following mutually reinforcing set

of constraints.

(

e ACCESS TO INFORMATION — Local officials often do not
receive early warning of impending development. Industry
is faced with development uncertainty due to such things
as litigation and international resource prices..

e ACCESS TO EXPERTISE — Small communities may have little
experience in capital improvements programming or other
intermediate range "budgeting techniques, the bond market
or in federal grantsmanship.

e ACCESS TC CAPITAL - Institutional constraints may limit
local governments' participation in the bond market. For
example, statutory bonding limits range fxom 10 percent of
assessed valuation for school districts to 2 percent for
counties in Wyoming.

- . _/
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CONSTRAINTS, Continuad

e RISK —-The uncertainty of the timing of development and the
possibility of abandonment may cause concern that public
facilities financed to accommodate growth will not be
needed and that bonds will have to ke paid out of the
existing tax base.

e ABILITY TO PAY — Some local entities may ke unaple to pay
off early years' debt sarvice without large increases in
tax rates. Voters may often refuse to pass bond issues
even when the need for new facilities is apparent.

o )

~ R

Potential actions to enhance opportunities and/or mitigats or
avoid these problems include:

‘Community actions

e Tax bass sharing where there is a jurisdictional mismatch
(Wwyoming has examples of ©both formal mechanisms-— the
state's Joint Powers Act—and informal mechanisms—
movement of the school district boundary within Converse
County)

e Shifts in reliance from taxes with long lead times (e.g.,
property taxes) to faster revenue sources (2.g., utilities
tap fees)

e Extensive use of external assistancse programs (e.9g.,
Environmental Protection Agency, Economic Development
Administration, state energy impact assistance funds)

Industry actions

e Coordination of scheduling of construction with local
officials

e Temporary financlial assistance (e€.g., planning grants) to
particularly needy local governments

e Prepayment of future taxes (only Utah presently has this
option)

N ' J




POTENTIAL ACTICNS, Continued

State actions

For more information see:

*‘\

Establishment of energy impact assistance funds with a
portion of energy-related revenues

Provision orf local technical assistance in planning,
growth management, and grantsmanship

Establishment of institutions to coordinate assistance and
ensure that proklams are mitigated (e.g., Wyoming
Industrial Siting Council, Wyoming Department of Community
Development, New Mexico Energy Resources Council, Colorado
Impact Assistance Coordinator, and Texas Energy Advisory
Council)

General discussion of fiscal analysis

Examples of the use of alternative techniques

e U.S. Nuclear Regulatory Commission. Drxaft Environmental

Real Estate Research Corporation. Costs of Sprawl.
Washington, D.C.: U.S. Govarnment Printing Office, 1974,

Muller, Thomas and Grace Dawson. The Fiscal Impact of
Residential and Commercial Development: A Case Study.
washington, D.C.: The Urkan Institute, 1972.

Gilmore, John, gt al. (Denver Research Institute).
Impacts of Western Energy Development. washington, D.C.:
The President's Council on Environmental Cuality, 1978.

Statament Rocky Mountain Energy Company's Bear Creek
Projsct. Washington, LC.C.: January 1977.

Combination: Baldwin, Thomas E., et al. A Sociceconomic
Assessment of Energy Development in a Small Rural County:
Coal Gasification in Mercer County, North Dakota, Vol. II.
Argonne National Laboratory, 1976.

Per capita: Laholm, Arlene G., et al. The Economic Impacts
of Construction and Operation of Coyote Station #1
Electrical Generation Plant and Expansion of Coal Handling
Facilities at the Beulah Mine of Knife River Coal Company.

Denver: Stearns—Roger, Inc., 1976.
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MORE INFORMATION, Continued
Discussions of mitigation alternatives
e Briscoe, Maphis, Murray and Lamont, Inc. Action Eandbook

for Small Communities Facing Rapid Growth. Denver:
Environmental Protection Agency, 1978.

e Moore, K.D., et al. {Denver Research Insitute).
Mitigating Adverse Socioeconomic Impacts of Enerxgy
Development: Present Programs and Mechanisms and Further
Policy Options. Washington, D.C.: U.S. Department of
Energy, 1977.

e Centaur Management Consultants, Inc. Assistance for Enerqy
Developers: A Negotiating Guide for Small Communities,
Washington, D.C.: Enerxgy Research and Development
Administration, 1977.

\— /

5.5
Housing and Commercial Development

In addition to shortages in public facilities and services, rapid
growth can lead to shortages in housing and in commercial
development. Housing problems are often the first major sign of
population growth impacts. Prices for new construction and for
rental units begin to increase as demand overtakes suPply. The
private business sector of the local econdmy is not akle to keep
up with demand either. Financing for expansion of commercial
establishments. is difficult to obtain or _nonexistent; existing
businesses are accustomed to operating under stable conditions
and may not have the stock or +the help to handle increased
business.. In times of rapid growth, the private sector suffers

many of the same probliems as the publié sector.
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5‘5.1
Housing

Most assessments of housing impacts consist of an estimate of the
increased need for housing. These are usually based on housing
surveys done in the area by local lending institutions, realtors
or planning agencies. Information collected often includes the
number éf housing units by type, such as single family,
apartments, and mobile homes; types of housing available; price
or monthly rental; age of dwelling; and household income levels.
However, equal attention should be (and seldom is) given to
whether suppliers are 1likely to provide the needed units and

whether buyers are able to pay for them.

The housing needs of cqnstruction workers are often temporary.
Many workers live ip mobile home parks (often bringing their own
trailers or campers), rooming houses, or motels for the duration
of the construction project. The housing demand of the permanent

operating work force is basically a function of:

r e the need for housing (normally based on household size) ‘\

e preference for different +types of units (mobile homes,
single family units or apartments)

e income levels and willingness to pay

\‘: ability to secure financing | 4/

Although the income 1levels of most uranium mine and mill
employees are high enough to initially qualify them for a
mortgage, the uranium-mining industry is known for the mobility

of its work force. This can cause difficulty in providing
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adequate credit and employment histories for loan applications.
Conservative lending institutions frequently do not look upon
these newcomers as good risks and guestion the prokabls period of
residence of the applicant and +the strength of 1local housing

demand after completion of the project.

Even when demand appears adequate to insure increased housing
production, a numker of other factors may constrain the supply of

needed housing units. These include:

/,7
e UNAVAILIABILITY OF MCRTAGE CREDIT — Small local economies i\
©  cannot normally generate the rate of capital formaticn
required to meet the needs for new housing mortgagas
without importing capital from outside financial centers.
The institutional constraints encountered include the
absence of effective correspondent banking rslationships,
the inability to have access to the secondary mortgage
market due to the relatively small size of the mortgage
packages, and the rejection of secondary mortgage packages
as too risky and/or toc difficult to evaluate and
supervise.

e LIMITATIONS ON LOCAL ENTREPRENEURIAL SKILLS - In some
instances, there is no active construction industry prior
to initiation of the uranium project.

e UNAVAILABILITY OR HIGH COST OF SKILLED CCNSTRUCTION LABOR
Whatever local construction force exists may ke ©bid away
from the housing industry by the uranium project.

e DIFFICULTIES IN ACQUIRING SUITABLE LAND — This is ‘hampersd
in coastal areas by environmental constraints and
competition from other land users (e.g., resorts), in many
semi-rural eastern areas by 1large lot zoning, in
Appalachia by terrain and monopolistic 1land ownership
patterns and 1in the Rocky Mountains Ly pubklic 1land
ownership.

e SHORT PAY-OUT PERIODS FOR RENTAL UNITS — Where peak work
forces create temporary housing demand, rapid amortization
of developers' and creditors' investments may lead to
extremely high income requirements for rental units and
mokile home sites.

_ ),
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e ABNORMAL FRONT-END RISKS — Where a single -‘project 1is
responsible for a large proportion of the 1local housing
demand (e.g., a large power plant in a small community),
developers and construction lenders may feel that their
vulnerability to project delays (e.g., due to
environmental litigation) is unacceptable. Lenders in
particular may refuse to take part in housing developments
until project construction is actually underway.

e EXCESSIVE FRONT-END COSTS - Factors limiting land
availability may also increase costs of roads, utilities,
etc. Also, local governments facing financial
difficulties with front-end financing may respond by
shifting a portion of the burden to private developers in
the form of higher wutility +tap fees, requirements for
cost-sharing on roads and utilities, and requirements for
school and park land dedications. J)

\

Because of these difficulties and the problems of employee
recruitment and retention, housing has become an area where
industriss have actively intervened. Activities range from (1)
attempting to remove . the constraints described (i.e.,
guaranteeing the sale or rental of housing constructed in advance
of the project, lease-purchase arrangements for employees, and
recruiting outside developers) to (2) acting as developers of
bunkhouses, subdivisions and mobile home parks to (3) providing
housing subsidies. The extent to which indﬁstry becomes involved

varies from company to company and from region to region.

5.5.2
Commercial Development

In addition to the housing supply and demand difficulties, the
host community can experience other related problems.. If there

are no effective controls on the pattern of development (i.e.,
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zoning and subdivisions regulations), "rural" sprawl can develop.
The difficulties which may be encountered when sprawl development

occurs include:

e HEALTH PROBLEMS — Adherence to and enforcement of the

health standards associated with water and 1liquid waste
treatment facilities may be neglected.

e INCREASED COST OF PROVIDING PUBLIC SERVICES — Water and
sewer 1lines must be extended +to £fringe areas, and
additional police and fire protection may be difficult to
provide.

e SPRAWLEZD DEVELOPMENT LIKELY TC REMAIN — The pattern of
development which first tegins in response to the stressss
of growth is +the one which is likely to continue after
growth stabilizes.

g _/

Even in the absence of formal controls, ccocmmunitiss can sxert
some degree of authority over growth patterns by carefully

choosing when and where to expand utilities and services.

Many of the same financial considerations and constraints can be
applied to the problems of commercial development. In small
rural areas there is often a lack of local entrepreneurial skill.
Furthermore, local lending institutions do not always have the
well-developed correspondent banking relationsnips required to
import substantial amounts of ocutside capital. Outside lenders,
as well as local ones, may not be willing to lend money for
commercial development when there 1is substantial uncertainty
about the timing and duration of the expected development. Large
chain operations (e.g., K—-Mart and Safeway) have their own

criteria for opening stores in an expected growth area.
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Potential actions to enhance opportunities and/or mitigate

h

proktlems include:

Community actions
commercial sectors' access to credit
concerning the need for new entrepreneurial activity
local services and housing

e Public housing programs (e.g., HUD Section 12)

correspondent banking relationships

Industry actions

e Recruitment of outside housing developers
development started in anticipation of the arrival
constructicn workers

e Purchase of land for hoﬁsing development prior

land speculation)
construction housing
Statesfederal actions

mortgage guarantees in impacted areas

For more information see:

Data on housing demand

e Industrial revenue bonds to improve industrial and

e Publicity (e.g., Chamber of Commerce activities)

e Expanded efforts by local financial institutions to have
access to secondary cradit markets and develop

e Guarantees (underwriting) of credit for housing

announcement of enerqgy development intentions (to prevent

e Acting as housing developers, especially for temporary

e Increasing fund allocations and accessibility of FHA

e Mountain West Research, Inc. Construction Worker Profils.

in

of

TO

Washington, D.C.: 014 West Regional Commission, 1976.

ongoing housing—-market projections.

-

e Wyoming Department of Economic Planning and Development,
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/’éxamples of previous industry involvement in housing

e Rocky Mountain Energy Company underwrote the construction
of 32 homes in a new subdivision in Douglas, Wyoming

e Gulf 0il Company plans to develop a plat of land in
Grants, New Mexico. Actual construction will ke done by
independent contractors. At least one—-third of the homes
must be offered to general public.

e Phillips Petroleum Company anticipates the development of
a Planned Unit Development (PUD) in Thoreau, New Mexico,
near Grants. Plans include single family 1lots,
multi—family units, trailer spaces, a park, commercial
areas, and a KOA-type park for campers and motor homes to
sexve temporary construction workers.

\_ _J

5.6
Socio-Cultural and Political Changes

Uranium development projects can have 'sigﬁificant social,
cultural and political effects on the host communify. These
changes include varying impacts to diverse parties of interest
(efg., federal, state, or local governmental entities, industry
and commercial interests, and the general public). Impacts on
long-time residents havé included 1loss of political power
traditionaliy dominated by ranching or farming interests and
percéived decline in personal safety. Effects on newcomers have
included perceived .rejection by long-time residents, strong

feelings of alienation, and stress reactions by unemployed mates.

Table 5-8 provides an example of some of the "before" and "aftexr"
sociocultural changes expected as a consequence of uranium and

other resource development in Converse County, Wyoming.
g
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Indicators

Charactaristics of Society-—1976

Characzariseics of Sociecy—1985

N

‘Sgedal Structure

Zeonomy

Techeology

Occupational scructure

Polity

Regulates disfriducion
of powver

Adjudicaces conflict
and claims

Culture

Zxpressive symbolisa

e e — ——

Insecitutions

Pamily

Education

Compunitias

s — —— a— —

STMMARY

e mter  — —— ——— —r—

s — —— — — —

B o Y —

Tocal employment—3,150

Salanced economic bSase—
Agriculcure {s 19X of basic employment
Mining and processiag is 3152
Retir=d individuals comprise 32.4% of
populacion

Expanding job opporzunicties within the
councy since 1970; gainm of populacion since
1970 vs. a less of populacion i{n the 1960's

advanced;
niges

Agriculcure cachnology fatrly
large power plant and several

Rancher & Slue ¢ollar workers roughly

equally sigonificanc

— — — ———

Rancher dominaced counties (che I councy
comissioners are canchers); county which
has traditionally beesn antiplanning is now
establishing and scressing wzore comprahen-—
sive planning —echanisms

Legislature is rural dominaced; county
government deals wizh few conflicts, largzely
between revenues (taxes) and expenditutes
(servics raquiremencs)

Protascant Chriscilan values—United Method-
is¢, Baptise, Zpiscopal—37.5% of county
population are church adherents (che
nactional average Ls 350T)

Zxphasis on independence and salf-raliance—
80Z of the farms (§ ranches) are ownar-
occupied (the national average (s 82%); 20%
of all the work force is self-employed (the
national average is 1lX)

Artirude of permanence—attachment 29 he
area is high; (76X of 1970 residants had
live§ {n county for 5 years or amore)

1972 divorce rate—4.26/1,000 populazicn,
an increase i tha 1370 race of 3.03/1,000

Low dropoue rata of 7.2% (che national
average is 23X)

Twe very small servica canter towns; bigh
praportion of permaneat housing

Traditicnally an agrarian sociaty, recent
{ncrease in che aumber of ainers § cone-
struction vorkers; county now dominated

by ranchers and employees of tha emergy
indugtry; includes service and zoverrmencal

coxponents

—— ——— —— — — — —— —— ——— ———— o— ——

— iy — vy — ——

Tocal employment-=6,5600

Single {ndusecry economic bage=—
Agriculture is now 15X of dasic employment
Mining and processing is aov 733

Job opportuniczies will continue 2o draw gew
rasidents, they may also help stem out
migracion of young peopla from the area

Advanced mining and processing tachnology:
mora specialized; move diversified and
sophiscicaced; improved technical, educa-
tdonal and professional services in the area

3lue collar dominated

Changes ia occupational scrucrura, cechnol-
ogy, and ecomomy all susc be dealt with aad
will change constituencies; urban centers
41ll be larger § nora complex, will requiras
z9re planning and administracion

New conflicts: aewcomer vs. old tiner, zore
urban vs., rural scrain; incarindustry &
envircanental zonfligts nore cowmon; mera
concern with & need for Federal {ntervention
with mote urbanizacion; unions probably zZore
of issue & possibly a politcical force

-

More empnasis on polirical, social, and
aconoaic groups

Presence of a large populatica who viaw
themselves as temporary

Dropouet rata may coma closar to the national
average as the councy becomes zora induscrial

Growch, zore diversity in the two service
centars, incraase in the proporticn of tem-
porary housing; possible degradacion of ser-
vicas and overcrowding to accompany rapid
Losxeweh | . L ok o
More urban, complex society, including new
axtTactive & processing components: county
now dominaced by the enerzy ioduscry

SOURCE: NRC, NURZG 0129

January, 1977

Table 5-8 ,
\Indicatqrs of Societal Change - Converse County, Wyoming
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5.6.1 .
Socio-Cultural Changes

Often the integration of newcomers and native populations has
been a major problem. This problem is particularly difficult
during =early development stages when the construction work force
arrives and the two different cultures confront each other. In
later development stages, the construction work force is replaced
by the permanent mining and milling work force and thsir
families. These new permanent residents may be different than
the 0l1d timers, but ideally, a mutual accommodation occurs.
Those families that permanently ssttle in the community (e.g.,
buying houses, raising children) eventually become a part of the
social, political, religious, cultural and civic life of the

community.

Newcomers may have different values and life-styles than the
existing population. For example, ranchers may not view
leisure~time activities in the same way as miners or construction
workers. The newcomers may desire baseball and softball fields,
bowling alleys, and the use of farm land and open space for
hunting and fishing. These desires might be in conflict with the
tanchers' common view that land is to be conserved and valued for
production of foaod, livestock and personal hunting.

Denominational affiliation and church attendance may also change.

Cultural differences may be particularly important considerations
when uranium development takes place near or on Indian lands and

where Indians may account for a significant portion of the work
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force. Many tribes have varying beliefs and customs that play a
significant role in future relationships with other employees and
with the uranium companies. For example, in some cases, attempté
at hiring Indians for an underground mining operation would be
futile. Age-o0ld keliefs keep some tribal memkers from going
underground. Because of strong +tribal and family ties, many
Indians prefer to live on the reservations and commute to work.
Cultural differences are very important considerations in anf

active recruitment program for Indians.

5.6.2
Political and Demographic Changes

One of the more visible changes that is likely to occur in the
community will be the redirection of the social and political
leadership. Traditicnally, rural communities have been dominatsd
by the ranchers or farmers. As more white-collar and blue—collar
workers move into the community and become active in local
affairs, they often challenge the traditional leadership. They
may hold different views concerning energy development of all
types, environmental issues or planning and zoning. These
differences will slowly be reconciled and eventﬁally comnmunity

leadership may be held jointly.

Other expected changes include a shift from an older population
to a younger one and an increase in the standard of 1living for
many émployees. Often rural communities have an older
popuiation, with many of the ranchers having retired to town..

Because uranium development increases job opportunities, young
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people are likely to remain instead of moving out after high
school graduation. In addition, new miners and mill employess
moving into the area are apt to be in their late 20's or early
30's. The retired population may not decrease, but their size
relative to the other segments may change drastically. The
uranium industry's wages will be significantly higher than other
available positions in the community. This will, in effect,
drive up the average wage scale and, perhaps, the cost of living.
Elderly residents who live on fixed inccmes may be adversely

affscted by higher rents, food prices, taxes, etc.

4 )

Additional sources of information on social change include:

" e Davidson, TDonna. Social Impact Prevention and Human
Service Needs in the Energy Impacted Areas of New Mexico:
Recommendations to the State Government. Santa Fe: State
of New Mexico Health and Social Services Planning
Department, 1977.

e Uhlmann, Julie M., et al. A Study of Two Wyoming
Communities Undergoing the Initial Effects of Energy
Resource Development in the Powder River Basin: Buffalo
and Douglas, Wyoming—1975. Laramie: University of
Wyoming, 1976.

- | Y,

5.7
Other Potential Conflicts

Other potentially adverse impacts may occur as a result of
conflicts Letween parties of interest and public agencies and
regulatory institutions. Many of these conflicts result from
increased competition for water, land or labor within the region.

Competition <for scarce resources often results in the price of
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the resource being bid up, the supply reduced or both. InduStry
and cdmmercial developers often compete with the agricultural and
ranching sectors of the economy for 1land and watsr. This
conflict can become further complicated if land for development
includes, or is near recreation or environmentally sensitive
areas. For example, some recent wilderness area designations

have eliminated potential areas of uranium discovery.

The local markets may also be disrupted as the uranium developers
hire at high wages and attract 1labor from 1local employers.
Personal income of new uranium employees is favorably impacted,
but many business and local governmental employers are unable to
change their wage structures to compete and are without needed
help. Unless some hiring restrictions are imposed, some
teenagers may also be tempted to quit school and work for the

uranium or construction companies.

Another potential area of conflict is regulatory jurisdictions
and responsibilities in overseeing uranium developments. For
example, there are state and federal regulations regafding
tailings disposal. Some states are agreement states (i.e., they
have the authority to issue their own uranium mill licenses), but
others are noct. To the extent that regulatory uncertainty
increases +the uncertainty of mine or mill development, the
difficulty of mitigating each of the categories of impacts
described previously is increased. Many of these conflicts have

not been formally addressed.



5.8
Contingency Planning and Meonitering Programs

The state of socioceconomic impact assessment is currently
undergoing rapid development, and more reliable forecasting
techniques will Dbe availakle in the future. However, for the
present, communities and uranium firms can reduce the penalties

for inaccurate forecasting by developing contingency plans.

A community may prepare Lky planning for a range of likely
occurrences. Such contingencies could include alternativs
capital Lkudgets and reservation of some of the legal ftonding
capacity for unforeseen events. Financial institutions might
plan for flexibility in mortgage terms, and housing developers
could dasign mobile home parks which could later be convertad +to
permanent housing. Contingency planning may ke desirakble in each

of four development phases:

e ANNOUNCEMENT PHASE - For example, to direct adverss
effects of speculation in land and housing.

e BUILLD-UP PHASE - For example, to encourage a corresponding
build-up in local business and to time public sector
investments.

e OPERATING PHASE - To monitor changes.

e ABANCONMENT PHASE - To prepare for eventual declines in
mine/mill employment as, for example, the ore body 1is
depleted.

\_ Y,
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Much of the uncertainty surrounding socioeconomic impacts can be
removed by continuing monitoring programs. Such monitoring
programs have only very recently been initiated to check the
accuracy of impact projections, track the effectiveness of
mitigative programs and provide a sound rasis for mid—-program
corrections. These monitoring programs are not only very useful
in providing more data for general forecasting use, but also can
guide the specific projeét in timely implementation of contingent
plans. An effective ongoing monitoring prcgram will help bridge
the gap ketween prediction and actual occurrence and thus permit

adjustment of mitigative efforts to changing circumstances.
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Glossary

Adit - A horizontal or nearly horizontal passage driven from the
surface for the working or unwatering of a mine.

Amendment - A material added to soil to improve its capability
for supporting plant growth, particularly for reclamation.

Autogenous Grinding - Grinding ore by tumbling the material in a
revolving cylinder without balls or rods. The ore itself acts as
the grinding media.

Btu - British thermal unit.

Beneficiation - The dressing or processing of ores for the
purpose of regulating the size of a desired product, removing
unwanted constituents, or improving the quality, purlty or assay
grade of a desired product.

Beta Particle - A positively or negatively charged particle
having the mass of an electron which is emitted £from a nucleus
during radioactive decay.

Breeder Reactor - A reactor which generates more fissile material
than it consumes.

CANDU - Canadian Natural Uranium Reactor.

O

SMRI - Colorado School of Mines Research Institute.

Caving - An unsupported stoping method in which the hanging wall
in the stoped-out area is allowed, or sometimes forced, +to
collapse and close the opening..

Circuit - The path of material through the mill.

Countercurrent Decantation - The clarification of liquor and the
densification of tailings by the use of several thickeners in

-series. The 1liquor flows in the opposite direction from the
solids.

Curie - A unit quantity of radioactive material in which
3.7 x 1010 disintegrations per second occur.

DES. - Draft Environmental Statement.

Dose - An amount of radiation absorbed.

Dose Commitment - The total dose that an organism is expected to
receive in its lifetime from a given gquantity of radioactive
material deposited in the body.
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Dose Equivalent - The product of aksorbed dose in rads and
certain modifying factors. It expresses all radiation on a
common scale for calculating the effective aksorked dose.

DRI —~ Denver Research Institute. .

Enrichment - The process of increasing the percentage of the
fissionable isotope 235U above that contained in natural uranium,
usually to 2-4 percent for use as reactor fuel. '

Extractant - The active organic reagent which forms an
extractable complex with the dissolved uranium.

FRP - Fiber reinforced polyester, a fikerglass construction
material.
Face - The solid surface of the unkroken rock at the advancing

and of an underground working.
Fertile - Able to be converted to fissionable material.

Fissile Material - Atoms such as 235U or 239Pu that fission upon
absorption of a low energy neutron (Keeny et al., 1977).

Fission - The splitting of an atomic nucleus with the release of
energye.
Flocculants - Agents that induce or promote flocculation or

aggregation of solids.

Forward Costs - The Department of Enerqgy, through the NURE
program, provides estimates of reserves and resources for U304 at
various dollar-per-pound forward costs. The estimates are ranked
by cost of recovery termed forward cost. Forward costs are
- .operating and capital costs that are not yet incurred at the time
the estimate is made. Past expenditures for such items as
property acquisition, exploration,- mine development, return on
investment, or profit are not included.

The forward costs are not production costs or market selling
price. Each forward cost category is used as a maximum cutoff
although avsrage costs may be less overall for each reserve or
resource estimate (Keeny et al., 1977).

Forward operating costs include direct and indirect mining costs,
haulage, royalty and milling costs. Forward capital costs
include cost estimates for the mill, mine plant construction,
additional mine development and equipment (Meehan, 1977).

The market price to stimulate full production of a resource base
may be significantly higher than the estimated cost of producing
that resource. Many recent contracts in the early 1980's are $40
to $65 per 1lb in year-of-delivery dollars. In part, the price
difference is due to 1low-grade ore and relatively high-price
recovery projects. New underground mines operating at greater
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depths and new surface mines extracting lower grade ore are
examples of high cost projects. Recovery from mill tailings ' and
mined-out areas are relatively high cost also.

GPD - Gallons per day.

GPM - Gallons per minute.

Gamma Radiation - Short wavelength eleétromagnetic radiation
2amitted when an excited nucleus drops to its ground state.

Half-Lifs - The amount of time required for one half of the
amount of radiocactive material present to decay.

Haulageway - The gangway, entry or tunnel through which mine cars
are moved.

In_Situ - In a natural or original position.

Injection_Well - For a solution mining operation, a lined hole
placed in the ore body for +the purpose of introducing the
leaching solution.

Ion Exchange - Reversible exchange of ions contained in a resin
for diffzrent ions in solution without destruction of the resin.

Ifon Exchange Columns - A vessel packed with beads of resin.

KWHR - Kilowatt-hour.

Leaching - Extracting a soluble compound from an ore by
selectively dissolving it in a suitable solvent. )

Light Water Reactor (LWR) - A nuclear reactor that uses ordinary
water as a coolant to transfer heat from the fissioning uranium
to a stzam turbine and employs slightly enriched uranium as fuel
(Ke2eny, et al., 1977).

LWR_Natural Uranium Requirements - The 1000 MW(e) LWR requires
about 550 to 625 short tons of U304 for initial fuel loading and
about 200 tons for annual refueling. The U304 is processed and
enriched slightly for fuel rod assemblies which fuel the reactor.
(NRC, GESMO, 1976, pg IV F-1.)

Liquor - ILigquid.
Lixiviant - Leaching solution.

Low Grads Ore - Ore which has a low content of the metal for
which it is mined.

MCF - Thousand cubic feet.

MT/D ~ Mstric tons per day.



MW (e) L'Megawééﬁé of electricity.

Monitor Well - | Fo;, ia solution mining operation, a hole
strategically located in the ore body, aquifer, etc., £for the
purpose of detecting escaping leaching solutions.

Mﬁck - Unconsolidated rock.

Mudstone Splits. - Localized mudstone interkedding between two
masses of sandstone.

Nuclear Fusl Cycle - The nuclear fuel cycle for the Light-Water
Reactor shown in Figure G-1 depicts the operations that occur
before and after fissioning of fuel at the reactor. 1In the
figure the steps connected by'a solid line are currently (1978)
operational. The steps connected by a dotted line are yet to ke
implemented pending government resolution of its policy on
reprocessing, storage, and disposal of spent fuel.

The nucleaxr fuel cycle consists of several steps:

e EXTRACTION - removing the ore (uranium) from the ground,
separating uranium from the waste, and converting the
uranium to a chemically stakle oxide (nominally Uz0g).

e CONVERSION - changing  the Uz0s to a fluoride (UFg), which
* 1s a solid at room temperature but kecomes a gas at
slightly elevated temperatures, prior to enrichment.

e ENRICHMENT - concentrating the fissionable isotope (23S0)
of uranium from the naturally occurring 0.7% to 2-4% for
use in reactors for power generation.

e FABRICATION - converting +the enriched uranium fluoride to
uranium dioxide (U0;), forming it into pellets, and
encasing the pellets in tubes (rods) that are assembled
into fuel bundles for use in power generating reactors.

‘¢ NUCLEAR POWER GENERATION - using the heat resulting from
the fissioning o0f uranium and plutonium for generating
steam for the turbines.

e SPENT FUEL  REPROCESSING - chemical separation of
~fissionable and fertile values (235U, 238y, Pu) from
fission products (waste), with concurrent separation of
uranium from plutonium.

e WASTE MANAGEMENT - storage of fission products and low-
level wastes resulting from reprocessing in a manner that
is safe and no threat to health or environment.

Source: NRC, NUREG-0403, 1977.
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"The extraction’ step also "shows the spoil material produced in
mining and the +tailings residue remaining after milling
(conversion of ore to Uz0g concentrate). The concentrate is
-called "yellowcake" and is akout 75 percent uranium. The largest
- portion of the ore (feed for the mill) remaining as tailings 1is
depleted in uranium but contains radium 226 and its 1long half
life parent thorium 230. These tailings are a source of
radon ‘222 emissions, which can last for thousands of years (EPA,
Technical Note, 1976). The storage and disposal of these
radioactive materials and the radlologlcal concern about them are
discussed in detail in Chapteér 4.

The NRC, Draft Environmental Statement xrelated to the operation
of Sweetwater Uranium Project, pages H-1, H-2, NUREG-0403, NRC
December 1977 provides additional details on the nuclear fuel
cycle. Also the reader is referred to Ellett, W.H.M. and
Richardson, A.C.B., Estimates of the Cancer Risk Due to Nuclear-
Electric Power Generation, 35pp, Environmental Protection Agency,
Technical Note ORP/CSD-76—2, EPA, October 1976.

Ore Body - Generally, a solidland fairly continuous mass of ore,
which may include low-grade ore and waste as well as pay ore, but
is individualized by form or character from adjoining country
"rock (Fay, b.s. Afr.). A mineral deposit that can be worked at a
profit under the existing economic conditions.

PPM - Parts per million parts.

PVC - Polyvinyl chloride, a plastic construction material.
Pathway - Any specific process or combination of processes
wherekby a material is transported from 1its source to a
'destlnatlon. '

,dogenlc - Relating to the SOll.

Phreatic _Surface - The ‘elevation. at which the pressure in the
water is zero with respect to-the atmosphere.

Porosity - The ratio of the volume of interstices in a material
t'o- the volume of material.

Portal - Any entrance to a mine.

-

Pulp - A mixture of solids and leaching solution.
Rad ="' A dose of ‘ionizing radiation equal to 0.01 joules per

kilogram of irradiated material.

‘Rainout '~ In—cloud scavenging of aerosol particles by ice
crystals. i ‘ :
Recovery Well - For a  solution mining operation, a lined hole

"placéd in the ore body for the purpose of removing the leaching
solution which contains dissolved uranium.
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Refractory Ore - Ore which is dlfflcult to treat for recovery of
the valuable substances.

t

Rem - (Recentgen Equ;Valent' ~Man) A special wunit of dose
egulvalent, in rems, numerically equal 'to the absorbed dose, in
rads, multiplied by modifying factors..

Roentgen - The specialu'uni%' of eprsuxe. 'Ohe roentgen equals
2.58 x 104 coulomb per kilogram of air.

Rsprocessing - The process of recovery of uranium and plutonium
from spent fuel. '

Reservas - For wuranium those <tré&sources that .are known in
location, quantity and quality and that are’ recoverable below a
specified cost wusing currently availakle technologles (Keeny,
et al., 1977). ' .

Resourcass - Leposits that. may be known to. exist, but not in such
quantlty or state as to be economically recoverable by present

technologies, or those that are unidentified but suspected or
probable on the basis of indirect evidence (Keeny, et al, 1977).

"Probable" Potential Resources - Those estimated to occur in
known productive uranium districts:. :

1. In extensions of known deposits, or
2. In undiscovered deposits within known geologic
trends or areas of mineralization.

"possible™ Potential Resources.- Those estimated. to occur in
undiscovered or partly defined deposits in formation . or
geologic settings productive elsewhere within +the same
geologic province.

"gpeculative! Potential Resources - Those esc1mated to occur
in undiscovered ox partly defined deposits:

1. In formations or. geologic settings not preV1ously
productive within a productive geologic :'province,
or

2. Within a geologic province not  préeviously
productive. o .o
"productive" infers that past productlon plug known reserves
excezd 10 tons Uz0g. - ¥ 3
Saltation - The process of soil transport where.a wind-blown soil
particle impacts the ground and dislodges other soil partlcles.

Semi-Autogenous Grinding - Grinding ore ky.tumbling the materlal
in a revolving cylinder with fewer steel kalls or . rods than
typical kall or rod mllls..  e, T : LB
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Separative Work - Work required to separate isotopes in the
enrichment process, measured in Separatlve ‘Work Units (SWU's).
- It takes:  about 100, OOO SWU's per year to keep a 1000 MW (e) LWR
. operatingi - :

Shaft - A vertical or 1ncllned excavatlon of limited area
compared with its depth,"made for finding ore, mining- ore,
raising watear, ore, rock, hoisting or lowering men and materlal
or ventilating underground worklngs.

Skip - A guided hopper, usually rectangular, used in vertical or
"1ncllned shafts for h01s 1ng rock, men or materials.

Solutlon Mlnlnq - The technlque of ‘dissolving minerals in situ by
1nject1ng a suitable leaching solution. into +the ore body and
recoverlng the metal bearlng llquors in a pattern of wells.

Solvent nxtractlon - Selectlve transfer of metal salts <from
© aqueous -solutions. to- an:immisecible organic liquid.

Somatlc - An adJeCtlve pertalnlng to the kody.

Source Term - The= quantlty-of materlal which is released from a
given sourcs per unit time. The source texm may include a
qualitative  description- of the material released, as well as the
geometry of the release.

Sparging - In this context, bubbling gas into liquid or a liquid-
solid mixture.

Spent Fuel - The fuel removed from a reactor after several years
of generating power. Spent fuel contains radioactive waste
materials, unkurned uranium and plutonium (Keeny et al., 1977).

Stope - An underground opening from which ore is being excavated
in @ series of steps.

Stoping - The act of excavating ore by means of a series of
horizontal, vertical or inclined workings in veins or large,
irregular kodies of ore, or by rooms in a flat deposit. Includes
the breaking and removal of ore from underground openings, except
those driven for exploration and development.

Strlpplng Ratio - The unit amount of waste that must ke removed
to gain access to a similar unit amount of ore.

Student "t" Test - A common statistical procedure used to tast
the difference between the means of two sets of numbers.

Sump - That portion of the shaft below the normal winding level
which is used for the collection of water for pumping.

surface Mining - Mining in surface excavations.

SWEC - Stone & Webster Engineering Corporation.
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TPD - Tons per days. : g L . i¢g
Tails Assay - The percentage of the 1sotope 235U in- the- uranlum
remaining after production of enriched uranium. Them percentage
is usually less than 0 3 percent.

Tunnel - A horlzontal or. nearly horlzontal underground passage
that is cpen to the atmosphere at both ends. .

Uraniferous - Uranium bearlng.

Uranium Oxide (Uaoﬁl The most oommon ox1de of uranium in ore.
The amount of elemental uranium in raw materlal (in terms of
black oxide equivalent, U3(Qg) may be determihed;by muiltiplying
the U305 content by 0. 85.‘A‘~ e o R

Pl

vat Leacining -~ Leachlng in troughs w1thout mechanlcal agltatlon.

Washout - Scavenging of aerosol partlcles by falllng raandrops or
ica crystals.

Well Field - For a soélution mining operatlon, the area whlch
ancompasses the 1n3ect10n and recovery wells.

Yellowcake - The uranlum concentrate produced by uranaum mllls.
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