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SUMMARY AND CONCLUSIONS

This Draft Environmental Statement was prepared under the direction of the staff of the U.S.
Nuclear Regulatory Commission (NRC) and issued by the Commission's Office of Nuclear Material
Safety and Safeguards.
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This actiun is administrative.

Afler an eusessment of concerns, alternatives, and the addition of license conditions

as discussed below, the proposed action is the issuance of a Source Material License to
Ogle Petroleum, Inc., which, on August 10, 1979, applied to the NRC for an NRC Source
Material License to construct and operate in Fremont County, Wyoming, an in situ leach
uranium mine and rec.very plant designed to produce 4.54 x 105 kg (1.0 x 10° 1b) of Us0;
at a rate not to exceed 1.8 x 10° kg/year (4.0 x 10° 1b/year).

The project site consists of about 308 ha (761 acres) approximately 80 km by air (50 miles)
south of Riverton and about 48 km by air (30 miles) southwest of Jeffrey City, Wyoming.

The applicant proposes to mine in situ uranium ore contained in the Laney member of the
Green River formation, using sodium carbonate/bicarbonate solution and an oxidizing anent
injected and recovered through a complex of well patterns. Each well pattern will consist
of six injection wells surrounding a central production well, Eacn production well will

be pumped at a rate between 34 to 45 liters/min (9 to 12 gpm), and enough patterns will be
operated to supply up to 4550 liters/min (1200 gpm) of uranium-containing solution to an
onsite extraction and concentrating plant producing the final product (U:0.). Only about
16 ha (40 acres) are proposed for mining. A total of 5.4 ha (13.5 acresi will be excavated
for bi:ilding and equipment foundations and for evaporation ponds. An additional 17 ha

(43 acres) will undergo surface disturbance during well-field development and operation.

The applicant proposes to restore the groundwater system to its former potential use (and
as close to baseiine as reasonably achievable) & ter mining is complete by recycling mined
formation water through a reverse osmosis cleanur system and back into the formation until
satisfactory water quality has been reached. The above-ground solid wastes produced by

the mining process are defined as by-product material by the Uranium Mill Tailings Radiation
Control Act; they will be removed to a licensed disposal site.

Concerns receiving special attentizsn are listed in detail in Sect. 1.5, Results of the
Scoping Process. These concerns include staff, public, and individual issuss for which
analysis and assessment were necessary, The major categories of concern were

a. the effect of the mining operaticn on both availability and quality of groundwater;

b. the impact of the mining operation, roads, fences, and employee activities on wild-
Tife, recreational activities, and archaeological and paleontological resources;

c. the management of waste disposal facilities durin> operation, with particular emphasis
on the ev. oration ponds, the groundwater restoration, final disposal of project
wastes, and reclamation;

d. the definition of the geology of the ore body to ensure that it is confined above and
below by rock layers with continuous properties that will prevent vertical movement;

e. the details of well completion, testing, and operating procedures, to prevent or
detect excursions; and

f. the socioeconomic effects of the project.
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¢. The applicant shall minimize total groundwater usage by improving his reverse osmosis

treatment unit water recovery rate to an efficiency as high as reasonably achievable,
as discussed in Sects. 2.3.,10.3 and 4.3.2.

The applicant shall implement a groundwater restoration program on mined-out well
fields in accordance with the general plan discussed in Sect. 2.3,10.3 and the
criteria discussed in Sect, 4.3.1.

The applicant shall packer test wells (or the equivalent) after completion to
ensure casing and cement integrity and shall documert the results as discussed in

Sect. 2,3.10.1.

The applicant shall monitor well injection processes as specified in Sect. 2.3.10.1
and maintain such pressures below 0.63 psi/fu of depth.

The applicant shal! develop and conduct a program to bette: determire radon releases
from well-field surge tanks, as mentioned in Sect, 4.4.2.4,

The applicant shal® establish a program that shall include written procedures and
instructions to control all activities discussed in items a through f.

Before engaging in any activity not evaluateu by the NRC staff, the applicant shall
prenare and record an environmental evalu~tion of such activity., When the evaluation
indicates that such activity may result in a significant adverse environmental impact
that was not evaluated or that is significantly areater than that evaluated in this
Environmental Statement, the applicant shall provide a written evaluation of such
activities and obtain approval of NRC ‘or the activities.

If unexpected harmful effects or evidence of irreversible damage not otherwise
identified in tiiis statement are detected during construction or operations, tne
applicant shall provide to NRC an acceptable analysis of the problem and a plar of
action to eliminate or significantly reduce the harmful effects or damage.

Prior to disturbing any ° nd, including topsoil removal, outside the area surveved
for any solution-mining-r lated activities, including site decommissioning, the
licensee shal! have an ar aeological survey of the area performed and shall submit
the res.lts to the NRC for review, The licensee shall not proceed with any land

gisturbazge until the NRC ..as evaluated the report and given the applicant approval
0 proceed.

The applicant shall notify the NRC and tre Wyoming State Archaeologist when any arti-
facts of earlier culture are encountered during site preparations or operations,
Further activity in the immediate area shall be deferred until a determination of
their significance by the NRC is completed. Mitigating measures, if needed, to
preserve them shall be pruposed by the licensee.

The applicant shall provide surety that funds will be available for aquifer restora-
tion, surface reclamation, decommissioning, and final waste disposal.

Though the genlogic information submitted bt the applicant was gathered in the area of
the first mine unit, the information is considered to be representive of the entire

site. The applicant shall provide additional geologic information as specified in
Sects. 3.6.2?2. 3.7.1.3 and 4.2 to confirm the continuity of geologic characteristics

over the entire site prior to mining fields beyond unit one.

The applicant shall mine sequentially; commencing restoration of each mined out unit
as mining begins in other fields or as soon as it is practicable.



6. With these specific license conditions and conformity with other local, State, and Federal
regulations, the expected environmental consequences are the following:

a. Total suspended particulates (mostly wind erosion and dust) could exceed State and
Federal standards but would not be expected to harm living plants, animals, or humans.
The staff reconmends that the applicant suomit plans to mitigate such emissions to
the Wyoming Division of Environmental Ouality.

b. The project site and all surrounding land are used for grazing. Wildlife at the site
includes antelope, sage grouse, rabbits, and coyotes. Evaporation ponds and building
sites will occupy fewer than 5.4 ha (13.5 acres), and areas fenced to exclude wildlife
and livestock cover a 5-ha (12-acre) rectangle. This amount of iand use for five years
will have an insignificant effect on land use. Well-fi.ld development, operation,
and rostoration on an additional 17 ha (43 acres) will -1so have no appreciable
effect on land use. Ail disturbed areas will be reclaimed after project terminatien
to original use condition or better.

¢. The total use of groundwater from the Laney member of the Green River formation is
estimated to be about 2.96 x 10° m? (240 acre-ft) over the five-year project lifetime.
Groundwater in the mining zone will temporarily be deqgraded during operation of the
well fields. Restoration should return this water to a condition consistent with
premining potential use or better. Total groundwater use will not affect local or
regional supplies.

Surface water may be temporarily affected by increased sediment loading. Impacts on
surface water quality will be minor during construction and operation of the project.
The single exception would be from accidental failure of an evaporation pond embank-
ment. These embankments will be constructed to the er jineering standards of NRC
Regulatory Guide 3.11, and total failure is noi considered credible,

¢. There will be a temporary loss of sagebrush and cushion plant communities. No unigue
plant communities or andangered plant species will be affected. No endangere: or
threatened animal species are involved. Wildlife mortality from vehicle collisions
should be minimal.because of the unrestricted visibility. The scarcity of aquatic
life in the intermittent playas and drainage channels near the site preclude signifi-
cant impacts for aquati  biota. Because no liquid effluents will be discharged
during normal operation, significant impacts on aquatic biota are possible only under
unlikely accident scenarios.

e. The radiation dose to the nearest members of the general public will be insignificant
as shown in the following table:

Dose commitments to individuals from radioactive
releases from the Bison Basin Project

Dose
posur {millirems)®
Location - ’ - -
pathway Total bod B SR Bronchial
Ay Y i o epithelium®
Nearest residence Inhalation 1.98-2 18 2 1.2 1.7
(11 km FNE) Immersion in air 88E-3 10€-2 B4E -3
“wound surface 28E-3 33E-3 29E-3
Total JE-2 31E-2 1.2
Sweetwater Station Inhalation 5.0€ -3 45€ -3 31E-1 31E-1
{30 km NNE) Tmmersion in ar 3363 38E-3 31€-3
Ground surtace 1.0€-3 11€-3 10€E -3
Total 93¢-3 Q4E-3 JAE-Y

1 mithirem = 0.01 millisievert.

PDoses to the bronchial epithelum result from the inhalation of shortlived radioactive
daughters of 222 Rn.

“Readas 19X 10 2.
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2.

f. The proposed pr~ject will not produce any significant socioeconomic impact on the
local area because of the small number of employees.

g. The staff opinion is that any potential accident postulated for this project 4111 not
result in significant damage to the environment.

The position of the NRC is as follows:

Solution mining (in situ leaching) of uranium is a developing technology. Uncertainties
regarding environmental impacts, particularly with respect to groundwater contamination

and the effectiveness of groundwater restoration techniques, have been recognized. The
applicant has provided initial evidence that groundwater restoration can be achieved from
the pilot-scale test program (Sect. 4,3.2). Furthermore, the scope of the proposed project
is sufficiently limited in size to enable continued development of solution mining tech-
nology without significant environmental risk.

As a further control, the applicant will initially be restricted to mining the first and
second mining units until aquifer restoration in the first mining unit has been demon-
strated to the satisfaction of the NRC.

The position of the NRC is that, after weighing the environmental, economic, technical,

and other benefits of the Bison Basin solution mining project against environmental and
otner costs and considering a.ailable alternatives, the action called for under the National
Environmental Policy Act of 1969 (NEPA) and 10 CFR Part 51 is the issuance of a Source
Material License amendment to the applicant, subject to conditions presented above.
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1. PURPOSE OF AND NEED FOR ACTION

1.1 INTRODUCTION

This Draft Environmental Impact Statement is issued by the U.S. Nuclear Regulatory Commission
(NRC), Office of Nuclear Material Safety and Safeguards, in response to the request by Ogle
Petroleum, Inc., for the issuance of an NRC Source Material License authorizing operation of the
proposed Bison Basin Fioject. This document has been prepared in accordance with Commission
regulation Title 10, Code of Federal Regulatioms (CFR), Part 51, which implements requirements
of the National Environmenta) Policy Act of 1969 (NFPA; P.L. 91-190). The Bison Basin Project
will be operated by the applicant.

"he principal objectives of the NEPA process are to build into the agency decision-making
process an appropriate and careful consideration of environmental aspects of propo.ed actions
and to make environmental informetion available to public officials and citizens betore deci-
sions are made and actions are taken. The process is intended to help public officials make
decisions that are based on an understanding of environmental consequences and take actions that
will protect, restore, and enharice the environment.

The NEPA states, among other things, that it is the continuing responsibility of the Federal
Government to use all practicable means, consistent with other essential consiaerations of
national policy, to improve and coordinate Federal plans. functions, programs, and resources t>
the end that the nation may

e fulfill the responsibilities of each generation as trustee of the environment for
succeeding generations;

® assure for all Ame:icans safe, healthful, productive, and aestheticaliy and culturally
pleasing surroundi' gs;

® attain the widest range of beneficial uses of the environment without degradation, risk to
health or safety, or other undesirable and unintended consequences;

® preserve imporiant historic, cultural, and natural aspects of our national heritage and
maintain, wherever possible, an environment that supports diversity and variety of indivi-
dual choice;

® achieve a balance between population ana resource use that will permit high standards of
living and a wide sharing of life's amenities; and

® enhance the quality of renewable resources and approach the maximum attainable recycling of
depletable resources,

Pursuant to the above responsibilities and in accordance with 10 CFP Part 51, the NRC Division
of Waste Management has prepared this detailed Statement on the fo going considerations with
respect to the application for a Source Material License for the above project.

In accordance with 10 CFR Part 40, Section 31, the applicent has submitted an Environmental
Report! to the NRC pursuant to the license application. In conducting the required NEPA review,
Commission representatives (the staff) met with the applicant to discuss items of information in
the Environmental Report, to seek additional information that might be needed for an adequate
assessment, and generally to ensure that the Commission has a thorough understanding of the
project. In addition, the staff sought information from other sources to assist in the evalua-
tion, conducted field inspections of the project site and surrounding area, met with State and
lTocal officials charged with protecting State and local interests, and conducted a public scoping
meeting to identify the significant issues to be analyzed in depth. 0On the basis of the fore-

1-1



R N O O R

1-2

going activities and other such activities or inquiries as were deemed useful and appropriate,
the staff has made an independent assessment of the considerations specifind in Section 102(2)
of the NEPA,

1.2 SUMMARY OF THE PROPOSAL

Pursuant to 10 CFR Part 40.31 and 10 CFR Part 51, Ogle Petroleum, Inc., on August 10, 1979,
appiied to the NRC for an NRC Source Material License to construct and operate an in situ leach
uranium mine and recovery plant in Fremont County, Wyoming. This project, hereafter referred to
as the Bison Basin Project, is designed to produce 4.54 x 10° kg (1,0 x 10f 1b) of U0, at a
rate not to exceed 1.8 x 105 kg/year (4.0 x 10° 1b/year), Solution mining (in ¢itu leaching)

of uranium is a new and developing technology. To aid the reader in achieving a better overall
understanding of the groposed project, a glossary of terms abstracied from the International
Glossary of Hydrology’ is included,

The project site consists of about 308 ha (76 acres) approximately 80 km by air (50 miles)
south of Riverton and about 48 km by air (30 miles) southwest of Jeffrey City, Wyoming. The
relationship of the site to the surrounding region is shown in Fig. 1.1. The applicant has
claims or leases for onsite minerals,

The applicant proposes to mine in situ i:-anium ore contained in the Laney member of the Green
River formation, using sodium carbonate/bicarbonate solution and an ox? izing agent injected and
recovered through a complex of well patterns. Each well pattern will consist of six injection
wells surrounding a central production well. Each production well will be pumped at a rate
between 34 to 45 liters/min (9 to 12 gpm), and enough patterns will be operated similtaneously
to supply up to 4550 liters/min (1200 gpm) of uranium-con. ining solution to an onsite
extraction and concentrating plant producing the final product (U;0.;.

The applicant proposes to restore the groundwater system to its r-emining potential use (as
close to haseline as reasonably achievable) after mining is compiete by recycling mined
formation water through a reverse osmosis cleanup system and back into the formation unti}
satisfactory water quality has been reached. Solids produced in the cleanup process will
be disposed of at a licensed disposal site.

Details of proposed procedures and viable alternatives are discussed in later sections.

1.3 FEDERAL AND STATE AUTHORITIES AND RESPONS . BILITIES

Under 10 CFR Part 40, an NRC license is reauired in order to “receive title to, receive,
possess, use, transfer, deliver . . . any source material . . ." (i.e., uranium and/or thorium
in any form, or ores containing 0.05% or more by weight of those substances). In additicn,
under the Uranium Mill Tailings Radiation Control Act, the above-ground solid wastes produced
by uranium in situ extraction are defined as by-product material and therefore must be dis-
posed of in an approved manner. Pursuant to NEPA, 10 CFR Part &1 requires the preparation of
a detailed environmental statement prior to the issuance of an NRC license for an action that
may significantly affect the quality of the human environment.

The State of Wyoming Department of Fnvironmental Quali‘y administers the State's Environmental
Ouality Act of 1973 and implements rules and regulati ns, Asong the State rules and regulations
is the In Situ Mining Act, which will be in effect on May 25, 1980. The act provides specific
regulations to be met by operators. Article 4 of the act established a permit and licensing
scheme designed to ensure acequate reclamation of mined lands. The licensing procedure requires
the operator's submission of a detailed reclamation plan to the State. For uranium solution-
mining operations, this plan is contained in the Application for Im Situ Permwt to Mine submitted
to the Department of Environmental Quality, Land Quality Division. This document will also

contain specific well-field monitoring programs and groundwater restoration criteri i
by the State of Wyoming, . L

A performance bond is required for reclamation. The State will also require a performance bond
for groundwater restoration.
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Fig. 1.1. Map of the region surrounding the Bison Basin Project.
Inc., Report 3, Enviremmental Effects of Present and Proposed Tailings Dispesal Practices,
L1l, Jeffre L& on , vwl. 1, prepared by D'appolonia Consulting Engineers, Inc.,

October 1977, adapted from Fig. 2-1.
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1.4 NEED FOR ACTION

Among the alternative actions available to the NRC is the denial of a Source (By-Product)
Material License to the applicant (see Sect. 2.1). The staff considers this option not in the
public interest. This view is substantiated by the Executive Summary of the "Workshop on
Concepts of Urenium Resources and Producibility,” National Academy of Sciences, washington,
D.C.. 1978, which states:

Nuclear energy for use i~ &iectric power generation has been assigned a
significant role in the Nationai Eneroy Pian now under deavelopment. More than
65 light-water reactors provided about 12 percent of the United States electricity
in 1977, Although federal estimates of “uture nuclear power growth rates have
declined dramatically in the last two vears, the Department of Energy (DOE) expects
nuclear power output to ?rnu to at least 380 gigawatts by the year 2000. However,
the deep concern for nuclear proliferation and terrorism around the world, combined
with a reported availability of adequate uranium resources for a light-water-reactor
economy, have led to executive derisions to defer plutonium breeder development and
to delay the reprocessing of spent nuclear fue: for secondary recovery of fissionable
components. Yet, the combination of anticipated energy requivements and national
security needs make the magnitude and time'y availability of the United States
domestic uranium resources a technical subject of commanding national interest,

In 1976 domestic uranium concentrate production (short tons U, 05) was 12,750 tons;
in 1977 it was nearly 15,000 tons. To meet uranium supply requirements now anticipated
for electric power generation. production will have to double within the next five years
and reach about 45,000-50,000 tons annually b 1990. [Inasmuch as the highest level of
production achieved in the United States has been less than 18,000 tons of U.0;,* a
remarkable growth performance will be rewuired from the uranium exploration and produc-
tion industry., Whether this growth performance can be met and whether the National
Energy Plan objectives for nuclear power will be realized now appear to depend on
optimistic and constructive interactions among the mining industry, the utilities,
government decision makers, and the general public.

Within this apparent need, denial of a Source Material License would be considered only if issues
of public health and safety and the mandates of the NEPA cannot be resolved to the satisfaction
of the requlatory authorities involved,

1.5 RESULTS OF THL SCOPING PROCESS

In accordance with the guidelines developed by the Council on Environmental Quality (CEQ)
in 40 CRF Part 1501.7, the NRC followed the scoping process to identify significant

issues to be analysed and discussed in the DES. In order to establish the signi“icant
issues, not onl  was the NR. staff consulted, but a pub'ic notice concerning the DES was
published, comments from interested parties were requested, and the NRC conducted a public
scoping meeting. During review of the Environmental Report for the proposed project,

the NRC =taff identified major areas of concern which would require careful assessment

in the Environmental Statement,

1. Potential adverse effects should be considered and mitigating measures proposed to
eliminate such effects insofar as possible (Sect. 4.4).

2, Solid waste disposal alterratives should be considered in detail, and the prime considera-
tion should be disposal of radicactive solid wastes in a manner that will prevent potential
human exposure for the foreseeable future (Sect. 2,3.10),

3. MWater use during mining and aquifer restoration should be monitorea with the intention of
minimizing watar usage (discharged to the evaporation ponds and lost by evaporation) within
the constraircs imposed by the need to prevent and correct leachate excursions during mining
and to minimize water used for aquifer restoration (Sects. 2.3.10, 4.2, 4.3, and 4.4.2.5).

4. The applicant's aquifer restoration tests on the mined pilot area (experimentally mined
zone) and the design of the water treatment system proposed for restoration should provide
reasonable assurance that the mined aquifer can be restored to its original potential use
(Sects, 2.3.10 and 4.3).

5. Planned operating procedures and monitoring and mitigating measures should provide rea-
sonable assurance that excursions (leachate escape) will not occur; and, in case of
accidental excursions, procedures are available to clean up contaminated zones outside
the area to be mined (Sects, 4.4 and 4,4,2.5).

“Actual production in 1975 was 18,400 tons of U.0,.
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6. The walls should be properly designed, installed, and tested so that accidental leachate
intrusio; into nonmining regions will not occur (Sect. 2.3.10).

In addition, the staff planned to discuss measures to be taken by the applicant to comply with
applicable local, State, and Federal requlations in sufficient detail to ensure that such

requirements would be met,
The NRC also issued a Federal Register notice as required under the CEQ Rules and Regulations
«ffective July 30, 1979.% This notice requested comments by interested parties on the project
and set a public scoping meeting date of November 1, 1379, in Riverton, Wyoming.
At the scoping meeting the applicant summarized the proposed project, and ccnments were
solicited from the attendees. The staff also requested additional written comments. Specific
issues raised at the scoping meeting were

1. What is the expected project lifetime (Sect. 2.3.1)?

2. Can groundwater be -~estored !Sect. 4.3)?

3. Is there a risk of subsidence (Sect. 4.5.2)?

4, Can wastes be disposed of offsite (Sects. 2.3.6.1, 2.3.10.4, 2.3.10.5, and 4.6.3)?

5. What quantities of groundwater will be used (Sects, 4.5.3.2, 4.8.3.2, and 4,9,1.2)?

6. What will be the weight of waste quantities (Sects. 2.3.10.4 and 4.6.3)7

7. Where will Us0g slurry be shipped (Sects. 2.3.10.2 and 4.6.2.1)?

8. Will existing roads be improved (Sects. 3.4 and 4.5.3.1)?

9. Where wili site electric power come from (Sects. 2.3,10.2 and 3.4)?

10. Where will evaporation ponds be located, and how will they be protected from flooding
(Sect. 2.3.10.4)?

11. What are fencing requirements, and will fencing affect migratory game (Sect. 4.5.2)?
12, Will archaenlogical and paleontological resources be affected (Sect. 3.5.2.2)?

13. Will the project affect the proposed Continental Divide trail (Sect. 3.5.2.1)?

14. How will roads be maintai ed (Sects. 4.6.1.7 ad 4.6.1.9)?

The staff later received comments from several Wyoming State agencies transmitted through the
office of the Governor.

The cover letter requested careful scrutiny of the potential surface and groundwater impacts
and more detailed examination of the socioeconomic impacts (Sect. 3). Comments by the
Geological Survey of Wyoming suggested updating and clarifying some of the information in the
applicant's Environmental Report. Units of the Wyoming Department of Environmental Ouality
suqgested enumerating types and quantities of air emissions (Sect.3), the need for a solid
waste disposal site, and a thorough critique on issues related to groundwater. These items
are also of particular concern to the staff,

Concerns identified in comment letters from the U.S. Department of the Interior - Fish and Wild-
life Service, Bureau of Land Management, Bureau of Mines, Bureau of Indian Affairs, and the
Geological Survey are summarized as follows:

1. the effect of the mining operation on hoth availability and quality of water (Sects.
3.6.2.5; 4,3.1; 4.3.2, 4.3.3, 4.4.1.1, 4.4.2.3, §.5.3.2, 4.8,3.2, and 4.9.1.2),

2. the impact of the mining operation, fencing, roads, human activities, and prssible wind-
blown contaminants on wildlife (Sects. 4.5.2, 4.5.3.1, 4.5.6.1, 4,5.6.2, and 4.6),
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3. potential effects on archaeological and paleontolugical resources and the proposed
Continental Divide trail (Sect. 3.5.2.2 and 3.5,2.3),

4, imglcts)of road buildings, maintenance, and use (Sects. 4.5.2, 4.5.3.1, 4.5.6.1, and
4.5.6.2),

5. final disposai plans for evaporation pond wastes and the quantities of such wastes
(Sects. 2.3.10.4 and 2.3.10,5),

6. adverse impacts on the Wind River Indian Reservation (Sect. 4,9.2)

7. potential effects on wildlife from contact with wastewater-evapor_ .ion nonds or from
:a;te)seepage into groundwater aquifers (Sects. 4.4.1.1, 4.4.2.1, 4.4,2.3, 4.5.3,1, and
.07.

8. well injection pressures and potential effects (Sects, 2.3.10.1 and 4,5.2), and
9, disposal of drill cuttings from wells (Sect. 2.3.10.4).

In addition, the staff was reminded of the necessity of consultation with the Fish and Wildlife
Service on endangered species and the Historic and Archaeological clearance responsibilities.
These agencies had already been contacted by the staff.

The comment letter of the Naticnal Wildlife Federation (November 8, 1979) listed no concerns not
covered above with the exception of a request for a Generic Environmental Impact Statement
(GEIS) for in situ uranium mining. Though a GEIS is not being plarned, an NRC position paper
relating to in situ mining is planned.

The Wyoming Outdoor Council suggested earlier notification of scoping meetings and the establish-
ment of a local source for available public information on such projects. The NRC will provide
earlier notification and is using the Fremont County Public Library as a local source of

public information.

The staff has addressed each of the above comments on the Bison Basin Project in the appropriate
section of the Environmental Impact Statement as noted by each comment. No comments were
received suggesting disapproval of the project.

REFERENCES FOR SECTION 1

1. 0Ogle Petroleum, Inc., Envirommental Report for U,.7. Muclear Fegulatory Commiasiom, Source
Material License Application, Production Scale Im Situ Mine, Wyoming, August 1979, Here-
after in this Environmental Statement, the applicant's Environmentag Report will be cited
as ER followed by a specific volume, section, page, figure, table, appendix, or supplement
number. Docket No. 40-8745,

2, World Meteorological Organization and United Nations Educational Scientific and Cultural
Organization, Mmtemational Glossary of Hydrology, Report WMO/OMM/BMC No. 385, 1974,

3. Ped., Reziat, 43(230): 56005 (1979), pezragraph 1508.22.



- 2. ALTERNATIVES . ..UDING THE PROPOSED ACTION

2.1 ALTERNATIVE OF NO LICENSING ACTION

Amoung the alternative actions available to tne Nuclear Reguiatory Commission (NRC) is the
denial of a Source Material License to the applicant. Exercise of the license denial “ption by
the NRC would Teave . applicant with three possible courses of action; (a) to use con-
ventional mining techniques (s:rface or deep mining) and, if economically feasible, have the ore
processed at an existing mill possessing a Source Material License; (b) to poscpone the project
while attempting to remove the objections that led tu the denial of the license; or (c) to
abandon the project. Alternative (a) is discussed in Sects. 2 and 4. Alternative (b) would
mean alteration of the applicant's proposal as discussed in this Statement. Alternative {c)

is the alternative discussed below in this section.

The yellow cake prciuced by the Ogle Petroleum, Inc., solution mining project will contribute
to the worldwide supply of uranium and wiil be used as fuel in nuclear reactors thai are
either opsrating or under construction in the United States or abro2d. Contracted imports of
U405 will exceed contracted exports over the next few years (Sect. 2.2.1.4). Therefore, even
though the app’.cant may export the yellow cake produced by the proposed solution mining
project, failure to license this project would only result in foreign demand being filled by
other domestic or foreiun mills that could be producing urarium for use in the United States.
Lack of fuel coulc require some reactors to reduce their output and could conceivably result
in their eventual shutdown (the portion of electrical energy from nuclear power - current and
anticipited — over the next few years is discussed in Sect. 2.2).

The alternative of no licensing action, as qualified in Sect. 1.4, is not considered to ue in
the pubiic interest.

2.2 ALTERNATIVE ENERGY SOURCES

2.2.1 Fossil and nuclear fuels

2.2,1.1 Introduction

Becu..se uranium has changed frum a commodity of only commercial uses such as cerami

agents to one vital for nuclear weapons and nuclearyreactors. the uranium indsgtgg §a§°$ﬁ§;39
gone a series of transformations. Coal was the first fuel used in quantity for electrical
power generation; but, until recently, its use declined because of the ready availabilitv and
Tow price of oil and natural gas, both of which are cleaner burning than coal and easi:r to
us2. Uranium fuel is even cleaner (ciamically) than oil or gas and, at present, is less
expensive on a thermal basis than any other fuel used to generate electric power. The follow-
ing discussion concerns tne requirements for and the avai?:bility of fossil and nuclear fuels
for power generation over the next 10 to 15 years. Also, the nezlth effects of using coal
and/or nuclear fuels as energy sources are compared.

2 2.1.2 Overview of U.S. energy use and availability

According to the National Emercy Plan, published by the Carter Administration i
& onergy Filan, on in April 1977,
the United States uses more energy to produce goods and services than any other nagion and
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consumes twice as much energy per capita as does West Germany, which has a similar stangard
of Hvin?.‘ In 1978, the United States consumed approximately 78 quads of energy (1 quad =
1015 Btu,i about 92% of this energy was supplied by three fossil fuels - o0il, natural gas,
and coal.® Approximately 75% of U.S. energy needs are supplied by natural gas and oil; how-
ever, because the domestic supplies of these valuable resources are limited (about 8% proven
reserves are oil and gas), the amount of ofl imported from foreign sources has increased,
undermining our military and economic security.? There is a disparity between availability
and use of fossil fuel energy sources in the United States (Table 2.1{.

-

Table 2.1 Reserves and current use of energy sources in the United States
Proven U S energy Total US energy

reserves economically recoverable contributed by
%) each energy resource (%)
Coal 8 9
Ot K} 49
Gas 4 26
Nuclear 4 R
Hydro 0 2

Source US Department of Energy. Energy Information Admimstration, Monthily
Energy Review, Report DOE/EIA 00355 May 1978

Despite concentrated efforts to (1) slow down consumption of oil and natural gas, (2) increase
usage of coal-burning facilities, and (3) further the utilizati.n of nonconventional energy
sources, energy demand forecasts indicate that, by the year 2000, approximately 43% of our energy
will still be supplied by oil and gas, 21% by coal, and only a s+  percentage (+7%) by othe:
fuels (Table 2.2).

Table 2.2. Forecast o1 gross energy o for 1980, 1985, and 2000

1980 1985 2000
Fuel
0 ge T pagy o PWORR gy, st
of gross of gross of gross
Coal 17,150 197 21,250 206 34750 213
Petroleum 41,040 a7 45 630 44 61,200 N3
Natural gas 20 600 236 20,100 194 19,600 e
Ol shale 870 o8 5,730 35
Nuclear power 4,550 52 11,840 114 46 080 282
Hydropower and

geothermal power 3,800 44 3850 37 6.070 37
Total #7140 1000 103 540 1000 163 430 1000

Source: US Bureau of Mines, United States Energy Through the Year 2000, Washington,
D.C., December 1975

Of the more than 78 quads of energy consumed in the United States in 1978, over 22 quads were
used to produce electric energy. An estimated 12.5% of this electrical energy was generated
using nuclear fuels. 0il1 and gas contributed 16.5 and 13.8%, respectively, and coal was used
for producing 44.3%. In spite of rapidly rising prices and dwindling and/or unreliable
sources of supply, the demand for oil and natural gas to generate electric power has increased
about 14.5% from 1975 through 1978.° The domestic and global use of oil has continued to
expand despite their shrinking availability and OPEC pricing policies; rowever, its use for
electrical power generation should deciine in the future because the price of oil more than
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doubled during 1979. (President Carter has recently proposed that utilities be required to
reduce their demand for petroleum products by 50% by 1990.) Therefore, it is apparent that,
of the resources currently used in electric-power-generating stations (coal, uranium, oil,
gas, and hydro), an increasing part of U.S. electrical energy needs will have to be met by
coal and/or uranium — at least until the end of this century. Although coal and uranium
resources are adequate for foreseeable energy needs, major expansion of both uranium and coal
production vil11 be required becaus2 neither of these fuels alone can supply future energy
requirements. Additionally, because of the time lag between initial extraction and actual use
of the resource for energy production (three to five years from mine to generation plant for
uranium and coal, five to seven years for construction of a coal-fired generating plant, and
seven to ten years for construction of a nuclear generating plari), the exploitation of both
coal and uranium resources must be integrated with contemporary energy needs.

2.2.1.1 Coal production

Congress and the Carter administration have stressed (in passed and proposed legislation) the
need to reduce our future oil demands %o lessen our dependence on foreign energy sources and
to reorient our energy cinsumption patterns. Both the Project Indepencance report of November
1974 and the National Emergy Outlook of February 1976 proposed that coal production be increased
from present levels [approximately 590 x 10° t (650 x 10° tons) per year] to approximately

1.1 x 10% t (1.2 x 107 tons) by 1985.%»5 The major expansion of coal production will likely
be in the west Efrom approximately 83 x 10° t (92 x 10° tons) in 1974 to about 345 x 10° t
(380 x 10° tons) in 1985] because of the low sulfur content of most western coals. (Sulfur is
a major source of air pollution.) The potential for environmental damage (because of dis-
turbance of generally fragile ecosystems) in the western United States will be increased.
Because the major markets for the coal produced will be located hundreds of kilometers from
the western mines, transportation costs will be high, as will the environmental impacts
associated with the transportation systems. Currently, transportation costs for bringing
western coal to the eastern United States account for the major part of the market price.
Also, for a given thermal energy content, annual transportation requirements for U0 are
minimal compared to those for coal because of the much higher energy content of uranium fuel.
Approximately 227 t (250 tons) of Us0y per year are required for a 1000-MW nuclear plant
operating at a plant factor of 0.8. Rnnual western coal requirements for an equivalent
1000-MW coal plant would be more than 2.7 t (3 x 10° tons), or the load capacity of about one
unit-train [100 cars of 91 t (100 tons) each] per day of plant operation.

2.2.1.4 Uranium fuel requirements, available resources, and domestic production capabilities

The need for uranium in commercial reacters in the United States depends on two factors:

1. Installed nuclear reactor capacity. Estimates presented in Additions to Generating
Capacity 1979-1088 for the Comtiguous United States indicate that 110,000 MWe of nuclear
generatin? capacity will be added to present capacity and will supply 22% of the total
electrical energy consumed by 1988.° This recent forecast of nuclear capacity require-
ments is lower than some previous projections because of recent drops in the demand for
electricity, new regulatory requirements, and increased nuclea~ power plant construction
costs. A comparison betr2en estimated total requirements for electrical generating
capacity and the projected nuclear capacity through the year 1988 indicates that nuclear
generating plants are expected to furnish 38.6% of new electrical capacity supplied
during the 1979-1988 period (currently furnishing about 12.5%). New fossil fuel plants
will provide 50.8%. The considerable uncertainty inherent in forecasting electricity
demand, the unpredictable path of government nuclear-related policies and programs
(breeder reactors, spent fuel reprocessing, and waste disposal), and the availability and
economic competition of alternative conventional and unconventional energy sources pre-
clude rational forecasts past 1988.°

2. Uranfum enrichment policies. For use in commercial light-water reactors, the atomic
percentage of the fissile nuclide uranium-235 must be enriched from its natural abundance
of 0.71%. The amount of natural uranium required to produce a desired amount of product
material of a given enrichment is related to the percentage of uranium-235 remaining in
the enrichment tails, the residual uranium from which some ot the uranium-235 has been
removed. Therefore, change in enrichment policy, such as changing the amount of uranium-235
left in the tailings or the required delivery time of Ui05 to the enrichment plant, wi'!
change U304 requirements.
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A comparison between the guantity of U0, required to meet the projected reactor demand and
the estimated domestic uranium availabfe {Table 2.3 and Fig. 2.1) indicates that currently
known reserves and probable resources should be adequate to support installed capacity through
the year 2000 and the expected lifetime (40 vears) of the reactors.

Table 2.3. Uranium (U;04) resources in the United ° ses

Cost category® "‘m’: Potantiai res urces (tons)
($/ib) ttons) Probable’ Possible© Speculative”
15 290,000 415,000 210,000 75,000
30 690,000 1,005,000 67%.000 300,000
50 920,000 1.5C5,000 1,170,000 550,000

“Each cost category includes all lower cost reserves and resources

BProbable resources have not been drilled and samplsd as extensively as
know" reserves

“Possible and speculative resuurces have bwen estimated by inference from
geologic evidence and himited sampling.

Source US. Department of Energy, Statistical Data of the Urar um Indus
try, Report GJO-100( 79}, Washington, D.C., Jan. 1, 1879

Table 2.3 presents estimates of quantities of uranium availabtle at different recovery cost
levels. Assuming reserves recoverable at a forward cost of production up to $66/kg ($30/1b)

of U;0g, the Department of Energy (DUE) estimated that in January 1979 the total of all i
variously known categories of uranium resources was approximately 3.3z x 10° t (3.66 x 10°
tons).” An estimated 1.7 x 10° t (1.9 x 10° tens) of uranium rescurces with forward costs up
to $110/kg ($50/1b) of U305 consisted of known re- -~ves; that is, drilling and sampling have
established the existence of these deposits beyond reasonable doubt. Uraniur recoverable as a
b{-product of phosphate fertilizer and copper production is estimated to be 109 x .0 t

(120 x 10° tons) through the year 2000.’ Approximately 4.7 x 10° t (5.2 x 10° tons) of Us0
could be recovered from very lou-grade ore and Chattanooga shale for about $220/kg (SIOO/lbg and
approximately 2.6 x 10” t (4 x 10 tons) of U.04 from seawater for an estimated cost of between
$660/kg ($300/1b) and $680/kg ($750/1b).%+% Much effort has been expended to determine the
amounts of uranium that might be recovered from coal and lignite. Some uranium was recovered
from lignite ash in the early 1960s, but the lignite itself was not a suitable fuel for the
process; supplementary fuel was needed for the necessary conversion to ash. No uranium has
been recovered as a by-product from the ash of coal- or lignite-fired power plants. Ash
samples continue to be analyzed for uranium, but so far no ash containing more than 20 ppm of

N

U305 has been found, and most ash sampes contain from i to 10 ppm of U;0g.10

The design capscity of the 20 conventional uranium m*11s operating in 1978 was about 39,800 t
(43,810 tons) of ore per day. With an average ore grade of 0.13% and an average mill recovery
rate of about 90.6% (the rate varied from 80 to 97% for individual mills), 15,260 t (16,820 tons)
of U0, were produced, or 91% of possible production. The 18 mills that operated in 1977
produced approximately 13,000 t (14,500 tons) of U0, generating about 8.8 x 108 t

(9.8 x 10° tons) of tailings.!! This output represents about 75% of *otal capacity. [At 100%
capacity, these mills could have produced about 17,750 t (19,500 tons) of uranium oxide.]

Al though most uranium is prrduced via conventional acid or alkaline leaching processes,
unconventional methods are vsed for some production. Such methods include solution mining,
percolation leaching of ore n piles or vats, and uranium recovery from mine water, copper-
dump leach liquor, or wet-process phosohoric acid effluents. Production of U,0, by these
methods totaled about 1515 t (1670 tons) in 1978 and was expected to reach about 5340 t
(6000 tons) by 1982.°

The percentage of uranium production from solution mining was 3% in 1977 and increased slightiy

in 1978. The efficiency of recovery is difficult to ascertain, but it is estimated to be less
than can be achieved via conventional mining and milling. Also, solution minina can be used only
under specific geological conditions. Because of these uncertainties, the contribution of solution
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Fig. 2.1. Comparison of Ui0y required to meet projected reactor demand with estimated
domestic uranium available. Source: U.S. Department of Energy, Forecast of Domestic Uraniuwm
Requirements, Report GJO-108(78), Grand Jurction, Colo., Oct. 17-18, 1978, p. 15,

mining to total uranium production is difficult to predict. The DOE has projected that
solution mining production will peak at 4000 t (4400 tons) of U0z per year by 1990 and hold
at about 2500 to 3500 t (3000 to 4000 tons) per year through the year 2000.'! The total
production by this method is expected to be about 76,000 t (84,000 tons) through the year
2000.

Two sources from which by-product uranium is being recovered are copper-minino leach 1iquors
and wet-process phosphoric acid. Of the two, phosphoric acid manufacture (for fertilizer) is
receiving the most emphasis. Prediction of the amounts of U0, that will be recovered from
phosphate production is extremely difficult, primarily because of the dependence of acic
availahiiity on the fertilizer markets.' - However, demand for fertilizer in the world market
should increase with demands for increased food production, and this increased demand, in
turn, should result in increased phosphate mining in the United States. Currently, U.0
recovery is about 180 t (200 t.onsg per year from phosphate operations but is predicted go
reach 1800 t (2000 tons) per year by 1985 and about 7000 t (8000 tons) by 2000 for a total of
about 73,000 t (81,000 tons) through the year 2000.'!

During the last 15 years, the U.S. Bureau of Mines in Salt Lake City and several private com-
panies have extensively tested recovery of uranium from copper-dump leachate, which frequently
contains 1 to 12 parls of U0z per million parts of solution. Several commercial uranium
recovery operation projects are in the planning stage. If all of these facilities are built
with sufficient capacity to process all of the dump leachate from related copper mining
activities, recovery of from 450 to 900 t (500 to 1000 tons) of U.0y per year is expected.'?
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The extraction of uranium from product streams in copper milling is expected to contribute
only fractionally to the future supply of U.0,.'7

A DOE survey of U.S. uranium production, production capability, and marketing activity indicated
that U.S. production of U0, for nuclear-powered electric generation plants should exceed

annual requirements untf) 1382 without planned expansions. Contracted imports of U.0, will
excee¢ contracted exports by a considerable margin over the next few years. Through 1929,
cumulative contracted imports of U,0y are 33, t (36,400 tons), with approximately 501 of
future contracted imports coming from Canadian sources, compared to cumulative exports of
14,050 t (15,500 tons) from 1966 to 1988, some of the imported U;0; may be reexported. Only
2360 t (2600 tons) of U.S. production from 1980 to 1988 is for export.

Supplies of U304 from the United States (including domestic and foreign inventories and con-
tract commitments) will exceed DOE enrichment feed requirements until about 1983. Current
estimates of production and demand are shown in Fig. 2.1. The data used by the staff to
estimate U:0y demand are shown in Tables 2.4 and 2.5. Table 2.6 lists the results.

2,2.1.5 Comparison of health effects of the uranium fuel cycle and the coal fuel cycle

Research conducted by the NRC'® comparing the health effects associated with the coal fuel
cycle (mining, processing, fuel transportation, power generation, and waste disposal) and the
uranium fuel cycle (mining, milling, uranium enrichment, fuel preparation, fuel transportation,
power generation, frradiated fuel transportation, and waste disposal) indicated that increases
in the use of coal for power generation may increase the adverse health effects related to
electric energy production. As defined by the study, health effects are stated in terms of
‘excess” mortality, morbidity (disease and 111ness), and injury among occupational workers and
the general public, where "excess" implies 11lness and injury rates higher than normal and
premature deaths. The estimated excess deaths per 0.8 GWe/year (i.e., per 1000-MWe power
plant operating at 80% capacity for one year) were 0.47 for an all-nuclear economy (all
electricity used within the nuclear fuel cycle is generated by nuclear power) and 1.1 to 5.4
if all the electricity used in the uranium fue) cycle (primarily for uranium enrichment and
raactor operation) came from coal-fired plants. Excess deathe for the entire coal cycle
varied from 15 to 120 per 0.2 GWe/year (Table 2.7).

Excess morbidity and iniury rates for workers and the general public resulting from r rmal
operations and accidents in an all-nclear cycle were estimated to be about 14 per 0.. GWe/year,
with injuries to miners from accidents (falls, cave-ins, and explosions) accounting for ten of
these occurrences. If all the electrical power used in the uranium fuel cycle originated from
coal-fired plants, these rates would increase to approximately 17 to 24 per 0.8 GWe/year. The
estimated excess ¢isease and injury rate for the coal cycle was 57 to 210 per 0.8 GWe/year.
Coal-related illness.s among coal miners and the general public and injuries to miners account
for the majority of nonfatal cases (Table 2.8).

Although the adverse heaith effects related to either the uranium fuel cycle or the coal fuel
cycle represent small additianal risks to the general public, the study conclud-+ that "... the
coal fuel cycle may be more harmful to man by factors of 4 to 260, depending on the effect being
considered, for an all-nuclear economy, or factors of 3 to 22 with the assumption that all of
the electricity used by the uranium fuel cycle comes from coal-powered plants ...." (ref. 13,

p. 13.) Additionally, ‘... the impact of transportation of coal is based on firm statistics;
this impact alone is greater than the conservative estimates of health effects for the entire
uranium fuel cycle (all nuclear economy) and can reasonably be expected to worsen as more coal
s shipped over greater distance . . ." (ref. 13, p. 13).

2.2.2 Solar, geothermal, and synthetic fuels

Estimates repirted in the Natiomal Ewengy Outlook® indicate that solar and geothersal sources
will each supply about 1% of U.S energy requirements by 1985 and about 2% by 1990. Supplies
of synthetic gas and o0il derived from coal will probably rot exceed 11 of U.S. energy require-
ments as of the year 1990. These projections are based on many considerations. The technology
exists in all casés but not in a commercially useful form. The potential for proving these
technologies on a commercial scale is great, but timely development will require a favorable
market as well as governmental incentives. A maximum of 6% of projected 1990 energy require-
ments is expected to be derived from solar, geothermal, and synthetic fuel resources cu.bined,
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Prossurnized Boiling: Gas cooled Sum Number  Gen ting

Year water reactor  water reactor reactor Total 1ota® of cape 'y
(W) (MW) (MW) units iGv °

1979 5167 1,813 200 7170 57,000 ] 57
1980 57131 3763 9.484 66.484 10 61
1981 9,683 3,400 13,083 79,567 12 74
1982 10,043 1,626 11618 91,185 12 8’
1983 9,942 3,655 19607 104,782 12 100
1984 1417 9,829 17,246 122,028 16 12
1985 6,115 4607 10,722 132,750 9 127
1986 6,945 3,504 10,449 143,199 “ 141
1987 6,890 1,066 7445 150,644 7 154
1988 6.604 2,238 L _BBa2 150486 8 167
Total 74,577 35379 200 110,156 103

? includes capacity pieviously operating.

P15, Nuciear Regulatory Commission, Draft Generic Environmental Impact Statement ¢ + Uraniun:
Mitiing, Report NUREG 0511, Washington, D.C., April 1879, There are 71 units hsted s tF od of 1978

Source: U.S Department of Energy, Economic Regulatory Administration, Additions to Generating
Capacity, 19,9 1988 for the Contiguous United States, Report DOE ERA0020/1 (rev. 11, October 1979
(for all data except last column —see footnote b).

Table 2.5 Specitic energy comparison of boiling water -reactor Table 26. Standard tons of U 7, reouired
vs pressurized water reactor base data | megawatt years annually for reactor fusl”

{electric) per standard ton of U,0,] il . Y durvy
e N il S R L= Year For For Toral
Cycle Boing water Pressurnized water refueling mitial cycle

reactor reactor '
T Ty e MY = | = e 1979 9613 2,138 12,250

1 130 163 1980 10,997 3842 14 800
2 290 278 1981 12,826 5134 18,000
3 279 297 1982 15,361 44Mm 19,800
4 282 308 1983 17 582 5347 22,900
5 e 3.46 1984 20,215 7,267 27,500
6 292 3.16 1985 23,542 4317 27900
? 432 333 1986 258611 4174 29,800
8 307 3.08 1987 27627 3.023 30,700
o 250 353 1988 29.063 3,464 32.500

10 i 274 1989 30,769 Unknown

'm‘l.' 'm ‘63 e — LEE sl e e M s — - |

Remain.ng 310 312 * Caleulated using a 0.6 capacity factor, one cycle per year,
cycle average and data from Tables 24 and 2 5.

Source  Nuclear Assurance Corporation, Uranium Utilization
Experier-e in Light Water Reactors, Report COD-34012-1, prepated
for the Department of Energy, 1979
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Table 23, Current energy source exce * mortality summary per year per 0.8 GWie)/year power jtant

Occupational General public
- — - —_———— Totals
Accident Disease Accident Disease
Nuclear fuel cycle
All nuclear 027 0.14° 0.05° 0.06° 047
With 100% of the electricity used in the 024-0.25*°  014-046"' 0106 064 46" 1154

tuel cycle produced by coal mm'.u 5. populaties for muclear effects. regilons’ Doy ation for con' affects !
Coal fuel cycle
0.35- 065" -7 1

Regional population 13-110"

Rato of coal 10 nuciean

16-120

(81 nuclear) 32-260
(with cos’ power) 14-27

*Primarily fatal no. Jdiclogesl acoidents, such as talls and explosions.

bPﬂMrly fatal radiogenic cancers and leukemias from normal operations at munes, mills, power  'ants and
reprocessing plants,

“Primarity fatal transportation accidents (Table 54, 10 CFR Part §1) and serious nuclear accidents

9.5 population for nuclear affects. regional population for coal effects

"Pruranily fatal mining accidents, such as cave:ins, fires, and explosions.

'anmly P osis and related respiratory diseases leading 10 “espiratory faidure in coal workers

'anan'lv members of the general public killed at rail crossings by coal trains

"Pmnwly resprratory faillure among the sick and elderly from combustion products from power plants but
includes deat”, from waste coadl bank fires

"100% of all electricity used by the nuclear fue! cycle produced by coal power, amounts to 45 MWe per 0.8
GwWiel/year

Source: R. L. Gotchy, Health Effects Attributable to Coal and Nuclear Fuel Cycle Alternatives. Report
NUREG 0332, Division of Site Satety and Enviconmental Analysis, Otfice of Nuciesr Resctor Regulation, US

Nuclear Regulatory Commission, September 1977

The National Brergy Plan' does not set specific goals for increased use of synthetic fuels or
geothcmal energy but does state that, as a possible yoal, solar energy will be used in

5 miilion homes by 1985.

2. .3 Energy conservation

The cornerstone of the National Energy Plan is conservation, the cleanest and cheapest way to

relieve the energy shortage.

If vigorous conservation measures are not undertaken and present trends
concinue, energy demand is projected to increase by more than 30% between now

[1977] and 1985.!

Per capita energy used in the United States is tuice that of other industrial countries. It
is apparent that reductions in total energy demanu can be achieved in all major usec The

plan lists five types of consumers as being prime targets for energy conservation:
portation, (2) buildings (including residences), (3) appliances, (4

(1) trans-
industry, and (5) industries

and utilities using cogeneration of electricity and low-grade heat.

Part of the plan focuses on the use of all possible governmental means (tax reduction,
facentives, direct subsidy, legislation, and regulation) to change the relationship between

energy production and energy demand.

Actions that improve the thermal efficiency of automobiles,
homes, end office buildings would have the greatest conserving effect.

However, in the case

of electrical energy, demand is expected to increase (during the next decade) at a rate about

twice as great as that for total energy."

It will be more difficult to conserve electrical

because it will provably be a viable alternative for oil and gas use in residential

heating and for some industrial applications.

Therefore, conservation will not materially

change the need for increased dependence on coal and uranium as fuels for generating electric

power during the next decade.



e e e el mm s ey e b ——ﬂ

2-9

Table 28. Current energy source summary of excess morbidity and injury per 0.8-C(e)/year power plant

Oa:uaobonllr General public Tokie
Mortudity Injury Mortudity Ingury
Nuclear tuel cycle
All nuchear 0.84* 12 0.78¢ 0.1? 14
With 100% of elsctocity used Ly the 1.7-41 13-14° 13-5% 0.55" 17-24
fuel cycle produced by coal power® (0.5, population for nuclesr effecty, regional population for coal effects)
Coal fuel cycle
Reqonal population 20-70 17-3 10--100° g 57-210
(8] Nuciesr) 618"

Rato of coal 1o nuclear Leith cos? poubr), 3448

*Primarily nenfatal cancers and thyroid nodules.

PPy imarity nant al injuries associated with acciderts in uranium mines, such as rock falls and explosiuns

CPrimarily nonfatal cancers, thyroid nodules, genetically related diseases, and nonfatal Hnesses following high
radiation doses, such as radiation thyrawfitis, prodromal vomiting, and temporary sterility

“Transportation relzted injurses fram Table 54, 10 CFR Part 51

: U S nopulation for nuclear etfects, reg-nal poputation for coal effects

Primarily nonfatal diseases associated with coal mining, such as pneumoconiosis, bronchitis, and emphysema

IPrimarily respiratory diseases among adults and children from sultur emssior « from coal fired power plants but
includes waste coal bank fires

¥ Primarity injuties to coal miners from cave ins, fires, and expiosions

‘Primarity nonfatal injures among members of the general public from collsions with coal trains at railroad
Crossings.

1100% of all electnicity used by the nuclear fuel cycle produced by coal power, amounts to 45 MWe per 08
GWiel ‘year

Source: R. L Gowchy, Mealth Etfects Attributable to Coal and Nuciese Fuel Cycle Alternatives. Report
NUREG0332, Uivision of Site Safety and Environ.nental Analysis, Otfice of Nuclear Reactor Regulation, US
Nucler Regulatory Commission, September 1977

2.2.4 Evaluation of alternative energy sources

To <alve our natien's inter ifying and formidable energy supply and demand proolems will require
rapid and exteasive expansions in the production and use of all practical enerc: forms and  ©
resources — along with the setting and meeting of adequate energy conservation .oals. The
Matiomal Bnergy Plan clearly states, and it is becoming increasingly clear, that both coal

and nuclear electrical generation facilities will be needed to meet U.S. energy requirements
through the yes= 2000, even if the conservation goals of the plan are met. (The relative
amounts of each ene, Jy source used will depend on economic and regional environmental con-
siderations.) Therefore, it appears that increased use of the nonnuclear energy sources
discussed above will not lessen the need for the uranium to be recovercd and processed by the
proposed solution mining project (and by similar ventures) if the project is conducted within
acceptable, suitable constraints reqiired Lo protect the environment and the public.

2.3 ALTERNATIVES IF URANIUM ORE IS MINED AND REFINED ON THE SITE

This section describes the action proposed by the applicani along with alternative methods for
recovering uranfum from the available ore source and compares the potential environmental
effects of the various recovery procedures.

2.3.1 Summary of the proposed activity

The applicant proposes to construct an in situ leach uranium mine and recovery plant in Fremont
County, Wyoming, about 80 km (50 miles) by air south of Riverton and about 48 km (30 miles) by
air west of Jeffrey City. The site consists of about 308 ha (761 acres) including all of
Section 25, T27N, R97W, and part of Section 30, T27N, R96W (Fig. 2.2).
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The prggosed operation at the Bison Basin site will recover approximately 4.5 x 10° kg
(1 x 10°% 1b) of U:0x from about 16 ha (40 acres) over an estimated three-year period. Aquifer
restoration and site reclamation are expected to require an additional two years.

A central jrocessing plant using state-of-the-art extraction technology will recover the uran,.m
from a sodium bicarbonate/carbonate lixiviant. Most of the resulting barren (uranium-depleted)
lixiviant will be refortified with carbonate and oxidant and recycled to the ore zone, A smail
amount of barren lixiviant is withdrawn from circulation and impounded in an evaporation pond
after treatment. Withdrawal from the production wells will be maintained at a rate slightly
higher than injection as a means of preventing or limiting the spread of leach solution out of
the are zone.

Upon completing leaching activities, the lixiviant remaining in the ore zone will be removed, and
and the water quality within the ore horizon will be restored to its original potential use

(as <lose to baseline as reasonably achievable on a parameter by parameter basis). This
restoration will be done by withdrawal of lixiviant or contaminated waters, treatment of the
recovered solution to acceptable quality by chemical and physical means, and reinjection of

the treated wator into the ore zone. Pumping rates will be controlled during restorating

ensure coafinement of contaminated liquids to the mined zone.

Leaching and restoration activities will generate solid and 1iquid wastes, both of which will
be imrunded in ponds. The waste ponds will be lined with clays or polymeric materials to
minimize seepage.

Reclamation procedures for surface areas of the site will meet applicable NRC, State, and
local requirements, A1l structures, foundations, and equipment will be removed from the
processing plant and well-field areas. Building materials and ¢ails showing radioactive con-
tamination will te disposed of in the same manner as other solid radicactive wastes, using
disposal techniques in accordance with NKC and/or State agency requlations that require iso-
lation from the environment. A1l affected surface areas will be reclaimed.

2,3.2 Description of the ore body

2,3.2.1 Physical shape and area

The ore body proposed to be mined by the in situ solution mining method cont-ins proved
recoverable reserves of about 4.5 x 10° kg (1 x 10% 1b) of uraniur (as U304) within the 308-ha
(761-acre) project area. Exploratory drilling, not yet comgleted, has indicated that additional
minable reserves within the project area may exist. The presently proved ore body covers about
16 ha (40 acres) (Fig. 2.2). The average depth of the ore body below the land surface is

about 116 m (380 ft).

The host rock is the basal sandstone of the Laney member of the Green Piver formation of Lower
Eocene age and is designated as the “D" unit. This unit is confined above by a mudstone,
having a persistent calcareous layer and below by a thick mudstone layer. The

average thickness of the "D" sand is about 4.6 m (15 ft), and the ore thickness =ithin the
"D”):and averages about 1.9 m (6.3 ft). The averare ore grade to be mined is approximat :iy
0.07% U404.

2.3.2.2 Ore genesis

The "D" zone host sandstone is part of a larger system of sandstone channels that coalesce a
few kilometers east of the project area. This large channel, 23 to 46 m (75 to 150 ft) th k,
was a major drainage system that originated somewhere in the paleo Granite or Green Mountai, ,
*nd carried oxidizing uranium-chargei waters into the Great Divide Basin.

The smaller sand channels, including the project host sand, are 1.5 to 9 m (5 to 30 ft) thick
and dovetail into the intervening mudstones, which become increasingly thick to the west. The
small channels contain both oxidized and reduced areas and are characterized by gray uraltered
coluors when reduced and yellow, orange, and re? colors when oxidized. It is at the interface of
these areas that uranium mineralizatior is found in geochemical rol)-front deposits.

The principal reductants responsible for the precipitation of uranium from paleo stream and
ters were carbonaceous organic matter and metallic pyrite. These reductants are
estimated to be 1.5 to 3% of the volume of the host formation.
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2.3.3 Mining alternatives

2.3.3.1 Conventional min:\g methods

The selection of a mining technique to recover a mineral resource is based on a number of
complex and interrelated factors: (1) the spatial characteristics of the deposit (size,
shape, and depth); (2) physical (or mechanical) properties of the mineral deoosit and sur-
rounding geologic structure; (3) groundwater and surface-water conditions; (4) economic
factors, including ore grade, comparative mining costs, and desired production rates
(uranium mining and resource development accounts for about 40% of the costs for producing
uranium concentrates);'“ and (5) environwantal factors, such as preservation and re.lamation
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of the environment, and the prevention of air and water pollution. The two most commonly
used methods for mining sranium deposits are open-pit (surface mining) and underground mining.
Other mining methods, such as solution mining, are in the developmental stage.

Open-pit mining

Although relatively deep [~150 m (500 ft)] ore bodies have been surface mined, open-pit mining
is normally used to extract ore from comparatively large, shallow ore deposits covered wit»
lTess than 90 m (300 ft) of loosely consolidated soil or detritus'“ {compered with the mining
of other minerals, the ratio of overburden to uranium ore is unusuaily large, rancing from
about &:1 to 35:1).'% The maximum mining depth and ore cut-off grade are determined by
economic factors (1.e., deeper mines and lower grade ores become urecononiical when the costs
of mining and milling plus a reasonable profic exceed the revenues from the sale of the
yellow cake product). To recover the uranium, the extracted ore must be processed in a mill
(Sect. 2,3.4.1). In 1978, surface mining contributed about 55% of the 12.5 x 10° t (12.8 x 10°
tons) of uranium ore produced in the United States.’ Surface-mined ores accounted for about
46% of tthe total annual uranium concentrate production, estimated at 16,770 t (18,490 tons)
of U;0;4.

Surface mining involves the creation of a pit (or pits) by the excavation of the overburden
and topsoil overlying the deposits to permit ore extraction. Equipmznt used for stripping
overburden includes tractors with riopers, rubber-tired scrapers and tractor pushers, diesel-
powered shovels, and large truck fleets.!'® For the removal of ore and waste from the ore zone,
bulldozers, front-end loaders, diesel shovels, draglines, and t:ckhoes are used (driiling and
blasting are not usually necessary). The size of the operation often determines which equip-
ment should be used (e.g., backhoes are generally more ecomomical for digjing and loading ore
from some small ore deposits).!> Because groundwater inilow is a problem in many open-pit
mines, a trench may be jug around the periphery of the pit floor to collect groundwater drain-
age.'® The water is pumped from the mine and may be used for milling processes or discharged
to the surface after treatment, if necessary.

Many alternatives exist for (he reclamation of uranium surface mines. Generally, overburdcn
and topsoil are stored in dumps during mining, the overburden beiig used to refil. the pit
(perhaps partially). The surface is shaped to a rolling topography, the slopes ranging from O
to 30%, and salvaged topsoil is then distributed over the contoured surface. The restored
surfaces are revegetated with appropriate plant species, and, if necessary, ‘ertilize=s and
soil amendments are used to ensure plant growth. Precautions are taken to stabilize .he soil
against erosion and to provide watershed protection.

The environmental impacts associated with uranium open-pit mining operations are well
docusiented, ' ?+1%+17  Compared with other commercially used mining techniques, open-pit mining
disturps a much larger surface area. Overburden dumps and pits remain after mining operations
are completed, ¢nd, where mining has occurred, the geologic formations are completely and
permanently altered. Because conventional milling methods must be used to process the ore,
measures to alleviate the short- and long-term environmental impacts associated with the
disposal of mill taflings must be determined and evaluated.

Underground mining

Underground mining is the method generally used for deeper, relatively high-grade ore deposits
in structurally stable host rock. In 1978, roughly 45% of the total uranium ore extracted came
from underground mines; however, because the average grade of ores mined underground was higher
than surface-mined ores, their milling accounted for about 48% of the total annual U;0;
production.’

Because of var;ing ore body characteristics (size, shape, depth, and ore grade), many alter-
native underground mining techniques have evolved.'* Simple adits or inclined entries driven
into a canyon wall or slopine ground are sometimes used to access small ore deposits.!S
Vertical mine shafts and horizontal tunnels are usually needed t. mine the larger ors deposits;
swe of these ore bodies are about 1 km long, a few hundred meters wide, 2 to 30 m (5 to

100 ft) thick, and a few hundred meters below ground [up to 430 m (1400 ft)].!5 Typically

the shaft is circula , compartmented, concrete lined, and up to 4.3 m (14 ft) in diamter.{"
The mining method selected for each ore body depends on the stability of the ground, the size
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and shape of the ore zore, and the cost of extraction. Depending on ground stability or the
permanencv of the tunnel, steel plates, timber, or concrete are used to support tunnels extend-
ing from ‘e shaft ! The ore is drilled, blasted, and often transported by slushers to the
ore pass. Underground haulage may be either by electric or diesel locomotive or by trackless
rubber-tired equipment.'® New tunnels are driven until the ore deposit is depleted.

Groundwater in‘rusion is a prob'em with underground mining, and dewatering is often required.
The rate of water pumped from mines may range from 0.75 to 11 m/min (200 to 3000 gpm).'® The
water is frequently used as process water in a uranium mill.

Mines are required to have proper ventilation to prevent the accumulation of radon-222 (a
uranium daughter) tJ cuncentrations hazardous to the miners' health.'® Ventilation holes,
typically 0.9 to 1.8 m (3 to 6 ft) in diameter, are drilled to connect with the underground
workings. A large fan installed at the top of the hole on the surface exhausts the mine air
entering the shaft.

After mining operations have ceased, the equipment and buildings at the mine shaft and the
mining equipment are removed. Air shafts ana the mine shaft are sealed (usually with cun-
crete), covered with topsoil, and the area is revegetated with appropriate plant species %o
stabilize the soil.

Because no pits are created, underground mining disturbs significantly less surface 2rea than
comparable surface mines; however, because conventional milling procedures must be used to
recover the uranium, related tailings disposal problems and methods of solution are the same
as for surface mining.

2.3.3.2 Unconventional mining methods

In situ leaching with acidic or alkaline lixiviants

In situ leaching is a solution mining method* only recently used for uranium extraction on a
commercial scale and is a potential addition to the 1ist of conventional methods being used.
Because the technology for solution mining of uranium is relatively new and is still in the
development stage, considerable variation exists from one operation to another.!® Therefore,
both operational and environmental considerations are site specific.

Generically, the mineral sought is dissolved from its host source in situ and extracted as a
liquid, leaving the solid host material in its natural position. In situ leaching of uranium
cre deposits normally involves (1) the introduction, through injection wells, of a leach
solution or lixiviant (usually either an acidic or basic oxidizing solution) into the ore body
tn complex the contained uranium; (2) mebilization of the uranium from the host material

via creation of a soluble compiex salt; (3) removal, through production wells, of the complexed
uranium-bearing solution; and (4) recovery of the solubilized uranium by conventional extrac-
tion operations. Therefore, although the chemical technology is essentially conventional, the
customary ore extract® 1, transportation, storage, crushing, and grindina operations are
eliminated. Sclid wasces are generated which requ:ire controlled disposal; however, the volume
priduced is mucn less than that created by conventional milling. The disposal of waste
macarials and petential contamination of aquifers are the major environmental concerns and
require careful control.

In situ leaching is normally used to mine relatively small, isola‘ed, low-grade ore bodies
that cannot be developed economically by conventional techniques; however, not all of the ore
deposits possessing these characteristics can be successfully leached in situ. The Tollowing
additional criteria must be satisfieu:

1. The ore must be located in a saturated stratum below the static water table.

2. The ore body must possess suitable mineralogic and hydraulic properties (i.e., adequate
permeability and amenability to chemical leaching).

-
Solution mining is a general term describing the extraction of minerals in liguid form.

The solution may only contain the mireral sought from the natural source (e.g., salt or sulfur)

or may include other materials such as excess chemicals that have been added to aid in the

dissolution of the rescurce from its source host, reaction by-products, and other materials

in the mineral deposit dissolved in the process.
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3. The ore deposit must be extensive enough tn ify the cost of uranium recovery.

4. Because leachate loss is bo.. ~conomically ...d environmentally unsound, the capability to
retrieve as much of the acidic or alkaline leact .slution as possible is necessary.
Therefore, the ore zone must be generally horizontal and be confined by rock layers whose
properties and continuity make the lay: - virtually impermeable, such as shales, siltstones,
or mudstones. To select well loca*’ w4 the inflow-effluent rates, the direction and
velocity of the regionai water flow _nould also be known,!'®

In situ leaching of uranium ore is usually carried out by drilling inflow wells into the ore
body either upstream of (based on the direction of groundwater flow) or in a symmetrical pat-
tern around the recovery wells. Selection of lo~ation and spacing of wells is based on the
fact that the flow between wells and within an aquifer can be controlled by varying inflow-
effluent rates, by the spacing between wells, and by properly aligning wells at specific
angles to the direction of groundwater flou.r5 Salt solutions of ions, such as sulfate,
bicarbonate, and carbonate, which are known to form stable aqueous complexes with hexavalent
uranium, are pumped to the inflow wells; simultaneously, a slightly greater volume of

liquid is withdrawn from the production wells. An oxidizing agent such as oxygen (as pure
0, or as air), hydrogen peroxide, or sodium chlorate may be added to increase leaching
efficiency. The inflow of solution is continued until the leach zone is depleted, as is
indicated by a decrease in uranium concentration in the leachate  (Alternative leaching
solutions are discussed in Sect. 2.3.9.1).

Bacterial leaching

Bacterial leaching, an alternative solution mining method, has been successfully used to
extract uranium from underground mines in Canada. This technique, which usually involves the
flooding of worked-out and/or caved mine areas with water, is based on the leaching action of
bacterially produced sulfuric acid and ferric sulfate.'® Widespread use of bacterial leaching
in the United States is not expected to occur for several reasons:!'®

1. Pyrite and sulfur must be present in the ore (most presently known ore reserves in tie
United States lack sufficient quantities of pyrite).

2. A relatively long time is required for efficient leaching,

3, The presence of calcium carbonate negates the leaching action by neutralizing the acid
produced. Many U.S. ore reserves are highly alkaline

Borehole hydraulic mining

Borchole hydraulic mining, another form of solution mining, uses pressurized water flow, in-
Jected via wells, to slurry the ore. The solid-liquid mixture is then brcught to the surface
and is processed in conventional uranium mills, giving rise to the same tailings management
disposal problems as with underground or pit mining.

2.3.4 Processing alternatives

2.3.4.1 Convent‘unal uranium milling processes

If the ore deposits that the applicant is proposing to process by in situ leaching were to be
mined using either open-pit or underground methods, the ore would probably be transported by
truck to and processed at an existing conventional uranium mill. (New mill facilities could be
erected and placed into operation, or the ore could be heap leached; however, the probability
that these processing alternatives would be implemented is low.)

Uranium concentrates are conventionally produced by the milling of uranium ore via the follow-
ing procedure: (1) ore preparation (involving primarily the crushing and grinding of the
ore), (7! leaching, (3) separation of pregnant leach 1iquids from waste solids (tailings),

(4) concentration and purification of the uranium by extraction from the pregnant solution,
(5) precipitation of the uranium from the extract solution, and (6) drying and packaging. The
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specific manner in which each of these steps, singly or in combination, is done varies from
mill to mill, depending on differing ore characteristics. Normally, process decisions are
based on overall economic considerations, including costs of controlling chem.cal and
radiological releases to air, water, and land.

Crushing and grinding of ore are needed to reduce overall particle s ~ to ensure sufficient
contact with the uranium-dissolving reagent. Conventional crushing ¢ ‘pment usually reduces
the size of the ore particies to less than 1.9 c¢cm (0.75 in.). Grindin. is usually accoaplished
by rod or ball mill, the ore being ground to |gpr0ximatfly 28 mesh fc  aocid leaching, or to
approximately 200 mesh for alkaline leaching.!> Semiautogenous grinding. which minimizes dust
preblems and replaces the above processes, is being used in most new facilities.

The leaching method chosen for removal of the uranium from the ground ore depends on the
chemical properties of the ore. Ores containing low levels of basic materials (primarily
lime) are usually leached with sulfuric acid. An alkaline leach reagent (ncrmally sodium
carbonate-bicarbonate solution) is often used when the lime content of the ore is high. Acid
may also be used to leach ore of this typé; however, because larger quantities of acid would
be required, process costs wouid be increased significantly.

The separation of the pregnant leach solution (which contains over 90% of the uranium in the
ore) from waste solids is usually done by thickening or by filtration. The majority of the
acid-leaching mills in the United States use countercurrent decantation in thickeners for
liquid-solid separation.!®

Concentration and purification of the uranium from the pregnant leach solution are necessary
to produce high-grade uranium concentrates and are usually accomplished by either solvent
extraction or by ion exchange processes. The methods are similar in that both involve ion
interchange between the leach liguor and either a solid resin (resin ion exchange) or a liguid
organic solvent (solvent extraction).

The milling process generaliy concludes with the recovery of the uranium from solution by
chemical precipitation. When acid-leaching methods are used, the uranium is precigitated by
neutraiization with a base such as ammonia, lime, magnesia, or hydrogen peroxide.!" When
alkaline 1each processes are used, the uranium is normally precipitated as a sodium diuranate
by adding caustic to clarified carbonate-bicarbonate solutions to increase the pH to approxi-
mately 12 (ref. 19). The precipitate is then dewatered, dried, and packaged for shipment.

Because the so.ution mining project proposed by the applicant involves leaching the ore in
situ, the crushing and grinding steps are eliminated and no tailings are generated.

2.3.4.2 Unconventional uranium milling processes

Heap leaching

The heap-leaching process consists of leaching the ore in a static or semistatic condition,
either by gravitational flow through an open pile or by flooding a confined ure pile.!® This
technique can be used to profitably treat low-grade ore dumps or to process ore from small
deposits located long distances from conventional milling facilities.!® Heap leaching does

not require a large capital expenditure for equipment, and manpower requirements are minimal.'®
Because shipping a high-grade pregnant solution or a crude bulk precipitate from a point near
a mine site is more economical than hauling low-grade ore toc a mill, heap leaching is often
economically well suited for processing ore from remote mining cperations.

A variety of lixiviants has been used for heap leaching: water, ferric chloride, ferric
sulfate, alkali carbonate, and sulfuric acid. As of 1971, all domestic heap-leaching opera-
tions used acidic solutions.'® Watural heap leaching with water, a variant of the bacterial-
leaching concept, has been used in foreign countries.

The uranium-enriched solutions collected from a pile can be processed at the leaching site by
ion exchange or solvent extraction, and the uranium can be precipitated by sodium carbonate or
ammonia, the final precipitated-slurry product being shipped to a processing facility. In
cases where the dumps are reasonably near a mill, it is common practice to use acid solutions
from the mill circuit for the heap-ieaching operation, returning the enriched solutions to the
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mill circuit for processing.'® A pile is abandoned when the uranium recovery no longer justi-
fies the pumping of leaching soiution through it or when a specified low 1imit of uranium
solution grade is reached.

2.3.5 Evaluation of mining and processing alternatives

Although either surface or underground mining could be used *o extract the proposed ore to be
processed by in situ leaching, the depth [averaging about 116 m (380 ft)], size, and shape of
the deposits and the relatively low average ore grade are such that use of these mining methods
would not be economically {ustified. For example, to surface-mine the deposits, the staff
estimates that approximately 41 m- of overburden would have to be removed for each kilogram of
yellow cake produced (24.5 vd-/1b of Us0;). The cost for removing a cubic meter of earth is
about $0.98/m® ($72.75/yd?) (ref. 12). Therefore, the staff estimates that the total cost of
overburden removal alone (excluding ore extraction, transportation, milling, and waste disposal
costs) would be approximately $40/kg ($15/1b) of uranium. Unless the price of yellow cake
rises substantially and rapidly, surface mining of this and similar ore deposits is not
economically feasible. Underground mining would be even more exnensive.

Because heap leaching and in situ bacterial leaching require the conventional minirg of ore,
the methods are eliminated as not economically feasiole. Both hydraulic borehole and alkaline
or acid in situ leaching might be economically and environmentally acceptable if adequate
controls and constraints are stipulated and used.

The applicant has proposed to use solution mining techniques to mine the Bison Basin ore
deposits primarily for economic reascns. A sign?ficant advantage of this decision is that the
environmentai impacts associated with in situ leachirg of uranium are generally less severe
than the impacts associated with conventional open-pit and underground uranium mining. The in
situ leaching method has several environmental advantages.

1. Significantly less surface area is disturbed than in surface mining, and the degree of
disruption is much less.

2. Ko mill tailings are produced, and the volume of solid wastes is reduced significantly:
The gross quantity of solid wastes produced by in situ leaching is generally less than
1% of that produced by conventional milling methods [more than 950 kg (2090 1b) of
tailings usually result from processing each metric ton (2200 1b) of ore].

3. Because no ore and overturden stockpiles, or tailings pile(s), are created and the
crushing and grinding ore-processing operations are not needed, the air pollution prob-
lems caused by windblown dusts from these sources are eliminated.

4. The tailings produced by conventional mills contain essentially all of the radium-226
originally present in the ore. By comparison, less than 5% of the radium in an ore
body is brought to the surface when in situ 1eachin? methods are used. Consequently,
operating personnel are not exposed to the radionuclides present in and emanating from the
ore and tailings, and the potential for radiation exposure is si¢nificantly less than that
associated with conventional mining and milling.

5. By removing the solid wastes from the site to a licensed waste disposal site or otherwise
restrictin? them from contaminating the surface and subsurface environment, the mine site
can probably be returned to unrestri_ted use within a relatively short time.

6. Socioeconomic advantages of in situ leaching include

ability to mine a lower grade ore,

3 minimum of capital investment,

less risk to the miner,

shorter lead time before production begins, and
lower manpower requirements.

The primary disadvantage of in situ leaching of uranium is the potential for groundwater
contamination. This, however, does not imply that conventional uranium mining necessarily ras
an advantage in regard to groundwater pollution. On the contrary, in situ lecching may prove
to have a less severe impact on groundwater than does conventional mining. Nevertheless,
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excursions of leach solution from the mining zones have the potential to enter surface water
and to contaminate nearby well water. Therefore, to confine the leach solution and mobilized
ore zone elements to the mining zone, the operator must maintain a proper balance between
injection and production. In the event of an excursion, monitor wells must be adequately
spaced and screened to detect the advancing contaminant plume. These wells can be properly
placed only if the hydrogeologic characteristics of the aguifer are adequately known. [f an
excursion is detected, the operator has the choice of implementing one or more methods to
reduce its impact on the groundwater, such as stopping the entire operation and then pumping
all wells. However, some of the contaminants periodically may escape the influence of the
pumping wells and will travel horizontally in the direction of the groundwater flow. Such
impacts are unavoidable and, in most cases, correctabie or negligible with monitoring and
proper well-field pumping methods.

2.3.% Mining snd milling waste disposal alternatives

2.3.6.1 In situ solution mining wastes

As stated in Sect. 2.3.5, no mill tailings (leached ore) are brought to the surface durin? in
situ solution mining. Solution mining does produce contaminated solid wastes when the soluble
constituents are precipitated fro~ the recovery plant bleed and aquifer restoration waste streams
during evaporation or treatment. These solid wastes, typically less than 1% of the wastes
produced by other mining and milling methods, must be disposed of by using the criteria for

mill tailings disposal discussed below.

The preferred disposal method is to transfer these wastes to an active mill tailings disposal
site.

2.3.6.2 Mill tailings disnosal

All other uranium mining and milling methods produce azbout 1 t (1.1 ton) of tailinas for each
metric ton (1.1 ton) of ore -mined.

"pjectives to t» attained in tailings disposal programs

A satisfactory tailings disposal program should attain the following objectives:

1. reduce or eliminate airborne radicactive emissions (radon ewissions are of primary concern
because of the ease of dispersica of this inert gas and resulting decay daughters),

2. reduce or eliminate impacts on groundwater, aid

3. ensure long-term stability and isolation of the tailings without the need for continued
active maintenance.

Numer«us strategies for attaining these objectives have been sungested. For purposes of
discussion, elements of these proposed strategies may be classitied into four categories.

. preparation of tailings for disposal (some methods involve changes in mill operations),
. location of the tailings dispusal area,

preparation of the tai?inqs disposal area, and

stabilization of and covering the tailings.

BN -
- =

Various tailings disposal programs that, when properly implemented, will meet the above
objectives have been a topic of NRC study.!'?

2.3.7 Uranium extraction siting alternatives

2.3.7.1 In situ siting alternatives

The injection and production well locations limit the locations of the concentration,
purification, and precipitation processing steps to locations within practical and economic
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pumping distances from the producing well field. The necassity for a suitable site for the
evaporation pond may further limit the flexibility in plant location.

2,3.7.2 Mill _siting alternatives
The following factors are among those considered in selecting and evaluating mill sites:
1. accessibility, but with limited public exposure (population doses);

2. proximity to producing mines and known ore bodies for reducing haulage costs and decreasina
the impacts associated with ore transport;

3. geotechnical, meteorological, and hydrological factors. (1) direction and intensity of
prevailing winds, (2) presence of mineral resources, (3) subsurface structural stability,
(4) availability of tailings impoundment construction materials, (5) adequate quantity
and quality of materials avai, able for reclaiming the tailings disposal area and other
disturbed surface arecs, and (6) suitable surface hydrology characteristics;

4. topographical factors such &s surface suitability for construction of facilities with
minimum alteration of terrain and the size of the drainage area above the tailings
impoundment;

5. proximity to natural and man-made areas that could be adversely affected by the
construction, operation, and reclamation activities related to the project;

6. existence of unique habitats that might survort protected, threatened, or endangered
species; and

7. availability of housing and other services to employees.

The staff has detérmined that the most important factors to be considered during the site-
selection process are those that ensure an acceptable tailings management program.

The applicant did not propose con.entional mining and milling as a viable alternative. The staff

agrees that conventional methods are not 2conomically viable for resource recovery from this
ore body.

2.3.8 The alternative of processing in an existing mill

In Sect. 2.3.5 the staff has concluded that surface mining this ore body is not economically
feasibie. Underground mining is even more costly.

The staff estimates that transportation to the nearest operating uranium mill would cost

an additional $11 to $22/kg ($5 to $10/1b) of U,0; produced. This alternative is not an
economically viable option.

2.3.9 Alternatives specific to in situ leaching

2.3.9.1 Alternative lixiviants and oxidants

The ideal lixiviant for in situ leaching will oxidize the uranium, complex the uranium to
maintain it in solution, and minimally react with the nonuranium constituents of the host
formation.2? However, ". . . no lixiviant is entirely inert to the other minerals commonly
associated with sedimentary uranium deposits . . . therefore, lixiviant agents and concentra-
tions must be adapted to each ore body to assure maximum uranium recovery while minimizing
undesirable reactions . . ." (ref. 20, p. 11). Salt solutions of ions, such as bicarbunate,
carbonate, or siulfate, which form ctable aqueous complexes with hexavalent (or scluble)
uranium, are the most commonly used lixiviants. The leaching solution may be either acidic
or basic, depending primarily on the mineralogy of the ore deposits.

Acidic lixiviants are best suited for low-alkaline {low-carbonate) ore deposits. However,
acidic solutions are usually less selective for uranium (i.e., they tend to dissolve other
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trace minerals present in the ore, such as Al, Fe, Cu, Zn, Ir, Se, As, V, and Mo). Excessive
precipitation of calcium sulfate (Ca$0,) may also cause plugging of the leaching channels, '

A solution containing sulfuric acid (M,S0,) is the most commonly used acidic lixiviant. Nitric
acid (HNO:) or hyd;ochlor‘c acid (HC1) might also be used; however, these reagents are rela-

tively expensive,’

Basic lixiviants are preferrad for the leaching of high-carbonate ores because such ores will
neutralize substantial quantities of an acidic 1ix:.iant, increcsing operating costs. The use
of an alkaline leach solution may result in a lewer uranium recovery rate than if an acidic
lixis iant were used; however, lower concentrations of unwanted nonuranium ore constituents are
produced. Typical alkaline solutions contain NaCO;, NaHCO;, or (NH,)HCO;.

Because oxidation ultimately controls the uranium recovery efficiency, oxidizing agents such

as air, hydrogen peroxide (H.0.), sodium chlorate (NaC103), sodium hypochlorite (NaOC1), and/cr
potassium permanganate (KMnO,) may be injected along with the lixiviant to increase leaching
efrectiveness (or they may be generated within the ore zone through the actions of the lixiviant
on associated nonuranium minerals).??

2.3.9.2 Alternative aquifer restoration ethods

After cessation of leaching operations, proceduves must be impiemented to reestablish the
quality of affected groundwater to levels commensurate with premining levels. Restoration is
accomplished by reducing, via removal or immobilization of unwanted chemical species, the
concentration of toxic contaminants remaining in the aguifer to levels such that the water

is returned to premining potential use. Several alternative restoration methods exist; how-
ever, because these techniques have not been applied to full-scale commercial operations,
groundwater restoration technology is still in the developmental stage. Preiiminary results
based on the experimental pilot-scale projects indicate that restoration of all species to
near baseline levels and/or drinking water levels is achievable.

Natural restoration

Natural restoration is a passive or "no action" aquifer cleanup alternative that relies on the
innate capacity c® typical uranium ore-bearing strata and uncontaminated groundwater to trap the
environmentally objectionable chemical elements solubilized by leachiny; ti:t is, naturally
initiat2d geochemical mechanisms — such as reprecipitation, ion exchange (usually with clay
materiai), adsorption, and reduction — may be capable of purging the affected area of polluting
elements. ". . . The concept of natural groundwater quality restoration may have particular
merit in uranium leaching . . ." (ref. 20, p. 76). Reprecipitation and ion exchange mecha-
nisms — which tend to immobilize CO;, SO,, NH,*, Fe, Mn, U, and V — and adsorption, which is
effective in removing common heavy metal trace elements, can purge significant amounts of con-
taminating ions. Additionally, “. . . Migration of contaminated waters outside the immediate
mining-affected area will bring the dissolved melal complexes into contact with reduced and
less altered rock where reduction and precipitation of dissolved chemical species are likely to
occur . . . [Tlhese reactions are analogous to reactions responsible for the deposition of ore
and associated minerals [and have] been observed where uranium-bearing lixiviants have come
into gontact with reduced sandstone in the periphery of a producing well field . . ." (ref. 20,
p. 60),

Although it is possible that aquifers contaminated by in situ uranium leaching operations can
he naturally restored, it is very cdifficult to predict, prior to commencement of operations,
when and if (or to what extent) groundwater pollutants can be reduced to acceptable levels;
theiefore, in depth, site-specific analyses would have to be performed before this no action
alternative could be justified. Because few experimentally obtained results are available,
the NRC has heretofore required and is expected to continue to require the implementation of
active restorative means, such as groundwater sweeping, to ensure compliance.

Groundwater sweeping

Groundwater sweeping consists of the extended withdrawal of water from the ore zone aquifer.

The water withdrawal induces the flow of uncontaminated water into the leach field from the
surrounding areas of the ore zone aquifer. By the optimel selection of withdrawal well loca-
tions, contaminants will be swept toward the withdrawal wells and thus removed from the aquifer.
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The amount of waler withdrawn during gsroundwater sweep restoration is a function of the
hydrologic and chemical propertiec of the affected area. Substantial improve.ents in wacer
quality are usually noted after the withdrawal of one or two pore volumes of water. The term
pore velume refers to the amount of groundwater in the leach field: 1 pore volume = area of
well field x average aquifer thickness x (porosity/100%). For all mining units of the proposed
Bison Basin Project, the affected volume is approximately:

(16.2 ha) x (4.6 m average thickness) x (25%) = 185,000 m® ,
or
(40 acres) x (15 ft average thickness) x (25%) = 150 acre-ft .

Yhen one or two pore volumes of water have been withdrawn, the effects of mixing the incoming
groundwater with the ~esidual lixiviant become prominent and the contaminant concentrations
decrease more slowly toward baseline levels. Complicating factors arise, such as cation desorp-
tion from clays and feldsears (ammonium ion from ammonium bicarbonate lixiviants’® or hydrogen
fon from acid lixiviants®!) or the persistent concentratiras of toxic trace eiements in excess
of allowable levels. Therefore, five to ten or more pore volumes could be withdrawn to accom-
pYish final restoration.

At this point, it is impossible to estimate accurately the required number of pore volumes
needed to restore the proposed mining units by grouriwater sweeping. The relative scale of the
proposed Bison Basin operation may be simiiar to that of the Exxon Highland Project, where it is
estimated that seven pore volumes” will be sufficient to restore the ore .une after sodium
carhonate leaching. ODuring the pilot-scale restoration test at the Bison Basin site, just over
eight pore volumes of clean water were circliated through the ore body to accomplish restora-
tion.?’ Assuming that similar restoration behavior would occur with groundwater sweeping, the
withdrawal of eight pore volumes would represent a consumptive use of about 1.5 x 10°¢ m®

(1200 acre-7t) of water during the 1ife of the plant. If produced over a period of five years,
this qu:ntii/ of wastewater would require nearly 29 ha (70 acres) of evaporation ponds for
disposal.

Clean water recirculation

Clean water recirculation involves the withdrawal of contaminated water from the ore zone
aquifer, physical and/or chemical treatment of the water to reduce the dissolved solids and
toxic contaminant content, and reinjection of treated water into the ore zone aquifer. This
recirculation will sweep contaminants toward the production we:ls, where they are withdrawn and
removed from solution,

Therefore, clean water recirculation is similar to groundwater sweeping in that both methods

use flows of uncontaminated water to cleanse and stabilize the affected areas of the cre zone
aquifer. However, the use of water treatment and recycle may greatly reduce the water con-
sumption of clean water recirculation relative :0 that of groundwater sweeping. Some forms of
chemical restoration, which w!il be discussed b-low, may also be applied to clean water recircu-
lation (o facilitate restoration and offer furtrer reductions in water consumption.

Several alternative water treatment processes exist for the separation of contaminants from
restoration streams. Where the general dissolved solids content of the water must be decreased,
the processes of reverse osmosis, electrodialysis, distillation, ion exchange, or freeze
separation may be employed. In cases where control of specific contaminants is desirable,
chemical precipitation, ion exchange, and carbon adsorption may be empioyed. The performance
characteristics and costs of each of these alternatives are addressed below. The cost data is
drawn from a U.S. Bureau of Mines (USBM) study of groundwatsr restoration technology. %

General technioues for reduction of total dissolved <alide {TnS)

1. Reverse osmosis (RO). This technology is receiving much attention in the in situ leaching
industry as a prime salt removal/water purification process; RO employs a polymeric
membrane that is permeable to water but relatively impermeable to salts. By exerting a
pressure of several hundred pounds per square inch across the membrane, water will migrate
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through the membrane, leaving the salts in a concentrated brine. The product stream is
low in TDS and contains f-.m 70 to 90% of the water - the feed. The brine containine
almost all of the salts and 10 to 30% of the water in the feed is discharged to an
evaporation pond 7or disposal. Equipment for RO is commercially available for in situ
leach restoration activities. The estimated total cost (mid-1978 dollars) is $0.26 per
1000 liters ($0.99 per 1000 gal).?“

Electrodialysis (7D). Like RO, ED is a membrune process used in water desalting and
chem.cal recovery. Electrodialysis involves two selective membranes that sandwich the
stream to be treated. As an electric current flows through the membranes and water
stream, the contaminant ions from the stream pass through the membranes into waste stream
compartments. A single ED unit [818 m*/d (150 gpm)] will r2move from 2C to 50% of the
salt content from the solution.?* By adding multiple stages, salt removal in excess of
90% is possible?® with a loss of less than ?01 of the feedwater to the brine.“® Although
some redesign may be re?uirod. cormer.ial ED equipment is available for application to
restoration activities.”® From the USBM study, the total cost of ED treatment is
estimated to be $0.36 per 1000 liters ($1.35 per 1000 gal). However, for largerscale
operations at high TDS levels, the cost advantage of RU technology vanishes.?®»%®
Therefore, more extensive study may be required to define the relative merits of ED and
RO in & given situation.

Distiilation. Distillation is widely used i: the commercial desalination of brackish and
saline waters. Among the many variations available, multistage flash evaporation and

vapor compression evaporation appear most suitable for use in restoration. Evaporation is
an energy-intensive process, basically requiring 2321 kWh of heat to vaporize 3800 liters
(1000 gal) of water. However, multistage flash evaporation or vaper recompression evapora-
tion reduce the overall energy requirement.

Multistage flash evaporation units have a series of flash evaporator stages that operate
at progressively lower pressures and boiling points. Heated water is allowed to partially
vaporize and cool in a flash chamber. The saits stay in the liquid and pass on to the
next chamber. The lower pressures and boiling temperatures of each succeeding chamber
allow additional evaporation of water from the brine. The steam vapor from each flash
stage is conducted to heat exchangers, where it gives up heat to the feedwater. Thus the
heat is used over and over. This configuration reduces the heat resuirement to thi range
of 24 to 111 kWh per 1000 liters (90 to 427 kWh per 1000 gal).*®

The vapor compression evaporator operates by compressing the steam vapor from an evapora-
tion chamber to a higher pressure (raising the temperature) so that the heat in the vapor
may he used to bail more water. This heat recycling reduces the energy requirement
{mainly in the form of electricity) to the range of / to 24 kiWh per 1000 liters (26 to

90 kWh per 1000 gal)."®

The distillation processes examined above are capable of producing a very low TDS restora-
tion stream containing over 90% of the water in the feed solution. The salts are concen-
trated in a waste brine, which i< discharged to an evaporation pond for disposal. Both
types of systems may be assembled from commercially available equipment. Portable skid-
mounted vapor compression evaporation units have been used by the U.S. military for
production of potable water at remote bases.’’ Diesel- or gasoline-powered units based on
this technology may be attractive for use at remote in situ leaching projects where no
electric service is available.

Recent cost increases in fuels and construction materials make projection of distillation
treatment costs difficult. A recent study of a facility to treat 0.22 m*/sec (5 x 10°
1/d) of acid mine drainage by multistage flash evaporation cited operating costs of
1.17 per 1000 Titers ($4.42 per 1000 gal).”* Total costs would exceed that figure.
Vapor compression evaporation would also be expensive.“®s?7 7Tre staff considers evapora-
tion energy intensive and uneconceic compared to other alternatives.

lon exchange (IX). Contaminants and TDS may be removed from restoration streams by IX.
Although nearly ccnplete removal of TDS is possible with this technology, costs and water
consumption are excessive for feed TDS concentrations greater than 350 to 500 ppm.<* A
preliminary design examining IX treatment of 2390 ppm restoration water indicated that
spent regeneratiun brine and resin wash waste flows would be greater than 30% of the
treated water flow.?® Besides the recovered dissolved solids and contaminants, the regen-
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eration wastes would contain hi¥n concentrations of elution chemicals. Therefore, use of
IX processes for TDS and contaminants may greatly increase evaporation pond and solid waste
storage requirements relative to the other technologies previously discussed. The total
cost of 1X treatment under the USBM study conditions is estimated to be $0.79 per

1000 liters ($3.00 per 1000 gal).2% The increases in wastes and high costs make th..
alternative undesirable.

Frerze separation. When an aqueous solution partially freezes, the stream separates into
two phases: (1) a solid ice that is nearly pure water and (2) a brine that contains
nearly all of the dissolved solids in the feed. These two phases may be mechanically
separated into a pure water stream (after me!ting) and a brine.

Freeze separation is 1n the developmental stage and has not been applied specifically to
restoration water treatment. Freeze separation is claimed to have gotenual for low
costs, high water recovery, and effective contaminant rejection.?“:<% As with ED, the
treatment costs for this system are strongly affected bz the size or scale of the opera-
tion but are believed to be comparable to those of R0.’* Further development is
necessary to define the merits of freeze separation.

At this time only RO or ED is recommended by he staff for use in aquifer restoration.

Techniques for specific contaminant removal

8

Chemical precipitation. Concentrations of chemicals (Ca, Mg, SO,, and C0O;) and hazardous
trace metais and radionuclides (radium, uranium, and thorium) may be reduced in solutions
by means of 1ime precipitation. Very soluble ionic species, such as chloride, ammonium,
and sodium, are essentially rraffected by the process. Although significant reductions

n TDS may be achieved, lime pracipitatior treatment alone is generally insufficient to
achieve restoration goals. Therefore, precipitation treatment is usually teamed with
general TDS removal systems (RG, &D, IX, distillation, etc.). Lime-based precipitation
and softening pretreatment of RO and ED feed streams may be required to prevent fouling of
membrane surfaces by sparingly solubie salts (CaSo0,, CaS0;, etc.). Distiiiation, IX, and
freeze precipitation u-its can be operated without chemical precipitation pretreatment.

Chemical precipitation uses the principles of super saturation and pH control to remove
hardness ions and trace elements. The addition of lime [either as Ca0 or Ca(OH),] will
increase the pH of the water stream. The added calcium ion will induce the rrecipitation
of CaS0,, CaC0y, and other hardness-forming compounds. Some of the dissolved radium
and barium wﬂf coprecipitate with the calcium. The increase in pH will cause the
precipitation of such trace contaminants as As, Cd, Fe, Pb, Mn, Hg, Se, Si, Ag, Th, and
Zn. Contaminants such a Cr, Cu, Mo, U, and V form soluble complexes or are otherwise
soluble at high pH and may be only partially removed by lime precipitation.29:2%9:30 The
solid precipitate produced by this technique consists mainly of insoluble calcium salts
but contains toxic trace contaminants and radionuclides. Therefore, the wastes must be
isolated from the environment in some form of Tong-term disposal impoundment.

lon exchange (IX). Specific contaminants may be removed from restoration wastes by IX or
solvent extraction techniques. This :s possible for contaminants such as uranium, vanadium,
and molybdenum, which have a strong affinity for weak base anion exchange resins. Because
general TDS removal is not being attempted, the water consumption and chemical costs of
this alternative are not excessive. The recovery of additional uranium and valuable by-
product metals may offset the added cost of the system.

Carbon adsorption. Activated carbon is commouly used in water treztment processes to
adsorb trace elements. This technique has ueen used to control wolybdenum®! and vanadium??
contamination of elution systems of uranium recovery processes er oyed at ir -itu leach-
ing facilities. When used in conjunction with lime precipitatior’,,carbon adsorption can
achieve reductions in arsenic, selenium, and vanadium concentratio}ms by greater than 907
in industrial wastewater.’?

Chemical restoration

e e A

To facilitate restoration by natura! groundwater sweeping or clean water recirculation methods,

the addition of specific chemical agents may be beneficial. The function of possible additives
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incluces chemical reduction and stabilization, neutralization, and elution of contaminarts from
clays and other ion exchangers.

H; . ‘ogen sulfide and sodium sulfide have been identified??s%% as potentially effective reducing
agents. Anaerobic bacteria may also be used to establish reducing conditions in an aquifer.?"
The successful application of reducing agents may result in the transformation of soluble,

highly oxidized uranium, vanadium, and other toxic contaminants to insoluble reduced forms.
Concentrations of major cations and an‘ons (Na, Ca, Mg, SO,, HCO,, COj, C1) are not significantly
affected by this treatment.‘’ However, the injection of reducing agents has not yet beer.
successfully applied to uranium in situ leach restoration.

Neutralization may be a useful step in the restoration of acid-leached aquifers, The injection
of sodium hydroxide would result in the desorption and neutralization of acidic hydrogen ions
adsorbed on clays and feldspars. The resulting shift in the pi of the aquifer would lead

to the precipitation of acid-soluble heavy metal contaminants.®!

Attempts have been made to remove adsorbed ammgnium ion from clays through the use cf saline
solutions of sodium, caicium, and/or magnesium. The concentrated calcium and magnesium salts
force the ammonium off the ion exchange s.tes of the clays. The desorbed ammonia is then
sithdrawn from the aquifer and removed from solution.

Because the pronosed lixiviant for the Bison Basin Project is of the sodium carbonate/bicarbonate
type, ion adsorption by clays is not expected to affect restoration. The restoration of the
research and development plot showed no particular need for chemical-reducing agents. However,
it is possible that conditions in the commercial mining units may make the use of a reducing
agent necessary.

2.3.10 Details of the applicant's proposed operation

2.3.10.1 Well field
Well-field design and operation

Ogle Petroleum, Inc., proposes to employ & :even-spot pattern comprised of six injection wells
surrounding one central recovery well. The distance between wells is presently estimated to be
15 m (50 ft), aid the average production per recovery well wiil be from 49 to 65 m3/d

(9 to 12 gpm). The injection rates will vary with the hydrology and the geometrical configura-
tion of the well field but will average about 33 m3/d (6 gpm), having a probable rarge of from
22 to 38 m%/d (4 to 7 gpm). Injection prussures are expected to range from 60 to 100 psi.
These injection pressures are in the same range as other in situ mining operations in the
State.2®,32 The staff estimates that a value of 0.63 psi/ft could initiate hydraulic frac-
tures based on lithostatic pressure only, This figure represents a minimum value and is some-
what conservative. Actual pressures rejuired for fracturing will exceed this value. However,
the applicant will monitor injection wellhead pressures tn assure that this minimum value is
not greatly exceeded during production. Operational experience could cause Ogle Petroleum,
Inc.. 0 deviate from this Lasic sever-spot well-pattern design.

The seven wells are collectively termed a production cell. The production <elis tc be in pro-
duction at any one time constitute a mining unit. Any isolated section of the ore body,
regardless of size, may be referred to as a pod. During mining, recovery wells and injection
wells may reverse functions to take advantage of the flow-path alterations and improved
oxidation potential.

The first mining unit to be put into production #i1l be an isolated pod in the southea:tern
part ¢ the proved ore body, which includes the research and development project site
(Figs. 2.3 and 2.4). Mining the first unit will take about cne year.

The first mining unit is projected to have fewer wells than will the subsequent units. The
first unit (Fig. 2.4) contains 90 recovery wells and 169 injection weils, or a total of

259 wells, and covers about 4.7 ha (11.6 acres). The pregnant leach solution pumping rate from
the first mining unit is projected to be about 2.7 x 10° to 4.4 x 10° m*/d (5(3 to 800 gpm), as
compared with a planned flow rate of up to 6.5 x 10° m?/d (1200 gpm) for subsequent mining units.
The first mining unit embraces the 0.37-ha (0.93-acre) research and development tract. Some
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Fig. 2.3. Bison Basin Project mining plan. For a detailed view of first mining unit,
see Fig. 2.4. Sg'rce: ER, Fig. 3.2-1.

minor aiteration of the well-field pattern in this area will probably be made, dependin$ on
how much uranium is leached in the test area during the research and development operation

After completion of primary producticn in the first mining unit, about one pore volume of
formation water from the first unit will be pumped to the second mining unit. In tnis transfer
the water mey be routed throush ion exchange columns to remove some of the residual mobilized
uranium. During the transfer, lixiviant from the spent mining unit vi11 be pumped into injec-
tion wells in the inner portion of the virgin mining unit. Simultaneously, groundwater wi'l

be drawn from the outer recuvery wells of the virgin field and pumped into the out.r injection
wells of the spent mining unit. Water quality parameters (conductivity and uranium and sodium
content) will be monitored in the virgin field. When the monitored parameters indicate the
beginning of lixiviant breakthrough, the transfer will be terminated (Fig. 2.5) and aquifer
solution mining will commence in the second mining unit. It is presently planned that this
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water exchange or transfer between spent and virgin mining units will be utilized throughout
the life of the project.

Although the total number of production and injection wells required to soiution-mine the
Bison Basin ore body will depend on local hydrologic conditions and estimates from results of
the research and development operation, well requirements to mine the presently defined ore
body [about 16 ha (50 acres)] are as follows:

Recovery wells 32u
Injection wells 620
Total 040

In addition, drilling and completion of monitor wells to detect any possible excursions within
the host sandstone formation h