
,
--

.

t '

,

F

L NUREG-0887

! draR
.

! efuironmenta.:

I statement
I

related to operation of

BISON BASIN PROJECT
OGLE PETROLEUM, INC.

JUNE 1980

DOCKET NO. 40-8745

THIS DOCUMENT CONTAINS

POOR QUALITY PAGES

' Office of Nuclear Material,

U. S. Nuclear Regulatory Commission e Safety and Safeguards
8007170 g g

. . .



. -_ -- _______ _

'

1,

N.

DRAFT ENVIRONMENTAL STATEMENT

y related to the

Ogle Petroleum, Inc.

BISON BASIN PROJECT

(Fremont County, Wyoming)

Docket No. 40-8745

June 1980

Prepared by the

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

.



*- .,

SUMMARY AND CONCLUSIONS
,

| This Draf t 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.

1. This action is administrative.

2 Af ter an a sessment 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 reccvery plant designed to produce 4.54 x 105 kg (1.0 x 106 lb) of U 0s3
at a rate not to exceed 1.8 x 105 kg/ year (4.0 x 105 lb/ year).

The project site consists of about 308 h'a (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 site uranium ore contained in the Laney member of the
Green River formation, using sodium carbonate / bicarbonate solution and an oxidizing agent
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 0s). Only about316 ha (40 acres) are proposed for mining. A total of 5.4 ha (13.5 acres) will be excavated
for building 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 baseline as reasonably achievable) cfter mining is complete by recycling mined
formation water through a reverse osmosis cleanur system and back into the fonnation 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.

3. Concerns receiving special attention are listed in detail in Sect. l.5, Results of the
Scoping Process. These concerns include staff, public, and individual isses 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-
life, recreational activities, and archaeological and paleontological resources;

the management of waste disposal facilities durin; operation, with particular emphasisc.
on the evi? 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;

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

f. the socioeconomic effects of the project.
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No cormnents were received suggesting disapproval of the project.

4. ' Including the proposed action, the following alternatives were considered:

a. Alternative of no licensing action: If a source material license was'not issued, the
,

applicant could pit or deep mine the ore body and have the ore processed at an exist- !
ing mill. The staff considers this neither economically viable nor in the public
interest.

1

f
b. Alternative energy sources: Fossil and nuclear fuels were compared, and solar,

geothennal, synthetic fuels, and energy conservation were considered. The staff
conclusion is that effective implementation of all these options will not preclude
the need for additional uranium production.

c. Alternatives if uranium ore is mined and refined on the site: The staff considered
the following:

k
mining alternatives,

l.
*

processing alternatives.e

mining and milling waste disposal alternatives.*

uranium extraction siting alternatives.*

alternative of processing in an existing mill, and*

alternatives specific to in situ leaching, alternative lixiviants and oxidants,*

and alternative aquifer restoration methods.

The staff evaluated the applicant's proposed operation in relationship to the above
alternatives. Staff conclusions were as follows:

a. Conventional mining and milling are not economically viable for recovering uranium
from this are body at present or in the foreseeable future, as discussed in Sect.
2.3.3.

b. The geological. and hydraulic conditions at the site meet the criteria for in situ
leaching, as specified in Sect. 2.3.3.2, including vertical confinement of the fluid
to the ore zone by virtually impenneable rock layers.

The applicant has proviaed aquifer restoration data from the pilot project indicatingc.
the ore-bearing aquifer can be restored to a condition of potential use equal to or
better than its present condition as established by baseline measurements.

d. The applicant's proposed operation will result in less solid wastes for disposal than
any other alternative.

e. The applicant's proposed operation will minimize groundwater usage.

The staff concurs with the applicant's choice of in situ leaching to extract uranium at
this site.

5. From the analysis and evaluations made in this Statement, it is proposed that the Source
Material License contains the following conditions:

a. The applicant shall implement the monitoring programs specified and recocunended in
Sect. 4.4

b. The wastes'from solution mining ' activities'shall be finally disposed of off site at -
a licensed ; disposal facility as described in Sect. 4.6.3.

iv
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The applicant shall minimize total groundwater usage by improving his reverse osmosisd c.
-treatment unit water recovery rate to an efficiancy as high as reasonably achievable,
as discussed in Sects. 2.3.10.3 and 4.3.2.

,

i
d. The applicant shall implement a groundwater restoration program on mined-out well*'

.ffelds 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 toe.
ensure casing and cement integrity and shall documert the results as discussed in

, <

: Sect. 2.3.10.1.

f. The applicant shall monitor well . injection p ocesses as specified in Sect. 2.3.10.1
and maintain such pressures below 0.63 psi /ft of depth.

4

; g. The applicant shall develop and conduct a program to better determine radon releases
from well-field surge tanks, as mentioned in Sect. 4.4.2.4.*

,

i h. The applicant shall establish a program that shall include written procedures and
| instructions to control all activities discussed in items a through f. j
t

!1. Before engaging in any activity not evaluateo by the NRC staff, the applicant shall
i prepare and record an environmental evaluation of such activity. When the evaluation i

indicates that such activity may result in a significant adverse environmental impact j

that was not evaluated or that is significantly greater than that evaluated in this
1 Environmental Statement, the applicant shall provide a written evaluation of such

activities and obtain approval of NRC for the activities.

J. If unexpected harmful effects or evidence of irreversible damage not otherwise
;

! identified in this statement are detected during construction or operations, the
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. '

k. Prior to disturbing any * nd, including topsoil removal, outside the area surveyed
for any solution-mining-r lated activities, including site decommissioning, the '

licensee shall have an ari .aeological survey of the area performed and shall submit
the resalts to the NRC foi review. The licensee shall not proceed with any land

# disturbance until the NRC i.as evaluated the report and given the applicant approval
to proceed.

1. _ The applicant shall notify the NRC and'the Wyoming State Archaeologist when any arti-
; facts of earlier culture are encountered during site preparations or operations.
! Further activity in the imediate area shall be deferred until a datemination of 1

their significance by the NRC is completed. Mitigating measures, if needed, to
i preserve them shall be pr0 posed by the licensee,

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

Though the geologic information submitted ty the applicant was gathered in the area ofn.
the first mine unit, the infomatinn is considered to be representive of the entire
site. The applicant shall provide additional geologic infomation as specified in
Sects. 3.6.2.3. 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.
'

o. The applicant shall mine sequentially; comencing restoration of each mined out' unit
r

as mining begins in other fields or as soon as it is practicable.

f(
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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 ham living plants, animals, or humans.
The staff recomends that the applicant submit plans to mitigate such emissions to
the Wyoming Division of Environmental Quality.

|

. 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 land use for five years
will have an insignificant effect on land use. Well-fi61d development, operation, i

and restoration on an addition 31 17 ha (43 acres) will 0 Iso have no appreciable ]-

effect on land use. All disturbed areas will be reclaimed after project terminaticn j

to original use condition or better,
i

c. The total use of groundwater from the Laney member of the Green River fomation is
i estimated to be about 2.96 x 105 m2 (240 acre-ft) over the five-year project lifetime.

Groundwater in the mining zone will temporarily be degraded during operation of the
1

! well fields. Restoration should return this water to a condition consistent with
.

j
premining potential use or better. Total groundwater use will not affect local or2

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 e q ineering standards of NRC
' Regulatory Guide 3.11, and total failure is not considered credible,

d. There will be a temporary loss of sagebrush and cushion plant communities. No unique |
plant communities or endangered plant species will be a'fected. No endangered or

j 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 intemittent playas and drainage channels near the site preclude signifi- )

+

cant impacts for aquati: biota. Because no liquid effluents will be discharged <

during nomal operation, ugnificant 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

.
Exposure (millirems)*

*
Total body Bone Lung epithelium *

Nearest residence Inhalation 1.9E-2' 1.8E-2 1.2 1.7

(11 km FNE) I-unersion in air 8.8E-3 1.oE-2 8.4 E-3
5 Gound surface 2.8E-3 3.3 E-3 2.9E-3

Total 3.1 E - 2 3.1 E-2 1.2

Sweetwater Station Inhalation s.oE-3 4.5 E -3 3.1 E - 1 3.1 E -1

- {30 km NNE) Immersion in air 3.3 E-3 3.8E -3 3.1 E -3<

Ground surface 1.oE-3 1.1 E -3 1.oE-3
Total 9.3 E -3 9.4 E -3 3.1 E- 1

81 milbrem a o.01 millisievert.
Doses to the twonchial epithelium result f' rom the inhalation of shortlived radioactive6

222[ daughters of Rn-
' Read as 1.9 X 10-2,

vi
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f. The propose'd prrject will not produce any significant socioeconomic impact on theg.
~ local . area because of the small number of employees.

The staff opinion is that any potential accident postulated for this project will noti ' g.
I 1 result in significant damage to the environment.
4

7. -The position of the NRC is as follows:

I' : 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.i
4

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

|
otter costs and considering a<ailable alternatives, the action called for under the National

2.
Enviromnental Policy Act of 1969 (NEPA) and 10 CFR Part 51 is the issuance of a Source
Material License amendment to the applicant, subject to conditinns 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
j (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
J. proposed Bison Basin Froject. This document has been prepared in accordance with Commission
'

regulation Title 10. Code of Fedemt Regulations (CFR), Part 51, which implements requirements
of the National Environmental Policy Act of 1969 (NEPA; P.L. 91-190). The Bisen Basin Project
will be operated by the applicant.

The principal objectives of the NEPA process are to build into the agency decision-making
process an appropriate and careful consideration of environmental aspects of proposed actions
and to make environmental inforn.ation available to public officials and citizens before dect-i

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 enhance 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 constocrations of
national policy, to improve and coordinate Federal plans, functions, programs, and resources t3

| the end that the nation may

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

assure for all Amer icans safe, healthful, productive, and aesthetically and culturallye

pleasing surroundirqs;

attain the widest range of beneficial uses of the environment without degradation, risk toe

health or safety, or other undesirable and unintended consequences;,

e . preserve important 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 and resource use that will permit high standards ofe
! living and a wide sharing of life's amenities; and

enhance the quality of renewable resources and approach the maximum attainable recycling ofo
depletable resources.

Pursuant to the above responsibilities and in accardance with 10 CFD 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 applicant has submitted an Environmental
Report 1 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:

. local officials charged with protecting State and local interests, and conducted a public scoping
meeting to identify the significant issues to be analyzed in depth. On the basis of the fore-

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

| ~of the NEPA.

I
1.2 SUMMRY OF THE PROPOSAL

Pursuant to 10 CFR Part 40.31 and 10 CFR Part 51, Ogle Petroleum, Inc., on August 10, 1979,
j applied 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 105 kg (1.0 x 106 lb) of U 0s at a3

| rate not to exceed 1.8 x 105 kg/ year (4.0 x 105 lb/ year). Solution mining (in situ leaching)
, of uranium is a new and developing technology. To aid the reader in acnieving a better overall j
| understanding of the roposed project, a glossary of terms abstracted from the International
- Glossary of Hydrology is included. I

l'
The project site consists of about 308 ha (761 acres) approximately 80 km by air (50 miles) l
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 vanium ore contained in the Laney member of the Green
River fomation, using sodium carbonate / bicarbonate solution and an oxf dizing 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 I
extraction and concentrating plant producing the final product (U 0d . '

3

The applicant proposes to restore the groundwater system to its Nemining potential use (as
| close to baseline as reasonably achievable) after mining is complete by recycling mined
' fomation water through a reverse osmosis cleanup system and back into the formation until
|. 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 RESPONSIBILITIES
{

Under 10 CFR. Part 40, an NRC license is required in order to " receive title to, receive,
possess, use, transfer, deliver . . . any source material . . ." (i.e., uranium and/or thorium

j in any fom, or ores containing 0.05% or more by weight of those substances). In additica,
.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 Environmental Quali'y administers the State's Environmental
! Quality Act of 1973 and implements rules and regulatiuns. Anong 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 adequate 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 AppZioation for Tn situ remic to Nine submitted
to the Department of Environmental Quality, Land Quality Division. This document will also
contain specific well-field monitoring programs and groundwater restoration criteria as required
by the State of Wyoming.

| A perfomance bond is required for reclamation. The State will also require a performance bond
; .for groundwater restoration.
!

I

.

, . , - - - - - = , ,-, , . - - . . . , . . , . , - .----..v.



, _ _ - _ -

13

ESbo87

N } y' ).
/. . YQ-- .

- - \, ;,f. .

, Ni-
/ - < ..

-
,t , [ 'O y'. .

'

. . ,N, .
e ..

. \ y) #) d[' \~
,

b <t' 'N.' 'T | /

k
. . . . ,

'

j j- --
y. ,

m, ,. _.

r- + \KJ .;- .;.3 .3..u.
.

_,1 , -
3

.<.

~ #t. - Q, t ..
b

9/| '
,' ry

t J f
~~

% '' ~ f r '-
.,,,,

f e . , '.,... . ' .-- <s H hp .I
.

.%, * a. '..'"'"*: .g3. :.
_-

A -
. .-

w . i . or apan i

- % / ~, *** -

_

. w.
N ' ;, , . . . 9.,.

-
+/- -.- %( 7 i-f

,,
- .

. 3.c | ./ -, - -, , .
J-, o*% .?',.- E

r

. ) (> 'M.etda T w M 9)- / u.
} * %. A '

.

/ % \
.

- n z i,;- arsonnasin 4 ~t .- ' - '')
i

-}-
w (y ,.. < .f. , )

,-
i.

. b ..-. . . y _ g.ums
, .

o .< s .,. .,
10 2 -- w . . r^ t ', f. /2

T 'N ' '

_ f .. . .
~ / .] f. 1 . y ,- .-

*-
- .. s,' a

**J, *

-k' Y'
D t,.

. [/, E j o

I 1 yt.,\a,.\r-/ c > +; g
-

. m.

.'- Q s . ..[_-. 7
.- .

, , ' . .

-. .... };[ .

-- % q,. ,. . ms
- . . .

* \ . ', . #4 '
-. . , , . . ,, ,

.

-......a... % .,. ~ -

g ,;... .< w- . r -- y ...
.

%'".. .
1 ~q 9 .t n ,,~ ,e- -- m : -;

2x ,w'
n _,,.'.i k.

**
,

'' 'i'

f,..-.
3 g[

.\
IM' 's.,n

,.

g .). ;,.. ....

|Q,.
, . _ _ _Js

1 ft.. ,r#O*.. . , f<

II. .s,

'g '. Ol '''l c. j<.'~"[ c'' -if,
' s

3. - ,. /v4.,s, .
. 4v

. ~-f .; . '

k.c=n %oLJ ' M/~C ,h;7,=--
%- W *' .. . , ,

-
o io ao ao co mites

|

|
i

Fig. 1.1. Map of the region surrounding the Bison Basin Project. Source: Western Nuclear.
Inc. , Report 3, Environ.; ental Effects of Trecent and Proposed Tailinga Dispcsal Prnctices, Split
Rock Nill, .Teff>cy City, Tpoming, vul.1 prepared by D'appolonia Consulting Engineers. Inc..
October 1977, adapted from Fig. 21.
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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 Uranium Resources and Producibility,". National Academy of Sciences, Washington,
D.C., 1978, which states:

Nuclear energy for use in Giectric power generation has been assigned a
significant role in the National Energy Plan now under development. More than
65 light-water reactors providad about 12 percent of the United States electricity

- in 1977. Although federal estimates of future nuclear power growth rates have
declined dramatically in the last two years, the Department of Energy (DOE) expects
nuclear power output to grow 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 decisions to defer plutonium breeder development and
to delay the reprocessing of spent nuclear fuet for secondary recovery of fissionable
components. Yet, the combination of anticipated energy requirements and national
-security needs make the magnitude and timely availability of the United States
domestic uranium resources a technical subject of commanding national interest.

In 1976 domestic uranium concentrate production (short tons U 0s) was 12,750 tons;3

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 by 1990. Inasmuch as the highest level of
prc, duction achieved in the United States has been less than 18,000 tons of U 0s * a3
remarkable growth performance will be required from the uranium exploration and.produc-
tion industry. Whether this growth perform 1ance can be met and whether the National

; . Energy Plan objectives for nuclear power will be realized now appear to depend on
1 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 regulatory authorities involved.

1.5 RESULTS OF THE SCOPING PROCESS-

In accordance with the guidelines developed by the Council on Environmental Quality (CEQ),

{ in 40 CPF 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 significant
issues, not ont, was the NRC staff consulted, but a pub 11c notice concerning the DES was

, published, coments 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 staff identified major areas of concern which would require careful assessrant

in the Environmental Statement.

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

'
2. Solid waste disposal altercatives should be considered in detail, and the prime considera-

' tion should be disposal of radioactive solid wastes in a manner that will prevent potential
human exposure for the foreseeable future (Sect. 2.3.10).

3. Water use during mining and aquifer restoration should be monitoreo with the intention of
minimizing water usage (discharged to the evaporation ponds and lost by evaporation) within
the constraircs imposed by the need to prevent and correct leachate excursions during mining4

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 orig'nal 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 0s.3

., - . . . .,
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6. The wells should be properly designed, installed, and tested so that accidental leachate
intrusioQ 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 regulations 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
effective July 30, 1979.3 This notice requested coments by interested parties on the project

t and set a public scoping meeting date of November 1,1979, in Riverton, Wyoming.

At the scoping meeting the applicant sumarized the proposed project, and cements 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 restored (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,and4.9.1.2)?

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

7. Where will U 03 8 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 will site electric power come from (Sects. 2.3.10,2 and 3.4)?"

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

11 What are fencing requireme,ts, and will fencing affect migratory game (Sect. 4.5.2)?

12. Will archaeological 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 Md 4.6.1.9)?

; The staff later received coments 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
suggested 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,

f 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:

.-l. the effect of the mining operation on both 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, 4.5.3.2, 4.8.3.2, and 4.9.1.2),

, 2. the impact of the mining operation, fencing, roads, human activities, and pessible wind-
! blowncontaminantsonwildlife(Sects. 4.5.2, 4.5.3.1, 4.5.6.1, 4.5.6.2, and 4.6),

i

|
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3. potential effects on archaeological and paleontological resources and the proposed
Continental Divide trail (Sect. 3.5.2.2 and 3.5.2.3),

4. impacts 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 disposal plans for evaporation pond wastes and the quantities of such wistes
(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_. son ponds or from
waste seepage into groundwater aquifers (Sects. 4.4.1.1, 4.4.2.1, 4.4.2.3, 4.5.3.1, and
4.5.7).

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 National Wildlife Federation (November 8,1979) listed no concerns not
covered above with the exceptior, of a request for a Generic Environmental Impact Statement
(GEIS) for in situ uranium mining. Though a GEIS is not being planned, 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 coments on the Bison Basin Project in the appropriate
section of the Environmental Impact Statement as noted by each coment. No comments were
received suggesting disapproval of the project.

REFERENCES FOR SECTION 1

1. Ogle Petroleum, Inc. , Ehvirorriental Report for U.S. Nuclear Regulators erriesion, somec
M2terial License Application, Production Scale In Situ Mine, iQorting, hugust 1979. Hers-
after in this Environmental Statement, the applicant's Environmental Report will be cited
as ER followed by a specific volume, section, page, figure, table, appendix, or supplement
number. Docket No. 40-8745.

2. . orld Meteorological Organization and United Nations Educational Scientific and CulturalW
Organization, International CIossars of Hydrology, Report WM0/0MM/BM3 No. 385,1974.

3. Fed. Regist. 43(230): 56005 (1979), pt.ragraph 1508.22.
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2. ALTERNATIVES .6UDING THE PROPOSED ACTION*

2.1 ALTERNATIVE OF NO LICENSING ACTION

Amoung the alterriative actions available to the Nuclear Regulatory Commission (NRC) is the
denial of a Source Material License to the applicant. Exercise of the license denial Option by
the NRC would leave 6.a applicant with three possible courses of action; (a) to use con-
ventional mining techniques (serface or deep mining) and, if economically feasible, have the ore
processed at an existing mill possessing a Source Material License; (b) to postpone the project
while attempting to remove the objections that led to 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 prchced by the Ogle Petroleum Inc., solution mining project will contribute
to the worldwide supply of uranium and will be used as fuel in nuclear reactors that are
either operating or under construction in the United States or abroad. Contracted imports Qf
U 0s will exceed contracted exports over the next few years (Sect. 2.2.1.4). Therefore, even

3

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 foreign mills that could be producing urantum for use in the United States.
Lack of fuel could 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
anticipated - 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 t.e in
the public interest.

2.2 ALTERNATIVE ENERGY SOURCES

2.2.1 Fossil and nuclear fuels

2.2.1.1 Introduction

Becase uranium has changed frcri a connodity of only comercial uses such as ceramic coloring
agents to one vital for nuclear weapons and nuclear reactors, the uranium industry has under-
gone a series of transfornations. Coal was the first fuel used in quantity for electrical
power generation; but, until recently Its use declined because of the, ready availability and
low price of oil and natural gas, both of which are cleaner burning than coal and easier to
use. Uranium fuel is even cleaner (ct emically) 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 availability of fossil and nuclear fuels
for power generation over the next 10 to 15 years. Also, the nealth 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 Naticnal Energy Plan, published by the Carter Administration in April 1977,
the United States uses more energy to produce goods and services than any other nation and

2-1
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consumes twice as much energy per capita as does West _Gemany, which has a similar standard
of living.1 In 1978, the United States consumed approximately 78 quads of energy (1 quad = '

1015 Btu) about 92% of this energy was supplied by three fossil fuels - oil, natural gas,
|and coal.I Approximately 75% of U.S. energy needs are supplied by natural gas and oil; how- I.

ever, because the domestic supplies of. these valuable resources are limited (about 8% proven 'l
! -reserves are oil and gas), the amount of oil imported from foreign sources has increased,

i

, undemining our military and economic security.2 There is a disparity between availability
| and use of_ fossil fuel energy sources in the United States (Table 2.1). ,

4

Table 2.1. Reserves and current use of energy sources in the United States
>+*-41**.4.e =e M

; Proven U S. energy Total U.S energy
; reserves economically recoverable contnbuted by

(%) each energy resource (%) {

.

} Coal 78 19
'Od 4 49

Gas - 4 26
Nuclear 14 4
Hydro o 2

Source: U.S. Department of Energy. Energy Informat Administration, Monthly j
Energy Rewew, Report DOE /EIA 0035/5. May 1978.

i

Despite con w ntrated efforts to (1) slow down consumption of oil and natural gas, (2) increase
; usage of coal-burning facilities, and (3) further the utilizath n of nonconventional energy
i

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 sr percentage (s7%) by other

j fuels (Table 2.2).
I
;

Table 2.2. Forecast of gross energy wa for 1980,1985, and 20c0

1980 1985 2000
Fuel -

'*"' #' " * * " "10'' Bru 10'8 Btu 10'8 Btuof gross of gross of poss

Coal 17,150 19.7 21,250 20.6 34.750 21.3 |
Petroleurn 41.040 47.1 45.630 44.1 51,200 31.3

j Natural gas 20,600 23 6 20,100 19 4 19,600 14.b
Od shale 870 08 5.730 3.5
Nucicar power 4.550 5.2 11,840 11.4 46.080 28.2
Hydropower and

geothermal power 3.800 ' 4.4 3.850 3.7 6.07o 3.7

Total 87.140 100.0 103.540 100.0 163.430 100.0

Source: U.S. Bureau of Mines, United States Energy Through the Yeer 2000, Washington,
i

*
0.C December 1975. I

).

.

Of the more than 78 quads of energy consumed in the United States in 1978, over 22 quads werej' used to produce electric energy. An estimated 12.5% of this electrical energy was generated
- using nuclear fuels. Oil and gas contributed 16.5 and 13.8%, respectively, and coal.was used

i 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 1978.3 The domestic and global use of oil has continued to
expand despite their shrinking availability and OPEC pricing policies; however, its use for
electrical power generation should decline in the future because the price of oil more than

I

,
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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 r*ill be required becausa neither of these fuels alone can supply future energy ,

requirements. Additionally, because of the time lag between initial extraction and actual use i

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 plara), the exploitation of both
coal and uranium resources must be integrated witn contemporary energy needs.

]
2.2.1.1 Coal production

Congress and the Carter adminhtratM have stressed (in passed and proposed legislation) the
I need to reduce our fature oil demands to lessen our dependence on foreign energy sources and

to reorient our energy ccasumption patterns. Both the Project Independsnee report of November
1974 and the National Energy Outlook of February 1976 proposed that coal production be increased
from present levels' [approximately 590 x 106 t (650 x 106 tons) per year] to approximately
l .1 x 109 t (1.2 x 109 tons) by 1985."*5 The major expansion of coal production will likely'

i be in the west [from approximately 83 x 106 t (92 x 106 tons) in 1974 to about 345 x 106 t -

! (380 x 106 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-

j turbance of generally fragile ecosystems) in the western United States will be increased.
Because t5e major markets for the coal produced will be located hundreds of kilometers from1

! the western mines, transportation costs will be high, as will the environmental impacts
i 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 U 0s are3

minimal compared to those for coal because of the much higher energy content of uranium fuel.
Approximately 227 t (250 tons) of U 0s per year are required for a 1000-MW nuclear plant3

operating at a plant factor of 0.8. Annual western coal requirements for an equivalent
1000-MW coal plant would be more than 2.7 t (3 x 106 tons), or the load capacity of about one

1 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
.

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

e
'

l. Installed nuclear reactor capacity. Estimates presented in Additions to Cenerating
capaity 1979-1988 for the contiguous United States indicate that 110,000 MWe of nuclear

. generating capacity will be added to present capacity and will supply 22% of the total
electrical energy consumed by 1988.6 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 between 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 programsj
(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 1988.6

2. Uranium enrichment policies. For use in consnercial light-water reactors, the atomic
percentage of the fissile'liuclide uranium-235 must be enriched from its natural abundance4

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 of 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 U 0s to the enrichment plant, w1M3

i change U 03 8 requirements.

I

t
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A comparison between the quantity of U 08 required to meet the pro
the estimated domestic uranium available (Table 2.3 and Fig. 2.1) jected reactor demand and

3

indicates that currently
known reserves and probable resources should be adequate to support installed capacity through
the year 2000 and the expected lifetime (40 years) of the reactors.

Table 2.3. Uranium (U 0,) resources in the United hes3
_ _ _ _ . _ . _ . _ . _ _ _ _ . _ _ _ _ _ . . ._ - _

Kn wn
Cost category, Potentsai retorces (tons)

($/lb) PrMd PossMe' speculative #
. - - - - , . . . _ - - _ - . - - ~ -- -

15 290.000 415.000 210.000 75.000
30 690.000 1.005.000 675.000 300.000
So 920.000 1,5C5.000 1.170,000 550.000

* Each cost category includes alt lower cost eeserves and resources.

bProbable resources have not been drdled and sample 1 as extensevely as
k now reserves.

'Possible and speculative resuorces have been estimated by inference froin
geologic evidence and hmited sampi ng.

Source U S. Department of Energy, Statisreal Data of the Uran um hxtos-
try, Hemt t GJO-Ioo(79). Washington, D.C., Jan.1,1979.

Table 2.3 presents estimates of quantities of uranium available at different recovery cost
levels. Assuming reserves recoverable at a forward cost of production up to $66/kg ($30/lb)
of U 0s, the Department of Energy (DGE) estimated that in January 1979 the total of all3

variously known c.itegories of uranium resources was approximately 3.32 x 106 t (3.66 x 106
tons).7 An estimated 1.7 x 106 t (1.9 x 106 tens) of uranium resources with forward costs up
to $110/kg ($50/lb) of U 0s consisted of known rm.ves; that is, drilling and sampling have3

established the existence of these deposits beyond reasonable doubt. Uranium recoverable as a
by-product of phosphate fertilizer and copper production is estimated to be 109 x 103 t
(120 x 103 tons) through the year 2000.7 Approximately 4.7 x 105 t (5.2 x 105 tens) of U 0s3

could be recovered from very low- rade ore and Chattanooga shale for about $220/kg ($100/lb) and
approximately ?.6 x 109 t (4 x 10 tons) of U 0s from seawater for an estimated cost of between3

$660/kg ($300/lb) and $630/kg ($750/lb).8,s 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 fual for the
process; sunplementary 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 analped for uranium, but so far no ash containing more th3n 20 ppm of
U 0s has been found, and most ash samples contain from 1 to 10 ppm of U 0s.103 3

*

The design capacity of the 20 conventional uranium dlls 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 U 0s were produced, or 91% of possible production. The 18 mills that operated in 19773

produced approximately 13,000 t (14,500 tons) of U 0s, generating about 8.8 x 106 t3

(9.8 x 106 tons) of tailings.ll This output represents about 75% of total capacity. [At 100%
capacity, these mills could have produced about 17,750 t (19,500 tons) of uranium oxide.]

Although most uranium is prr,duced via conventional acid or alkaline leaching processes,
unconventional methods are csed for some production. Such methods include solution mining,
percolation leaching of ore in piles or vats, and uranium recovery from mine water, copper-
dump leach liquor, or wet-process phosphoric acid effluents. ' Production of U 0s by these3
methods totaled about 1515 t (1670 tons) in 1978 and was expected to reach about 5440 t
(60C0 tons) by 1982.0

The percentage of uranium production from solution mining was 3*. in 1977 and increased slightly
in 1978. The efficiency of recovery is difficult to ascertain, but it is estimated to be less
than can be echieved via conventional mining and milling. Also, solution mining 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 U 0s required to meet projected reactor demand with estimated3

domestic uranium available. Source: U.S. Department of Energy Forecast of Dcr"estic Umnim
Rcquirements, Report GJ0-108(7BT Trand Jurction, Colo., Oct. 17-18, 1978, p. 15.

!

|

mining to total uranium production is difficult to predict. The 00E has projected that
solution mining production will peak at 4000 t (4400 tons) of U 0s per year by 1990 and hold3

at about 2500 to 3500 t (3000 to 4000 tons) per year through the year 2000.11 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 liquors
and wet-process phosphoric acid. Of the two, phosphoric acid manufacture (for fertilizer) is

Prediction of the amounts of U 0s that will be recovered fromreceiving the most emphasis. 3

phosphate production is extremly difficult, primarily because of the dependence of acid
availability on the fertilizer markets.12 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 083

recovery is about 180 t (200 tons) per year from phosphate operations but is preMcted to

about 73,000 t (81.000 tons) year by 1985 and about 7000 t (8000 tons) by 2000 for a total of
reach 1800 t (2000 tons) per

through the year 2000.11

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 parts of U 0s per million parts of solution. Several commercial uranium3

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 03 8 per year is expected.12 4

|

l
I
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i -
The extraction of aranium from product streams in copper milling is expected to contribute
only fractionally to the future supply of U 0s.123

A DOE survey of U.S. uranium production, production capability, and marketing activity indicated
that U.S. production of U 038 for nuclear-powered electric generation plants should exceed
annual requirements untti 1982 without planned expansions. Contracted imports of U 0s will3
exceet contracted exports by a considerable margin over the next few years. Through 1990,
cumulativu contracted imports of U 0s are 33,000 t (36,400 tons), with approximately 50% of3

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 0a may be reexported. Only' -

3

3 2360 t (2600 tons) of U.S. production from 1980 to 1988 is for export.

Supplies of U 0s from the United States (including domestic and foreign inventories and con- I3

tract comitments) will exceed DOE enrichment feed requirements until about 1933. Current I
estimates of production and demand are shown in Fig. 2.1. The data used by the staff to

i

estimate U 0s demand are shown in Tables 2.4 and 2.5. Table 2.6 lists the results.3

! |.

2.2.1.5 Comparison of health. effects of the uranium fuel cycle and the coal fuel cycle '4

Research conducted by the NRC13 comparing the health effects associated with the coal fuel4

; cycle (mining, processing, fuel transportation, power generation, and waste disposal) and the ;

i

uranium fuel cycle (mining, milling, uranium enrichment, fuel preparation, fuel transportation.
power generation. irradiated 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 illness), and injury among occupational workers and

i ithe general public, where " excess" implies illness 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

i electricity used within the nuclear fuel cycle is generated by nuclear power) and 1.1 to 5.4
iif all the electricity used in the uranium fuel cycle (primarily for uranium enrichment and1

'

reactor operation) came from coal-fired plants. Excess deaths for the entire coal cycle
i

varied from 15 to 120 per 0.8 GWe/ year (Table 2.7).

Excess morbidity and injury rates for workers and the general public resulting from rarmal
operations and accidents in an all-n" clear cycle were estimated to be about 14 per 0.4 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 disease 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 health effects related to either the uranium fuel cycle or the coal fuel
cycle represent small additional risks to the general public, the study conclud M that "... the
coal fuel cycle may be more hannful to man by factors of 4 to 260, depending on the ef fect being
considered, for an all-nuclear econorny, or factors of 3 to 22 with the assumption tt.at all of
the electricity used by the urant an 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
is shipped over greater distance . . ." (re f.13, p.13).

i 2.2.2. Solar. geothermal. and synthetic fuels

-Estimates reported in the Nacional Enemy Ouelook5. indicate that solar and geother.nal sources,

will each supply about 1% of U.S: energy requirements by 1985 and about 2% by 1990. Supplies
of synthetic gas and oil derived from coal will probably not exceed 1% of U.S. energy require-
ments as of the year 1990. These projections are based on many considerations. The technology
exists in all casas but not in a commercially useful form. The potential for proving these
technologies on a comercial 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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S Table 2.4 Nuclear genereong capacity addioons

Pressurised. Boiling- Gas cooled Number Gers ating
Year water reactor water reactor reactor Total of cap 6 4g

(MW) (MW) (MW) units (Gvt ,)*

1979 5,157 1,813 200 7,170 57,000 8 57

1980 5,731 3,753 9,484 66,484 10 61

1981 9,683 3,400 13,083 79,567 12 74

1982 10.043 1,525 11,618 91,185 12 87

1983 9,94 2 3,655 11.597 104,782 12 100

1984 7,417 9,829 17,246 122.028 16 112

1985 6,115 4,607 10,722 132,' ISO 9 127

1986 6,945 3,504 10.449 143,199 9 141

1987 6,890 1.055 7,44 5 150.644 7 154

1988 6,604 2,238 8,842 159,486 8 167

Total 74,377 35,379 200 110,156 103

'ancludes capacity p,eviously operating.
"U.S. Nuctear Regutatory Commissson, Draft Generic Environmental Impact Statement c o Uraniun:

Mdhng, Report NUR EG 0511, Washington, D.C., April 1979. There are 71 units listed at tt end of 1978.
Source' U.S. Department of Energy, Economic Regulatory Admmistration, Ad<htions to Generating

Capacity, 19:9-1988. for the Contiguous United States, Report DOE E RAD 02011 (rev.1),0ctober 1979
(for all data except last column-see footnote b).

Table 2.5. Specific energy comparison of boeleng-water <eactor Table 2.6. Standard tons of U '', revered
vs pressurised watereeactor base data imegawatt years annually for reactor fuel"

(electric) per standard ton of U 0al3

'
Year Total'

Boihng water Pressurized water refuelmg mitial cycle
reactor reactor

1979 9,613 2.735 12,350
1 1.30 1.63 1980 10,997 3.84 2 14,800
2 2.90 .',78 1981 12,826 5,134 18,000
3 2.79 2.97 1982 15,351 4,401 19,800
4 2.82 3 00 1983 17,592 5.347 22,900
5 3.41 3.46 1984 20,215 7,267 27,500
6 2.92 3.16 1985 23,542 4,3 77 27,900
7 4 32 3.33 1986 25.611 4,1 74 29,800
8 3.07 3.05 1987 27,627 3.023 30,700
9 2.50 3.53 1988 29,0G3 3,464 32,500

10 3.17 2.74 1989 30.769 Unk nown
initial 1.30 1.63
Remaming 3.10 3.12 " Calculated us ng a 0 6 capacity factor, one cycle per year,
cycle average - and data from Tables 2.4 and 2.5.

Source: Nuclear Assurance Corporation, Uranium utilization
Experwrie in light Water Reactors, Report CCO-340121, prepared
for the Department of Energy,1979.
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Table 2.L Current energy source esce a mortality summary per year per o.8 GW(e}/ year power pant

Occupatianal General public

Accident Disease Accident Disease

Nuclear fuel cycle

6 8All nuclear o 22' O 14 o.05' o 06 0.47

W4h 100% of the electncity used m the o 24-o 25*# o.14 -o 4663 0.10'' o 64 -4 6'' 1.1 - S.4
fuel cycle produced by coal powe'# (U.S. eoodatto> for =clea* effects, regtocol conWation for coat e**ects)

Coal f uel cycle

Regional population 0.35-o 65' o- 7' 1.28 13 -11o* 15-120
(all % clear) 32-26(PRatio of coal to nuclear : (=tt9 coal powec) 14 22

,

*Pnmarily fatal no...dmiopcal accidents, such as falls and explosions. g
*Primanly fatal radiogenic cancers and leukemias from normal operations at mines, mdis, power s ' ants and

reprocessmg plants.
'Primarily fatal transportation accidents (Table Sr4. Io CF R Part 51) and serious nuclear accidents.
#U.S. population for nuclear effects; regional population for coal ef fects.
'Pnranly f atal minmg accidents. such as cave ins, fires, and explosions.
# rimarily pneumaconiosis and related respiratory diseases leadmg to esperatory f ailure in coat workers.P

'Pnmarity members of the general pubhc killed at rad crossmgs by coal trams.
"Pnmanly resperatory failure among the sick and elderly from combustion products from power plants but

includes deatM from waste coal bank fires.
'100% of all electncity used by the nuclear fue8 cycle producert by coal power. amounts to 45 MWe per o 8

GW(et/ year.

Source * R. L. Gotchy, Health Effects Attnbutable to Coal and Nuclear Fuel Cycle A!!ernatives, Report
NUREG o332. Division of Site Safety and Env ronmental Analysis, Of fice of Nuclear Reactor Regulation, U.S.
Nuclear Replatory Commission, September 1977.

1

I The Naticm21 D:crgy Plani does not set specific goals for increased use of synthetic fuels or
geothermal energy but does state that, as a possible goal, solar energy will be used in
2.5 million homes by 1985.

|

| 2. 3 Energy conservation

The cornerstone of the National Energy Plan is conservation, the cleanest and cheapest way to irelieve the energy shortage. !

If vigorous conservation measures are not undertaken and present trends
continue, energy demand is projected to increase by more than 30% between now
[1977] and 1985.1

1

l Per capita energy used in the United States is twice that of other industrial countries. It
( is apparent that reductions in total energy demano can be achieved in all major uses. The

plan lists five types of consumers as being prime targets for energy conservation: (1) trans-
portation, (2) buildings (including residences), (3) appliances, (4) industry, and (5) industries
and utilities using cogeneration of electricity and low-grade heat.i

i
1

| Part of the plan focuses on the use of all possible governmental means (tax reduction, l

[ bcentives, direct subsidy, legislation, and regulation) to change the relationship between j
energy production and energy demand. Actions that improve the thermal efficiency of automobiles, l

i horr.es, and 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
energy because it will probably 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.

i
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Table 2.8, Current energy source summary of excess morbedity and injury per o.8-CWiel/ year power plant
.

Occupational Gener al public

Mor bede ty injury Morbedity inlury

Nuclear fuel cycle

#
All nuclear o.84* 12" o.78' o.1 14

With 100% of electricity used tey the 1. 7 -4.1' 13 -14 1.3 -5.3' o 55" 17-248

fuel cycle produced by coal power' As. cop.1stion for nuclear effeos; regioast popotation for coal effects)-

Coal fuel cycle

Regonal population 20 -70' 17- 34' 10-100' to" 57-210

(aRatio of coal to nuclear: tn

*Primarily noaf atal cancers and thyroid nodules.
*Primarily nonf ral eryuries associated with accider ts in uraneum menes. such as rock f alls mid emplossus.
'Primarily nonfatal cancers, thyroed nodules, genetically related diseases, and nonlatal illnesses following high

radiation doses, such as radiation thyroiditis, prodromal vormting, and temporary sterehty.
#Transportatiortrebted injuries from Table S 4,10 cF R Part 51.
'U S. nopulation for nuclear effects; repal population f or coal effects.
#Primanly nonfatal diseases assocsated with coal mining, such as pneumaconioses, bronchitis. .nd emphysema.

ePrimarily respiratory diseases among alults and children from sulfur emissiors from coal fired power plants but
includes waste coal bank fires.

"Pnmarily injuries to coal miners from cave ans, fires, and emplosions.
'Primanly nonf atal inlur es arnong members of the generaf pubhc from colhpons with coal trains at railroad

crossmgs.
1100% of all electricity used by the nuclear fuel cycle produced by coat power; amounts to 45 MWe per o.8

GW(el/ year.

Source: R. L Gotchy, Heatrh Effects Atterinitable to Coal and Nurtear Fuel Cycle Attematwes, Report
NUREG o332 Division of Site Safety and Environ.%ntal Analysis, Office of Nuclear Reactor Regulation, U.S.
Nuclear Regulatory Commigsion, September 1977.

! 2.2.4 Evaluation of alternative energy sources

To !nive our nation's intec.ifying and formiidable energy supply and demand problems will require
rapid arid extunsive expansions in the production and use of all practical energy forms and

-

resources - along with the setting and meeting of adequate energy conservation coals. The
Nation.21 heny 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 year 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-I

! siderations.) Therefore, it appears that increased use of the nonnuclear energy sources
! discussed above will not lessen the need for the uraniuis to be recovered and processed by the

proposed solution mining pruject (and by similar ventures) if the project is conducted within
acceptable, suitable constraints reg 1 red t.o 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 apolicant along w1th alternative methods for
recovering uranium from the available ore source and compares the potential environmental
effects of the various recovery procedures.

2.3.1 Sunnary 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 progosed operation at the Bison Basin site will recover approximately 4.5 x 105 kg
(1 x 10 lb)~of UsOn 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.4

J

f A central processing plant using state-of-the-art extraction technology will recover the uran.a
from a sodium bicarbonate / carbonate lixiviant. Most of the resulting barren (uranium-depleted)

i lixiviant will be refortified with carbonate and oxidant and recycled to the ore zone. A small
;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 l,

L higher than injection as a means of preventing or limiting the spread of leach solution out of
the are zone.

1
i Upon completing leaching activities, the lixiviant remaining in the ore zone will be removed, and I

and the water quality within the ore horizon will be restored to its original potential use'
(as close 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 water into the ore zone. Pumping rates will be controlled during restorating '

,

! ensure confinement of contaminated liquids to the mined zone.

Leaching and restoration activities will generate solid and liquid wastes, both of which will
be tsur:,unded 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
1 local requirements. All structures, foundations, and equipment will be removed from the

4 -
processing plant and well-field areas. Building materials and soils showing radioactive con-i

tamination will te disposed of in the same manner as other solid radioactive wastes, using'

disposal techniques in accordance with NRC and/or State agency regulations that require iso-
,

lation from the environment. All affected surface areas will be reclaimed. I

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
I recoverable reserves of about 4.5 x 105 kg (1 x 106 lb) of uraniur- (as U 0 ) within the 308-ha3 8(761-acre) project area. Exploratory drilling, not yet completed, has indicated that additional

minable reserves within the project area may exist. The presently proved ore body covers about
16 ha (40 acres) (Fiabout116m(380ft)g.2.2). The average depth of the ore body below the land surface is

.

The host rock is the basal sandstone of the Laney member of the Green River 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 rudstone layer. The
average thickness of the "D" sand is about 4.6 m (15 ft), and the ore thickness uithin the
"D" sand averages about 1.9 m (6.3 ft). The averate ore grade to be mined is approximately
0.07% U 0s.3

. l

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. 4<

end carried oxidizing uranium-charged 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 ur.nltered

- colors when reduced and yellow, orange, and red colors when oxidized. It is at the interface of
these areas that uranium nineralization is found in geochemical roll-front deposits.

The principal reductants responsible for the precipitation of uranium from paleo stream and
groundwaters were carbonaceous organic matter and metallic pyrite. These reductants are
estimated to be 1.5 to 3% of the volume of the host fonnation,

e

I

,_ -,c ,_ _ . . - , . . . . _ - . , . _ . . -,,.,x-,.. , _ . - _. 4
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Fig. 2.2. Outline of the uranium ore body at the Bison Basin Project site. Source: ER,
Fig. 2.1-4.

2.3.3 Mining alternatives ,

2.3.3.1 Conventional mintag nethods

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 sure
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);l''.and (5) environnantal factors, such as preservation and reclamation
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of the environment, and the prevention of air and water pollution. The two most commonly
used methods for mining Jranium deposits are open-pit (surface mining) and underground mining.
Other mining methods, st.ch as solution trining, are in the developmental stage.

Open-pit mining

Although relatively deep [>l50 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 with
less than 90 m (300 ft) of loosely consolidated soil or detritush (compared with the mining
of other minerals, the ratio of overburden to uranium ore is unusually large, rancing from
about 3:1 to 35:1).15 The maximum mining depth and ore cut-off grade are determined by
economic factors (i.e., deeper mines and lower grade ores become ureconomical when the costs
of mining and milling plus a reasonable profic exceed the revenues from the sale of the
yellow cake ptoduct). 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 106 t (13.8 x 106
tons) of uranium ore produced in the United States.7 Surface-mined ores accounted for about
46% of the total annual uranium concentrate production, estimated at 16,770 t (18,490 tons)
of U 0s.73

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. Equipn2nt used for stripping
overburden includes tractors with rippers rubber-tired scrapers and tractor pushers, diesel-
powered shovels, and large truck fleets.15 for the removal of ore and waste from the ore zone,
bulldozers, front-end loaders, diesel shovels, draglines, and L ckhoes are used (drilling 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 economical for di ging and loading ore
from some small ore deposits).15 Because groundwater intlow 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.1 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 the reclamation of uranium surface mines. Generally, overburdcn
and topsoil are stored in dumps during mining, the overburden being used to refil. the pit
(perhaps partially). The surface is shaped to a rolling topography, the slopes ranging from 0
to 30%, and salvaged to;:, soil is then distributed over the contoured surface. The restored
surfaces are revegetated with appropriate plant species, and, if necessary, fertilize *S and
soil amendments are used to ensure plant growth. Precautions are taken to stabiliza the soil
against erosion and to provide watershed protection.

The environmental impacts associated with uranium open-pit mining operations are well
doc weqted.1z,1s,17 Compared with other commercially used mining techniques, open-pit mining
disturbs a mu'ch larger surface area. Overburden dumps and pits remain after mining operations
are completed PJ, where mining has occurred, the geologic formations are completely and
permanently altered. Because coriventional 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 tallings must be determined and evaluated.

Underground mining
,

Underground mining is the method generally used for deeper, relatively high-grade ore deposits |in structurally stable h0st 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 cccounted for about 48% of the total annual U 038
p,roduction.7

Because of varying are body characteristics (size, shape, depth, and are grade), many alter-
native undergrourd mining techniques have evolved." Simple adits or inclined entries driven
into a canyon wall or sloping ground are sometimes used to access small ore deposits.15
Vertical mine shafts and horizontal tunnels are usually needed te mine the larger or? deposits;
scae 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)].15 Typically
the shaft is circula , compartmented, concrete lined, and up to 4.3 m (14 ft) in diameter.I6
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 zone, 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-

ne shaftJ5 The ore is drilled, blast?d, and of
Underground haulage may be either by electric o, ten tran$ ported by slushers to the

ing from
r diesel locomotive or by trackless; ore pass.

rubber-tired equipment.16 New tunnels are driven until the ore deposit is depleted.'

3 . Groundwater irhusion is a problem 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).15 The3

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) ta concentrations hazardous to the miners' health.as 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 shaf t.

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

i Because no pits are created.' underground mining disturbs significantly less surface area than
comparable surface mines; however, because conventional milling procedures must be used to
recover the uranium, related tailings disposal problems and methods of :;olution 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
comercial scale and is a potential addition to the list of conventional methods being used.<

4 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.ta 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 lesch;

! solution or lixiviant (usually either an acidic or basic oxidizing solution) into the ore body
I to complex the contained uranium; (2) mcbilization of the uranium from the host material
j via, creation of a soluble complex salt; (3) removal, through production wells, of the complexed
' uranium-bearing solution; and (4) recovery of the solubilized uranium by conventional extrec-
; tion operations. Therefore, although the chemical technology is essentially conventional, the

customary ore extracti' .1, transportation, storage, crushing, and grinding operations are
eliminated. Solid wa nes are generated which require controlled disposal; however, the volume,

' . pr'duced is much less than that created by conventional milling. The disposal of waste ;,
materials and potential contamination of aquifers are the major environmental concerns and

! require careful control.
!

In situ leaching is nonnally used to mine relatively small, isolated, 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 following
additional criteria must be satisfied:

'I. The ore rmst 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).

*
I

. , Solution mining is a general term describing the extraction of minerals in liquid form.
The solution may only contain the mineral 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.

!
L

I^ .

|

t
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i

3. -The ore deposit must be extensive enough to .ify the cost of uranium recovery.

4 Because leachate loss is boi ac*onomically a..d environmentally unsound, the capability to
retrieve as much of the acidic or alkaline leact ,ulution as possible is necessary.

|Therefore, the ore zone must be generally horizontal and be confined by rock layers whose
; properties and continuity make the layr virtually impermeable, such as shales, siltstones, 1

or mudstones. To select well loca*' ..A the inflow-effluent rates, the direction and j
velocity of the regional water flon .nould also be known.15.

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 symetrical pat-
; tern around the recovery wells. Selection of lo9 tion and spacing of wells is based on the
). fact that the flow between wells and within an aquifer can be controlled by varying inflow-
t effluent rates, by the spacing between wells and by properly aligning wells at specific

angles to the direction of groundwater flow.Is Salt solutions of ions, such as sulfate,I

bicarbonate, and carbonate, which are known to form stable aqueous complexes with hexavalent,

1 Uranium, are pumped to the inflow wells; simultaneously, a slightly greater volume of
11ould is withdrawn from the production wells. An oxidizing agent such as oxygen (as pure
02 or as air), hydrogen peroxide, or sodium chlorate may be added to increase leaching

i 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).
.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

i 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.15 Widespread use of bacterial leaching
in the United States is not expected to occur for several reasons:lb

4

1. Pyrite and sulfur must be present in the ore (most presently known ore reserves in tl:e
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. are reserves are highly alkaline

i Borehole hydraulic mining

I Borchole hydraulic mining, another form of solution mining, uses pressurized water flow, in-
i

! jected via wells.-to slurry the ore. The solid-liquid mixture is then brcught to the surface i
'

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

t

2.3.4.1 .Conventfanal 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 be4

erected and placed into operation,' or the ore could be heap leached;~ however, the probability
! that these processing alternatives would be implemented is low.) l

|
Uranium concentrates are conventionally produced by the milling of uranium ore via the follow-
ing (1) ore preparation (involving primarily the crushing and grinding of theore) procedure:, (2) leaching, (3) separation of pregnant leach liquids 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 r!ee'ded to reduce overall particle SN' to ensure sufficient
contact with the uranium-dissolving reagent. Conventional crushing e ipment usually reduces
the size of the ore particles to less than 1.9 cm (0.75 in.). Grindin. is usually acco,aplished

approximately 200 mesh for alkaline leaching.1gproximattly 28 mesh fcSemiautogenous grinding, which minimizes dust
by rod or ball mill, the ore being ground to a ,cid leaching, or to

problems and replaces the above processes, is being used in most new facilities.

The leaching method chosen for removal of the uranium from the ground are 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 type; however, because larger quantities of acid would
be required, process costs would 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 thickenirig or by filtration. The majority of the
acid-leaching mills in the United States use countercurrent decantation in thickeners for
liquid-solid separation.19

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 liquor and either a solid resin (resin ion exchange) or a liquid
organic solvent (solvent extraction).

The milling process generally concludes with the recovery of the uranium from solution by
chemical precipitation. When acid-leaching methods are used, the uranium is preci
neutralizationwithabasesuchasammonia, lime,eagnesia,orhydrogenperoxide.1gitatedby- When
alkaline leach processes are used, the uranium is nomally 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 ore pile.19 This
technique can be used to profitably treat low-grade ore dumps or to process are from small
deposits located long distances from conventional milling facilities.19 Heap leaching does
not require a large capital expenditure for equipment, and mani.ower requirements are minimal.15
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 to a mill, heap leaching is often
economically well suited for processing ore from remote mining operations.

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.19 Hatural 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
amonia, the final precipitated-slurry product being shipped to a processing facility. In
cases where the dumps are reasonably near a mill, it is comon practice to use acid solutions
from the mill circuit for the heap-leaching operation, returning the enriched solutions to the
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mill circuit for processing. M A pile is abandoned when the uranium recovery no longer justi-
fies the pumping of leaching solution through it or when a specified low limit of uranium
solution grade is reached.

2.3.5 Evaluation of mining and processing alternatives

Although either surface or underground mining could be used to 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 justified. For example, to surface-mine the deposits, the staff
estimates that approximately 41 mi of overburden would have to be removed for each kilogram of
yellow cake produced (24.5 vd1/lb of U 0 ). The cost for removing a cubic meter of earth is33about $0.98/m3 ($0.75/yd3) (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 ($18/lb) 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 nining would be even more exoensive.

Because heap leaching and in situ bacterial leaching require the conventional mining of ore,
the methods are eliminated as not economically feasiDle. 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 reasons. A significant advantage of this decision is that the
environmental impacts associated with in situ leaching 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. No 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 lb) of
tailings usually result from processing each metric ton (2200 lb) of ore].

3. Because no are and overt,urden 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 leaching 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 significantly 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
restricting them from contaminating the surface and subsurface environment, the mine site
can probably be returned to unrestricted use within a relatively short time.

6. Socioeconomic advantages of in situ leaching include

ability to mine a lower grade ore,e

a 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 con /entional uranium mining necessarily has
an advantage in regard to groundwater pollution. On the contrary, in situ 1Gching 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 aquifer are adequately known. If 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, correctable or negligible with monitoring and
proper well-field pumping methods.

2.3 d Mining snd milling waste disposal alternatives

i

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 during in
. situ solution mining. Solution mining does produce contaminated solid wastes when the soluble
constituents are precipitated fred 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, rust be disposed of oy 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 disposal

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

fbjectives to !? attained in tailings disposal programs

A satisfactory tailings disposal program should attain the following objectives:

1. reduce or eliminate airborne radioactive emissions (radon es.issions are of primary concern
because of the ease of dispersirA of this inert gas and resulting decay daughters),

2. reduce or eliminate impacts on groundwater, a.1d

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

Numerous strategies for attaining these objectives have been suqgested. For purposes of
discussion, elements of these proposed strategies may be classiiled into four categories.

1. preparation of tailings for disposal (some methods involve changes in mill operations),
2. location of the tailings disposal area.
3. preparation of the tailings disposal area, and
4. stabilization of and covering the tallings.

Various tailings disposal programs that, when properly implemented, will meet the above
objectives have been a topic of NRC study.12

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 fleid. The necessity 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 decreasinq
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'.tble for reclaiming the tailings disposal area and other
disturbed surface arecs, and (6) suitable surface hydrology characteristics;

4. topographical factors such as surface suitability for construction of facilities with
minimum alteration of terrain and the size of the drainage area above the tallings
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 sur. cort protected, threatened, or endangered
species; and

7. availability of housing and other services to employees.

The staff has determined 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 conventional mining and milling as a viable alternative. The staff
agrees that conventional methods are not economically 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
,

feasible. 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/lb) of U 03 8 produced. This alternative is not an
economically viable option.

2.19 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
fonnation.2 0 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 are body to assure maximum uranium recovery while minimizing
undesirable reactions . . ." (ref. 20, p.11). Salt solutions of ions, such as bicarbonate,

i carbonate, or sulfate, which form ;, table aqueous complexes with hexavaient (or soluble)
i uranium, are the most connonly 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 A1, Fe, Cu, Zn, Zr, Se, As, V, and Mo). Excessive
precipitation of calcium sulfate (CaSO,,) may also cause plugging of the leaching channels.19
A solution containing sulfuric acid (H 50.,) is the most comonly used acidic lixiviant. Nitric
acid (HNO ) or hydrochloric acid (hcl)2might also be used; however, these reagents are rela-

3

tively expensive.19

Basic lixiviants are preferred for the leaching of high-carbonate ores because such ores will
neutralize substantial quantities of. an acidic lixuiant, increasing operating costs. The use
of an alkaline leach solution may result in a Icwer uranium recovery rate than if an acidic
lixivlant were used; however, lower concentrations of unwanted nonuranium ore constituents are
produced. Typical alkaline solutions contain NaCO , NaHCO , or (NHg)HCO .3 3 3

agents such
Because oxidation ultimately cGntrols the uranium recovery efficiency, oxidizing (Na0C1), and/cr

|

as air, hydrogen peroxide (H20 ), sodium chlorate (NaC10 ), sodium hypochlorite( 2 3

potassium permanganate (KMn0 ) may be injected along with the lixiviant to increase leaching

effectiveness (or they may'.be generated within the ore zor.e through the actions of the lixiviantonassociatednonuraniummnerals).20

2.3.9.2 Alternative aquifer restoration nethods

After cessation of leaching operations, procedpes must be implemented to reestablish the
quality of affected groundwater to levels comensurate with premining levels. Restoration is
accomplished by reducing, via removal or imobilization of unwanted chemical species, the
concentration of toxic contaminants remaining in the aquifer 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 comercial operations,
groundwater restoration technology is still in the developmental stage. Preliminary results
based on the experimental pilot-scale projects indicate that restoration of all species to
ncar 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 leachins; tMt is, naturally
initiated geochemical mechanisms - such as reprecipitation, ion exchange (usually with clay
material), 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 C0 , 50,,, NH.,+, Fe, Mn, U, and V - and adsorption, which is| 3

effective in removing comon 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 metal complexes into contact with reduced and

[ less altered rock where reduction and precipitation of dissolved chemical species are likely to
l occur [T]hese 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 contact 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
be naturally restored, it is very difficult to predict, prior to commencement of operations,
when and if (or to what extent) groundwater pollutants can be reduced to acceptable levels;
therefore, 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 optimal selection of withdrawal well loca-
tions, contaminants will be swept toward the withdrawal wells and thus removed from the aquifer.

S
,

. _ _
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The amount of water withdrawn during groundwater sweep restoration is a function of the
hydrologic and chemical properties of the affected area. Substantial improveants in water
quality are usually noted after the withdrawal of one or two pore volumes of water. The term
pore volume 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 m3 1
'

or

(40 acres) x (15 ft average thickness) x (25%) = 150 acre-ft .

Phen one or two pore volumes of water have been withdrawn, the effects of mixing the incoming
groundwater with the residual lixiviant become prominent and the contaminant concentrations
decrease more slowly toward baseline levels. Complicating factors arise, such as cation desorp-
tion from clays and feldspars (ammonium ion from antnonium bicarbonate lixiviants20 or hydrogen
ion from acid lixiviants 1) or the persistent concentrations of toxic trace elements in excess2

of allowable levels. Therefore, five to ten or more pore volumes could be withdrawn to accom-
p11sh 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 grourdwater sweeping. The relative scale of the
proposed Bison Basin operation ma be similar to that of the Exxon Highland Project, where it is
estimated that seven pore volumes 2 will be sufficient to restore the ore Lne after sodium
carbonate leaching. During the pilot-scale restoration test at the Bison Basin site, just over
eight pore volumes of clean water were circdoted through the ore body to accomplish restora-
tion.2 3 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 106 m3
(1200 acre-ft) of water during the life of the plant. If produced ovcr a period of five years,
this quantiQ 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

1toxic contaminant content, and reinjection of treated water into the ore zone aquifer. This '

recirculation will sweep contaminants toward the production weils, 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 ore zone
aquifer. However, the use of water treatment and recycle may greatly reduce the water con-
sumption of clean water recirculation relative to that of groundwater sweeping. Some forms of
chemical restoration, which will be discussed balow, may also be applied to clean water recircu-
lation to facilitate restoration and offer further reductions in water consumption.

Several alternative water treatment processes exist for the separation of contaminants from
restoration streams. 14here 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 employed. The performance

I

;

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 groundwater restoration technology.2i,

General technioues for reduction of tntal dissnived solidt (Tnt)
1. Reverse osmosis (RO). This technology is receiving much attention in the in situ leaching

industry as a prime salt removal / water purification process; R0 employs a polymeric
membrane that is penneable 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 fmm 70 to 90% of the water in the feed. The brine containing
almost all of the salts and 10 to 30% of the water in the feed is discharged to an
evaporation pond for disposal. Equipment for R0 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).24

2. Electrodialysis (ID). L.ike R0, ED is a membrone 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

A single ED unit [818 m /d (150 gpm)] will ramove from 20 to 50% of the3compartments.
salt content from the solution.24 By adding multiple stages, salt removal in excess of
90% is possible25 with a loss of less than 10% of the feedwater to the brine.26 Although
some redesign may be reguired, comercial ED equipment is available for application to| restoration activities. * Frem the USBM study, the total cost of ED treatment is!

operations at high TDS levels, the cost advantage of RU technology vanishes.2ge-scale
estimated to be $0.36 per 1000 liters ($1.35 per 10D0 gal). However, for lar

,26

Therefore, more extensive study may be required to define the relative merits of ED and
R0 in 4 given situation.

3. Distillation. Distillation is widely used in 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 vapcr 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 salts 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 requirement to the range
of 24 to 111 kWh per 1000 liters (90 to 420 kWh per 1000 gal).2s

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 be used to ball more water. This heat recycling reduces the energy requirement
|

(mainly in the form of electricity) to the range of 7 to 24 kWh per 1000 liters (26 to
90 kWh per 1000 gal).25:

L

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 is discharged to an evaporation pond for disposal. Both
types of systems may be assembled from comercially 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.27 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
3treatment costs difficult. A recent study of a facility to treat 0.22 m /sec (5 x 106

. gal /d) of acid mine drainage by multistage flash evaporation cited operating costs of
( $1.17 per 1000 liters ($4.42 per 1000 gal).24 Total costs would exceed that figure.
'

Vapor compression evaporation would also be expensive.26,27 The staff considers evapora-

|
tion energy intensive and uneconemic compared to other alternatives.

4. Ion exchange (IX). Contaminants and TDS may be removed from restoration streams by IX.
| Although nearly ccmplete removal of TDS is possible with this technology, costs and water
; consumption are excessive for feed TDS concentrations greater than 350 to 500 ppm.24 A
| preliminary design examining IX treatment of ?390 ppm restoration water indicated that
| spent regeneration brine ar.d resin wash waste flows would be greater than 30% of the
| treated water flow.28 Besides the recovered dissolved solids and contaminants, the regen-

:
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eration wastes would contain high 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 IX treatment under the USBN 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.

IS. Freeze separation. When an aqueous solution partially freezes, the stream separates into
itwo 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 melting) and a brine.

Freeze separation is in the developmental stage and has not been applied specifically to
restoration water treatment. Freeze separation is claimed to have
costs, high water recovery, and effective contaminant rejection.24,Sotential for lows As with ED, the
treatment costs for this system are strongly affected b{ the size or scale of the opera-tion but are believed to be comparable to those of R0.2 Further development is
necessary to define the merits of freeze separation.

At this time only R0 or ED is reconunended by the staff for use in aquifer restoration.

Techniques for specific contaminant removal

1. Chemical precipitation. Concentrations of chemicals (Ca, Mg, 50 , and C0 ) and hazardous% 3
trace metais and radionuclides (radium, uranium, and thorium) may be reduced in solutions
by means of lime precipitation. Very soluble ionic species, such as chloride, ammonium,
and sodium, are essentially m ffected by the process. Although significant reductions
in TDS may be achieved, lime piacipitation treatment alone is generally insufficient to
achieve restoration goals. Therefore, precipitation treatment is usually teamed with
general TDS removal systems (RG, ED, IX, distillation, etc.). Lime-based pruipitation
and softening pretreatment of R0 and ED feed streams may be required to prevent fouling of
membrane surfaces by sparingly soluble salts (CaSO , CaS0 , etc.). Distillation. IX, and% 3
freeze precipitation units 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(0H)23 Will
increase the pH of the water stream. The added calcium ion will induce the precipitation
of CaSO , CACO , and other hardness-forming compounds. Some of the dissolved radium% 3

and barium will 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, V, and V form soluble complexes or are otherwise
soluble at high pH and may be only partially removed by lime precipitation.20,29,30 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 f rom the environment in some form of long-tenn disposal impoundment.

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

3. Carbon adsorption. Activated carbon is commonly used in water treatment processes to
adsorb trace elements. This technique has been used to control 6r.olybdenum 1 and vanadium 323

contamination of elution systems of uranium recovery processes emt.loyed at ir ritu leach-
inq facilities. When used in conjunction with lime precipitatior.d. carbon adsorption can
achieve reductions in arsenic, selenium, and vanadium concentratiobs by greater than 90%
in industrial wastewater.30

Chemical restoration

To facilitate restoration by natural 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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includes chemical reduction and stabilization, neutralization, and elution of contaminants from
clays and other ion exchangers.

IHg fogen sulfide and sodium sulfide have been identified 20.2" as potentially effective reducing
agents. Anaerobic bacteria may also be used to establish reducing conditions in an aquifer.24
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 anions (Na, Ca Mg, 50 . HCO , C0 , Cl) are not significantly% 3 3

affected by this treatment.20 However, the injection of reducing agents has not yet been
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 c4 clays and feldspars. The resulting shif t in the pH of the aquifer would lead
to the precipitation of acid-soluble heavy metal contaminants.21

Attempts have been made to rcnove adsorbed anuncnium ion from clays through the use cf saline
solutions of sodium, calcium, and/or magnesium. The concentrated calcium and magnesium salts
force the aninonium off the ton exchange s;tes of the clays. The desorbed ammonia is then#

withdrawn from the aquifer and removed from solution. .

Because the proposed 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

d agent necessary.

2.3.10 Details of the applicant's proposed operation

2.3.10.1 Well field
1
'

Well-field design and operation

Ogle Petroleum, Inc., proposes to employ a seven-spot pattern comprise'd of six injection wells
surrounding one central recovery well. The distance between wells is presently estimated to be

315 m (50 ft), and the average production per recovery well will be from 49 to 65 m /d
(9 to 12 gpm). The injection rates will vary with the hydrology and the geometrical configura-

3
-

tion of the well field but will average about 33 m /d (6 gpm), having a probable rarge of from
22 to 38 m /d (4 to 7 gpm). Injection prt.ssures are expected to range from 60 to 100 psi.3

These injection pressures are in the same range as other in situ mining operations in the
State.28,32 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 repred for fracturing will exceed this value. However,
the applicant will monitor injection wellhead pressures to assure that this minimum value is
not greatly exceeded during production. Operational experience could cause Ogle Petroleum,
Inc.. to deviate from this t,asic seven-spot well-pattern design.

The seven wells are collectively termed a production cell. The production celis tc be in pro-
duction at any one tine 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 will be an isolated pod in the southeastern
part ci the proved ore body, which includes the research and development project site
(Figs..!.3and2.4). Mining the first unit will take about ene year.

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

! 259 wells, and covers about 4.7 ha (11.6 acres). The pregnant leach solution pumping rate from
3 to 4.4 x 103 3m /d (500 to 800 gpm), as! the first mining unit is projected to be about 2.7 x 10

compared with a planned flow rate of up to 6.5 x 103 m3/d (1200 gpm) for subsequent mining units.!

j' The first mining unit embraces the 0.37-ha (0.93-acre) research and development tract. Some

I
"'
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.

minor alteration of the well-field pattern in this area will probably be made, depending 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
fomation water from the first unit will be pumped to the second mining unit. In this transfer
the water may be routed throush ion exchange columns to remove some of the residual mobilized
uranium. During the transfer, lixiviant from the spent mining unit vill be pumped into injec-
tion wells in the inner portion of the virgin mining unit. Simultaneously, groundwater will
be drawn from the outer recovery wells of the virgin field and pumped into the outsr 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 lixlviant 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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. Fig. 2.4. Detailed view of first mining unit of the Bison Basin Project. Source: ER.

Fig. 3.2-2.

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 solution-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 (40 acres)] are as follows:

Recovery wells 32u

Injectien wells 620
_

Total 940

In addition, drilling and completion of monitor wells to detect any possible excursions within
the host sandstone formation have been proposed. Monitor wells are propesed to be located no
more than 91 m (300 ft) from the edge of t|.a ora body being mined and will be spaced not more
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than 122 's 183 m (400 to 600 f t) apart. The exact number and location of monitor wells will
be specified in the mining plan approved by the Wyoming Department of Environmental Quality.

Approximately 15 upper aquifer monitor wells will be completed within the mining area. Con-
2 struction of monitor wells in the next aquifer below the formation to be mined is not planned

at this time because of the impemeable characteristics and extent in depth cf the lithology
below the ore body,

,

i Exploratory drilling has indicated that as much as 31 m (95 f t) of mudstone underlies the ore
body. :Two sandy intervals underlying the ore-body sands have also been penetrated. Because
they are very sinuous, are laterally discontinuous, and vary greatly in thickness over short
intervals, they probably represent abandoned stream channels. The staff agrees with the i

applicant that these sandy intervals do not merit ers 'toring, in addition, it has been deter- |
,

; mined that no 3quifer exists for at least 79 m (260 i below che ore zone.

Well construction
-

Ogle Petroleum, Inc., uses a method of drilling and completing injection and recovery wells
which was very satisfactory during previous field operations. Both the injection and recovery
wells are drilled and completed to the same specifications so that they can be interchanged.
A schematic of a typical well completion is shown in Fig. 2.6.

,

Wells will first be drilled out from 11 to 13 cm (4.5 to 5 in.) in diameter to a depth of
approximately 1.5 m (5 f t) above the "D" zone sandstone. By using heavy drill collars that4

apply weight directly to the drilling bit, tMs pilot hole will be drilled as straight as.

_possible. The hole will then be enlarged in diameter from 17.1 to 19.7 cm (6.75 to 7.75 in.)4

with a larger drilling bit.

' After the larger diameter hole is finished, a 10- to 13-cm (4- to 5-in.) internal diameter
; casing will be emplaced in the hole. The casing will be constructed of polyviny1 chloride or

fiberglass materials and connected with either glue or mechanical or thread-type joints. A
minimum of three centralizers will be used to maintain the casing in the centr cf the hole.

; The first centralizer will be located at the bottom of the casing string.
,

'

. , , ... __ _r . _ _ . . _ _ , , , _ _ _ _ _ _ _ , _
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Fig. 2.6. Schematic of typical well completion. Source: ER, Fig. 3.2-4

Once the casing run is complete, water will be circulated through the annulus to ensure that
cement can be returned to the surface. With circulation established, the cement slurry will
be introduced into the casing by pumping. A predetermined volume of cement slurry - enough
to fill the entire annular area - will be pumped. The cement will be a light slutVy, with
bentonite added to stop the cement from settling. Calcium chloride will be added to speed the
set time.

The cement volume will then be displaced out of the casing and into the annulus by chasing it
with a styrofoam wash down plug and water. When the plug reaches the bottom of the casing,
the pressure in the system rises, thus indicating that all the cement is displaced. The
pressure will not be bled of* until the cement has set, and the casing will be securely held
down at the surface to prevent the casing from floating while the ce:.ent sets. |

After the cement has set which usually takes 12 h, the well will be drilled out past the bottom
of the casing and thrcugh the "D" zone host sandstone. The hole extension will be drilled witha nonclogging drill mud.

..
. - - _ _ _ _ _ _ _ _ - _ _ _
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A screen assembly, consisting of a blank tail piece, screen, and blank riser pipe connected
to a packer, will ther; be run into the well. The screen assembly will be 5 to 7.6 cm

- (2 to 3 in.) in diameter any will have a packer that is compatible to the inside diameter of
the casing. The screen assembly will be emplaced at the bottom of the well with a stringer,

rod equipped with jets to wash and clean up the ore body sandstone across from the screen
openings.,

The final well cleanup or completion 4111 be accomplished.by using the stringer rod in com-,

bination with washing and air bubbling cycles. The pressure will gradually be increased and
the stringer rod run up and dowr. throughout the screen-opening interval. This operation will.

be continued until' only clean, sand-free water is circulated to the surface. Upon completion,
,

the applicant shall packer test the well for integrity and report the results to the NRC. The j
details will be a condition of the license. i

{ Well abandonment

! Producticn, injection, and monitor wells will be properly abandoned by filling the casing with
mud from tht bottom of the hole to within about 3.7 m (12 ft) of the land surface. The casing,

; from 3.7 m below the surface to within approximately 0.6 m (2 ft) of the surface will be filled
|

I with cement. The casing at a depth of 0.6 m below the land surface will be cut off and
removed, and the hole will be backfilled to the surface.

I

2.3.10.2 Recovery plant

Construction and appearance

I The proposed uranium recovery plant will be housed in an existing building located on the site.

The building was originally constructed for use by(research and developinent test opcrationperfomed by the applicant. The building is 52 m 170 ft) long by 12 m (38 ft) wide and 7 m
(22 f t1 high, except at the west end, which has a 12-m (39-f t) equipment bay. The building
will be expanded to house tanks, generators, miscellaneous equipment, and a laboratory. The,

j layout of the plant building and other existing and planned plant area facilities is given
d

in Fig. 2.7.

In addition to t* processing plant building, the 1.5-ha (3.6-acre) facility compound will
# contain quarters (or the plant crew; areas for parking, equipment storage, and a sanitary-waste

-leach field; and storage tanks for process chemicals and solutions and plant fuels Berms will
be established around the diesel fuct and process chemical and solution storage tanks,

i Because the site is remote, electric utility service is not currently available. Therefore, j
i plant electrical requirements will be met by ensite diesel power generators. Transmission lines |

,
will be extended from the facility compound to the individual mining units as required. |

!
;

Uranium recovery process

The uranium recovery plant wi.'l use standard concentration and purification processes. From
the results of the pilot test, the expected uranium concentration in the pregnant liquor will
average about 82 ppm of U 0s but will vary from as high as 300 ppm to lows of nearly zero.

3
Ion exchange resins function acceptably under these conditions and will be used in the process.

. ' Recovery plants using resin ion exchange coltons are orgenized into three sequential units:
the leaching circuit, the elutic4crecipitation circuit, and product preparation area (Fig.

. 2.8). To simplify plant operatioe, and eliminate atmospheric releases of uranium concentrates.
the yellow cake will not be dried but will instead be shipped as a concentrated slurry. The-

leaching circuit includes the well field and the ore body, which lie outside tia boundaries of
the plant complex proper. The leaching circuit presents a large potential for evulronmental
effects compared with the other plant circuits, which are isolated from the surroundings.+

Leaching circuit

I
= In sity leaching of uranium requires the circulation of a lixiviant that will oxidize the |

- uranium to a soluble state and form stable uranium ion complexes easily recovered fiom the ore
,

1

1

} |

_ - - _ -_- _ _ _ _ _ _ _ _ - .
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|

Dody. The Bison Basin Project will use a lixiviant consisting of sodium carbonate / bicarbonate
CO ) and oxygen (or hydrogen peroxide, H 0 ) in water. Although the lixivient concentra-(Na2 3 2 2 i

tion has not been reported, the pilot test was operated with sodium bicarbonate concentrations i

apparently in tha range of 1 to 3 g/ liter. The commercial plant should operate in the same
range. On injection inito the ore zone, the dissolved oxygen reacts with the uranium minerals,
oxidizing the uranium to its +6 oxidation state. The uranium complexes with carbor. ate to give
a uranyl tricarbonate ion [UO (C0 )3-4], which is soluble a''d easily recovered from the2 3
ore zone. As the ore minerals are disrupted by leaching, a portion of the radium content may
also be dissolved. Depentung on site conditions, contaminants such as As, Se, V, and Mo may
also be oxidized and mobilized. Lesser quantities of Cu, Pb, Ba, F, 2n, Cd, and Hg may be
mobilized (ref. 20, p. 61). However, the results of the pilot-scale test at this site do not
show any major changes in trace element moLilization during leaching.33
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The dissolution and complexing of uranium occur as the lixiviant flows through the ore body
from the injection wells to the production wells. The 11xiv. ant would be circulated through
the ore zone as long as uranium production justifies continuation. For example, approximately
25 pore volumes of 11xiviant were circulated through the pilot plant test cell before the
uranium grade began to decline, signaling the exhaustion of the cell. At design capacity flow
of 4548 liters / min (1200 gpm), approximately 200 injection and 100 production wells would be
in operation. The lixiviant output of these wells would be collected and pumped to the ceriral
recovery plant in buried pipelines.

The uranium-bearing solution, now called pregnant lixiviant, is directed to the ion exchange
columns or diverted to a surge tank for storage. As the solution passes through the columns,
the ion exchange resin beads in the columns preferer.tially absorb the uranium (uranyl tricar-
bonate) from the solution and release the chloride ion back into the solution. The barren
lixivint leaving the column may contain bss than I ppm uranium.

,

|

| To control the spread of lixiviant from the ore zone, a leach circuit bleed of around
j 0.38 liters /s (6 gpm) is taken between the ion exchange columns and the. injection surge tank.
| The bleed causes the well-field injection rate to fall below the production rate and generate a
' net flow of water towards the well field. Additional . control is obtained by monitoring flow

rates of individual injection and production wells.34 A portion of the lixiviant bleed will
I be used for processing purposes in the recovery plant, but all of the bleed will ultimately be

sent to the evaporation pond (s) for disposal.'

||
The barren lixiviant entering the injection surge tank will be monitored for pH and bicarbonate
levels. Carbon dioxide and/or sodium carbonate will be added as necessary to restore the
lixiviant to its original strength. The solution is returned to the well field, where the
oxidant (oxygen gas and/or hydrogen peroxide) is added just prior to reinjection of the
itxiviant into the are zone.

Elution circuit
i

The ion exchange resin will adsorb uranium from solution until it is exhausted or fully loaded
with uraniuw. The elution circuit strips the uranium from the resin and prepares the resin
for reuse in the adst,rption circuit.

The Bison Basin Project will use moving bed ion exchange columns to allow continuous operation.
i The moving bed units will withdraw fully loaded resin from operation as freshly eluted resin

is returned. The loaded resin is transported to the elution columns. Elution reverses the,

ion exchange reaction, forcing the uranium from the resin and replenishing the resin with
chloride ion. Upon renoval from the elution circuit. the eluted resin is rinsed and then
returned to the ion exchange columns. The rinse solution is discharged to the evaporation pond,

f The solution leavsng the elutian column contains uranium (as uranyl tricarbonate ion), sodium
chloride, sodium carbonate / bicarbonate. and contaminants such as vanadium,:mlybdenum, and
sulfate. The eluate is acidified with hydrochloric acid to destroy the tricarbonate complex and

.

drive off carbon dioxide after which the uranium is precipitated by the addition of hydrogen:

peroxide and sodium hydroxide. The ycilow cake product settles out of the solution and is
withdrawn to the product preparation erea.

A portion of the spent eluate will be discharged to the evaporation ponds to control the concen-
tration of contaminants such as 50 , Cl ..V, and Mo in the circuit.34 The estimated flow cf4
this stream is 7.6 liters / min (2 gpm) (ER, p. 208).

The remaining spent cluate passes to the spent eluate surge and chemical fortification tank.
Makeup water (from lixiviant bleed), sodium chloride, sodium carbonate, and bicarbonate will
be added to oring the eluant to the desired strength (1.5 M Nacl, 0.5 # NaHCO ).19 The fresh3

cluant is then ready for recycle to the elution column'.

Product preparation area
'

The yellow cake (precipita,1 uranium) from the elution/ precipitation circuit will be washed
. to remove adsorbed contaminants and then dewatered to a thickened slurry. This slurry will be
stored in tanks within the plant building prior to shipment. Because all uranium will be in a
wet slurry, dust releases and hazards associated with yellow cake drying will be eliminated.

f

t

._
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The yellow cake product from the Bison Basin Project will be shipped as a slurry (50% U 038 by
weight) in specially designed and licensed trailers.35 Therefore, the yellow cake drying
equipment employed in conventional product preparation operations will not be used at the Dison
Basin recovery plant. The yellow cake slurry will be shipped to the Aerr-McGee Nuclear cor-
paration hexafluoride processing plant in Gore, Oklahoma.

2.3.10.3 Proposed aquifer restoration program

Ogle Petroleum, Inc., will restore the well-field aquifer as part of a continuing operation
during and af ter mining. The company proposes to accomplish restoration through a combination
of groundwater sweeping and clean' water circulation. The first steo in restoration
will consist of the transfer of about one pore volume from the mining unit last mined to the
mining unit to be mint.) next a7d the simultaneous transfer of an equivalent amount of water in ;
the opposite direction (Fig. 2.5). After transfer of the first pore volume, cycling of the '

groundwater through the surf ace purification unit will begin with the purified water fraction
being reinjected into the aquifer undergoing restoration and the reject stream (brine) being i;

transported to evaporation ponds.
!

|

The restoration of the 0.37-ha (0.93-acre) pilot-scale tract required the recirculation of
eight pore volumes of treated water through the leached zone.23 Commercial-scale restoration
should proceed under similar conditions.

The applicant expects that the reverse osmosis treatment unit will have a water-recovery rate
of 80 to 90%.33 The capacity of the commercial reverse osmosis unit has been tentatively set

3at 627 m /d (115 gpm) but may be increased as necessary to speed the restoration of the aquifer.
Final capacity determination will be made af ter the comercial restoration critusa are

| approved by the NRC and the State. Assuming a treatment rate of 627 m /d (115 gpm) and com-3
!

paring the mining flowrate [6.5 x 103 mi/d (1200 gpm)] and the number of pore volumes circulated
for leaching (approximately 25) and for restoration (approximately 8). the staff conservatively
estimates that the restoration operations on a mining unit will continue 3.3 times longer than
the leaching operation. As operating experience accumulates and optimal procedures are devised
or the reverse osmosis capacity is increased, it is likely that the restoration process may
take considerably less time than is presently estimated.

,

I

Clean water recirculation will continue until restoration sampling indicates that the water
quality in the affected aquifer returns to its premining potential use. Baseline monitoring;

j of groundwrter at the site indicated that with the exception of sulfate, total dissolved solids, j; and radium, the ore zone aquifer meets drinking water cuality (Table 3.22). To preserve
!( potential water use, restoration criteria will be as close to baseline as reasonably achievable !

i on a parameter by parameter basis. The final specific restoration criteria must be approved
! by both the Wyoming Department of Environmental Quality and the NRC (see Sect. 4.3.1).

Postrestoration monitoring will be conducted to ensure the stability of the restored water
j quality. A description of the monitoring program is in Sect. 4.4. If stable restoration has
| not been obtained, recirculation may be resumed as necessary. Once stable conditions are
| established, the well field will be decommissioned as described in Sect. 2.3.10.5.
i

! 2.3.10.4 Effluents and waste management
t

Atmospheric amissions and liquid and solid wastes will be generated by the operation of the
Bison Basin Project. Because of the generally small scale of the operation, the magnitude of
effluent emissions and waste generation will also be small, thus minimizing the offsite impacts
resulting from the operation (Sect. 4). The following sections summarize the atmospheric
emissions, liquid wastes, solid wastes, and proposed methods of control and management for each.

Atmospheric emissions

The principal nonradioactive atmospheric emissions from the Bison Bason Project will be
suspended particulates and pollutants in the exhaust from vehicles and diesel-powered
generators. Vehicular emissions result from both onsite operations and comuter traffic over
the unsurfaced road between the site and Sweetwater Station, a distance of approximately 45 km
(28 miles). Dust emissions from wind erosion and operations on the site are expected to be about
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68 t (75 tons) per year.34 These emissions will be minimized through prompt reclamation of
affected areas ard establishment of vegetative cover on soit stockpiles. Dust releases
resulting from project-related traffic are estimated to be 272 t (330 tons) per year. The
exhaust emissions are summarized in Table 2.9.

Tatde 2.9. Vehicle- and equipment < elated emissions
for Bison Basin Project

Emissions from Emissions from
Potfutant vehicle traffic equipment at site

(kg (Ib)/ year] [kg (Ib)/yearl

Carbon monoxide 4.o54 (8.937) 22.050 (48.611)
Hydrocarbons $47 (1,206) 3,518 (7,756) s
Nitrogen wides 608 (1,E38) 88,634 (195.405)
Sulfur oxides - 49 (109) 9.444 (20.820)
Particulates' 68 (151) 9,456 (20.847)

,

|
~

* Represents exhaust ar.d tirewear emissions only.1

I Source: Ogfe Petroleum. Inc., ** Responses to U.S. Nuclear Regu-
'

latory Commission Questions Dated November 26,1979,*' Docket No.
40-8745, Dec. 7.1979, Response No. 29.

i

l

i
! The only significant radiological atmospheric emission is that of radon-222. The radon will

be released where lixiviant solutions are exposed to the atmcsphere, such as at surge tanks or
l .the ion exchange columns. Based on the baseline concentration of 80,000 pCi of raden-222 per

liter and a maximum flow of 83 liters /s-(1315 gpm: 1200 gpm leach circuit flow and 115 gpm,

} restoration flow), the radon release per plant operating year is estimated to be
209 C1/ year (ER, p. 222).

Liquid wast.es

Liquid wastes from the operation of the proposed project include the processing plant bleed
stream, restoration waste brine, well-cleaning wastes, and office and personnel facility
sanitary wastes. A water balance for the Bison Basin Project is presented in Fig. 2.9.,

3- The processing plant bleed stream will have an estimated flow of 33 m /d (6 gpm). This figure,

includes resin wash wate- [5.5 m /d (1 gpm)], eluant bleed [11 m3/d (2 gpm)], yellow cake wash3
:

3watsr [5.5 m /d (1 gpm)), and an additional lixiviant bleed [11 m3/d (2 gpm)]. Because all[
process water is drawn from the leaching circuit, the waste stream will bear essentially similar
trace element loadings as does the lixiviant, except for contaminants that are concentrated byi

!- ion exchange into the eluant. The expected composition of the processing plant bleed is given
in Table 2.10. Occasionally, additional liquid wastes will be generated by equipment wash
down and plant housekeeping activities. This water will originate from the domestic water .

; . supply. The average flow from this source will be less than 5.5 m3/d (1 gpm).

i Restoration waste brine will be produed by the reverse osmosis unit. The estimated flow (ER,
3p. 212) 'is 93.2 m /d (17.1 gpm). = The composition of the waste brine is listed in Table 2.10.

L ..The periodic acid cleaning of wells will generate liquid wastes. Cleaning will be accomplished
by the injection of 38 liters (10 gal) of concentrated hydrochloric acid to dissolve scale-

i forming constituents (Ca, Fe, Si, 50 . C0 , etc.). Air lifting to clear the well screens will% 3
follow, and the solution rr.nvered during air lifting will be sent to the evaporation ponds.
Because the interval between cleanings will be a month or more, this activity is nut expected
to increase significantly the waste flow to the evaporation pond.

The processing plant bleed, restoration waste brine, and well-cleaning wastes will be impounded
in evaporation ponds to prevent liquid discharge to surface-water or shallow groundwater s 3.

|
The evaporation area required to accommodate the total wastewater production of 43.12 x 10gstec:

,-

m3

,

P
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Fig. 2.9. Water balance for the Bison Basin Project.

l (34.97 acre-f t) per year less the reservoir evaporation rate of 1.1 m (42 in.) per year is about
4 ha (10 acres). Additional evaporation ponds will be constructed adjacent to the existing
evaporation pond (Fig. 2.10).

The engineering design and method of evaporation pond construction will be similar to that of
the pond ba11t for the research and development project (Fig. 2.11). The ponds will be lined
with 20- to 30-mil chlorinated polyethylene liner reinforced with dacron or an equivalent.
Each pond will have 0.6 m (2 f t) of freeboard. The ponds will not be located in or across
drainages, and there will be no surface discharge from them.

; The pond monitoring system will consist of leak detection systems and a set of monitor wells
completed in the shallow aquifer underlying the ponds. The leak detection system will consist

i

of a' network of perforated pipe located beneath the liner in a sand and gravel filter bed. The
perforated pipe will be connected to a standpipe located at the low point in the system. The-
standpipes from each pond will be checked every two weeks for the presence of liquid. If
liquid is present, it will be analyzed to detennine from its composition if liner failure has4

occurred. If failure is confirmed, the liquid in the pond will be pumped to adjacent '

ponds and the damaged liner section will be repaired. The details of leak detection will be
-approved by the staff and be a condition of the license. I

;

The monitor wells will be completed in the unconfined 1.0- to 1.3-m-thick (3- to 4-ft) aquifer
underlying the pond area at a depth of 16.2 to 16.5 m (53 to 54 ft). The wells will be located
down gradient (with respect to the groundwater flow) from the ponds (Fig- 2.11). These wells.

will be sampled quarterly to detect seepage and contamination from the ponds. If contamination
is found,- the remedial actions outlined above will be' utilized.

- - - .- .,. -. -. . __
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Taue 2.10. Constituent concentrations of Beson Basin Praiset liquid weste streams
from sample teken on Ju6y 8,1979

All values are in mg/ liter unless otherwise indicated

Production plant Restoration
bleed * waste brine *

8Flow rate, m /d (gpm) 33 (6) 93.43 (17,14)
pH, units 6.8 7

Specific conduc:ivity,pmhos/cm 7400 9000
NH , as N 0.184
NO3, as N 170
NO ,a: N 3.63
HCO 891 4002

CO 03
Ca 189 75
0 1950- 600
8 < 1.0
F 0.28
Mg 57
K 21

Na 1648 1000
SO 470 45004

Al 1.29
As 0.02
Ba <0.05
Cd <0.02
Cr <0.01
Cu o.06
Fe o.12
Pb <0.05
Mn 10 08
Hg <0.001
Ni 0.11.

Se <0.01
Zn 030
Total dissolved solids 4966
Mo <0.05
V <0.05
U- 21.0 0-10
22s Ra, pCi/ liter 240 1 4.97
230Th, pCi/ liter 2.3821.20

* Data from Ogle Petroleum, Inc., Source Material License No. SUA 1336, Quarterly
Report, Dec. 27,1979, Docket No. 40 8693.

" Data from Ogle Petroleum, Inc., " Responses to U.S. Nuclear Regulatory Commis-
sion Questions Dated November 26,1979,'' Docket No. 40-8745, Dec. 7,1979, Response
No.32.

Sanitary wastes from the office and personnel facilities will be disposed of by a State-approved
-septic tank and leach field system, the location of which is shown in Fig. 2.9.

Solid wastes

Solid wastes'to be produced by the project include construction and operation refuse, well-
construction wastes, process solid wastes, and evaporation pond residues.

~ Construction refuse will be comprised of building) material screo and other nonradioactive3wastes. Approximately 57 to 76 m (75 to 100 yd3 of these wastes will be generated during-
the first year of the pmject.' - Operation refuse will be generated at the rate of 15 to 23 m3
(20 to 30 yd3) per year during the mining and restoration phases of the project. Trash gen- -

- erated in the office facilities and personnel quarters and uncontaminated, worn process

I
-
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Fig. 2.10. Evaporation-pond locations on the Bison Basin Project site. Rectangle E
represents existing evaporation pond. Squares with numbers represent proposed additional
evaporation ponds. Small circles around edges of ponds represent proposed location of shallov jmonitor wells. Source.: Ogle Petroleum. Inc., " Responses to U.S. Regulatory Commission '

Questions Dated November 26, 1979," Docket No. 49-8745, Dec. 7,1979, p. 40.
;

I

equipment will conscitute the major portion of this waste. All construction, operation, and
other nonradioactive wastes will be disposed of in a State-approved solid waste disposal pit |located within the permit area.

Well-construction waste includes drill cuttings, spent drilling mud, worn equipment, and pipe
scrap. Equipment and scrap materials will be disposed of as construction refuse. Spent
drilling mud and drill cuttings will be emplaced in the mud pits excavated in connection with
well-drilling activities. Based on bore holes of 19.69-cm diam (7.75-in.) by ll6-m depth
(380-ft), the amount of drill cuttings per well will be 3.30 m3 (4.32 yd3). The construction
of 990 wells will result in the production of nearly 3272 m3 (4280 yd3) of wastes. Less than
2.5% of the wastes would be radioactive materials (0.07% U 0s) from the ore zone. The3

!
1
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Fig. 2.11. Schematic of evaporation-pond design. Source: ER, Fig. 3.4-1.

subsequent backfilling and reclamaticu of the mud pits containing these wastes will ensure
safe disposal.

Process solid wastes will include spent ion exchange resins, sediments removed from surge tanks
and filters, and contaminated worn equipment. All of these low-level radioactive wastes will
be placed in the t aporation ponds. The production rate of this waste is estimated to be
3 to 4.6 m3 (4 to t, yd ) per year.353

The recovery plant bleed and the average restoration waste brine will have total dissolved
solids contents of about 5000 mg/ liter and 7000 mg/ liter respectively. The further concentra-
tion of these streams by evaporation in the ponds will result in the formation of solid residuu.
Each of the chemical species present in the liquid wastes (Table 2.9) will be present in the
residue in a relatively leachable form. Based on tne projected waste flowrates, soluble solid
wastes will accumulate in the ponds at the rate of 279 t (308 tons) per year.35

Eecause of the chemical and radionuclide content of the wastes, environmental isolation is
necessary. During the operational phase of the project, the presence of a water layer over
the precipitated solids and the use of an artificial liner to eliminate seepage are sufficient
to isolate the solids. However, adequate long-term isolation is necessary af ter project
closure. The applicant proposes to use onsite impoundments for final waste disposal.

Af ter the liquid in the evaporation ponds has evaporated, the applicant proposes to bury the
plastic liner and radioactive residue plus any other radioactive materials in a shallow pit to
be excavated in the middle of each pond. The radioactive material will be ccvered by either
0.3 m (1 ft) of clay or a plastic liner and a minimum of 1.5 m (5 ft) of natural fill. The
retaining dike formed by the material excavated during construction of the ponds will be pushed
into the pond so that no depression remains to accumulate precipitation or runoff. This would not
meet present criteria for disposal.

2 3The NRC 2,32 and the States of Wyoming 22,32 and Texas 1 (where all previous commercial-scale
uranium in situ leaching has taken place) have followed a pnlicy of requiring the removal of
in situ leaching radioactive solid wastes to a licensed low-level waste disposal site or a
conventional uranium mill tailings pond. The merits of such offsite disposal are discussed
in Sect. 2.3.6.1. The staff will require such disoosal for solid wastes at the Bison Basin
project.

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ .
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2.3.10.5 Surface reclamation and deconuissioning

In accordance with NRC and Wyoming Department of Environmental Quality regulations Ogle,

Petroleum, Inc., plans to properly decommission the Bison Basin Project facilities and reclaim
at fected areas of the pennit. area to their original use, wildlife, and livestock grazing. A
detailed deconnissioning and reclamation plan will be submitted for NRC and Wyoming Department
of Environmental Quality Land Quality Division approvals. The basic elements of the plan are
described below.

Reclamation will occur in stages throughout the life of the project. Reclamation of each well
field will connence soon after the completion of restoration monitoring. Production, injection,
and monitor wells will be properly abandoned by filling the casing with mud from the bottom of
the hole to within about 3.7 m (12 ft) of the land surface. The casing from 3.7 m below the
surface to within approximately 0.6 m (2 ft) of the surface will be filled with cement. The
casina at a depth of 0.6 m below the land surface will be cut off and removed, and the hole
% a backfilled to the surface. All artificial features, such as covered mud pits and

.oads, will be graded to blend with natural land contours. Stockpiled topsoil will be1

replaced where needed and all affected areas properly prepared and seeded with an acceptable
mix of plant species. '

; At completion of operations the processing plant and all appurtenant buildirgs, tanks, and
equipment will be disassembled and trucked from the site. Items that are not salvageable,

j except radioactive materials, will be buried onsite in a pit at a location approved by the
! State of Wyoming. The floor of the pit will be above the groundwater table, and the buried

material will be covered by a minimum of 1.5 m (5 ft) of mounded natural fill. Topsoil removed
during excavation of the pit will be placed on top of the fill and seeded. Once the building,

,- and tank foundations have been removed, the stored topsoil will be redistributed over the
disturbed areas.

Contrary to the applicant's proposal, all radioactive materials will be removed offsite in
accordance with license conditions laid down by the NRC. A radiological survey and an environ-
mental report will be prepared on the plant-decommissioning activity.

After grading, topsoil distribution, and soil preparation, the affected areas will be seeded
in the same manner as were the well fields. However, the fence around the evaporation pond
and recovery plant areas will not be removed until the completion of reclamation.,

The applicant will secure bonding to ensure the availability of funds to complete restoration
i and reclamation. The staff recommends that the bond should be updated annually to account for

current costs and project status factors.4

j 2.3.11 Staff evaluation of the proposed operation and alternatives

The staff considers that the need for increased Fanium production is demonstrated in Sect. 2.2
and that licensing action is in the public interest.

The staff believes that conventional mining and milling are not economically viable for
recovering uranium from this cre body at present or in the foreseeable future as discussed

+ .in Sect. 2.3.

Because the geological and hydraulic conditions at the site meet the criteria specified in
Sect. 2.3.3.2, the staff concurs with the applicant's choice of in situ leaching to extract.

:. uranium at this site.
1

The staff has carefully studied available restoration data from the pilot project performed by4

: the applicant and believes that the ore-bearing aquifer can be restored to a condition of*

potential use equal to current baseline conditions.

The applicant's proposal for onsite disposal of evaporation pond waste would not meet present
criteria. The staff will require.these wastes to be renoved to a licensed burial site.

The staff concludes that the adverse environmental impacts and costs are such that the use of
' the mitigating measures planned by the applicant and specified by the regulatory agencies
involved will keep long-and short-tenn adverse impacts at minimal levels.,

i

?

, , - _ _ _ __ . _ _ _ . , _ . , _
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3. THE AFFECTED ENVIRONMENT

3.1 CLIMATE

3.1.1 General influences

i The climate of the site is dominated by the low- end high-pressure centers and frontal systems
! that migrate through the area during the year. The climate is semiarid, with a mean annual
' precipitation of 33 cm (13 in.).1 More than one-third of the annual precipitation occurs

during the months of April, May, and June in the form of* wet snow and rain. Temperatures vary
from summer highs near 38'C (100'F) to winter lows near -40'C (-40*F). The seasons are distinct
with mild summers and harsh winters. Spring and fall are transitional seasons, with warm days
and cold nights; snowfalls can be expected during both these seasons.2

.

3.1.2 Winds

The open, rolling topography surrcunding the site allows generally free flow of winds through
the area. Although wind data are available for Lander, Wyoming, about 64 km (40 miles) north-
west of the site, the staff has determined that topographical effects cause them to be unrepre-
sentative of the site. The Rock Springs, Wyoming, airport is located 97 km (60 miles) southwest
of the site in similar topography. Apparent in the wind rose for the Rock Springs airport
(Vig. 3.1) is the predominance of winds from the west, west-southwest, and southwest. Winds
ftom these three components account for 47% of all hourly observations. The directional bias
and intensity of the winds are most pronounced during the winter months. The average annual
wind speed is 19 km/h (12 mph); however, the average speed from the three dominant componenM
is 23 km/h (14 mph). Calm conditions [ wind speeds less than 3 km/h (2 rren)] occur about 11% of
the time annually with a minimum of 7%-in the fall. Wind speeds of 48 to 64 km/h (30 to 40 mph)
are common in the area, and speeds of 112 km/h (70 mph) or greater may accompany passing storms.

For dispersion calculations the staff has used meteorological data from Casper, Wyoming - about
187 km (116 miles) northeast of the site - which are considered by the staff to be applicable
to the site and of better quality over a longer collection period than data from the Rock

j Springs airport.

The average annual wind spe.d for Casper is 21 km/h (13.1 mph), with about 45% of all hourly
observation from the west. west-southwest, and southwest. Table 3.1 gives average wind speeds
and directions for Casper.

3.1.3 Precipitation

Drecipitation data from Lander, Wyoming, about 72 km (45 miles) north-northwest of the site,
are believed by the staff to be most representative of the site, because of the distance to
other National Weather Service precipitation-recording stations. The average annual prer.ipi-
tation in Lander is 34.8 cm (13.7 in.),3 but relatively large variations ir, the monthly and
seasonal totals occur (Table 3.2). The maximum annual precipitation recorded during the last
39 years was 52.5 cm (20.66 in.), which occurred in 1941.

Interpolation of maps of normal annual precipitation and annual average lake evaporation''
i' indicate the average precipitation at the site to be between 30 and 41 cm (12 and 16 in.) per

year and the average evaporation to be between 86 and 107 cm (34 and 42 in.) per year.

| 3-1
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Fig. 3.1. Five-year (1950-1954) annual average wind rose for Rock Springs, Wyoming.Source: ER, Fig. 2.7-2.

3.1.4 Storms

Blizzard conditions are relatively common in the site area between October and May. A blizzard
occurs when snowfall is associated with low temperatures and sustained winds greater than 48 km/h
(30 mph). Although total snowfall amounts may be relatively small, strong winds cause extensive
drif ting and reduce daytime visibility to 0.4 km (0.25 mile) or less. Blizzard conditions last-
ing I d or longer may occur. five or more times per year.

Hail and local flooding generally will occur in association with severe thunderstorms. Between .

late April and September, approximately 30 to 35 thunderstorms take place in the site area per |
year. Of these storras, two to four may be considered severe, with 1-d precipitation totaling
more than 1.3 cm (0.5 in.) or winds gusting to greater than 80 km (50 mph). hail will occur in

.

association with these storms about three to five times per year. Tornado occurrence in the
|general area of the site is extremely rare. i

I

3.2 AIR QUALITY

Sites in the vicinity of the proposed Ogle Petroleum mine at which air quality variables are
measured include discrete-sampling stations at Riverton (80 km north), Boulder (120 km west-
northwest), and Rock Springs (100 km southwest) and a remote continuous-sampling station

|
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Table 3.1. Joint frequency (in %) of annual average wind g,eed
and direction for Casper, Wyoming, 1966-19758

Speed (m/s)

Direction 0-1.5 1.6-3.2 3.3-5.1 5.2-8.2 8.3-10.8 > 10.8 Tota.

N 0.4 1.5 1.4 0.8 0.3 0.1 45
NNE 0.4 1.9 2.2 2.1 0.6 0.1 7.3
NE 0.2 1.0 1.4 1.0 0.2 0.1 3.9
ENE 0.2 0.9 1.1 0.6 0.1 0.0 2.9
E 0.4 1.3 1.7 1.2 0.2 0.1 4.9
ESE 0.2 0.7 0.7 0.4 0.1 0.0 2.1
SE 0.2 0.6 0.5 0.2 0.0 0.0 1.5

SSE 0.2 0.7 0.4 0.1 0.0 0.0 1.4

S 0.2 0.7 0.4 0.1 0.0 0.0 1.7

SSW 0.2 0.9 1.8 4.5 4.3 2.4 14.1

SW 0.2 0.9 2.8 6.3 4.5 2.1 162
WSW 0.4 1.7 5.2 4,8 2.0 0.9 15.0
W 0.8 2.9 4.5 2.8 1.0 0.6 12.6
WNW 0.3 1.3 1.0 0.9 0.3 0.1 3.9
NW 0.2 1.1 1.0 0.5 0.2 0.0 3.0
NNW 0.4 1.8 1.3 0.6 0.2 0.1 4.5
All directions 4.9 19,9 27.4 27.1 14.1 6.6

8 A 2% calm has been distr abuted in the table.
Source National Oceanic and Atmospheric Administration, Monthly and Annual

Wind Distribution by Pasquill Stability Classes for Casper. Kyoming. 1966- 197S.
1976.

Table 3.2. ,*4ean and maximum monthly precipitation
and snowfall for Lander, Wyoming

Precipitation Snowfall
#

Month

Mean Maximum Mean Maximum
i

January 1.2 4.2 17.2 67.3
February 1.6 5.5 33.2 111.2

March 3.0 7.6 40.1 125.7

April 6.0 13.8 38.8 167.6
May 6.5 15.3 17.5 86.1

June 4.9 17.4 10 6 46.7

July 1.5 5.3 0.0 00
August 1.1 45 0.0 0.0
Senrember 2.6 11.8 20 59.9

Jt 'ober 3.1 9.1 14.7 101.3

~

. ..,.4 nber 2.2 5.2 30.4 82.5

December 1.1 ;8 20.3 69.0

Source: National Oceanic and Atmospheric

Admsnistration. Local Climatological Data. 197S.
Lan&r, Wyoming.1976.
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- at Patrick Draw-(70 km south). All sites provide data on total suspended particulates (TSP);
S02 and NO2 data are collected at Rock Springs and Patrick Draw; ozone is monitored at Patrick
Draw.5 There is no air quality monitoring on the project site.

Federal TSP standards ar6 75 ug/m3'for the annual geometric mean and 260 ug/m3 for the maximum
24-h concentration, which should occur no more than once per year. Wyoming TSP standards are
60 ug/m3 and 150 ug/m3 for the two respective time units. The highest TSP values occur in the-

- sumer and fall dry seasons, and lowest values occur during winter with snow cover.

Generally, TSP values in the study region are moderate.- Only one station reported annual
values in excess of State annual standards during 1978 (113 pg/m3 at Rock Springs, Fearn
Station),5 and none of the four stations exceeded Federal annual standards. One of the four

. locations reported maximum 24-h TSP values in excess of State and Federal standards. Rock

. Springs (Fearn Station) reported that 18 of 61 daily TSP values were in excess of the Wyoming
standard, including one value in excess of the Federal standard. A second station at Rock.

Springs (Alder Station) reported that 4 of 60 samples exceeded the State 24-h standard. Annual
average values range from a low of 9.4 ug/m3 at Boulder to 112.9 ug/m3 at Rock Springs (Fearn
Station).

IFederal SO standards are 80 pg/m32 for the annual arithmetic mean and 365 pg/m3 for the maximum
24-h concentration, which should occur no more than once per year. Wyoming 502 standards are
60 pg/m3 and 260 pg/m3 for the two respective time units. Secondary standards are 0.02 parts !
per million (ppm) and 0.10 ppm Far the tre respective time units and 0.5 ppm maximum 3-h con- '

centration, which should occur no more than once per year. No State or Federal 502 standards
were exceeded at the two reporting stations during 1978.5

The Federal and State N02 standard is 100 pg/m3 for the annual arithmetic mean (0.05 ppm annual
arithmetic mean), which was not exceeded at eitner reporting station during 1978. The State 0

3
standard of 160 pg/m3 (0.03 ppm) was not exceeded at any reporting station during 1978.5

There are no Wyoming standards for C0 or hydrocarbons. The Federal C0 standard is 160 ug/m3
during a 3-h_ interval. The Federal hydrocarbon standards are 40,000 and 10,000 ug/m3 for 1-h
and 8-h intervals respectively.

3.3 TOP 0 GRAPHY

The permit area is located in south-central Wyoming on the southeast flank of the Wind River
uplif t, about-6 km (4 miles) north of Cyclone Rim, which forms the topographic divide between
the Great Div'ide Basin to the south and the drainage of West Alkali Creek imediately north.
Streams in the area are ephemeral, running only for days or weeks at a time. Ephemeral lakes
-in closed drainage basins such as Grassy Lake on the east side of the site also occur. Grassy
Lake contains water three to four months of the year.6

The project is situated on gently rolling terrain, with elevations normally between 2130 and
2200 m (6988 and 7218 ft) above sea level. The land slopes generally southeast at about
74 m/km in the imediate area of the proposed mining activities.

3.4 DEMOGRAPHY AND SOCIOECONOMIC PROFILE

The proposed Bison Basin project area is located in the southern port.on of Fremont Ccunty,
Wyoming, approximately -- in air kilometers (miles) - 80 km (50 miles) south of Riverton, 48 km
(30 miles) southwest of Jeffrey City, and about 72 km (45 miles) southeast of Lander (Fig. 3.2).
The approximate highway distances from these urban areas to the project site are, respectively,
Riverton, 133 km (83 miles); Lander, 96 km (60 miles); and Jeffrey City 58 km (36 miles). If
the unimproved section [about 32 km (20 miles)] of the road connecting Riverton to Sweetwater
Station (county Highway 135, the unidentified roadway in Fig. 3.2) is upgraded to all-weather
status the highway distance from the site to Riverton would be reduced to about 96 km (60 miles)
(George Hartman, Manager of Mining. Ogle Petroleum, Inc., persor?1 communication, Nov.1,
1979). Lander, though it is the county seat (population, s7700), is about 20% smaller than
Riverton (population, s9200). Jeffrey City (population. 2800) is unincorporated and is pri-
marily a living area for employees of nearby mining and milling projects owned and operated by
Western Nuclear, Inc. Therefore practical considerations, such as the lack of utility-supplied
electricity and water at the project site and the relative capabilities of the above communities

!- to absorb in-migrants, indicate-that the small number of project employees ($30) and their

!
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Fig. 3.2. The Bison Basin Project site and the regional area. The circle represents
the 80-air-kilometer (50-mile) radius from the site. Access to the site is by the Bison Basin
Oil Field Road, which extends about 45 km (28 miles) southward from U.S. Highway 287 near
Sweetwater Station. This road is not shown in the figure. Source _: ER, Fig. 2.2.2.

t.



-

3-6

families will locate in the Riverton and Lander areas. A few key or specialized personnel may
occasionally commute from Ogle Petroleum's Casper office [ highway distance, s233 km (145 miles)].
The socioeconomic descriptions and impact analyses have therefore focused on these communities
and tne surrounding regions in Fremont County.

3.4.1 Population

Historical population data for the State of Wyoming, Fremont County, and the urban areas of
interest are summarized in Table 3.3. The site area is uninhabited: the nearest residence,
that of an oil field caretaker, is about 11 air kilometers (7 miles) away. Sweetwater Station
(population, s50 in the summer and $15 during the winter) is the nearest settlement, about
30 air kilometers (19 miles) and 45 highway kilometers (28 miles) north of the project site.
Jeffrey City is the closest town. Significant population centers within an 80-km (50-mile)
radius are, indicated in Table 3.4.

|

Table 3.3. Historical population data for Wyoming Fremont County, Lander, and Rivertort

Variation between t ee two sets of values for 1977 reflect the dynamic economic conditions prevalent in the
region around the proposed propet site. This volatility increases the diffeculty of reasonably forecasting

populatton changes caused by increased meneng and millmg activities

Population change

(%)

Total population Total Annual

6 1978* 1970 -1977* 1970-1977 1970-1978 1970-1977' 1910-19778 1970-19786 8 81970* 1977* 1977
_

Wyoming 332,416 424,000 27.6 3.1

Fremont County 28,352 30,765 33,653 29.7 18.7 3.8 2.5
Lander 7,125 r Ao 7,667 Iti.5 7.6 2.2 1.0

Riverton 7,995 10,150 9,234 27.0 15.5 3.5 2.1
_

* Data from Fremont County Planning Commission, Land Use Plan, Nov. 9,1978.
* Data from Catherine O'Brien, Population Dept., U.S. Bureau of the Census, Washington, D.C., Oct. 16, 1979, personal communication.

Table 3.4. Populations of significant townships within an 80 km (50 mile)
radius of the proposed Bison Basin projectd

Lander Jeffrey City Hudson Fliverton

7700 2800 506 9200 |
|
2

' July 1977 estimates.
Source: Catherine O'Brien, Population Dept., U. S. Bureau of the

Census, Washington, D.C., Oct.16,1979, personal communication.

1
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Table 3.5 summarizes population projections through 1990 for Fremont County, Lander, and Riverton.
Because any significant influx or outflow of industry will impact population growth trends, fore-
casting population changes in areas with relatively small population bases - such as exists in
the regions surrounding the proposed project site - has inherent pitfalls. For example, a major
industry employing about 500 workers in the Lander area is iron mining. Air pollution control
problems at an iron ore processing site near Salt Lake City, Utah, could conceivably lessen the '
demand for iron ore and result in either curtailment or shutdown of Lander's iron-mining opera-
t!ons. Should these events become a reality, a sizable decrease in employment would occur from !

secondary impacts, resulting in population out-migration. Conversely, sudden, significant popu- -

lation growth can occur with the startup of new industry. For example, because of increased !
c.ergy resource expansion and development activities, the population of Jeffrey City grew from

I1100 in early 1976 to 2800 in December 1977, a 155% increase (ER, p.15).

l

!

Table 3.5. Projected populations for Fremont County, Lander, and Riverton
I

Population change (%)i

j- Total population
; Total Annual

1980 1985 1990
1980-1990 1980-1990

Fremont County
High* 39.650 47,950 56,250 42 4.2'

Low * 40.600 45,640 47,860c 18d 2.3d.

Larder urban area * 8.960 10.840 12,710 42 4.2

Lander (1o-mile radius)* 3,260' 4,1009 4,950* 52' 5.2'i
; Riverton urbae. area * U,940 12,230 15,520 42 4.2

i' Riverton urban areal 10,610 12,365 17* 3.4*
Riverton (104 nile radius)* 7,330' 9,200P 11,080* 51' 5.1' _

* Data from Fremont County Planning Commission, Lmd Use Plan, Nov. 9,1978.
! 6 Data from State of Wyoming Department of Administration and Fiscal Control,

Division of Research & Statistics, nyoming Population and Employment Forecast
'

Report, Cheyenne, June 1979.
*1988 forecast.
dEight years,1980-1988.

! * Data from Fremont County Planning Department, February 1979. These population
estimates are for the rural areas surroundmg Lander and Riverton.

#1979 forecast.
81984 forecast.
*1989 forecast.

[ '1979-1989. .

/ Data from William Peterson, Riverton City Administrator," Population of Riverton"(.
; (unpublished paper),1979.

* Five years: 1980-1985.

}

3.4.2 Housing
,

As is usual in low-population-density areas that are experiencing rapid development of energy
resources, the housing of potential in-migrants is a critical issue in the Lander-Riverton area.
The incremental ~ housing needs for Fremont County shown in Table 3.6 were forecast by the staff
and are based on population and housing statistics developed by the Fremont County Planning

. Commission.7 -About 5300 new housing units will be needed in Fremont County in 1990 to accommo-
date anticipated population increases. Because nearly 70% of the total county population lives

| within 16-km (10-mile) radii of Lander and Riverton, the majority of the new housing units will
- be required in those areas. Also, because Riverton has commercial airline service, has more

i inclusive retail services, and is geographically closer to energy resource development areas
; (such as the Gas Hills mining and milling district), housing development in the Riverton area

will probably proceed at a greater rate than in the Lander area.,

1

!

t
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Table 3.6. Additional housing umt requerements protected for
Fremont County in 19908

Housing types

Single family Multifamdy Mobile home Totai needs

Urban
6Existing preferences 2688 243 491 3422

Projected preferences' 1%8 527 1058 3543
Rural

Existing preferened 1385 126 253 1764
Projected preferences' 1009 272 545 1826

Fremont County
Existing prete..mces* 5186
Projected preferencesc 5369

*These statistics are based on huasing pre'erences, on housing usage dati (e.g4
average persons in housmg units), and on predicted "p obable'* poput. tion egensions a

from 1980 to 1990. The population of Fremont County is expected to increase by I
about 16,597: 10.953 m urban areas and 5644 in rural areas. Sample calculations are |
illustrated on pp. 59 and 60 of the source hsted below. '

6Based on existing housing unit preference trends, that is, based on current usage
patterns: SI% .9 the population of Fremont County hved in single-famdy dwellings,

J
6% in multif amdy residences, and 13% in mobile homes.

' Based on projected housmg unit type preference tre-W.
Source: Fremont County Planning Commission, Lano use P!m, Nov. 9,1978.

Based on staff discussions with local officials, the status of and the barriers to housing
development in the Riverton area are as follow.

1. A private firm is planning a 500-home development about 13 km (8 miles) north of Riverton.
Because'" strip" development will probably occur along the highway from Riverton to the
proposed development and because the housing will be distantly located from Riverton -
an established, incorporated city - county' planners expect that a new elementary school
and additional county school buses will be needed if the proposed residences are built
(Ray Price, Assistant Fremont County Planner, personal comunication, Nov.1,1979).

2. Considerable subdivision development activity has comenced in the immediate Riverton area
during the past 18 months (mid-1978 to late 1979). Expectations are that 450 additional
mobile homes and 1100 single and multifamily units will be constructed. Construction will
proceed under city control and will be finau ed by a bond issue (William Peterson, Riverton
City Administrator, personal comunication Nov.1,1979). The estilt.ated cost of a new

2 (1100 ft )], which includes an unfinished basement and one-car2three-bedroom home [102 m
garage and which is located in an area of comparable homes, is about $58,000 The average
monthly rent for a three-bedroom house varies from $300 to $425.8

i

'3. Riverton has an immediate need for expanded sewage treatment facliities: the current ,

plant is 20 years old and has a 5680-m /d (1.5 x 106 gpd) design capacity. It is currently I3

operating at a peak load of 15,150 m3/d (4.0 x 106 gpd) (William Peterson, Riverton City
Administrator, personal communication, Nov. 1, 1979). The septic field systems being
utilized for new residences are undesirable because of the relatively high water tables in
the area. I

|

|

3.4.3 Employment |
|

Compared with national averages, unemployment rates in Wyoming and in Fremont County are very I

low.

1. The 2.3% unemployment rate recorded by Wyoming in September 1979 was the lowest in the
nation - the seasonally adjusted national rate was 5.6%. The August 1979 unemployment
rate of 2.4% (latest estimate available for comparison purposes) was the lowest in the
nation for the fif th cor.sec41ve month. |

|
,
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2. The unemployment rate for Fremont County declined from 4.2% in September 1978 to 2.7% in
September 1979. Fremont County's labor force increased at a 5.4% rate (16,479 to 17.372)
over the same time period, indicating that the county provided employment for a sizable
increase in the labor force while almost halving its unemployment rate.9

An overview' of Wyoming's uranium mining employment is presented in Table 3.7. Uranium mining
employment in Fremont County dramatically increased - nearly 40% per year - from 1975 to 1978.
Employment forecasts by major industrial classifications for Fremont County (1980 and 1981) are
summarized in Table 3.8.

.

Table 3.7. Uranium mining employment in Wyoming

- Annual average 1978

First Second Third1975 1976 1977
quarter quarter quarter

Carbon County 429 490 698 718 1013 1067
Converse County 449 629 722 743 747
Fremont County 892 1134 1636 1830 19 fib 2192
Natrona County 282 337 250 564 579 593
Wyoming 1604 2410 3213 3837 4306 46o2

Source: John Moklar, Chief of Hesearch and Analysis. Wyoming
Employment Security Commission, Casper, June 1979. personal
communication.

Table 3.8. Forecasts of employment by industrial classifications |
for Fremont County

Number of -
Percentage M persons employed

work fom
1980 TV1

Agriculture 6 1,042 1,042
Mming 24 4,118 4,204 ,
Construction 4 713 736

,

Manufacturing 3 472 47? |
Transportation 5 823 859 |
Trade 19 3.235 3,367 1
Finance 2 342 353
Service 13 2,242 2.300 |

Government 19 . 3.177 3.2o7
Others J 941 941

County total 100 17,107 17,481
State total 222.969 229,44o

Source: Sr 'Vyoming Department of Administration
and Fiscal Control Division of Research and Statistics, Wyoming
Population and Employment forecast Report, Cheyenne, June
1979.

l .. . ..
_ _ _ _ _ _ _ _ . _ _ _ _
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3.4.4 EconomicsE;

3.4.4.1. Regional econ (x ic base

The " basic" industries of a region are those that involve either the exportation of goods and
- services to points outside the defined region or the marketing of goods and services to buyers
-who come from outside the region's boundaries. The definition of an appropriate region is
therefore very important in economic base analyses. For this study, Fremont County was chosen

< - as the basic region. This is a judgmental decision of the staff.and is based on the belief.-
that the vast majority of the socioeconomic impacts related to the proposed project will occur
in Fremont County - mostly in the Lander and Riverton areas.

The land area devoted to mining, crop production, and pasture compose on;y a very small fraction
of the total land area in Fremont County. The vast majority of the county's acreage is classi-
fled as rangeland, with vegetation being limited to arid, high, desert types. Grazing is the
primary use for these nonirrigated rangelands. Over half of this land is Federally owned and

.

managed by either the Bureau of Land Management or the U.S. Forest Service.10+

;

The mineral extraction industry and agriculture are by far the most important basic industries
in Fremont County. Manufacturing activities, though increasing steadily in recent years, are
very limited;e over 65% of the manufacturing finns employ fewer than eight people. Producers

- of lumber and wood products are the major manufacturing employers.

This section will focus on the two basic economic activities, mining and agriculture.

Mining
I .

.

! The importance of and the extraction of mineral resources - oil, natural gas, iron, and uranium -
i in fremnnt County have substantially increased in recent years. Oil production has decreased,

but natural gas, iron, and uranium extraction activities have increased.7 Uranium mining and i1

i milling are expected to continue to increase as new mines in the Copper Mountain, Gas Hills, j
Green Mountain, and Red Oesert regions either begin or expand production. It is estimated
that uranium deposits with varyirig ore grades underlie at least 91,000 h (220,000 acres) of I

surface area in Fremont County.7 Major uranium mining and milling activities within an 80-km<

(50-mile) radius of the proposed project site are listed in Table .3.9. Oil reserves are esti-
mated to be about 60 x 106 bbl and it is anticipated that oil twoduction will continue to

.

decline slowly; natural gas production is expected to increase.7 Iron production from an open-
1 pit taconite mine near Atlantic City is expected tc continue at or near current production

levels for several years.7
4

. Coal is no longer being' mined in Fremont County. Although there are abcut 665 x 106 t
,

(733 x 106 tons) of subbituminous grade coal in the county, most of it is not strippable;
j_ tnerefore, coal mining will probably not make a significant contribution to the county's ,

'economy in the near future (ER, p. 26).
I

f Agriculture
;

Historically, agriculture has been a major component of the economy of Fremont County. In'

1974, about 36,000 ha (89,000 acres) were utilized for crop production [out of about 87,000 ha
(216,000 acres) of irrigated cropland and pasture]. The three leading crops, which accounted

i for about 92% of total production, were alfalfa, wild hay, and t.4rley.11'- The 1975 livestock
i totals were about 117,000 cattle'and 48,000 sheep.12 Total agricultural sales for 1974 a,nounted
i- to $20,079,000, about 5.6% of Wyoming's total agricultural sales of $361 million for that year.

The amount of land used for. agricultural production, yield per acre, quantity cf crops grown,.

.and the value of agricultural crops has been steadily increasing. Although the number of-farms

.and ranches has been declining, their average size has been increasing.7
1
1

3.4.4.2 Income |

j Wyoming's per capita income for 1978 was $9096, a 22.3% incree over the 1977 per capita income
; of.$7434. For 1978, Wyoming ranked second in the nation in per apita income (Alaska was first);
! in 1977, Wyoming ranked thirteenth.13 Table 3.10 shows an eight-year trend for the State's per

- capita income and the effective buying rower for tha6 income. The growth rate in per capita

1

4
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Table 3.9. Major nuclear fuel cycle facihtas within an 80-km
(50-mile) radius of the proposed Bison Basin Project

Approximate air distance
Facility Company Location from Bison Basin Project

{km (miles)] -

Gas Hills Mine and Federal- American Gas Hills 80 (50)
Mill partners

East and West Gas Hills Union Carbide Gas Hills 80 (50)
mines and Gas Hills Mill Corpoiation

Lucky Mc and Beg Eagle mines Pathfinder Mines Gas Hills 80 (50)
and Lucky Mc Mill Corporation

Sweetwater Mine arx! Mill Minerals Exploration AM Des * re- 48 (30)
(mill under construction) Company gion, nortneast-

| ern Sweetwater
County

I Split Rock Mill Western Nuclear, Inc. Jeffrey City 56(35)
48 (30)Crooks Gap mines (Golden, Westem Nuclear, Inc. Crooks Gap ,

|
Goose 11, Congo, Seismic, district
Reserve)

Sources:

1. E R. Table 2.2-2.
2. U. S. Nuclear Regulatory Commission, Draft Environmento Striment Related to the Minerds

Exploratien Ccmpany's Sweetwater Urankm Protect. Sweetwater County, Wyoming, Dockst
No. 404584. December 1977.

Table 3.10. Wyoming per capita personal income and
effective buying ponti, 1970-1978

Income Buying power'
($1 ($)

1970 J672 2981
1975 5942 4805
1976 6723 5242
1977 7434 5940
1978 9096

'In essence, effective buying power is a measure of
consumer purchasing power, that is, the worth of
money determined by what it can buy at a given time
in comparison with what it can buy at a specified
previous teme.

Sources:
1. Casper Area Chamber of Commerce, Area

Development Statistts, Casper,Wyo., March 1979.
2. Employment Security Commission of Wyomi.m.

Research and Analysis Section, vol. 16.no. 5.
Casper, Wyoming Labor Force Trends. May 1979.

.
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income from 1975 through 1978 was 17.7% per year. Buying power increased 11.8% per year from
1975 through 1977 and 14.2% per year from 1970 through 1977.

Table 3.11 gives recently reported weekly earnings in several industrial categories for the
United States Wyoming, and Fremont County. As can be seen from the table, mining is a rela-
tively high-paying industry.

J.4.4.3 F_ Lance and taxes

There are three banks and one savings and loan company in the Riverton area, with assets of
$110 million and $117 million respectively. A second savings and loan company is nearing
completion.

' Assessed valuations and mill levy rates for Lander, Riverton, and Fremont County from 1969 to
1979 are summarized in Table 3.12. The 1978 revenues were $16.5 million for Fremont County,
$7.5 million for Riverton, and $5.6 million for Lander.

i3.4.4.4 Community services artpublic facilities
{
lAs in most relatively lightly populated regions where development of mineral resources is
|expanding rapidly, the two largest cities of fremont County, Lancer and Riverton, are experi-

encing, and will continue to experience, some difficulties in meeting comunity service require-
.

I
ments. It is difficult to forecast accurately needs for additional facilities. Although
anticipation of a large industrial development may indicate need for expanded facilities and
staff, the unanticipated phasing out of another source of employment may rela . facility
requirements.

.Educa tion

Fremont County School District No. 1 includes Lander, the county seat; District No. 25 includes
Riverton. Table 3.13 summarizes statistics for these districts. Central Wyoming Junior College,
with an enrollment of about 1800, is located in Riverton.

Medical

In the Riverton area are 19 physic .ns and surgeons, 11 dentists, and 4 optometrists. Memorial
Hospital, located in Riverton, has 54 beds and an occupancy rate of 63%. Also located in the
Riverton area are the Vision Clinic, Wind River Medical Clinic, Fremont Mental Health Clinic,

I
and the Fremont Manor Nursing Home, which has 90 beds and 100% occupancy. The Bishop Randall '

Hospital in Lander has 56 beds and an occupancy rate of 84%. Lander has 39 physicians, a con-
siderably larger numbcr than would be expected in a community of that size. This large number
of physicians chiefly results from a concentration of specialists in the Lander Medical Clinic,
which has ' clientele from a wide area. The region has attracted pnysicians who enjoy the out-
door activities, such as ranching, skiing, and horseback riding, which are available in the area
(Dr. Mary Irvine, State Training Scieol, Lander, Wyoming, personal communication Dec. 5,1979).

|There are also six dentists in the ta' der area.
|
4

Fire and police protection
|

The Riverton police force numbers 29; the force is believed to need additional staffing and !

vehicles (William Peterson, Riverton City Administrator, Nov. 1, 1979). Areas outside the city
limits are protected by the county sheriff's office, which has a staff af nine. Riverton's
47-member volunteer fire department serves an area within a 29-km (12.alle) radius. The

iRiverton fire underwriters' rating is 7. Lander has a volunteer fire department with a member-
ship of 30.

,

4
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Table 3.11. Average weekly earnings ($) by industry
6

United States Wyoming Fremont County
(Sept.1979) (Sept.1979) (Oct.-Dec.1978)

Manufacturing 273 245 227
Mining 375 393 410
Cone.uction 360 396 272
Transportation and

public utilities 337 357 279
1rade 167 171 155
Finance, insurance,

and real estate 194 204
Services 178 184

Source: Employment Security Commission of V'voming, Research and
Analysis Section, MVoming Labor Force Trends, anu State and Cwnty
Summary of Cowred Employment and Total Payroll by Industry, Fourth
Quarter 1978 Casper, May 1979.

Table 3.12. Assessed valuations * and milllevies8

Assessed valuation

(millions of current dollars) y,gg i,vy

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Il879I

District 1,
including Lander 37.6 36.9 39.1 3E.4 39 4 41.7 455 50.0 58.3 66.2 68.0 65.6

Lander only 8.7 8.6 8.6 8.7 82 9.4 9.4 105 10.9 11.8 12.7 76.7
District 25,

including Riverton 29.6 29.6 31.3 33.2 39,4 37.3 37.8 40 9 51.5 65.5 64.1 79.9
Riverton only 9.7 10.7 10.9 11.0 11.1 11.8 12.0 13.9 .14.5 152 17.5 88 3
Total county

107.9 108.1 114.5 113 2 122.1 125.1 136.9 145.3 175.3 220.2 230.1

* Assessed valuation is 25% of estimated 19ti7 cost.
hThe mill levies are equivalen' to tax rates in dollars per $1000 of assessed valuation.

Source: Lorairw Ocenas, County Assessor, Fremont County Tax Assessor's Office Nov.1,1979, personal
communication.

l Table 3.13. School destrict statiitics

District 258 District 16
(includes Riverton) (includes Lander)

High schools 1 1

Junior high schools 1 1

Elementary schools 5 3
Pupil to teacher ratio 27:1 17:1
Annual expenditure per pupil, $ 1572 2261
Enrollments

High school 1698 789
Junior high school 749 319
Elementary school 769 1210

* Data from Riverton Area Chamber of Commerce, Rierton, a Cry of
Ouality Living, Profile 19/9 and Weldon Shelby, Curriculum Coordinator,
School District 25, Nov.1,1979, personal communication.

* Data from Cathy Guschewsky, Secretary to the Superintendent.
Fremont County School Dist 'ict 1, Dec. 3,1979, written communication.
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Water supplies

The City of Lander is currently expanding its water treatment' facilities. Its supply comes
from two reservoirs in the Wind River Mountains plus the Middle Fork of the Popo Agie River.=

The treatment process includes filtration and chlorination. Storage capacity is approximately
the daily peak usage of 15,150 m3/d (4 x 106 g pd) . The source capacity is 26,500 m3/d

.(7 x 106 gpd). Riverton's water supply is taken from wells. A new water treatment facility
capable of treating water from the Wind River when well capacities are inadequate is under
construction.

,

Sewage treatment
*

Lander's sewage treatment facility adequately meets Wyoming Department of Environmental Quality
standards. The facility includes a lagoon-oxidation system with a de**gn capacity believed,

adequate for a population of 10,000. Riverton's plant is designed f 5680 m3/d (1.5 x 106
gpd) and is handling a peak demand of 15,150 m /d (4 x 106 gpd). S c tank systems are3

being used for new housing; this is not a satisfactory method becat of the high water table,

levels in the area (Raymond Price, Assistant Fremont County Planner, personal communication, j
[ Nov.1,1979).'

\

[ l
! Municipal solid waste )

} Both cities dispose of municipal solid wastes in landfills. Riverton will require additional
I space for this usage in about two years. The Bureau of Land Management has, in the past, been

cooperative in supplying land for this purpose (William Peterson, Riverton City Administrator,
personal communication, Nov. 1, 1979).

4

i

Transportation

i

- Riverton is served by the Riverton Regional Airport, which has a 2.6-km (8600-ft) asphalt run- |
4

'

way. Commercial service ~1s provided by Frontier Airlines, which operates three daily flights. |
'

U.S. Highway 26, State Highway 789, and County Road 135 are the major traffic arteries to '

Riverton, Railroad service is provided by the Chicago and Northwestern Railroad, and five
carriers provide motor freight service. The main roads to Lander are U.S. Highway 287 and

. |County Road 789. No rail service exists. Two motor freight carriers offer scheduled
.

service.
!

Utilities

Electricity is supplied to Riverton by the Pacific Power and Light Company, natural gas by
Northern Utilities Gas Company, and telephone service by Mountain Bell. Rural electricity is
supplied by the Riverton Valley Electric Association. These same utilities provide service to
Lander.

; Recreation
|

I Riverton has only 40% of the recommended open-space recreational acres for a community of its
- size; however, because many residents are primarily involved in individual outdoor activities
such as skiing, hunting, and fishing, this statistic is not very meaningful. Recreational

l
. areas in Fremont -Sweetwater, and Carbon counties and their distances from the proposed Bison i.4

;. - Basin site are shown.in Table 3.14. No parks or recreational facilities exist in the generals' area of the proposed site. Antelope hunting actively occurs in the general region, which
. includes extremely large areas of browse for that type of game.,

_
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Table 3.14. Recreational f acilities in Fremont. Sweetwater,
and Carbon counties

Air kilometers
to Bison Basm site

Flaming Gorge National Recreation A ea Sweetwater 77.4
Pathfinder National Wildhfe Refuge Carbon 64.8

Boysen Reservoir State Park Fremont 63.0

Seminoe State Park Carbon 72.0

Big Sandy State Park Fremont 64.0
Sink: Canyon State Park Fremont 39.6
South Pass Mining Area Fremont 27.0
Platte River Crossing Historic Monument Carbon 77.4

Source: ER, p. 29.

3.5 LAND USE
|

3.5.1 Land resources

The project site and all surrounding land is used as nonierigated grazing land. The closest
irrigated fannland is along the Sweetwater River near Sweetwater Station, 30 km northeast of

'

the project site. The lack of rainfall (Sect. 3.1.~,) and groundwater (Sect. 3.6.2), the short
growing season (Sect. 3.1.1), and the poor soils (Sect. 3.8) all appear to preclude not only
more intensive agricultural uses but al;o urban developments.

The grazing capacity of the site is about 4 ha per animal unit month ( A.U.M.) (10 acres /A.U.M.)
[3.74-4.54 ha/A.U.M. (9.25-11.23 acres /A.U.M.)]," The range is utilized only during sunner
months. Game species are discussed in Set.t. 3.9.1. Mineral resources are discussed in Sect.
3.7.2.

3.5.2 Historical, archaeological, and scenic values

3.5.2.1 Historical and cultural places

Several historic trails passed through Fremont County along the general alignment of the Sweet-
water River 52 km (28 miles) north of the proposed project site. These include the Robert
Stuart Trail (1812), the Bonneville Trail (1821), the Oregon Trail (1843-1845), the Mormon Trail
(1847), and the California Trail (1849-1851). A number of markers can be seen between Split
Rock on the east and South Pass on the west.

Seven sites in Fremont County, three sites in Sweetwater County, and nine sites in Carbon
County are listed in the " National Register of Historic Places." The closest cf these sites to
the proposed project site are South Pass, where several historic trails crossed the Continental
Divide, and South Pass City, a late nineteenth-century gold-mining town, located 40 km (25 miles)
west and 40 km (25 miles) west-northwest of the site respectively.

The applicant established contact with Jan Wilson, Acting Director of the Wyoming Recreation
Commission, and Ned Frost, Chief of the Historical Division of the Wyoming Recreation Commission.
They indicated that "no cultural properties enrolled in the " National Register of Historic Places"
are located within the area of your concern," and that within that area "there are no historic
proprties listed in the Pjoming Inventors of 1/istoris Sites (which might qualify for fut tre
enrollment in that Register)" (Jan Wilson, Acting Director of the Wyoming Recreation Commission
and Ned Frost, Chief of the Historical Division of the Wyoming Recreation Commission, personal
connunication, Nov. 2,1979). Thus, neither the National Register of Historic Places nor its
supplements through December 1979 nor other official sources list any areas of cultural or
historic interest close to the proposed site.
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3.5.2.2 ' Archaeological resources

An~ archaeological reconnaissance survey was conducted by George M. Zeicens,' Associate State
Archaeologist, in November 1977. The area survey included the access road and all land in the
project area that will be disturbed by the proposed in situ mining operation. Zeimens recom-
mended archaeological' clearance for the project, with the stipulation that the Office of the

. Wyoming State Archaeologist be notified irmnediately if any buried cultural materials ara %und
during construction or mining activities.

An archaeological site is located in the center of Section 30, T27N, R%W. However, no land
disturbance will occur at this site because it is outside the project area. No paleontological
sites will be affected.

3.5.2.3 Scenic values

- The lands of the proposed project site, and all lands within view from the site and from the
Bison Basin Oil Field Road, are entirely devoid of trees and are rolling, witnout any par-
ticularly distinctive or interesting landform. The predominant mood is established by very )

"

- low, grayish-tan desert scrub that extends without relief in every direction. 1

i The site is within vit.ible range of the northern rim of the Great Divide Basin. The plant
i

structures, however, lie below the topographic divide between West Alkali Creek and Sulphur
Creek and are nearly indistinguishable at a distance.

.

3.6 WATER

3.6.1 Surface water

The Bison Basin Project site [3.4 km2 (1.3 sq miles)] is located within the West Alkali Creek
drainage basin [440 km2 (170 sq miles)] in an upland area near the topographic divide with the
Sulphur Creek drainage basin (Fig. 3.3). Both streams are part of the Sweetwater River drainage
network. West Alkali and East Alkali creeks meet to fonn Alkali Creek about 18 km (11 miles)

j downstream from the site, and the confluence of Alkali Creek and the Sweetwater River is
i about 25 km (16 miles) from the site. West Alkali Creek is intermittent with a well-defined,
j active channel carrying runoff generated by sno' melt and spring and summer thunderstorms. Itw
; - flows for about two to three months each year and appears to be a " losing" stream (one with

the groundwater table below the streambed and net lbsses of water to the unconfined groundwater
aquifer). At its closest point the project site is 1.6 km (1.0 mile) from and 25 'n (18 f t)
above West Alkali Creek. Ephemeral streams, some with poorly defined channels, carry runoff

' from the site. Runoff from approximately 55% of the site drains into Grassy Lake, a shallow
' but completely enclosed depression that is 1.3 km (0.8 mile) from the site and is flooded for
about three to four months each year. The bottom of Grassy Lake is clayey, and groundwater,

outflows from it are thought to be minimal. Runoff from the remainder of the sitt (northeast
section) drains into one of two small unnamed playas, one of which has an outflow to West

'

Alkali Creek about 3 km (1.9 miles) downstream from the site.

Water quality information for West Alkali Creek is'from one " grab" sample collected by the*

applicant on May 18. 1979,' at stations upstream and downstream of the project site runoff4
,

a- . and 4.2 km (2.6 miles) apart. Dominant water quality features are very high pH and TDS, with
Na+ dominant among the cations and 11C0 and C0 2 among the anions. Alkali Creek is not3
suitable as a public water supply since concentrations of TDS, As, Fe, and Mn, as well as pH,

i exceed standards; however, it is likely used at times by wildlife and livestock as 'a water
j' supply (Table 3.15). Water quality data are unavailable for Grassy Lake; however, water j
' quality in Grassy Lake should be similar to that of West Alkali Creek following major spring - '

| runoff events. During late spring and summer, Grassy Lake constituents become increasingly
more concent9ted because.of evaporation and are diluted slightly after thunderstorms, e

'

Alkali Creek and Sweetwater River, perennial downstream watercourses, are currently classified
#-- as Class II waters by the Wyoming Departt.ent of Environmental Quality because, according to

the Wyoming Game and Fish Department, they support a trout fishery. Upstream of its con-
-fluence with Alkalt Cteek, the Sweetwater River is classified as a Class I water; no further
water quality degradation by point sources is permitted.

!
1
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Fig. 3.3. Urainage patterns and their relationship to the proposed project site.
Dashed lines indicate ephemeral washes. Source: ER, Figs. 2.1-2 and 2.1-3.

3.6.2 Groundwater

3.6.2.1 Regional flow system

The regional groundwater hydroicsic system in this part of Wyoming has not been clearly defined
because of sparseness of data-yielding wells. The surface land use of limited livestock grazing
has not placed a demand on the use of groundwater supplies. Welder and McGreevy (1966) in
their discussion of the groundwater in the adjoining Great Divide Basin, south of the project
area, indicate that both unconfined (water table) and confined aquifer systems are present.
Further, they state that "the unconfined aquifers are generally permeable ' blanket' type
deposits of Quaternary or Tertiary age, and the confined aquifers are confined by impermeable
rocks." The conclusion of their report indicates that "this part of the State is underlain by
many water-bearing sandstone units that differ greatly in distribution, thickness, grain size,
sorting, cementation, and clay or silt content. Single widespread aquifers having uniform
characteristics are probably not present.als These observations are also thought to be appli-
cable to the groundwater systems present in the Bison Basin area.

3.6.2.2 Site-specific groundwater and aquifer characteristics

Locally, the shallow aquifer groundwater system extending down to and including the mineralized
sandstone unit proposed for solution mining is controlled by the McKay Lake-Daley Lake syncline
(see Figs. 3.4 and 3.5). This synclinal structure creales a closed groundwater basin, with
subsurface waters in the project area moving at a slow rate to the southeast, essentially down-
ward toward the axis.

' The first groundwater encountered during dril'ing in the project area is at a depth of 15 to
20 m (50 to 65 ft) below the land surface and is normally under water table conditions. The
next deepest water-saturated zone of significance is the basal "B" sands, a 0- to 3-m-thick
(10-ft) Tenticular sandstone interval located in the Laney member of the Green River formation
at the bottom of the "B" unit (see Fig. 3.6). This aquifer has mudstone aquicludes above and
below which produce confined conditions. The upper aquifer monitor well for the research and
development well field [well 303-6-M3 discussed later (Fig. 3.14)] is completed in the "B" sands.
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Tatde 3.15. Water quahty in West Alkali Creek at stations upstrearn and
downstream of all potentaal drainage from the sets, May 18,1979

AH values are in mg/hter unless otherwise indscated

Wyoming
*'**"

West Alkali Creek * Drin ng water,

Upstream Downstream Quahty wildhfe
and livestock

critetia'd

pH, units 95 0.3 6.5--8.5 6-9
Total drssolved sobds 610 724 500 5000 <

Specific conductivity,pmhos/ctr 900 1165
Cl 58 90 250 2000
CO 168 1563
HCO 110 2683
NO <0.01 <0 012

NO 2.4 3.0 10.03
NH <0.1 <0.13

SOa 60 90 250 3000
Na 198 288 2000
K 18 25
Ca 13 14 1000
Mg 2 6 500
At 1.5 2.15
At 0.04 0.06 0.05 0.2
B < 1.0 < 1.0 0.5
Ba <0.05 <0.05 1.0
Cd <0.002 <0.002 0.01 0.05
Cr <0.01 <0.01 0.05 1.0
Cu 0.14 0.08 1.0 0-5
F 0.71 0.81 07-1.2 2.0
Fe 1.90 3.12 0.3
Hg 0.001 <0 001 0.002 0.1
Mn 0.11 0.37 0.05 |
Mo < 0.05 <0.05 1

Ni <0.04 <0.04
Pt> <0.05 <0.05 0.05 01
Se <0.01 <0.01 0.01 0.05
0 0.030 0.038
V <0 05 <0.05
Zn 0.37 0.17 5.0 25
22s Ra, pCe/ titer 1.35 0.06 5.0
230Th, pCi/hter 10 0 0.0 10

|

* Data from E R, Sect. 2.12, pp.191-192. |

*U. S. Enverenmental Protection Agency, Quahrf Crite,(a fa- Water. Heport
EPA 440/9 76 023, July 1976. '

*** Proposed National Secorulary Drinking Water Starufards," red. Rep,s t. 42(62L '

17143-17147 (1977). I

du. S. Public Health Servre. DrenA ing Wrer Standards. PHS Pa,hcation 956,1962. |
'Wyommg Departmect of Environmental Ouahty, Land Quahty Division. Guidehne Alo. 4 |

(rev.), Nov. 9,1976, pp. 3 h
'J. E McKee eruf H. W. Wolf, eds., Water Quality Criteria. 2d ed., The Resources Agency of

Cahfornia. State Water Quahty Control Board, Publication No. 3 A,1963.



o

ES-5069

,s" % , h,-3 LEGENDr'

, y~ r y%
'y,-_
,/ Q y/ _

c,,a

) o=r
- _ M ALLuv1AL FILL

J~.t.b~~ *Q ' **.
,t_ '\

/--

h*.1.lS.JR_. -I h <^, @ ARiW ARE E FOR M AT SON4. -

g , iv s

##8-W" '" M [' M CON TINE N T AL PEAK FORW.T ON,

U/ yng " - ,
,v v s,-. ,

/ |1, \"k_./ ~ - . Il N
'

[ .h'/ ..\ f j 'M ' ( _ _._ _ \ @ LANE Y WE VBE R , GRE E N Rive R FCAM ATION'

7. ~
''-] ONO

/[M ' ~ k/t- QQ e AT TL E SPRINGS F ORMA TION_s
, /. s,s. ,, ,

\N
. .,%.- g/ , ',-t) N'j~~~~, '

as te SYMBOLS,o /) yg,*.-j, (l N

a*A s * * * * (

',.- APPROX iM ATE CONTACT. OCT TED
. j 3 f'

r% , 4 WME RE 'NFf RfvED OR B JRIE D
Q. . -* * 7 C4/ *'8 | g%.

# '-, 4.'4 ,- Q ' I Ip- ,, p _

l
OUTCROP PATTE RN SHOWING OtP SLOPE

,e C:RECTION (FROM PHOTOiNTERP9ETATION)3
- \ w

N .. .. j #'*0 fC - -%/ g?3g ,<j . ST R;# E AND dip OF ',EDDINGf/ %

T. \ Ib! '

.**S l
'

/}* u

[",/ f;i i g O c e s .c s E u PLOR AT CN N L L HOL E L OC A f TON

\{ ,.frq AND Ot $sGNATION
'

i 0* * 3

v w ..e

\3 f' %.. / + 4 Q vs. eaa, GAS AND O't EX5t0NAT ON WELL w

j [i pesar s ',.39 LOC Af fM AND Of SIGN ATICN. $4* tNG 1F
#

g [ TOTAL LE P TM tid

f - /PR OJ E C T AREA

~s
s

'~
~,- 4

, \

\ j.th, .. p SvNhtNAL A A IS.

'*
1 't

'
A' ANTICUNAL A NIS

#

~~T,1
N ,[ k$~,g af 1* ''

M p FAJLT SHC* % REL Af rvE DISPLACEVENT
, ,

S' / 6 D (U) UP (DJ DO * N/ is#
9' Ibr %** he /- \ g, O GEOLOG'C S E C T ON

T27N / ""^~~~'s',e' ;- \ GENERAL > ZED ORE B3Dy QUTLINET 2C N

7/ I
,

' '

f _ , co e ,4 3
g

, Q/ '

g' ;&' x
,

. N| t.r - ,. lgi
' s n-1 ib, .t . 4;' , , .- .

~ -f ,
.-( e n se r

! ,/ g, '
| .c' \

o y,o. 4oofL
-.s

_'**'r'*
-

R77W R96W
_

Fig. 3.4. Location of McKay Lake-Daley Lake syncline with respect to project area. Source: ER, Fig. 2.4-1.

_



"*MORSE TRAC K NORTH .tNE DALEY L AME
ANTICLp.E 3EC. 2S STNCLthE

** OP 0" $0uTH LtNE
lCy I y. 23 '4'78, stst gsEc. 2SA cox

O,P |
'

, L ..y " ,
Atnuse *5n00 : '

3 cRE EK - n00
'

j ',' y.,d,'*ff .,[- f ----- $ ~
. c,g 3, c,, ,,3._.,j i .f T. can p.T .Cox 37

'- - $ ! t
O y ..... ~~~ Tbs

-

,

Qw.q|- %n
) ' i I

tS 3 .,,g
i -

.T.

y .nh+ 1 ---- t. ''}{_ T.,~ '-~~--. ,,t j ,r',-| a' /
i ..- , , ,, TT,

'" '
..... s' .. . ,I #.-

_

5SW
' '

6R00
' , ' ' '

: 6e00

E
- t,

.,. .
r, n.

6600 70 400 . ''," '{ ,gd,,,
,. , , . . T.

., 3e5u- 380-

f... *'.. - | ' heg .+-
7'' n a

#
,

- 6600, ';
.

g T Dr ,e
.

- r r
, 3

,
, ,

f6400 ,' ,' f' 6400Tee ,
,

- , . . -e './
,

6200 b
' #

, ',- Tes 2 6200 Y
f ,, ,,,,,,, ,' il

,'- a"*, ' , ' 70 e00 To sie - y7 ,3, ,

U.C_1 ' sv 0Ls
- *=I 1 ARlK AREE FORv1.TCN

I Tce CONTINENTAL PEA * FORuATCN ...p. APPR0x Maf f CONTACT,
'

~

Ter eR60GER FORwarm g QUER'ED * MERE INFERRO - Se00

Ti LANET WEwSER, GREEN 6@ND MATER LEVEL
"

river FORMATCN g

Tbo eATTLE SPRINGS FORWAfroN O 250 500 TSO 9000 Dr ACE

feet

EuPLORATiON MOLE SMoe'NG

vo . OTAL DEPTM
T

;;; ; ORE |Q-4

Fig. 3.5. Sample geologic section of project area. Source: ER, Fig. 2.4-2.

4

_ _ - - _ - _ _ _ . - _ _ _ _ .



- _-

3-21

ES-5070

Jr r - UUI50

4 p]
-

_ _ _

__. "t -[-_ FIRST BE NTONiiE BED
~

_ , _.3 0, _-

?
.

BRIDGE R
FORMATION

,t
- 150

'

I

"A" LNif

_ ,_ J oo -x- SECOND BE N 10N I T E Bt D

s _ ;
_. s< =_ x- _ >m

---s- - -g -- B A S A L " B "- 5 A N D *
3

-
g

250 p--

LANEY -

MEMBER ~_ 7 "C " UNIT
._

GREEN
RIVER -

w''FORMATION - - 300

"D" UN I T

(
q 350 {

gh ~9~ BA$At "D" SANDS
N=- -

CONTAIN'NG U R ANIUM ORE BODYs

la CPS /sN - 177 p
1C* t 3 /wtN g g.

1 *s 20 ww/iN SCN /$ e4

Fig. 3.6. Log from hole OP-45 (taken as representative); see Fig. 3.7. Source: ER,

Fig. 2.4-12.



. _ - _ . _ _ - . _ __ . _ . ~ _ _ _ _ . _ _

!

.

3-22

The water in this well has a. static head of 57 m (186 ft) above the top of the aquifer. The
upper aquifer monitor wells for the comercial operation will also be completed in the basal

i "B" sands..

The next older sandstone unit with sufficient thickness and areal extent to be considered an
aquifer is referred to as the basal "D" sands located in the Laney member at the bottom of the
"D" unit (Fig. 3.6). This is th^ host rock for the uranium deposit that Ogle Petroleum Inc.,
proposes to mine. The "D" sands consist of an approximate 4.5-m (15-f t) interval, which varies.

in depth from outcrop around the Horsetrack anticline to a dipping below the surface to an
.

average distance of 114 m (375 f t) in the p;oject area and deepening to over 290 m (950 ft) at' -

the axis of the Daley Lake synclite. This sandstone aquifer is overlain and underlain by
persistent mudstone aquicludes. Geologic and hydrologic data obtained to date from the "D"
sands indicate that there is no communication either with the overlying "B" sands or the under-
lying Battle Springs fonnation aquifers (Sect. 3.6.2.3). Exploratory drilling has indicated
that as much as 31 m (95 ft) of mudstone underlies the ore body. Two sandy intervals under-
lying the ore body sands have also been encountered. However, they are very sinuous and
laterally discontinuous, vary greatly in thickness over short intervals, and probably repre-
sent abandoned stream channels. Detailed hydrologic infomation on the Battle Springs forma-

|'tion has not been gathered as Ogle Petroleum does not plan to mine in this underlying formation;
however, it has been established that no aquifer is present for at least 79 m (260 ft) below
the ore zone. ),

'
4

The hydrologic properties of the "0" sands (production zone aquifer) in the project area
' were established from the results of three separate aquifer tests conducted in both the north

and the south portions of the elongated 16-ha (40-acre) ore body. The locations of the aquifer
tests are shown in Fig. 3.7. Details pertaining to these aquifer tests may be found in

,

Appendix B.

Information from three separate pump tests indicates that the average transmissivity ranges
2from 1.4 to 2.4 m /d (117 to 198 gpd/ft) and that the average hydraulic conductivity ranges,

2from 0.24 to 0.41 m/d (5.8 to 10.0 gpd/f t ). These values of hydraulic conductivity are tr'a-
tively low, classifying the aquifer as poor.16 The data also indicate that leach chemical.,

' - . will be confined to the production zone aquifer because no significant vertical leakage was
detected during the pump tests.

,

3.6.2.3 Hydraulic comunication

The static head of the "B" aquifer is approximately 15 m (48 ft) higher than the static head of
the "D" aquifer. To test for hydraulic comunication between the "B" and "D" sands, immediately
prior to pumping of Well 303-6-P22 for Aquifer Test 3, the water levels for all wells used in
the-test were measured (Fig. 3.8), - The water level in Well 303-6-M3 completed in the "B",

- - aquifer was 19.0 m (62.33 ft) below the land surface. The water level in the wells completed
in the "D" aquifer (303-6-P21, 303-6-P8, 303-6-P30, 303-6-P31, 303-6-P32, and 303-6-P10)
imediately surrounding the "B" aquifer well (303-6-M3) ranged from 33.5 to 34.3 m (109.90 to
112.51 ft) below the land surface. At the conclusion of this test, the following drawdowns

,

were noted: I

Well number Maximum drawdown Aquifer
J

303-6-M1 4.2 m 13.8 ft) "D" sands
303-6-M2 -4.4 m 14.3 ft) "D" sands

! .303-6-M3 0.0 m 0.0 ft) "B" sands
303-6-M4 5.2 m 17.1 ft) "D" sands |
303-6-M5 4.8 m 15.8 ft) "D" sands,

303-6-M6 -5.0 m 16.5 ft) "D" sands
!

I From this test it was concluded that hydraulic communication between the "B" and "D" aquifers
- does not exist in the first mine unit; staff expects this condition to apply to the other mine
units.;

As is indicated in Sect. 3.7.1, several nomal faults, with small but variable displacements,
4 transect the 16 ha- (40-acre) ore body. The locations of these faults are plotted on Fig. 3.S.

Data from Aquifer Test 3 also indicated that there was hydraulic comunication across the fan''
located immediately north of the initial (first) mining unit.

! !

I
|
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|

from the data above, at the conclusion of Aquifer Test 3. t'e drawdown in well 303-6-M6 located
across a fault from the pumped well (303-6-P22) was 5.0 m ('6.5 f t), indicating that horizontal
hydraulic communication exists across the fault.

The hydrologic influence of faults and leakage through conf ning layers in each mining unit will
be investigated before the production and ir.jection wells re installed and leaching agents are
injected to confirm the continuity of confining characteris ics. The requirement for gathering
of further, confirmatory infonnation shall be a license conc ition. If hydraulic difficulties
occur near a fault, the well field will be operated so that the wells nearest the fault will be
used only for recovery of solution. Regardless of tests retults, the aquifer above the ore tone
will be specifically :.onitored near the faults. This type of operation is illustrated in iFi g. 3.10. The staff recomiends that monitor wells (see Set t. 4.4.2.5) ba placed for timely
detection of any fault interconnection between aquifers.

3.6.2.4 Potentiometric surface

The static potentiometric elevations in Wells OP 94, OP-95, and OP-136 (see Figs. 3.11 and
3.i2) and Wells OP-41 and OP-132 (see Figs. 3.12 and 3.13) were monitored periodically between
June and September 1977. The results in terms of potentiometric level are shown in
Table 3.16.
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Assuming that hydraulic commucication exists across the other faults. Fig. 3.12 presents the
potentiometric contour map of the production zone aquifer based on data from the previously men- -

tioned wells. The contour map indicates that the groundwater in the production zone aquifer!

! is moving southeast under a hydraulic gradient of about 0.002 rr. per meter (0.009 ft per foot),
,

producing a groundwater velocity of approximately 2.7 m (9 ft) per year.

I 3.6.2.5 Site-specific groundwater quality -

All sampling for baseline groundwater quality values were made in connection with feasibility
push-pull tests conducted in June 1977 and with baselirca monitoring in late 1978, preceding

3comencement of the 0.1 m / min (25 gpm) demonstration project.

Baseline ore host aquifer ("D'' sands) water quality was determined on samples from four wells
within the mineralized zone, preceding the push-pull feasibility tests conducted in June 1977.

r

These wells were the following: OP-135, OP-136, OP-140-TC, and OP-141-TC. Locations are shown
in Figs. 3.11 and 3.13, and results are given in Table 3.17.

l
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Table 3.16. Mean potentfometric surface

stavations of wells on Bison Basin site *

'" P ##'"*CoHar elevation Perforation interval
'" * * * ' ' ' ' ' "- Well No. Im (ft) above mean [m (f t) below
* * " * ' " " "

sea level] land surfacel
sea levelj

OP 94 2156.42 (7074.88) 116-122 (380-400) 2123.68 (6967.45)
OP-95C 2156.73(7075.87) 119-123(389-404) 2124.03 (6968.61)
OP-135 2155.68 (7072.44) 116-122 (380-400) 2123.46(6966.74)
OP 136 2155.56(7072.04) 11G-122 (380-400) 2123.69 (6967.48)
OP-41 - 2172.39 (7127.26) 110-116 (360 -380) 2126.92 (6978.09)
OP-42 2172.10(7129.09) 110-116(360 -380) 2127.11 (6978.71)
OP-132 2171.18 (7123.29) 110-116 (360-380) 2127.42 (6979.62)

e All wells are completed in the ore body aquifer ("D" sands).
Source: ER. Table 2.6-4.

' !
,

*

Preceding the'0.1 n.'/ min (25 gpm) demonstration operation, baseline ore host aquifer ("D" sands)
- water quality was determined in late 1978 on samp11nos from ten wells: -303-6-M1, 303-6-M2,
303-6-M4, 303-6-MS, 303-6-M6, 303-6-P7, 303-6-P16, 303-6-P19, 303-6-P22, and 303-6-P31. Also,

'

water quality determinations were made on samples from well 303-6-M3 in the upper "B" zone..

, - Locations of the above wells are shown in Fig. 3.14, and results of the water analysis are
|- given in Tables 3.18 and 3.19. Table 3.18 is a statistical summary of baseline water quality
| for five wells completed in the ore body aquifer. ("D" sands) and which will undergo restoration.
; Table 3.19 gives the same information for the five monitor wells completed in the "D" sands,

i

!

.

N
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Table 3.17. Basehne water quality, Bison Basin, Wyoming

All values are in mg/ liter unless otherwise indicated;
all wells are completed in the ore body aquifer

("D'' sands)

Well No.

OP-140 TC OP-141 TC OP-135 OP.136

Constituent Sample date and hour

6177 6-7 77 6277 6-1-77

(11:30 a.m.) (5 00 p.m.) (2 21 p m,1 (4 -00 p.m.) (2.00 p.m.1 (6:45 p.m.)

pH 8.92* 8.80 823 8.09
Temperature,'C 12.5 12.0 11.6

Standard on idation.
reduction potential, mV 400* 184 92 92

Specific conductance,
ymbos/cm at 25'C 2300 1850 2450 2400

Total dissolved solids 1370 1330 1790 1780 1380 1390
i

I Hardness * 98.9 101.1 1948 193.9 101.8 962

| Al -0.1 -0.1 - 0.1 -0.1 -0.1 -0.1

{ As - 0.04 -0.04 -0.04 -0.04 - 0.04 -0.04
I B 0.27 0.26 0.32 0.38 0.28 0.26

Ca 27.7 28.9 54.0 54.0 27.7 262
Cd -0 01 -0.01 -0.01 -0.01 - 0.01 -0.01
0 25 29 11 9 24 26

Cr - 0.01 -0.01 -0.01 -0.01 -0.01 -0.01
Cu - 0.01 -0.01 -0.01 -0.01 -0.01 -0.01
F 1.01 1.02 0.68 0.66 1.07 1.04

Fe, total - 0.04 -0.04 -0.04 -0.04 -0.04 - 0.04
Fe, dissolved -0 04 -0.04 -0.04 -0.04 - 0.04 -0.04
Hg -0 001 -0.001 -0.001 -0 001 -0.001 -0.001
K 5.3 6.1 6.7 6.4 5.0 4.9

Mg 7.0 6.8 14.2 14.0 7.7 7.4

Mn -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
,

Mo -0.04 -0.04 -0.04 -0 04 -0.04 -0.04
Na 440 445 495 487 452 455

,

Ni .-0.04 -0.04 -0.04 -0.04 - 0.04 -0.04
P - 0.1 -0.1 0.1 0.1 0.1 -0.1
Pb -0.04 -0 04 -0.04 -0.04 - 0.04 -0.04
22e Ra, pCi/ liter 230 210 260 280

Se - 0.02 -0.02 -0.02 -0 02 - 0.02 -0.02
Sr 0.77 0.82 1.27 1.27 0.74 0.72

U 0e' O.01 0.02 0.04 0.04 -0.01 -0.01
3

V -0.1 -0.1 -0.1 -0.1 --0.1 -0.1
Zn - 0.01 -0.01 0.02 0.01 - 0 01 -0.01
Bicarbonate 90* 110 180 190

Carbonate 20* 20 -10 -10

Sulfate 825 725 1100 1090 825 725

Ammonied 0.4 0.1 -0.1 0.2

Nitrate * 0.2 -0.2 --0.2 -0.2 -0.2 -0.2

" Values were taken several days after sample collection and are less reliable than the other reported values.
6 Hardness in mg/hter, expressed as equivalent CACO .3

eTotal uranium, expressed as equivalent U 0s.3

8 Total ammonia, empressed as N equivatent.
" Total narate, expressed as N equivalent.
Source. Rocky Mountain Geochemical Corporation. Salt Lake City, Utah. Data tabulated by D. B. Roberts,

Sept.7,1977.

L.
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fig. 3.14. Location map of wells pumped for baseline ore host aquifer water
quality determinations made in la*e 1978. All wells are completed in the ore body
aquifer ("D" sands) except M3, which is in the "B" sands. Source: ER, Fig. 2.6-30.

Table 3.20 gives a statistical sumary of water quality for monitor well 303-6-M3, completed in
the "B" sands (Fig. 3.14). Each of the 11 wells referred to above was pumped and sampled four
times during the period from mid-August 1978 to late October 1978. Samples taken during the (
first two pumpings were analyzed for 34 parameters, and samples taken during the second two !

pumpings were analyzed for 21 parameters. The parameters evaluated are indicated in Table
|3.21. Table 3.22 gives a comparison between concentrations of critical groundwater species |

and EPA drinking water standards (" maximum contaminant levels"). Target restoration values iare also listed.
{

T h'. ha 'tiine water in the ore zone aquifer ("D" sands) does not qualify as safe drinking water
becaus af its high radium-226, sulfate, and total dissolved solids (TD5) levels. Additionally, I

the bas'eline water fails to meet the secondary water standards because of its high TDS concen- I

tration. The high sodium concentration in the water in the production zone makes the water
unsuitable for irrigation. Nevertheless, the position of the NRC is that water constituents

Iwill be restored af ter mir.ing to as close to baseline as possible. For this project some '

improvement in many con?cituents may be expected (Fig. 4.2).

3.6.2.6 Water use

According to records in the State Engineer's office, there are only three water wells in the
four townships that include and surround the project area. Information pertaining to these
three wells is listed below:
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Table 3.18. Statistical summary of test area baseline water quality *

All values are in mg/hter unless otherwise indicated;
all wells are completed in the ore body aquifer ("D" sands)

Number of Concentration Concentrationg
Constituent data points mean standard deviation

* "O'(N) (#) (on - 1)

pH, units 20 8.8 -11.4 9.73 022
Total dissolved solids 20 1336-1812 1493 120.7
Specific conductivity,

ymhos/cm at 25'C 20 1740-2125 1853 1348
Al 10 6 b b
NH .as N 20 0.07-2.9 0.71 1.014
NO , as N 20 0.01-0.39 0.13 0.133
NO , as N 20 e e ci. 3

| As 10 e e c

| Ba 10 6 b b
20 0-110 62.6 41.6HCO3

8 10 d d d
Cd 10 e e e

Ca 20 12 -62 32 2 12.1

CO 20 18 -48 30.3 7.93

C1 20 28 -52 34.2 5.3
Cr 10 e e c
Cu 10 c e c
F 10 0.7-1.2 0.98 0.17
Fe, total 20 0.01-0.13 0.025 0.032
Pb 20 6 6 b
Mg 20 0- 8 3.45 2.24
Mn 10 e e c
Hg 10 / / /

Ni 10 6 6 b
K 20 7-16 92 2.4
& 20 c c c
Na 20 320 493 443 37.9

SOe 20 770-1100 901 88
U 20 0.001-0.011 0.0018 0.0024
V 10 b b b
Zn 20 e e c
22s Ra, pCi/ liter 20 2.2 -419.3 76.63 134.96
asoih. pCi/ liter 20 0-14.6 3.68 3.97

8 Tabulated statistmal values are based on data obtained from the sampfing of five
restoration sampling wells in the Demonstration Test area (wells 303-6 7C, 303 6 P16,
303 6-P19,303 6-P22C, and 303-6-P31C).

* Data are below detection limit of 0.05.
' Data are below detection limit ot 0.01.
dData are below detection limit of 1.0.
' Data are below detection limit of 0.002.
' Data are below detection limit of 0.001.
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Table 3.19. Statistical summary
of monitor wells basehne water quality *

All values are in mg!hter unless otherwise indicated

Number of Conantration Conantration;
Constituent data points mean standard devistion'**m 07) (an - 1)

pH, units 20 85-10.7 9.40 0 64
Total dissolved sohds 20 1270-1554 1375,4 63.04
Specific conductivity,

umhos/cm at 25aC 20 1675-1925 1804.2 77.95
|Al 10 b b b 1

NHa as N 20 0.01-10.1 0.88 2.33
NO , as N 20 0.01 -7.80c 0 56 1.713

,

NO , as N 20 d d d2
As 10 d d d
Ba 10 b b b
HCO3 20 0 -134 79 6 41.78
8 10 e e e
Cd 10 / / f

Ca 20 10-34 22.45 8.20
CO3 20 12 -48 30.90 9.73
Cl 20 28 -70 38 42 10.62
Cr 10 d d d
Cu 10 d d d
F 10 0.06-1.30 0.93 0.35
Fe, total 20 0.01-0.06c
Pb 20 b b b
Mg 20 2-6 3.85 1.18
Mn 10 ( / /

Hg 10 g g a
Mo 10 b b b
No 10 h h h
K 20 7-16 *9.25 2.10
& 20 d d d
Na 2. 421-481 436.90 15.11 )
SOa 20 590-950 807.50 70.25 I
U 20 0.001 --0.010e
V 10 b b b

1

Zn 20 d d d '

22e Ra, pCi/ liter 20 0.74-165 1 24.23 43.49
230Th pcilliter 20 0F' .43.9 8.20 16.31

)
* Tabulated statistical values are based on data obtained from the samphng of five

monitor wells completed in the "D'* sands for the Demonstration Test project (wetts
303 6-M1,303 6-M2,303-6 M4,303-6-MS, and 303 6-M6).

bData are below detection limit of 0.05.
' Constituent was not detected at level indicated.
" Data are below detection limit of 0.01.
' Data are below detection limit of 1.0.
' Data are below detection limit cf 0.002.
8 Data are below detection limit of 0.001. l
* Data are below detection limit of DN '

|

|

l
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Table 3.20. Statistical summery of water quakty
for monitor well 3034 M3 in "B" sands

All values are in mg/ liter unless otherwise indated

Number of Concentration Concentrationg
Constituent data points mean standard deviation

(N) '*"9" (X) (o,. - 1)
.

pH, t.auta 4 8.2-8.6 8.4 0.17
Total dissched solids 4 1792- 1958 1866 f&96
Specific conductivity,

ymhos/cm at 25'C 4 2125-2275 2225 70.71
Al 2 a a a
NHa, (as N) 4 0.14-4.0 1.11 1.93

| NO ,(as N) 4 0.01-0.4783
NO , fas N) 4 e c c3
As 2 e e c
h 2 a a a
HCO 4 98-98 98 0.003

i 8 2 d d d
Cd 2 e e e
Ca 4 57-67 60.25 4.72
CO 4 12-12 12 0.003

CI 4 18-18 18 0.00
0 2 c e e
Cu 2 e e c
F 2 0.09-038 0.44 0.49
Fe, total 4 0.01 -0.C?8
Pb 4 a a a
Mg 4 12-25 16.50 5.92
Mn 2 c e c
Hg 2 / / /

Mo 2 a a a
Ni 2 g g a
K 4 9-12 10.75 1.26
& 4 e e c
Na 4 495-583 531.75 36.94
SOa 4 1150-1310 1208.75 76.20
U 4 f f f

V 2 a a a
Zn 4 e e e
no Ra, pCi/ liter 4 0.43-4.3 1.44 1.91
230 Th, pCi/ liter 4 0.3-195 5.78 9.21

' Data se below detection limit of 0.05.
8 Constituent was not detected at level indicated.
'Oata are below detection limit of 0.01.
dData are below detection limit of 1.0
' Data are below detection limit of 0.002.
' Data are below detection limit o8 0.001.
8 Data are below detection lunit of 0.04.

k
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Taide 3.21. Groundweser constituents evaluated in
four pumpings from med August 1978 to late October 1978'

i

All weHs are completed in the are body aquifer (*V" sands) -
encept M3, which is in the *~B" sands

During first two During second two
*" #

samplengs samplings

pH X X
Total disso'ved notu.fs X X
Specsfic conductivity X X
Al X
NHa, as N T X
NO , as N X X3
NO , as N X X2
As X
Ba X

HCO3 X X

B X j
Cd X

jQ X X
Co, x x
Q X X
Q X
Cu X j

F X |

Fe, total X X
'Pb X X
Mg X X
Hg X
Mo X
Ni X
K X X
Se X X
Na X X

- SOa X w

U X
V X
Zn X X

,

22 era X X
220Th X X

* Wells samplea were 303 6 M1, 303 6 M2, 303-6 M4,
303 6-MS, 303 6 M6, 303 6 P7, 303 6 P16, 3034P19,
303 6 P22,303 6 P31, and 303 6 M3.

M.stion_ N&me of well Owner

27N-96W Section 28 Cyclone No. 1 Union Carbide Corp |

26N-97W, Section 32 Osborne No. 1 Olson Sisters Corp. i

26N-97W Section 36 Olson No. 1 Olson Sisters Corp. 1

and State of Wyoming ;

The Union Carbide well is located approximately 5 Fri (3 miles) east of the project area and is
occasionally used by exploration drill crews. 1he total depth of this well is given as 88 m |

. (190 ft), the depth to water is given as 32 m (105 f t), the yield is given as 109 m3/d (20 gpm),
.and there is no' indication as to the geologic formation being tapped. The other two wells,
located more than 13 km (8 miles) south of the project area in the Great Divide Basin, are
used for stock watering. State Engineer's records indicate that the Osborne No. I well is l

59 m (192 ft) deep [19 m (65 ft) to water] and has a yield of 109 m3/d (20 pm), and that !

Olson No.1 is a flowing well, 3 m (10 ft) deep, with a yield of 27 to 55 m /d (5 to 10 gpm).

|>

|

, ,, , , , . --- . -~ ,-- ... , , . _ _ - ~ . . . - - . - - _ . . _
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Table 3.22. Target restorsty values

All values are in mg/hter unless otherwise indicated

Parameter Basehne range * Livestock criteria * Domestic cnteria* Target restoration values #

pH, pH units 8.09-11.4 6.5-8.5 6.5 - E 5 6.5-Baseline
Total dissolved sohds 1330-1812 5000 500 Basehne

Ammonia, as N 0.07-2.9 0.5 Basehne
dNitrate, as N 0.01-0.39 10.0 10 0 10.0

Nitrite, as N - 4 01' 1.0 1.0 1_0

Bearbonate 0-190 _50j
- Carbonate 10-48 (total carbonate)
Chloride 9-52 2000 2P 250

Fluoride 0.66-1.2 1.4 Baseline

Sulfate 725-1100 3000 250 Basehne

Ca 12-62 500'_
B 0.26-0.38 5.0 0.75 Basehne

Mg 0-8 2_50'
,

| K 4.9 -16 Basehne

( Na 320-495 Basehne

Al -0.1 5.0 Basehne

As -0.4 0.2 0.05 Basehne

i Ba -0.05 1.0 10
Cd -0.02 0.05 0.01 Basehne

Cr -0.01 0.05 0.05 Baseline

Cu --0.01 0.50 1.0 Baseline

Fe 0.01-0.13 0.30 Basehne

Pb -0.05 0.10 0.05 Basehne

Mn -0 01 0.05 Basehne

Hg -0.001 0.00005 0.002 Basehne

Ni -0 05 Basehne

Se -0.02 0.05 0.01 Baseline

Zn -0.01 25 5 10
Mo -0.05 Baseline

V -0.1 0.10 Basehne

U 0.001-0.04 5.0F 5.0' 5.0'
22 era, pCi/hter 2.2-419.3 5.0" 5.0' sasehne

* Based on existing data collected from nine wells completed in the mmeralized portion of the ore zone
aquifer (wells OP-144TC, OP.141.TC, OP-135 OP 136, 3036-P 7, 303 6-P 16, 303-6-P 19, 303 RP 22, and
303 6 P 31).

* Criteria are based on water quahty standards presented in Appendix A of Staff Analyses of Comments
(Wyomir Department of Environmental Quakty, Jan. 14,1980 Table 1). A blank space signifies that no criteria
have been t%Iished.

'Basehne is A N for each parameter for a given minmg unit as the highest value obtained from the three
rounds of baseline han.pting (four rounds if there is significant variation) collected from the restoration samphng
wells withm the mining unat. Because of its extreme variation from well to well,226Ra is the one exception to
the defmation of baselme as described above. Basehne for 22sRa will be on a well-by-well basis; therefore,226Ra
baseline is defined for each restoration samplina o 'M highest 22sRa value obtamed from the three rounds
of baseline sampling (four rounds if there is sirnaant variation). The Wyoming Department of Environmental
Quality reserves the option to go to a rest:.vation.samphng well-by+estoration samphng-well basis for all
parameters if there is significant water quahty vadation amonJ the restonation sampling wells within a minmg

'- unit. To achieve restoration of a mining unit, the average of te postrestoration values for each parameter
(except 22sRa) obtamed from the restoration samg hng wells durmg a sample round must be equal to or less
than the target restoration value given in this table. ladium 226 restoration is on a restoration-samphng-well-by.
restoration-samphng well basis.

#An underkned number means that tt'e res. oration value is hightr than the expecte<f background
concentration.

'The minus sign signifies that the parameter was not detected at the levet indicated.
#Criteria are based on a pubhcation of the U.S Department of Commerce, Monitoring Groundwater Quahty

[ Monitoring Methodology, National Technical info maticn Service, PB-256 0681, June 1976, p.142.
'All uranium dra presented in this apphcatm are uranium as U 0s. Livestock and domestic criteria given ini

3

this table for uramum and the restoration valse of 5.0 mg 'hter of uranium are on the basis of uranium as U. The
conversion factor for convert.ng uranium % U 0s to uranium as U is 0.848.3

"CrK are for the combined total of 22 era and 22sRa.

i
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The nearest public water supply is located at Jeffrey City, which is approximately 48 km
(30 miles) by air northeast of the project area. The water supply source consists of a number
of wells located in and around Jeffrey City.

The nearest producing oil well is approximately 13 km (8 miles) away in the Bison Basin Oil
Field. There are two abandoned exploration oil Wils within the vicinity of the project area.
These wells have been sealed in accordance with State and Federal standards. The locations and
other particulars on the two wells are as follows:

Schio Unit 2 Max Pray Unit 1

Location (bothin~' SEl/4/SEl/4, Section 24 SEl/4/NE1/4, Section 25;

T27N.-R97W)
'

l- Surface elevation - 2156 m (7072 ft) (ground) 2146 m (7040 ft) (derrick floor)Total depth 588 m (1928 ft) 1128 m (3700 ft)
Date plugged and September 1959 June 1959

3 abandoned
i

3.7 GEOLOGY, MINERAL RESOURCES, AND SEISMICITY

3.7.1 Geology

3.7.1.1 Regional geology
'

. The project site is located in south-central Wyoming on the southeast flank of the Wind River
i uplif t and about 6 km (4 miles) north of Cyclone Ri.2, the topographic divide between the Great

Divide Basin and the drainage of West Alkali Creek. This divide is also part of the continental
. divide (Fig. 3.2). The immediate area in which the project is located is known as the Bison
j . Basin area or, alternatively, the Cyclone Basin area.

! The geologic setting of basin and range is Wmon throughout Wyoming. The basins usually
contain Tertiary rocks of Eocene or Paleocene e, and the ranges have Precambrian granite or
metasedimentary cores. The northern rim of the cJaat Divide Basin and the Sweetwater uplift ,

ars unusual in that rocks of Tertiary Oligocene Miocene, and Pliocene ages are present. This
i variety of rocks is generally attributed to the late faulting that occurred in the area. The
; -downthrust blocks along these faults contain the preserved late-Tertiary formations.

The Tertiary' sedimentary formations in this region have continental origins. The topograohic ,

highs or mountain range cores provided most of the source material for the Paleocene and Eocene |
i formations. The materials included the coarse clastics and feldspar-quartz sands for formations

|with alluvial fans and fluvial depositional environments, and the finer siltstone and mudstone |
2

materials are found in rocks with lacustrine environments. The formations of later Tertiary
!- age in the Oligocene, Miocene, and Pliocene are basically derived from reworking older fonna-
'

tions and from extensive volcanics that occurred to the northwest in the Idaho and Yellowstone
areas.,

| 3.7.1.2 Paleotectont' history I

Prior to the Laramite oroge.:v. the area had experienced many peri ~is of mari, deposition
followed by erosior . Sometime ou;ing the Cretaceous period, P avs , a moder ;e but increasing
downtrend began in southern Wyoming basins and continued thr'4gh tl :aramide 3rogeny.

The Laramide oroge @, starting with normal faulting and mou..cain bull .ng, w wn subsequentJ- - erosion, was the beginning of continental disposition in the basins V rr 't of which was
#ormations such as the Fort Union formation.

This period of quiet was followed by thrust faulting in late Paleocene time. All of the
. mountain ranges in southwestern Wyoming - Uinta, Wind River, and others - were in existence
at the beginning of.the Eocene epoch as were the Rock . Springs uplift and other anticlinal
bulges now buried under younger Tertiary sediments.

3
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Downwarping of the floc - of the Great Divide Basin as well as that of the surrounding Wind
River, Green River, and Washakie basins continued intermittently throughout the Eocene. These
basins were responsible for catching the detrital material from the mountain ranges. The sedi-
mentation resulted in such formations as the Wasatch-Battle Springs member, Green River-Laney
member Bridger formation, and the Uinta formation, which is not present at the project area.

Some oplift of the marginal mountain areas and other minor deformations, such as faulting and
gentle warping, occurred during the early Eocene, between the end of the Eocene and Miocene,
and again af ter the Miocene. These late deformational activities were accompanied with depo-
sition from re;naining mountain highs and from volcanic tuffs or ash falls from activity to the
northwest.

3.7.1.3 Site geology

As stated previously, the uranium ore body to be mirad by in situ leaching is in a sandstone
unit of the Laney member of the Green River formation of Lower Eocene age. Figure 3.15 con-

| tains the complete stratigraphic column for the project area and includes sedimentary rock
| units of the Paleozoic, Mesozoic, and Cenozoic eras.17 Bedrock formations exposed on the
; project site and the immediate vicinity are shown in Fig. 3.4 A plan view of the ore trend

| 1s given in Fig. 3.9, and typical cross sections through the ore body are presented in Figs.
3.16, 3.17, and 3.18.

The area of 19terest was mapped by the U.S. Geological Survey in 196615 and 1974.17 This work
provides the basic structural and stratigraphic framework, which has been modified for the
purposes of the Bison Basin Project by detailed ;eologic data from the surface and subsurface
exploration of Ogle Petroleum.

.

The dominant middle-upper Tertiary Age structural features are the McKay Lake-Daley Lake syn.
clinal basins, bounded on the north by the Horsetrack anticline and on the south by the Mesa
anticline.17 The project area is located on the north side of the McKay Lake-Daley Lake syn-
cline basin (Figs. 3.4 and 3.5)'.

Because the uranium ore zones to be mined by in situ leaching are restricted to the basal sands
of the Laney member of the Green River formation of Eocene cge, only the lithologic descriptions
of the Battle Springs formation (Lower Eocene) and younger sormations are described. Nits will
be described from youngest to oldest. Almost all the submitted geologic information from the
site comes from the first mine unit (Fig. 2.4). Although the staff considers this information
to be representative of the entire site, the applicant will be required to supply additional
infonnation to confirm the continuity of the geology at the other mine units before these units
are mined.

Arikaree formation (Lower Miocene)

These conglomerates are 0 to 46 m thick (0 to 150 f t) near the base of the unit, made up of
cobbles and boulders derived from Precambrian metagraywacke and granite, and loosely ceented

-

in light gray, feldspathic, tufageous sandstone. A lack of conformity exists Gt the base of
the unit. Groundwater is not present in this formation at the project site.

Bridger formation (Upper Eocene)

The Bridger formation is composed of siltstones, sandy mudstones, gray, yellowish-gray, and
greenish-gray to lignt olive. Some dolomite and hard, cherty, algal limestone lenses are
present. Lenticular beds [0.3 to 0.6 m thick (1 to 2 ft)] of oolitic limestones occur locally
in the upper part of the formation. Two persistent sandy bentonite beds occur within the
project area; these beds show a distinctive pattern on the resistivity curve of the electric
logs in exploratory drill holes (Fig. 3.6).

This unit occurs in tSe project area within the south flank of the Horsetrack anticline in
Section 25, T27N, R9'W, and extends eastward into Section 30. T27N, R96W. The unit, thinning
rcrthward, is apprcximately 30 to 91 m thick (100 to 300 ft) in the project area. The lower
contact is corJoraable over the Laney member of the Green River formation.

.
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"
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Fig. 3.15. Stratigraphic column for the project area. Sou.ce: ER, Fig. 2.4-11.

To conform with the stratigraphic nomenclature and mapping of Denson and Pipiringos,M the baset

! of the Bridger formation is defined in this area as the base of the second bentonite bed observed
l in the subsurface electric logs (Fig. 3.6).

uroundwater has been encountered in this unit during drilling at a depth from 15 to 20 m (50 to
65 ft) below the land surface. It occurs in a 1. to 1.3-m (3- to 4-ft) sand unit and appears
to be under unconfined conditions (see Sect. 3.6.2.2).

I

Laney member (Green River formation - Lower Eocene)

The Laney member is composed of siltstone and mudstone with interbedded fine- to coarse-grained
*

|
(locally conglomeratic) sandstones, numerous hard, cherty, algal limestone lenses, and a basal
mudstone unit. Thickness in the project area is 76 to 79 m (250 to 260 ft).i

A detailed lithologic description of these geologic structures (Fig. 3.6) follows:
'
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Fig. 3.17. Geologic section F-F of ore body. (Refer to Fig. 3.9.)
Source: ER, Fig. 2.4-8.
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Fig. 3.18. Geologic section G-G' of ore body. (Refer to Fig. 3.9.)
Source: ER, Fig. 2.4-9.
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Average thickness Description

4.5 m (15 f t) Top of the unit gray to pale olive mudstone, with local lime-
stone lenses [less than 0.1-m {0.5-f t) thick].

7.6 m (25 ft) Interbedded mudstones, siltstones and sandstones, designated
"B" unit in Fig. 3.6. Basal "B" sandstone is a fine- to
coarse-grained sand with subangular quartz (40 to 50%), feld-
spars (10 to 20%), other rock fragments (30 to 50%). There
is fair to good 90rosity, a potential aquifer.

15m(50ft) Mudstones with interbedded silty to very fine-grained sand-
stones. The sandstones - designated "C" unit in Fig. 3.6 -
are light gray to olive gray and are found with limestone
beds 0.03- to 0.09-m (0.1- to 0.3-f t) thick. There is no
a7 parent porosity in the sandstone beds.

24 m (80 ft) Mudstones, siltstones, and interbedded sandstones. Designated
"D" unit in Fig. 3.6. Basal sandstone is the host rock of I

'uranium ores and is well developed. Thickness varies from
about 2.4 to 6.7 m (8 to 22 f t). The sandstone is usually
fine--to coarse-grained and has poor to fair sorting. It is
composed of quartz (30 to 40%), feldspars (15 to 20%), cal-

i

careous fragments (5%), pyrite, and other rock mineral grains. |
Organic matter is sparse (1%), and porosities are high. The
basal ore sand has been tested as a low-yield aquifer, 55 to

382 m /d (10 to 15 gpm).

30 m (85 ft) Mudstone, olive gray, good sorting, hard.

Battle Springs formatie.n (Lower Eocenel

The Battle Springs formation, of Eocene Age, represents a large alluvial fan complex. It
consists of alternating, coarse-grained, arkosic sandstones, mudstones, and siltstones. It
is characterized by frequent lateral facies changes. In the Great Divide Basin, to the south
and southwest, the formation grades into and intertongues with the Wasatch and Green River
formations. Only partial sections of this formation have been penetrated in exploratory holes
drilled in the project area.

3.7.1.4 Geologic structure

Several nonnal faults, forming horst and graben block features, have been delineated by
exploratory drilling (Fig. 3.9). These faults generally run east to west. Displacements
tre small and variable [ maximum displacement 15 m (50 ft)]. Displacements along the faults
reveal no apparent surface expression and appear to be larger at greater depth, becoming
smaller upward.

3.7.2 Mineral resources

Fremont County contains important mineral resources of uranium, oil, natural gas, and iron ore.

3.7.2.1 Uranium

Major uranium fields were discovered in 1953 in the Gas Hills area of eastern Fremont Cotnty j

and the Crooks Gap area to the south. Nearly all of the mining in the Gas Hills area is cy the
'

open pit method, whereas both open pit and underground mining exists in the Crooks Gap area. I

Uranium deposits, which underlie at least 89,000 ha (220,000 acres), are estimated to total at |

least 27 x 106 kg (60 x 106 lb) in the Gas Hills and Crooks Gap districts.

The Great Divide Basin of Sweetwater County has extensive low-grade uranium deposits that have.

recently become more economical as high-grade deposits nave been depleted elsewhere. There
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have been announcements of new mine and mill operations in this area. The Shirley Basin area
of Carbon County is reporting increased activity in uracium development.

3.7.2.2 011 and natural gas

In Fremont County, crude oil reserves are esti6ated at 9.7 x 106 m3 (61 x 106 bbl), and gas
reserves are estimated at 14 x 101 to 28 x 109 m3 (5 x 1011 to 10 x 1011 f t ).3

Oil production is expected to decline slowly in the future, while natural gas production is
expected to double or triple in the years ahead.

Sweetwater County has abundant deposits of undeveloped oil shale. Like ofi shale, gas and oil
reservoirs have been identified in many geologic formations in the County; but, to date, com-
mercial production has been limited to about a dozen different fields.16

3.7.2.3 Iron ore

| Frimarily from an open pit magnetite mine near Atlantic City, iron production in Fremont County
averages about 3600 t (4000 tons) of iron pellets per day. The reserves in cnis formation are

tons), and major production is expected to continue at theapproximately 109 x 106 t (120 x 106
present levels for at least 20 years.

>

3.7.2.4 Ccal

Coal is no longer actively mined in Freinont Coanty. It is estimated that there are 665 x 106 t
(733 x 106 tons) of subbituminous grade coal in.the county. Because most of it cannot be strip-
mined, it is expected that significant amounts will not be produced in the near future.

3.7.3 Seismicity

The area of Central Wyoming where the Bisor Basin Project is located lies in a seismically
relatively quiet region of the United States (Fig. 3.19). Few carthquakes capable of producing
damage have originated in this region. Only one earthquake of Intensity V has occurred within
a 100-km (62-mile) radius of the Bison Basin Project. This was the November 23, 1934, earth-
quake near Lander, which caused slight damage and frightened some people in that town. It was
also felt as a somewLst lesser shock in South Pass about 40 km (25 miles) west of the site of
the Bison Basin Project.19

The seismically active region closest to the site is the western U.S. Intermountain Seismic
Belt, which runs in a northerly direction from Arizona to British Columbia. It is characterized
by shallow earthquake foci 16 to 40 km (10 to 25 miles) in depth and normal faulting. Part of
this seismic belt extends along the Wyoming Idaho border, more than 200 km (124 miles) west of
the Bison Basin Project, and wocid be the most probable source of earthquakes affecting the
project area.

A recent probabilistic acceleration map of the contiguous United States 20 indicates that the
horizontal acceleration at the project site, with 90% probability of not being exceeded in
50 years, is less than 0.04 gravities, which will produce only a small earthquake. On the
basis of the historic seismicity record and the tectonic framework of the region it is highly
unlikely that a large-magnitude earthquake will affect the project site during its projected
life.

3.8 S0ILS

Soils in the fermit area were mapped by photointerpretive techniques, field reconnaissance,
and profile descriptions. Soil samples obtained from auger holes drilled at representative
locations indicate that there are three soil types and rock outcrops in the area. The ER
Supplement contains descriptions and classifications of the typical soil profiles of each
identified soil.

_
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The soils of the Bison Basin Project region are residual and are classified within the
,

Torriorthents-Haplargids Rock Outcrop assu.iation, according to the C,wral soil Ma;' of '

Wyvming.2 In the inanediate vicinity of the permit area, 90% of the soils Lovering the project
area are rocky, coarse, silty, or sandy loams. The soils are generally caltareous and mildly
alkaline. As discussed in Sect. 4.2, this type of soil is usually adequate for successful
reclamation. About 10% of the area is underlain by rock outcrops or by a thin (about 0.1-m |

thick) sandy loam developed ove" conglomerate rock. Though this soil has a high sodium and '

calcium content, it is still adequate for reclamation. |

|

3.9 BIOTA

3.9.1 Terrestrial biota

The site and surrounding area, which are dominated by bluebunch wheatgrass (Apo;yren s
and big sagebrush (Artemisia triintata), are classified as potential sagebrush steppe.gicatur:).2

The species composition and population densities of plant and animal coninunities are severely
restricted by the lack of growing season moisture and by low winter temperatures.

3.9.1.1 Plant corinunities

Dominant plant communities are comprised of only a few speciee of simple vertical structure.
Abrupt changes in species distribution, plant density, and ground cover are typical because
of the interaction of high water stress with changing slope gradients, exposure, and soil
characteristics. The applicant defined and mapped nine distinctive plant communities that
occur on the project site (ER, Sect. 2.8.1, Fig. 2.8-1).

Approximately two-thirds of the 304.ha project area is dominated by big (Sarecbatus vomiculatat;
sagebrush cocinunities

[ moderate and sparse big sagebrush, 41%; big sagebrush with greasewood
and/or rabbit brush (Chrysothamas nauceosas), 5%; big sagebrush with cushion plants (Phlox

!

- -

_ _ _ _ _ _ _ . __
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sp. , Arenaria sp. , Hymencrje sp.), 20%]. Cushion plant comunities without big sagebrush
constitute another one-third of the project area vegetation [cushio" plants, 26%; cushion
plants with saltbush (Atripter nultaZZii), 4%; cushion plants with passland, 2%). Barren land
with sparse vegetation cover, saline meadows, and saltbush shrub communities each comprise less
than 2% of the project area. Information describing the community structure, density, and
species composition is available in the ER, Sect. 2.8.1.

The projost facilities are to be sited upon cushion plant and big sagebrush communities. the
cush101 p. wit communities occur on upland benches and terraces. Dominant plants [ phlox (Fhlor
sp.), sandwort (Arenariu sp.), and actinea (Hymenor a sp.)] provide up to 20% cover. Wheatgrasss
(Agropyron sp.) is common with occasional needlegrass (Stipa sp.) and blue grama (BcuteZoua
gracilia). The comunity edsts on the driest portions of the projNt area and shows strong
evidence of wind erosion (ER, Sect. 2.8.1).

Big sagetrush shrubland occurs on drier upland : wales and gentle slopes. Vegetation averages
0.25 m in height. Cushirq plants, wheatgrass, and needlegrass form the understory, with
occasiona? Nuttall's saltaush. Species diversity is low; even when understory plants are
included, vegetative cover rarely reaches 30%.

3.9.1.2 Important plant species

According to the U.S. fepartment of the Interior, no Federally listed endangered or threatened
plant species occur in the region (H. E. Stiles, Acting Regional Director, U.S. Fish and Wild-
life Service, U.S. Department of the Interior, Denver, Colo., letter to H. J. Miller, Section
Leader, Division of Waste Management U.S. Nuclear Regulatory Comission Nov. 23,1979). In
addition, no plants are listed as " protected."

Big sagebrush is important to browsing species; wheatgrass, grama, and needlegros are impor-
tant to grazers.

3.9.1.3 Animal communities

Low wildlife density and diversity characterize animal communities in the vicinity of the
project. Animal species am limited by the low density, stature, and diversity of the vege-
tation; by the competition for food with domestic livestock; and by the aide variance in water
availability and temperature.

3.9.1.4 Important animal species

Ten Federally listed endangered and threatened wildlife species occur in Wpming,23 but only
the bald eagle and black-footed ferret are likely to be present in the project area, according
to the U.S. Department of the Interior (H. E. Stiles, letter to H. J. Miller, Nov. 23,1979).

The bald eagle could be a migrant in the area or could utilize the project site for hunting.However, becasse the closest potential nest-site areas are 8 km i.way,2 the project site is

unlikely to contain habitat necessary for survival of bald eagles.

The black-footed ferret is strictly dependent upon prairie dogs f or food. Its decline is
attributed to twentieth-century programs to eradicate prairie dogs from rangeland.2i, Of
105 prairie dog sightings in Wyoming,102 occurred in sagebrush-prairie habitat similar to
that at the project site. In addition, white-tailed prairie dog burrows were observed at the
site at approximately one per ^very 1 to 2 ha in many upland locations (ER, p.153).

Presence of the black-footed ferret at the project site appears to be highly unlikely, however,
because concentrations (towns) of prairie dogs necessary to feed a ferret family year-round
were not observed;23 because black-tailed prairie dogs, which more frequently form densely
populated villages, were not observed;23 because black-footed ferrets are not recorded from
the area by the Wyoming Game and Fish Department;2i, and because activitics required to construct
current site facilities would have driven away any animals that ah- sensicive to man's presence.
The NRC staff observed no prairie dog burrows or villages at proposed facility locations.

- . _ _ _ _ _ .
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Economically important wildlife at the site include antelope, sage grouse, rabbits, and coyotes.
Antelope utilize the site area for sumer range and as a migratory route for one of the few
remaining migratory antelope herds. The herd sumers near Pickett Creek and winters near
Rawlins (ER, Sect. 2.8.2). Mule deer have not been observed in the project area, although
areas as close as 1 to 2 km are classified as mule deer year-long range (ER, Sect. 2.8.2).

Sage grouse winter and nest in drainage bottoms of the area. The nearest known strutting
ground is approximat6ly 16 km northeast of the project site. The site region in general is
one of Wyoming's bett.er sage grouse hunting areas (ER Sect. 2.8.2). White-tailed jackrabbit,
desert cottontail, and Nuttall's cottontail rabbit, in addition to coyote, also occur on the
site (ER, Sect. 2.8.2, and refs. 23 and 25).

3.9.2 A_quatic ecology.

No baseline data on aquatic biota are ava11aSle on or near the project site. The ephemercl
washes draining the site are likely to support only a very few, if any, forms of aquatic life.
Grassy Lake, although intemittent, has a hydroperiod long enuugh to support algae, bacteria,
and invertebrate populations during its aquatic phase. Colonization af ter lake refill by
spring runoff is probably rapid and occurs by means of aeolian transport, by " hatching" of
drought-resistant spores and cysts, and possibiy by emergence from the moist lake bottom.
Life cycles of many aquatic species are synchronized with seasonal hydrologic changes in these
intermittent aquatic ecosystems.26 Diversity and productivity may be high at first as nutrient
and energy resources are exploited but will likely decrease as lake salinity increases (because
of evaporation) and more saline-tolerant species dominate. Although some amphibians such as
the spadefoot toad (Seaphlopus sp.)27 may live along the shores of Grassy Lake, no aquatic
vertebrates are likely to inhabit the lake. As the lake becomes increasingly more saline and
eventually dries in late spring or sammer, many algal and animal species produce eggs, spores,
or cysts which are resistant to dessication and which initiate recolonization and repopulation
of the lake when the hydroperiod repeats itself the following spring.

West Alkalt Creek is intermittent and, according to observations by the staff and discussions
with Wyoming Game and Fish Department staff, does not appear to have permanent pools upstream
of its confluence with Sulphur Creek [about 10 km (6 miles) downstream from the project site].
Aquatic ecology of temporary pools in West Alkali Creek will be similar, though smaller in
scale, to that of Grassy Lake. Permanent pools in other small streams in the area support
fish, notably creek chubs (Smotilus aeromaculatus), lake chubs (# bo als plumbea), fathead3
chubs (Hjordani)ybopsia gnwiZis), white suckers (Catostomas comeroont), mouatain suckers (Pantostaa, fathead minnows (Pimphales promelas), longnose dace (Rhinichthys catametae), and
bigmouth shiners (Notropia dorsalis), and the attendant trophic structure, which supports
fish.28 Downstream, Alkali Creek and the Sweetwater River support naturally spawning brook
(Salvelinuo foncinalls), brown (Salmo trutta), and rainbow trout (SaZno gatedneri), and these
streams have been classified as important trout fisheries by the Wyoming Game and Fish
Department.

Hynes has noted that intermittent streams frequently support surprisingly diverse aquatic I

comunities, especially if there are permanent pools.29 Even intermittent desert streams may
develop rich invertebrate faunas and a diverse algal flora.26 Intermittent streams without
perranent pools may be recolonized from downstream or, in the case of some species, from
in situ resting stages, and, when flowing, temporarily support high rates of primary and
secondary productivity. These streams may be important nursery areas for fish. With these
considerations, West Alkali Creek may temporarily support a relatively rich aquatic flora
and fauna, including fish (but probably not trout), and may be very important to downstream
secondary productivity due to exported organic matter and migrating individuals.

3.9.2.1 Important aquatic species

Aquatic habitats on or near the site are not suitable for the humpback chub (Gila cypha) or
the Kendall Warm Springs dace (Rhinichthys osculus themalis), the only nationally recognized
endangered snecies of fish reported for Wyoming.30 Staff at the Wyoming Game and Fish Depart-
ment know of no endangered or threatened species of fish in this area of Wyoming.

I
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4. ' ENVIRONMENTAL CONSEQUENCES

4.1 ' INTRODUCTION

The discussion of other energy alternatives (Sect.1) concludes that no other alternative is
a direct replacement for uranium recovery at this site. Including the present proposal, the
alternatives, if uranium ore on the site is mined and refined, are then considered in detail.
This section draws upon that teaterial to consider and compare both the environmental impacts
of the present proposal and the possible alternatives. This section forms the scientific and
analytic basis for the judgments made in Sect. 2. The following descriptions provide infonna-
tion necessary to evaluate the consequences.

4.2 AMENABILITY OF THE ORE DEPOSIT.T0 IN SITU LEACHING.

- Anenability of the Bison Basin ore body to in situ solution mining was first demonstrated by
two push-pull tests conducted in mid-1977 in two wells (0P-140-TC and OP-141-TC). The loca-

- tions of these wells are shown in Fig.- 3.7.

A more extensive and detailed demonstration has been completed. Under Source Material License
No. SUA-1336, solution mining operations began on May 1,1979, with respect to a 136-m3/d

r

| (25-gpm) research and development operation on a 0.37-ha (0.93-acre) tract. The location and
well-field configuration of the research and development tract are shown in Fig. 4.1, which<

f shows that the research and development mining unit consists of a row of four injection wells
' separated from each other by a distance of 6 m'(20 ft) and a parallel row of three recovery
j wells separated-from each other by 12 m (40 ft), with 11 m (36 ft) between the injection row
i - and the recovery row. A fourth well (P-19) is located outside the unit, 24 m (80 ft) to the
' west. This well plus wells P-7, P-16. P-22, and P-31 w0re used as restoration sampling wells.

Four guard. wells (two icjM on' wells and two recovery wells) are located 22 m (72 ft) north4

and south of the mining unit. Their purpose was to provide early warning of a lixiviant1

| . excursion and, if necessary, to induce a hydraulic gradient to return, and to confine the
* leachate to the well pattern area.
i

; Five monitor wells in the production zone aquifer ("D" sands) surround the mining unit. They
' are located about 61 m (200 ft) from the boundaries of the 0.37-ha (0.93-acre) tract. In

addition, a well (M-3) was completed in the upper aquifer to monitor vertical excursions.

3The' lixiviant used in the nominal 136-m /d (25-gpm) operation was sodium carbonate and sodium
bicarbonate; oxygen (and occasionally hydrogen peroxide) was used as the oxidant. The previous'

push-pull tests in wells OP-140-TC and OP-141-TC used ammonium carbonate and ammonium bicarbonate
as the lixiviant agent and hydrogen peroxide as the oxidant. Leaching was completed on July 31,

,

1979.

During the three-month mining period, about 126 kg (1600 lb) of uranium (as U 0s) was recovered3

from the ore zone. The average uranium concentration was 82 mg/ liter, and the average flow
rate'was 105.7 m3/d (19.4 gpm). About 25 aquifer pore volumes were circulated through the

|. production zone before the uranium concentration fell to uneconomic recovery levels.
.

The staff believes' tMt these results clearly demonstrate that the unit one ore body is amenable
- to in situ leaching t.4d that injected fluids will be confined to the ore body. The staff does
believe that the favorable characteristics of the unit one ore body apply to the rest of the
proposed mine area; however, it will be a license condition that the applicant submit confirmatory4

information on other units prior to developing them,
1

4.3 AQUIFER RESTORATION'

The applicant's proposed aquifer restoration program is presented in Sect. 2.3.10. Alternative
- -

{ aquifer restoration methods are disem sed in Sect. 2.3.9.
t
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This section is limited to the staff criteria used for the evaluation of this project, pertinent '

details of the applicant's pilot-scale aquifer-restoration program, and the conclusions reached - ,

by the staff.
~

)

'

'4 . 3.1 ~ Restoration

Restoration is defined as the returning of affected groundwater to a condition consistent with I
its premining use or potential use upon completion of leaching activities. Restoration is |
intended to reduce the concentration of toxic contaminants remaining in the groundwater to
acceptable levels. Although restoration technology is currently in the developmental stage, |- test results to date indicate that satisfactory levels of restoration can be achieved.

1
i ,
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Restoration criteria-

The cocsumptive use of water, the disposition of solid wastes, and additional costs must be
optimized against groundwater condition if solution mining is to be a viable technique for
recovery of uranium resources. In line with this, the staff evaluation of the applicant's
proposed restoration procedure is based on the requirement that any affected groundwater must
be returned to a chemical condition consistent with its potential premining use.

' The staff recognizes two water quality zones within the ore-bearing aquifer. The zones are
defined as follows:

1. Mining zone - the area within the mineralized (ore deposit) portion of the aquifer.
The perimeter of this zone is defined as one well spacing [about 15.2 m (50 ft)] either
beyond the outer injection wells or the limit of the ore deposit to be mined. At the
Bison Basin site, groundwater (as determined from the highest concentrations in wells)
within this zone naturally contains concentrations of radium-226 that exceed drinking-
water standards (419 vs 5 pCi/ liter). The quality of the groundwater is such that the
water is unfit for either domestic or livestock consumption. Groundwater within this
zone will be affected by in situ leaching operations.

| 2. Containment zone - the area in the ore-bearing aquifer from the perimeter of the mining
zone to the nearest monitor well. The perimeter of this zone is defined by a line con-
necting the monitor wells surrounding the well field. Trend wells may be placed within
this zone. At the Bison Basin site, groundwater quality in this zone (excluding wells
placed in mineralized areas) is generally suitable for livestock use. However, it is
enticipated that water quality may be degraded in portions of this zone during solution

,

! mining operations.

The staff objective for restoration is that the groundwater quality be returned to its highest
potential premining use -- specifically that each constituent be returned to baseline levels
or better when such constituents exceed applicable standards, that is, for drinking water or
for the use of wildlife ard livestock (Table 3.22). Where the premining quality of the grov ;-
water meets either drinking water or livestock watering standards, the appropriate established
State or Federal criteria will be used to establish maximum permissible chemical concentrations
for restoration purposes.1 If there are no applicable criteria, a level should be selected
for restoration that is consistent with public health and safety.

The target restoration values agreed to by the Wyoming Department of Environmental Quality and
the applicant are given in Table 3.22. The number of restoration wells proposed by the applicant
averages about one for every two acres of are body. The staff concurs with the restoration
target values and the density of restoration wells.

4.3.2 Applicant's restoration test

Starting August 5, 1979, approximately one nominal po n volume was pumped from the pilot well
field to the evaporation pond. This operation, completed on August 9, 1979, represented the
lixiviant that would be transferred to a new well field during con.ercial operation. From
August 10 through September 14, 1979, fluids from the recovery wells were routed to a reverse
osmosis (RO) unit. The clean water from the R0 unit was reinjected into the pilot well field,i

and the concentrated brine from the RO unit was discharged to the evaporation pond, as would
be the case for conviercial-scale well-field restoration.

The results for the major ionic constituents from production well P-22 are shown in Fig. 4.2.
The restoration test demonstrated that staff objectives for restoration could be realized.
Bicarbonate and chloride exceed baseline as shown in Fig. 4.2 because neither is at levels un-

; acceptable for any water use. (For public drinking water, the chloride maximum is 250 mg/ liter,
and no standard exists or'is needed for bicarbonate.)

4

- Conductivity, a reasonable measure for total ionic content, was restored to baseline after a
nominal five pore volumes of R0 treatment.

None of the minor constituents or trace elements exceeded drinking water standards after
' - restoration.
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Fig. 4.2. Major. ionic constituents from production well P-22.

. Monitoring through March 18, 1980, showed either no increase or an insignificant increase for
the constituents in monitored wells (Fig. 4.1). Radium-226 exceeded applicable standards both
before and during mining.

.The applicant calculated the nominal pore volumes of 437 m3 (115,000 gal), using only 0.6 to
0.76 m (2 to 2.5 ft) for lixiviant penetration from ti.c well bore external to the well-field
dimensions,. . From a cursory material balance for sulfate, chloride, and sodium ions over the
restoration phase, the staff estim3tes that at least twice this pore volvie was affected by the
lixiviant during mining. The staff conclusion is that fewer treated Fore volumes will be needed
for restoration than appears necessary from Fig.-4.2 because the percentage volume'affected
external-to the injection well perimeters decreases radically with an increase in well-field'

area. ' The applicant was able to reinject only 62% of the RO unit input. An estimated improve-
ment to 90% reinjection will further reduce the treatment pore volumes required.

4.3.3 Staff conclusions

In the opinion of the staff, the applicant has' demonstrated that the restoration of the aquiferi

. to its original / potential use condition is both practical and probable. - The staff believes
that the applicant can improve RO unit performance to achieve 90% reinjection; this improvement1

would reduce the water consumption for restoration as well as the evaporation pond volume and
surface requirements. The staff considers it necessary for the applicant to mine sequentially;
commencing restoration of each mined out unit as mining begins on the next mine unit or as socn

.as feasible. Sequential mining will be a condition of the license.

- -

. _ _ _ .__ - - - -
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The staff's conclusion is that this prcposed operation is at the state of the art and, with
monitoring and proposed mitigating measures, will pose no major risk to the envircnment.

4.4 MONITORING PROGRAMS AND MITIGATING MEASURES

4.4.1 Preoperational surveys

4.4.1.1 Hydrological

Surface-water baseline

Baseline water quality samples for West Alkali Creek were collected during tht spring of 1979.
The stream was sampled at two locations - one upstream from the runoff from the project area
and one downstream from the runoff from the project area (Fig. 4.3). The results of the base-
line sampling are given in Sect 3.6.1, Table 3.15. The applicant is committed to further
sampling in 1980 to develop better baseline data.
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Fig. 4.3. West Alkali Creek surface-water sampling points locations. Sourr a : Adapted
from ER, Fig. 2.1-3.

Groundwater baseline

The applicant has obtained baseline groundwater data for the pilot demonstration test as reported
in Sect. 3.6.2. The staff considers that the data are representative of the local groundwater
and are adequate for assessment of potential impacts.

Except for the evaporation pond monitor wells, the applicant plans to establish baseline water
quality for the monitor wells by collecting three rounds of samples from each well, with a
minimum of one week between sanipling events. Based on information obtained from the 136-m3/d
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:

(25-gpm)' pflot test, the first rou' d of sampling will be analyzed for the parameters on then
long list; the second and third rounds will be analyzed for the parameters on the abbreviated '
list (Table 4.1). Samples will be collected after pumping about 2 casing volumes from the well

; being sampled. The baseline sampling program for the 136-m3/d (25-gpm) pilot test established
that spe4;1fic conductivity stabilizes by the time two casing volumes are pumped from the monitor
wells.

.

Tatde 4.t Water quality parameter lists*

_

Long list

pH As
Specific conductivity Ba

1
Total dissolvtd solids Cd

NH4 as N Cr
NO *s N Cu3
NO as N Fe23

HCO - Pb3
2-; CO Mn3

Ca Hg
Cl- Ni
B Se

F- Zn
i Mg Mo

K V
Na U

, SOa*- ***Ra
f Al 230Th

Abtweviated list

pH K
? Specific conductivity Na

2-Total dissolved sohds~ SO4
'

NH4 es N Mn
NO as N Fe3

NO as N Pb2
i HCO - Se3

CO 2- Zn |3
Ca u

; }Cl-

;

4

'

Baseline water quality for the evaporation pond monitor wells will be established by collecting
two samples from each well a minimum of one week apart and by analyzing the samples for the )

.
parameters on the abbreviated list (Table 4.1).

! The required baseline groundwater quality data for a mining unit will be obtained before inject-
|ing any chemicals.into the production zone aquifer within the mining unit. Baseline for each|
'

. parameter for each mine unit will be established as the highest value that is obtained from
i

: three rounds. of sampling from any of the restoration wells in the mine unit. ' There will be '

; approximateTy one restoration well per 1 ha (2.5 acres).

l The water level in each well used'to obtain baseline data will be measured rn each sample
I

' collection event before pumping the two casing volumes. The water level % will be forwarded '
;

to the NRC with the water quality data. The baseline groundwater quality data for each mining,

L unit will be forrarded to the NRC and the State of Wyoming as soon as it is received and com-
1 piled by Ogle Petroleum, Inc.

The staff considers the applica"nt's plans to establish baseline to be acceptable. The applicant !
< - Lmust also comply with all requirement? af the State of Wyoming. |

)r

|

^ |

l

1

i

, , , , - ,, _ _ . . _ _ , _- . - _ _ _- - - . . , _ . , - _ . - - . - , -. _ -
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4.4.1.2 Air' quality

The closest current air quality measurements (Sect. 3.2) indicate that the background level of
502 and N0x are quite low and that total suspended solid concentrations are moderate to high.
In addition, concentrations of total suspended particulates (TSP) from site activity are likely
to increase TSP levels there (Sect. 4.5). Therefore, operational monitoring of site air quality

'is reconsnended by the staff. .

4.4.1.3 Ecological surveys

The applicant collected preoperational information on soils, vegetation, aM wildlife. This
infomation is discussed in Sects. 3.8 and 3.9. No operational monitoring appears warranted
from the infonnation presented in Sect. 4.5.6.

4.4.1.4 Radiological surveys

The applicant has conducted an extensive program to obtain radiological baseline data (see ER,
pp.159-177 for methodology). Of particular interest to the staff were the measured radon-222
concentrations from wells in the ore body. These measured concentrations are compared with
theoretical concentrations normally used by the staff for radiological assessment in Sect. 4.5.7.
Table 4.2 gives baseline concentrations of thorium-230, radium-226, and lead-210 in surface
soil and gamma-ray survey results at eight locations.,

1
' Using thermoluminescent dosimeters, the applicant is also monitoring site radiological baseline

(22 locations). -These data average 2.01 0.19 times the dose rate indicated in Table 4.3.
! The staff considers these data to be more representative of the actual dose rate at the site

because of more uniform energy response. The staff calculates the annual terrestrial and-

cosmic component dose to be about 155 millirems / year.

The applicant has also established baseline values for site vegetation for total U, 230Th.
22sRa, and alcPb, as well as air sampling for gross alpha activity.

,

4.4.2 Operational monitoring

4.4.2.1 Surface water

Because no discharges to surface waters are expected, no surface-water sampling is requireri
unless accidental spills occur. ~ If significant releases occur on site [>l9 m3 (5000 gal)], West
Alkalt Creek and Grassy Lake should be sampled after each rainfall or snowmelt runoff until the
chemically or radiologically contaminated area has been decontaminated.

7

,

4.4.2.2 Air quality

i The applicant must meet applicable Environmental Protection Agency (EPA) and State requirements'
for maintaining air quality and should practice approved methods of dust control. The staff
recomends monitoring to demonstrate compliance.

4.4.2.3 Wste pond monitoring

The quality of the groundwater intnediately underlying the evaporation ponds will be monitored
by evaporation pond monitor wells. Each evaporation pond will have an evaporation pond monitor,

well locatea down gradient and within 30 m (100 ft) of the pond. The well will be completed in
the first aquifer underlying the pond and will ts, sampled by using grab sample techniques so
that the " top" of the unconfined aquifer is monitored.<

-

In addition, a network of perforated pipe is located beneath the liner in a sand and gravel'

filter bed. . The perforated pipe will be connected to a standpipe located at the low point in
the system. .The standpipes from each pond will be checked every two weeks for the premr-e of

| liquid. If. liquid is present, its composition will be analyzed to determine whether o r at
. liner failure has occurred. If failure is confirmed, the liquid in the pond will be p.med to

,

|
-an adjacent pond, and the damaged liner section will be repaired.

,

:
!

|-
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Table 4.2. Baseline gamma ray surveys compared with sod sample ana.lytical results

Gamina-r ay +2rve v* Sample
_

Soil sample results
Location exposure rate depth g 230 Th 22a Ra 21oPb

4 R1h) (cm) 49/g) (DC#g) (pCug) (pCUg)

01 8.5 0-5 1.8 0.6410.11 0.6010.16 0.9410.49
5-10 2.6 0.75 t 0.16 1.110.2 0.7 e 0.48

10 -15 2.0 0.4710.09 0.5910.16 0.0010.45
02 8.9 0-5 2.4 0.5010.09 0.6110.16 0.7610.48

5-10 0.7 0.3510.10 08610.16 0?610.48
10 a 2.0 06610.11 U.6210.15 00010.45

03 8.3 n-5 2.0 0.4810.10 0.78 t 0.17 0.6110.48
5-10 2.6 0.50 t 0.06 0.57 t 0.15 0.7710.50

10-15 1.6 0.5710,08 0.6710.16 0.5610.43
09 9.4 0-5 2.9 0.61 t 0.10 0.93 0.18 1.020.5

5-10 3.4 0.801009 0.39i0.13 0.0010.45
10 -15 2.5 0.7710.08 0.6910.16 0.0010.45

10 9.0 0-5 0.8 0.60 t 0.06 0.4510.03 0.77 t 0.45
5-10 2.4 0.48 t 0.10 0.5310.02 0.6510.45 |

10 -15 2.3 0.6310.11 0.7620.03 0.00 t 0.45 l
i

13 90 0-5 1.7 0.6410.14 0.9510.03 0.5620.45 1
,

5-10 1.6 0.7720.14 0.6810.02 0.55 t 0.43 1

10-15 0.8 0.45 t 0.08 0.0010.18 1.210.5
14 8.5 0-5 2.8 0.9410.30 0.63 t 0.03 1.210.5

5-10 2.2 0.7310.11 0.60 0.03 0.6710.44
10-15 2.8 0.9010.08 0.82 t 0.17 0.65 t 0.45

15 9.0 0-5 1.4 0.8410.18 1.0 t 0.1 0.63 t 0.45
_

* Gamma measurements were made with an Eterline SPA-3 scintillation detector [5 X 5 cm (2 X 2 in.)
Nal(TI) calibrated to '3'Cs) and a portable scaler. The detector was attached to an alummum tripod and
positioned 74 cm (29 in.) above the ground.

Source: ER, Table 2.9 5.

Table 4.3. Radiological basehne monitoring
-.

Number ofSample type Frequency Analysis+

222Air 3 48 h per quarte, Rn

Air particulate 3 24 h per quarter U,230Th and22sRa

Environmental 22 Changed quarterly Radiation dose
dosimeters

Surface water 2 Springtime amt U,230Th. arid Ra226

when flowing

Growjwater U, 23o Th, and22 era

U,230Th,226Ra,and Pb210Soil 8' Once before star tup - 4

every 3 y during plant
operation

Vegetation 8 Once before startup and U 23oTh.226R a. and 2tO Pb

every 3 y during plant
operation

Gamma dose rate 22 Once before startup and Radiation dose
survey every 3 y durmg plant

operation *

* Sampling was done at depths of 0-5,5-10, and 10-15 cm (0-2,2-4,4 -6 in.).
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4.4.2.4 , Radiological monitoring

The applicant's radiological monitoring program (Table 4.3), which may be modified by the
staff, will continue throughout all phases of operation to achicve better estimates of radon
releases from well-field surge tanks. These activities will be license conditions.

The sampling frequency and the number of sampling locations may t;e changed in the future because
of changing environmental and demographic patterns. Such modifications will be subject to
approval by the NRC.

4.4.2.5- Well-field monitoring

Well-field monitoring procedures will define an area of containment for leachate injected
during the mining operation. Well-field monitoring will be the surveillance technique for
initiating corrective actions in the event of leachate migration. It will be effected through
the use of monitor wells and may be supplemented by trend wells' installed by the applicant for
production control. The specific well-field monitoring program will be specified in the mine
pemit application and approved by the Wyoming Department of Environmental Quality.

Monitor wells

Monitor well location involves both surface spacing and subsurface placement to effectively
determine the containment of the leach solution. On the surface, wells will be spaced around
the perimeter of the well field so tha'. any migrating leach solution (excursion) will be
detected. Subsurface emplacement invol/es the location of monitor wells in the aquifers above

! and below the production zone aquifer. vonitor wells should be located to ensure that the
,

i injected leach solution is effectively cor#ined to the production zone. The staff considers
that aquifer monitor wells must be placed fe timely detection of any potential fault inter-
connection between aquifers. Monitorir:g of te faults will be a condition of the license.

j To minimize environmental finpact, monitor wells must effectively act as a control to contain
' the leach solution within the production zone. For effective containment, a number of factors
must be considered to detemine the surface spacing of monitor wells. These include the
following:

1. Site geological and hydrological variations must be evaluated, including (a) local
variations in groundwater flow rates and direction, (b) local variations in peme-
ability or zones of significant hydraulic conductivity, and (c) presence of subsurface
geologic features (channels, clay lenses, facies changes, etc.).

2, Monitor wells should be spaced so that their respective zones of influence overlap.

'

3. Monitor wells should be located at a distance from the well field so as not to intercept,

normal operating fluid flows: - (a) the zone of influence during monitor well sampling
must be considered and (b) sufficient distance sNuld be available to that trend wells
can be installed for nomal operational control ..

The applicant proposes to place monitor wells about 91 m (300 ft) from the well field and
180 m (600 ft) between wells (see Fig. -2.4). The staff considers this arrangement to be
acceptable. ' The specific location of monitoring wells will be approved and made a condition

,! of the license. This action will be taken in consultation with the State of Wyoming.

.

Trend wells

Trend wells have been proposed to be drilled within the monitor well ring by the applicant.
These wells will be for production control and will not necessarily be analyzed for the same
parameters as required for monitor wells. Changes in the water quality of samples from trend
wells will not signal the need for corrective action by the operator; r1ther, they will initiate
a production evaluation by the operator to determine the cause of this occurrence. Appropriate
adjustment action by the operator will then take place. The staff believes that the use of trend
wells by an operator will reduce the potential for leach solution to migrate to a monitor well.

!

.

~ r w
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Shallow and deep monitor wells

These wells will be installed to pemit monitoring of the aquifer or dry fomation immediately
above or below the confining mudstone or shale that overlies or underlies the mineralized for-
mation. Shallow wells should be placed within the well-field area, and these should be a
minimum or one shallow well for each 2 ha (5 acres) of well field. The applicant proposed
not to have deep monitor wells, and the staff finds this to be acceptable because there is
no underlying aquifer closer than 91 m (300 ft) to the production zone.

Monitor well sampling

Monitor wells will be sampled every two weeks during project operations. The permit
to mine approved by the State of Wyoming Department of Environmental Quality will require, for
each routine sampling, water level measurements in the wells and groundwater sample analyses
for conductivity, Cl ,' alkalinity (as CACO ), Na, U, and 50 . Excluding sulfate, the analyses3 %
of these parameters will serve as " lead indicators" to establish the presence of a potential
leachate excursion. The indicators were selected on the basis of relative mobilities in the
aquifers, and laboratory results are to be available within 48 h of the sampling.

,

Upper control limit

An upper control limit (UCL) will be used to indicate a deviation in groundwater chemistry
from the baseline concentrations. This deviation would indicate that migration (excursion) of
lixiviant may be occurring and would initiate the appropriate corrective action (s). For tne
lead indicators identified above, the application for the pemit to mine submitted
to the State established the UCLs as 20% above the highest baseline for total carbonate, 20%
above baseline for conductivity, 20% above baseline for chloride, and 1 mg/ liter for uranium.
The staff considers that the UCL limit should be defined as two standard deviations above the

i mean baseline _ value, where practicable. -If a biweekly monitor well assay exceeds the UCL
values for t.vo indicators, sampling will be repeated each day for 7 d. If the repeated

analysis shows that two parameters still exceed the UCL, the well will be considered in
excursion status and appropriate corrective action initiated. Notification of the State and NRC
of the excursion status and corrective actions will be made by telephone within 24 h and
followed by written details within 7 d. Thereafter, a monthly report will be submitted until
recovery from excursion status.

Corrective actions.

A corrective action procedure will ensure the containment of the leach solution. For maximum
effectiveness, the corrective action requires consideration of a number of factors, including
(1) spacing of monitor wells, (2) relative mobilities of the various contaminants, (3) uniform4

measurement and reporting procedures, and (4) response measures consistent with the detected
release.

,
,

!~ If an excursion is verified, the plant supervisor will have several alternative methods for
containing and correcting the migration of leach solution. The principal corrective action pro-

)- cedures are overpumping, reordering the pumping balai.ce of the well field, reducing or stopping
injection, ceasing both ir f action and recovery pumping, or beginning restoration procedures.

+ These methods may be applied locally to a few wells within a cell, to the entire cell, to
.several cells, or to the entire well field as the situation dictates. Current corrective |

*

action methods are described as follows:

1.-Overpumping. This method involves adjusting pumping so that the rate of flow U to the i

'injection wells is exceeded by the flow from the recovery wells. The net result is a
; general inward movement of native water.

2. Reordering. -This is a variation of overpumping in that different ratios are apolied
to different areas in the well field. Hence the inward movement of native water may
be emphasized at one point or another. Reordering may further include direct pumping
from one part of the field to another.

3. ' Reducing injection. This is the second way to adjust the ratio of recovery flow to
injection flow. At the same time it reduces the amount of leach solution introduced
into the production' zone in the vicinity of the wells concerned.

-

i :

, - . . . - , , ._
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4. Ceasing pumping. This method stops both the injection and recovery flows. Exclusive of
the effects of natural forces (e.g., natural migration of groundwater), which are orders
of magnitude less, this procedure should retard the further migration of leach solution
beyond the established boundaries.

5. Beginning restoration. This step can be utilized when all other efforts have failed to
halt the migration of leach solution beyond the farthest allowable limits.

As part of the corrective action procedure, the operator may be required to drill a detection
well(s) to locate the extent of migration beyond the monitor well. Detection wells would be
necessary if a public water supply could be affected or should a prolonged excursion occur.
The detection well(s) would be sampled during corrective action to verify that the excursion is
being controlled or has been corrected.

s

The applicant will be required.to report in writing to the NRC within 7.d after an excursion
has been detected. The report will describe the corrective action taken and an evaluation of
the results achieved. If corrective action is continuing at the time of the report, a subse-
quent report that describes and evaluates the final results shall be filed. Depending on the,

'

| nature of the event, the NRC may require periodic reporting on the status of the corrective
i action. The applicant will also notify the appropriate Wyoming State agency in accord with

state requirements.
l

Postrestoration monitoring

After completion of restoration of the first production well field, the applicant will be'

required to conduct a'postrestoration monitoring program. This program will be used to evaluate
the effectiveness of the proposed restoration plan. The staff will require the following; a
minimum of two wells to establish baseline in the mining zone, a minimum of two monitor wells
in the direction of maximum hydraulic conductivity, and a minimum of two trend wells (if used)
to form the basis for postrestoration monitoring. If trend wells are not used, then at least
two wells should be drilled between the well field and monitor well for this purpose. These
wells should be sampled quarterly for a six month period to evaluate restoration effectiveness.

As a license condition, the applicant will propose a postrestoration monitoring program prior
6 the beginning of restoration.

.

Postmining monitoring
<

After mining and rest cation have been completed in mining units, the applicant will take
samples every 45 d for a six-month period to verify restoration stabilization.

The staff will require that at least one monitor well oer production unit and a shallow and a
, - deep monitor well, if used, from a production unit be made available for monitoring use

t rougnout the duration of the licensing period. Quarterly sampling and analysis should be
condacted for each well.-

Record keep ug and repc ting

All officially transmittt: monitor well records will be maintained at the Bison Basin site
for reporting requiremer+5 and site cumulative records. Unless otherwise specified, required
reporting will be to both the State of Wyoming and the NRC.

Ecological monitoring

The applicant's plans for hydrological monitoring and erosion-control measures should prevent
the release of sediments or other constituents harmful to biota. If significant releases of

. sediments or other constituents occur, the applicant will undertake an ecological survey of
; West Alkali Creek to assess the extent of, any damage to biota.

1

6

-. . - - .
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-4.5 DIRECT EFFECTS AND THEIR SIGNIFICANCE

4.5.1 Impacts on air' quality

The pollutant concentrations expected from operation of the project were calculated from site
_ x/Q values (ER, Table 5.3-1) and from expected emissions at the site,3 at a distance of 300 m
(984tft) from emission sources (Table 4.4). Background pollutant concentrations are based on
data from Rock Springs and Patrick Draw.4 Calculated concentrations at 3 km (1.9 miles) from
the sources decline by two orders of magnitude from those calculated at 300 m (ER Table 5.3-1).

3Table 44. Expected atmospheric concentrations, in pg/m of
pollutants at 300 m from prosect sources

*Direction CO . Hydrocarbons NO SO2 2

N 31.83 4.97 107.90 11.58 94.55 331.78
NNE - 20.39 3.18 69.13 7.42 60.57 212.54
NE 18.16 2.83 61.54 6.60 53.92 189.22
ENE 39.29 6.13 133.19 ~ 14.29 116.71 409.54 j
E 37.64 5.87 127.57 13.69 111.78 392.26 j
ESE 16J5 2.61 % 76 6.09 49.74 114.53 '

SE 36.39 5.68 123.36 13.24 108.09 379.3o
SSE 7.47 1.17 2532 2.72 22.18 77.85
S 10.36 1.62 35.12 3.77 30.78 108.00
SSW 7.11 1.11 24.11 2.59 21.13 74.13
SW 23.05 3.60 78.12 8.38 68.45 240.19
WSW . 24.87 3.88 84.30 9.05 73.87 259.20
W 19.22 3.02 6E47 7.03 57.37- 201.31
WNW 9 87 1.54 33.44 3.59 29.30 102.82
NW 23.38 3.65 79.24 8.50 69.43 243.65
NNW 15.17 2.37 51.42 5.52 45.06 158.11

Source: EH. Table 5.3-1, and Ogle Petroleum, Inc., " Responses a U.S Nuclear
Regulatory Commission Questions, Dated November 26, 1979," Docket No. 40-8745
Dec. 7,1979 Response No. 29.

Expected maximum concentrations of carbon monoxide (39.29 pg/m3. ENE) (Table 4.4), hydrocarbons
.(6 pg/m ), and S02 (14 pg/m3) are well below applicable State and Federal standards. Combined3

with background concentrations, atmospheric N02 generated at the site will likely exceed the
State and Federal standard (100 pg/m3) a considerable portion of the time (Table 4.4). Maximum
N02 concentrations are estimated at 162 pg/m3 (ENE, including 29 pg/m3 background concentration).
Most onsite NO2 will be released from solution mining equipment; passenger vehicle emissions

. will account for less than 1% of NO2 concentrations. No measurable effects have been detected
in animals and humans exposed to chronic NO2 concentrations an order of. magnitude greater than
those expected at the project site.5 At concentrations similar to those expected at the site,
the growth and yield of tomatoes and oranges were reduced, but the growth and yield of sun-
flowers were increased.5 The sparseness of crop plants near the project site appears to pre-
cluje economic damage to plants there.

The estimated 'offsite TSP caused by emissions from the vehicles of workers from Sweetwater
Station could not be estimated. The point-source diffusion model provides a maximum concen-

3tration (410 pg/m , ENE) that is about the same as State and Federal 24-h standards. The TSP
. will be produced primarily during commuting periods rather than continuously, thus elevating

peak TSP values. More important, however TSP will be produced across a 45-km (28-mile) line
from Sweetwater Station to the project site. Therefore, the staf f believes that TSP values
will be considerably lower than State and-Federal standards.

Total suspended particulate concentrations at the site are likely to exceed State and Federal
standards. Normal background' TSP concentrations (21 to 130 ug/m3 average) are close to State

3 3single-day standards'(150 wg/m ) and surpass the State and Federal annual standard (60 pg/m ).
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Estimated TSP emissions, excluding background concentrations, at the project site exceed the
State annual standard in one-half of the modeled directions and exceed the Federal annual
standard in one-fourth of the modeled directions. Most of the TSP (87.7%) generated at the

. project site would result from wind erosion and dust from site activities, with much less
emitted from project equipment (12.2%) and from vehicle exhaust and tire wear (0.1%). Chronic

-exposures to particulate concentrations even ten times greater than those expected at the
project site are unlikely to harm living plants, animals, or humans.6

Considering the estimated TSP concentrations and the lack of onsite atmospheric monitoring, the
staff recommends that Ogle Petroleum, Inc., submit plans to mitigate TSP emissions. The plans
could include watering programs, use of crushed rock on heavily traveled roadways, application
of dust-suppressing r' licals, and strict adherence to speed limits. The staff also recommends
that an atmospheric monitoring program be established to measure the efficacy of TSP suppression
measures.

4.5.2 Impacts on land use

The impacts of project construction.and of operation on land use will be insignificant.
Evaporation ponds, building sites, and roads will preempt less than 6.8 ha (16.8 acres)3 for .
the life of the project. This amount is equivalent to 2 AUM (animal unit months) utilized
during the five-year life of the project. Areas fenced to exclude wildlife and livestock cover

,

i a 5.5-ha (13.6-acre) rectanole, which is unlikely to impede movement of migratory antelope
| .-(Sect. 3.9.1).

~

[ The reclamation program is aimed at restoring premining uses by wildlife and livestock. At the
( time of reclamation, excavations at the site will be backfilled, compacted, and covered with

stockpiled topsoil. Refuse pits will be covered with 1.7 m (5.6 ft) of fill, and all previously
excavated surfaces will be seeded with grass and sagebrush seed in proportions of 53:1. After
revegetation, fences will be removed; nonexcavated areas will be scarified and seeded. Larger
disturbed areas will also be mulched to retain moisture. The staff can find nothing to suggest
that reclamatien plans will be unsuccessful.3 The Land Quality Division of the Wyoming' Depart-
ment of Environmental Quality concurs that routine reclamation procedures should result in
productive rangeland.''

The average ore grade to be mined is estimated to be 0.07% V 0s. The uranium ore that occurs'
3

as interstitial ~ filling between the sand grains is expected to be the primary material removed
from the host' rock during mining. Because such a small percentage of material will be removed
frca the host rock, land subsidence is not anticipated.

If the injection pressure exceeds the fracturing pressure of the formation, fractures that
could result in undetected excursions or loss of leach solution to overlying units could be
produced. 'Such events are highly unlikely at Bison Basin because injection pressures will be
maintained at levels well below the formation fracturing pressure (Sect. 2.3.10.1).

i

,
4.5.3 Water

4 .

4. 5. 3.1 Surface water

Construction of additional facilities at the central processing plant, additional evaporation'

1 ponds, and well fields will increase erosion in the project site area, subsequently increasing
( - sedimentation in Grassy Lake and the unnamed playas into which the remainder of the site-drains.

: West Alkali Creek should experience little or no impact because of these activities. Construc-
tion and improvement of roads, particularly.where they cross drainage channels, leading to the
project site will also increase erosion in the affected drainages and increase sedimentation
-in playas and streams in the area. . Small amounts of oil and grease from drilling rigs and
heavy equipment, including vehicles,'may be washed into the playas and eventually into West
Alkali Creek.

I Incraased suspended sediment loading to Grassy Lake, other playas, or West Alkali Creek would
. temporarily reduce productivity through light reduction and partial burial of benthic organisms.
(In addition, water might be less palatable to terrestrial wildlife. These effects will ber

( temporary and inconsequential - with the possible exception of effects from road-bank erosion
i and increased sediment loadings downstream from drainage channel crossings. However, carefri

? construction, riprapping of road banks, and installation of properly sized culverts at all'

,
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channel crossings would make these impacts from erosion and increased sediment loadings
inconsequential as well. In the unlikely event that large amcunts of oil and grease are
spilled during construction and washed into the playas and eventually into West Alkali Creek,
effects on the aquatic communities could be relatively severe and long lasting. High mortality
would be caused by surface coating with oil, reduced dissolved oxygen concentrations, and
direct toxicity that accompany a large oil spill. Aquatic co<rmunities would remain depressed
because of prolonged durability of these compounds.

Plant operation .is designed to produce no discharge to surface waters. As discussed in Sects.
4.4.2.5 and 4.5.3.2, the possibility of underground releases of lixiviant migrating to surface
waters in the area is remote t=cause of (1) the isolation of the ore body by confining layers
of impermeable shale, (2) the relatively great depth to the water table of the unconfined
aquifer in this arca, and (3) the applicant's proposed plan to monitor the ore-bearing aquifer
and the aquifer immediately above to detect excursions early and, if needed, to apply corrective
action. Surface-water impacts would only occur as the result of accidentd spills. The major
sources of potential spills are failures of (1) aboveground or buried pipelines carrying bcrren
or pregnant 11xiviant, (2) lixiviant surge tanks or storage tanks, or (3) evaporation ponds.
Of these, evaporation-pond failures woulo pose the greatest potential threat because of the
large volume of waste that could be involved and the high concentration of toxic substances
contained. Surface spills on the project site during wet periods would be washed into Grassy |

Lake, into one of two unnamed playas, or possibly into West Alkali Creek (Fig. 3.3). During
dry periods, surface spills would infiltrate the soil; during wet periods, spills would be

jwashed directly into water bodies through surface runoff. Saturated or unsaturated subsurface
i

flow following precipitation would also flush previously spilled contaminants from the soil
downslope and into surface waters.

The impacts of spills on surface waters would vary with the amount and kinds of liquids released,
the point of release, and the dilution achieved within the receiving water. Small pipeline or
storage tank ruptures would likely never reach surface waters but would contaminate shallow-
soil water imediately surrounding the point of release. Large pipeline or storage tank ruptures
or major evaporation-pond failures would result in serious surface-water impacts, particularly
during wet periods when overland runoff or saturated subsurface ficw occur.

Because of the use of a sodium carbonate and sodium bicarbonate lixiviant, mobilization of most
trace elements in the ore-bearing strata will be minimal. Table 4.5 compares estimated process
wastewater concentrations with various water quality criteria. Besides uranium, trace elements
of particular concern in solution mining operations are As, Mo, Se, and V. In wastewater from
these operations, these elements, as well as most others, appear to be at or below water quality
criteria. Ever relatively large failures of pipelines carrying the barren lixiviant or process
wastewater probably would result in only minor aquatic impact because potentially toxic elements
would be further diluted before reaching aquatic habitats. The pregnant lixiviant would contain
similar concentrations of trace elements, with the exception of uranium, which would be consider-
ably higher. Aquatic impacts from pregnant lixiviant pipe ruptures could be substantial because
dilution would have to be large to achieve water quality criteria.

*

Pipelines transporting R0 reject brine from well-field restoration will contain higher trace
element concentrations than the process wastewater presented in Table 4.5, but concentrations
will decline as restoration proceeds to completion. Assuming that a process stream similar in
composition to the process waste stream and a 100% R0 efficiency exist, initial . concentrations
in the reject brine will be about seven times as concentrated as the process waste stream (ER,
lect. 4.2.1.2). This concentration represents an initial potential maximum; concentrations I
will decrease rapidly with restoration. Ruptures of pipelines carrying RO reject brine will
only result in significant aquatic impacts if (1) ruptures result in large releases, (2) the 1

point of rupture is close to a drainage channel, or (3) the rupture occurs during a wet period I

very early in the restoration phase.

The major potential aquatic impact from operation of the proposed solution mine would be an
evaporation-pond failure. A worst-case accident can be estimated by assuming that all wastes
produced during the proposed 5-year lifetime of the project were released from the evaporation
ponds. By further assuming that the waste streams to the evaporation ponds had an average
composition similar to the process wastewater of Table 4.5, the total volume of dilution to
decrease concentrations of contaminants to levels similar to the original process wastewater
levels would be 2.2 x 105 m3, the total volume of water pumped to the ponds (ER, Sect. 3.4.2). |This volume of water is similar to that discharged in West Alkali Creek in 1 d during an event |

with a 1- to 2-year recurrence interval, as computed from mean stream width,7 but is at least |

|

|

|
1
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TatWe 4.5. Estimated cherrucal composition of the present Nxinant and wastewater
to the evaporation ponds and water quahty entwia

All values in milligtams per hter unless oterwise indicated.

Y* ""
Drinking Lowest toxic

** wildhte and hmit for
Paramper water concentrationwastewater, lives *ock protection ofg g

cntena' aquatic lite

FDS 5000 500 5000
Cl 1700 250 2000

aSOa - 1800 250 3000
Na 1500
Ca 200
As 0.02 0.05 0.2 0.022
8 < 1.0 0.5 0.69
8a <0.05 1.0 8.0
Cd <0.02 0.01 0.05 0.0004 -0.0012
Cr <0.01 0.05 1.0 0.05-0.10

| Cu ' O.06 1.0 0.5 0.006
F- 0.28 0.7 -1.2 2.0 0.02
Fe (totall 0.12 0.3 1.0
Hg <0.001 0.002 0.1 0.00005
Mn 10.08 0.05 17

Mo <0.05 47
Ni 0.11 1.0' O.05
Pb <0.05 0.05 0.1 0.03
Se <0.01 0.01 0.05 1.0

U 1.7 1.7

V <0.05 4.8
Zn 0.30 5.0 25 0.0001
22 era, 104 5.0
pCi/hter

' pH, units 7-9 6.5-8.5 6-9 6.5 - 9

*Dsta ftom Ogfe Pettoleum, Inc., Enwronmental Report for NRCSource Material License Application
ProrArction Scale In Situ Mining. Bison Basin, Wyoming. Sect. 3.4.2 and " Response to U.S. Nuclear
Regulatory Commission Questions Dated November 26, 1979," Docket No. 40 8745, Dec. 7,1979,
Response No. 33.

" Data from the following sources. U.S. Environmental Protection Agency, Ovality Criteria /or Water,
EPA 440.476-023, July 1976; "Ptoposed National Secondary Drinking Water Standards," Fed. Regist.
42(62): 17143-16147 (March 31,1977);and U.S. Pubhc Health Service, Drinking Water St waards, PHS
Pubbcation 956,1962.

' Data from Wyoming Department of Environmental Quahty, Land Quahw Division, Guideline No. 4
{rev.), Nov. 9,1976, pp. 3-41.

#Data from the following sources: National Academy of Sciences. Environmental Studies Board, Water
Ovality Criteria 1972, EPA /R3/73 033, March 1973; and U.S. Environmental Protection Agee, Quahty
Criteria for Water, EPA.440/9L76-023, July 1976.

' Data from U.S. Nuclear Regulatory Commiss;on, Fmal Impact Statement Related to Operation of
trigaray Uranium Solution Mining Project, nyaming Mineral Lorporation, NUREG 0481. September 1978.

' Data from T. Kirkor, '' Protecting Pubhc Waters from Pollution in the USSR " Sewage Ind. Wastes
23(7): 938-910 (1951 L

.
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twice as great as the maximum storage in Grassy Lake.8 Further dilution of about 5 times
(1.1 x 106 m ) would bring concentrations of all waste constituents, with the exception of3

manganese, uranium, and radium 226, down to levels within 50% of West Alkali Creek concen-
trationa (Table 3.15). About 50 times greater dilution (1.1 x 107 m ) would be required to3

reduce nanganese, uranium, and adium-226 concentrations to within 50% of those in West Alkali
Creek. This latter volume of water is greater than the flow in i d during a 100-year flood
event (4.4 x 106 m3) and is at least 100 times greater thaa the maximum storage in Grassy Lake.
Thut, a worst-case analysis indicates that water quality impacts could be quite severe in Grassy
Lake. West Alkali Creek, and downstream waters if major evaporation-pond failures occurred,
particularly in the latter stages of the proposed operation. The Sweetwater River could be
adversely affected because additional dilution between the site and the confluence with the
Sweetwater River would probably amount to no more than three to four times. This analysis,
however, depicts a situation that is very unlikely to occur. In addition, wastes released
during evaporation pond failures would likely drain into Grassy Lake and would not directly
contaminate West Alkali Creek. More likely, accidents that could have measurable adverse
ef fects on Grassy Lake or, less likely, on West Alkali Creek would involve smaller failures
and lower containment concentrations.

It is the staff's conclusion that impacts nn water quality of surface waters from construction
and operation of the project will be minor except in the unlikely event of a major evaporation
pond failure. The establishment of monitoring wells below the pond and downslope will permit
early detection of pond failure and will allow potential impacts on surface-water quality to
be minimized. Mitigating measures described in Sect. 4.6.2.1 will ensure that any spill into
Grassy Lake will be contained and will not affect West Alkali Creek.

4.5.3.2 Groundwater |
1

Comparative impacts on groundwater j
|

The two conventional methods for mining uranium deposits - open-pit and underground mining -
and the proposed method of solution mining (in situ leaching) have considerable environmental
impacts on groundwater. All three mining methods may either temporarily or pennanently affect
groundwater in three ways: disrupt flow patterns, degrade quality, and deplete quantities.

In situ leaching does not require removal of consolidated rock or unconsolidated material
associated with or overlying the ore deposit. This advantage preserves intact any groundwater
system overlying the ore deposit as opposed to surface or oeeper mining methods, which may
temporarily or permanently alter these systems. During the production stage, an in situ leaching
operation may produce slight changes in flow patterns of the ore-tering aquiter; these changes
will be only. temporary and local.

Perhaps the most serious objection to in situ leaching is the degradation of water quality in |
the ore-bearing aquifer. In addition, if vertical excursions occur or well casings leak, water
quality in aquifers overlying or underlying the ore-bearing aquifer may be degraded. Though i

preliminary results of restoration at the Bison Basin research and development project indicate J
that groundwater quality can be returned to baselir.e complete aquifer restoration on a produc-
tion scale remains unproven. If mechanical, chemical, or natural restorstion processes prove
successful, groundwater degradation from comercial-scale activities at Bison Basin will be
temporary.

Temporary and permanent groundwater degradation may result from surface- and deep-mining methods.
Uranium and associated trace elements (V, As, Se, and Mo) in ore deposits usually occur in a i

reduced form. Upon exposure to the atmosphere or to oxidizing meteoric waters, the reduced (
fonns may become oxidized and, therefore, more soluble under aqueous conditions. Surface- and !

deep-mining methods usually produce waste rock and ore piles in which uranium and other elements |
may become oxidized and leached by rain. These leached elements may infiltrate and degrade
both shallow and deep groundwater systems. 1

The in situ leaching of uranium and the restoration of the ore-bearing aquifer use groundwater.
The total amount of groundwater used during in situ leaching is usually small compared with the
quantities of groundwater used during the dewatering of an open-pit or deep mine. Ores result-
ing from surface or deep mining operations have to be processed at a mill that uses additional
quantities of groundwater.

1
i
l
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Groundwater use

Total use of groundwater from the Laney member of the Green River formation as a result of
solution mining is estimated to be about 2.96 x 105 m3 (240 acre-ft). This net withdrawal of

. groundwater will occur over the five-year life of the project and will not effect the
availability of groundwater.

Groundwater quality

Local groundwater. quality in the Laney member of the Green River formation will deteriorate
during the in situ. leaching of uranium. The Laney member will be the only aquifer affected
by in situ leachi.,g, and this impact will be local and temporary.

Leakage of leach solution between aquifers through old exploration holes, which were left full
of bentonitic mud when they were abandoned, is considered very unlikely at Bisen Basin. At
the low aquifer pressures that will be induced by solutton mining, the mud column is an effec-
tive seal against fluid interchange between the various aquifer units penetrated by the drilling.
Additional sealing has been caused by the rapid swelling and bridging of the isolated shales
between the sandstone aquifer units. However, to check for comunication between aquifers,
monitor wells, which will be checked regularly to detect changes in aquifer pressure and water

will be completed in the overlying "B" sands. The staff considers the plan to monitor
quality', sand sufficient to give early warning so degradation of water quality can be mitigated.the "B

['
4.5.4 Mineral resources

At this time, uranium is the only known economically recoverable mineral resource at this site.
The probability does exist that uranium deposits could be present in the underlying Battle
Springs and Fort Union formations. The applicant believes that the existing are deposit can
only te recovered economically by the proposed solution mining process and that this mining
activity will not preclude the recovery of other minerals that may be discovered in economic
quantities at this site in the future. Based on available data, the staff concurs with the
applicant's assessment.

4.5.5 Soils

Soil disturbance at the project site will be moderate. The applicant has divided soll distur-
bance into two categories (ER, Sect. 9.2.3). The first category is soils that are excavated
that require storage. Soil storage mounds will be seeded with wheat grass to preclude wind
erosion (ER, p. 266). Excavation will occur on 5.43 ha (13.5 acres), which includes construc-
tion of the processing building, support facilities, evaporation ponds, septic tank and leach
field,' diesel fuel and carbon dioxide storage tanks, solid waste landf'll, and mud sites (ER,
p.263). The second category is nonexcavation soil disturbance, which will affect 17.37 ha
(42.90 acres) and will include well fields; roadways; equipment storage; vehicle parking;
outside chemical storage; trailcrs for office space, personnel, and storage; and liquid propane
gas storage tanks. Because of the gently rolling topography and the surface reclamation plans
by the applicant, these disturbances should be transitory and insignificant.

4.5.6 Biota

4.5.6.1 Terrestrial environment

The primary impact on vegetation will be the loss of 22.8 ha (56.3 acres) of sagebrush and
cushion-plant comunities (Sect. 3.9.1). No unique plant comunities or endangered plant
species will be affected by the proposed action. Dust deposition-may occasionally reduce plant
productivity in the project vicinity, but this effect will be minor and temporary. An accidental
spill (Sect. 4.6.2) could destroy vegetation in areas surrounding the accident, depending on
the nature of the chemicals involved.

-Impacts'en wildlife will be minimal because no endangered or threatened animal species are
involved (Sect.- 3.9.1). Loss of 22.8 ha (56.3 acres) of antelope browsing area is considered
negligible because of _ the low carrying capacity of the vegetation (Sect. 3.9.1). ' Wildlife
mortality from collisions with vehicle traffic is likely to be slight because of the undis-

'sected terrain (Sect. -3.3) and the resulting unrestricted visibility along most stretches of
road from Sweetwater Station. The relatively small area of disturbance and the likelihood of
successful reclamation indicate ~that wildlife losses should be few and temporary.
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4.5.6.2 Aquatic environment

The scarcity of aquatic life in the intermittent playas and drainage channels near tue project,

site precludes significant impa.t from construction of additional facilities. Only minor
impacts on aquatic biota will occur as a result of construction of additional facilities and,

roads, provided that properly sized culverts are initalled and proper ripraroing techniques are
j used at channel crossings.
*

Because the mine operation is designed to have no dischorge, impacts on aquatic biota would
occur only as a result of accidents involving pipeline ruptures or evaporation-pond failures.
If spills reached Grassy Lake, other playas, or West Alkali Creek, increases in dissolved
solids or trace-contaminant concentrations might result in reduced productivity and high levels
of mortality. In such an event, the effects could be long lasting because of adsorption and
sediment contamination. In the absence of catastrophic evaporation-pond failures, however,
impacts on near-site aquatic biota and downstream fish production will be minor. These events
are unlikely (see Sect. 4.6.2).

4.5.6.3 Comparison with alternatives

Open-pit and underground mining pose substantially greater hazards to surface-water quality and3 i

to biota in the area than does solution mining because of (1) increased land surface disturbance; j
(2) the necessity to dispose of large quantities of poor-quality mine water; (3) the establish-

Jment of relatively large tailings-holding facilities and overburden piles, which can be sources
of contaminants through leaching and failures; and (4) extensive : nilling operations, which
increase the likelihood for accidental releases of hazardous' liquids. In contrast, accidental
spills during solution mining ac the proposed site pose less hazard primarily because of the
lack of a milling operation and the limited amount of. land disturbance. With a detailed spill
prevention and cleanup plan, particularly for large evaporation-pond or pregnant lix1viant
pipeline failures, adequately trained personnel can minimize this hazard.

The alternative of no action certainly would eliminate potential hazards at the proposed site;
however, no mining would likely Yesult in increased uranium mining elsewhere, perhaps at a
location more ecologically sensitive.

4.5.7 Radiological impacts

4.5.7.1 Introduction

The primary sources of radiolooical impact to the en,ironment in the vicinity of the proposed
Bison Basin Project are naturally occurring cosmic and terrestrial radiation and naturally

. occurring radon-222 (Sect. 2.10). The average annuai total-body dose rate to the population
in the site vicinity ' including doses from natural background radiation and diagnostic medical
procedures, is estimated tt; be about 225 millirems. Continuous exposure to conc +ntrations of

1

naturally occarring radon-222 in the air, estiinated to be between 500 to 1000 pCi/m3, could
result in doses up to 625 milliren:s per year.

This section describes the results of the staff's analysis of the project-contributed incre-
mental radiological impacts to the environment and the population in the vicinity of the Bison
Basin solution mining site. The analysis is primarily based on the estimated annual release
of the radionuclide radon-222, which is 499.0 Ci/ year (where i Ci = 3.7 x 10M Bq), and on the
models, data, and assumptions <*lscussed in Appendix D. Bas 9d on actual measurements of the

* concentration of the radon-222 in the pore water pumped from pilot wells, the maximum release
of radon-222 to the atmosphere is estimated to be 209 Ci/ year. However, based or conservative
generic parameters and projected production capacity the calculated radon-222 release is esti-
mated to be 499 Ci/ year. The staff decided to use this latter amewt in its analysis of radio-
logical. impacts. The calculations of the radon release are shown in Appendix C. All internal
doses in this report represent 50-year dose consnitments; that is, the dose calculatej for
one year of radionuclide intake is an estimate of the total dose an individual will receive
integrated over the next 50 years of his life as a result of that year's exposure. Detailed
analyses of the radiological impacts of the solution raining operation to nearby individuals and |

the entire population within 80 km (50 miles) have been performed. All potential exposure
j_ pathways likely to result in significant fractions of the pro ect's total radiological impact

have been included (Fig. 4.4). Considerations have also been given to the occupational expo-
sures received by the project employees and to radiation exposures of biota other than man.-

!

|
I

i
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,
4.5.7.2 Exposure pathways

Potential environmental exposure pathways by which people could be exposed to radioactive
effluents of the well field and recovery plant are presented schematically in Fig. 4.4. . Esti-
mates of 50-year dose commitments to man have been based on the proposed plant design and
actual characteristics of the site environs. The staff's analysis has included considerations
of radioactive particulate and gaseous releases to the atmosphere. The plant will net release

~

radioactive waste directly into surface waters, and no seepage from waste ponds into local4

groundwater is anticipated. Thus, no aquatic release to the environment is considered likely.
J

Controlled flow rates producing a pressure gradient, which forces a net movement of groundwater
^

around the leached zone, reduces the possibility of contaminating the groundwater outside the7

well field. Therefore, the likelihood of groundwater contamination is minimized. Furthermore,
the applicant will be required to conduct environmental and other monitoring programs to provide
early detection of any uncontrolled groundwater contamination and to take appropriate mitigating,

measures.

1 Because only radon-222 is released from the Bison Basin facilities, the environmental exposure
pathway of concern for airborne effluents is the inhalation of radioactive materials in the
air. External exposures to radioactive materials in the air and on the ground surfaces andi

ingestion of. contaminated food products (meat, milk, and vegetables) are less important con-'.

. . tributors to dose. ;

,

1

I4.5.7.3 Radiation dose comitments to individuals *
;

Currently 'the rearest residents to the proposed site of the Bison Basic facilities are at the
oil field caretaker's cottage, about 11.0 km (6.8 miles) ENE of the site. Dose commitments

, .-

were also estimated for the nearest community Sweetwater Sleticn, Wyoming, 30 km (19 miles),

; NNE of the site. Land use in the area is primarily for grazing cf livestock. In the absence
of site-specific infomation, it is conservatively assumed that all foods and milk consumed are
produced locally. Table 4.6 presents a summary of the individual dose commitments calculated
for the nearest residence and for Sweetwater Station.'

!
-

Table 4 6. Dose commitments to bdividuals from radioactive
releases from the Beson Basin Project

I Dose

Exposure - (mittirems)*
,

*Y Bronchial
i Total body W Lung

epithelium

Nearest residence Inhalation 1.9 E -2' 1.8E~2 1.2 1.7

(11 km ENE) Immersion in air 8.8E-3 1 oE-2 8.4 E-3, ,

Ground surface 2.8E-3 3.3E-3 - 2.9E-3
#

Total 3.1 E -2 3.1 E -2 1.2

Sweetwater Station Inhalation 5.oE-3 4.5E-3 3.1 E - 1 3.1 E -1
(30 km NNE) Immersion in air - 3.3 E -3 3.8E-3 3.1E-3

Ground surf ace 1.oE-3 1.1 E-3 1.oE-3
i Total - 9.3E-3 9.4 E -3 3.1 E - 1

*1 millirem a o.01 mittisievert.
1 * Doses to the bronchial epithelium result from the inhalation of shortlived radioactive

222R n.daughters of
' Read as 1,9 X 10-2

i

e

.
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4.5.7.4 Padiation dose commitments to population

The dose commitment to the population estimated to exist within 80 km (50 miles) of the plant
site for the year 1977 is presented in Table 4.7..along with estimated doses to the same popu-
lation from natural background radiation sources. Population dose commitments resulting from
the operation of the Bison Basin Project represent no more than about 0.029% of the doses from
natural background.

Table 4.7. Population dose commitment * within,an 80 km
(50 rp%) radius of the Bison Basm site

Dose

Receptor organ (man-rems)b

Project ef fluents Natural background'*

dTotal body 4.8E-3 3.358
Lung 1.5E -1 4,197

| Bone 5.3E-3 2,79P

j Bronchial epithehum 3.4 11,660

! * Based on a 1977 population of 23,320 persons; does not include
contributions from medecal uses of radiation. >

Man-rem = 0.01 rr.an-sievert. !1 6

22
i ' Dose from naturally occurring Rn to the total body is assumed

to be 144 milbrems per year; to the lung.180 milbrems per year; to the
,

bone,170 milhrems per year; and to the bronchial epithehum, 500
mdhrems per year.

'
# Read as 4.8 X 10-3

1 4.5.7.5 Evaluation of radiological impacts on the public

All radiation doses, which result from the uranium solution mining operation at the Bison Basin
site and which are estimated for the surrounding population, are small fractions of those

3
' arising from naturally occurring background radiation (Table 4.7). The doses are also small

when compared with the average medical and dental x-ray exposures currently being received by
-the public for diagnostic purposes.

Calculated 50-year dose comiitments for the maximally exposed individual are only small frac-
- tio,ns of the current NRC limits for radiation exposure in unrestrictcd areas, as specified in
'10 CFR Part 20 (" Standards for Protection Against Radiation"). Dose commitments to the nearest
residents are not compared to the limits specified in the EPA's " Radiation Protection Standards
for Normal Operations of the Uranium Fuel Cycle" (40 CFR Part 190), which is to become effective
for uranium milling operations in December 1980, because these limits do not apply to radon-222
or its radioactive daughters. Table 4.8 provides a comparison of calculated air concentrations

| compared to limits established by the NRC for public protection.
t

: As indicated in Table 4.8, the radiation dose comiitments to the organs of the individuals
' ' living near the project site fall well below NRC limits. To ensure that offsite doses are

maintained below the permissible limits, the staff will require the applicant to (1) implement
.,

a monitoring and control program involving groundwater seepage and particulate and radon-222i

releases and (2)' perform and document land-use surveys to determine any variations in land use~

(e.g., for residence and well locations).
>

4.5.7.6-Occupational dose

A potential exposure of solution mining project employees is that attributable to radioactive
materials associated with handling of the yellow cake slurry. Where any spillage occurs and
the yellow cake becaies dry, some airborne radioactivity may result. However, this operation
will be designed to minimize the-release of radioactive contamination to the room air. Even
at uranium mills, where drying and packaging of yellow cake is routinely performed, a recent

,

1

e + , 3 - ,, , - , . - . - ~ , -
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Tahoe 4.8. Comparison of air concentrations during solution mininsi
operations with 10 CFR Part 20 hmits

' Total air concentration (pCUm ) WL concentration *
3

222Rn 218p, 21aPb 2ta Bi (Outdoors)

Predicted values *

Nearest residence 2.0 2.0 1.4 0.80 1.4 X 104
1

(11 km ENE of site)

Sweetwater station * o.34 o.34 o.34 0.32 2.4 X 10 - *
(30 km NNE of site)

Maximum at site boundary (E NE) 167.3 107.6 7.2 0.48 1.2 X 10-3

to CRF Part 20
n.mits* 3X10 3 X to' 3 X 10 3 X lo' 33 X 10-82 3

*WL denotes " working level." A oreWL con:entration is defined as any combination of air
concentrations of the short-sived 222 Rn daughters, rispo, 2 aPb, '''B.. and I''Po, mat. in orw liter of

5air, will yield a total of 1.3 X 10 MeV of alpha part-cle energy in their complete decay to3 ' * Pb.
* Values are from to CFR Part 20, Appendix B, Table 11, col.1. The radon concentrations are

222appropriate for protection from Rn combined with its short lived daughters,

review revealed that few exposures of drying and packaging operators exceeded 25% of the specified i

NRC limit for such exposure averaged over the yen.9 ' The limit of exposure to airborne natural |uranium in the chemical foms encountered in the drying and packaging operations is not a radia-
tion exposur6 limit; rather, this limit is based on the chemical toxicity of the element.

Worker inhalation of radon and its daughters is another potential exposure condition. The
ventilation system in the recovery plant is expected to minimize this type of exposure. Elevated
radon concentrations may occur in the well-field pump buildings, but the time of occupancy of.
these buildings should be short. Employee exposure should not exceed about 10% of the annual
limit specified by the NRC; again, this exposure is comparable to that encountered by some
employees at existing uranium mills.

Exposure to external radiation is expected to be far below the maximum limits pemitted by NRC
regulations because of the nature of the r;aterial and the operations. The applicant will be
required to perfom periodic gamma radiation surveys, particularly adjacent to the resin
columns, to ensure that radium buildup does not occur and result in unnecessary radiation
exposure.

4.5.7.7 Radiological impact on biota other than man

Although no guidelines concerning acceptable limits of radiation exposure have been established
for the protection of species other than man, it is generally agreed that the limits for humans
are also conservative for those species.10-17 Doses from gaseous effluents to terrestrial
biota (such as birds and mamals) are quite similar to those calculated for man and arise from
the same dispersion pathways and considerations. Because the effluents of the. facility will be
monitored and maintained within safe radiological protection limits for man, no adverse radio-
logical impact is expected for. resident animals.

4.6 I!NDIRECT Ef trECTS AND THEIR SIGNIFICANCE

4.6.1 Socioeconomic effects
L

4.6.1.1 Sumary

The socioeconomic impacts of the proposed Bison Basin Project will be minimal. The total direct
. employment will be about 30 to 40 persons; the secondary employment will be about 50 persons.

These employment demands are small; therefore, despite the low unemployment rate in the area,
the majority of both direct and secondary employees is expected to come from local labor pools.

Y
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Because few in-migrants will be needed, population-induced impacts will be negligible. The
exteemely remote location of the project and the proposed method of mining combine effectively
to eliminate public impacts caused by onsite activities.

4.6.1.2 Employment

The proposed project will employ about 30 persons at the site and four or five persons in
Casper. Because, in order to avoid winter weather as much as possible, drilling operations
will be seasonal, the applicant will hire about ten additional persons; some of these may be on
contract. This potential mining-related employment increase of 40 represents only about 1.8% of
2192 persons, the average number employed in Fremont County in uranium mining during the third
quarter of 1978 (Table 3.7). Secondary or induced employment will, as an upper limit, be about
50 additional persons. Therefore, the increment to total employment will not exceed 90, about
0.5% of the estimated 17,107 persons to be employed in Fremont County in 1980 (Table 3.8).

4.6.1.3 Population

The current ratio of employee to population for Fremont County is 0.52. Assuming future validity
of this ratio and all site labor imported, the predicted maximum site-related employment of 90
would result in a population increase of 175. This figure represents 0.5% of Fremont County's
1977 estimated population of 33,653 (Table 3.3) and 0.6% of the combined 1989 estimated popula-
tion of 39,207 for the areas within 16 km (10 miles) of Riverton and Lander (Table 3.5).

|
4.6.1.4 Housing

About 5300 new housing units of all types will be needed in Fremont County to accomodate
' projected population increases (Table 3.6). Assuming a worst-case scenario, that is, (1) that

there will be a project-related employment increase of 90 (basic plus secondary), (2) that none
of the basic and secondary workers are from the same family, and (3) that all workers are in-
migrants, 90 new housing units would be required. These incremental housing needs, though
unrealistically high, are only a small fraction of anticipated requirements. Therefore, the
project will have very little effect on local housing markets,

i

4.6.1.5 School enrollment

The project will minimally impact school enrollments. The total fall 1979 school enrollment
for Fremont County School Districts 1 (includes Lander) and 25 (includes Riverton) was 5534
(Table 3.13). The staff estimates that, as an upper limit, about 40 to 50 additional students
would be enrolled in these school districts. Because the majority of the project's workers
will probably be hired from the local labor pools, the actual enrollment increase should be

' substantially less.

4.6.1.6 Personal income

If any of the unemployed members of the local labor cools are hired or if any project employees
relocate to the regions of interest near the project site, additional personal income will be
generated. This income will stem directly from their wages and indirectly from induced employ-
ment in service jobs. The staff estimates that the project will maximally increase total annual
personal income in Fremont County by $1.3 million (1979 dollars) - only a fraction (@.4%) of
the total personal income of Fremont County. This estimated income does not include income to
county residents from incremental markups on materials, interest, or mortgages resulting from
the project.

4.6.1.7 Other public services and facilities

Pubite facilities and services will be minimally impacted by project-induced population
increases. Assuming the worst case, an increase in population of about 175, the impacts will

I

.
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,

be (1) that water usage will increase about 106 m /d (28,000 gpd) and (2) that wastewater will3'

3be increased by about 87 m /d (23,000 gpd).

Because the ratios of physicians to residents in the Riverton and Lander areas are very high
(see Sect. 3.4.4.0), health services and facilities are nore than sufficient to supply incre-
mental health needs. Additional fire and police protection requirements will be negligible.

4.6.1.8 Public sector finances

Since very few in-migrants will be hired, public-sector finances will be minimally impacted by
'the project. Some additional funds will have to be expended by Fremont County, Lander, and
Riverton for potable and wastewater treatment facilities, for school and medical facilities.'

1 and for fire and police equipment and staff. However, compared to current outlays, these
additional expenditures will be negligibla. The project should generate through payment of
property, sales, and severance taxes sufficient funds to cover additional public-sector
expenditures.

4.6.1.9 Other socioeconomic criteria

Traffic

' The small number of mining employees will not generate a noticeable increase in traffic on
public highways. On the 45 km (28 miles) of dirt road from the site to Sweetwater Station, the
vehicles of mine empicyees and the vehicles transporting materials and products will undoubtedly
cause a large increase in traffic because the road currently serves only a few oil-field employees
and.a few hunters daring the hunting season.

Aesthetics

Because in situ leaching will be utilized for uranium extraction, there will be no unsightly
surface mines, ore and overburden stockpiles, or mill tailings disposal areas. The mine site
will not be visible from any public highways.

Noise
i

Because the mine site is 11 bn (7 miles) from the nearest human habitation, noise impacts to
[ the public will be negligible.
|

4.6.2 Potential effects of accidents

Accidents during the operation of the Bison Basin Project will be minimized through (1) the
proper design . construction, and operation of the process equipment; (2) adherence to adoptedr

solution mining and radiation safety procedures; and (3) incorporation of a quality assurance
program designed to establish and to maintain safe operations in accordance with NRC Regulatory
Guide 3.5. The NRC will maintain surveillance over the facility and its individual safetyi

. systems by conducting periodic inspections and by requiring reports of effluent releases and
- deviations from normal operations. |1

Accidents involving the releaJe of radioactive materials or chemicals have occurred in operations
similar to those proposed by the applicant. Therefore, in this assessment, accidents that might )occur during operation have been postulated and their potential environmental impacts evaluated. ,

Solution mining of uranium is a developing technology. Because operating experience is limited,4

the application of probabilities of occurrence for most types of accidents is restricted. Where
actual data were lacking, conservative assumptions were used to assess environmental impacts
resulting from accidents. Thus the actual effects of such accidents may be less than thee

pottntial effects estimated by this assessment.

i
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4.6.2.1 Surface accidents

Surface-pipe failures

Most piping at the Bison Basin site will be surface piping to permit ready detection and repair
of leaks. The, applicant indicates that fiberglass, high-density polyethylene and polyvinyl
chloride (PVC), or coated steel piping will be used. - Some of these materials introduce problems
of low impact strength at freezing temperatures and of gratial deterioration because of weather-
ing. Through proper design of main trunk and distribution piping, normal operating pressures
and stresses may be handled with minimal probability of failure. However, the piping systems
must be protected against' excessive stresses generated by thermal effects and by vehicle and
personnel movements.

The main pipelines will either be buried or will lie in utility corridors that are generally
safe distances from service roads. Suitable protection of pipeline casing will be provided at
road crossings. Within the well fields, personnel and vehicles may inadvertently break smaller
inje: tion or production distribution lines; however, only small fluid losses would be realized.

Winter' temperatures at the Bison Basin site will fall below freezing. The salts in the 11xi-
i viant will be too dilute to lower the solution freezing point significantly. However, the

operating pipelines will be immune to freezing because of the relatively high flow rates and
short residence times of fluids in the leaching circuit.18 However, thermal insulation may be
added as necessary to prevent freezing and flow blockage during winter months. Flow interruption
in cold weather may result in the freezing and possible cracking of lines. Occasionally, leaks
can be expected in normal operations as a result of defective materials, construction practice,
chemical degradation, vibration, or stress. The applicant will be required to fully report
pipe breaks that result in any significant release to the surface. A report of the nature
of the event and corrective actions taken will be made available to NRC inspectors.,

!- Flow meters will be installed at critical locations in all pipelines for process control, and
flow rates will be monitored. Plant personnel will be given strict in:,tructions to report any

t ' discrepancies in pipeline flow rates. This procedure will provide early warning of pipeline
breaks so that immediate action can be taken. Check valves and manual valves will allow
isolation of the system where a break occurs, thus preventing drainage of solution tanks and
long sections of pipeltnes.-

A 1-h majcr rupture in the trunk lines transporting either pregnant solution or lixiviant
between the processing plant and the well field could potentially release 273,000 liters
(72,000 gal) of solution to the adjacent environment. The probability of such a release is
extremely low. Smaller, low-volume leaks are more probable. The estimated compositions of
the lixiviant solutions are listed in Table 4.9.

j Table 4.9. Estimated concentrations of
principal radionuclides and other;

constituents in leech solutions

Values are in mg/ liter except es tmted

i
*

Concentration

50s 1200
Cl 600
Na 1150,

Mg 20
K 20
Ca 115

'

U (as U 0s) 75-300 (pregnant solution)3
HCO ' 15003
230Th. pCs/hter 20
226 Ra, pCih M

!

u

+

f
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'

i Soil immediately adjacent to a pipeline rupture will be' saturated by the lixiviant solution
! during the initial stages of a leak. .The vertical seepage rate into the ground will be rapid-

during the long dry periods but will be low during or shortly after thunderstorms in the well-*

field and plant area. Solutions would tend to flow dowrslope along the surface toward Grassy
- Lake. It is unlikely that even the postulated 273,000-liter (72,000-gal) spill would leave the

site because, evenly distributed..it would cover only 25 ha (10 acres) 0.64 cm (0.25 in.) deep,
without infiltration. Conceivable leakage from evaporation ponds would be of similar magnitude.

'In the unlikely (ient of a spill reaching Grassy Lake, cleanup would consist of processing the
water contained in the lake through the project water treatment plant and/or recovery and dis -
posal of- the upper crust of salts and sediments after lake evaporation (if the concentration of -
toxic materials in the crust requires such action). Contaminated materials, whether deposited
onsite or of fsite, would be disposed of-in the evaporation reservoir.

Contact with the soil should decrease'the oxidation potential of the lixiviant. Vegetation in
the vicinity of the spill may be harmed as direct effects of the initial high-oxidation poten-
tial of the spilled liquid. The.high sodium chloride content in the spilled solutions may cause
toxic effects in plant life over the short term. Trace elements are not present in sufficient .,

' quantities to be toxic to most plants.
<

For the postulated leak of 273,000 liters (72,000 gal), up to 0.006 mci of thorium-230, 0.15 mci
of radium-226, and (for pregnant solution) 51 mci each of uranium-238 and uranium-234 could be*

released. Evaporation of spilled solutions would cause precipitation of these_ radionuclides
.on the native soils. The it1C license will require that all spill sites be decontaminated to*

levels consistent with centri.1 plant decomissioning requirements.
'

. For conventional uranium milling operations, pipeline failures will result in similar problems.
Tailings dam failures could produce substantially greater impacts.

Failure of chemical and fuel storage tanks

; At the Bison Basin Project, chemical storage facilities will be maintained both inside and
! around the plant building and in the well-field areas. A listing of chemical and fuel . storage
! . facilities will include surge tanks for lixiviant and eluant solutions, and a number of small
I tanks for yellow cake precipitation and water treatment. The probability of a chemical spill
! will be minimized through proper design and operating procedures.

Tanks containing hazardous liquids will be equipped with high- and low-level alarms and valving
: to minimize the probability of an overflow. Leaks from tanks within the plant building will,

drain to the building sump and be returned to the process. External process chemical and fuel<

- storage tanks will each be surrounded by earthen dikes capable of containing the capacity of
the tank. Contaminated soils within the diked area will be removed to the waste impoundment
area.

|<
.

0xidant tankage will be used in the well fields. Oxygen, which presents no environmental '|
hazard, will normally be used. If hydrogen peroxide is used, accidental releases could |damage biota.

Releases from thS carbon dioxide tank should not result in any environmental damage, but
releases from propane tanks could result in fire or explosion danger. However, because of
the rapid dispersion of the gases, the explosive concentration limits would be exceeded for

,

only.a short period of time following tank failure. The tanks carrying hydrogen peroxide will |
be vented to prevent excessive buildup of pressure.

Similar accidents can occur-in conventional milling facilities.

Fire in the solvent' extraction circuit

Because the applicant proposes to operate with ion exchange columns and aqueous processing, 1

there is no solvent extraction circuit.

,

s
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Major fire or gas explosion in. the yellow cake drying area _

The yellow cake will not be dried onsite. It will be shipped as slurry. Therefore, the
possibility of a major fire or gas explosion onsite is eliminated.

Failure of air-cleaning system serving the yellow cake drying area

There is no yellow cake drying area.

Tornadoes

The probability of a tornado in the 1* square in which the Bison Basin site is located is low.
- Using the closest available data, the probability is approximately 3 x 1 F 4 per year.19 The
area is categorized as region 3 in relative tornado intensity.20 For this category, the wind
speed of the design tornado is 390 km/h (240 mph), of which 310 km/h (190 mph) is rotational
and 80 km/h (50 mph) is translational. None of the structures are designed to withstand a
tornado of such intensity.

The nature of the operation is such that little more could be done to secure the facility with
,

' advance warning than without it. Accordingly, a "no-warning" tornado was postulated. Because|

| the yellow cake product has tne highest specific activity of any material handled at the recovery
plant and because as mucn as 19 t (21 tons) (approximately one truckload) of product may bei

I accumulated before shipment, the tornado was assumed to lift 1590 kg (3500 lb) of yellow cake.

Because the yellow cake is in slurry form, no dispersion as powder can occur. Therefore, the
environmental effects would be much less than if dry powder dispersed. Assuming dry U 0s3

powder and a conservative model (i.e., all the yellow cake is in respirable fom for the .

!dispersion analysis,21 and all the material was entrained as the vortex passed over the site),
one can assume that the material will be dispersed by the trailing winds as the vortex dissipates
upon reaching the site boundary. The material was deemed to be in a source representative of
the velocities of the tornado and to be dispersed through a 90* arc containing the maximum

; population density in the vicinity of the site. Because of the small particle size assumed,
the settling velocities were considered to be negligible.

On the basis of this model, the maximum exposure would occur at a distance of about 4 km
,

(2.5 miles) from the recovery plant, where a dose to the lung of 4.6 x 10 5 millirems would
result. The maximum annual lung dose to the nearest residence, 11 km (6.8 miles) from the
recovery plant, was 2.5 x 10~4 millirems. The 50-year lung Jose as a function of distance
is plotted in Fig. 4.5.

A similar accident can occur in conventional milling facilities.
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Transportation accidents

Shipments of yellow cake. Because the applicant will ship yellow cake as slurry, the yellow
cake dryer and its associated emissions are eliminated, The product dewatering centrifuge will
reduce thi yellow cake water content to 50% by weight. The slurry will be bulk loaded in a
type-B tank truck for shipment. The staff estimates that approximately 22 shipments will be
required annually. The yellow cake slurry will be shipped to the Kerr McGee Nuclear Corporation
hexafNoride plant in Gore, Oklahoma.

From published accident statistics,22,23 the probability of a truck accident ranges from
1.0 x 10-6 to 1.6 x 10-6 per kilometer (1.6 x 10-6 to 2.6 x 10-6 per mile). Truck accident
statistics include three categartes of traffic accidents: collision, noncollision, and other
events. Collisions involve interactions of the transport vehicle with other objects, whether
moving vehicles or fixed objects. Noncollisions occur when the transport vehicle leaves the
transport path or deviates from normal operation in some way, such as by rolling over on its
top and side. Accidents classified as "other events" include perscnal injuries suffercd on a
vehicle, records of persons falling from or being thrown egainst a standing vehicle, cases of
stolen vehicles, and fires occurring on a standing vehicle. The probability of a truck ship-
ment of yellow cake from the mill being involved in an accident of any type during a one-year
period is approximately 0.04.

No analysis has been made for an accidert involving yellow cake slurry, but potential risks
are much less than for dry U 0s discussed below.3

The ability of the materials and structures in the shipping package to resist the combined
physical forces arising from impact, puncture, crush, vibration, and fire depends on the
magnitude of the forces.2i, These magnitudes vary, as does the frequency with which they
occur, with the severity of the accident. A generalized evaluation of accident risks by NRC
classifies accidents into eight categories, depending upon the combined stresses of impact,
puncture, crush, and fire. On the basis of this classification scheme, conditional probabili-

Jties (i.e. given an accident, the probability that the accident is of a certain magnitude) of !the occurrence of the eight accident sevo ities were developed. These fractional probabilities I

of occurrence for truck accioents are given in column 2 of Table 4.10. To assess the rish of a
transportation accident, it is necessary to know the fraction of radioactive material released
when involved in an accident of a given severity. Two models are postulated for this analysis -
Model I, which assumes complete loss of the drum contents, and Model II, which assumes partial
loss of the drum contents (Table 4.10). The packaging is assumed to be type-A drums containing
low specific activity (LSA) radioactive materials. Considering the fractional occurrence and
the release fractions (loss) for Model I and Model II, the expected fractional release in any |given accident is approximately 0.45 and 0.03 respectively. i.

|
|

|
1

Table 4.10. Fractional probabilities of occurrence
and corresponding package release fractions for
each of the release models for LSA and type-A |

containers involved in truck accidents |

Accident Fractional
seventy occurrence Modet 1 Model 11
category of accident

I o.55 o o
11 o 36 1.0 0.01
111 0.07 1.0 0.1 i

IV o.016 10 1.0 |

V o 0028 10 1.0
VI o.0011 1.0 1.0
Vil 8.5E - 5 1.0 1.0
Vill 1.5E-5 10 1o

Source: U.S. Nuclear Regulatory Commission.
Faal Enveonmmtal Statement on the Transporta-
tbn of Radooactive Matenals by Air and Other

Models. Report NUREG 0170. Of fice of Standards
Development. February 1977. |

|
|
'
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for Model I and Model II, the quantity of yellow cake released to thR atmosphere in the event
of a truck accident is estimated to be about 7400 kg (16,200 lb) and 500 kg (1100 lb) respec-
tively. Most of the yellow cake released from the container would be deposited directly on
the ground in the immediate vicinity of the accident. However, some fraction of the released
material would be dispersed to the atmosphere. Expressions for the dispersal of similar mate-
rial to the environment based on actual laboratory and field measurements have been developed.23
The following empirical expression was derived for the dispersal of the material to the environ-
ment through the air following an accident involving a release from the container:

f = 0.001 + (4.6 x 10-4)(1 - exp(-0.15ut)]a ,

where

f = the fractiorsal airborne release,

u = the wind speed at 15.2 m (50 ft) expressed in meters per second, and

c = the duration of the release in hours.

In this expression, the first term represents the initial " puff" immediately airborne when the
container ruptures in an accident. Assuming that the wind speed is 5 m/s (10 mph) and that
24 h are available for the release, the environmental release fraction is estimated to be

| 9 x 10-3 If insoluble uranium (all particles of which are in the respirable size range) is
assumed and a population density of 62 people per square kilometer 160 people per square mile)
(which is characteristic of the eastern United States) is supposed, 5 the consequences o
truck accident involving a shiprent of yellow cake from the mill would be a 50-year dnse{ ato
the general population of approximately 13 and 0.9 man-rems to the lunos for Models I and II
respectively.

In a recent accident (Se?tember 1977), a conmercial truck carrying 50 steel drums of uranium
concentrate overturned and spilled an estimated 6800 kg (15,000 lb) of concentrate on the
ground and in the truck trailer. Approximately 3 h after the accident. the material was
covered with plastic to prevent further release to the atmosphere. Using the above formula and
values of wind speed for a fractional airborne release for this 3-h duration of release, approxi-
mately 56 Pg (123 lb) of U 0s would be released to the atmosphere. The consequence of this3
accident would be a 50-year dose to the general population of 11 man-rems for a population
density of 52 people per square kilometer (160 people per square mile). This dose can be
compared to a 50-year integrated lung dose 1427 man-rems from natural background.

The applicant has submitted to the NRC an emergency action plan for yellow cake transportation
accidents. This emergency action plan is intended to ensure that personnel, equipment, and
mat,erials are available to contain and to decontaminate the accident area.

All U 08 production sources risk this shipping accident.3

Shipments of chemicals to the site. Truck shipments of process chemicals to the Bison Basin
plant, ii Involved in a severe accident, could conceivably result in a local environmental
impact. Small quantities of analytical reagents are transported to the site. A list of
process chemicals and fuels used onsite follows:

Shipped as solids Shipped as liquids

Nacl hcl
H0HaHCO 2 23

C02Na2003
NaOH 02

niesel oil
Bottled gases
LPG

Most U 0s production facilities have the pote stial ior a similar accident.3

'Deses integrated over a 50-year period to 'owing exposurt.
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Subsurface accidents. These accidents and their remedies are discussed in Sect. 4.4.

Evaporation pond lea la e. If waste pond leakage is detec+ed (Sect. 4.4.2.3), the liquid will bek

pumped to an adjacent pond, and the liner will be repaired. The consequences would be similar
to storage tank or pipeline failures but would be more difficult to clean up.

Conclusion

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

4.6.3 Final waste disposal

The estimated annual volume of waste solids (after normal compaction) from construction,
production, and restoration activities is tabulated below:

Activity Nonradioactive, m3 (yd3) Radioactive, m3 (yd3)

Construction 57 to 76 (75 to 100) 0 0)Production 15 to 23 (20 to 30) 3 to 4.6 4 to 6*)Restoration Included in production 3 to 4.7 4 to 6*)
The amount of solid residue that will be generated each year as a result of the plant and
reverse osmosis unit bleeds based on estimated total dissolved solids concentrations of
5000 mg/ liter and 7000 mg/ liter (9000 umhos/cm conductivity), respectively, and 342 d of
operation per year is approximately 280 t (308 tons) per year.

The staff position is that these small quantities of waste (after liquid evaporates from the
waste ponds) should be removed to a licensed waste site (i.e., a mill tailings disposal site).
The staff cannot legally require the owner of such a site to accept wastes from the Bison Basin
Project.

The applicant must demonstrate to the satisfaction of the staff that he has made a sincere
effort to achieve such an agreement and failed before onsite disposal will be considered. If
onsite final disposal is permitted, the applicant must prepare a decommissioning plan consistent
with the mining and milling waste disposal objectives discussed in Sect. 2.3.6. The implementa- I

tion of this plaa. will ensure the health and safety of the public and the environment.
;

I

4.6.1 Lack of resource de<elopment

If uranium is not extracted from this site, other sources must be explored; expansion of U 0s3production is necessary (Sect. 2.2.1).

4.6.5 Possible conflicts between the proposed action and the objectives
of Federal, State, regional, andlocal plans _and policies

There is no apparent conflict as long as monitoring and mitigation measures are specified to
protect the environment and public he u th and safety. National policy is to replace oil by ,

i

increasing the use of energy from ura. 'um and coal. The State of Wyoming encourages uranium
Iproduction under proper environmental safeguards. Because the local region is heavily depen- !

dent on uranium extraction to support the local economy, the region has planned for expansion.
|
!

*

These figures include materials trapped by the injection line filter system, sediments
!. periodically cleaned out of surge tanks, spent ion exchange resin, and contaminated worn
I

equipment. The volume of dissolved solids in the plant bleed and reverse osmosis unit bleed
that will become the residue in the ponds after evaporation is complete is not included in thesefigures.
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. 6.6 Effects on urban quality. historical and cultural resources, and society

The only potential effect on urban quality would occur if sufficient U 0s were not available3

when required for reactor fuel. In many urban areas, a shortfall of electric energy would
degrade the quality of life.

The project is not expected to affect historical or cultural resources. The short-term societal
effects will be minimal, and there will be no long-term effects af ter restoration and reclamatfor..

4.7 ENERGY REQUIREMENT AND CONSERVATION POTENTIAL

1he project is estimated to use less than 17. of the potential electrical energy available from
the U;0s produced. No direct or indirect conservation potential exists for the project except
that the project requires less energy per ,nound of U 00 produced than does other minMng methods.3

4.8 UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS

4.8.1 Air quality

The unavoidable impacts of solution mining activities upon the air quality in the area will be
minimal. Although some increase in suspended rarticulates fr&1 vehicular traffic on roads will
occur, the resulting impact upon the regional air quality will be minor. The anticipated small
chemical emissions from the recovery facility and evaporation ponds will hue a negligible
impact on the air quality of the area.

4.8.2 Land use

A temporary change in land use of about 23 ha (57 acres) from livestock grazing to mineral
extraction will result during the project operations as proposed by the staff. Ranchers and
wildlife will be inconvenienced by changes in land-use patterns.

The project area presently reveals a low potential for intensive recreation use and developn*nt
because no unique scenic or natural features occur. There are no existing recreation facilities
within the project area. For these reasons, it is considered unlikely that any significant
adverse environmental impacts, except some loss of hunting opportunities, will occur.

4.8.3 Water

4.8.3.1 Surface water

Although no surface discharges are planned durina project operations, some local deterioration
of water quality may occur. Additionally, removal of protective vegetative cover and other
soll disturbance will cause increased sedimentation during the development and mining activities.

4.8.3.2 Groundwater

Approximately 2.96 x 105 m3 (240 acre-ft) of groundwater will be permanently removed from the
aquifer, mostly during restoration activities. Some project-induced degradation of groundwater
quality may occur.;

4.8.4 Mineral resources

Other than the. extraction of the uranium, no unavoidable adverse effects on mineral resources
are expected. In additior: to the environmental effects of the solution mining of uranium dis-
cussed herein, other subsequent and related impacts will occur. The kind and intensity of such
impacts will be dependent on the disposition of the refined ore. Assuming that the uranium will
be used to fuel steam-electric systems, the environmental effects associated with the production
of uranium hexafkoride, isotopic enrichment, fuel fabrication, reprocessing of irradiated fuel,

i transport of radioactive materials, and management of radioactive wastes are relevant to the
; proposed project.26

!

!

!
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4.8.5 Soils

The alteration of near-surface soil characteristics that have developed over long periods of
geologic tine cannot be avoided. Disturbance of soils may lower the natural soil productivity
to some degree because of soll compaction and accelerated erosion.

!

Soil disturbance on the 23 t:a (57 acres) used for the recovery process building site,
evaporation ponds, and well fields cannot be avoided.

4.8.6 Ecological

4.8.6.1 Terrestrial

Vegetation on about 23 ha (57 acres; will be disturbed during operation. Plant species compo-
sition and diversity will be altered because of the disruption of the natural vegetation and
subsequent revegetation.

I Loss of habitat for most wildlife populations on disturbed areas will occur as a result of
project operations; however, habitat removal is expected to be temporary.

4.8.6.2 Aquatic

Because of increased sedinentation caused by well-field operations, some minor impacts on the
aquatic system are expected.

4.0.7 Radiological

Except for radon-222, only small radioactive emissions will result from sclution mining. The
local environment will continue to be shielded by earth materials overlying the radioactive

l ore deposits. However, some small increase in the level of radioactivity is expected from
emissions from the recovery plant and well-field facilities.

|

4.8.8 Socioeconomic

No unavoidable adverse socioeconomic impacts on the local conmunity are expected.

4.9 RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT AND LONG-TERM PRODUCTIVITY
I ;

|

| 4.9.1 The environnent '

| 4.9.1.1 Surface elements
t- |

The short-term increases in suspended particulates and chemical emissions associated with
project activities are expected to have no effect upon the long-term quality of the atmosphere

j in the project area.

I Project operations will cause a short-term reduction in carrying capacity of ',he local grazing
; resource and some reduction in hunting opportunities.

! Well-field develegent will resuit in not over 16 ha (40 acres) of vegetative cover lost during
! the limited operation proposed by the staff.
|

| 'Aaste ponds, pipelines, access roads, and plant buildings will occupy only a small portion |
[6.6 ha (16.3 acres)] of the site.

! Proposed monitoring and mitigating measures will assure that minimal short-term effects from
|project operations will occur. '

After reclamation there should be no long-tenn effects on surface productivity.

i
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4.9.1.2 Underground effects

The extraction of uranium (short-term usage) will not preclude extracting other minerals of
current or future economic in9ortance at a later date.

The short-tenn. extraction of groundwater at up to 2.96 x 105 m3 (240 acre-ft) during the limited
operation, mostly during well-field restoration, should not adversely affect later use of the
aquifer.

Restoration of the mined aquifer region to the ivailable level of use prior to mining has been
demonstrated. If unsuccessful on a larger sca... the mined aquifer region (mining zone) would
be unavailable for irrigation or stock water wells. This zone is currently contaminated because
of natural radioactivity. With the addition of cor.taminants from solution mining, however, this
contamination would represent a long-term impact for about 16 ha (40 acres) of aquifer area.

4.9.2 Society

Because the project will not be a large factor in the local economy, no signifiant short-term
or long-tenn impacts on the local comunities can be expected from this project.

4.10 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

4.10.1 Land and mineral resources

j Af ter reclamation, no land resources are considered lost.

j The uranium produced is irreversibly and irretrievably lost when used to produce power from
a nuclear reactor.j

4.10.2 Water and air resources

Water used in the project, primarily during aquifer restoration, is recycled to the atmosphere
for distribution elsewhere. The aquifer will eventually become recharged from natural sources.
The air is self-cleaning of pollutants at the low concentrations expected. The displacement of
these resources is small in comparison with the benefits derived from the mined uranium.

4.10.3 Vegetation and wildlife

These resources are renewable; and while some irreversible and irretrievable comitment is
required, the comitment is relatively minor. Reclamation will require a commitment of human
and financial resources.

4.10.4 Material resources

Irreversible and irretrievable comitments of construction materials will be made for well
completions, plant buildings, and other activities.

Chemicals and reagents used during solution mining will also not be recoverable for reuse. The
fuels used for vehicles, heating, and plant processing will also be irretrievably comitted.

These materials are not in short supply and are comon to many industrial processes.

4.11 NRC BENEFIT-COST SumARY

4.11.1 General
In reactorThe general need for uranium is consumed in the operation of nuclear power reactors.

licensing evaluations the benefits of the energy produced are weighed against related environ-
mental costs, including a prorated share of the environmental costs of the uranium fuel cycle.

.
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1

These incremental impacts in the fuel cycle are justified in terms of the benefits of energy
generation. However, it is appropriate to review the specific site-related benefits and costs,

of an individual fuel-cycle facility such as the Bison Basin Project.

1 4.11.2 ' Quantifiable economic impacts

. Monetary benefits accrue to the community from tb *esence of the project, such as local
! expenditures of operating funds and the State and - ;al taxes paid by the project. Against
). these monetary benefits are monetary costs to the communities involved, such as those for new

or expanded schools and other consnunity services. It is not possible to arrive at an exact
i numerical balance between these benefits and costs for any one comunity unit, or for the

project, because of the ability of the coninunity and possibly the project to alter the benefits
and costs. For example, the comunity can use various taxing powers to redress any perceived,

imbalance in favor of the project. The project, on the other hand, may create larger revenues
through increased product price to redress any imbalance it suffers through direct or indirect
taxation.

4.11.3 The benefit-cost sumary

The benefit-cost suninary for a fuel cycle facility such as the Bison Basin Project involves4

comparing the societal benefit of an assured U 03 8 supply (ultimately providing energy) against
local environmental costs for which there is no directly related compensation. For the project,
these uncompensated environmental costs are basically three: groundwater impact, radiological ;

impact, and disturbance of the land. The radiological impacts of the project are small, and I

eventually radioactive wastes will probably be dispcsed of offsite (Sect. 4.5.7). The distur-
'

bance of the land is also a small environmental impect. All of the disturbed land will be
reclaimed after the project is decomissioned and will become available for other uses. Com-
plete restoration of an aquifer contaminated by a coninercial-scale project has not yet been
demonstrated, although the staff considers that, in view of the applicant's pilot-scale deme.=i-
stration, restoration to baseline is feasible. The benefit of the production up to E.9 x 106 kg

| (1 x 106 lb) cf U 0the 16-ha (40-acre)s is considered to offset the risk that the groundwater quality underlying3

mining zone will not be completely restorable. Moreover, development and
demonstration of an acceptable restoration technique is an integral part of the project (Sect.
4.3.1).

1

i 4.11.4 Staff assessment

The staff concludes that the adverse environmental impacts and costs are such that the use of
the mitigating measures suggested by the applicant and the regulatory agencies involved would

; reduce the Port- and long-term adverse impacts associated with the project to acceptable levels.
4

In considering the energy value of the U 0s produced, minimal radiological impacts, minimal3
icng-term disturbance of land, and mitigable nature of the societal impacts, the staff has J

concluded that the overall benefit-cost balance for the Bison Basin Project is favorable, that
control of the well fields to minimize groundwater contamination is possible, and that the

,

indicated action is that of. granting a source material license for this solution mining '

project with the conditions specified in the Summary and Conclusions. !
*

!
r
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5. PROFESSIONAL QUALIFICATIONS OF THE BISON BASIN PROJECT DES TASK GROUP

The following individuals were responsible for independent analysis of information provided
by the applicant in the ER and in responses to questions subsequently submitted requesting new
information or clarification of material in the original ER. This interdisciplinary group
obtained information from Federal. State, and local sources to supplement material provided by

,

the applicant and also participated in the scoping process.

A review of pertinent literature sources was also done to ensure that potential environmental
consequences would be fully assessed and that the final recommendations made by the staff

,

| would be in conformance with the state of the art and with the interest of the National Environ-
' mental Policy Act.

The qualifications of each individual are listed so that primary responsibility for informa-
tion in particular sections is apparent. Because much of the Environmental Statement repre-

|
se. .s joint efforts by the staff it is impractical to provide a separate listing of contributors
;o many subsections.

|'
, ,

i

I
i

,
Jeffrey S. Baldwin

| Energy Division
Oak Ridge National Laboratory

Jeffrey Baldwin is a research associate in the Environmental impcets Section.' Since May 1979,
his work has involved environmental impact assessments of various reclear fuel cycle facilities
such as fuel fabrication facilities, uranium ore-buying stations, uranium ore-processing mills.,

1- and in situ solution mining of uranium. Before coming to Oak Ridge National Laboratory,
f Baldwin was a research associate with the National Uranium Resource Evaluation at the Oak

Ridge Gaseous Diffusion Plant. His training has been in trace element geochemistry, hydro-,

geology, uranium geology, and coal geology. Baldwin's research has included the development'

of geochemical exploration models using trace element data from stream sediment stream water.
- and groundwater to delineate areas of uranium mineralization; research concerning trace.

element, pyrite, and sulfur distribution in eastern U.S. coals; and various research topicsi

relating to surface- and groundwater quality.'

J

Education:

j Received an A.8, degree in geology from West Georgia College in 1973*

Received an M.S. degree in geology from the University of South Carolina in 1976*

is currently working toward an M.B.A. degree at the University of Tennesseee

i
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Gorman S. Hill
Health and Safety Research Division

Oak Ridge National Laboratory

Gorman Hill is a research associate in the Technology Assessments Section. Since 1973, t? has
participated in the radiological assessment of fuel cycle environntntal statenents and for a
series of studies establishing "as low as reasonably achievable" guides for the nuclear fuel
cycle. He has been involved in the calculation of radiological dose to man and other biota
and in the evaluation of impacts to the maximum exposed individual and to the population. He
has worked as a junior chemist, a health physicist, and as a research associate in the field
of radiation. Hill assisted in editing material for the International Commission on Radiological
Protection Report on Reference Mari.

Education:

Received a B.A. degree in biology from Lincoln Memorial University in 1944*

Received an M.S. degree in zoology with emphasis on radiation biology from the University*

of Tennessee in 1951

|Affiliations:

Holds membership in the Health Physics Society*

Is a certified health physicist*

Rotsaid S. Kaufmann
Uranium Recovery Licensing Branch

U.S. Nuclear Regulatory Commission

Ronald Kaufmann is a project management technical consultant for the New Facilities Section of
the Uranium Recovery Licensing Branch. His technical trainirg is in groundwater geology and
geochemistry. As a project manager, Kaufmann oversees the licensing of new uranium in situ
extraction facilities. In addition, he provides other project managers with technical assis-
tance in the area of groundwater geology. He also manages and coordinates groundwater research
for the Uranium Licensing Branch. Kaufmann's experience with industry includes evaluating the
impact of a Florida phosphate mine on groundwater quality for the International Minerals and
Chemical Corporation and, as a consultant to the NUS Corporation, evaluating the siting and
impact of nuclear power plants, uranium in situ facilities, and waste disposal facilities.
While with the NRC, Kaufmann has arranged for the licensing of several other in situ extraction |
facilities.

Education:

Received a B.A. degree in geology from the State University of New York at Buffalo, 1975*

Received an M.S. degree in geology from the University of South Florida, 1979*

i

|
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Minton J. Kelly
Energy Division

Oak Ridge National Laboratory

Minton Kelly is the manager of the Nuclear Fuel Cycle Projects in the Envircnmental Impacts
Section. He coordinates the preparation of Environmental Arsessments and Statenents using
interdisciplinary groups of specialists chosen by the requiren'ents of each project. His
original experience with environmcntal studies was in 1947-1940 when he supervised collection
o' chemical, meteorological, and physical data in estuarine Louisiana as part of a long-range
ecological s hdy on oyster mortality. From 1968 through early 1971, he worked with an inter-
discipli%ry tet.m whose responsibilities were to develop nethods to assess the radiobgical
impan of proposed Plowshare projects. With the passage of the National Environmental Policy
A.t. he became a member of the original team et Oak Ridge Nat:onal Laboratory developing
impact statement methodology. He also supervised the preparation af Nuclear Reactor Environ-
mental Statements until mid-1974. Kelly accepted his present job assignment in August 1977.
His other experiences include (1) supervision of instrument integration for the bottom stage
of the initial manned moon rocket; (2) electrical and communications design for the Arabian
American Oil Company; and (3) development of instrumentation for chemical kinetic studies,
radiation resistant insuiators, and equipment for studying postulated breeder reactor accidents.

Education:

Received a B.S. degree in electrical engineering from Texas A&M University in 1947*

Received an M.S. degree in physical chemistry from Texas A&M University in 1951*

Received a Ph.D degree in physical chemistry from Texas A&M University in 1955*

Affiliations:

Elected a fellow in the American Institute of Chemists*

Holds membership in Sigma Xi*

Larry B. Lamonica
Science Applications. Inc.

Oak Ridge, Tennessee

Larry Lamonica is a chemical engineer with additional training and experience in the areas of
nuclear engineering, air pollution control, and water-quality management. He has been respon-
sible for assessing proposed milling processes and for aiding in the preparation of prcject
description, accident, and alternative sections of seven uranium milling and mining projects.
Lamonica's contribution to a study on conparative risks of electricity generation with uranium
and coal involved definition of a model mine/ mill complex and the ensuing definition of source
terms based on generic effluent data from this type of facility.

Education:

Received a B.S. degree in chemical engineering from Brigham Young University in 1977*

Is working toward an M.S. degree in chemical engineering at the University of Tennessee*



5-4

Samuel C. Martin
Science Aplications, Inc.

Oc' Ridge. Tennessee

Samuel Partin is an economist specializing in econometrics, environmental impact assessment,
program planning, and power system voltage and loading distribution problems. He has been
responsible for the preparation of alternative sections for six uranium milling and mining
environmental impact statements. In addition, Martin was responsible for updating the socio-
economic sections of the Programatic Environmental Impact Statement for the Department of
Energy's Strategic Petroleum Reserve Program. His duties have also involved the preparation
of guidelines to determine unit operations for the High-Temperature Gas-Cooled Reactor Recycle
facility at Oak Ridge National Laboratory.

Education:

Received a B.S. degree in electrical engineering from Clemson University in 1967*

Received an M.S. degree in industrial management from Clemson University in 1968*

Leceived an M. A. degree in economics from the University of Tennessee in 1977*

Is working toward a Ph.D degree in economics from the University of Tennessee*

Affiliations:

Holds membership in the Southern Economic Association, Mid-Continent Regional Sciencee
Association, South Carolina Academy of Sciences, and Phi Kappa Phi

Is a registered engineer-in-training in South Carolinae

. trick J. Mulholland
Envir snmental Sciences Division
Oak Ridge National Laboratory

Patrick Mulholland is a research associate in the Aquatic Ecology Section. Actively involved
in the Environmental Impacts Program, his work includes environmental impact assessments of
various nuclear feel cycle facilities and coal-fired power plants as well as studies involving
harvesting peat for use as an energy source. Mulholland's training has been in aquatic ecology,
wetland ecology, sanitary engineering, ari ecosystem modeling; and his research has included
phytoplankton growth modeling, water-quality studies of coastal plain streams, and organic
carbon cycling in swamp ecosystems.

Education:

Received a B.S. degree in civil and environmental engineering from Cornell University*

in 1973

Received an M.S. degree in sanitary engineering from Cornell University in 1975e

Received a Ph.D degree in environmental biology and chemistry from the University ofe

North Caroline in 1979

Affiliations:

Holds membership in the Ecological Society of America, American Society of Limnology and*

Oceanography, and Sigma Xi'
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Allen M. Solomon
Environmental Sciences Division
Oak Ridge National Laboratory

Al Solomon is a terrestrial ecologist for the Environmental Impacts Section. His technical
specialties are plant ecology, palynology, aerobiology, desert ecology, and pc.leoecology.
Solomon's experience with impacts associated with nuclear power plants includes the Erie and
Virgil C. Summer nuclear plant projects where ne made sigt.ificant contributions in areas
including alternate sites, transmission line right-of-way maintenance, and endangered plant
species. He has also worked on projects involving nuclear fuel fabrication plants, uranium
enrichment plants, and uranium mining and milling.

Education:

Received a B. A. degree in biology from the University of 'lichigan in 1965*

Received a Ph.D. degree in plant ecology from Rutgers in 1970*

Affiliations:

Holds membership in the Ecological Society of America, American Association for Advance-*

ment of Science, Society of Sigma Xi, Arrarican Quaternary Association (newsletter editor),
International Aerobiology Association, and American Institutes of Biological Sciences

In addition, the Environmental Statement was reviewed by cognizant members of the Nuclear
Materials Safety and Safeguards staf f and the NRC legal staff for conformance with NRC policy
and regulatory guides.

The NRC Environmental Project Manager who has primary responsibility for all aspects of the
ordposed project is

Ronald S. Kaufmann
U.S. Nuclear Regulatory Conmission
Mail Stop 483-55
Washington, DC 20555
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6. LIST OF AGENCIES RECEIVING DRAFT ENVIRONMENTAL STATEMENT

ine followb;g Federal State, and local agencies have been se , copies of and asked to comment
on the Draft Environmental Statement:

Department of Comerce
Department of the Interior
Department of Health and Hur.Jn Services
Federal Energy Regulatory Commission
Department of Energy
Department of Transportation
Environmental Protection Agency
Department of Agriculture
Advisory Council on Historic Preservation
Department of Housing and Urban Development
Of fice of the Governor, State of Wyoming

| State Planning Coordinator State of Wyoming
| Department of Agriculture State of Wyoming

Department of Environmental Quality State of Wyoming
Dr artment of Game and Fish. State of Wyoming
B;ard of Commissioners, Fremont County, Wyoming
Planning Commission, Fremont County, Wyoming
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Appendix B

AQUIFER TESTS FOR ANALYSIS OF GROUNDWATER QUALITY

The hydrologic properties of the "D" sands (production zone aquifer) in the project area were
established from the results of three separate aquifer tests conducted in both the north
portion and the south portion of the elongated 16-ha (40-acre) are body. The locations of the
aquifer tests are shown in Fig. 3.7. Two of the tests'were performed during the period from
June 7, 1977, to June 23, 1977; the third +ast was performed on November 3 and 4,1978.

The Jacob-modified Theis equation and ihe Hantush-Jacob unsteady, leaky artesian-type curve
methods were used to analyze individJai well data obtained from the June 1977 tests; the
Jacob-modified Theis equation was u,ed to analyze the well data from the November 1978 test.
Two major assumptions inherent in '.hese methods are

1. The aquifer is confined and tomogeneous within the radius of influence. The assumption
of confined conditions was verified by water level and curve response. Because

, consistent values of transmissivity were found on all observation wells, it is assumed
j that the aquifer is behaving in a homogeneous manner.
I

i 2. The pumped well fully penetrates the entire thickness of the aquifer. Wells OP-140-TC,
OP-141-TC, and 303-6-P22C - the pumping / injection - were fully screened across
the aquifer.

B.1 AQUIFER TEST 1

Aquifer Test I was conducted in the southern portion of the ore body between June 6,1977, and
June 14, 1977. It consisted of one step drawdown test using formation water, one injection
test using formation water, one injection test using leach fluid, and one pump test using
uranium-bearing production fluid. The pumping / injection well for these tests was OP-140-TC;
the observation wells were OP-94, OP-95C, OP-135, and OP-136. The location of the observation
wells relative tc the pumping / injection well is shown in Fig. 3.11. The pumping / injection
well and all four observation wells are completed (screened) only in the production zone

. aquifer, the screen assembly fully penetrating the aquifer.

Wells OP-94, OP-135, and OP-136 have a 5-cm (2-in.) PVC casing; their field-fabricated screens
are made by cutting slots into the PVC pipe. Wells OP-95C and OP-140-TC have a 10-cm (4-in.)

; F VC' casing with a 5-cm-diam (2-in.) plastic screen and a 7.6-cm-diam (3-in.) stainless steel
screen respectively. The top of the aquifer in Test Area 1 is approximately 116 m (380 ft)
below the land surface; the aquifer itself is ap roximately 4.5 m (15 f t) thick; and the
potentiometric water level is about 35 m (115 f t below the land surface.

Table B.1 is a summary of the results of Aquifer Test 1. The average transmissivity and
2hydraulic conductivity are 1.6 m /d (130 gpd/ft) and 0.27 m/d (6.5 gpd/ftz) respectively.

The radli of influence during the injection and pump tests of Aquifer Test I were approximately
107 to 122 m (350 to 400 ft). No large-scale discontinuities in permeability and no signifi-
cant leakage or hydraulic boundary were detected within the region of influence of the hydrologic
tests.

B.2 AQUIFER TEST 2

Aquifer Test 2 was conducted in the northerri portion of the ore body between June 16, 1977,
and June 23, 1977. It consisted of one step drawduwn test using formation water, one injection
test using leach fluid, one pump test with uranium-bearing production fluid, and two pressure
buildup tests.

B-3
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Table 8.1. Summary of Agusfa Test 1

NYd''"Transm.isivity Permeabihty Storage Wett'Date Test type Welt no. (m2/d (gpd/tt)) Id#CYI C'"'C''"' d'*''"CY, 2)}
dJacob Hantus

Jacob Hanrush

G7-77 Step drawdown OP 140 TC 64 32.71-54 51 (6-10)6877 injectum OP-94 1.63 (130) 1.69(135) 0.27(6.50) 0.28 (6.75) 0.36 0.37 1.47E-4' 1.49E-4
OP95C 1.63 (130) 0.63 (50) G 27 (6.50) 0.10 (2.50) 0.36 0.14 1.05E-4 2.00E-3 Y
OP-135 1.63 (130) 0.27 (6.50) 0.36 2.53E-4 #

OP.136 1.63 (130) 1.25 (100) 0.27 (6.50) 0.20 (5.00) 0.36 0.27 1.44 E - 5 2.65 E-5
OP-144TC 53 5118 (9.39F

$13 77 Pump OP 94 1.69 (135) 1.75 (140) 0.28 (6.75) 0.29(7 00) 0.37 0.38 1.68E-4 1.70E-4
OP-95C 1.50(120) 0.30 (24) 0.25(6 00) 0.05 (1.20) 0.33 0.07 5.28E-5 2.76E-4
OP-135 2 06 (165) 0.34 (8.25) 0.45 2.91 E -4
OP-136 1.46 (117) 0.53 (42) 0.24 (5 85) 0.09 (2.10) 0.32 0.12 9.40E-6 2.52E-5
OP 14&TC 70 45.79(8.4)

' Read as 1.47 X 10- *
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Th9 pumping / injection well for these tests was OP-lal-TC; the observation wells were OP-41,
OP-42, OP-132 and OP-133. The location of the observattor, wells relative to the pu.nping/
injection well is shown in Fig. 3.13. The pumping / injection well and all four observation
wells are completed (screened) only in tt.e production zone aquifer, the screen assembly fully
penetrating the aquifer. Wells OP-41, OP-42, and OP-132 bave a 5-cm (2-in.) PVC casing; their
field-faoricated screens are made by' cutting slots into the PVC Fice. Wells OP-133 dnd
OP-141-TC have a 10-cm (4-in.) PVC casing and a 5-cm-diam (2-in.) plastic screen and a
7.6-cm-diam (3-in.) stainless steel screen respectively. The top of the aquifer in Test Area
2 is approximately 108.5 m (356 ft) below the land surf r e; the aquifer itself is approximately
4.5 m (15 f t) thick; and the potentiometric water level is about 45.7 m (150 ft) below the land
surface.

Tab'e B.2 is a sucinary of the results of Aquifer Test 2. The average transmissivity and
hydraulic conductivity are 2.48 m /d (198 gpd/ft) and 0.41 m/d (10 gpd/ftz) respectively.2

The radii of influence during the injection and pump tests of Aquifer Test 2 were approrimately
107 to 122 m (350 to 400 ft). No large-scale discontinuities in permeability and no signifi-
cant leakage or hydraulic boundary were detected within the region of influence of the hydrologic
tests.

B.3 AQUlFER TEST 3

Aquifer Test 3 was conducted on November 3 and 4,1978, in the southern portion of the ore
body near the location of Aquifer Test 1. The test was performed primarily as part of the
research and development mining operation to determine whether or not there is hydraulic
comunication between the injection / recovery wells and the monitor wells. Additionally, the
test was used to check the results of Aquifer Test 1 by applying the Jacob-modified The15.
method to the test data. Well 303-6-P22 was the pumped well; Wells 303-6-P7, 303-6 P8,
303-6-P10, 303-6-P16, 303-6-P19, 303-6-P21, 303-6-P30, 303-6-P31, 303-6-P32, OP-94, 303-6-M1,
303-6-M2, 303-6-M3, 303-6-M4, 303-6-MS, and 303-6-M6 were the observation wells. The location
of the observation Wells relative to the pumping well is shown in Fig. 3.14

The pumped well, 303-6-P22, and observation wells 303-6-P7, 303-6-P8, 303-6-PIO, 303-6-P16,
303-6-P19, 303-6-P21, 303-6-P30, 303-6-P31 and 303-6-P32 have 10-cm (4-in.) PVC casings and i
7.6-cm (3-in.) stainless steel screens. Observation wells 303-6-M1, 303-b-M2, 303-6-M4, '

303-6-MS, and 503-6-Mo have 10-cm (4-in.) PVC casings and 5-cm (2-in.) plastic screens. Well
OP-94 has 6 5-cm (2-in.) PVC casing and a field-fabricated screen made by cutting slots into
the PVC pipe. The pumped well and-all observation wells except Well 303-6-M3 are completed
(screened) only in the production zone aquifer, the screen assembly fully penetrating the
aquifer.

Observation well 303-6-M3 was completed in the upper ("B" sands) aquifer to monitor possible
vertical excursions of leach chemicals during operation. The upper aquifer is also under
confined conditions and is seM rated from the production zone aquifer by about 33.5 m (110 ft)
of mudstone and siltstone. The potentlemetric water level in Well 303-6-M3 is approximately
18.6 m (61 f t) below the land surface. There was no lower aquifer monitor well constructed for
the operation because of the lack of a persistent sandstone unit within 10.7 m (35 ft) of the
bottom of the production zone aquifer.

3The constant pumping of Well 303-6-P22 at approximately 44 m /d (8 gpm) for 25 h produced
drawdowns at all observation wells completed in the production zore aquifer ranging from 4.20
to 10.25 m (13.77 to 33.64 ft). The drawdown measured at Well 303-6-M3, the upper aquifer
monitor well, was zero. This drawdown information successfully demonstrated that (1) the
production zone monitor wells for the research and development well field (Wells 303-6-M1,
303-6-M2, 303-6-M4, 303-6-MS, and 303-6-M6) are in hydraulic communication with the injection /
recovery wells and that (2) the upper aquifer is not hydraulically connected to the production
zone aquifer.

A sucinary of the hydrologic results of Aquifer Test 3 is shown in Table B.3. The average
transmissivity and hydraulic conductivity calculated from this test are 1.46 m /d (117 gpd/ft)2

and 0.24 m/d (5.8 gpd/ft ), respectively, which compare favorably with the results of Aquifer2

Test I cot.dscted in the sane area.



. - - - - - . . .

Table B.2. Sumspry et Aquifer Test 2
_

"#"'Transmissivity Permeab.14ty Storage
2Date Test tycw (m /d (god >Yt)] (darcy) coef f.cM.t

Jacob Hantush Jacob Hantush Jacob Hantush

Step
G1677 drawdown OP 141.TC 40.17-75.66(7.37-13.88)
61777 ansecten OP41 2.31 (185) 2.13 (170) 0.38 (9.25) 0.35(8.50) 0.51 0.47 5.86 E -5' 7.43E-5

OP42 2.00(160) 2.00 (160) 0.33 (8.001 0.33 (8.00) 0 44 0.44 7.64E-5 8.90E-5
OP-132 2.50 (2001 2.19 (175) 0.41(10.001 0.36 (8.75) 0 55 0.48 1.42E -4 !L24E-5
OP 133 2.44 (195) 1.94 (155) 0.40 (9.75) 0.40(9.75) 0.54 0.43 1.21E-3 .6.16 E -3 ?
OP-141-TC 84.49 (15.5) *

& 17 77 Recovery OP-41 2 62 (2101 0.43 (10.50) 0.58
OP-42 2 38 (190) 0.39 (9.50) 0.52
OP-132 1a8(230) 0.47 (11.50) 0.63

62266 Pump OP41 2.38 (190) 2.25(180) 0.39 (9.50) 0.37(9.00) a52 0.49 7.07 E-5 4 85E-5
OP-42 2.25 (la)) 2.06 (165) 0.37(9.00) 0.34 (& 25) 0.4v 0.45 8.44 E-5 6.04 E -5
OP.132 3.75 (300) 3.56 (285) 0.6.(15.00) 0.58 (14.25) 0.82 0.78 1.15E-5 7.63E-5
OP-133
OP-141-TC 55 60(10.2)

62277 Recovery OP41 2.44 (195) 0.40 (9.75) 0.54
OP42 2.25 41EO) 0.37(9.00) 0.49
OP-132 2.81 1255) 0.52 (12.75) 0.70

* Read as 5.86 X 10-5

,

_ _ . _ _ . __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ . . _ __ _ _ ___ _ __
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Table B.3. Summary of Aquefer Test 3

Well Transmissivity Hydrautu: conductivity Storage

numter (m2/d (god /f t)] (m/d (god /f+2 }] coettacient

3M 6-M1 1.38(1108 0.22 (5.5) 6.1 E - 5*

303&M2 1.63(130) 0.27 (6.5) 6.3E-5
8303 6M3

303 6 M4 1.38(110) 0.22 (5.5) 5.4 E - 5

I 303 6M5 1.38 (110) 0.22 (5.5) 3.4 E-5

303 6-M6 1.50(120) 0.27 (6.5) 4.4 E-5
;

f 303 6 P7 1.50 (120) 0.27(6.5) 1.7 E--4

303 6 P8 1.50 (120) 0.27 (6.5) 3.4 E -4

303 6-P10 1.50 (120) 0.27i6.5) 3.4 E -4

303 GP16 1.38(110) 0.M (5.5) 5.5E-4,

>

303 6 P19 1.38 (110) 0.22 (5.5) 2.6 E -4

303-6 P21 1.50 (120) 0.27 (6.5) 4.7E-4
303 6P30 1.50 (120) 0.27(6 5) 2.7E4
303 6 P31 1.50 (120) 0.27 (6.5) 3.6 E -4

303 6 P12 1.50 (120) 0.27 (6.5) 4.8E 4
OP 94 1 38(110) 0.22 (5.5) 5.9E-4

8 Read as 6.1 X 10''.
" Upper aquifer monitor well, no deawdown.

I
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Appendix C

RADON RELEASES FROM AREA SOURCES

This appendix describes the assumptions, data, trid equations used to estimate the annual
radon-222 released from the solution mining and restoration processes. Some of the production
capacities and other parameters used in the radon release calculations are listed below:

Acres to be mined per year 11.5

Average production flow rate, gal / min 1200

Operating days per year 340

Fonnation porosity, % 28

Average ore thickness, f t 6.3

Rock density, g/cm3 2.5

Residence time for production solution, d 7.72
Equilibrium value for radon for 7.72 d, % 70

Residence time for restoration solution, d 15.4
Equilibrium value for radon for 15.4 d, % 88

C.1 RAD 0N FROM PREGNANT LEACH SOLUTION

for uranium-238 in equilibrium with all its daughters, an ore body concentration of 225 pC1/g
of radon is estimated. (This corresponds to an ore grading of 0.08%. which is higher than the
expected ore grade of 0.07%.) One cubic foot of ore contains

28,300 cm3/ft3 x 2.5 g/cm x (1 - 0.28) x 225 pCi/g i 1 x 10 2 pCi/Ci = 1.15 x 10-5 C1/ft33 1

A radon emanation coefficient of 0.20 is assumed. Thus the pore water contains:

1.15 x Ci/ft3 x 0.20 = 8.21 x 10-6 Ci/ft3

of radon at equilibrium. The maximum radon release is calculated as

I1200 gal / min x 8 lb/ gal x x 1440 min /d x 340 d/ year x 8.21
62.4 lb/ft3

x 10-6 C1/ft3 = 618 C1/ year ,

where 340 d/ year is the number of days of operation yearly.

C-3
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For pregnant leach solution it is assumed that the radon is at 70% of equilibrium with
daughters. The annual radon release is then calculated to be

618 C1/ year x 0.70 = 433 Ci/ year .

In addition to the release of radon from the productio.1 solution, one pore volume of
nonproduction water (where radon is in equilibrium with daughters) will be removed as each
wil is put into service over *he 11.5 acres. The raden release from a nonproductive source,.

resulting from this start-up procedure is as follows:

211.5 acres x 43.560 ft / acre x 6.3 ft x 0.28 x 8.21 x 10-6 Ci/fti = 7 C1/ year ,

where 6.3 ft is the thickness of the ore body and 0.28 is the porosity coefficient.

Thus the total release of radon from the uranium-bearing solutions would be

Production solution 433 Ci/ year
Nonproduction solution 7 C1/ year

Total far operating wells 440 C1/ year

C.2 RADnN RELEASE FROM RESTORATION

The applicant proposes to start restoration of the aquifer in the third year of operation
at a pumping rate of 115 gal / min. For the restoration procedure, the radon release is
calculated to be

I115 gal / min x 8 lb/ gal x - v. 1440 min /d x 340 d/ year x 8.2?.
62.4 lb/ft3

x 10-6 C1/ft3 x 0.88 = 52 C1/ year ,

where 0.88 is the ratio of radon equilibrium.

The total release of radon from the first year of restoration procedures (year of maximum
release) is as follows:

From restoration solution 50 C1/ year
From start-up solution 7 Ci/ year

Total from restoration 59 Ci/ year
l

C.3 RADON RELEASE FROM EVAPORATION REStRVOIR (WASTE POND)

Radon emission from the waste pond is considered to be negligible.

C.4 SUMMARY

The maximum annual release of radon will occur during the first year that restoration begins.
The total annual release during this pericJ is as follows:

Annual release from production 440 Ci
Annual release fran restoration * 9 Ci>

Maximum annual release 499 Ci
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It may be note.d.that these calculated values are probably very conservative in that

1. It is unlikely that the emanation coefficient will be as great for emanation into water
as into air.

2. Release of 100% of the dissolved radon from the surge tanks and process lines is unlikely.

3. More than 60% leaching efficiency will decrease the amount of radon per pound of product.
(The calculated in-place ore grade would be lower.)

On the other hand, the calculations were made by using slug flow (no mixing), a nonconservative
practice for the fraction of equilibrium reached.
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Appendix D

DETA! LED RADIOLOGICAL ASSESSMENT

Supplemental information is provided below which describes tN models, data, and assumptions
utilized by the staff to perform its radiological impact assessment of the Bison Basin
solution mining project. The primary calculational model employ 2d Ly the staff in performing
this assessment is the AIRD05-EPA computer code,I originated at the Oak Ridge National
Laboratory.

Radioactive materials introduced into the body by the inhalation or ingestion pathways
(internal exposure) continue to irradiate the body until removed by processes of metabolism
or radioactive decay. Exposure is measured in terms of dose commitments: A 50-year dose
commitment is determined by the dose calculated for an individual for one year of radionuclide
intake. It represents the total dose he will receive integrated over the next 50 years (his

| remaining lifetime) as a result of that year's intake. In this report all internal doses are
1 50-year dose comitments.
|

0.1 METHODOLOGY AND ASSUMPTIONS

D.1.1 AIRDOS-EPA computer code

The radiation dose commitments resulting from the atmospheric releases of radionuclides are
calculated by using the AIRD05-EPA computer code.1 The methodology is designed to estimate

the radionuclide concentrations in air; (2) rates of deposition on ground ,arfaces;
intake rates via inhalation of air and ingestion of meat, milk, and fresh vegetables; and
the radiation doses from airborne releases of radionuclides. The code is also used to

determine the highest estimated dose to an individual in the area and the dose to the population
living within an 80-s 1 (50-mile) radius of the mining facilities. The doses may be categorized
by radionuclide, by exposure pathway, or by exposure to significant organs of the body.

The basic equation used to estimate the dispersion of an airborne plume is the Gaussian plume
equation of Pasquill2 as modified by Gifford.3 Radionuclide concentrations in meat, milk, and
vegetables consumed by man are estimated by coupling the output of the atmospheric transport
models with NRC terrestrial food chain models '' The models are also described in an Oak Ridge
National Labo-atory report.S Details for determining atmospheric dispersion and deposition
are given in ref.1.

D.I.2 Dose conversion factors

The International Comission on Radiation Protection determined the factors for converting
internal exposure to dose (dose conversion factors).6 These and other recognized values have
been implemented by recent medels for the lung 7 and GI tract.8 Details of these models
and the assumptions used in calculating the dose conversion factors are described in an NRC-
sponsored research.9

The dose conversion factor for bronchial epithelium exposure from raden-222 is derived as
follows:

1. 1 pCi/m3 of radon-222 = 5 x 10-6 working levels (WL) where one WL concentration is
defined as any combination of short-lived raatoactive decay products of radon-222
in 1 liter of air which will release 2.08 x 10-8 J (1.3 x 105 HeV) af alpha-particle
energy during their radioactive decay of lead-210 {the conversion factor used is onedetermined by the Environmental Protection Agencyl );

D-3,
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| 2. continuous expsure to 1 WL = 25 rumulative working level months (WLM) per years and

; 3. 1 WLN = 5000 millire ns.11
!

Th tre fore.

*)(25[)(5000* .'[*5)=0.625* 'O .'S x 10-6
~

pC1/m 3 pCi/m3

Thus the radon-222 bronchial epithelium dose conversion fa: tor is taken to be 0.625 millirem .
3m /pC1.

| The dose conversion factors for external exposure were calculated using the computer code
DOSFACTER.12 The dose conversion factors for ground-surface exposure are calculated for ai

height of 1 m (3.3 ft) using the point-kernel integration method. The conversion factors for!

immersion in air and water are based on the requirement that all energy emitted is absorbed in
the infinite medium.

! D. I . 3 Radiation dose to the individual
1

Dose is estimated to the adult individual living in the nearest residence, which would be the
| location of the potential maximum exposure. The locat on is assured to have the highest
i concentration of radionuclides in the surrounding air and on the land swface. Additional
! assumptions are that the exposed individual resides continuously at the l o tion (no allowance
| 1s made for protective shielding provided by the residence) and that the location is the point
i of origin for all food consened. Estimates of dose are made for the total body and a number
| of reference organs, and those radionuclides that contribute large fractions of the total dose
l are identified.
l

| Dose to individuals have been calculated for inhalation; external exposure to air and ground
! concentration; and ingestion of vegetables, meat, and milk. The staf f calculated internal

doses by using conversions factors' that yield 50-year dose comitment, that is, the entire
dose received over a period of 50 years following either inhalation or ingestion of one year's
intake of radionuclides. The one-year exposure period was taken to be the final year of plant

| operation when environmental concentrations resulting from plant operations are expected to be
at their highest level.!

i

| D l.4 Radiation dose to the populations
,

The total dose received by an exposed adult population because of the releases from well-flold
and recovery operations is estimated by the summation of individual dose estimates within the
population. The area within a radius of 80 km (50 miles) of the project is divided into 16
sectors (22.5' each) and into a number of annull. The average dose for an individual in each
division is estimated; that estimate is then multiplied by the number of persons in the I

division, and the resulting products are summed across the entire area. The unit to express
t the population dose is man-rem.
|

D.2 ATMOSPHERIC DISPERSION (METEOROLOGY)

The basic equation used to estimate atmospheric transport to the terrestrial environment is
i

| Pasquill's equation 2 as madified by Gifford.3 For particulate releases, the meteorological
x/Q values are used in conjunction with dry deposition velocities and scavenging coefficients
to estimate air concentrations. Radioactive decay during plume travel mast be added to the j
AIRD05-EPAL source term. Concentrations in air for each sector are used to calculate doses
receivedviainhalation-includingdaughterradionuclidesbuildinguponthegroundasaresult of the deposition of the parents and from external radiation exposure. The ground
deposits are also assimilated into food, which, when ingested, results in additional dose
through the food chain pathways.

The meteorological data required for the calculation are joint frequency distributions of wind
velocity and direction sumarized by stability class for the Kock Springs Wyoming meteorology

J
(Tables D.1 and 0.2). The x/Q values for the residences nearest the project facilities and '

for other distances are shown in Tables D.3, 0.4, and D.S.

I



_ _ _ . __.__ .

I

D-5.

Table D.1. Frequencies of wind directions and trutaverage wind speeds

Rock Springs, Wyoming, meteorological data (1960-1964)

Wind speeds for each stability class'
Wind directioe.

Frequency (m/s)
(toward)

A 8 C 0 E F

N 0.057 0.30 0.60 1.40 4.50 3.60 0.60
NNW 0.031 0 30 0.60 1.40 4.50 3.60 0.60
NW 0.034 0.35 0.60 1.40 4.50 3.60 0.60
WNW O.018 0.30 0.60 1A0 4.50 3.6G 0.60
W 0.033 0.30 0.00 1.40 4.50 3.60 0.60
WSW 0.048 0.30 0.60 1.40 4.50 3.60 0.60
SW a059 0.30 0.60 1.40 4.50 3.60 0.60
SSW 0.018 0.30 0.60 1.40 4.50 3.60 0.tiO
S 0.020 0.30 0.60 1.40 4.50 3.60 0.60
SSE 0.019 0.30 0.60 1.40 4.50 3.60 0.60
SE 0.151 0.30 0.60 1.40 4.50 3.60 0.60
ESE 0.055 0.30 0.60 1.40 4.50 3.60 0.60
E 0.134 0.30 0.60 1.40 4.50 3.60 0.60
ENE 0.164 0.30 0.60 1.40 4.50 3.60 0.60
NE 0.109 0.30 0.60 1.40 4.50 3.60 0.60
NNE 0.050 0.30 0.60 1.40 4.50 3.60 0.60

'Value for class G is 0.00.

Table D.2. Frequency of atmospheric stability classes
for each direction

Rock Spongs, Wyoming. meteorological data (1960-1964)

Fraction of time in each stability class'

A B C D E F

N 0.0161 0.0367 0.0851 0.5576 0.0367 0.2671
NNW 0.0125 0.0500 0.0781 0.4563 0.1813 0.2219
NW 0.0114 fi.0427 0.0741 0.2991 0.2251 0.3476
WNW 0.0105 0.0524 0.0942 0.4607 0.1309 0.2513
W 0.0146 0.0583 0.1079 0.2974 0.2478 0.2741
WSW 0.0100 0.0433 0.0837 0.4721 0.1514 0.2390
SW 0.0179 0.0700 0.12'2 0.5342 0.1010 0.1547
SSW 0.0265 0.1323 0.1852 0.4392 0.0741 0.1429
S 0.0293 0.1659 0.1951 0.2829 0.1073 0.2195
SSE 0.0253 U.1263 0.1414 0.2778 0.2929 0.1364
SE 0.0076 0.0158 0.0348 0.8176 0.0481 0.0760
ESE 0.0293 0.0828 0.1517 0.5983 0.0431 0.0948
E a0114 0.0506 0.1056 0.6812 0.0606 0.0906
ENE 00058 0.0350 0.0005 0.7541 0.0444 0.0701
NE 0.0114 0.0572 0.1048 0.7544 0.0537 0.0185
NNE 0.0114 - 0.0341 0.1004 0.6553 0.0265 0.1723

* Value for class G is 0.00.

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ -
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TaWe D.3. x/O values at receptor points

x/0 values -
3(s/m )

location and distance 222%p

f 8' Caretaker Cottage (11 km ENE) 3.37E-8 ' 1.26E-7
Sweetwater Station (30 km NNE) 1.59E-9 2.17 E-8

_

* Read as 3.3 X 10-e
|

|
i

|

TaWe D.4. Ground-level t/O values for particulates at various distances in each compass direction
- .

x/O toward indicated direction 1

Ostance (s/m ) |3

l im)-
| N NNW NW WNW W WSW SW SSW

|500 0.659E-S' O.326E-6 0.471 E-6 0.208E-6 0.404E-5 0 528E-6 0.525E-6 0.165E-6
1,500 0.986E-6 0.488E-6 0.714E-6 0.311 E-6 0.605E-6 0 792E-6 0.766E-6 0.231E4
2,500 0.310E-6 0.158E-6 0.222E-6 0.991 E-7 0.193E-6 0.255E-6 0.256E4 0.770E-7
3,500 0.137E-6 - 0.726E-7 0.964 E-7 0.445E-7 - 0.863E-7 0.115E-6 0.121 E-6 0.362E-7
4,500 0.742E-7 0.408E-7 0.514 E-7 0.245E-7 0.474E-7 0.641 E-7 0.698E -7 0.208E-7 ,

' 7,500 0.221 E-7 0.132E-7 0.147E-7 0.756E-8 0.146E-7' ' O.202E-7 0.239E-7 0.700E-8
15,000 ' O.592E-8 0.385E-8 0.400E-8 0.212 E-8 0.419E-8 0.577 E-8 0.708E-8 0.200E-1

25.000 ' O.223E-8 0.149E-8 0.150E-8 0 812E-0 0.161 E-8 0.222E-8 0.279E-8 0.8.'12E --O

l 35.000 0.126E-8 -0.867E-9 0.881E-9 - 0.468E-9 0.944E-0 0.128E-8 0.159E-4 0.463E-9 i

! 45,000 0.802E-9 0.558ti-9 0.569E-0 0.301 E-0 0 610E-9 0.827 E-G 0.102E-8 0.297 E-9

55.000 0.537E-0 . 0.362E-9 0.364E-0 0.197 E-0 0.392E-9 0.540E-0 0.674E-0 0.198E-9
65,000 0.375E-0 0.235E-0 0.227E-9 0.131 E-0 0.244 E-9 0.354 E-9 0.456E-9 0.135E-9 i

.75,000 ~ 0.284 E-9 0.176E-9 0.170E-9 0.984 E-10 0.183E-0 0.267 E-0 0.343E-9 0.101 E-9 |
~

S SSE SE ESE E ENE 'NE NNE

500. 0.224E-6 0.176E-6 0.926E-6 0.412E-6 0.933E-6 0.102E 4 0.548E 4 0.452E-6

1.500 0.317 E-6 0.252E-6 0.139E-6 0.581E-6 0.136E-6 0.149E-6 - 0.777 E-6 0.670E-6
2,500 ' O.101E-6 - 0.862E-7 ' O.504E-4 0.202E-4 . 0.479E-6 0.541E-4 0.303E-6 . 0.221E-6
3.500 0.454 E-7 - 0.416E-7 0.257E-6 - 0.993E-7 0.239E-6 0.276E-6 0.165E-4 0.103E-6

<-

(' 4,500 . 249E-7 0.245E-7 -0.159E-6 _0.592E~7 - 0.145E-6 0.170E-6 0.106E-4 0.587E-7

| 7,500 - 0.758E-8 0.868E -8 0.617E-7 0.216E-7 - 0.540E-7 0.658E-7 0.439E-7 0.196E-7

j. 15,000 0.216E-8 ' O.274E4 0.190E-7 0.655E-8 0.165E-7 0.203E-7 0.M0E-7 0.561 E-8 3
'

25.000 0.840E-0 ' O.110E-8 - ' O.759E-8 0.261E-8 0.657E-6 0.810E-8 0.569E -8 0.218E-8
35,000 . .0.476E-0 0.643E-9 0.431 E-8 0.146E-8 0.372E-8 0.459E-8 0.322 E-8 0.122E-8
45,000 0.306E-0 0.415E-0 0.275E-8 -- 0.935E-0 0.238E-8 0.294E-8 - 0.206E-8 0.783E-0

,

I. 65.000 0.201 E-G 0.265E-G CL184 E-8 0.626E-9 0.11 GE-8 0.197E-8 0.138 E-8 0.527 E-9 |

|! 65,000 0.134 E-0 0.165E-G 0.128E-8 - 0.437E-9 0.111 E4 ' O.138E-8 0.962E-0 ' O.372E-e
'

I ~ 75.000 0.998E-10 : 0.123E-G 0.973E-0 0.330E-9 - 0.836E-9 0.105E-8 0.728E-G 0.282E-8

* Read as 0.659 X '10-8

i

l*
!
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222Table 0.5. Ground-levelt/O values for Rn at various distances in each compass direction

1/0 toward indicated direction
. Distarse q,f,33

N NNW NW WNW W WSW SW SSW

500 ' O.731E-6 0.360E-5 0.523E-6 0.230E-6 0.449E-5 - 0.584 E-6 0.582E-5 0.185E-6
1.500 0.202E-5 0.953E-6 0.150E-5 0.623 E-6 0.122E-5 0.157 E-6 0.141E-6 0.421 E 4
2.500 0.934 E-6 0.440E-6 0.697E-6 0.288E-6 0.564 E-4 0.728 E-6 0.643E-4 0.190E-4
3.500 0.573E-6 0.269E-6 0.429E-6 0.177E-6 0.346E4 0.446E 4 0.391E-6 0.114 E-6

4.500 0.406E-6 a191E-6 0.305E-6 0.125E-6 0.245E-6 0.316E-4 0.275E-6 0.800E-7
7,500 0.201 E-6 0.941E-7 ~ 0.151 E-6 0.618E-7 0.121E4 0.156E-4 0.134E 4 0.387E-7

15.000 0.835E-7 0.392E-7 0.634 E-7 0.257 E-7 0.507E-7 0.649E-7 0.553E-7 0.159E-7
25.000 - 0.453E-7 0.213E-7 0.347E-7 0.140E-7 0.277E-7 0.353 E-7 0.298E-7 0.860E-8
35.000 0.300E-7 0.141E-7 0.231E-7 G.927E-8 0.184E-7 0.234 E-7 0.197E-7 0.567E-8
45.000 ~ 0.218E-7 0.103E-7 0.169E-7 0.677 E-8 0.135E-7 0.171 E-7 0.143E-7 0.414E-8
55.000 0.169E-7 0.798E-8 0.131E-7 0.523E-8 0.104E-7 0.132E-7 0.111 E-7 0.320E-4
65.000 0.135E-7 0.641 E-8 0.105E-7 0.420E-8 0.839E-8 0.106 E-7 0.890E-8 0.257E-8
75.000 0.111 E-7 0.529E-8 - 0.867E-8 0.34 7E-8 0.693E-8 0.857 E-8 0.734E-8 0.212E-8 '

S SSE SE ESE E ENE NE NNE

|~ 500 0.253E-6 0.196E-5 0.100E-4 0.459E-6 0.102E-4 0.111 E-4 0.596E-5 0.498E-5
1.500 0.622E-6 0.446E-6 0.223E-6 0.982E-6 0.226E-5 0.236 E-6 0.101 E-6 0.127 E 4
2.500 0.283E-6 0.201 E-6 0.101 E-6 0.439E-6 0.102E-5 0.106 E-6 0.434 E-6 0.583E-4

| 3.500 0.172E-6 0.122E-6 0.612E-6 0.263E-6 0.614 E-6 0.633E-6 0.254 E-6 0.356E-6

j 4.500 0.121 E-6 0.852E-7 0.429E-6 0.183E-6 0.430E-6 0.445E-4 0.173E-4 0.251 E-6
. 7.500 0.590E-7 0.415E-7 0.208E-6 0.883E-7 0.208E-6 0.214 E-6 0.80SE-7 0.123E-6

,

| 15.000 0.246E-7 0.172E-7 0.832E-7 0.357 E-7 0.837E-7 0.853 E-7 0.304E-7 0.506E-7
| 25.000 0.134 E-7 0.940E-8 0.437E-7 0.190E-7 0.444E-7 0.447 E-7 0.153E-7 0.272E-7
i 35.00C 0.888E-8 0.624 E-8 0.284 E-7 0.124 E-7 0.290E-7 0.290E-7 0.969E-4 0.179E-7

45.000 0.650E-8 0.458E-8 0.205E-7 0.903 E-8 0.210E-7 0.210E-7 0.693E-8 0.130E-7'

55.000 0.503E-e 0.356E-4 0.157E-7 0.696E4 0.162E-7 0.161 E-7 0.528E-8 0.100E-7
'

65.000 : 0.404 E-8 0.287E-8 0.125E-7 0.558E-8 0.130E-7 0.129 E-7 0.420E-8 0.805E-8
i 75.000 - 0.334 E-8 0.237E-8 0.103E-7 0.459E-8 0.107E-7 0.106 E-7 0.345E-8 0.662E-8

An Oak Ridge National Laboratory reporti discusses parameter requirements for characterizing a
site that is releasing radionuclides, requirements for meteOrOl0gical data, and a detailed
description Of the atmospheric dispersion and deposition models used in this report.

?

!.
D.3 OTHER PARAMETERS USED IN RADIOLOGICAL ASSESSMENT

Other parameters used in the radio 10gical assessment Of the Bison Basin Project (Table 0.6)
were provided by the applicant Or calculated from information from the Environmental Report.13

Talde D.6. $orne parameters and conditions used in thei

radiological assessment of the solution mining project

; . Parameter Value

Average ore grade (U 0s), % O.08
'

3

' Operating days / year 340

Millwater throughout-pregnant solution 2.24 X 108

3throughout, m / fear

Land use and grazing of cattle,

Fraction of year sp6nt grazing locally, % 33
j Fraction of feed from pasture grass. % 100

Fraction of stored feed grown locally, % 0'
t

. Stack effluent (height), m 10

- Temperature at site (annual av) *C 6.15

Precipitation (annual av), em/ year . 19.8

Mixing height (annual av), m 1250,

,. _. r _ _ . _ . _ _ _ _ . , .
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Appendix E

GLOSSARY OF TERMS RELATED TO SOLUTION MINING OF URANIUM

Adsorptive capacity. Physical limit of adhesion of ions in solution to the surfaces of solids
with which thy are in contact.

ADU. Ammonium diuranate. Approximate chemical composition is given as [UO (OH)2*H O NH&] salt.2 2
KDIT is not the oxide form of uranium, namely, U 038 (triuranium octaoxide), commonly called
yellow cake.

Alkali gnit . A measure of the power of a solutf or, to neutralize hydrogen ions expressed in
terms of an equivalent amount of calcium carbonate.

| Alluvium. Clay, silt, sand, gravel, or other rock materials transported by flowing water and
| deposited in comparatively recent geologic time as sorted or semisorted sediments.

| Annular space (annulus). The space between casing or well screen and the wall of the drilled
hole.

Aquiclude. Formation that, although porous and capable of absorbing water, does not transmit
it at rates sufficient to furnish an appreciable supply for a well or spring.

Aquifer. Porous water-bearing formation (bed or stratum) of permeable rock, sand, or gravel
capable of yielding significant quantities of water.

Aquifer, leaky. Aquifer overlain and/or underlain by a thin semipervious layer through which
flow into or out of the aquifer can take place.

Aqui tard. Geological formation of a rather impervious and semiconfining nature, which
transmIfs water at a very slow rate compared with an aquifer.

Area of influence. Area around e, pumping well ir which the water table or the potentiometric
surface (in confined aquifers) is lowered by pumping.

Artesian. The occurrence of groundwater under greater than atmospheric pressure.
~

Artesian (confined) auifer. An aquifer overlain by confining beds containing water under
artesian conditions.

Artesian well. Well tapping a confined artesian aquifer in which the static water level stands
above the surface of the ground.

Assessment actions. Those actions taken during or after an accident to obtain and process
information that is necessary to make decisions to implement specific emergency measures.

Backflowing. Reversal of flow of water under pressure, for example, in a well to free the
screen or strainer and the aquifer of clogging material.

Baseline. The environmental condition that existed prior to mining as determined by physical
and/or chemical parameters and their natural variability.

Bleed system. A production adjustment technique whereby more fluids are pumped from the
production zone than are injected, creating an inflow of groundwater into the production area.

Borehole. An uncased drilled hole.

E-3



'
a

C

!

_
l

E-4

Boundary, geohydrologic. Lateral discontinuity in geologic material, making the transition
frca the pemeabie material of an aquifer to a material of significantly different t

: geohydrologic properties.

Boundary, impervious. -Boundary of a flow domain through which no flow can take place because
of greatly reduced pemeability at the other side of the boundary.

Brine.' A highly mineralized solution (usually greater than 105 mg/ liter), especially of
chloride salts. _

Capacity. Volume that can be contained by a tank, pond, etc.; rate of flow that can be carried
by any conveying structure.

.

Capacity, specific. . Ratio of discharge of a well to drawdown at equilibrium.
t

Capillary diffusion. Movement of water by capillarity in a porous medium.
I

Capillary water. Water held in the soil above the water table by capillarity; soil water above
hygroscopic moisture and below the field capacity.

Casing. . Steel or plastic pipe or tubing that is placed in a borehole to prevent entry of loose
rock, gas, or liquid or to prevent loss of drilling fluid.

Chemical water quality. The nature of water as detemined by the concentration of chemical and
biological constituents.

Clogging. Deposition of fine particles such as clay or silt at the surface and in the pores of
a permeable porous medium, for example, soil, resulting in the reduction of pemeability.

Concentration. The weight of solute dissolved in a unit volute of solution.

Conductivity, hydraulic. Combined property of a porous medium and the fluid moving through it
'in_ saturated flow, which determines the relationship, called Darcy's law, between the specific
discharge and_the head gradient causing it.

Cone of depression. The depression, ideally conical in shape, that is formed in a water table
or potentiometric surface when water is removed from a well.

Confining bed. Fomation overlying or underlying a much more permea'ble aquifer.

Consumptive use. That part of the water withdrawn that is no longer available because it has
been evaporated, transferred, incorporated into products or crops, or otherwise removed from
the ininediate water environment.

Contamination. The degradation of natural water quality as a result of man's activities to the
extent that its usefulness is impaired. There is no implication of any specific limits since
the degree of pemissible contamination depends upon the intended end use, or uses, of the
water.

Corrective actions. Those measures taken to ameliorate or temin6te a situation at or near the
source of the problem in order to prevent an uncontrolled release of radioactive or toxic -
material or to reduce the magnitude of a release, for example, shutting down equipment,
controlling damage and repair, or reorganizing pumping arrangements.

.

Curie. The quantity of any radioactive material giving 3.7 x 1010 disintegrations per second. h
' A picocurie is one trillionth (10-12) of a curie, or a quantity of radioactive material giving j
2.22 disintegrations per minute.

' Darcy. Unit of' intrinsic permeability defined as the permeability of a medium in which a-

TPquid of-dynamic viscosity of I centipoise discharges I cm3/see thrcugh a cross section of
21 cm under a gradient normal to the section of 1 atm/cm.

IDarcy's law. Law expressing the proportionality of the specific discharge of a liquid flowing
-through a porous medium to a hydraulic gradient in laminar flow (low Reynolds numbers). '|

!
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Degradable. Capable of being decomposed, deteriorated, or decayed into simpler foms with
. characteristics different from the original; also referred to as biodegradable when readily
decomposed by organisms.

Degradation' of water quality. The act or process of reducing the level of water quality so as
to impair its original usefulness.

Depletion. - Continued withdrawal of water from groundwater at a rate greater than the rate of
replenishment; reduction of groundwater storage in an aquifer or of the flow of a Stream or
spring caused by discharge exceeding natural recharge.

Dewatering. ' Removing water by gravity or by pumping.

Dewatering coefficient. Amount of water removed per unit horizontal area and unit drawdown.

Diffusivity (of an aquifer). Coefficient of transmissivity of an aquifer divided by its
coefficient of storage.

' Dispersivity. Property of a porous matrix to cause spreading of a tracer travelin; through it.

Dissolved solids, total (TDS). Total weight of dissolved material constituer'.s in water per
unit volume or weight of water in the sample.

! Dominant direction of groundwater movement. The principal expected direction of groundwater
flow. This dominant direction of movement is a result of three major variables: the

L transmissivity of the aquifer, the hydraulic gradient, and the differential applied hydraulic
pressure.

~ Downstream. In the direction of the current.

-Drawdown. Lowering of the water table or piezametric surface caused by the extraction of
' groundwater by pumping, by artesian flow from a borehole, or by a spring emerging from an
aquifer.

'

'

. .
Drawdown, equilibrium. Drawdown of the water table or of the piezametric surface near a
pumping well, at-constant discharge, after a stationary condition has been reached.'

Effluent. - A waste liquid, solid, or gas, in its natural state or partially or completely
treated, that discharges into the environment.

Eluant. The solution that removes (elutes) a material (uranium) adsorbed on ion .: change
resin.

' Emergency action levels. Specific contamination levels of airborne, water-borne, or surface-
deposited concentrations of radioactive or toxic materials; or specific instrument indications
that may be used as thresholds for initiating such specific emergency measures as designating
a particular class of emergency, initiating a notification procedure, or initiating a particular
protective action.

f'' Excursion. The movement of lixiviant (leachate solution) out of a mine zone as evidenced by
measured movement past a trend or monitor well. Measurement is by an increase of selected
parameter values above their established upper control limits.

Freeboard.' Vertical distance between the normal maximum level of the surface of the liquid in
. a r.onduit, reservoir, tank, canal, etc., and the top of the sides of an open conduit, the top.

of a dam or levee, etc.

Groundwater. Water beneath the lan'd surface in the saturated zone that is under atmospheric or
~

3rtesian pressure; the water that enters wells and issues from springs.

Groundwater management. The development and utilization of the underground resources (water,'

storage capacity, and transmission capacity), frequently .in conjunction with surface resources,
' in a rational and optimal manner to achieve defined and mepted water resource development
objectives. Quality as well as quantity must be considered. The surface water resources'
involved may include. imported and reclaimed water as well as tributary streams.

T
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Groundwater, mining of. Withdrawal from a groundwater reservoir in excess of the average rate
of replenishment. _

Groundwater recession. Natural lowering of the groundwater level in an area.

Grout. To fill, or the material filling, the space around the pipe in a well, usually between
the pipe and the drilled hole. The material is ordinarily a mixture of portland cement and
water.

Hardness, carbonate. Hardness of water resulting from the presence of dissolved calcium and
magnesium bicarbonates (temporary hardness).

Hardness, noncarbonate. Hardness of water resulting from the presence of dissolved calcium and
magnesium salts other than carbonates t' permanent hardness).

Hardness of water. That nNperty of water, due mainly to bicarbonates, chlorides, and sulfates
of calcium and ma _6, which prevents the production of abundant lather with soap.

Hazardous waste. Any waste or combination of wastes (which pose a substantial present or
potential hazard to human health or living organisms) whose properties include flammability,
evolution of toxic or irritating vapors, contact irritation, or human or animal toxicity.

Heads grade. The uranium content of recovered lixiviant, normally expressed in parts per
J

million.

Heavy metals. Metallic elements, including the transition series, which inc ude many elements
required for plant and animal nutrition in trace concentrations but which tacom toxic at
higher concentrations. Examples are mercury, chromium, cadmium, and lead.

Hydraulic gradient. The change in static head per unit of distance along a flow path.

Impoundment. A body of water formed by collecting water, as by a dam.

Infiltration. The flow of a, liquid into soil or rock through pot es or small openings.

Injection well. A well used for injecting fluids into an underground stratum or ore body by
gravity flow or under pressure.

Ion exchaa g . Reversible exchange of ions absorbed on a mineral or synthetic polymer surface
sith ions in solution in contact with the surface. In the case of clay minerals, polyvalent

-

ions tend to cxchange for monovalent ions.

In situ. In its original or natural position.

Isopath. A line on a map drawn through points of equal thickness of a designated geological
Enilt.

i

Leachate. The liquid that has percolated through solid ore, waste, or other man-emplaced )medium and has extracted dissolved or suspended material from it.
i

|
Leakage. In groundwater, the flow of water from or into an aquifer through an underlying or |

overlying semipervious layer.

Lignite. 'A brownish-black coal in which the alteration of vegetal r.aterial has proceeded
jVarther than in peat but not so far as in subbituminous coal.
I

Lixiviant. Leachate solution pumped underground to a uranium ore body; it may be alkaline or
acid in character.

Mean. For a given set of data points,
1

1 - 5*i<x= .

|y

Mill Tailinns. That oortion of a metal-bearing ore after some or all such metal (such as uranium)
has been extractM . The definition is from the Uranium Mill Tailings Radiation Control Act.
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Mine field.' ; Refers to the well-fieli area (s) and affected surface associated with solution
= mining. The. tem is often used interchangeably.with well field.

Mine zone. ' The area from which uranium is extracted, including related buildings and structures.
In this instance. .it would include the ore body, all associated surface areas, and related well

-fields, process equipment, and buildings.

Mining unit (production' unit). . A segment or portion of an ore body capable of economically
supporting mineral extraction;.the minable limits of an ore body, which would normally include
several production fields.

Monitor well. A surveillance (observation) well located usually along the periphery of a well
field. It is used to indicate containment and/or lixiviant migration beyond the well field
boundary. When the upper control limit of a moniter well is exceeded, corrective action is
initiated.

Monitor well zone. The area of possible monitor well location. This zone is normally outside
-the limits of mineralization.

i
' Nonpoint source. A source ~from which the contaminant enters the receiving water in an

intermittent and/or diffuse manner.

, ' Nonproduction zone (s). Those stratigraphic intervals underlying and overlying the production
" zone that are equifers or that are relatively permeable.

Ore body. The mineralized portion of the sandstone fomation where uranium is found in various |
| grades and concentrations that can be extracted economically.
!

Osmosis. Passage of a solvent from a dilute solution to a more concentrated one through a
semipermeable membrane (one that is permeable to the solvent only).

0xidation. A chemical reaction -in which there is an increase in positive valence of an element,

from a. loss of electrons; in contrast to reduction.
,

Percolation. Movement under hydrostatic pressure of water thrcugh unsaturated interstices of
rock or soil.

;

Pe meab111ty. Property of a porous medium to allow for the movement of liquids and gases.

through it under the combined action of gravity and pressure.

Pemeable rock. Rock having a texture that permits water to move through it perceptibly under
; a head gradient ordinarily found in subsurface water (pervious rock).

.

p_H.' Minus the-logarithm of the hydrogen ion concentration (a'ctivity). It is used as an
indicator of acidity (pH less than 7) or alkalinity (pH greater than 7),,

t -Phreatic divide (groundwater divide). Line on a water' table along the sides of which the
| groundwater flows in opposite directions.

Piezometric surface. The surface defined by the levels to which water under artesian conditions,

i will-rise in tightTy cased wells; also called potentiometric surface.

: Plume. A body of contaminated groundwater _ originating from a specific source and influenced by
j - such factors as the local groundwster flow pattern, density of contaminant, and character of

the aquifer.*

I Point source. Any discernible confined and discrete conveyance, including but not limited to
i- any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, or -

concentrated animal feeding operation, from which contamin:nts are or may be discharged.

- Pollutants (water). Substances that may become dissolved, suspended, absorbed,' or otherwise
contained in water and impair its usefulness.

.-

; Pollution (water). The degradation of natural water quality, 'as a result of man's activities,
to the extent that its usefulness..is impaired.<

4
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Ponds. Small storage reservoirs.

. Population at risk. Those persons for whom protective actions are being or would be taken.

Pore. An open space in rock or soil.

Porosi ty. The relative volume of the pore' spa es between mineral grains in a rock as compared
'with the total rock volume.

Porous medium. Solid body containing interconnected pores more or less evenly distributed.

Potentiometric surface. An imaginary surface representing the static head of groundwater and
defined by the level to which water will rise in a well; also called piezometric surface.

Production area. The area of injection and production activity, which can be portrayed by a
plan view of the well field area and vertically by a cross section extending from the surface
to at least 3 m (10 ft) below the bottom of the lowest production zone.

Production cell. - The grouping of ' injection wells arranged in various configurations and
varying in number about a production or recovery well.

Production field (zone.' unit). Mine or well field (s) actively used for production. It could
consist of one or more well fields.

Production module. A process platt that is modularized for ease of installation and removal
and is capable of handling a given production flow and output.

Production well (reco.ery well). A well from which lixiviant is recovered for conveyance to a
process plant.

Production zone. That stratigraphic interval into which leacning chemicals are introduced.
This interval extends horizontally in all directions in and beyond the production area.

Pump test. Extraction of water from a well at one or more selected discharge rates, during
which potentiometric or phreatic levels are .neasured regularly at the pumped well and at nearby
observation wells. The data are used for determining the aw ifer parameters in the vicinity ofthe pumped well.

Purification. - Treatment of water for the removal of harmful or undesirable physical properties,
chemical substances, and living organisms.

P_VC. Polyvinyl chloride; a high-density chlorinated plastic.

Radius of influence. Distance from the axis of a pumpad or recharged well at which the effect
of the well on the potentiometric or the phreatic surf . is no longer perceptible.

Recharge. The addition of water to the groundwater system by natural or artificial processes.

-Reclamation. The return of the surface environment to acceptable preexisting conditions. This
normally includes equipment removal, trell plugging, surface contouring, reseeding, etc.

Recovery actions. Those actions taken after an emergency to restore the plant or facility as
'nearly as possible to.its preemergency condition.

. Reduction. : A chemical reaction in which there is a decrcase in positive valence as a result ofgaining of electrons.

Restoration. .The returning of all affected groundwater to.its potential prer.ining use by
employing the best practical technology.

Reynolds number. . Defined as R = app /n, where p is the fluid density, n is the fluid viscosity,
. a is a length characteristic of the purous structure,' such as the average pore size, and v is

the volume of. fluid crossing ' unit area per unit time.

. _ _ _ _
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Roll front. Uranium deposition localized as a roll or interface separating an oxidized interior
uranium.,e4J6d exterior.' The reduced side of this interface is significantly enriched in-from a r

' Runoff. Direct or overland runoff is that portion of rainfall which is not absorbed by soil,
evaporated.'or. transpired by plants but finds its way into streams as surface flow.

Saturated zone. The zone in which interconnected interstices are saturated with water under
pressure equal to or greater than atmospheric.

Sedimentary rock. Rocks fomed from the accumulation and compaction of sediment.

Seepage. Slow movement of water in unsaturated rock material; loss of water by infiltration
into the soil from a canal or other body of water.

Semiconfining bed. Pocrly pervious yet water-transmitting layer.

Solution channels (holes or cavitiesl. Fractures, joints, bedding planes, or other openings-t

|
.in soluble rocks, through which flow can occur (especially in limestone).

| Sorption. . A general term used to encompass processes of adsorption, absorption, desorption,
j ion exchange, ion exclusion, ion retardation, chemisorption, and dialysis.
i

Specific conductance. The ability of a cubic centimeter of water to conduct electricity;
varies directly with the amount of ionized minerals in the water.

. Standard deviation. For a given set of data points, the positive square root of a variance -
that is. *

(x, - 5)z
"" '

; N-1

where 3 is the mean.
,

2

Stratigraphy. ~ Concerning the sequence of rock types formed on the earth's surface. Each
stratum is defined by its composition, distribution, succession, and ceologic era.

* Subsidcnce. Surface raving or distortion brought about by collapse of deep mine workings or
cavernous carbonate formations, or from overpumping of certain types of aquifers.

'

, Surface water. 'That portion of water that appears on the land surface (oceans, lakes, rivers).

Toxicity. ~ The ability of a material to produce injury or. disease upon exposure, ingestion,
inhalation, or assimilation by a living organism.

Transmissivity. Rate at which water is transmitted through a unit width of the aquifer under a
unit hydraulic gradient. It is expressed as the product of the hydraulic conductivity and the-
thickness of the saturated portion of the aquifer.

'
Trend well. Surveillance well for production control and/or monitoring located between the
,W!T Td and the monitor wells. *

,

Unsaturated zone. - Consists of interstices occupied partially by water and partially by air and
is limited above by the land surface and below by the water tab'e.

Upconing. The upward migration of groundwater from underlying strata into an aquifer caused by,

a reduced hydrostatic pressure in the aquifer as a. result of pumping.

. Upper control limit-(UCL). A concentration value for any designated chemical species (indicator

i '

species) that must not be exceeded in a monitor well. Corrective actions are initiated when
the upper control limits are exceeded and are continued until migration is brought under control.

Upstraam. In the direction opposite to the main current.

i
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: Waste. ' Solids'or liquids from solution trining or associated processes of no further value and
sulTFct'tonoadditionalproductiveprocessing. These are normally stored for concentration
and ultimate disposal. Some process streams may.be waste streams.

,

' Water, brackish. -Water containing significantly less salt than seawater. The concentration of
. total _ dissolved solids is usually in the range of 1,000-10,000 mg/ liter.,

$: Water conservation. Measures introduced ta reduce the amount of water used for any purpose
j and/or to protect the water from pollution. '

Watec demand. Actual quantity of water required for various needs over a given period as -'

(_
: contiboned by economic, social,-and cther factors to satisfy a known or estimated
requirement.

:

Water, drinking. - Water suitable for drinking.

' Water, fresh. Water. neither salty nor bitter to the taste and in general chemically suited for
human consumption (having a low dissolved solids content). .

;- Water quality. pertaining to the chemical, physical, and biological constituents found in
'

water and its Aultabi'ity for a particultr purpose.
1

' - Water resources. Supply of water.in a given area or basin interpreted in terms of availability,

; of surface and underground water.

Water supply system. All storaga reserynfrs, pumps, pipes, and works required for providing
: water of a desired ~ quality to the different sectors of consumption.

'

Water table. That surface in an unconfined groundvater body at which the pressure is
. atmospheric. It defines the top of the saturated zone.

|- Water table aquifer. An aquifer containing water under atmospheric conditions.

Water yleid. Total runoff from a drainage basin through surface channels and aquifers.

Well capacity. Maximum rate at which a well will yield water under a stipulated set ofs

} conditions, such as a given drawdown.

1! Well completion. Techniques used to control horizontal underground movement of injected fluids '

from a _well and to maintain the integrity of over- and underlying layers.'

,

|j Well. disposal. Well. used for the _ disposal of polluted or drainage water brines, etc.

Well field (mine field). Several production cells capable of supplying a given feed to a
*

process plant.

# '

' Well',' fully penetrating. Well that extends through the whole saturated depth of an aquifer and
'is constructed in such a manner that water is Demitted to enter the well throughout its length.

1 Well, partially penetrating. Well in which the length of water entry is less that the
) . thickness of the saturated aquifer that it penetrates.

I Well radius, effective. ' Horizontal distance from the axis of a well.'

;. ' Yield of aquifer (economic). Maximum rate at which water can be artifically withdrawn from an
i aquifer. in the foreseeable. future without continuously lowering the water table, depleting the

.|supply, or altering the chemical character of the water to such an extent that withdrawal at
} - that rate is no longer economically feasible.

Yield, optimal. ' Amount of water that can be withdrawn annually from an aquifer or from a basin
according to some predetermined criterion of optimal exploitation.

Yield, safe. ; Amount of water'(in general the long-tem average amount) that can be withdrawn4

from a grounc9ater basin or surface water _ system without providing undesirable results.
i

Zone of saturation. |That part of the lithosphere in which the pores are completely filled with
!- ' water, j

i

*
,
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