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SUMMARY AND CONCLUSIONS

This draft envi,. .ental impact statement was prepared by the staff of the U.S. Nuclear Regulatory
Commission and issued hy the Commission's Office of Nuclear Material Safety and Safeguards.

1. This action is administrative.

2. The proposed action is the issuance of a source material license to Wyominn Mineral
Corporation for implementation of the Irigaray project, Docket No. 40-8502, in accordance
with the Corporation's statement in its application and accompanying Environmental Report.

The Irigaray project consists of solution mining (in situ leaching) operations involving
uranium ore deposits in Johnson County, Wyoming. Solution mining activities will include a
processing facility with an annual production of 500,000 lb of U30 from up to 50 acres of
well fields through the initial li.:ense authorization. The Irigaray project has an esti-
mated lifetime of 10 to 20 years with known ore deposits and the current level of solution
mining technology. The Nuclear Regulatory Commission staff proposes to limit initially the
scope of the project as indicated in items 7 and 8.

3. Summary of environmental impacts and adverse effects:

a. The site is ri*t~y used as grazing land for cattle and sheep. Pronghorn antelope,
which graze prim:ar ly on big sagebrush, are common on the site. Initiation of the
Irigaray project would result in the temporary removal from grazing and the dis-
turbance of approximately 60 acres during operation as proposed by the staff. All
disturbed surface areas will be reclaimed and returned to their original use.

b. With the staff's proposed production and restoration limitations approximately
1.2 x 10' m3 (1000 acre-ft) of vater will be withdrawn from the ore zone aquifer.
This water will I conveyed to thK risite waste ponds for evaporation. The long-
tert .ffects on gr'.undwater use are expected to be minimal. An estimated
4.2 x 10 m' (340 acre-ft) of groundwater is expected to temporarily contain increased
concentrations of radioactive and toxic elements during the operation of each 4-ha
(1(-acre) well field. Restor3tion should return this water to a condition that is
consistent with its premining use (or potential use). Surface water wi'l not be
affected by normal operationi:.

c. There will be no discharge of liquid effluents from the Irigaray project. Atmospheric
effluents will be within acceptaole limits, and the effects will be insignificant.
The dose rates of radionuclides in the air at the nearest ranches from the plant site
are given in the following table.

Dose rates of radionuclides in the air at the

nearest ranches from the plant site

Dose rate (milirems/year)

Opration Total body Bone Lung Kidney Bronchial

epithelium

Irigaray Ranch

Well field 000013 0.00071 0.000080 0.0015 0.30
Rpcnvey plant 0.0022 0.028 0.26 0.0071

Total 0.0023 0.02g 0.26 0.0088 0.031

Reculusa Ranch

Well field 0.00048 0.0027 0.00028 0.0056 0.089

Recovery plant 0.0086 0.11 1.1 0,028

Total 0.0091 0.11 1.1 0.033 0.089
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d. The Irigaray project proposes the production and utilization of 500,000 lb rer year of
uraniumn resources. Small amounts of common construction materials, chemicals, reagents,
and fuels will be irretrievably committed.

e. The 'rigaray project will not produce any significant socioeconomic Impact oyl the
local area because of the small number of employees that will be employed at the
project.

4. The principal alternatives considered were the following:

a. Alternative mining methods.

Open-pit, underground, and solution mining (in situ leaching) methods were considered
as well as a comparison of impacts associated with each. Solution mining (in situ
leaching) is the preferred method for mining the Irigaray ore deposits although open-
pit mining has not been precluded. Impacts associated with in situ leaching are
generally less severe than impacts associated with open-pit ind underground uranium
mining.

b. Alternative leach solutions.

Alkaline and acidic leach solutions were uxamined. An alkaline leach solution is
more favorable for the Irigaray ore deposits brzause of the mineral composition of
the host sandstone.

c. Alternative mill process for an alte,-nativc open-pit or underground mine.

The conventional uranium milling processes are described and were compared with a
solution mining operation. Solution mining does not require extraction of the ore, and
no tailings are produced. The quantity of solid wastes from a solution mining opera-
tion is expected to be about 1% of the quantity generated by a conventional mill of
comparable production.

d. Alternative methods for waste management.

Waste management alternati'ves that were considered included various onsite disposal
methods as wtl as transport of solid wastes to an active mill tailings pond.
Onsite disposal would result in the proliferation of small solid waste impoundments.
The transfer of solid wastes to an active tailings pond is the recommended alternative.

e. Alternative energy sources.

Fossil and nuclear fuels were compared, and solar, geothermal, and synthetic luels
were considered.

f. Alternative of no licensing action.

The de:,ial of a source material license is an alternative available to the NRC. If
denied, the ore deposit could not be mined using the solution mining (in situ leaching)
method.

5. The following Federal, State, and local agencies are being asked tc comment on this draft
environmental statement:

Department of Commerce
Department of the Interior
Department of Health, Education, and Welfare
Federal Energy Regulatory Commission
Department of Transportation
Environmental Protection Agency
Department of Agriculture
Advisory Council on Historic Preservation
Department of Housing and Urban Development
Department of Energy
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Department of Environmental Quality, State of Wyoming
Board of Commissioners, Johnson County, Wyoming

6. This draft environmental impact statement will be made available to the public, to the
Environmental Protection Agency, and to other specified agencies in April 1978.

7. From the analysis and evaluation made in this statement, the staff pronoses that the source
material license issued for the Irigaray project be limited to a maximum well field area of
20 ha (50 acres) and contain the following conditions:

a. The use of an ammonium bicarbonate lixiviant will be limited to a maximum well field
area of 20 ha (50 acres). This area will include the existing well field for the 100-gpm,
pilot-scale test (Sect. 5.1.5).

h. Restoration of the first production unit [up to 4-ha (10-acre) well field] must be
initiated upon completion of mining of this unit (Sect. 5.1.5).

c. This production unit should be sufficiently isolated from any further operating well
field within the 20-ha (50-acre) area to ensure that restoration operations w;il not
be compromised by ongoing mining activities (Sect. 5.1.5).

d. Restoration of at least the first production unit must be completed prior to mining any
area beyond the maximum 20 ha (50 ,cres) with an ammonium bica;'bonate lixiviant (Sect.
5.1.5). (The applicant must provide a detailed mining plan that reflects these require-
ments prior to issuance of the source material license.)

e. The applicant wil be required to develop and conduct an experimental study on ammonia
transnort and conversion on the restored section of the 517 test site (Sect. 6.3.2.2).

f. The applicant will dispose of all radioactive and toxic wastes by transporting them
to an active tailings pond (Sects. 4.6.4 and 12.3.2).

In addition, (1) a maximum accumulation of two years of calcite waste will be permitted
prior to removal from the site; (2) other radioactive or toxic wastes from production and
re,.turation activities will be removed and transferred to the tailings pond as the ponds
fill or at the time of site reclamation; and (3) contract arrangements for the disposal
of such solid wastes must be obtained and maintained by the applicant.

g. The applicant shall maintain a liquid seal on all waste storage ponds except when
removing the solids content for disposal (Sect. 4.6.5).

h. The applicant shall implement the environmental monitoring programs as discussed in
Sect. 8. These include (1) preoperational monitoring of surface water and groundwater
(Sect. 8.1.5), (2) operational monitoring of w5%te ponds (Sect. 8.2.1) and well fields
(Sect. 8.2.3), (3) radiological monitoring (Sect. 8.2.2), and (4) pc,,toperational well
field monitoring (Sects. 8.2.3.7 and 8.2.3.8).

i. The applicant shall provide plans and procedures for implementing the necessary
mitigating actions for any transportation accidents (Emergency action plan, Sect. 7.3.1)

j. The applicant will provide plans for minimizing environmental impact on riparian habi-
tats or stream beds (i.e., Willow Creek) prior to thedevelopment of activities in such
areas (Sects. 6.6.1 and 6.6.3).

k. The applicant shall establish a program which shall include written procedures and
instructions to control all activities discussed in items a-j and shall provide for
periodic reports to verify the fullfilment of these conditions.

1. Before engeging in any activity not evaluated by the NRC staff, the applicant will
piepare and record an environmental evaluation of such activity. When the evaluation
indicates that such activity may result in a significant adverse environmental impact
that was not evaluated, or that is significantly greater than that evaluated in this
environmental statement, the applicant shall provide a written evaluation of such
activities and obtain prior approval of NRC for the activities.
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m. 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 plan of
action to eliminate or significantly reduce the harmful effects or damage.

8. The position of the NV:C is as follows:

Solutics mining (in situ leaching) of uranium is a developing technology. Uncertainties
regarding environmental impacts, particularly with respect to groundwater contamination and
the effectiveness of aquifer restoration techniques, have been recognized. Because of this,
the Nuclear Regulatory Commission staff proposes to limit the scope of the Irigaray project
through the above license conditions until additional data and experience are gained.

The proposed position of the Nuclear Regulatory Commission is that after weighing the
environmental, economic, technical, and other benefits of the Irigaray project against
environmental and other costs and considering available alternatives, the action called
for under the National Environmental Policy Act of 1969 (NEPA) and 10 CFR 51 is the
issuance of a source material license to the applicant, subject to conditions 7a-m above.
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FOREWORD

This draft environmental impact statement is issued by the U.S. Nuclear Regulatory Commission
(NRC), Office of Nuclear Material Safety and Safeguards, in accordance with the Commission's
regulation, 10 CFR Part 51, which implements the requirements of the National Environmental
Policy Act of 1969 (NEPA).

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 considerations of
national policy, to improve and coordinate Federal plans, functions, programs, and resources
to the end that the nation may:

" Fulfill the responsibilities of each generation as trustee of the environment for
succeeding generations,

" Assure for all Americans safe, heaithful, productive, and aesthetically and culturaliy
pleasing surroundings.

" Attain the widest range of beneficial uses of the environment without degradation,
risk to health or safety, or other undesirable and unintended consequences.

* Preserve important historical, cultural, and natural aspects of our national heritage,
and maintain, wherever possible, an environment which supports diversity and variety
of individual choice.

" Achieve a balance between population and resource use which will permit high standards
of living and a wide sharing of life's amenities.

" Enhance the quality of renewable resource's and approach the maximum attainable recycling
of depletable resources.

Further, with respect to major Federal actions significantly affecting the quality of the human

environment, Sect. 102(2)(C) of the NEPA calls for preparation of a detailed statement on:

(i) the environmental impact nf the proposed action,

0ii) any adverse env.ironmental effects which cannot be avoided should the proposal be
implemented,

ýnii) alternatives to the proposed action,

(iv) the relationship between local short-term uses of man's environment and the maintenance
and enhancement of long-term productivity, and

(v) any irreversible and irretrievable commitments of resources which would be involved in
the proposed action should it be implemented.

Pursuant to 10 CFR Part 51. the NRC Division of Fuel Cycle and Material Safety has determined
that a detailed statement on the foregoing considerations with respect to Wyoming Mineral
Corporation's application for a source material license for a uranium solution mining (in situ
leaching) operation is required.

This statement is based on inrormation contained in correspondence, applications, and reports
received from the Wyoming Mineral Corporation. Tne following documents were mainly used in
preparing the statement: application for source material license dated January 28, 1976;
applicant's Environmental Survey dated January 28, 1976; correspondence from applicant dated
May 6, 1976, June 15, 1976, November 16, 1976 (Amplifications on Environmental Survey); appli-
cant's responses to NRC representatives (staff) questions of March 1. 1977; applicant's
revised Environmental Report dated July 29, 1977, and clarifications received October 17, 1977;
agency comments on applicant's revised Environmental Report, November 1977; the applicant's
restoration demonstration reports of March 1978 and consultants' reviews in various disciplines
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in environmental concerns. Copies of the ;.pplicant's Environmental Report and correspondence
are available for inspection in the NRC Public Document Room, 1717 H Street, N.W., Washington,
D.C. 20006.

In conducting the required NEPA review, NRC representatives (staff) met with the applicant '
discuss items of information in the environmental reports, to.seek new information from the
applicant thdt might he neeJed for an adequate assessment, and generally to ensure a thorough
understanding of the proposed project.

In addition, the staff sought information from other sources to assist in the evaluation and to
conduct field inspections of the project site and surrounding area. Members of the st3ff also
met with State and local officials who are charged with protecting State and local interests.
On the basis of all the foregoing and other such activities or itiquiries as were deemed useful
and appropriate, the staff made an independent assessment of the consideration specified in
Sect. 102(2)(C) of the NEPA.

This evaluation led to the issuakce of this Draft Environmental Statement by the Office of
Nuclear Material Safety and Safeguards. The statement has been distributed to Federal, State,
and local governmenLal agencies and other interested parties for comment. A summary notice has
been published in the .,,,:p : , n•cr with respect to the availability of the applicant's
Environmental Report and the Draft Environmental Statement. Comments should be addressed to theo
Director, Division of Fuel Cycle and Material Safety, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555.

After comments on the Draft Statement have been ;eceivpr z'.d considered, the staff will pre,.are
a Final Environmental Statement that includes Aiscu•sion of questions and comments submitted by
reviewing agencies or individuals. Further eivirsnmental considerations are made on the hasis
of these conmerents and combined with the previous evaluation; the total environmental costs are
then evaluated and weighed against the environmental, economic, technical, and other benefits to
be derived from the proposed project. The consideration of available alternatives and environ-
mental costs and benefits provides a basis for denial or approval of the proposed action, with
appropriate conditions to protect environmental values.

Single copies of this statement, NUREG-0399, may be obtained by writing:

Division of Technical Information and Document Control
U.S. Nuclear Regulatory Comnmission
Washington, D.C. 20555
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1. INTRODUCTION

1 .1 THE APPL.I CANT'S PROPOSAL p.

An application for a sourcu material liccnse w~as-filed by the Wyon.ing Mineral Corporation (here-

after referred to as the applicant or WIIC) onr'January 28, 1976, to conduct production-scale solu-

O~on mining of uranium (in situ leaching)Ithergay site in Johnson County, Wyoming. This

consists of leaching uranium from subsurface. ore-bearing 
'sandstone by adding chemical reagents to

existing groundwater to reverse the natural', urani um pr ecipitation process that deposited the

uranium in the host sandstone. Theesulting ••ranium-bearing•liquir 
is rcovered (pumped) from

the mineralized (sandstone) zone to 1 a su .rlfa :cepr'o'cessing :plant where the uranium is extracted by

conventional uranium recovery techniques.,,`- The- 
solution fr-nm the uranium recovery operation,

after further reaglent addition, is recycled ~to the mineralized zone to dissolve additional

u ra n ium. After the ore zone is depl etedof ýrecov'erable u'raniumi, 
the reagents and other mobi-

1 ;zed ionic species ru;,wini'.g in the zone are removed frold the groundwater te restore it. Resto-

ration is defined as the returning of affe cted groiuindwater to a condition consistent with its

premining use (or potent'ial use).

The app)lica3nt'ý propo'sal for solution mining is su .mmarized below and described in more dptail in

Sert. 4.. Because uranium solution mining is. adeveloping technology with related uncertainties

in the a npironmetr impacts, particularliyi t respec. t to Igroundwater cMntamination and hffec-

tivonemis of aquifer restoration techniq)ues.a,the Nuclear '.Reg Commission staff proposes to

Inimi t e scope of the project through .1ircense ronditionsaunti 1 additional data and experience

ar,ý ri~incd. These2 limitations are discussed-in Sec t. .5.

I .2 D'PACKOH ND INFORMATION

he WtMCns proupos:w Itriiaray preject is leocated in northeist Wyominq within tht Powder River

nas in. As sho stn in Fin. 1.1, the .riqiarAy"property is in southeast Johnson County, approvinately

t0 miles northea ndt of Sussoe-xa and 43 miles southeast of Buffalo. Access to the property it via

grave', iooads from the noryh dud south,.,,,.or,-i

7hc iri qara~v inclt'mdudes approximatel '21 .100 acres of 1essand claims in T46N, R76W;

T451i, T46N, and TAYNM, R77W; and T44N', T45N, and T '46N, R78W (Fig. 1.2). Within the boundary of

t.he Iririara:, cropert JY, production-scale Solution mining aý:tiviti?:. 
will initially be conducted

ar Section 9, T451N, P77W. The initialeproduction tplint and ass ciated facilities will occupy a

ur-acre site, and the initial well field,o lcatedre somerle1300 ft r o the east, will include an area

of up to SO0 )crv,-

ueent welI fields will1 be devel oped to faoll ou the mineralized trend. Future mining may

occur in Sections 19, 30, 21), and 32 of 146Nl, R77W and Sectionis 5. 4, 16, 21, and 28 of T45N,

R77W (Fig. 1.2). Additional production polantsmry be cunstrhcted at different locations near

the well fiiolds depending on nroces'sing capacity.;eurmns It is anticipated that solution

minig aciviies illAffect approximatelly l,r'id Acres of theý 21,100 acres that comprise the

prieinrai property over the lifetime.of theprýject.< These potential activities, however, are

not covered under the initial license and will re-.>irei additional licensing Action.

1.2,1 Present activities

Under NRC 1 icense, two pilot-scale solution mining tests are presently in operation on the

Iritharay property (Fig. 1.2)., Thpr517 test area consists of a trailer-mounted plant and three

five-spot well patterns occupyin~g 6l-acre site in.Section 5 of T45N, 
P77W. Research and de,ýelop-

ment activities were initiated at this site.ineNovember 1975; Aquifer restoration tests hpove

been conducted and are discussed in Sect. 5.

A second test site was developedd in 1977 t conristse f a 1.5-acre portion of the planned pro-

duction operation in Section 9 of T4rN.a77W Pl•nt, Cquipmentsis temporarily housed in the

building ,hell which will eventually cntain ithe 5) o000 lb/year processing equipment. The wel

field ecthi n ,Tseven-spot. whel ptnsal rods locateu n, arnthe center o' the initial proposed

production well field. Pilot test operations at,, the ite began during the summer of 1977.

Occur1-1
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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 in any
form, or ores containing 0.05% or more by weight of those substances). Title 10, Code of Federal
Regulations, Part 51, provides for the preparation of a detailed environmental statement pursuant
to the National Environmental Policy Act of 1959 (NEPA) 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 Lnvirnimental Quality administers the State's Environmental
Quality Act of 1973 and implementing rules and regulations. Article 4 of the act established a
permit and licensing scheme which is oesigned to ensure adequate reclamation of mined lands. The
licensing procedure is biased on the operator's submission of a detailed reclamatiotl plan to the
State. A performance bond is required for reAamation. A-performance bond will also be required
for aquifer restoration.

1.4 STATUS OF REVIEWS AND ACTIONS BY STATE AGENCIES

The approvals and permits required from Wyoming State agencies are listed in Table 1.1. The
applicant will obtain all neessary permits required for the proposed project.

Table 1.1. Regulatory apl:rovals and permnits required

prior to initiation of solution mining project

Permit or hcense Granting authority

[,Lcense to nne DEQ - LQDA
Permit to mne DF - LOD

Art permiT to construct DEG - AQDb
Air ptrmit to install recovery plant processing eQuipment DEG - AOC
Sanitary sewage disposal DEG - WODV
PoTable water supply DEG - WoD
Water wells SEd

Construction of an inpouwidment SE
Industrial siting permit W;Sce
Air permit to operate DEQ - .\OQD
Industrial waste disposal sit- DEG W'WMD'

'Wvyornig Department of Environmental Quality - Land Quality Division.
bWyominq Depat :ment of Environmental Quality - Air Quality Division.
'Wyorming Department of Environmental Quality - Water Quality Division.
dWyoming State Engineer.

'Wyoming Office of Industrial Siting Administration.

'Wyomnq Department if Environmental Quality - Solid Waste Management

Divioný

1.5 NRC LICENSING ACTION

NRC licensing of production-scale solution mining (in situ leaching) operations currcently follows
the same procedures used in licensing a uranium mill. In accord with 10 CFR Part 40, a source
material license is required in order to process or refine ores. An applicant for such a
license is requ;red to provide detailed information as discussed in NRC Regul.tory Guide 3.5.
The application must be accompanied by an Environmental Report in order for the NRC to assess
the potential environmental effects of the proposed activity pursuant to 10 CFR Part 51. The
information required in art Environmental Report is discussed in NRC Regulatory Guide 3.8.

In keeping with these requirements, the applicant submitted an application for "uce material
license accompanied by an Environmental Survey (hereafter referred to as the ES, on January 28,
1976.1 Subsequent submittals by the applicant have included (1) Amplification of the Environmental
Survey (hereafter referred to as the Amplification), 2 (2) correspondence from the applicant, dated
May 6 and June 15, 1976, (3) applicant's response to staff questions, 3 (4) Environmental Report
(hereafter referred to as the ER),` (5) Clarification and Information on the revised ER, 5 (6)
clarification and response to staFf questions," (7) Irige-ay Restoration Demonstration Program,
Final Report, and (8) Irigaray Restoration Data Package. 8  These documents form the basis for
the staff evaluation of the applicant's proposed project pursuant to 10 CFR Part 51.
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The NRC will publish a generic statement on uranium milling operations (excluding solution
mining)). In irder that uranium mills may be granted a source material license prior to the
publication of the generic statement, the NRC requires the address of "five criteria" for a
uranium milling operation.9

While the proposed solution mining project does not contain all of the components utilized in a
"normal" uranium milling operation, the primary product, yellow cake, is the same. For this
reason, the staff has followed the June 1976 statement of the NRC and considered the "five
criteria" as follows:

1. It is likely that each individual licensing action of this type would have a utility
that is independent of the utility of other licensing actions of this type.

This statement is true for this project, since the uranium ore will not be removed from its
natural underground location and would not be available for transport to another mill for
processing.

2. It is not likely that the taking of any particular licensing action of this type during
the time frame under consideration would constitute a commitment of resources that would
tend to foreclose significantly the alternatives available with respect to any other
individual licensing action of this type.

None of the materials ino';ved in the construction or operation of this project are unique or
in short supply. Air, water, and land resources will be locally affected but not to an extent
that would preclude later beneficial use of the local environment. The project will, in addi-
tion to providing yellow cake, supply operational and restoration data helpful in improving
responsible licensing requiremenLs for other individual licensing actions of this type.

3. It is likely that any environmental impacts associated with any individual licensing
action of this type would be such that they could adequately be addressed within the
context of the individual license application without overlooking any cumulative enviror-
mental impac-

This Environmental Statement contains an evaluation of environmental impacts associated with the
proposed licensing action and their severity and includes requirements for monitoring proqrams
and other actions to mitigate the impacts. Cumulative impacts have been considered within the
context of the individual license. The relative isolation of the proposed site virtually ensures
that ali appropriate environmental impacts can be adequately discussed in a site-specific Environ-
mental Impact Statement.

Restoration of the groundwater cintaired in the ore-bearing sandstone after the extraction of
uranium is yet undemonstrated. The staff proposes to limit the scope of the applicant's solution
minin' project until restoration is demonstrated on a production-scale mining unit and the
results are evaluated. The limited authorization minimizes the potential for any cumulative
impact,.

4. It is likely that any technical issues that may arise in the course of a review of an
individual license application can be resolved within that context.

The staff has reviewed the applicant's evaluations and, in addition, has evaluated other technical
issues. All of these evaluations and, presumably, any further technical issues that may arise
during review are resolvable within the context of the individual licensing action, inasmuch as
this project is independent of other projects.

5. A deferral on licersino actions of this type would result in substantial harm to the
public interest as indicated above because of uranium fuel requirements of the operating
reactors and reactors now under construction.

As stated in the June 1976 statement 9 by the NRC, "the full capacity of the existing mills will
be required to support presently operating nuclear power reactors and those expected to begin
operation in 1977." Therefore an increase in uranium production as proposed by this project is
in the public interest, since present national policy is to increase the production of electric

power by construction of new nuclear reactors.
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2. THE EXISTING ENVIRONMENT

2.1 CLIMATE

2.1.1 General influences

The climate is semiarid; the mean annual precipitation is 12.0 in. More than 50% of the annual
precipitation is received d•iring the months of May, June, and July, in the form of wet snow and
rain. Temperatures vary from summer highs near 38%C (lO0 F) to winter lows near -4 0 'C (-40'F).
The seasons are distinct, with mild summers and harsh winters. Spring and fall are transition
seasons with warm days and cold nights. Heavy snowfalls can be expected during both of these
seasons.*

2.1.2 Winds

The prevailing wind direction at the site is expected to be westerly, based on annual average
surface wind flow measurements from Sheridan and Casper as shown in Fig. 2.1. Strong winds are
fairly frequert. Winds of 50 mph or more have been reported at Casper in every month of the
year except November.i The local topography strongly influences the micrometeorological conditions.

.1.3 Precipitation

Cooperative weather station data over the period 1970-1974 for four stations 48 to 64 km (30 to
40 miles) from the site in the prevailing wind pattern gave an "averaged" annual precipitation
of 30.9 cm (12.2 in.). These stations, at Kaycee, Billy Creek, Buffalo, and Reno (Table 2.1),
snowed a low of 28.9 cm (11.4 in.) and a high of 33.2 cm (13.1 in.) of precipitation per year.
Late soring and summer precipitation is normally derived from scattered thunderstorms, and the
monthly extremes from each station vary widely. Fifty-three percent cf the measured precipita-
tior occurred in the period April-July, 12% occurred in October, and only 12% occurred in the
period November-January. Table 2.1 shows the 1970-1974 average values for both precipitation
and snow for each of the four stations. The last column contains the maximum and minimum values
observed for all years and all stations and demonstrates the large variability that may be
observed..

2.1.4 Storms

Winter storms, with attendant snowfall, low temperatures, and high winds, are conmon. Thunder-
storms, occasionally spawning tornadoes, are frequent in spring and summer.

2.2 AIR QUALITY

A-\ a resu;lt.of fairly constant daily winds, air dispersal capabilities in the Powder River Basin
are relatively good. Because of the clear skies and rapid nighttime cooling, low-level rocturnal
inversi4ons are common. These inversions are usually dissipated shortly after sunrise by rising
surface temperatures and increased wind speeds. Upper-level inversions [above 150 m (492 ft)],
resulting in stagnant air, may be expected an average of 40 episode days per year." Episodes
lasting at least five days occur on an average of four times a year."

There has been no site-specific air quality monitoring near the proposed WMC site. However,
because of the distance of the WMC site from any urban or industrial emission sources, the air
quality may be expected to be very good, with concentrations of major pollutants at very low
background levels. Fugitive dust from oil fields, gravel borrow pits, and unpaved roads may
occasionally affect air quality in the WMC vicinity. At sites within the Powder River Basin
removed from localized dust sources, background suspended particulate concentrations range from
13 to 21 ug/m 3 .1 The Wyoming State ambient air quality standards are listed in Table 2.2.

2-1



2-2

ES- 429?

SHERIDAN

IH

AVERAGE ANNUAL
VELOCITY 0.1 mph/ IRIGARAY SITE

CASPER

AVERAGE ANNUAL
VELOCITY 13.1 mph

0 10 20

WIND ROSE F,'R THE LI I I I I I I 1 I I
16 CARDINAL DINC'.TIONS OIRECTIO, AL OCCURRENCE (%)

Fig. 2.1. Annual surfaCe wind flow at Sheridan and Casper, Wyoming. Source: U.S. Depart-
ment of Commerce, Local. C mato. icc? Data - ".'irrar:, with ConmpaaztiVr Data, 197.N, Caotvir.!v,

Table 2.1. Average precipitation 1970-1974

All values in inches

Kdycr.-e Billy Creek Buffalo Reno All stat,•orsMonth

Pecr.p Snow Precip Snow Precip Snow Precip Snow Max Min

January 0.54 6.4 0.33 5.2 0.42 4.5 0.34 4.6 1.28 0.03

February 0.27 3.0 0.30 3.7 0.52 6.5 0.16 1.0 1.26 0.01

March 0.82 74 0.75 8.6 1.39 9.4 0.59 4.7 1.75 0.00

April 2.51 11.9 1.37 6.2 1.91 2.2 1.22 7.3 4.62 0.92

May 1.98 1.0 1.37 Trace 1.73 0.4 1.96 Trace 3.88 0.37

June 1.80 0 1.21 Trace 1.55 0 1.99 0 3.53 0.58

July 1.02 0 1.55 0 1.04 0 1.49 0 3.30 0.15

August O. 76 0 1.08 0 1.07 0 1.04 0 2.90 0.00

September 0.88 5.5 0.75 1.0 1.14 Tracr. 0.85 Trace 2.65 0.28

October 1.41 4.0 1.68 6.1 1.64 20 1.14 8.3 3.58 0.37

November 0.45 3.4 0.42 5.2 0.52 9.0 0.16 0.3 0.92 0.01

December 0.37 4.7 0.27 4.2 0.17 3.3 0.47 5.4 0.45 0.00

Yearly 12.81 47.3 11.49 40.2 11 10 37.3 11.41 31.6

Source: Cootprative Weather Station Data, National Weather Service Station Data, National Climatic
Center Asheville. N.C., 1970-1974. U.S. Department of Commerce.



2-3

Table 2.2. Wyoming State ambient air quality standards

Pollutant Averaging period Maximum acceptable ccncentratron

Total suspended Annual (geometric mean) 60 Bg/mrn
particulates 24 hi 150 ug/rr.w

Total settleable 30 (lays 5 g1,n
2 p." month (residential aeasla

part lculates 30 days 10 gm 2 per month lindustrral areasla

Stilfur (lhoxidt. Annual (irithmetic mean) 60 jg1'm3

24 hr 260 pg/m 3
J

3 hr 1300 pg/m
3 1

Sulfation rate Annual 0.25 mg S0 3 per 100cm2 pe, day
30 days 0.50 mg SO, per 100 cm 2 

per (Jay'

Hydrogerr su•ilde 0,5 hr 70 9g m3h

0 5 hi 40 pg/ma1

Photocthemrnical ox idants I hr 160 pg/'r 3
'

Noormethane hyd(rocarbons 3 hr (6 AM-9 AM) 160 091irn"

Ntr ogen dioide Annual 100 pg/nm
3

Carbion mnonoxide 8 hr 40 mg/m3O

1 hr 10 mg/rm3j

'Not to te exceeded more than onc.i a year.

t Not to tb exceeded more than trocr. a year.

"No)t to lbe exceeded mor, than twc' times during any five day period.

Source Wyoming Environmerit?, Qualty Act (1975), Chapter 1, Sectons 3 through 12. Air Ouallty

Stdidarl and Regulations. amendrl.d January .17, 1975.

2.3 TOPOGRAPHY

The Irigaray property is loca'zed in the southern portion of the Powder River Basin, which is a
part of the Great Plains physiographic province. !he Powder River Basin is a structural and
topographic basin covering al,proximately 64,750 krt 2 (25,000 sq miles) in eastern Wyoming and
southern Montana." The basin is bounded on the east by the Black Hills and on the west by the
Bighorn Mountains and Casper arch (Fig. 2.12). The Laramie Range and Hartville uplift serve as
the southern boundary, while the Miles City arch, in Montana, demarcates the northern extent of
the basin.

The surface configuration in the Irigaray property area is characterized by gently rolling up-
lands, which have been extensively dissected, and broad valleys. The Powder River valley is
from 1/2 to 1 mile wide, and the valley of Willow Creek is from 1/4 to 1/2 mile wide on the
Irigaray property. Elevations range from 1280 m (4200 ft) along the Powder River in the
northern section of the property to 1433 m (4700 ft) near the southeast property boundary.

The topography in the vicinity of both the existing pilot-scale test activities and the proposed
initial well field areas is shown in Fig. 2.2.

4.4 REGIONAL DEMOGRAPHY AND SOCIOECONOMIC PROFILE

2.4.1 Demovph

2.4.1._ Current population and distribution

Because of accessibility to the site, the proposed project work force would be expected to
reside primarily in Buffalo, the county seat of Johnson County, approximately 68 km (42 miles)
from the site. In 1970, Buffalo had a population of 3394 people, out of about 5600 people
residing in the county. The populations of other nearby ranches and towns are shown in Table
2.3. The locations of the towns are shown in Fig. 2.3. In 1976 the population of Buffalo was
reported as 4200, and the total population of Johnson C'unty was 5300.5 The population density
for Johnson County is 1.29 persons per square mile.

The applicant reports 1403 housing units in Buffalo and a vacancy rate of 8% or 112 units (ER,
p. 46). The permanent project work force is expected to be less than 60; many are already
residents of Buffalo.
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Table 2.3. Ranch and town populations near Irigaray proper.ty

Ranch or town Distance from Population
site (milet)

Reculusa Ranch 4.1 8-10
Irigaray Ranch 4.4 6
ZL Bar Ranch 5.6 12
Falxa Camp 5.7 2
Urruty Ranch 7.2 4-5
Sussex 15.0 30
Linch 20.0 300
Kaycee 28.0 272
Buffalo 42.0 3394
Gillette 42.0 7194

2.4.1.2 Projected population and distribution

Population growth in the Powder River Basin was 39% from 1940 through 1970. The Johnson County
population increased only 12% during these 30 years. At present, coal and uranium mining in
the region is increasing the employmeilt opportunities, and the population is growing. The new
residents migrate to communities such as Buffalo, which increased in population by 24% from
1970 to 1976.5 This increase in urban population is expected to continue.

2.4.1.3 Transient population

Interstate highway 25, a major tourist route, passes through Buffalo 68 km (42 miles) away from
the site. Few tourist accommodations ar:' present, and this transient population has almost no
effect on the community.

2.4.2 Socioeconomic profile

2.4.2.1 Social profile

Privately owned homes in Buffalo comprise 79% of the dwelling units. There are no public housing
units. There is a police force of seven and a volunteer fire department. Buffalo has a high
school and an elementary school, whose enrollments are 410 and 680 respectively. The ratio of
students to teachers is 18.8, and the total expenditure per student was about $1300 in 1976.
Buffalo is served by five physicians and three dentists. The local hospital has 24 beds and an
cccupancy rate. of 66%.

2.4.2.2 Economic profile

Buffalo has a combined labor force of 2810 workers, of whom 1913 (68%) are male and 897 (32%)
are female. The unemployment rate is 2.8% for the total work force.

Statistics on the distribution of employment are tabulated in Table 2.4.

The total assessed tax value of Johnson County is $42,975,195, of which $4,231,289 lies within
the city of Buffalo.

The bonded indebtedness for the city is '113,000 and for the school district $140,000. The
total tax revenue collected in 1975 by Johnson County was $2,287,437, and the city of Buffalo
collected $299,389.

The distribution of the tax levy for the county, city, and school district for 1970, 1974, and
1975 is tabulated in Table 2.5.

2.5 LAND USE

2.5.1 Land resources

Cattle and sheep ranching are the major land uses in the region surrounding the proposed project
site. About 94% of the land in the Powder River Basin is classified as rangeland. 6  Native
rangeland vegetation provides the majority of the livestock forage in the region. Major native
forage species are blue grama grass (Boutetoua graciZis), western wheatgrass (Agropyron smithii),
needlegrasses (Stipa spp.), prairie June grass (koeZeria cristata), and numerous forbs. Crested
wheatgrass (Agropyron deeer.o:orun), the principal introduced forage plant, is often plinted on
reclaimed disturbed land.
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Table 2.5. Tax levy

Unit Tax levy (millt)

1970 1974 1,975

City 7.7 17.6 17.09

County 29.5 9.5 12.56

School 18.3 40.6 41.10

Total 55.76 68.5. 70.76

The area within a 15-km (9-mile) radius of the WMC site includes portions of five ranches.
Table 2.3 lists the populations at the headquarters of these ranches and their distances from
the WMC site. All of the Irigaray site is currently grazed. According to . generalized land
use map of Johnson County, 7 the' majority of the land on the proposed site is classified as fair
to poor rangeland. From past grazing records of the site filed with the Bureau of Land Manage-
ment District Office in Buffalo, the grazing capacity of the land is estimated to be 3.5 ha
(9 acres) per animal unit month (ER, p. 89). The land along the floodplains of Willow Creek and
the Powder River, with its denser cover of perennial grasses, is better rangeland and may have a
grazing capacity of 0.8 to 1.5 ha (2 to 4 acres) per animal unit month. 6

Major transportation routes in Johnson County are shown in Fig. 2.3. Access to the proposed
WMC site is from Wyoming Highway 192 just west of Sussex via a graveled light-duty road.

Extraction of energy-related minerals is the major industrial land use in the Powder River
Basin. Mineral resources of the region are discussed in detail in Sect. 2.7.2. Oil and gas
production and, more recently. coal and uranium mining have been significant factors in the
economy of the Powder River Basin. Future trends in land use point to more land being committed
to minerals production. 6 ,8

Since the land is privately owned, recreational uses of the WMC site and adjacent lands are
limited. Hunting is permitted by some landowners. Pronghorn antelope and mule deer are the
most important game species. Upland game birds, primarily sage grouse, and small game such as
cottontail rabbits are a minor hunting resource.

2.5.2 Historical and archaeological sites and natural landmarks

The archaeologic and paleontologic resources of the Powder River Basin remain laryely uninvesti-
gated. Most known archaeologic sites in the region were found as a result of surveys connected
with recent minerals-related development in Campbell County, 65 km (40 miles) to the east of the
WMC site. The nearest known sites of paleontologic value are located approximately 8 km (5
miles) west of the WMC site ýt the Reculusa blowout. 6 Mammalian lossils of Eocene age have been
collected from the Reculusa sites. 6 Since no major excavation is anticipated at the proposed
project, no survey of archaeologic and paleontologic resources has been conducted on the WMC
site.

There are no sites within the WMC site boundaries that are currently listed on the National
Register of Historic Places, nor any that have been determined to be eligible for inclusion, nor
any that have been nominated for consideration of eligibility. This statement is based en a
search of the latest listing of the National Register 9 and all weekly and monthly supplements.
The Hoe Ranch, located within the W*C site boundaries (Fig. 2.4), is not a National Register
site but has some historic value as a ranch headquarters that entered into the history of the
Johnson County range wars. 6 The site consists of a massive stone chimney and other ruins of
the old ranch. The Hoe Ranch has not been nominated for consideration of eligibility for
inclusion into the National Register. The locations of National Register sites near the WMC
site are shown in Fig. 2.4. Fort Reno and Cantonment Reno are currently included in the National
Register. 9 '0 ° The Portuguese Houses site has oeen determined as eliible for inclusion into the
National Register.''

Based on a scarch of the National Registry of Naturý Landmarks and all current supplements,
there are no natural landmarks in the vicinity of tie WMC project area. 12



2-8

ES-4314

HOE RANCH:

: r FORT RENO J

CANTONMENTR

Fig. 2.4. Historic sites in the vicinity of the WMC site.

2.6 WATER

2.6.1 Surface water

The Powder River rises near the center of Wyoming and flows northward, draining 8': of Wyoming's
area. WMC's Irigaray site is adjacent to the Powder River (Fig. 2.5). Willow Creek, which
flows intermittently westward across the central part of WMC's site, is a tributary of the
Powder River. The WMC plant and several well fields lie near the Willow Creek streambed
(Figý. 2.7 and 4.4).

The surface Naters of Johnson County are described by Wendell et al.ý' The Powder River is fed
by both surface flows and groundwater. Most of the stre,'ms feeding the Powder River rise in
the Bighorn Mountains, where precipitation is highest. As mtnown in Fig. 2.6, most of the
runoff occurs during the months of March through July, due to heavy winter snowpacks and rainfall
caused by air rising over th e Bighorn Mountains.

The flow and character of surface streams depend on geology, topography, vegetation, and climate.
Nonriountain streams have low fiows and high sediment loads. Soil erosion is a problem in the
basin area due to sparse cover, easily eroded soils, and nonresistant rock units. Some surface
streamflows are apparently lost to groundwater recharae as they cross carbonate rocks in the
mountains, but most of the streamflows erierge as sprino, and seeps in the foothills. 1 3

The U.S. Geological Survey gaging stations on streams near the WMC site are listed in Table 2.6
and shown in Fig. 2.5. Data regarding discharge and water quality at these stations are summa-
rized in Tables 2.6 and 2.7. WMC provided data regarding water quality in the Powder River at
two points near the plant (ER, p. 83). WMC's "upstream" station is located abnut 9 km (5.7
miles) southwest of WMC's plant. WMC's "downstream" station is located about 5 km (3 miles)
northwest of the plant site at the Irigaray Ranch. These sampling locations are shown in Fig.
2.7. Water quality data from these stations are presented in Table 2.8.

Water quality in the PowJer River varies greatly, as indicated in Table 2.7. The pattern
described by Kittrell often applies, 1' namely, the concentrations of many parameters, such as
alkalinity and hardness, often vary inversely with streamflows. During periods of low flow,
most streamflow is water that has entered the stream from groundwater (ER, p. 7ý). Water in
shallow aquifers generally has a higher dissolved solids concentration than the runoff from
precipitation. At lower streamflows, higher dissolved solids concentrations generally occur
and often exceed that of the aquifer source, due to the evaporative concentration in stream
channels.15
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Fig. 2.5. u.S. Geological Survey stream gaging stations near the Irigaray site.

In the Powder River the total dissolved solids concentrations usually exceed the recommended
drinking water criteria for chloride and sulfate of 250 mg/llter. 1 •. Total dissolved solids
concentrations frequently exceed 3000 mg/liter, arnd such water may produce undesirable effects
when used for livestock watering or irrigation.) 7

The Wyoming Department of Environmental Quality considers the Powder River at Salt Creek and
Arvada to •contain "problem segments." Below its confluence with Salt Creek, the Powder River
shows high salt concentrations. Salt Creek consists mainly of wastewater from oil field opera-
tions. Flows from Salt Creek added 47% of the salinity recorded in the Powder River at Sussex
during water year 1976.l• The Powder River at Arvada exceeds standards and criteria for many
parameters, including fecal coliforms, chromium, mercury, iron, and cadmium. Dissolved oxygen
concentrations below the recorrnnded level are also found. '• The Department of Envi-onmental
Quality believes that diffuse nonpoint sources are responsible for high metal concentrations.
Oxygen depletion is a result of low flow conditions in the summer; runoff from grazing areas
produces occasional excesses of fecal coliforms.IA
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Table 2.6. L.S. Geologtical Survey stream gaging stations near the hrig;tr.1y site

I. i,,,'- : fo,, vai:r y,,a ý 1972, 1913. ',,l 1(7,1
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19 10

0. 2' 110)
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Willow Creek is normally dry (ER, p. 84). During the spring, sowmelt and disch<rge from hliqh
water tables may produce flow for periods of several weeks. Runoff from convective storms, may
also cause temporary flow in Willow Creek. The applicant uses analyses from the U.S. Geoloqical
Surveyl' to calculate flood risk. Willow Creek's drainage is approximately 250 km. (96 sq miles).
The mean annual flood discharge is predicted to be 19,255 liters/sec (680 cfs). A fluod with a
50-year recurrence interval would have a discharge of 168,310 liters/sec (5944 cfs) (Ek. p. 841).
Floods could interrupt project operations.

There are no data available that describe the water quality in Willow Creek.

2.6.2 Groundwa Lert

2.6.2.1 Hydrolo. ic units

lydrolorgic u its otn ti., Irigaray site include surface alluvium, the Wasatch Formation, and the
Fort IUrnion Foriatot(T, hoth of Cenozoic age. Older rocks are at least 1219 m (,1000 ft) below the
Jriq,ir-;'ay 3 it( nd i ittle is known of their hydrologic characteristics. Solution mininq will be
lifilted to the Wl-i.;,Lch i:ormation, which is about 480 m (1575 ft) thick in the Pumpkin Buttes
i ,';'i (see '<.t.. .,7. i.

"he followingl description of the major hydrologic units comes from Hodson and others " and is
riot site-specific unless so indicated.
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Table 2.7. Summary of monthly water quality data for the yt-'rs 1972- 1974 for
Powder River and tributaries neo r the trigaray te

Station'
code

Dissolved
solids

(sum of

constituents)
(mg/liter)

Di;solved
Feb

(pg/liter)

Dissolved

bicarbonate

(mg/lter)

Dissolved
sulfate

(mg/liter)

Dissolved

nitrate

(mo/bter}

Specific

conductance

(micromhos)

pH

A (Powder Rivet)

Range

Average

Min discharge

16/20/74)
MAr (i5ChY"(p

(5," 7/7 2)

B (South Fork)

R ange

Average

Mir, discharge

(12/15/71)

Max (dscharge

t4/1 2/73)

C (Salt Creek)
Range

Aver age

Min discharge

(11.!20/73)

M3x discharge

(4/21/72)

D (Craiy Woman)

Range

Average

Mm discharge

(8/7/74)
Max discharge

(2/29/721

E (Powder River)

Range

Average

Min discharge

(7/117/73)

Max discharge

(4/23,/4)

263-1306
827

1220

263

1590-4390

2310

3790

2280

3070-5f360
4710

5650

3710

300-2360
1 20R
2360

289

766-3207
1903
2600

0-200
68

50

0-470

97
10

470

11 ý'-287
244

262

119

104-345

182

345

162

100-672
265
632

0-2.9
1.2
0.2

421-1750
1190
1710

7.6-8.3
8.09
8.1

100 2.8 421 7.9

990-2300
1560

2300

1500

93-1790

1279
1300

0-19
2.9G
3.3

4.0

2040-5460
3099
4570

2760

0-440 453-1410

141 862

1180

0-34 4440-8370
1.3 6843

0.7 7820

7.7-8.4
7.99
7,3

8.0

7.5-8.4
8.0
7.9

7.8

7.2-8.4
8.03
7.9

50 453 1700 0.2 5140

0-1000
166

74- 360
229
360

130-2000
748

1500

0.2-3.7
0.69
0.7

508--3340
1551
2670

20 74 150 3.7 443 7.5

0-590
137
90

145-620

278

256

380-1500
1122

1300

0.02-2.3
0.83
04

1110-4430

2639

3430

7.4-8.4

7.92

7.7

8.12060 150 1300 2580

'1LocationS are shov..'. in Fig. 2.5.
hData regarding concentration of Fe were collected only in 1972-1973.

Alluvium

The alluvial aquifer consists of thin, unconsolidated clay, silt, sand, and gravel. Its thickness
varies from less than 0.3 m (1 ft) on topographically high areas to as much as 30 m (100 ft)
along the major river valleys. Well yields range from a few to 1000' gallons per minute (gpm),
depending on the saturated thickness of the alluvium, grain sorting, well construction, and
development methods. Total dissolved solids range from about 100 to over 4000 mg/liter but are
more commonly 500 to 1500 mg/ liter. Water in the alluvium from the Powder Rifver valley and
central Powder River Basin is generally of a poorer quality than elsewhere in the basin.

Wasatch ,Formation

The Wasatch Formation yields water from lenticular sandstone bodies. Smaller volumes are derived
from jointed coal and clinker beds. Well yields range from 10 to 15 gpm in the northern part of
the basin but may be over 500 gpm in the southern Powder River Basin. The specific capacity of
wells varies from 5 to 14 gpm per foot of drawdown. Total dissolved solids range from less than
200 to more than 8000 mg/liter but are more commonly 500 to 1500 mg/liter. There is no apparent
relationship between depth and water quality, but total dissolved solids concentration generally
decreases to the south.
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Table 2.8. Water quality data for the Powder River upstream and

downstream from WMC Irigaray plant site

Station5

Analysis 
Unit

Upstream Downstream

As ppbb 5.0 6.5

Ba ppmC 0.30 0.33

P ppm 0.71 0.60

Cd ppb 7.0 7.0

Cr ppb 14 36

Cu ppb 12 28

Mn ppm 0.05 0.27

Hg ppb 0.40 0.27

Ni ppb 30 52

Se ppb <5 <5

Ag ppb 6 <5

Zr) ppb 0.03 0.09

Pb ppb 42 62

Total dissolved solids ppm 2,090 2,110

Ra 226 pCi/liter 0.9 ± 0.5 1.0 t 0.5

Gross alpha pCi/liter 19 t 7 13 ± 6

Gross beta pCi/hte, 46 ! l/ 42 ! 17

'Station locations are shown in Fig. 2.6. Upstream station is located

adjacent to the river in the southwest quarter of Section 26, T45N.
R 78W; downstream station is located at Irigaray bridge near the

Irigaray Ranch, Section 19, T46N, R77W.

btppb is parts per billion.

C ppm is parts per million (equivalent to mg/liter).

Source. ER, p. 83.

Fort Union Formation

The Fort Union Formation yields water from fine-grained sandstone and jointed coal and clinker
beds. Maximum yields are about 150 gpm. The specific capacity varies from 0.3 to 0.9 gpm per
foot of drawdown. Total dissolved solids range from about 200 to over 3000 mg/liter but are
usually between 500 and 1500 mg/liter. The water type is primarily sodium bicarbonate an.
secondarily sodium sulfate.

2.6.2.2 General characteristics

The Powder River Basin is a relatively independent groundwater system. Recharge to both the
Wasatch and Fort Union formations in most of the Powder River Basin is by precipitation. 1 9

Discharge is by evaporation, springs, transpiration by plants, and well pumpage. Annual water-
level fluctuations in observation wells are small, indicating a balance between recharge and
discharge.19 The water table for the Wasatch Formation is relatively shallow in the western
part of the basin.

A regional potentiometric surface map of the Wasatch Formation aquifer, as provided by the
applicant, is shown in Fig. 2.8. The equipotential lines are based on water level readings in
wells taken by WMC in 1974. The regional hydraulic gradient is approximately 0.005 ft per foot
to the north-northwest, and the estimated groundwater flow rate is 5 to 8 ft/year. The ground-
water moves approximately parallel to the long axis of the ore body. Beneath the Powder River
floodplain, however, groundwater moves upward through the Wasatch Formation and discharges into
the Powder River 2 0 (Fig. 2.9).

2.6.2.3 Site-specific groundwater characteristics

Local variations in the groundwater flow rate areto be expected in the fluvial sedimentary
deposits underlying the Irigaray site (Sect. 2.7.1.2). At Irigaray pilot-scale test site 517
(Fig. 2.10) the hydraulic gradient averages 0.033 ft per foot to the west and the groundwater
flow rate as calculated by the staff, is about 60 ft/year. Ground.',ater level monitoring data,
gathered f--- June 1976 through October 1976, indicate at least 3 m (10 ft) of fluctuation in
groundwaLer levels; water levels were high in June and low in October.

Aquifer tests of the Upper Irigaray sandstone were conducted by the applicant at three locations
from 1975 to 1977 (Fig. 2.10). Test analyses indicate that transmissivities ranged from 373 to
1410 gpd/ft. Storage coefficients varied from 1.85 x 10' to 7.44 x 10-5, indicating that the
aquifer system Is under artesian head. The primary direction of groundwater flow and major
hydraulic conductivity is to the northwest.
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The area II sitewas tested in August 1975, using two observation wells in addition to the pumped
well. This continuous-drawdown test was conducted for 27 hr at a pumping rate of approximately
20 gpm. The drawdown at the end of the test was 30 m (100 ft), indicating that the pumped well's
specific capacity is about 0.2 gpm pp,, foot of drawdown. Transmissivities ranged from 925 gpd/ft
for the pumped well and 1035 and iiO0 gpd/ft for the two observation wells. Calculated storage
coefficients were 3.6 x 10-5 and 6.7 x 10-5.

An aquifer test was conducted at the 517 pilot-scale test field during November 1975. The test
consisted of a 19-hr continuous-drawdown test at a pumping rate of 15 gpm. There were eight
observation wells in addition to the pumped well. The drawdown at the conclusion of the test
was 49 ft; the specific capacity of the pumped well was therefore approximately 0.3 gpm per foot
of drawdown. The 37-m (120-ft) aquifer was only partially penetrated; however, no partial
penetration correctins were deemed necessary by the applicant in the test analyses. Trans-
missivity values, derived from observation well data ranged from 1030 to 1410 gpd/ft. Storage
coefficients varied between 1.85 x 10-4 and 7.44 x 10-5. Major and minor hydraulic conductivi-
ties were 11.6 and 6.7 gpd/ft 2 (566 and 327 ft/year), and the hydraulic gradient was 0.033 to the
west-northwest.

The proposed production area site was tested in February 1977. The 15-hr continuous-drawdown
test was conducted by pumping one well at a rate of 10 gpm and noting the effects on four obser-
vation wells. All wells partially penetrated the aquifer thickness. Transmissivity values
ranged from 373 to 770 gpd/ft. Storage coefficients varied between 1.0 x 10-5 and 2.6 x 10-4.
The hydraulic gradient at the proposed production site was approximately 0.009, due west.

Limited data were supplied to analyze accurately the groundwater environment at the Irigaray
site. From the Information contained in the applicant's pump tests, however, some tentative
conclusions can be made. The various field tests indicate that the aquifer is anisotropic and
heterogeneous in nature. Furthermore, the range in values of calculated storage coefficients
suggests a leaky (locally unconfined) artesian system.

Conclusions based on the above described aquifer tests can be misleading. While they may be used
to generalize the hydraulic characteristics of the aquifer, individual lenses or channels within
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the aquifer may behave quite differer.ly. If the production test and observation wells do not
penetrate a particular channel sand, its hydraulic characteristics cannot be measured directly.
Parameters such as hydraulic conductivity may be an order of magnitude too low, for example, if
good hydraulic connection between wells is not established through th-. -:ý", channel of a buried
channel sand. The penetration of high permeability lenses or ch:rfnels is often a matter of chance.

2.6.2.4 Groundwater quality

The applicant initiated groundwater quality studies in 1974 with sampling and analysis of
surrounding private wells. Additional site-specific groundwater studies have been conducted at
both pilot-sca',e test sites, and groundwater sampling is continuing in the proposed initial well
field. Groundwater data supplied by the applicant are contained in Appendix B.

In general, waterwells in the area supply water from the Wasatch Formation, which also contains
the uranium deposit to be mined. Most of these wells are used for domestic and stock-watering
purposes. Groundwater from wells within an 8-km (5-mile) radius of the site generally meets
EPA drinking water standards. One private well on the Irigaray site (W-6, Appendix B, Table
B.l) exceeded the standards with a selenium level of 0.07 ppm (EPA and USPHS drinking water
standard is 0.01 ppm and the State of Wyoming wildlife and livestock limit is 0.05 ppm). 2 1-21
Total dissolved solids are low (less than 500 ppm), and the predominant cation and anion are
sodium and sulfate. Water quality data (Appendix B, Table B.l) can be compared with the various
water quality criteria and toxic concentrations listel in Table 6.2.

Groundwater has also been sampled and analyzed by the applicant in the immediate vicinity of the
uranium ore deposits (mineralized zone). The pilot scale-test area in Section 9 is near the
center of the proposed initiul well field. Water samples were taken from November 1976 to
February 1977 from wells in the mineralized zone and from wells located at distances of 61 and
137 m (200 and 450 ft) from the test well field (see Table B.3, Appendix B, for complete data
and Fig. 4.4 for well locations). Some of these wells, however, may be located in the mineral-
ized zone because they encircle the test well field. As shown in Table 2.9, the groundwater
chemistry from these wells exhibits considerable variability. Groundwater in the mineralized
zone (production well zone) generally exceeds drinking water standards for radium, uranium, and
gross alpha (Table 2.9). At distances of a few hundred feet from mineralized areas (depending
on rock structure and configuration of the ore body) the groundwater generally meets drinking
water standards. Complete water quality data from wells in the vicinity of the mineralized zone
are contained in Appendix B and include wells W-l, W-2, and W-3 in Table B.l, Table B.2, and
Table B.3.

Table 2.9. Selected ground,.vater chemistry data from
wells on the site and relevant water standards

Concentration Drinking water Wyoming wildlife

Production Monitor "tandardsa and livestock standards

well zone well zone

As. ppm <0.01 -0.10 <0.01-0.01 0.05 0.20
CI, porp 9.7-12.5 12.1-17.0 250 2.000
NO3 (as N). ppm 0.32--0.58 0.42-0.78 10.0
NH4, ppm <0.2-0, 18 <0.2-0.24
Th.230, (pC,/liter) 0.2-9.0 0.08-0.9
U, ppm 0.34-11,96 0.02-0.09 5.0
Ra 226, (pCi/iter) 23.5-144.3 0.3-6.8 50
Gross alpha. (pCi/liter) 122.4-6,341 2.9-19.4 15
Gross beta, (pCihliter) 117.8-1,644 63.2-102.0 1,000

"Drinking water standards are from: U.S. Public Health Service, Drinking Water Standards. PHS

Publication 956, 1962. U.S. EPA, "National Interim Primary Drinking Water Regulations," Fed. Regist. 40
(24B): 59566-59577 (1975). U.S. EPA. "Proposed National Secondary Drinking Water Standards," Fed.
Regist. 42 (62)1 17143-47 (1977l.

zWyoming Department of Environmental Quality, Land Quality Division. Guideline No 4 (Revisedl.
Part I1: Water Quiality Criteria for Wildlife and Livestock Impoundments, Nov. 9. 1977.

Premining (baseline) groundwater quality values for the proposed well fields will be obtained
as discussed in Sect. 8.1.5.2.
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2.6.3 Water use

Availability of water is a major factor influencing activity in the Powder River Basin of
Wyoming. Surface and groundwaters are used primarily to support ranching. Irrigation accounts
for the largest part of consumptive water use in the region. Most of the irrigated acreage is
used to produce hay for winter feeding. 2 5 Municipal, domestic, and industrial uses of water
are rel:tively minor, but these usages are expected to increase, particularly industrial usage
assc~iated with energy development. 6 Based on data obtained in 1974 from the Wyoming State
Engineer's office, the Bureau of Land Management tabulated the average annual streamflow and
water use from the Powder River in Wyoming, 2 7 as shown by the following:

Acre-feet per year

State live streamflow under natural conditions 419,100

Man's depletions of streamflow in Wyoming:

Irrigation 66,100

Municipal, domestic, and stock 2,100

Industrial 700

Reservoir evaporation 27,600 -96,500

Depleted streamflow leaving Wyoming 322,600

Near the WMC site, water is used only for livestock watering and private water supply. The
applicant states that there is no irrigation farming within the area (ER, p. 69). Although
there are no quantitative data describing water use near the WMC site, it is assumed to be
small due to the low densities of people and livestock. Figure 2.8 shows the locations of
private wells in the area. Wells are located mostly on the floodplain of the Powder River, with
the nearest wells used for drinking water located 6.5 km (4.4 miles) northwest (Irigaray Ranch)
and southwest (Reculusa Ranch) of the plant site.

2.7 GEOLOGY, MINERAL RESOURCES, AND SEISMICITY

2.7.1 Geology

2.7.1.1 Regional geology

The stratigraphic succession in the western Powder River Basin is shown in Fig. 2.11. The
uranium-bearing unit to be mined is in the Wasatch Formation, of Eocene age.

2.7.1.2 Wasatch Formation

Sediments of the Wasatch Formation were deposited approximately 40,000,000 years ago after late
Paleocene uplift caused erosion and locally tilted the Fort Union Formation. 2 8 The resulting
increased stream gradient in early Eocene time caused rapid erosion of the mountains, and power-
ful streams carrying coarse debris flowed far into the Powder River Basin. Based on sediment
coarseness, cross bedding, and mineralogy, Sharp and Gibbon indicate a source area to the south
exposing Precambrian igneous and metamorphic rocks. 2 9 Figure 2.12 is a map showing the Eocene
paleography of northeast Wyoming.

During flood stage the rivers overflowed their banks and, depending on local topography, deposited
thick to thin layers of silt and clay over extensive areas of the basin. The contemporaneous
deposition of coarse channel sands and fine floodplain deposits resulted in rapid lateral changes
in lithology over short distances. Figure 2.13 is a generalized geologic map of northeast Wyoming
and shows the general distribution of coarse- and fine-grained clastic rocks in the Wasatch
Formation. Sharp and others indicate that the sandstone units ala restricted to the central part
of the basin but that in-this area sandstones occur erratically throughout the Wasatch Formation.28
Along the periphery of the basin, thick coal. beds accumulated where deposition of clay predomi-
nated. The predominance of gray and generally drab-colored fine-grained flood deposits, plus
peripheral coal beds, suggests deposition in a reducing environment during Wasatch time.

In the Pumpkin Buttes area, a few miles southeast of the Irigaray site, the Wasatch Formation is
about 480 m (1575 ft) thick and consists of claystone, some marlstone, siltstone, carbonaceous
shale, thin lignite, and fine to very coarse, poorly sorted sandstone. The following brief
descriptions of the major lithologic units in the Wasatch Formation are from Sharp and others 28

from their studies in the Pumpkin Buttes area.
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The cltjstone is medium-dark gray to dark greenish gray in beds 1.5 to 3.0 m (5 to 10 ft) thick.
Some claystone beds are up to 9 m (30 Ft) thick and can be traced laterally into siltstone or
carbonaceous shale or are cut by channels of coarse-grained sandstone. Siltstone is the most
abundant rock type in the Wasatch Formation and is drab yellowish brown to pale yellowish gray
in thin to thick beds. Carbonaceous shale beds several feet thick and containing coarsely
crystalline gypsum are numerous, and some can be traced more than 16 km (10 miles). Sandstone
constitutes one-third of the thickness of the Wasatch Formation at Pumpkin Buttes, and solution
mining at the Irigaray site will be within a channel sandstone. Therefore the characteristics
of these deposits will be discussed in more detail.

Sandstone units in the Pumpkin Buttes area vary from a few feet to over 30 m (100 ft) thick but
are commonly 0 to 9 ii (20 to 30 ft) thick. Because most of the sandstone deposits are of fluvial
origin, they fill distinct channels and are elongate in shape. Some sandstone lenses are 30 to
61 m (100 to 200 ft) across and 12 m (40 ft) thick at midchannel and were probably the result of
coalescing channels of a braided stream. Many channel remnants, however, are as much as 10 to
13 km (6 to 8 miles) by 6 to 8 km (4 to 5 miles) in extent and up to 15 m (50 ft) thick. In
some places at least two subparallel channels lie several hundred ft apart in the same strati-
graphic horizon. Cross lamination is common; it is typically 1-1/2 to 2 ft thick and overlain
by as many as 12 similar sets. Most sandstones show intervals of graded bedding, the coarsest
particles being less than 1/2 in. in diameter. Calcium carbonate concretions, about 6 to 10
in. in diameter, occur sporadically in thick sandstone units, but otherwise the sandstone is
only slightly calcareous.
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2.7.1.3 Structure

Structurally, the Powder River Basin is an asymmetric syncline, the deepest part lying close to
the Bighorn Mountains. The outcrop width of the Fort Union Formation clearly reflects this
structure (Fig. 2.13). The structural axis projected to the surface from the Precambrian base-
ment is approximately parallel to the front of the Bighorn Mountains and is about 40 km
(25 miles) west of the Irigaray site (Fig. 2.13). Dips of pre-Tertiary strata on the east side
of the Bighorn Mountains vary from 300 east to locally overturned. The dip of the Wasatch Forma-
tion in the Pumpkin Buttes area is generally less than 30 northwest.

Although the Powder River Basin is less deformed than other Wyoming basins, the Precambrian
basement is nonetheless over 4572 m (15,000 ft) below sea level. The middle of the basin is
characterized by gentle folding and minor faulting. In the Pumpkin Buttes area, Sharp and
others report two slight anticlines in surface rocks tren6ing north-southeast and east-west,
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which are superimposed on a broad southwest-plunging anticline in Precambrian rocks. 28  The
folds in the Wasatr.h Formation arc not reflected in the overlying White River Formation and are
therefore pre-Whitc River, post-¼oastch in age.

No faults have been recognized i:, ý.he pumpkin Buttes area, but a few minor reverse faults
offset coal beds along the Powder River. 28  Jointing in calcareous sandstone and 1- to 2-ft-
wide clastic dikes cutting claystone and siltstone occur sporadically and trend from north 40'
east to -orth 800 east.

2.7.1.4 Site geology

The Wasatch Formation is exposed at the surface and dips to the west from l1 to 2'. Figur-'
2.24 is a c.2mposite section of a part of the Wasatch Formation at the site. Uranium minera'i-
zation occurs within the applicant's designated Upper Irigaray sandstone (UISS), which was
deposited by a north-flowing stream with a channel width of approximately 11 km (7 miles). The
host sandstone is 23 to 46 m (75 to 150 ft) thick and from 23 to 152 m (75 to 500 ft) below the
surface (Figs. ;'.15-2.18). The UISS shows a series of vertically graded sands from coarse at
the bottom to fine at the top and at least two periods of dlowncutting and subsequent filling.
Because of the mainly fluvial depositional environment of the Wasatch Formation, horizontal and
vertical facies changes occur rapidly, making it difficult to correlate the highly lenticular
beds across the site.

Figure 2.15 shows the locations of the cross sections shown in Figs. 2.16 and 2.17. It is not
known whether the Lower Irigaray sandstone (LISS) extends into the southern.part of the permit
area (cross section A-B-C, Fig. 2.16). On cross section D-B-E (Fig. 2.17) the claystone unit
separating the UISS and LISS is believed to pinch out to the east, thus connecting the UISS ano
LISS in this area. To date, drilling below the LISS has shown discontinuous beds of sandstone
interbedde- with siltstone, claystone, and shale (Fig. 2.17).

2.7.2 Mineral resources

Uranium occurrences in the Powder River Basin were first reported by Love in the Pumpkin Buttes
area. 30 Mining in this district from 1953 to 1964, however, yielded only 2,408 tons of uranium
from numerous small surface mines. 1 3 Since the mid-1960s, when uranium ore war discovered at
depth, drilling has defined many large deposits in a wide zone south from the Irigaray site
into the southern Powder River Basin. Most of these deposits occur in the Fort Union and
Wasatch formations of Early Tertiary age. From the standpoint of drilling, the Powder River
Basin is the most active area in the United States for uranium exploration.) 1

According to Monsson, oil accounted for nearly 98% of the mineral valuation in Johnson County
in 1975; production was about 5,561,500 m3 (3,500,000 bbl) per year. 32 Currently producing oil
and gas fields near the Irigaray site are Heldt Draw (T46N, R77W), JEpson Draw (T45N, R77W),
and Holler Draw (T44N, R76W). The fields were discovered :n 1973-1974 and produce from Upper
Cretaceous rocks at depths between 2743 and 3048 m (9000 and 10,000 ft) below the surface. As
of December 1974 the three fields had a cumulative production of 286,644 m3 (180,393 bbl) of
oil and 1.437 x 109 m3 (50,731 million cubic feet) of gas. 1 3

Coal prod'iction i~' Lhe Powder River Basin is centered in Campbell County; the main belt of
strippable coal is ibout 56 km (35 miles) east of the Irigaray site. Camobell County should
become the leading coal producer in the State, having 50% of Wyoming's remaining coal resources
and 84% of its known strippable coals.3 3 in contrast, Glass estimates that Johnson County has
9% of Wyoming's identified coal resources and only 4% of its known strippable coal, 31 located
at least 32 km (20 miles) west a'd north of the Irigaray site. Most of the thick coal beds,
so• i up to 37 m (120 "t) thick, occur in the upper member of the Fort Union Formation east of
Gillette. At the sit-. two thin [l m (3 ft)] coal beds in the Wasatch Formation occur between
18 and 146 m (60 and 4L. ft) below the surface (Figs. 2.14, 2.16, and 2.17). Because of the
more abundant and easily strippable coal elsewhere in the basin, the coal underlying the Irigaray
site is not considered presently to be economically important.

Gold, copper, manganese, and rare earth minerals are reported in small quantities along the east
-flank of the Bighorn Mountains. These deposits are 48 km (30 miles) west of the Irigaray site,
and no production has been reported since 1942.13
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2.7.3 Seismicity

The Intermountain seismic belt (including Yellowstone Park) is continuous from western Montana
to north-central Utah. Earthquakes with epicenters in or near Yellowstone Park are likely to
create some of'the strongest motions to be experienced in the Powder River Basin; only locations
within about 30 km (19 miles) of the epicenter of an earthquake occurring within the basin will
experience stronger motion. The local intensity of distant earthquakes will nevertheless be
low. For example, the Irigaray site lies near the boundary of the felt area for the Hebgen Lake
earthquake of 1959.

Although distant earthquakes may produce shocks strong enough to be felt in the Powder River
Basin, the region is considered to be one of minor seismic risk (Fig. 2.19).36 In the past 80

years only four earthquakes having epicenters within 160 km (100 miles) of the Irigaray site were
strong enough to be felt.•/ The 1897 earthquake (intensity VII on the modified Mercalli scale)
near Casper, Wyoming, was strong enough to cause significant damage. In the same region only
five earthquakes (all of magnitude less than 5 on the Richter scale) have been instrumentally
recorded since 1965.17 These data are too limited to establish reliable recurrence intervals,
but they suggest that a magnitude 6 earthquake is a rare event. Magnitude 6 (intensity VII-
VIII) tarthquakes occur perhaps an order of magnitude less frequently than m'gnitude 5
(inten 'Ity VI-VII) earthquakes." Historical records indicate that magnitude 5.0 to 6.0 earth-
quakes occur about once every 20 years within 160 km (100 miles) of the Irigaray site. Therefore
an earthquake between 6.0 and 7.0 can be expected to recur once in 200 years (ER, p. 68). The
Ir'garay site would have to be in the epicentral area [8-km (5-mile) radius] of a maximum credible
inensity Powder River Basin earthquake to experience slight damage. The historical record of
seismicitv in the Powder River Basin suggests that the probability of the occurrence of such an
event during the lifetime of the Irigaray plant is vanishingly small.

ES- 228B

2 MODERATE

3 MAJOR

Fig. 2.19. Seismic risk map of the United States. Source: Modified from S. T. Algermissen,
, U.S. Government Printing Office, Washington, D.C., 1968.

2.8 SOILS

The following discussion of soils is based on a recently published soil survey of southern
Johnson County by the U.S. Soil Conservation Service.i 9
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The upland soils of the WMC site belong to the Shingle and Stoneham series. The upland soils
are generally suitable only for range and wildlife habitat. The Shingle series, which covers
a majority of the site, occurs on hillsides and ridgetops. It consists of relatively thin
and poorly developed soils formed from residuum weathered from sandstone and siltstone bedrock.
Effective rooting depth is limited, since bedrock occurs at 20 to 25 cm (8 to 10 in.). Shingle
soils are moderately alkaline loams with moderate permeability and low available water capacity.
Runoff from these soils is rapid and erosion hazard is high. Vegetative cover supported by
Shingle soils is predominantly shortgrasses such as blue grama.

Soils of the Stoneham series develop on alluvial fans that form along lower slopes, mainly
adjacent to the Powder River and Willow Creek. Stoneham soils are better developed and deeper
than Shingle soils. Effective rooting depth may be down to 150 cm (60 in.). Permeability is
moderate and available water capacity is high. These soils generally support stands of sagebrush
and grasses such as western wheatgrass. If cover is removed, the hazard of wind erosion is high'
on Stoneham soils.

Soils along the floodplains of the Powder River and Willow Creek are a complex of a number of
soil associations and material that is classified as alluvial land. The majority of the soil
associations belong to the broader category of the Haversen series, which consists of well-
drained soils formed in alluvium. The soils in this series are moderately alkaline loams with
moderate permeabilities and high available water capacity. The effective rooting depth may
be down to 150 cm (60 in.). Haversen soils are suitable for irrigated hay, pasture, and small
grain, as well as for range and wildlife habitat.

Alluvial land consists of materials that comprise old gravel bars and meanders along the Powder
River and Willow Creek. The soil material is depositional in origin, is highly stratified,
and ranges from loam to sand in texture. Alluvial land is subject to frequent flooding and
generally supports stands of cottonwood and willow. It is suitable only as range and wildlife
habitat.

2.9 ECOLOGY

2.9.1 Terrestrial ecology

The following discussion of terrestrial ecology is based on a search of the literature and on
a biologic study conducted for the applicant near the Irigaray site (included here as Appendix C).

2.9.1.1 Vegetation

The Irigaray site is located within the Powder River Basin of northeast Wyoming. Vegetation in
the basin exhibits a broad transition between two major vegetation types - the grasslands of the
northern Great Plains to the east and the sagebrush steppe that occurs over much of the range-
land of the western basins. Big sagebrush (Artemisia •rzdentatc) is the most prevalent and
important shrub species in the Powder River Basin. Characteristic and dominant grasses include
blue grama grass (Z-outeio:,a ara, ',, western wheatgrass ((Akropyronrnithii), prairie June
grass ( 2,r.zr ezistata), and needlegrasses (Ett'a spp.). The composition and structure of'
the sagebrush-shortgra's community vary with localized soil and moisture conditions and past
use, resulting in intergrading sagebrush and shortgrass-sagebrush associations. In general,
dense stands of big sagebrush and other shrubs occur on the moister slopes of draws and drainages.
On the drier and more exposed uplands, however, the community has a grassland aspect, and big
sagebrush occurs only as low and widely scattered individual plants.

A list of major plant species observed near the WMC site is available in Appendix C. The
majority of the site (aver 95%) is covered by the shortgrass-sagebrush association typical
of the Powder River Basin. Except in the draws and drainages where shrub cover is relatively
dense, most of the site has a shortgrass prairie aspect. A generalized vegetation map of Johnson
County lists the vegetation of the WMC site as primarily annual grasses and weeds with western
wheatgrass, prairie June grass, and needle-and-thread grass (stipa conaea) as the dominant
speýcies.'° Big sagebrush and other shrubs such as Douglas rabbitbrush (Chr2 thanr. iidJ-
*fi.:a), silver sagebrush (,Irtermisia 'ana), and fringed sagewort (A2'teriaia fricyida) occur as
low and widely scattered individuals. Common forbs include prickly pear (Oruntia r o!74acaalath),
soapweed (Yuca gZlaca), and a number of species of wild buckwheat (hio~on• spp.). With the
exception of the floodplains of Willow Creek and the Powder River, vegetation cover on the
majority of the WMC site ranges from 5 to 25%.'0

A riparian vegetation type exists along the floodplains of Willow Creek and the Powder River.
In moist areas adjacent to the water, there is a dense, meadow-like cover of perennial grasses,
sedges, and rushes. Trees, primarily plains cottonwood ( Fopulue sargenti) and willows (Salix sp.),
are limited to the floodplains. Where soils are moist but not saturated along Willow Creek and



2-30

the Powder River and along tributary drainages and draws, there is a fairly dense shrub cover.
Shrubs such as big sagebrush, silver sage, wild rose (Rosa woodaii), skunkbush sumac (Rhue
tritobata), and serviceberry (Amelanchier sp.), which occur in this habitat, provide excellent
wildlife browse. The riparian habitat along the Powder River and Willow Creek is important
wildlife habitat. The trees, shrubs, and moist meadows provide food, shelter, and breeding
areas for a variety of wildlife species that would not otherwise occur on the site. Studies
have shown that the density and diversity of wildlife species associated with riparian habitats
may be five to ten times those in the surrounding grasslands.4 1

2.9.1.2 Wildlife

Wildlife species that occur on the WMC site are those characteristic of the sagebrush grasslands
of the Powder River Basin and, indeed, most of the sagebrush rangelands of the western United
States. The fauna of the Powder River Basin has been described in recent environmental impact
statements and other documents concerning energy-related development in the basin. 42-44 The most
abundant animals are rodents, such as the deer mouse (Pero7miacue manicuZatis) and thirteen-lined
ground squirrel (SpernorihiZiu tridecemlineatus), and a number of species of grassland passerine
birds. Predators that are common in the region near the WMC site include badgers (Taxidea taxus),
long-tailed weasels (A.M4ste7a frenata), coyotes (Canis latrans), and red foxes (Vuipes vuZpes).
A number of raptor species occur in the area. Waterfowl utilize the stock watering ponds and
reservoirs of the area as resting places during migration, and some individuals remain through
the summer to breed.

Game species

The Powder River Basin is nationally known for its outstanding hunting resource of pronghorn
antelope (Antiiocapra americana). It is estimated that 45 to 50% of the world's pronghorn
population occurs in Wyoming.1 5 Pronghorn prefer open, rolling topography such as that in the
Powder River Basin. The animals depend primarily upon big sagebrush' for winter browse, and
sagebrush stands are important for concealment of the fawns during spring and early summer. The
region in which the WMC site is located is classified by the Wyoming Game and Fish Department
as year-round pronghorn habitat. Estimates of pronghorn density on habitat similar to that on
the WMC site range from 2 to 4 animals per square kilometer (5 to 10 per square mile).4 2 "4

Another popular big game species that occurs on the WMC site is mule deer (Odocoileus hemionus).
Deer frequent the riparian habitats along Willow Creek and the Powder River and the draws, where
dense shrub cover provides browse and concealment. The areas along the Powder River and Willow
Creek could represent important mule deer winter habitat. During winter field studies near the
WMC site, from 7 to 22 deer were sighted per day (Appendix C).

Compared to large game, upland small game are a minor hunting resource in the Powder River Basin.
The most important small game species occurring in the vicinity of the WMC site is sage grouse
(Centroccrctu uronhasianus ). No estimate of grouse density on the WMC site was available, but
the site apparently has all the components of good sage grouse habitat. From late fall to early
spring sage grouse are solely dependent upon big sagebrush for food. Strutting grounds are
usually within relatively open areas surrounded by sagebrush. The dense sagebrush cover and the
moist, meadowlike vegetation in draws and drainages and along Willow Creek and Powder River
represent good brood-rearing habitat.

Other common small game species that would occur on the WMC site include mourning doves (Zenaida
m7croura) and cottontails (SyZvilagus auduboni). Doves are migratory arnd their densities on the
site fluctuate seasonally. Cottontail populations are somewhat cyclic; rabbit densities in
habitat similar to that on the site may vary from 20 to 150 per square kilometer ,(50 to 375 per
square mile).42,i1, Wild turkeys (MeZeagris gatiopavo) occur in Johnson County. The Powder River
in the vicinity of the WMC site would be good turkey habitat, and the species likely occurs
there. A numb-• of species of waterfowl nest in the many small stockwater impoundments scattered
through the Pwuver River Basin. Common species include mallard (Anas pLatyrhynchos), blue-winged
teal (A. discors), gadwall (A. strepera), and pintail (A. acuta).

Rare and endangered species

A number of proposed endangered plants occur in Wyoming.4 6  However, according to Mr. Robert Dorn,
of the Wyoming Department of Environmental Quality, who is familiar with Wyoming's rare plants,
none of the endangered plant species occur in the Powder River Basin of eastern Wyoming.

Of the species currently on the Federal list of endangered species,4 7 only the black-footed
ferret (2usntela nigripes) and the peregrine falcon (Falco peregrinus) could potentially occur
in the Powder River Basin. Breeding pairs of peregrine falcons are not likely tc occur near
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the WMC site, since the required breeding habitat of cliffs is lacking. The black-footed ferret
is closely associated with prairie dog towns. According to the applicant, there are no prairie
dog towns known to occur on or near the WMC site, so it is unlikely that ferrets occur on or
near the site.

The State of Wyoming has no state endangered species law. In the recent publication of the
current status of wildlife in Wyoming,"4 there is a list of animals considered rare in Wyoming.
According to the ranges and habitat preferences listed for the rare species, two could potentially
occur near the WMC site, the burrowing owl (Speotuto cunicuzaria) and the milk snake (Lampropeltir
triaigulw7). The burrowing owl is seldom found in the absence of active colonies of burrowing
mammals such as prairie dogs.` 8 Since, according to the applicant, there are no prairie dog
towns on the WMC site, it is unlikely that the owls would occur on the site. Milk snakes have
been collected from central Sheridan County and are thought to inhabit other portions of eastern
Wyoming." The species inhabits a variety of habitats, including riparian areas, shrub woodlands,
and rocky hillsides. The species apparently prefers habitats in which there is sufficient cover
in the form of rocks, rotting logs, dense shrubs. Since habitat suitable for milk snakes is
present on the WMC site, this species could potentially occur on the site.

2.9.2 Aquatic ecology

The aouatic habitats that might be affected by WMC's operations are the Powder River and Willow
Creek. These areas are described below.

Near WMC's site the Powder River meanders across its floodplain with a gentle gradient of less
than 2 m/km (10 ft/mile). The arid plains in the area are composed mostly of erodible shales,
silstones, and sandstones.' 5 This land contributes substantial sediments to the Powder River
and tributaries, especially if land is overgrazed. The Powder River has generally high levels
of suspended sediments; 80 km (50 miles) downstream from the WMC site (station E, Arvada, Fig.
2.5) the suspended sediment concentration varied from 172 to 39,00 mg/liter and averaged
6419 mg/liter for water years 1972-1974.49-51

Near the WMC sitc the Powder River provides poor habitat for game fish due to high turbidity,
low water quality, and, in summer, low streamflows and ex:essive water temperatures (see Sect.
2.6.1). The Wyoming Game and Fish Department classifies all of the Powder River below Kaycee
(station A, Fig. 2.5) as "very low production waters - often incapable of sustaining a fishery." 5 2

There has apparent;ly been little sampling of fish populations in the Powder River ittar the WMC
site. However, tie Wyoming Game and Fish Department has sampled nearby drainage systems, includ-
ing the Little Powder and the Belle Fourche rivers. 5 3 Based primarily on this, the Department
of the Interior 11sted the following nongame species as present or suspected present in the
Powder River: 6 flathead chub (THibopsis graciZis); carp (Cyprinus carpio); golieye (Hiodon
aLosoides); Northern redhorse (Moxostoma macrotepidotuv); white, longnose, and mountain sucker
(Catos'romu coTncrsori, C. catasatorms, C. platyrhynchus); fathead minnow (PimephaZes promelas);
longnose dace (.Rhinichthys cataractae); sturgeon chub (Hybopais geZida); river carpsucker
(Carniodes carrio); plains minnow (Hybognathus pZacitus); and silvery minnow (Hybognathus
nz~cha Lis).

The Bureau of Land Mangement indicates that bullheads (Ictalurus sp.) and stonecats (Nvot'urua
.i'Iavs) are present in the stretch between Kaycee and Barnum and that "shovelnose sturgeon and
sturgeon chub are known to inhabit the silty currents of the lower Powder River.' 5's The Wyoming
Game and Fish Department eports that a rough fishery of nongame species is maintained in deep
water areas below Arvada."s Recently, the Wyoming Game and Fish Department has found young-of-
the-year channel catfish k.. al'u'ru punctatiAs) at the bridge where Interstate 90 crosses the
Powder River, approximately 30 km (20 miles) north of the WMC site. 56 In the Powder River
north of Arvada, especially in southern Montana, a healthy fishery of channel catfish has
apparently developed, including individuals up to 5.5 kg (12 lb). Channel catfish may be
migrating upstream during periods of high flow, and the Powder River near WMC's site could
provide habitat for this species.

The Wyoming Game and Fish Department considers 13 species of fish to be "rare" in Wyoming."
The four species that have been reported from the Powder River are described in Table 2.10.

Three nationally listed endangered aquatic species, the humpback chub (Gila cypha), Colorado
River squawfish (PtychocheiZus lcius), and Kendall warm springs dace (Rhirichthas osculus
therY.h2Zis), occur in Wyoming.'s However, none of these are believed to occur in the eastern
Powder River Basin. 5 7

Very little is known about Willow Creek and any aquatic biota that may inhabit it. (The Environ-
mental Report makes no mention of biota in Willow Creek or the Powder River.) Although Willow
Creek is intermittent, it may provide breeding habitat for fish during parts of the year. Hynes



Table 2.1 U. Rare fish species of the Powder River

Common name Scientific name Distribution Comment

Shovelnose sturgeon Scaphirhynchus platorhynchus Powder River May be extinct in

Wyoming

GCideve Hiodon alosoides Lower Powder River Tolerairt of high

Crazy Woman Creek turbidity

Lower Clear Creek

Little Missouri River

Stwrq,!on Chui) Hyhopsis gelida Powder River in Adapted to wreas of

Sheridan County gravel bottom in

Lower Big Horn large silty river

R ver

S~fý.v -ninn•,v. Hyhognathus nichalis Lower Powder River Prefers larger

Belle Fourche River rivers

Lower Little

Missouri River

Source. Wvoming Game and Fish Department, Current Status and Inventory of Wildlife in Wyoming.

Chevenn.. Wyoi.. 1977.

notes that intermittent streams frequently support suprisingly diverse aquatic communities,
especially if there are pools of standing water.5 8 Some organisms survive in pools despite high
temperatures and low oxygen concentrations. Other species have eggs that can survive long dry
periods, and some species survive by aestivating or burrowing into a continually moist substratum.
In addition, when streamflow does occur, the stream may be reinvaded by fish from downstream
waters. If pools exist in Willow Creek for extended periods, they may develop biotic communi-
ties typical of stock watering ponds, as shown in Fig. 2.20.

2.10 RADIATION ENVIRONMENT

2.10.1 Surface

The intensity of cosmic radiation is a function of altitude and at the Irigaray site would be
approximately 50 millirems per year to the whole body.) 9 The total natural radiation background
is estimated to be 150 millirems per year.6 0 The whole-body dose rate from domestic and industrial
sources in Wyoming is estimated to be 25 millirems per year. The medical whole-body dose is
estimated to be 75 millirems per year. 6 0•,l

The radon flux to the atmosphere from a dry, sandy soil containing 1 pCi/g of radium-226 (Table
8.1) is estimated to be 1.6 pCi/m 2 .sec. 6 2 , 6 3 The concentration of Ra-226 in sedimentary soil
is about 0.5 pCi/g, which would give a radon-222 flux of 0.8 pCi/m2.sec. 12,3 Although this
general estimate does not take into account all of the variations of radium-226 concentrations
and soil conditions at the Irigaray site, the staff believes that this estimate does show the
magnitude of natural radon emanation in and around the Irigaray property. The annual quantity
of radon relcased from a 21,000 acre (8500 ha) area, an area about equal to that occupied by
the Irigaray property, is estimated to be less than 2200 Ci. Concentration of radon in air is
estimated to be in the range of 500 to 1000 pCi/m 3 . Exposure to a radon concentration of
1000 pCi/m' on a continuous basis would result in a dose of 625 millirems per year to the bronchial
epithelium.

The ennual average concentration (20 mg/m 3 ) of particulates in Wyoming air will contain about
4 x 10- pCi/m 3 of radium-226. 8 x 10" pCi/m 3 uf thorium-232, and 4 x 10-5 pCi/m 3 of thorium-230.
The dose from these particulates to the lungs under normal conditions would be about 2 millirems
per year. The dose to the bone would be less than 1 millirem per year.

2.10.2 Subsurface

The concentration of radioactive materials in groundwater is influenced by the chemistry and
nature of the aquifer in the zone of interest. Wells located in the mineralized trend (i.e.,
well P4, Appendix B, Table B.3) may exceed the EPA drinking water standards (Table 2.9) for gross
alpha, gross beta, radium-226, and natural uranium by factors of at least 400, 1.6, 30, and 2.7
respectively. Wells located outside of the mineraliz'.d zone (wells M4 and M5, Appendix B, Table
B.3) show gross alpha, gross beta, radium-226, and natural uranium levels well below the standards
(see Sect. 2.6.2.4 on groundwater quality). : - "
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3. SOLUTION MINING (IN SITU LEACHING) OF URANIUM

This section provides background information on solution mining (in situ leaching) of uranium.
A glossary of terms abstracted from the International Glossary of Hydrology' as well as a selected
bibliography on this subject are also included.

3.1 INTRODUCTION

In situ leaching (solution mining) of uranium is a potential addition to the list of conventional
mining methods currently used to extract uranium. Basically, the in situ leaching method involves
(1) the injection of a leach solution (lixiviant) into a uranium-bearing ore body to complex the
contained uranium, (2) mobilization of the uranium complex formed, and (3) surface recovery of the

solution bearing the uranium complex via production wells. Uranium is then separated from the
leach solution by conventional milling unit operations (ion exchange).

The environmental advantages of in situ leaching of uranium appear to be significant. While the

conventional extraction of minerals produces significant impact on te environment, the solution
mining method appears potentially to result in a lesser impact. Compared with the conventional
uranium mining and milling operations, in situ leaching will also permit economical recovery of
currently unrecoverable low-grade uranium deposits, thereby enhancing the nation's uranium reserves.

i.: conventional uranium recovery techniques, the ore is mined (open pit or underground), crushed,
ground in mills, and subsequently leached, using either an acidic or basic oxidizing solution to
e'-tract the uranium. In solution mining, an acidic or basic oxidizing solution is injected into

Ad produced from the naturally situated ore body via wells to extract the uranium. The chemical
-chnology is about the same in both cases. In solution mining, however, no ore mining, transport-

ing, and grinding operations are needed before chemical processing to recover the uranium. More-
over, there are no mill tailings to be disposed of, although solid wastes are generated that
would require controlled disposal.

In conventional jranium mining, for each ton of mined ore, n.ore than 1900 lb of solid waste
(tailings) are produced, containing essentially all of the associated radium-226 and other
daughter products. With solution mining, less than 5% of the radium from an ore body would
be brought to the surface.

Since the technology for in situ solution mining of uranium is still actively developing.
variations among the different operations are not unusual. Thus, the following background
discussion is general. Specific procedures proposed by the applicant are described and dis-
cussed in later sections of this Statement.

For consistency and clarification, two major terms are defined.

3.1.1 Solution mining

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, sulfur) or
may include other materials such as excess chemicals that have been added to aid in the dissolu-
tion of the resource from its source host, reaction by-products, and other materials associated
with the mineral deposit co-dissolved in the process.

The mineral-bearing solution can be obtained from its source in several ways. A fluid can be
injected and recovered through wells from the mineralized host beneath the surface (borehole
mining) or sprayed over mineral-bearing materials that have been brought to the surface (e.g.,
dump or heap leaching). In all cases, a solution containing the mineral sought is produced.

3-1
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3.1.2 In situ leaching.

In situ leaching is one of the many types of solution mining. In this technique, the mineral
sought is dissolved from its host source :' :yZcr (in situ) and extracted as a liquid, while
leaving the solid host material in its natural position. The basic unit operations of in situ
leaching of uranium involve (1) the introduction of a leach solution via injection wells into
a uranium-bearing ore body, (2) mobilization of the uranium from the host material via creation
of a soluble complex salt,, and (3) removal of the complexed uranium-bearing solution via produc-
tion wells. The uranium in the uranium-bearing solution is recovered in a conventional surface
facility where, generally, an ion exchange process is used for recovery.

3.2 PROCESS DESCRIPTION

Uranium in situ solution mining involves the following basic components and associated processing
activities: (1) the ore body, (2) the well field, (3) the lixiviant or leach liquor, (4) the
uranium recovery process, (5) the waste treatment process(es), (6) waste management process(es),
and (7) aquifer restoration and land reclamation process(es). The interrelationships of these
are discussed in the following.

3.2.1 Ore bodi

Roll-type uranium deposits are generally associated with fluvial sandstones and conglomerates.
The mineral in the ore is concentrated by a liquid oxidizing front moving down the hydrologic
gradient in the reduced host zone (sands). Uranium is thereby precipitated along the interface
of the oxidizing and reducing sides of the front. The physical shape of an ore roll is dependent
on the local permeability of the matrix material and its continuity and distribution in the
geologic unit (Fig. 3.1). Such ore bodies are prevalent in most of the established uranium mininq
districts in the western United States. In situ leaching, however, can be cond'jct-: only on those
ore deposits that meet certain criteria, These generally include: .(I) the or, it must be
located in a saturated zone, (2) the ore deposit must be confined both above anc M by imper-
vious layers, (3) the deposit must have adequate permeability, and (4) the deposit ;nust be amenable
to chemical leaching.
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Fig. 3.1. Plan view of uranium ore deposit and cross section of geochemical cell or roll
front. Source: A. R. Dahl and J. L. Hagmaier, "Genesis and Characteristics of the Southern
Powder River Basin Uranium Deposits, Wyoming, USA," Forration of Uraniurn Ore Deposits, pp. 201-218
in Proc. SIr.p., Athens, 6-L' IMaT 1974, International Atomic Energy Agency, Vienna, Austria, 1974.
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The ore body is a basic part of the process circuit in in situ leaching. Additionally, the
mineralogic and hydraulic properties of the ore body are pertinent factors in the engineering
design of the total operation.

3.2.2 Well field.

The well field provides the means by which leach solution (lixiviant) is circulated through the
ore body to extract the uranium. Therefore the well field design determines the effectiveness
of lixiviant circulation, confinement, and utilization. It also affects the efficiency of
uranium extraction. Principal engineering considerations in well field design are the well
spacing, the injection and production patterns, the well completion methods, and the number of
wells to be used. Well spacing is determined by the hydrologic characteristics of the formation.
These influence the rate and efficiency of lixiviant circulation. The pattern of injection and
production wells is determined by the injectivity rate(s) to the formation and the horizontal
hydraulic sweep efficiency through the mineralized well field zone. The well completion method
and local permeability determine the vertical confinement and vertical sweep efficiency of the
lixiviant through the mineralized zone.

The applicant's proposed well field(s) is discussed in Sect. 4.3.

3.2.3 Lixiviant chemistry

Initially, in situ solution mining of uranium utilized a dilute sulfuric acid lixiviant enhanced
by an oxidizing agent such as sodium chlorate. Such a lixiviant is suitable in working low-
alkaline (low-carbonate) ore deposits. However, acidic solutions also tend to dissolve other
trace minerals associated with such an ore and, therefore, are less specific for uranium. As a
result, basic (ammonium or sodium bicarbonate-carbonate) lixiviants with an oxidizing agent are
now generally used in most in situ activities where carbonate minerals are known to be associated
with the ores (Table 3.1).

Table 3.1. Typical concentrations of major
constituents in basic lixiviant solutions

used in solution mining of uranium

Concentration (mg/liter)
Constituent Pawnee Palangana

projecta projectb

Ammonium bicarbonate- 2,000-10,000 8,000

carbonate

Hydrogen peroxide 100- 800 1,500

Sodium 150- 200 250

Chloride 200- 350 200

Sulfate 75- 350 1,500

aTexas Water Quality Board, "Permit to Dispose of Wastes

under Provisions of Article 7621 d-1, Vernon's Texas Civil

Statutes. Permit No. 02050, January 1977, hItercontinental

Energy Corporation,"

bTexas Wa'er Quality Board, "Permit to Dispose of Wastes

under Provisions of Article 7621 d.1, Vernon's Texas Civil

Statutes. Permit No. 02051, January 1977, Union Carbide

Corporation."

At startup, the necessary chemicals are added to water drawn from the ore zone aquifer. This
solution is then recirculated through the localized ore zone (well field). Typically, the
desired concentration of a basic lixiviant (e.g., ammonium bicarbonate) is maintained by chemical
reconstitution operations and by controlling the pH (about 8). Carbon dioxide and ammonia or
other soluble basic carbonate salt may be used to adjust concentrations. An oxidant (oxygen,
air, or hydrogen peroxide) is normally added to the lixiviant at the well field prior to its
injection into the ore zone.

The applicant's lixiviant is listed in Table 4.2.
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3.2.4 Uranium recovery process

As depicted in Fig. 3.2, a generalized solution mining process has four main processing circuits
or units: (1) a lixiviant sorption circuit, (2) a resin transfer circuit, (3) an elution and
precipitation circuit, and (4) a product arying and packaging unit. The movement of uranium
throuqh these circuits and the relationships of various process components are discussed in the
following sections. The applicant's proposed process is discussed in Sect. 4.4.

3.2.4. 1 Li xiviant sorption circuit

The lixiiant sorption circuit consists of the ore body, the well field, the uranium adsorption
column(s), lixiviint bleed, lixiviant makeup unit, and calcium control unit. The process
begins with the injection of lixiviant into the ore body. This solution nxidizes the uranium
in the localized ore zone and forms a soluble uranium ion complex. The comniexed uranium.
mobilized reaction by-products, and unreacted reagents in the lixiviant flow to a production
well and are ?)um.)ed to the surface (produced from the ore zone). This uranium-bearinq solution
ther, passes throuqh a uranium sorption column (near the well field or in ',he recovery plant)
via the use of In ion exchange resin that preferentiaii y extracts the ur, num ion complex from
the pregnant solution. The solution leaving this resin column is essentia~ly barren of uranium.
It also contains residual lixiviant chemicals. This barren solution is )ass,,d to the makeup
unit, where it is reconstituted with the necessary lixiviant chemicals and is recycled to the
well field for reinjection.

A solution bleed in the plant enables some control of groundwater flow. Pv divertinq part of
the barren solution leavin(g the uranium sorption column, less recycle solution is reinjected.
This reduces the water level in the localized ore zone, permitting water from the surrounding
aquifer to migrate into the mined zone. The rate of the groundwater incursion should be equal
to the bleed rate. This Qroundwater influx would tend to limit the excursion of lixiviant out
of the lncalized well field area.

The Oresence of caIci um co'i;)ounds in the lixiviant or barren solution is generally disadvantageous
in the processinQ. Calciur: could ;precip•itate as calcite (CaCO,) in basic leach soluitions or as
gypsum (CaSO.) in sulfuric acid ledch solutions, Either precipitate could plug injection and
production wells or interfere with the ion exchange process. Calcium removal units utilizing
either ion exchange (water softening) or solution pH control techniques may be 9laced in the
lixiviant sorption circuit to mitigate potential calcium-related p)roblems.

3.2.4.2 Resin transfer circuit

The ion exchange resin used in the uranium extraction column is eluted periodically to recover
the sorhed uranium and to reglenerate the resin before it is returned to the sorp)tion circuit.
The resin transfer circuit cycles the ion exchange resin between the sorption and elution
circuits,. !M'nst solution minini; operations house the ion exchange columns in a recovery building.
Alternatively, tne ion exchange columns may be located near the active well fields and the
resin trucked to a central recovery facility (satellite recovery system).

The resin transfer circuit also allows the flushing of the uranium-loaded resin and rinsing of
the retlenerated (eluted) resin to control other contaminants that may affect the efficiencies
of the elution and the extraction process respectively.

3.2.4.3 E lutio•nand precipitation circuit

The elution and procipitation circuit consists of the elution column, the precipitator, and the
contaminant control and eluant makeup units. Uranium-loaded resin from the column is the feed
for this circuit. After transfer of the loaded resin to the elution column, the uranium-loaded
resin is eluted with a moderately concentrated chloride salt solution (1 to 2 "' CI). The
chloride ion in this solution displaces the uranium ion complex 'sorbed on the resin and thus
regenerates the resin. The regenerated resin is returned tc the uranium extraction column, and
the uranium-rich eluate is transferred to the irecipitation unit.

In the precipitation unit, the desorbed uranium ion complex is destroyed by acidification. The
resultant uranium ion is precipitated with ammonia as ammonium diuranate [(NHJ.)U,07], which is
connIonly known as ADU. The arrvnonium diuranate, in slurry form, is transferred to the drying
arid packaging unit. The barren eluate is recycled through the contaminant control unit and
eluant makeup unit to the elution column.
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In the uranium recovery process, contaminants such as sulfate and vanadium are also sorbed on
the ion exchange resin and stripped into the elution and precipitation circuit along with
uranium. In the absence of any control, the concentration of such contaminants could build up
to affect the product purity and/or elution process efficiency. For contaminant control, a
bleed-off of somn of the contaminated recycle eluant is effected by replacing a bled velume
with an equal amount of fresh eluant. This controls the contamination level but requires the
increased use uo -iadeup water and elution chemicals and the discharge of a concentrated liquid
waste stream tu ., holding pond that must be ultimately managed.

Water consumption can be reduced through the use of precipitation and physical adsorption pro-
cesses in contaminant control. For example, sulfate levels can be controlled by the addition
of barium chloride (BaCl,) to the recycle eluant. precipitating insoluble barium sulfate (BaSO,,).
This can be stored in an interim solid waste impoundment; vanadium can be adsorbed on activated
carbon and recovered as a by-product or disposed of with the carbon as a solid waste.

The nature, level, and even the need of contaminant control depend on the composition of the
ore body and t,;- chemistry of the specific solution mining process. The prevailing conditions
i~n the solution mine field, the chemical reagent costs, and the wastewater dispo,.al techniques
employed will determine what contaminant control measures will be used.

Prior to entering the elution column, the recycle eluant passes through an eluant makeup unit.
In this unit, the chloride ion concentration, depleted during elution and contaminant control
operations, is restored by the addition of a chloride salt. Makeup water may also be added
here to maintain the system flow.

3.2.4.4 Product drAinjnd pkaging unit

The uranium leaves the elution and precipitation unit as a slurry of ammonium diuranate and may
be dried prior to packaging for shipment. Upon entering the product drying and packaging unit,
the slurry is washed and dewatered. The rinse water, which contains some soluble uranium, is
returned to the elution and precipitation unit. The moist diuranate cake enters a dryer and
calciner, where it is converted to U308 and the by-products (water and amn,onia) are driven off.
Following drying and calcining, the oxide F!-duct (yellow cake) is crushed and placed in drums
for shipment.

To mitigate particulate uranium releases in this unit process, the exhausts from the dryer and
calciner, crusher, and packaging equipment areas are treated in Venturi scrubbers (see Sect.
3.2.5). The spent scrubber solution is recycled to the elution and precipitation circuit to
recover any entrained uranium.

3.2.5 Waste effluent treatment processes

In qeneral, liquid and solid waste and atmospheric effluents will result from the solution
mining activities. Liquid wastes from well field overpumping (i.e., production flow in excess
of injection flow), elution and precipitation circuit bleeds, and subsequent aquifer restoration
represent the major waste streams to be managed from solution mining activities. Since the
dissolved solids content of the wastewater precludes any uncontrolled releases, somn form(s) of
waste management is necessary. Generally, for liquid waste management, evaporation ponds are
utilized; however, deep well disposal has been used in Texas. The ponds vary in size depending
on the flow rate of liquid waste streams to the pond and the rate(s) of water evaporation and
seepage from the pond. To minimize unwanted seepage of the wastewater, the ponds are lined
during construction with clay, asphalt, or continuous plastic membranes. The specific method(s)
used is dependent on the conditions at each solution mining operation.

Solar evaporation is a consumptive use of water. When recycle of wastewater is desirable,
water reclamation by reverse osmosis, ion exchange, chemical treatment, or multieffect distillatinn
may be attempted.

Solid wastes generated,. for example, from the calcium control unit in the lixiviant sorption
circuit and from the contaminant control unit in the elution and precipitation circuit also
require controlled management. During the life of a solution mining operation, solids may be
impounded in specific storage ponds as a slurry and be maintained and monitored under a liquid
seal to minimize particulate emissions and radon gas evolution. Permanent jisposal techniques,
in accord with NRC and/or responsible State agency regulations, will subsequently isolate the
solids from the environment.
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Sources of atmospheric emissions ;iclude the open surfaces of ponds and tanks, the product
drying and packaging unit, the internal combustion engines in vehicles and drilling rigs used
at the site, dust due to vehicular movement on unimproved roads, and processes using ammonia.
Tank emissions can be limited by venting them through liquid or solid absorbents before release
to the atmosphere. Venturi or impingement scrubbers are used to control both particulate and
gaseous emissions from drying and packaging operations. Exhaust emission controls are presently
provided for internal combustion engines.

3.2.6 Groundwater quality restoration process

After termination of solution mining operations, procedures are implemented to restore the
water quality of the affected aquifer. Restoration will remove or immobilize chemical species
injected into or mobilized as a result of chemical actions in the ore body during mining. The
restoration process is intended to reduce the mobilized solids content and composition of the
groundwater to levels set by appropriate regulatory agencies.

Groundwater restoration technology is still in the development stage. A process that requires the
pumping of large quantities of water from the aquifer (groundwater sweeping) is currently in
general use. By this technique, the contaminated water removed from the aquifer is replaced by
groundwater entering the localized ore zone from the surrounding area or is replaced by purifying
(for example, by reverse osmosis) the contaminated water and recycling it into the aquifer. The
water entering this ore zone aquifer will gradually sweep the residual impurities from the solu-
tion mining operations toward the production wells, where they will be withdrawn to the surface
for management. The efficiency of the sweeping action may not be very high. Impurities, e.g.,
ammunia, are chemically sorbed on clay minerals within the aquifer host formation and are only
removed slowly, because their migration rate is retarded by repeated sorption and desorption
from the clays. Unless some efficient elution or immobilization techniques are developed, long-
term aquifer pumping may be the only method of ore zone groundwater restoration. Water produced
by such a restoration process or other processes under development should be managed by the methods
discussed in Sect. 3.2.5.

3.3 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 they are in contact.

ADU. Ammonium diuranate. Approximate chemical composition is given as [U0 2 (OH) 2 x H20 N1H]
salt. ADU is not the oxide form of uranium, namely, U30e (triuranium octaoxide).

Alkalinit . A measure of the power of a solution to neutralize hydrogen ions expressed in
terms o 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.

ALuifer. Porous water-bearing formation (bed or stratum) of permeable rock, sand, or gravel
capable of yielding significant quantities of water.

Aguifer, leaky. Aquifer overlain and/or underlain by a thin semipervious layer through which
flow into or out of the aquifer can take place.

Aquitard. Geological formation of a rather impervious and semniconfining nature which transmits
water at a very slcw rate compared with an aquifer.

Area of influence. Area around a pumping well in which the water table or the piezometric
surface (in confined aquifers) is lowered by pumping.

Artesian. The occurrence of groundwater under greater than atmospheric pressure.

Artesian (confined) aquifer. An aquifer overlain by confining beds containing water under
artesian conditions.
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Artesian well. Well tapping a confined artesian aquifer in which the static w3ter level stands
above the surface of the ground.

Assessment actions. 'fhese actions taken during or after in accident to obtain and process
information that is necessary to make decisions to implement specific emergency measures.

Backblowing. 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 produc-
tion zone than are injected, creating an inflow of groundwater into the production area.

Borehole. An uncased drilled hole.

Boundary, geohydrologic. Lateral discontinuity in geologic material, making the transition
from the permeable material of an aquifer to a material of significantly different geohydrologic
properties.

Boundary, impervious. Boundary of a flow domain through which no flow can take place because
of greatly reduced permeability at the other side of the boundary.

Brine. A highly mineralized solution (usually greater than 100,000 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.

Capillary diffusion. Movement of water by capillarity in a porous medium.

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
rockgas, or liquid or to prevent loss of drilling fluid.

Chemical water quality. The nature of water as determined by the concentration of chemical and
bio ogical constituents.

Clogging. Deposition of fine particles such as clay or silt at the surface and in the pores of
a permeable porous medium, e.g., soil, resulting in the reduction of permeability.

Concentration. The weight of solute dissolved in a unit volume 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 will.

Confining bed. Formation overlying or underlying a much more permeaLle aquifer.

Consumptive use. That part of the water withdrawn that is no longer available because it ha%
been evaporated, transferred, incorporated into products or crops, or otherwise removed from
the immediate 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 permissible contamination depends upon the intended end use, or uses, of the
water.

Corrective actions. Those measures taken to ameliorate or terminate 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, e.g., shutting down equipment, repair and
damage control, or reorganizing pumping arrangements.



3-9

Curie. The quantity of any radioactive material giving 3.7 x 1010 disintegyrations per second.
A picocurie is one trillionth (lO"-2) of a Curie, or a quantity of radioaclive material giving
2.22 disintegrations per minute.

Darcy. Unit of intrinsic permeability defined as the permeability of a medium in which a
liquid of dynamic viscosity of 1 centlpoise discharges 1 cm3/sec through a cross section of
1 cm-' under a gradient normal to the section of 1 atm/cm.

Darcy's law. Law expressing the proportionality of the specific oischarge of a liquid flowing
through a porous medium to a hydraulic gradient in laminar flow (low Reynolds numbers).

Degradable. Capable of being decomposed, deteriorated, or decayed into simpler forms with
characteer-stics different from the original; also referred to as biodegradable when readily
decomposed by organisms.

Deqradation of water tualýt. 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
replenishmcnt; reduction of groundwater storage in an aquifer or of the flow of a stream or
spring caused by discharge exceeding natural recharge.

Dewaterinj. Removing water by gravity or by pumping.

Dewatering coefficient. Amount of water removed per unit horizontal area and unit drawdown.

Diffusivit (of an aquifer). Coefficient of transmissivity of an aquifer divided by its co-
eficient of storage.

Dispersivity. Property of a porous matrix to cause spreading of a tracer traveling through it.

Dissolved solids, total (TDS). Total weight of dissolved material constituents in water per
unit volume or weight of water in the sample.

Dominant direction of groundwater movement. The principal expected direction of groundwater
w. This dominant direction of movement is a result of three major variables: the transmis-

sivity 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 piezometric 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 piezometric 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.

[luant. The solut;on that removes (elutes) a material (uranium) adsorbed on ion exchange
re siTn.

Emergercy action levels. Specific contamination levels of airborne, water-borne, or surface-
depusited 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.

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 para-
meter values above their established upper control limits.

Freeboard. Vertical distance between the normal maximum level of the surface of the liquid in
a conduit, 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 land surface in the saturated zone that is under atmospheric or
uLrtesian pressure; the water that enters wells and issues from springs.
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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 accepted water resource development
objectives. Quality as well as quantity must be considered. The surface water resources
involved may include impo'ted and reclaimed water as well as tributary streams.

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 ofportland cement and
water.

Hardness, carbonate. Hardness of water resulting from the presence of dissolved calcium and
magnesium bicarbunates (temporary hardness).

Hardness, noncarbonate, Hardness of water resulting from the presence of dissolved calcium and
magnesium salts other than carbonates (permanent hardness).

,lardness of water. That property of water, due mainly to bicarbonates, chlorides, and sulfates
of calcium and magnesium, 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 million.

Heavy metals. Metallic elements, including the transitibn series, which include many elements
required for plant and animal nutrition in trace concentrations but which become 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 pores 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 exchange. Reversible exchange of ions absorbed on a mineral or synthetic polymer surface
with ions in solution in contact with the surface. In the case of clay minerals, polyvalent
ions tend to exchange for monovalent ions.

In situ. In its original or natural position.

Isopach. A line on a map drawn through points of equal thickness of a designated geological
unit.

Leachate. The liqu!d that has percolated through solid ore, waste, or other man-emplaced
meýdiumand has extracted dissolved or suspended material from it.

Leaka. In groundwater, the flow of water from or into an aquifer through an underlying or
over ying semipervious layer.

Li gnite. A brownish-black coal in which the alteration of vegetal material has proceeded
farther than in peat but not so far as in subbituminote coal.

Lixiviant. Leachate solution pumped underground to a uranium ore body; it may be alkaline or
ac'idin character.

Mine field. Refers to the well-field areas) and affected surface associated with solution
mining. The term 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.
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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 norm.ally 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 mcnitor 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.

Nonpoint source. A source from which the contaminant enters the r'ceiving water in an inter-
mittent and/or diffuse manner.

Nonproduction zone(s). Those stratigraphic intervals underlying and overlying the production
zone that are aquifers or that are relatively permeable.

Ore body. The mineralized portion of the sandstone formation 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).

Oxidation. 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 through unsaturated interstices of
rock or soil.

Permeability. Property of a porous medium to allow for the movement of liquids and gases
through it under the combined action of gravity and pressure.

Permeable rock. Rock having a texture that permits water to move through it perceptibly under
a head gradient ordinarily found in subsurface water (pervious rock).

pH. Minus the logarithm of the hydrogen ion concentration (activity). It is used as an indi-
cator of acidity (.pH less than 7) or alkalinity (pH greater than 7).

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
will rise in tightly cased wells; also called potentio metric surface.

Plume. A body of contaminated groundwater originating from a specific source and influenced by
such factors as the local groundwater flow pattern, density of contaminant, and character of
the aquifer.

Point source. Any discernible confined and discrete conveyance, including but not limited to
any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, or
concentrated animal feeding operation, from which contaminants 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.

Ponds. Small storage reservoirs.

Population at risk. Those persons for whom protective actions are being or would be taken.

Pore. An open space in ror6 or soil.

Porosity. The relative volume of the pore spaces between mineral grainz in a rock as compared
with the total rock volume.

Porous medium. Solid body containing interconnected pores more or less evenly distributed.
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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 10 ft below the bottom of the lowest production zone.

Production cell. The grouping of injection wells about a production or recovery well arranged
in various configurations and varying in number.

Production field (zone). Mine or well field(s) actively used for production. It could consist
of two or more well fields.

Production module. A process plant that is modularized for ease of installation and removal
and is capable of handling a given production flow and output.

Production well (recovery well). A well from which lixiviant is recovered for conveyance to a
process plant.

Production zone. That stratigraphic interval into which leaching chemicals are introduced.
This interval extends hori-ontally 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 piezometric or phreatic levels are measured regularly at the pumped well and at nearby
observation wells. The data are used for determining the aquifer parameters in the vicinity of
the pumped well.

Purification. Treatment of water for the removal of harmful or undesirable physical properties,
chemical substances, and living organisms.

Radius of influence. Distance from the axis of a pumped or recharged well at which the effect
of the well on the piezomet,.ic or the phreatic surface is no longer perceptible.

Recharge. The dddition of water to the groundwater system by natural or artificial processes.

Reclamation. The return of the surface environment to acceptable preexisting conditions. This
normally incliJdes equipment removal, well 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 decrease in positive valence as a result of
gaining of electrons.

Restoration. Fhe returning of all affected groundwater to its premining use by employing the
best pre.ctical technology.

Reynolds number. Defined as R = avo/n, where o is the fluid density, n is the fluid viscosity,
a is a length characteristic of t:e porous structure, such as the average pore size, and is
the volume of fluid crossing unit area per unit time.

Roll front. Uranium deposition localized as a roll or interface separating an oxidized interior
from a reduced exterior. The reduced side of this interface is significantly enriched in
uranium.

Runoff. Direct o,' 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 ,-ith water under

pressure equal to or greater than atmospheric.

Sedimentary rock. Rocks formed 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. Poorly pervious yet water-transmitting layer.

Solution channels (holes or cavities). Fractures, joints, bedding planes, or other openings in
soluble rocks, through which flow can occur (especially in limestone).



3-13

Sorption. A general term used to encompass processes of adsorption, absorption, desorption,
ion exchange, ion exclusion, ion retardation, chemisorption, and dialysis.

Specific conductance. The ability of a cubic centimeter of water to conduct electricity;
varies directly with the amount of ionized minerals in the water.

Stratigraphy. Concerning the sequence of rock types formed on the earth's surface. Each
stratum is defined by its composition, distribution, succession, and geologic era.

Subsidence. Surface caving 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,
Tnhalation, or assimilation by a living organism.

Transmissivity. Rate at which water is transmitt.-d through a unit width of the aquifer under a
unit hydrauTic gradient. It is expressed as the product of the hydraulic conductivity and the
thickness of the saturated portion of the aquifer.

Trend well. Surveillance vell for production control and/or monitoring located between the
well i and the monitor wells.

Unsaturated zone. Consists of interstices occupied partially by water and partially by air and
is limited above by the land sjrface and below by the water table.

U2coning. The upward migra'.ion of groundwater from underlying strata into an aquifer caused by
a reduced hydrostatic pre'.sure in the aquifer as a result of pumping.

Upper cortrol limit (UCL). A concentration value for any designated chemical species (indicator
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.

Upstream. In the direction opposite to the main current.

Waste. Solids or liquids from solution mining or associated processes of no further value and
TsJect to no additional productive processing. These are normally stored for concentration
and ultinate 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 ir.troduced to reduce the amount of water used for any purpose
and/or to protect it from pollution.
Water demand. Actual quantity of water required for various needs over a given period as
conditioned by e-onodic. social, and other 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
huan consumptinn (having a low dissolved solids content).

Water quallty. Pertaining to the chemical, physical, and biological constituents found in
water and its suitability for a particular purpose.

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 storage reservoirs, 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 groundwater body at which the pressure is atmospheric.
T't defines the top of the saturated zone.

Water table aquifer. An aquifer containing water under atmospheric conditions.

Water yield. Total rinoff from a drainage basin, through surface channels and aquifers.
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Well capacity. Maximum rate at which a well will yield water under a stipulated set of condi-
tions, such as a given drawdown.

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.

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 permitted to enter the well throughout its length.

Well, partially penetrating. Well in which the length of water entry is less than the thickness
of the saturated aquifer that it penetrates.

Well radius, effective. Horizontal distance from the axis of a well.

Yield of aquifer (economic). Maximum rate at which water can be artificially withdrawn from an
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 thit withdrawal at
that rate is no longer economically possible.

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-term average amount) that can be withdrawn
from a groundwater basin or surface water system without providing undesirable results.

Zone of saturation. That part of the lithosphere in which the pores are completely filled with
water.
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4. PROPOSED OPERATIONS

4.1 DESCRIPTION OF ORE BODY

4.1.1 Physical shape and areal extent

Roll-type mineralization is present at the Irigaray site in the Wasatch Formation in units
designated by WMC as the Upper Irigaray sandstone (UISS) and the Lower Irigaray sandstone
(LISS). The UISS is the thickest and economically most important. Figure 4.1 shows the areal
extent of mineralization of the UISS.

4.1.2 Mineralogy and geochemistry

Uranium has been deposited in the reducing environment of the ore roll front as uraninite, an
oxide of uranium, and coffinite, a silicate. The content of calcite, CaC03, ranges from 1 to
3%, and pyrite, FeS 2 , is generally less than 0.5%. In contrast to many uranium deposits of
similar origin, no molybdenum mineralization has been found at the Irigaray site to date.
Arsenic, and selenium are present within and adjacent to the uranium mineralization. Barite,
BaSO4, is found with the uranium mineralization.

4.2 AMENABILITY TO SOLUTION MINING

Pilot-scale testing has been performed on the Irigaray deposit to determine its amenability to
and the feasibility of recovering uranium by solution mining techniques. During the course of
testing, ?Iata were collected on (1) solution circulation rates as a function of well spacing,
completion methods, and lixiviant composition; (2) characteristics of the solution produced as
a function of lixiviant composition; and (3) sustained well field and process plant operation.

The first test period lasted for 11 months, beginning in November 1975 and continuing until
October 1976. During this period, testing was conducted on three adjoining patterns in Section 5,
designated 517, and 517X, and 517S (Fig. 4.2). Restoration tests have been conducted at the
517 site.

Results from the 517 test to demonstrate the feasibility of solution mining are shown in Table
4.1. The data suggest that the well spacing (injection to production) best suited for the
Irigaray deposit is near 12 m (40 ft). Because of limited injection flows and economic con-
siderations, the proposed production cell configuration will be a seven-spot pattern (six
injection wells around a central recovery well).

A pilot-scale test is being conducted in Section 9 at the site (Fig. 4.4) to develop design
criteria for the proposed production-scale solution mining operation.

4.3 WELL FIELD

4.3.1 Description and location

Uranium will be mobilized by injecting a leach solution and an oxidizing agent into the ore
body through injection wells and recovered by pumping the uranium-rich solution to the surface
through nearby production or recovery wells. Figure 4.3 is a simplified cross section of a
solution mining unit. The numbers of injection wells and recovery wells and their spacing
depend on the hydrologic characteristics of the host rock. The initial well pattern to be used
at the Irigaray site is called a seven-spot - six injection wells surrounding onecentral
recovery well (Fig. 4.4, inset) - and is based on economic factors and limited injection flow
rates. The distance between the injection and recovery wells will be about 12 m (40 ft). The
seven wells are called a production cell. A number of production cells operating in one arel
constitute the well field. Numerous well fields will make up a mining unit (Fig. 4.4). The
applicant's proposed mining and drilling schedule is shown in Fig. 4.1.

4-1
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Fig. 4.3. Cross section of a typica! uranium roll front deposit and the solution mining
unit. Source: Modified from ER, Fig. 2-2.

The existing well field A (pilot-scale test area) is located in Section 9, T45N, R77W (Fig.
4.4). Proposed well fields for subsequent mining are also indicated in Fig. 4.4.

4.3.2 Well completion

Wells are drilled with a standard exploration-type water drill rig using a conventional bit and
an inorganic drilling mud. The wells are usually 10 cm (4 in.) in diameter. The hole is
logged (qamma, resistivity, etc.) to pinpoint the mineralized zones and the depths where open
or screened holes are needed. The well is then cased. The bottom of the casing is assembled
as shown in Fig. 4.5.

Cement is then pumped into the casing and through cementing holes into the annulus above the
cement basket. Water is used to force most of the cement out of the casing and bring the
cement level in the annulus to the surface. The well is ther shut in and checked for leaks,
and the cement is allowed to harden. After hardening, the cement remaining in the casing is
drilled out along with the plug. The part of the well below the casing is then cleaned by
circulating water, "produced," and steam-cleaned. Underreaming is used when the injectivitv is
not acceptab!e.

A cap is put on the injection well so that fluid can be injected into the open interval.
Pecovery wells are equipped with a down-hole pump suspended on a 1-in. pipe, which brings
reco'.ered solution to the surface.

4-3.3 lnection and production rates and pressures

Based on the hydraulic conductivity of the ore zone (Sect. 2.6.2.3), injection rates per well
are expected to be 4 to 5 qpm at a pressure of 50 to 120 psi. Total injection rate in one pro-
duction cell could be as much as 30 gpm. These figures are based on pilot-scale experience.
Localized variations of the hydraulic characteristics in the ore body might increase or decrease
selected injection rates. Other factors that may affect the maximum injection pressures and flow
vs pressure relationships are hole interval, blinding of the injection well bore, and the quality
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of well completion. The injection pressure is limited by the fracturing pressure of thL forma-

tion, which is about 140 psi. Successful leaching of uranium could be markedly impeded If

fracturing occurred.

Recovery wells will be pumped at a rate planned to confine the leach solution to the prud'ution

cell or well field. Specific production rates from recovery wells are expected to ra,'ge from
12 to 15 gpm based on a 3 to 1 ratic of injection wells to recovery wells.

4.3.4 O.prýat n plans and schedules

4.3.4.1 Well field and plant

The recovery building shell has been constructed. It presently contains the pilot-scale test
equipment, operating at a l00-gpm capacity under Nuclear Regulatory Commission Source Material

License SUA-1204. The applicant proposes plant start-up at a capacity of 500,000 lb/year of U1O0
(800 gpm) in summer of 1978. Well field drilling is planned to stay approximately four to five
months ahead of the mining operation.

-1.3.4.2 Mininl operation

Proposed annual progress of the mining and drilling operation is shown in Fig. 4.1. The general
pla" will be to start at the existing well field A in Section 9 and follow the ore body north
toward Section 4. South of well field A, mining will move to the other side of the ore body
and progress southward through Sections 9 and 16. As the mining operation moves away from the
site of the present plant, other recovery plants may be required in the future.

4.3.4.3 Restoration

Restoration will begin after a well field has been mined out and the mining operation has moved
far enough away Id distance of three production cell widths approximately 73 m (240 ft)], so
there will t'e mni•a'l interference with the restoration operation. For specifics, see Sect.
5.1.

4 P RECOVERY FACILITY

4.4.1 Buildinqs: construction and ap2earance

According to the applicant, the Irigarev plant building will house a 500,000-lb/year recovery
plant. The site and core buildinq have been designed to permit expansion to a 1,000,000-lb
facility either by replication of the currently planned recovery system or by the use of
satellite systems (see Sect. 3.2.4.2).

The p,'ocess Duildinq covers 2230 r- (24,000 ftý) and is 91 m (300 ft) long, 24 m (80 ft) wide.
and 6 m (20 ft) high except for a raised section that is 12 m (40 ft) high, 24 m (80 ft) wide,
and 1? m (40 ft) long to accormodate the ion exchange columns.

The building is a standard steel structural framed unit, covered with prepainted 2 4 -gage steel
sheets, and has fiberglass-insulated walls and ceilings. The floors are a minimum of 15 cm
(6 in.) of reinforced concrete with central drain and sump systems to reclaim all plant liquids
used in processing and washing. The structure is designed to be expandable to accommodate
modifications or process changes during the life of the plant. As mining progresses, new floors
and foundations can be prepared elsewhere. The skid-mounted process units and the building can
then be moved to that location.

Attached to the process building i*, a comjbined office, warehouse, and analytical laboratory of
446 mo (4,800 ftt).

Well field control buildings will be located in each well field. The buildings will typically be
9 m (30 ft) long. 6 r (20 ft) wide. 3nd 3 m (10 ft) high. The size rmy vary slightiy depending

on the number of wells serviced by each building. Floors and Pump mounts are constructed of
reinforced concrete. The floor is equipped with drains and sumps to control wash water and
spills.

Septic systems have been built to State..approved plans for the process building to handle sanitary
and laboratory wastes. Power is supplied by the Rural Electrification Administration on
specially built power lines to meet service requirements. Water is supplied by onsite wells
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drilled snecifically to supply plant and process water. The buildings are heated by propane
space heaters to prevent freezing of equipment. The office, warehouse, and laboratories are
served by a central heating and air conditioning unit to provide the required temperature
levels to maintain comfort.

4.4.? "'rocess equipinent

This discussion is centered on process components that produce or control effluents during
operation and/or accidents. Figure 4.6 is a schematic representation of the applicant's recovery
process.

4.4.?. 1 Lisiviant sorption circuit

in the wMC iixi/iint sorption circuit, the pregnant lixiviant solution will flow from the
production wells to the uranium extraction column, then through the lixiviant solution makeup
u0int to the calcium control unit, and back to the ore zone through the injection wells. The
:ýroiuction well :)u-mp are centrifugal-type submersible electric pumps mounted at the bottom of
the weils and wi;l :)roduce flows of 12 to 15 qpm at each production well. Flow rates will be
iimited to toni ran(le ov manual control valves in the well field control buildings.

The production wells and control building will be connected by solution collection lines of
.)olyvinvl chloride (PVC) and/or rubber pipe. The lines will be above ground except at road,
ravine, and creel crossings, where suitable culverts or supports will be constructed. Above-
.1rýnd .i:i•nq s0 ifies leak detection and repair. According to the applicant, operation at
olin'ied flow rates should prevent pipeline freezes during cold weather.

n toe well feld control building, the uranium-rich lixiviant solution will pass through a
manual flow control valve and a flowmeter into a surge tank (approximately 12,000 gal). It will
9e purpe# to toe mail processing plant via the main trunk pipeline (PVC pipe) into another
;,';Qe tank. Tne pregnant lixiviant solution will then pass through the uranium sorption colum,,
,ioere the comple,.ed uranium displaces chloride ion from the ion exchange resin. The uranium-
lepleted solution will flow to the lixiviant makeup unit, where additional ammonia and carbon
liooide will be iniected to reconstitute the ammonium bicarbonate concentration.

As a result of ammonium bicarbonate reconstitution, precipitation of calcite (CaCO 3 ' occurs. To
prevent scale formation in pipes or plugging of injection wells, the calcite will be separated
from the leach solution prior to recycling the lixiviant to the well field.

Calcite pOrecipitation will be done in a large tank in which the lixiviant solution will remain
lon', enough to permit calcite crystals to grow and settle. The product will be transferred to an
evternal calcite storage pond.

Tho re:notified lixiviart sol•jtion will be recycled to the well field. Surge tanks and PVC trunk
ipelines will be used to transfer the solution to the well field control buildings. The

soiution will be pressurized prior to injection, metered, fortified with oxidant (0.25 to 1.0 g
of hvdroqen peroxiae per liter of solution), and fed to the injection wells through rubber or
PVC pipe.

4 . 4 .1.2 Pein transfer circuit

Periodically a fixed quantity of uranium-loaded resin will be transferred from the sorption
circuit to tne elution circuit and a like quantity of eluted resin will be transferred in the
op1osite direction. The uranium-loaded resin will be flushed to remove contaminant solids, and
the elut2d resin will be washed to remove unabsorbed elution chemicals. These washing steps will
minimize chemical communication between the sorption and elution circuits. A portion of the wash
water waste will be used for process water, while the remainder will be sent to a liquid waste
;)ond.

'.4.2.3 [lution and precipitation circuit

The elution column'will receive uranium-loaded resin from the uranium extraction column. An
eluant containing ammonium bicarbonate and armonium chloride will elute the uranium complex from
the resin. Hydrochloric acid will then be added to this eluate to decompose the complex and to
ririve off carbon dioxide (CGO), converting the uranium to its uranyl form. The uranyl ion will be
precipitated with ammonia to form ammonium diuranate (ADU). A thickener unit will be used to
separate the ammonium diuranate slurry from the solution. The slurry will then be transferred to
the drying and packaginn unit for final processing.
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The barren solution from the thickener will be refortified in chloride and bicarbonate ion
before it is recycled to the elution column. If sulfate or vanadium levels increase above
pilot-scale observations, vanadium adsorption on activated carbon or sulfate precipitation
utilizing barium salts will be used to reduce their levels in the circuit. Vanadium-saturated
activated carbon and barium sulfate would then be produced as solid wastes.

4.4.2.4 Drying and packaging unit

The ammonium diuranate slurry will enter a propane-fired kiln, where it will be dried and
converted to U30 8 product (yellow cake). Upon cooling, the U308 will be packaged in drums.
Airborne effluents from the drying and packaging unit operation will be controlled by Venturi
scrubbers. Spent scrubber solution will be recycled to the elution precipitation unit to
recover any particulate U303.

4.4.2.5 Wastewater treatment unit

Uranium recovery process liquid wastes consist mainly of ammonium chloride and carbonate solutions.
They may contain sufficient radium, uranium, and other dissolved solids to warrant isolation
from surrounding surface and groundwaters. Wastewater treatment is discussed in Sect. 4.6.2.

4.4.2.6 Chemical storage tanks

Onsite storage facilities will be maintained for chemical agents and fuels involved in mining and
restoration operations. Corrosive or flammable liquids and pressurized gases will be stored away
from buildings in tanks and pressure vessels meeting ASME standards. Materials to be stored
would include liquified anhydrous ammonia (30,000 gal tank), liquified carbon dioxide (20,000 gal
tank), concentrated hydrochloric acid (35 wt % HCI), hydrogen peroxide (50%), propane (5000 gal
tank), diesel fuel (3000 gal), and gasoline (3000 gal).

Prefabricated fiberglass surge tanks will be employed in the recovery system to maintain flow to
the uranium extraction column during temporary curtailments in production and injection flows,
as indicated in Fig. 4.6.

4.4.3 Process operation

The WMC recovery plant is designed to produce 500,000 lb of U308 per year. The flow rate of
lixiviant through the plant will be adjusted so that the scheduled yellow cake production can be
met with the available heads grade or .ranium concentration. The design plant flow rate is
800 gpm. The applicant's pilot-scale operating experience suggests that a plant flow rate of
800 gpm will be sufficient for initial plant production.

At the well field, a sufficient number of injection and production wells will be maintained to
iiandle the flov. requirements of the plant. Only a portion of all the wells in a well field
would be in operation at any time. This will allow continuous operation, since new production
cells could be brought on line as mined-out cells are retired. Also, production would not be
affected by maintenance operations such as injection well cleaning.

4.4.4 pjeratinjplans and schedules

Plant startup is anticipated for the summer of 1978. The plant's life expectancy is up to ten
years or until mining operations require relocation of the recovery plant.

4.5 PLANT MATERIALS BALANCE AND FLOW RATES

The estimated volume flow rates for an 800-gpm plant to produce 500,000 lb of UJO per year are
shown in Fig. 4.6. The anticipated chemical feed rates are listed in Table 4.2. The chemical
feed ranges in Table 4.2 reflect the wide range of operating conditions that are possible. The
introduction of sulfate precipitation and/or vanadium adsorption for contaminant control would
reduce both the rate of bleed from the elution and precipitation circuit and the consumption of
ammonium chloride and wyater.

Assuming 1001 recovery of uranium from the lixiviant solution, the plant would be expected to
operate on an average heads grade of at least 143 ppm (as U30q) in the lixiviant to maintain
scheduled production.1



4-11

Table 4.2. Estimated chemical feed rates for WMC
Irigaray uranium recovery process

500,000 lb/vear production

Fed fate
Compound

Pounds per hour Torn cer year

Lixiviant chemicals for 800 gpim injection

Carbon dioxide (CO 2 ) 75-225 325-985

Ammonia (NH3) 40-120 175-525

Hydrogen peroxide H2 021) (50%) 75-250 325-1100

Elution and precipitation reagents for 4.5 qpm

total eluant bleed

Ammonium bicarbonate INtHa4HC03 35-100 150-440

Ammonium chloride (NH 4 Cl? 75-200 325-875

HydroChlo,,c acid (35% HCIO 25-70 110-305

Ammonia (NH 3 ) 5-20 22-90

Fuel
Propane 20-60 90-260

4.6 WASTES AND EFFLUENTS

4.6.1 Liquid ýkiste sources

The major eff!%..nt tn be generated during solution mining and the subsequent groundwater restora-
tion processir:ý, ýqi 1 be liquid wastes.. A small volume of sanitary waste will also be generated.

Maximum water volumes affected in a solution mining operation of this scale under normal con-
ditions, as estimated by the applicant, are summarized in Table 4.3 along with the bases for
these estimates. The largest volume of effluent will be generated by groundwater restoration
operations. This is discussed in Sect.. 5.1.4.1.

The second major source of liquid waste will be well field overputnping. Here, more water is
withdrawn from the well field that is injected. Overpumping helps to confine the lixiviant
solution to the ore zone being mine.. It will also serve to supply the wash and Drocess water
in the uranium recovery plant. This volume wvill be minimized by balancing the operational
flows.

Another source of liquid waste will be associated with routine injection well cleaning to
maintain necessary lixiviant flows. Present treatment to clean the injection well bore includes
the withdrawal of about 10 well bore volumes to remove residual solids from the formation and
well prior to resuming injection. Alternative well cleaning methnds to reduce effluent volumes
for this operation are being investigated in the applicant's pilot-scale tests.

Other sources of process liquid wastes will be the spent resin wash water and the eluant circuit
bleed respectively. Alternative methods of contaminant control are under pilot-scale investi-
gation by the arnlicant to reduce the rates of waste sources. Overproduced solution could be
successively used for resin wash water and eluant makeup prior to being discha-ged as was.e.
Neither source will represent a major consumptive use of water. The remaining water requirement
for sanitary use and monitor well sampling will be approximately 1 gpm.

4.6.2 Liquid waste disposal

Liquid wastes generated in mining at,d restoration processes will vary in composition and volume.
Uranium recovery process liquid wastes, groundwater restoration liquid wastes, and sanitary
wastes will be handled by separate systems.

4.6.2.1 Liquid wastes from mining

Uranium recovery process liquid wastes-will consist of ammonium chloride and carbonate solutions.
They will contain radium, uranium, and dissolved solids werranting isolation from surrounding
surface and groundwaters.
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A% inb1aled in 7ible 1.3. apororirmately 21 icre-'t1 of this waste would be generated annually.
Tince tme -e, annual evaporation rate in the Wyoming area is about 4 ft per year. solar evapora-
lion ponds coverinq at least ý.3 acres could handle this liquid ,aste volume indefinitely.

The nM C so.utiron rrining process is still in the developmental stage. Future process developmnts
-a.y )ead to decreased liquid waste volumes. On tis basis, the applicant proposes the con-
structl.•or and vase of the evaporation ponds liT:ted in Table 4.4 to serve the dual function of
liquid was.e storaqe and concentration.

Tabte 4.4. Evapofation pond% tot fo qud wast"

OvTall Volume Surfae area (lICo)

dmm$sons Ml .lace-vtt • pond Total

Calel. Valot 100 X 250 X 6 2.7 0.5 0.5
,q,. TDS wat , 250 X 250 X 6 6.3 14 1 4

Low TDS w~asi 3 250 X 250 X 6 18.9 1.4 4,2

Total 27.9 6.1

Figure 4.7 shows the locations of the p':'oposed ponds. Altnough the calcite waste pond is
designed primarily for solids containrn:nt, it will also serve as an evaporation pond, since
a liquid seal will be maintained over the solids. The ponds should have sufficient capacity
for liquid wastes from the recovery plant.

Figure 4.8 shows the details of pond construction as proposed by the applicant. The waste
ponds will be constructed as rectangular basins excavated in relatively flat areas on high ground.
A gravel bed and a system of perforated pipes will be placed under the base of each pond to
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collect seepage and serve as a leak detector. A thin layer of soil will be placed over the
gravel and will be covered by an impermeable polyethylene liner. A thin layer of soil may also
be placed over the liner to protect it from mechanical and weather damage. In normal operation
at least 0.6 m (2 ft) of freeboard will be maintained in each pond. The plastic liner will
normally preclude any seepage from the pond. However, should the liner fail, process wastes
would seep into the gravel and piping underlying the pond. The ,,resence of watew and process
chemical; in the leak detection system will readily indicate a lhak. In this event, the contenLt
of the ieaking pond will be pumped to an adjacent pond to permit repair of the liner.

4.6.2.2 Li uid wastes fromyroundwater restoration

Restoration wastes are discussed in Sect. 5.1.4.

. '. , Solid waste sources,

Tolid wastes will be generated from three principal sources in the recovery process" (1) the
calcium removal unit, k?) supt.lertental contaminant control incorporated in the elution and
or',,(ipitation circuit of the recovery process, and (3) liquid waste concentration by evaporation
,,rin• imopoundm-jent. Additional solid wastes will be produced in conjunction with the water
treitrvet metnods utilizek! to accomplish aquifer restoration. The latter would generally be
i-nilair to the solid wastes -)roduced in the uranium recovery process.

(alc.iteC (aCQ, which will te removed prior to injection of the refortified lixiviant, will beto. ;,rinchiml.',olid waste :wroduced in the solution mining proc.:SS. Contaminants will be cosre-
,.i;):,ntated wit*h tne calchte :)rior to Iif iviant reinjection. A."cordinq to the applicant, the ore-
:i:•itaitnd calc-t could rontair frciv 500 to 1200 pCi of radiuo7-226 per gram (ER. p. 37). This
orspond:, to about 95 -e:-oval of the radium-226 that may bL .•obilized by tte applicant's
:)rponted li vi;hjnt. Th- aiplicdai estirratfd that for each pour,.- of UO recovered, 2 lb of
ialclte tý II be produce,. Thus less than •:;0 tons of calcite wo Id be generated per year that
)Iod cnntain about ,D. 5 Ci of radiui:m.

.ati0" sojrOjce of Snlid cas'02 cou. b- associated with suppler-ental contaminant control methods
.,, .uif a:. 1 11d vanadim:. s indi, • , ted j' Sect. 4.4.2.3.

tnirdi . of a..fr t. recvrs plant would be c.rvstallized materials resulting
fro ?va.porat1've concentration o" ir-,ounded waste solutions. These Products would consist
;,r.-ii l, 0; adsorteo A *Jrd ',, and alk:aline earth salts (e.g., aryw•nium chloride. ammonium

If~te. _alci;r carbonate. radiur, sulfate). The staff estimates that on the order of 500 tons
*,t-r Year~ of 5ucti rnterial -•iv be ,qener,,ated and would contain an indeterminate quantity of
,mturam!I' radioactive ,-Wterials.

4. 6., Solid waste disposal

The .olId wastes ,•eerated hi mininq and subsequent aquifer restcration could contain uranium.
?hor. um. rad i ur . ad other toxrie materials in varying amounts. Therefore, isolation of solid
aste', ,ill ,ecesary. Tbme applicant plans to temporarily store these wastes in lined ponds

urido.r a liquid seil. A 7r.,isrrr of two years accurnulation of the calcite wastec will be permitted
p)rior to re0m()va frrrr; the site. Tnin will be a license condition. The applicant will trans:.ort
.hes, ,xst's to an active, uraniur; mill Tailinqs impoundment for disposal. Other radioactive or

ml tai linq% irmpoundrnen" t,, necessary (as ponds fill) or at the time of site reclamation. The
staff r,_-cgrrn•d'n, that any transportation method used for Such wastes have provisions for mini-
mi:'nq dust relea•es to the -,nvironment. The staff also recommiends that contract arrangements
for the disposal of Such solid wastes be obtained and maintained by the applicant and the
operator of the licensed tailingis pond. The maintenance and fulfillment of Such a contract
will he a license condition.

,1.6.5 Atmospheric nmissions

Atmospheric emissions from the proposed solution mining process will originate from three
principal sources: (a) the uranium recovery process area, (b) the calcium removal unit, and
(c) waste ponds. To reduce atnmospheric releases within the uranium recovery process area,
process components will be en'losed or vented where practicable. Ventilation and emission con-
trols will be maintained at levels necessary to ensure safe working conditions and insignificant
environmental impacts. In the plant building, there will be two principal atmospheric omission
sources: the calcium removal unit (tanks) and the product drying and packing unit.
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According to the applicant, the drying and packaging uni-t atmospheric release will consist of
(1) by-products of coimbustion (l,000,000-Btu/hr product drying unit), (2) volatilized solution
residuals (about 0.75 to 1.25 lb of barren eluant per pound of ammonium diuranate feed), and (3)
U,0, fines generated during product drying. The off-gases from the dryer will be scrubbed by a
high-intensity Venturi scrubber (99.5 to 99.9% efficient) to reduce U308 losses to less than
1000 lb/year.

The storage ponds will also be - source of atmospheric ammonia, carbon dioxide, radon, and
ammonium chloride emissions. The magnitude and composition of atmospheric emissions will be
determined by the equilibria established between the prevailing evaporation rate, the feed rate,
and the composition of solutions being impounded. Particulate emissions from impoundment areas
will be minimized by a liquid seal over pond contents. The maintenance of a liquid seal on
impoundments will be a license condition.

Radioactive atmospheric releases wivl originate in the ammonium diuranate drying unit, the
calcium control unit, and the waste storage ponds. Releases of 1000 lb of U308 per year from
dryer losses would correspond to a release of approximately 0.15 Ci of uranium-238 per year. A
like amount of radioactivity release would be expected from the other natural uranium isotopes.
Radium-226 -nobilized during in situ leaching will coprecipitate with the calcite in the calcium
control unit and will be deposited in the czlcite storage pond. The staff estimates that about
1.4 Ci of radon-222 per year could be released from the calcite storage pond and calcium control
unit as a result of decay of radium-226. Padon-222 mobilized from the ore zone during solution
mining would be vented at the well field surge tanks. The staff estimates that approximately
76 Ci of radon-222 per year would be released from these tanks.

Table 4.5 contains a summary of the estimated emissions from each of the indicated sources.
The cited estimates are based on the applicant's source composition and ambient tectverature
data and an assumed mean evaporation rate nf 42 in./year.

Talde 4.5. Estimated atmosil-tco .mrss•o;l

E mtc.on role' I thouanSt of pou ndi Pervf al R oA~l,K w @ietib ic, Year I

NH 3  CO7  NH4 0 H-50 U238 Rn 227

U',jn'un recovery ptrincr facility iexlutd'ng the 6< 9 1500-30• O 30-54 0 151

calcium Control uni! nd wastle SIlot Pondst)

CAIC,um COtiOl unt (asis 1.000 111' of eposed 2-4 6-9 0.06-0.09 390-470

sioutnn surf ace ontaining 0 75 9 NH 4 1 1 5q
total CO3 . and 0 75g ci pier le I

Coic,te stoaqge Po, lbaou co tfirctc 2.5-3.5 9-10 0.5-105 -8000 I 36
,vapot'at-on of 2.04 gpm of suptnule

cont,,,ng 0 75q NH 4. I 5 total CO .and

0 75 9 Ct pPer let)

Ltquod waste sto'qW pond% I bss, I ac1 o of 9-11 7-8 27- 31 -9300

r.po'ed tOiutio'n suface conlalo~ng about 7 0 9

NH4,. 1 09 total C0 . and 16 9 Cl i i-vlql

Well 1 e'd tuttr tanks 76

'a8sd on data Juijrold bv apliocant. Net evapofation rate of 42 on/year used in ettimlaing releases.
hSl~ff est mtonNte

REFERENCL FOR SECTION 4

1. W. C. Larson, "Nomograph for In-Situ Uranium Leaching," Eng. Min. -7., September 1977,
p. 159.



5. RESTORATION, RECLAIMATION• AND DECOMYISSIONING

This section discusses the measures that will be taken to return the mininq area to its orilinal

use after mining has been completed. Restoration techniques will be applied to all r,1onarinated

groundwater. Reclamation will be conducted on all disturbed surface areas. Deco,rissioninq of
ill structures will be accomplished wtven the project has been coleted. A "erfor-mance bvond is

required by the State of Wyoming for both rer1a.-'ation and restoration.

5.1 RESTORATION

Restoration is defined as the returning of affected groundwater to a condition consistent witr,
its premnining use (or potential use) upon completion of leaching activities. Destordtiom is
intended to reduce the concentration of toxic contaminants rewaininq in the groundwater to
acceptable levels. Altnougn restoration technology is currently in the develoor-ntal Stage.
test results to date indicate that satisfactory levels of restoration can be achieved.!

Currently, the most widely used restoration technique is groundwater sweeping. This technique
involves the pumping of contaminated groundwater froon the mineralized zone wtitcm then ceuses
surrounding (uncontac:tinated) groundwater to flot through the affected area. The contaminate,
groundwater is eventually displaced by uncontaminated groundwater, thereby restoring the

affected area. This technique has also been successfully deronstrated on contaminated qround-
water in the oil industry.7 Although a nurtber of convanies have den-onstratel the feasibility
of the groundwater sweeping technique on small test areas, it has not yet been tried or deon-
strated on a production scale. Other groundwater restoration techniques involving chemical

treatment methods and/or groundwater recycling are also under study by the industry and the
U.S. Bureau of Mines.'

5.1.1 Restoration criteria

With continued sweeping over a sufficiently long termý the affected mining zone will approach its
original condition. However, the consumptive use of water, the disposition of solid wastes, and
additional costs must be oPtimised against groundwater condition if solution mining is to be a
viable technique for recovery of uranium resources. In lirie with this, the staff evaluation of
the applicant's proposed restoration procedure is based on the requireewnt that any affected
groundwater must be returned to a chemical condition consistent with its potential )rem.ininq use.

The staff has recognized two water quality zones withir tne ore-bearing aquifer. The zones are
defined as follows:

I. Mining zone -- the area within the mineralized (ore deposit) portion of the aquifer. The
perimeteý of this zone is defined as one well spacing (approximately 40 ft) either beyond
the outer injection wells or the limit of the ore deposit to be mined. At the Iriqaray
site, groundwater (as determined from the highest concentrations in wells) within this
zone naturally contains excessive concentrations of radiurn-226 (144 pCi/liter vs
5 pCi/liter), arsenic (0.10 mg/liter vs 0.05 mg/liter), and selenium (0.73 mg/liter vs
0.01 mg/liter) compared with drinking water standards (Table Z.9). 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
connecting the monitor wells surrounding the well field. Trend wells may be placed within
this zone. At the Irigaray site, groundwater quality in this zone (excluding wells placed
in mineralized areas) is generally suitable for drinking water. However, it is anticipated
that water quality may be degraded in portions of this zone during solution mininq operations.

Because the groundwater in each of these zones is of different quality, each zone will
require specific restoration criteria. The groundwater quality can be such that the
water will meet standards for either drinking water or livestock watering purposes, or the
natural quality may preclude its use for either animal or human consumption. Where the
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re.-niniq 4, alJ!y of the (roundwater meets either drinking water or livestock watering

',tafjards. t'" appropriate established S'•te or Federal criteria will be used to establish

;.)er-I s, it•,l• chemical contentrations for restoration purposes. If the premining

;,oundwater c~e-.1islr ,t eceeds eitner set of the criteria, the staff believes that a return

to 1itr, :0 Of Ini baseline concentrations of each toxic element or complex ion would

ae i rea~oinle ')dsi% for esaalishinq restoration criteria. If there are no applicable
c•t ca. . i:., •h'nould ne selected 'or restoration that is consistent with public health

,hd s,, ..

"t Li-' s I n, 111 irian' ConsistS of armnonia carbonate/bicarbonate; residual ammonia
On",., n .elresl Asne is discussed in detail in Sect. 6.3.2.2.

-.. D, rriion 1e:on Sra ton* test

-' , " .. st ~:tern -as leacned as part of the pilot-scale test

*."t t-aý i ofe iu . restoration demonstration was
v 197" and reports nave recently been sub-itted

, .-e('-in•' orOjndwater ouaIity (Colurmn Q) are shown in

' *,r a sile IIa plfn¶c of wells and reflect averaqe con-
j,. ,., , ".. , , . - 'or a r s 'ecific well. :he applicant used the a'fected

F c. 'I for to'e restoration demonstration tests.

". e o nVo I ve, a., rokimately 142 mn 37,-0 . a'Y of affected
, A, - aon *as il f C as desio ned to provide preliminarv

,". .. " ,, .. s :M} Iroundwater steepin (2) water recycle 'use
V ...... ,. ,,1. . £. . '~itf

S .. " ;' '.a.*o** . t,"e re.oval of affected Qroundwater fro-.• a part
.........."" '. ,. .&u *nce *as used to isolate the restoration test area fr-,

" .. ~ ; :' . K," ','-t. surrounding generally uncontaminated iroundwater to flow
, "11e "•.-O ' ind replacinq the affected groundwater. Approuimately

,., 'I':a'-.. •,, Du7*ed during this phase of the restoration test. AS
, . ' .," "n", o'era ion did lower the concentrations of -ost radio-

, --:r- *h a~ ,. djr~'i,, the proundwater sweep test rapvro irately 1710 -,'
,,, ,-,,r. " , ;n o oraqe. This water wad used as feed fcr the tetinQ

ý *he r,., , n',. , t A. the start of the RO demonstration. natural evaporaton had

,'edl.er 1",e vrý'4 ý' "i ., i the :ond S to aiporov imately 836 mr (220.000 gal`. Thhis ,,d'pe a.
e tt ',, t,,, .' ; das adjusted to 5.5. and the water %3s then pumped at oinr :)res•ure

... t . 6'? - ' , 00, 0 qal ) of perrieate Iclean water) and 170 ,r
,v, :,c.-t ,'ýlt ".i- rtro'Aj,,d lurinq the DO unit test. The performance of the DO

," , , ,........, j,'n ,•- . ;nf reu lt indicate that the unit ip capable 0! Pro-

'I ,, t .ic,, W.., , ',•,. ., , C. C, ,.- n(; into the aqu4 fer.

no. apo Van In it iated a c lean water recycle test in the vicinity of well 517-3 (Fiq. 5.1). A

smaIll five-soot Pattern was drilled with wells 51/ -3 and 517-6, 3A and 2A, serving as injection
wells. well 6A was, used as the recovery well. The ponded premeate from the RO test [approxi-
.,'uitelv 670 m. (176,000 Qal)) was injected via the four perimeter wells and pumped out through

th,; central recovery well, Conductivity of the injected solution was maintained at a low level
(650-700 micromhos/cm). and the injection rate was balanced with the recovery rate (S.0-8.5 qpm)

during the test. The final level,, of analyzed constituents are shown in Table 5.?. Column C.
Thes" res".,ts indicate that the clean water recycle method can probably reduce iev,'.ls of the
constituentS listed. e,,cept for anrionia, more efficiently than groundwater sweening.

Chemical restoration test

Rnth the groundwater sweep and clean water recycle tests were ineffective in reducing the con-

centration of residual ammonia. The applicant designed a chemical restoration test to demonstrate

the enhanced removal of residual ammonia (NH,.*) from the aquifer. This test involved the



Tablit SA. Water quality duetmvj restoration twiting

Units are ppm except as noted

Constituent

Column A
Prieoachinq

.7 ounclwale, qualtyv

Column 8

Poileaching

groundw&ter qualhtlb

Column C

PostlefichirI Ourij.valet

quality - Well 517-3

Column D
Groundwater quality

alter sweep test - Well 517-3

Ammonia <1.0 235 180
Arsen,c <0 0025 0021 0033
Barium 0.12 0.069 009
B.carbonale 139 805
Boron 0.16 0283 8.3
Cadmium <.005 0014 e 30
Calcium 58,5
Culcium carbonate 232 616
Carbonate 4.2
Chloride 10 75 524 531
Chromium 00135 0002 <0.002
Copper 0.019 022 0 215
F Pluoride 2.75
Iron 2 15
Lead 00035 0 110 0.32
MagneIum 19.5
Manga,,es 0.12 097 0.784
Mercury 00078 <00002 0.0002
Molybdenum <0.02
PNckel 0.018 0218 1.79
Nitrate 4.92
fitrlite 2.76
Potassum 8.14

S.lenium 0.013 1 75 102
Sli'con 5.3
Siler <0 005 0015 <0 002

Sodium 308
Sulfate 270
Vanadiu m <005
Zinc 0.003 0 22 0218
Total dissolved %ofids 793 1324 1302
pH. standard units 7 94
Con.uctivity. n-mhosicrn 3300

Lkahumn U 098 24 4 18
Ra-226. pCI;hlrt 268 * 52 371 i 5.6 478 ; 9

Th. 230. pC-1•e W40 t 21
Gross alpha. PCilitc, 16R • 11 22815 ! 296 12311 ?278
GCcss beta, pCi.h.tw 164 19 21043 ; 441 5374 t 115

'Averaq of analvwie to- a tsnqle samnjliq ing from I-P ".vls at *he 511 test %,Ie

0Averaq of wnalyses #v a %..ne o.rampl-q

123

001)
0.03

0.26
-o0002

13.5

445

4.7

229 9
0004
0.041

4.10
0.65

0.058
5.4

0,15

<0 0002

0.42

<0.2
I 24

0.151

2.9

0 339
3.3

<0 005
2108

233

021
002
712
8 14

1950

123

105 ? 10
1S5t 09

5"412 177

2052 R5

Column E

PoStre'.oration telting of

i'.oundwater quali;y

2' (as N)
0.02

0.05
0.60

0.11

0.002
37.8

159

0.005

0.035

2.4

0.04
0.015

3

0.022

0.0018

0.12

0.2
0.2

0.01

0.002
97

0os

0.33

0 02
460
9.0

710O
184

fl,
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,lW" t, ToSt result% ',h.CWPd that airtolnda was released fror the cdav' as indicated by
4n initia increase I n the concentration of a•rmnia rDt less than l•rf V- (Table 5.'. Coluhr II
to 230 PM in the pr•duced fluid durinq this phase of the test. After further treatment
th, hheical restorat ion test was terT.,,inated when aamnia reached the level of 120 •or. as
"i(rfl in T04lk ý'?. ClolurV 0.

Pesidual total disvolved solids (T)S),-eduction test

The final method tested by the applicant involved the addition of an RO unit to the well field,
water treatmnent circuit. Groundwater in the test area after the chemical restoration test was
recycled thrnuqh the RO urit. The perineate (cean water) was recycled through the aquifer. and
the concentrate was discharged into a waste pond. The resultant groundwater quality after
completion of this test is shown in Column E in both TAble 5.1 and 5.2. Most constituents have



been reduced to preleaching levels or below accepted criteria, although ammonia (35 PPM) reemined
well above baseline.

In addition to the above experiments the applicant has conducted similar eAperimental pilot-
scale tests near Brunt, Texas, &nd Grover, Colorado (ER. Appendix A). In qeneral these restora-
tion demonstration tests also ihdicate that restoration can be achieved using a combination of
the techniques described aboe-.. From the various restoration demonstration tests, the applicant
has developed a restoration proqrav for the Irigaray site.

5.1. 3 The applicant's restoration program

After nminig has been cooVleted in a given area, activities will be initiated to return the
affected groundwater to the premining qwality. The applicant's Proposed restoration plan will
be impleeented on a sequential basis usihg a water recycle treattent process. Vestoratior will
begin after the first well field has been ained out and the rniing operation has "oved far

enourh away so tPere will be mininal interference between concurrent mining and restoration
operations.

Sequential restoration of the ground•ater in a well field will be conducted concurrently with

onqroing mining activities rather than at the termination of all mining operations. T e restora-
tion treatment process will begin on a mined-out unit tnd will continue until the groundwater
in that mined-out unit is restor*d to its precining cuality. This sequence wI.' be repeated as
additionl units are ained out and new well field areas are brought into production until mninmc
operations are coleted.

The restoration treatment will incorporate water removal 1qro•u•water sweepinr,. waer treatent.
and reinjection processing steps (Fig. 5.2). Whn a aining unit has been depleted of uraniu;-
and a buffer zone established. restoratior will be Initiated. The residual leach solution ir
the -ined-out unit. which is usable. will be pouped out and reinjected into a new mining area.
hsatural gromndwater from the new mining area will be ponoed back into the mined-out unit. After
most of the residual leach solution has been re-ovel. the groun4water will be pue- froo the_
mined-out area and ponded. This ponkded water will be run through a hardness rtmoval step (cold
line softening) and a r*verse o-smosis unit for additional remeoal of various contaninants if
required. Prior to reinjection of this water Into the mined-out aquifer, it will be chefr-ically
adjusted by the addition of tons such as calcium or nagnesium to enhance the remfoval of airlolia
adsorbed on clays in the mined ore zone before reinjection. This solution will be ci'cuilated
with ammoia rrnywed at the surface and replaced with an alkaline earth cation. This Drorcess wi'l
be repeated until the contaIr.ated groundwater in the ninoed-out unit has reachied a selected
aimoia level. The" the RO unit will be placed in the circuit and overated until all tons ,ave
reached selected levels. The applicant estimates that the withdrawal of at least five Dort
volumes will be required to reach this point.

TREATMENT 4

"AAr.VW($ Pr VWiAI.

NEW BUFFER I;
S MINING ZONE MINED OUT

C IAREA UNIT

L._ - AOUIiFER WATER ---

Fig. 5.2. Diagram of applicant's proposed restoration method for the Irigaray project.
Note: For the treatment stage, operations will be done within the existing recovery plant.
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5.1.4 Wastes from aquifer restoration

The quantity of Ii;iijid waste generated by the applicant's proposed aquifer restoration process
(Sect. 5.1.3) wi ,tepend on the affected aquifer volume and the characteristics of the host rock.

The applicant will mine a maximum of 20 ha (50 acres) under the initial licensing action. Th ib
area will be divided into approximately 4-ha (10-acre) units thit will be mined and restored
separately. The staff estimates, as a wortt case, that the entire thickness of the host sand-
stone will be affected by in situ leaching. The resulting aquifer volume (pore volume) will be
approximately 420,000 m3 (340 acre-ft) for each 4-ha (10-acre) well field unit. The applicant
estimates that at least five pore volumes tapproximatley 2 x 10, ml (1700 acre-ft)] will have to
be cy(led through the field to effect restoration. Under the sequential restoration process
(Sect. 5.1.3). approimnately one pore volume or 201 ot the total 2 x lIV ml (1700 acre-ft)
will be exchanged with groundwater from a new. unmineu, 4-ha (10-acre) unit. The other
four pore volumes, approximately 1.7 x l0C m3 (1360 acre-ft), would receive reverse
osmosis (RO) treatrnt and be circulated through the mined-out 4-ha (10-acre) unit.
Approximately 2.5 x )(Y m& (205 acre-ft) or 15 percent of the wdter receiving RO treat-
ment will be released as a concentrated brine. This wastewater will be discharged to
evaporation ponds. The applicant estimates that additional ponding may be necessary '>r
restoration wastes (ER, p. I17).

The waste production rate and required ponding area will be functir-ns of the number of 4-ha
(10-acre) units undergoing restoration and the time required to pr!)cess the necessary volume
of liquids. Assuming a one-year timetable for the treatment and/or circulation of five pore
dolutes. the staff estimates the necessary surface area of evaporation ponds to be about 24 ha
(58 acresW Ier 4-ha (Do-acre) unit undergoing restoration. A reduced restoration rate would
decrease the waste production rate and required pond area. The applicant is presently evaluating
potential sites for restoration evaporation pond(s).

The chenical treatment purping of five times the affected aquifer volume through the mined area
will sweep out the major portion of the contaminant chemical species from the mined area. However.
various afounts of contaminante ,y be left in the formation as ions absorbed on clays and sands.
Reduction of contaminant cL:'ýntrations in the water may cause gradual desorption of the ions from
the clays and sands back .nto the water until equilibrium is obtained. This will be checked by
postrestoration sampling. Should these concentrations exceed the pre-established water quality
criteria, further restoration work would be necessary. This additional work may iricrease the volume
of waste generated by the applicant's proposed restoration process.

5.1.4.? Solid waste

According to the applicant, the reverse Osmiosis unit will produce a brine with a dissolved
solids content of 15 g/liter (ER. 1. 175). The brine will contain primarily salts such as
acnronium chloride and sodium. sulfate and will have a pH of about 6. The brine will also
contain concentrations of radium, exceeding 10O pCi/liter and small quantities of uranium,
calcium, magnesium. selenium, arsenic, and other trace contaminants. As water evaporates
from the brine, these chemicals will precipitate from solution as solid waste. Additionally,
some calcite wastes will also be produced by the lime water-softening process.

The staff estimates that the maxim.= quantity of solid wastes resulting from the evaporated
hri,.b ti##.inn rattnratrin nf a 4-ha (li-acrol mininq unit will be approximately 4200 tons.
However. the applicant also reports a TDS of 1324 ppm in the prerestoration mine water at the
517 test site (Table 6.1). If these solids were concentrated in 15T of the original liquid
volure, the TDS content would be g g/liter, which would result in about 3000 tons of solid
waste. In addition, the TDS content of the groundwater that is being restored will decrease
during restoration activities. Therefore, the final quantity of solid wastes should be less
than 3000 tons. The quantity of solid waste will be dependent on the amount of liquid waste.
Any increase in liquid waste volume will result in an increase in solid waste.

Disposal of restoration solid waste will be accomnplished as described in Sect. 4.6.4.

Assumes a net evaporation rate of 1.1 m (42 in.) per year.



5-7

5.1.5 Staff recommendations

The applicant has demonstrat( that the various proposed restoration techniques can be used to
reduce the concentrations of radioactive and toxic constituents in affected groundwater. There
are, however, two areds which need further evaluation to determine the applicability of the
applicant's proposed techniques to a production-scale mining unit. First, the reverse osmosis
method is in a developmental stage. 6 The effectiveness and practicality of this unit on a
large-scale rcstoration operation need to be established. Secondly, a primary area of concern
is the potential environmental impact of ammonia. The remaining concentration of ammonia after
completion of restoration by the applicant may result in ammonia migration and/or its possible
conversion to nitrate and nitrite which will migrate.

The ammonia problem is present only with the use of an ammonium bicarbonate leach solution. The
applicant proposes to restore the groundwater to an ammon~a concentration of 20-50 ppm. 7  No
present standard exists for ammonia concentratioti in-aroundwater. The staff recognizes that the
proposed level of ammonia left in the groundwater may be controversial and that the applicant
will be required to meet any ammonia standard promulgated later.

Currently, the applicant is examining alternative alkaline leach solutions for future use at the
Irigaray site (ER, p. 107, ref. 7). Until the ammonia problem is resolved or alternative
lixiviants are developed, the staff proposes that limitations be placed on the use of ammonium
bicarbonate leach solution by the applicant.

The applicant's proposed recovery plant will have an annual production of about 500,000 lbs of
Yellow cake. The staff estimates that this amount will require an annual well 'ield area
(production unit) of up to 4 ha (10 acres) to maintain the anticipated production over the
five-year duration of the requested license; thus, a maximum well field of 20 ha (50 acres)
would be required. The staff proposes to limit the mining of not more than 20 ha (50 acres)
with an amnonium carbonate-bicarbonate lixiviant, which will allow multiple production units to
be developed while projuction-scale uni. restoration can be demonstrdted. Accordingly, the
following license conditions are proposed:

I. The use of an armonium bicarbonate lixiviant will be limited to a maximum well field area
of 20 ha (50 acres!. This area will include the well field used for the I00 gpm pilot-scale
test.

2. Restoration of the first production unit [up to a 4-ha (10-acre) well field) mPast be
initiat-d upon cOrvletior. of mining of the unit. This production unit should be suf-
ficiently isolated from any further operating well field within the 20-ha (50-acre) area
to ensure that restoration operations will not be compromised by ongoing mining activities.

3. Restoration of at least the first production unit must be completed prior to mining any
area beyond the maximum 20 ha (50 acres) with an armonium blcartonate lixiviant.

4. The applicant must provide a detailed mining plan that reflects these requirements •
to issuance of the source materials license.

The staff recognizes the potential of a small risk from the residual a~nonla. However, a
search of the literaLre by the staff indicates no significant risk to maummals from ingestion o'
water containing this concentration of ammonia (see Sect. 5.3.2.2). The ammonia is expected to
he relatively immobile in Zhe aquifer and remain within the mining zone. The possible conversion
of this armonia to nitrate (water quality standard of 10 ppm) appears unlikt-ly under expected
ane-'tic Cn-itoinns. 11ls Asnarts are discussed in detail in Sect. 6.3.2.2.

The staff concludes that with the above restrictions the risk of leaving a small region of
contaminated groundwater is more than offset by opportunity to (1) continue development of a
new uranium mining technology that appears to offer significant environmental advatitages over
conventional mining methods and (2) develop and improve restoration techniques for solution
mining on a production scale. This conclusion is reinforced by the much smaller surface impacts
of solution mining compared with conventlonal uranium mining and milling methods.

5.2 SURFACE RECLAMATION

5.2.1 Applicant's program

All land disturbed during WMC solution mining activities will be reclaimed in accordance with
State regulations. According to the applicant, reclamntion of a well field will be done after a
field has been mined and the localized groundwater restored. Wells will be plugged and sealed
below the surface according to State regulatioins.$. Disturbed soil will be prepared and seeded;
fertilization and irrigation will be employed as necessary.- After all solution mining and
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groundwater restoration activities are completed, the recovery facility will be decommissioned.
The plant site and waste pond sites will be reclaimed. Residual solid wastes from evaporation
ponds exhibiting sufficient radioactivity or toxicity will be removed and transferred to a
licensed tailings poa- -- burial site. The ponds will be backfilled, shaped, and seeded.

5.2.2 Staff recommendations

The stkff recommends that reclaimed land be seeded with a diverse mixture of native grasses,
forbs, and shrubs. Some fast-growing introduced species such as yellow sweet clover, alfalfa,
and crested wheatgrass may be used to help stabilize reclaimed areas rapidly. However, a
diverse selection of native species should provide long-term stability of reclaimed land and
ensure its fý,ture value as wildlife habitat. The staff suggests that seeding should take place
in late fall (after October 15)i because many native species require winter conditions to break
dormancy. Winter and spring precipitation and melt-off will provide oiisture for germination.
If reseeding of shrub species, especially big sagebrush, does not prove successful, the staff
recommends that shrubs from surrounding undisturbed land be transplated to reclaimed areas.

5.3 DECOMMISSIONING

All structures (pipelines, tanks, buildings, and foundations) will be removed from the site by
the applicant upon completion of project operations. After the decommissioning, all disturbed
areas will be reclaimed as described in Sect. 5.2.
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6. ENVIRONMENTAL IMPACTS

Environmental impacts from a solution mining operation result from both construction and opera-
tional activities. An attempt has been made to separate these two activities in the following
discussions. In most cases, doing so proved difficult because development (construction) of
some well fields will be concurrent with production (operation) from other well fields. The
impacts from these activities are also quite similar. Therefore, assessment of many impacts
associated with solution mining includes the combined effects of construction and operational
activities.

Solution mining (in situ leaching) of uranium is a relatively new and developing technology.
Operating experience as well as information on the subsurface environment is currently limited.
Consequently, conservative assumptions and "worst case" examples have been used to assess many
of the environmental impacts. Therefore, the magnitude of such impacts may be considerahly
smaller than those determined in tnis Statement.

The applicant is continually p viding additional infcmation from pilot-scale tests. Any
significant information' that becomes available will be incorporated in the Final Environmental
Statement (FES).

6.1 IMPACTS ON AIR QUALI Y

The proposed project could affect air quality near the WMC site by the formation of fugitive
dust, the release of diesel emissions from driling and construction equipment. and the release
of atmospheric emissions fron, the recovery faci ity and waste ponds. Diesel emissions will be
minor, of short duration, and should be readily dispersed.

Dust will be generated as a result'of construction and drilling activities in connection with
well field development. During project operation, disturbed areas on the roads and well fields
will continue to be a source of fugitive dust. Wyoming's air quality regulations require that
dust control measures be implemented for all potential sources of dust.- Adequate dust control
measures, such as application of oil or water to graveled roads, wetting of exposed soil on
well fields, and reseeding and stabilizing distrubed land, should minimize dust emissions.
Localized degradation of air quality resulting from dust could occasionally occur at the WMC
site on windy days, possibly causing the concentration of suspended particulates to exceed the
State standard of 150 jig/m 3 (24-hr maximum). Other than such occasional, localized episodes,
fugitive dust from WMC activiti2s should not significantly affect air quality.

Air quality at the site and environs could be affected during operation of the proposed project
by atmospheric releases from the recovery facility and from the waste storage and treatment
ponds. Nonradioactive emissions from the recovery facility will include combustion products
from the propane-fueled project drying unit and volatilized solution residuals (primarily
ammonia). Ammonia and ammoniim chloride will be released from the ponds.

Atmospheric releases from the combustion of propane will consist of hydrLcarbons, nitrogen
oxides, carbon monoxide, sulfur oxides, and particulates. The dryer has a relatively small
capacity (1,000,000 Btu). Thus release of pollutants from combustion should be insignificant,
and State and Federal ambient air quality standards for these pollutants (Sect. 2.6) are
unlikely to be excceded.

Estimated releases of anmmonia vapors and ammonium chloride particulates from the recovery
facility and waste ponds are detailed in Table 4.5. Particulate ammonium chloride formed over
waste ponds should rapidly precipitate in the immediate vicinity of the ponds and should have
no effect on air quality. Ammonium chloride particulates from the recovery facility should
likewise not affect air quality beyond the immediate vicinity of the facility. An estimate of
atmospheric ammonia concentrations resulting from release of ammonia vapors from the facility
and ponds has been made using an atmospheric dispersion model. Atmospheric dilution factors
were obtained using wind and stability data from Casper. Although the ponds and recovery
facility will actually act as scattered and rather diffuse sources of ammonia, the model assumes
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all ponds to be one ground-level point source and, therefore, should result in conservative.
estimates of maximum ambient ammonia concentrations.

Maximum ammonia emissions from the ponds and recovery facility could total 12,500 kg (27,500 Ib)
of ammonia annually, or 0.4 g/sec. Using the point-source disnersion model, estimated maximum
concentrations of ambient atmospheric ammonia could be 75 ug/m- at 100 m (328 ft) from the
ponds and facility. At 500 m (1640 ft) from the ponds and recovery facility, maximum ammonia
concentrations should be about 5 Lg/m 3 . By comparison, the recommended occupational threshold
limiting value (TLV) for ammonia is 35,000 ug/ml (ref. 2), and the threshold for ammonia odor
is 37,000 ,g/mW (ref. 3). The lowest atmospheric concentration of ammonia known to affect
vegetation is 1000 ýa/m., which produced effects on photosynthesis.4 There are no Federal or
State ambient standards for atmospheric ammonia. Because anticipated ammonia concentrations in
the vicinity of the ponds (75 ý,g/m' at 100 m) are over an order of magnitude below levels that
affect vegetation and well over two orders of magnitude below the TLV, they should not have a
significant effect on air quality.

6.2 IMPACTS ON LAND USE

E. 2. Grazi_.

Grazing will be restricted on the project area proper. A total of approximately 400 ha
(1000 acres) may be involved ever the life of the project. Approximately 24 ha (60 acres) of
land will be removed from grazing during the limited 20-ha (50-acre) well field o-eration.
This land has an average grazing caoacity of 3.5 ha (9 acres) per animal unit month. Therefore
a total of seven animal unit months will be removed from use, a loss of grazing capacity that
would support about five cows per year. With successful reclamation (Sect. 5.2), this grazing
land could be returned to its original capacity.

6.2.2 Transportation

The applicant estimates that about 80 km (50 miles) of roads will be constructed or improved to
serve the WMC site over the life of tne project (ER, p. 118). These could improve access for
the local ranchers to parts of Lheir properties. The relatively small increase in traffic
associated with the WMC pro;&ct should not adversely affect neighboring ranching activities.

6.2.3 Recreation

Hunting will be restricted on the WMC site, which will result in the removal of an area of about
25 km2 (10 sq miles) from hunting. The abundance of excellent hunting area available in the
region leads to the conclusion that this removal should not result in a significant impact.

6.2.4 Impacts on historic, archaeologic, and natural landmark sites

Fort Reno and Cantonment Reno are the only sites located in the vicinity of the 14MC site that
are listed in the National Pegister of Historic Places (Sect. 2.5.2). These two sites are over
8 km (5 miles) from the project boundaries and should not be affected by project activities.
The Portuguese Houses site, which has been determined as eligible for inclusion in the Register,
is al,ýo over 8 km (5 miles) from the WMC site and should not be affected by the proposed project.
The Hoe Ranch, a site of some historic value that has not currently been determined as eligible
foý- inclusion in the National Register, is within the boundaries of the WMC site. The ranch
ruini, however, are not within the area to be mined and thus should not be impacted by project
activities.

No archaeological survey has been conducted on the WMC site. Because no major excavation will
be involved in the proposed project, the staff cannot foresee any disturbance to any archaeologic
resources that might be on the site. If any suspected archaeologic sites are discovered during
project development, the office of the Wyoming State Archaeologist will be contacted before any
disturbance of the site would occur.

No natural landmarks exist in the region of the WMC site.
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6. 3WATE P

I Surface water,

1 '. mpai_*tS of construction

Impacts to a,:uatic systems from WMC construction activities will derive primarily from the
release of sediments, oil, and grease. Land clearing during construction will increase the
rates of erosion and discharge of sediments. WMC used the Universal Soil Loss Equation to
predict that, with the disturbance of 40 ha (100 acres) at any one time, soil loss will increase
from the normal 14 tons per year to 20 tons per year (ER, p. 118). U.S. Geological Survey data
(l7•,7-74) for the Powder River at Arvada indicate that the existing load of sediments has varied
'rom 4.4 tons per day to 83,700 tons per day, with an average of 9285 tons per day. Apparently,
even if WMC's estimate of increased erosion were low by a factor of 10, the increased sediment
released by WV.1C activity would constitute a negligible addition to the Powder River.

'9ost of ý activities should have a small or negligible impact on Willow Creek. In addition
to erosion, land clearing can cause more rapid runoff to occur during rainstorms, which can
accelerate scouring and erosion of stream channels. The discharge of eroded sediments and oil
and qrease from heavy equipment and drilling rigs could affect any biota inhabiting Willow Creek
or the pools in its normally dry streambed. However, WMC's operation will disturb only 2,' of
the Willow Creek drainage area (400 ha out of 25,000 ha, or 1000 acres out of 96 sq miles).
Therefore, the majority of WMC's activities should produce only minor localized impacts on
Willow Cree k.

WMC plans to conduct solution mining in the streambed of Willow Creek, and this activity has the
greatest potential for adverse impact. WMC is currently developing engineering designs and
methods to \1) protect pipes and equipment in the streambed from flooding and (2) prevent adverse
impacts to downstream water quality.

Operations in tne streambed are scheduled to begin in 1979, and protective measures will be
adopted orior to these operations. WMC has proposed several modifications of its operation for
activity in the Willow Creek streambed.r These modifications include installing Wells at a dry
season and constructing temporary dikes while mining is in progress to contain any spills. WMC
has also indicated that a temporary diversion of the Willow Creek channel might be constructed.
Because such a hannel modification could cause erosion problems and long-term disturbance of
the stream, t1PL w:il review WMC's proposed control and mitigation measures prior to initiation
of operations in this sensitive area.

6.3.1.2 impacts from o erations

WMC's proelct operations are designed to produce n', discharge to surface waters. Under normal
operating cor-ditions, there should be no impact on surface waters. There is, however, a poten-
tial for accidental release of contaminated fluids, which is discussed in Sect. 7.1. In addition,
normal well field operating conditions will result in localized groundwater contamination. As
discussed in Sect. 6.3.2.2, an uncontrolled excursion or incomplete restoration could possibly
result in contaminated groundwater reaching the Powder River.

As the contaminated groundwater migrates through the aquifer, contaminating substances can be
differentially adsorbed to clays and other materials. Presently, however, it is not possible to
predict which constituents would be removed from the contaminated water movement through the
aquifer. In addition to removal of contaminants by adsorption, the contaminated groundwater
would also be diluted to some unknown extent by uncontaminated groundwater.

Due to the distance to the Powder River, contaminated groundwater from the initial 20-ha (50-acre)
mining area would cause relatively minor adverse impacts to surface waters. Furthermore, the
program of monitoring groundwater (Sect. 8.2.3) should reduce the probability of an uncontrolled
excursion to a low level, and restoration should return any affected groundwater to its premin-
ing quality. These observations suggest that WMC can conduct solution mining with a low risk of
adverse effects on the Powder River. Nevertheless, because knowl~dge of excursions and restora-
tion is incomplete, a precautionary program for monitoring surface waters is proposed in Sect.
8.1.5.

6.3.2 Imacts on qroundwater

6.3.2.1 Consumption

Maximum pumpage from the Wasatch Formation as a result of mining and restoration of 20 ha
(50 acres) of well fields will be about 1000 acre-ft. This withdrawal of groundwater will occur



6-4

over an extended period, and the impact of this pumpage is difficult to determine because of the
limited available data on groundwater in the area and because of the complex geology (½ect.
2.7.1.2). Potential impacts, however, could include (1) temporary lowering of water leveis in
wells that are completed in the ore zone aquifer in the immediate vicinity of the well fields
and (2) the lower., of water levels in wells completed in the alluvium overlying the Wasatch
Formation, if leak, from the alluvium into the Wasatch Formation occurs as a result of pumping.
The occurrenceý of L -e potential impacts should be readily identified by tne applicant's monitor-
ing of water levels.

Should the applicant's solution mining operation expand in the future, some significant ;mpacts
are anticipated.

6.3.2.2 Groundwater quality

Local groundwater quality will be lowered by in situ leaching of uranium. Potential groundwater
quality impacts from the applicant's proposed operations are associated with (1) waste disposal
ponds, (2) accidental leaks or spills of toxic liquids, (3) uncontrolled excursions, and (4)
improper or incomplete groundwater restoration. The Upper Irigaray Sandstone will be the primary
aquifer affected by in situ leaching. However, contaminated groundwater could also enter
shallower and deeper aquifers in certain areas - especially from upward movement in the vicinity
of the Powder River (see Sect. 2.6.2.2). Each of these potential impacts will be discussed below.

Waste disosal ponds

Liquid and solid wastes will be stored temporarily in polyethelene-lined ponds. Failure of the
pond liners would permit some of the liquid wastes to seep into the ground. At the Irigaray site,
this is expected to have an insignificant impact because of dry strdta beneath the ponds. This
type of accident is discussed in Sect. 7.2.1.

Leaks orsil

Accidental leaks or spills of toxic liquids could potentially infiltrate shallow aquifers and
locally reduce groundwater quality. Accidental leaks and spills would probably not be of a
sufficient volume to degrade significantly near-surface groundwater quality (see Sect. 7.1).

Excursions

Excursions of contaminated groundwater from the well field aquifer are possible because of large
variations in aquifer permeability, less than optimal well spacings, and low pumping rates. The
magnitude of an excursion and the degree to which the contaminants become attenuated once they
have passed beyond the influence of the pumping well field is the primary and most difficult
operational impact to predict at the Irigaray site. Consequently, worst case examples &re used,
and the mignitude of such impacts may be considerably less.

Initial concentrations of ammonia, bicarbonate, and hydrogen peroxide in the leach solution will
range from 300-1500 ppm of ammonia, 1000-5000 ppm of bicarbonate, and 250-1000 ppm of hydrogen
peroxide. As the leach solution circulates through the aquifer, ',any elements in addition to
uranium will be oxidized and dissolved. Table 6.1 compares premining groundwater quality to
postmining groundwater quality at the Irigaray 517 test site (see Figs. 1.2 and 4.2 for location).
This leaching test consisted of four injection wells surrounding one recovery well and was
conducted for 107 days. Longer periods of leaching over a much lDrger area could possibly
result in higher concentrations of toxic substances in the groundwvater. These concentrations,
however, will depend on the initial concentrations of toxic substances in the ore zone and the
extent to which they are mobilized by in situ leaching.

Elements associated with the ore zone: Uranium, arsenic, selenium, vanadium, and molybdenum
were originally transported into the ore zone as complex anions in oxidizing groundwater having
a slightly alkaline pH. The anions remained mobile until the oxidation potential (Eh) was
reduced. This condition occurred at the Irigaray site and uranium, arsenic, selenium, vanadium,
and molybdenum precipitated out of solution a, relatively insoluble oxides (U, V), silicates (U,
V), or native elements (As, Se). The molybdenum concentration was too low to form any minerals.
During in situ leaching, these elements are expected to be remobilized by a similar, although
more reactive, geochemical environment. In the event of an excursion, they will remain mobile
as long as the groundwater remains oxidized.

Uranium occurs in the ore zone as the minerals uraninite and coffinite. During in situ leaching,
uranium will be transported in solution as the uranyl dicarbonate complex [UO 2 (CO3 )22H 20]-. In
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Table 6.1. Comparison of preminitg groundwater and preresto-

ration groundwater quality, Iigaray test site 517

Pre.mminl Prerestor'itionl

,\nIai Is urorrd "fr•iw er prod loc-iton ,ltc

qualit vz-Iuc S

Sppm ) I ppm )

A\ < 0.00:5 0.021-
0.12 0.069
0 0. 16 0.283

Cd < 0.005 0.014

Cr 0.0135 0.002
cu 0.01 0.220
Mn 0.12 0.07

11F 0.0028 < 0.0002

N1 0.018 0.219
F%. 0.013 1.75
Ag < 0.005 0.015

Z1 0.003 0.22
lPb 00035 0.110
L , 0,00 24.4
Nl I. < 1.0 235
C- 10.75 524

1i1g. liter IrIigliter)

I IC) 139 805
T iji diss,,red slids 703 1.324

(pCiliter I pCi/hiter I

(;rss 168 II 22,815 f 296

(rs% 164 1 t) 21.043 ± 441

Rj.'-26 26.8± 5.2 371 ± 5.6

Stourte: F.R. p. 168.

the event of an excursion, uranium will remain mobile until the Eh is sufficiently lowered, at
which time U02 (uraninite) or USiO, (coffinite) will begin to precipitate out of solution.

Arsenic occurs in the ore zone as either native arsenic or possibly arsenide minerals. During
in situ leaching, arsenic will be transported in solution as the anion AsO4 3 ". In the event of
an excursion, arsenic will be deposited as native arsenic if there is a decrease in the Eh.

Selenium occurs in the ore zone as native selenium and possibly as ferroselinite. During in
situ leaching, selenium will be transported in solution as the anion Se0 3

2 -. in the event of an
excursion, selenium will be depo.ited as native selenium or FeSe 2 (ferroselinit.), if the Eh is
lowered at some distance from the well field.

Molybdenum occurs in the ore zone in very small concentrations. During in situ leaching,
molybdenum will probably be carried in solution as the anion MOO4.

Substances injected into the aquifer: The concentrations of ammnonia, bicarbonate, and chloride
increase significantly in postmining groun:Jwater at the Irigaray test site 517 (Table 6.1).
Although chloride is not an essential part' of the leach solution, large concentrations are
injected into the aquifer as a result uf elution from the ion-exchange resin.

The concentration of un-ionized anmnor..d (NHI) and ammonium ion (NH,,+) in the well field ground-
water will equilibrate'according to the pH. In general, the higher the pH, the more
un-ionized ammonia will be present.6

At the surface and near-surface environment, with oxygen present, ammonia can he converted to
nitrate and nitrite by bacteria. Some of the appropriate bacteria could conceivably be incor-

porated into the leach solution and then injected into the well field aquifer. Whether these
bacteria, which normally thrive in acidic. soils, would survive in the alkaline groundwater
environment at the site is not known.

Other elements: Increases in the concentration of other elements in the groundwater as shown on
Table 6.1 result from changes in the geochemical environment induced by in situ leaching.
Elements such as manganese, iron, and small amounts of boron occur in the ore zone in a variety
of detrital heavy and authigenic minerals. Other elements which show increased concentrations
in the groundwater (Table 6.1), such as cadmium, copper, nickel, silver, zinc, and lead, are not
associated with any identifiable minerals. These elements probably occur at concentrations of
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less than a few parts per million within the rock and show no relationship to uranium
mineralization.

Table 6.2 summarizes information regarding water quality criteria and toxicity for many of the
constituents that might be released during an excursion. Criteria and standards for irrigation
water, drinking water, and aquatic life, and the Wyoming Department of Environmental Quality
criteria for wildlife and livestock are also included in Table 6.2. Two indications of toxicity
of trace elements to aquatic organisms are derived from a data base assembled by Cushman et al.7

Table 6.2. Water quality criteria and toxic concentrations for potential contaminants from %olution mining

All units in mg/liter, unless indicated otherwise

Wyoming D)FQ NAS Recommended Drinking eOdiC' ti atis

water quality criteria Dt fT x t

P:arameter criteria •or for water Mean t,\,t L.owest h'\i&
wpdife nd irigtio standard cvfiKcen tra thind Cneit 1,fl {r~it hnfl

wildlofe and irrigation of aquatic life
li\.estock'• wa terh fau tclf t idad C i'r r i ii ~ C iC r i

Nil0 0 X0. 5h
(f,, - irt ,,

CI 2000 250''
S(),3 250'
.\• 0.05

Al 5.0 5.0 18.9 0.07
As 0.2 0.1 .05i' 13.6 0.0 2
It 0.5 0.75 9)00 0,69
B'] I.0 A I OMO so

C d 005 0.003- 0 .0 3 b9 0 .0 1.. A 7,4 0.0001)

0.001 --0.0121
(for hard water)

Co 0.05 21 0.C21
( 1.0 0.1 0.05j __0. I 0 .0 5 i. A 80.7 0,008

('u 0,5 0.2 1.0V 1. 0.000
I c 5.0 1.0 0.3' 1235 0.02
fIg 0.01 O.OS 0 .0 0 2* 0.2 0.003
Mn 0.2 0.05' 225 17
Mo 0.01 .147 47
Ni 0.20 1.0' 13.0 0.05
Mh 0.J 5.0 0 .0 3.1 0 .0 5 k 69.8 0.007
.c 0.05 0.02 0.011 I1.2 1 0
t .36.2 1.7
V 0.1 27.3 4.8

Zn 25 2.0 5j 7.9 0.0001
I 2.0 1.0 0.7-1.2'
T,olal dissoilved solids 5000 500"'/
P111  -.-9 6.5-8.5J
6.-226, pCi/liler 5.0'

(;rotss 0. pCi/liter 15.0'
(;ross j?. p 'i/lif er I 000.0j

'Data ohtained fromn Wyoiing Department of Environmental Quality, Land Quality Division, (;Guideline No. 4 (Revised). Nov. 9.
19 7 6, p. 3-41.

hData obt;incd from National Academy of Sciences. Environmental Studies Board. WVater Qualit. Chitcria 1972. EPA/1R3/73-033,

March 1973.
"R. S. Cushman, S. G. Ilildebrand, R. II. Strand, and R. Anderson, The Toxicity of.35 Truce I;emonsir• o ('a( ut,.: !r'hwivatcr

it,,t: .A Data Buas with Antrmatic Retrieval Capabilities. Report ORNL/TM-5793, Oak Ridge National Laboratory, Oak Ridge, Tenn..
1977.

dMean of all concentrat ions (ppm) found to be lethal to i:, in experiments lasting 96 hr or longer.
lI.owest concentration (ppm) found to be lethal to any aquatic organism.

fThe toxicity of aminonia is discussed in Jletail in the text.
'Data obtained from U.S. Environmental Protection Agency, Quality Criteria fir lVater. EPA.440/9.76-023. 1076.
h Data obtained from World tealth Organization, European Standards (or Drinking Water. Geneva. Switzerland. IQ61.
'Data obtained fron U.S. Public Ilealth Service. Drinking WIater Standards. PIIS Publication 956, 1962.
iData obtained from "Proposed National Secondary Drinking Water Standards." Fed. Regist. 42(62): 17143-17147 (March 3 1,

1077).
*DData obtained from "National Interim Primary Drinking Water Regulations," Fed. Regis•. 40(24B1: 59566-59577 (Dec, 24.

1975).
'I)ata obtained from T. Kirkor "Protecting public waters from pollution in the USSR" Sewage Ind. Wastes. 23(7): 938-940

(1951).
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In general, the size, shape, and concentration of an excursion will depend on the following
variables:

1. the effectiveness of pumping to confine and then remove these contaminants from the
groundwater;

2. the direction of groundwater flow;
3. how mobile and physically and chemically reactive each substance is;
4. the geochemical characteristics of the aquifer, such as its capacity to dilute, dispense,

and diffuse contaminants, and the adsorptive and ion exchange capacity of miner3ls in the
aquifer;

5. the physical characteristics of the aquifer such as abrupt changes in permeability and
porosity; and

6. how quickly the applicant detects the excursion and the methods that are used to remove
these contaminants from the groundwater.

At the Irigaray site, hydrologic and lithologic characteristics of the aquifer are not known
well enough to predict, and along what specific layers, the contaminants might travel. There
is a possibility that fractures are present in the upper Irigaray sandstone. As reported by
Grisak and Cherry,' groundwater velocities in fractured rock (or channelized sands) can be orders
of magnitude greater.

The 'nape of an excursion car, be quite v3riable, as indicated by Legrade.' Little is known,
howover, about the three dimensional shape of an excursion. The concentration of a continuous
excursion will usually decrease with increasing distance from a well field until a quasi-
equilibrium is reached between contaminants added to the excursion from leaching, and attenua-
tion of the contaminants at the periphery of the excursion by physical and chemical mechanisms.
At this point, the contaminated zone would remain somewhat stationary, although individual con-
taminants such as selenium, chloride, uranium, etc., would establish thcir own quasi-equilibrium
at some unknown distance within the excursion. At the Irigaray site, however, a continuous
excursion is not anticipated. Contaminants in the grouudwater would therefore be expected to
attenuate more rapidly as they travel down the hydraulic gradient toward the Powder River - about
5.6 km (3.5 miles) away. Furthermore, because normal well field production should remove some
percentage of the mobilized ore-associated contaminants, concentrations of these elements in
successive excursions would be expected to decrease.

Cations and ammonia are less mobile than the anions because of their tendency for the cations
to be absorbed onto clays, especially montmorillonite. However, the distance each ion will travel
during an excursion is not known. Because in situ leaching for uranium is a new and evolving
technology, past experience cannot always be used to predict future groundwater contamination
problems because of the site-specific nature of these operations. Based on the preceding quali-
tative analysis, the staff concludes that some contaminants could potentially enter the Powder
River through groundwater recharge. The concentration of these contaminants upon entering the
Powder River, however, would probably be very low. The monitoring program for groundwater
should ensure that any impacts from excursions will be minimal (see Section 8.2.3).

Restoration

Groundwater restoration will include the following cycle: (1) groundwater removal, (2) treatment
of the groundwater to remove contaminants, and (3) reinjection of the treated groundwater (see
Sect. 5.1.3). Should restoration be incomplete for any mobilized constituents, groundwater
quality will be degraded. As meittioned in Sect. 5.1.4, the use of an ammonium carbonate/bicarbonate
leach solution may result in significant residual ammonia concentrations after restoration.

After WMC's mining operation, ammonia will be present in the Upper Irigaray Sandstone (UISS) in
at least two states: (1) in solution and (2) adsorbed on clays and other minerals which form the
aquifer. Restoration will remove ammonia from the groundwater; this will alter the equilibrium
and cause some ammonia to be desorbed from bonding sites in minerals and clays. However, ammonia
adsorbs tightly to clays, and WMC's restoration tests indicate that the desorption of ammonia
proceeds slowly. Table 5.2, which shows the decline of ammonia during WMC's restoration tests,
indicates that the rate of desorption declines as restoration progresses; that is, it becomes
increasingly difficult to remove ammonia from the aquifer. Because of this, WMC has proposed a
restoration criterion for ammonia of "a minimum value in the 20-50 ppm (average) range." 10

Ammonia concentrations of 20-50 ppm represent a substantial degradation of groundwater quality
when compared with premining levels. In evaluating the sionificance of this degradation of
groundwater quality, the staff considered (1) transformation of the contaminants; (2) mobility;
(3) water quality standards for all forms of nitrogen for humans, livestock, and other organisms;
and (4) water uses .- past, present, and potential.

Transformations: Ammonia cannot be considered alone as a water quality constituent. In the
presence of oxygen, nitrifying bacteria convert NH3 to N02+ and N03-. As mentioned in Sect.
6.3.2.2 it is difficult to predict whether nitrification will occur in the aquifer. A lack of
oxygen, high pH, or other factors may inhibit formation of nitrites or nitrates.
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The basic stcichiometry of the conversion process is

NH3 + •> HNO + H2 O.

Several different pr.hs and mechanisms may be involved, but all involve driving forces not avail-
able in the undergrcind mining zone except under leaching conditions. Other formation consti-
tuents compete for tne available oxidant even then, so only minimal nitrate formation would be
expected. This fact is confirmed by reported data as shown in Table 5.1, Column C, where a total
of 7.68 ppm of combined nitrate and nitrite have apparently been formed in the presence of
180 ppm of ammonia. Restoration techniques effectively remove this nitrate (Table 5.1, Column E).

After restoration the only oxygen available for ammonia conversion would be from air dissolved in
the water returned to the aquifer. At one atmosphere pressure, the saturation vYlue is 9 to
14 ppm of dissolved oxygen (de-•ndent on temperature). If the water was fully saturated and 100%
conversion to nitrate occurred, neither of which the staff considers likely, no more than 14 ppm
of nitrate could be formed. When reported as nitrogen, this concentration amounts to only
3.2 ppm which is well below the illowable drinking water standard of 10 ppm for nitrate (as nitrogen).

Mobilit : As noted previously, the presence of clays in the UISS should make ammonia relatively
imrmobi e. Ammonia can migrate through parts of the aquifer where absorptive capacity is satu-
ratod, but in parts of the aquifer that are unaffected by solution mining, ammonia should travel
ol short distances. Nitrite and nitrate, on the other hand, are relatively mobile and are
expected to migrate with the flow of groundwater.

The large amounts of ammonia left in the mining zone, both in the groundwater and iquifer (sand
and clays), and the subsequent difficulty in eluting this ammonia from the aquifer oy groundwater
sweeping indicates chemical exchange. The ability to elute ammonia from the aquifer by alkaline
earths in solution confirms that a true chemical exchange is occurring.

From this evidence the staff concludes that any ammonia transported by the slowly moving ground-
water will equilibrate with the sands and clays outside the mining zone. This exchange is
probably with the calcium associated with the clay (approximately 15%) in the aquifer.

The overall effect will be to decrease the rate of ammonia transport and concentration in the
groundwater system as it leaves the mining site. The applicant estimates the groundwater flow
as 5 to 8 ft per year. The staff estimate is about a factor of 10 higher; however, exchange
reactions with the aquifer will reduce the effective ammonia transport rate to less than 10 ft
per year, although ions such as chloride and nitrate can be expected to move with groundwater
velocity.

rhe staff concludes that this slow transport and effective dilution will make potential offsite
consequences neglible but recommend:, continued monitoring ac a precaution. Furthermore, the
staff considers that the "restored" section of the 517 pilot test area provides a unique
opportunity to study ammonia move:aent caused by groundwater flow and/or conversion to nitrate.

One week after completion of the TDS reduction experiment, the central recovery well showed 27 ppm
of ammonia (as nitrogen). The injection wells, about 4.3 m (14 ft) distant, showed values helow
0.5 ppm. Nitrate values were below 0.5 ppm. Groundwater flow is to the northwest of the
"restored" plot (Fig. 5.1). Unrestored mined areas bound the "restored" region on the sides
bounded by wells 2A, 517-6, and 3A. In addition, wells PRC-I, PRC-2, and M-1 lie about 12, 18,
and 32 m (40, 60, and 105 ft) down gradient from the recovery well (No. 6A). The applicant has
reported that the water in PRC-l has contained small quantities of ammonia, but its present
condition is unknown.

If the above described physical system is sampled for ammonia and nitrate routinely over a long
time period, the staff believes that the relative importance of ammonia transport and nitrate con-
version can be demonstrated.

As a license condition the applicant will be required to submit an experimental plan to demonstrate
whether significant ammonia transport occurs and if nitrate is formed in the "restored" formation.
The actual demonstration will be the responsibility of the applicant as a license condition.

Standards and criteria: Ammonia is identified as ar objectionable constituent in water supplies,
but it appears that rather little is known about the toxicity of ammonia to humans. The NAS 6

recommends a low limit for NH3 in public water supply stating:

* Because ammonia may be indicative of pollution and because of its significant effect on
chlorination, it is recommended that ammonia nitrogen in public water supply sources
not exceed 0.5 mg/liter.

With respect to livestock it appears that 40 ppm of ammonia in drinking water will not pose a
hazard'to cattle."1 Ammonia is toxic to fish at low concentrations, and, as shown in Table 6.2,
a very low limit for ammonia is recommended for protection of aquatic life.



While there is uncertainly about nitrification in the aquifer, it is clear that nitrification will
occur aF soon as any water from the aquifer reaches the surface and is exposed to oxygen. Because
nitrate and nitrite can cause methemoglobinemia in infants, N'AS' recommended as follows:

" On the basis of adverse physiological effects on infants and because the defined treatment
process has no effect on the removal of nitrate, it is reconmended that the nitrate-nitroqen
concentration in public water supply sources not exceed 10 mg/liter.

* On the basis of its high toxicity and more pronounced effect than nitrate, it is recommended
that the nitrite-nitrogen concentration in public water supply sources not exceed 1 mg/liter.

With respect to livestock, the NAS concluded "that all classes of livestock and Doultry that have
been studied under controlled experimental conditions can tolerate tne continued ingestion of
waters containing up to 300 mqiliter of NO-,N to 100 mg/liter of NO,.N." Nevertheless, NAS'
recommended:

in order to Provide a reasonable margin of safety to allow for unusual situation such as
extremely high water intake or nitrite formation in slurries, the NON plus NO *N content in
drinking waters for livestock and poultry should be limited to 100 ppm or less, and the
NO-N content alone be limited to 10 pnm or less.

Witer use: Water from the UISS aquifer is used predominantly for livestock wateriro. This aquifer
is- al-so the water source 'or the Irigaray ranch, although moderate levels of selenium were present
(Appendix B, Table B-1, W-23). Natural radiological contamination is also present in many areas
of the aquifer. It is difficult to predict future use of the UISS aquifer. Ranching seems likely
to remain the predominant land use near WMC's operations, but uranium mining may greatly increase
in the area. WMC's degradation of aquifer water quality would be initially limited to the mining
zone [approximately 20 ha (50 acres) of well fields]. If nitrification occurs in the aquifer,
those "downstream" portions of the aquifer into which nitrates and nitrites cculd migrate would
also be degraded. Currently the water quality in these potentially affected areas is naturally
degraded by the radioactive materials associated with uranium deposits. Thus, water from much of
the potentially affected areas is already unacceptable for public water supply.

Conclusions

The WMC's proposed action will dsgrade groundwater in the mining zone (Sect. 5.1.1). The extent
of degradation depends significantly on an unknown factor: whether nitrates and nitrites are
formed in the aquifer. Degradation would be limited to a relatively small area in which ground-
water nuality is already naturally degraded. If WMC leaves 20-50 ppm of NH- in the UISS aquifer,
this groundwater wn'ild be unacceptable for human consumption due to (1) possible presenLe of
nitrites and nitrates, (2) the odor of ammonia, and (3) potential toxicity of ammonia. The water
would probably be marginally acceptable for livestock water, unless partial nitrification resulted
in concentrations of nitrite-nitrogcn greater than 10 mg/liter. Finally, if water from the con-
taminated aquifer reached any aquatic ecosystems (i.e., Powder River), it could adversely affect
fish and other aquatic life. Livestock ponds filled with water from the contaminattd z.xuifer
would not support fish due to (1) ammonia toxicity, and (2) possible algal blooms stimulated by
ammonia or nitrate.

The WMC's restoration does not pose a large or imminent threat to public health because the degra-
dation of groundwater quality would occur in a small area where groundwater is currently not used
for human consumption. Pumping from the contaminated area could probably be controlled or
eliminated in the immediate future, and adverse impacts to public health, livestock, and aquatic
life could be avoided in the near and mid-term. However, contamination of an aquifer under any
circumstances is a serious matter because it is essentially irreversible. The restoration plan
does involve potential risks, for example, in the event of unforeseen circumstances or perhaps at
su:!e future time. Thus, the proposed action is considered acceptable because of the small area
involved and the extensive monitoring that will be undertaken.

6.4 MINERAL RESOURCES

Coal deposits underlying the Irigaray site are of limited quantity and are not considered presently
to be economically recoverable. Any oil and gas that may exist beneath the site would be thousands
of feet below the depths at which solution mining will take place and could not be affecced by
the proposed operation. Solution mining should not interfere with later potential resource
recovery at the Irigaray site.

Uranium recovery using the solution mining method may not be as efficient as recovery by con-
ventional underground or open pit mining methods since the technology is in a developmental
stage. However, solution mining is conducted on uranium deposits that may not be of sufficient
mineral grade or quantity to be economically mined by conventional methods. Such deposits would
be lost as a resource.



6-10

6.5 SOILS

The removal of natural vegetative cover from construction sites and much of the well field areas
will expose surface materials to accelerated wind and water erosion. Soil compaction due to
operation of drilling rigs and other equipment in the well fields will also increase erosion and
sedimentation. Extensive destruction of the soil system characteristics (physical, chemical, and
biolngical) is not anticipated since no stripping or excavation will occur during proposed
project operations.

6.6 ECOLOGICAL IMPACTS

6.6.1 Impacts on the terrestrial environment

Impacts on terrestrial biota will accrue from vegetation disturbance and related loss of wildlife
habitat during well field development as well as possible effects on wildlife from increased
human activity associated with the project. Atmospheric emissions from the project have been
discussed in Sect. 6.1 and will have no effect on terrestrial biota. Traffic associated with the
project may result in an~increase in road-killed animals. Such losses, however, should not
significantly affect local populations. Increased human activity may cause some wildlife species
that arp particularly intolerant of human presence to leave the immediate area. Because increased
human activity will be limited to a small area around the recovery facility and the specific well
field, this factor should not be significant.

Vegeýation will be disturbed during development and operation of the proposed project in connec-
tion with construction of the recovery facility [2 ha (5 acres)], roads, and well fields. Well
field development will produce the great majority of land disturbance. Drilling wells and sub-
sequent maintenance activities will destroy natural vegetation present on the wel.l fields and
will involve an estimated 24 ha (60 acres, for the limited operation and may involve a total of
400 ha (1000 acres) over the lifetime of the project. WMC will reclaim and revegetate all land
disturbed and is required to post a reclamation bond with the Wyoming Department of Environmental
-Quality.

Most of the land to be disturbed by well field development 4s within the sagebrush/grassland
vegetation type, which is abundant and widely distributed over the entire Powder River Basin.
Although wildlife will be displaced from the land disturbed, the animals that may be expected
to occur on the sagebrush/grassland type are common and relatively abundant in the region of
the site. The land that is disturbed will be lost as wildlife habitat until revegetation is
accomplished. However, disturbance of about 400 ha (1000 acres) of the sagebrush/grassland
vegetation type will not result in significant adverse impacts.

Disturbance of riparian habitat along Willow Creek and the Powder River could have a significant
impact depending upon the extent of disturbance. Vegetation in riparian habitats is difficult
to reclaim adequately, 12 and the vegetation type is not widely distributed ir the region of the
site. Furthermore, riparian areas near the site represent important habitat to a number of
wildlife species including game species such as mule deer, sage grouse, and wild turkeys. Plans
for the initial well field development should not include any riparian habitat along Willow
Creek. However, because maps of the ore body show that it passes under Willow Creek and closely
approaches the Powder River in Section 30 of the site, it is possible that future mining activi-
ties could involve riparian areas. The staff therefore recommends that disturbance in riparian
habitats be kept to a minimum. In particular, the staff will require that trees and large
shrubs, which could take over 100 years to be replaced, should not be destroyed. Vegetation
along streams should not be removed because it stabilizes stream banks.

6.6.2 Impacts on endangered species

No endangered plant or animal species are expected to occur on the WMC site (Sect. 2.7). Of the
wildlife species listed by the Wyoming Game and Fish Department as rare in Wyoming, only the
milk snake would be likely to occur on the site. Construction and development of the proposed
project should disturb only a small percentage of the habitat available for milk snakes on the
site.

6.6.3 I.pacts on aquatic environments

Potential impacts to surface aquatic environments through construction and operation of the WMC
project are directly related to potential impacts on water quality, discussed in Sect. 6.3.1.
Two aojatic environments are of concern: Willow Creek and the Powder River. Willow Creek has
not been characterized ecologically except for the theoretical analysis presented in Sect. 2.9.2.
Routine construction activities associated with the applicant's in situ mining operation near
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Willow Creek should have a negligible impact on aquatic biota that may be present during periods
of flow (Sect. 6.3.1.1). Solution mining proposed within the Willow Creek streambed itself
could potentially disrupt aquatic habitat that may be present. WMC is currently developing
methods to minimize any adverse impacts (Sect. 6.3.1.1). As a condition to license considera-
tion, the staff requires thet WMC, prior to any solution mining in the Willow Creek streambed,
submit and obtain approval of mitigating measures to be used at Willow Creek. Potential
construction impacts on aquatic systems in the Powder River should not significantly affect
aauatic biota (Sect. 6.3.1.1).

Potential impacts of solution mining operation on aquatic environments may result from accidental
surface releases of contaminated fluids onsite to Willow Creek or the Powder River (Sect. 7.1)
and from contaminated groundwater ultimately rea:hing the Powder River (Sect. 6.3.2.1). The
probability of an event of such magnitude cannot b:, predicted accurately. Monitnring programs
required as a condition to this license should reduce the probability of an excursion signifi-
cantly affecting aquatic biota in the Powder Rivw-.' (Sect. 8.2.3).

6.7 RADIOLOGICAL IMPACTS OF ROUTINE OPERATIONS

6.7.1 Introduction

Estimates of radiation doses resulting from routine operations of the Irigaray solution mining
and uranium recovery process facilities are considered in this section. Individuals living in
the area of the Irigaray project will be exposed to the airborne radionuclides and the subsequent
deposition of these materials on the land surface.

Estimates of radiation doses from the exposures involve many complex considerations. In the
absence of complete infcrmation, estimates were made using the best current knowledge. Conser-
vative assumptions were made where there was insufficient knowledge;. for example, estimates of
doses from atmospheric releases assumed exposure to contaminated air and ground 100% of the time
with, no shielding and consumption of food that was produced entirely at the location of dose
calculation.

The radiological impact of the routine release of radionuclides during normal operations at the
well f;eld and processing facilities was asse6ssed by estimating radiation dose commitments to
individuals and population from the resultant exposure. Since r..ioactive materials taken into
the body by innalation and ingestion continuously irradiate the body until removed by processes
of metabolism and radioactive decay, the estimate of the total dose an individual will receive
from one year's intake is integrated over 50 years (remaining lifetime of the individual) and is
called a dose commitment. All of the internal doses estimated in this report represent 50-year
dose commitments. F~r those materials which have a short radioactive half-life or those, such
as uranium, which are eliminated rapidly from the body, essentially all of the dose is received
in the same year that the materials enter-the body; that is, the annual dose rate is about the
scL:ne as the dose commitment.

6.7.2 Airborne effluents

The release of radioactive materials to the atmosphere was assumed to be the principal mode of
environmental contamination from the uranium solution mining and processing facility. Releases
from solution mining will be substantially lower than those attributable to a conventional
uranium mining-milling operation.

6.7.2.1 Models and assumptions

AIRDOS-lI, a FORTRAN computer code, 1 3 was used to estimate individual and population radiation
doses resulting from continuous atmospheric release of airborne radioactive materials from the
uranium mining and processing operation. Pathways to man inci'de the inhalation of radionuclides
in air, immmersion in air containing radionuclides, exposure to ground and surfaces contaminated
by deposited radionuclides, and the ingestion of food produced in the area.

The area arouna the operating facility was divided into 16 sectors. Each sector was bounded by
radial distances of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 10, 20, 30, 40, and 50 miles from the point
of release. Factors used as input data were (1) human population (Table 6.3), (2) numbers of
beef and dairy cattle, and (3) specifications as to whether each of the areas lying outside the
facility boundary was used for producing vegetable crops or is a water area.

A portion of the AIRDOS-II computer code 1 3 is an atmospheric dispersion model (AIRMOD) which
estimates concentrations of radionuclides in air at ground level and their rates of deposition on
ground and surfaces as a function of distance and direction from the point of release. Annual
average meteorological data for the site area are supplied as input for AIRMOD.
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Table 6.3. Population distribution within 50 niles of the Irigaray project site
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AIRMOD i. interfaced with environmental models within the AIRDOS-II computer code to estimate
doses to man through the various pathways. A terrestrial model, TERMOD,14 which estimates the
radionuclide intakes via ingestion of radionuclides deposited on crops, soil, and pastures, is
included. The intakes result from eating beef and vegetable crops and from drinking milk. The
dose conversion factors for most radionuclides are based on ICRP-21 5 and the report of the Task
Group on Lung Dynamics for Committee II of the International Commi:sion on Radiological
Protection (ICRP). ' Methods used in estimating radiation doses have been published in a
reference handbook, ORNL-4992.1

6.7.2.2 Atmospheric dispersion (meteorology)

In the absence of site-specific meteorological data for the proposed project, the staff used the
meteorclogical data from the ncarest weather station (Casper, Wyoming), approximately 113 km
(70 miles) away, which should be quite similar to that of the project site. Values of ./0 at the
nearest residence (the Reculusa Ranch, where the highest individual dose occurred) was 2.31 x 10-5
sec/in1 for particulates and 3.67 x 10' sec/m 3 for radon-222. The X/Q values at the Irigaray
Ranch were 5.65 x 10" sec/m 3 for particulates and 1.26 x 10-9 sec/m 3 for radon-222.

Atmospheric dispersion and deposition models and computations used are discussed in ref. 13.

6.7.3 Radiation dose commitments from airborne effluents

The radiation dose commitments from airborne effluents are based on the estimated emission
rates shown in Table 6.4.

6.7.3.1 Maximum dose to the individual

Rrculusa Ranch

The maximum annual dose commitments were received by individuals, living at the Reculusa Ranch,
the nearest residence to the plant site. The ranch is 6.6 km (4.1 miles) west-southwest of the
recovery plant and 7.1 km (4.4 miles) west-southwest of the initial well field (Fig. 6.1). The
doses are shown in Table 6.5.

The highest organ dose is estimated to be 1.1 millirems per year to the lung resulting from the
release of uranium from the yelow cake drying and packaging operation. As shown in Table 6.5,
other organ doses and the total body dose are much lower. The contribution of the various
radionuclides is shown in Table 6.6.
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Table 6.4. Release rates for

radionuclides from the well field and
recovery plant

Release rate
Radionuclide .(Ci/year)

Recovery plant

U.238 1.5 X 10-1
U.234 1.5 X 10-1
U-235 7.0 X 10-3
Th-230 2.6 X 10-3
Ra-226 1.0 X 10-4

Pb-210 1.0 X 10-4
Bi.210 1.0X 10-4

Po-210 1.0 X 10-4

Well field

AR222 7.6 X 101

Source: Estimates based on information con-
tained in Environmental Report, Irigaray Project,
Johnson County, Wyoming, Docket No. 40.8502,

Wyoming Mineral Corp., Lakewood, Colo., July
1977.

These predicted annual individual dose .c)nmitments resulting from the normal operations are only
a small fraction of the present NRC dose limits fou members of the public outside restricted
areas, as specified in 10 CFR Part 20, Standards for Protection against Radiation. Table 6.7
prespnts a comparison of the predicted annual dose commitments to individuals from operations of
the Irigaray Project with present NRC limits and can be compared with the future Environmental
Protection Agency's (EPA) RaJiation Protection Standard (40 CFR Part 190),18 which becomes effec-
tive for some uranium fuel cycle facilities in December 1979 and uranium mills in December 1980.

Irigaray Ranch

The maximum annual dose commitments are also shown for individuals living at the Irigaray Ranch,
which is 7.1 km (4.4 miles) north-northwest of both t>' plant and well field. These dose com-
mitments are shown in Table 6.8. The doses are about one fourth of the similar doses received by
individuals at the Reculusa Ranch and are also well below applicable standards.

6.7.3.2 Dose to the population

The annual dose commitments from the airborne effluents to the population living within 80 km
(50 miles) of the operating facility are summa.'.zed in Table 6.9. The population total-body
dose was 0.006 man-rem. The comparable dose from natural background in the area was 2.4 x 103
man-rems.1 9 The highest population organ dose of 1.4 man-rems was to the lung (includes dose
to bronchial epithelium) and was only 0.009% of the similar dose resulting from area background.
All population doses are quite low due to the relative isolation of the project facilities from
the nearest residences and, additionally, to the fact that the population density for the area
adjacent to the site is very low (only 16,819 persons living within 80 km (50 miles) of the
project site).

6.7.4 Liquid effluents

There are no planned discharges of radioactive pollutants into uncontrolled areas of the Irigaray
project and no anticipated seepage from waste ponds into the local groundwater.

The required groundwater monitoring and corrective action program should effectively contain any
contaminated groundwater. Therefo-e, any adverse impact resulting from contaminated groundwater
is expected to be minimal.
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Table 6.5. Estimated maximum annual doses from the

airborne effluents to an individual living at the Reculusa Ranch'

F -4"es are fon 50.year dose commitments from one year of

intake of radionuclides

Maximum annual dose imillirems)

Pathwsay Bronchial

Total body Bone Lung Kidney erhil
epithelium

submersion In air B.2E-5b 1.2E--4 7.4E-5 6.5E-5
Inhalatnonc 1.2E-3 2.7E-2 1.1 1.2E-2 8.9E-2

Ingestiond 5.0E-3 8.1E-2 5.1 E--3 1.9E-2
Exposure to qround 2.8E-3 4.5E-3 2.3E-3 1.9E-3

Total 9.IE-3 1. IE-I 1.1 3.3E-2 8.9E--2

'The nearest residence to the plant and well field; located 4.1 miles

west.souths,,est of the plant and 4.4 miles west-southwest of the well field.

t)Read as 8.2 X 10.
'Daily intake assumed to he 23 m

3 
of ir.

0Daly intake assumed to be 0.30 kg of beef and 0.25 kg of vegetables.

Table 6.6. Contribution of radionuclides to dose
from airborne effluents at the Reculusa Ranch, the

nearest residence

Percent contributionRadiorruclrde

Total body Bone Kidney Lung'

Puo210 0.1 0.1 0.8 <0.1

Pb-210 • 02 04 1.2 0-'1O.1
Rn 222h 5.4 2.3 16.6 7.8
Ra.226 32 2.6 0.9 <0.1
Tn.230 6.0 15.6 16.1 0.8

U 234 31.7 38.6 31.1 47.4

U 235 11.1 2.9 3.2 2.2
U.238 42.3 37.5 30.1 41.8

'1lncludes (lose to bronchial epithelium.
hlIncludes, dose from daughters Pb.2l4 and Po 218.

Table 6.7. Comparison of annual dose commitments to the

nearest residence (Reculusa Ranch) with

radiation protection standards

Estimated innual Radiation protection Fraction Of
dose commitments standards standard

Present NRC Regulation (10 CFR Part 20)

Total body 9.1 E-3 millirems per year 500 millirems per year 1.8E -5

Lung 1.1 millirems per year 1500 millirems per year 7.3E -4
Bone 1.IE--1 millirerns per year 3000 millirems per yeal 3.7E--5

Bronchial epithelum 4.5L--7 WLO 3.3E-2 WL" 1.4E-.5

Future EPA Standard (40 CFR Part 190)

Total bod.fy 9. E--3 millirems per year 25 millirems per year 3.6E -- 4

Lung 1. 1 millirems per year 25 millirems per year 4.4E-2
Bone 1.1 E -1 millirems per year 25 millhrems per year 4.4E-3

Bronchral epithelium 4.5E-7 WL' NAh NAh

'Radiation standards for exposure to Rn-222 and daughter products are expressed in

Working Level (WL). WL means the amount of any combination of short-lived radioactive
decay products of Rn.222 in one liter of air that will release 1.3 X 10 5 mega electron

volts of alpha particle energy during their decay to Pb.210.
bNot applicable; 40 CFR Part 190 does not include doses f"nm Rn-222 daughters.
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Table 6.8. The estimated maximum annual doses' from airborne
effluents to an individual living at the Iriga'ry Ranch,

4.4 miles north-northwest of the plant

Maximum annual dose (millirems)

Pathway Bronchial
Total body Bone Lung Kidney prhel

epithelium

Submersion in 2.1E-5b 3,OE-5 1.9E-5 1.7E-4

air
lnhalationc 3.1E-4 6.7E-3 2.6E-1 3.1E-3 3.1E-2
Ingestiond 1.3E-3- 2.1E-2 1.3E-3 5.OE-3

Exposure to 7.2E-4 1.2E-3 5.9E-4 5.0E-4

ground

Total 2.3E-3 2.9E--2 2.6E- 1 8.8E-3 3.1E-2

'50-year dose commitments from one year of intake of radionu.

clides.
bRead as 2.1 X 10-.

C~aily intake assumed to be 23 m
3 

of air.
dDally intake assumed to be 0.3 kg of beef ano a.2. of vegetables.

Table 6.9. Annual doseso to the population from

airborne effluents of the solution mrining

facilities

Population dose (man-rems)

Project effluents Natural background

Total bodyb 5.76E -3c 2.42E3

Lungd 1.39 1.51 E4
Bone 4.31E-2 2.96E3

'Based on 1970 population of 1.68 X 104 persons.
bTotal.body dose from normal background from all

sources for the State of Wyoming is 144 millirems per
year (D. T. Oakley, Natural Radiation Exposure in the

United States, ORP/SID 72. 1, USEPA, 1972).
cRead as 5.76 X 10-3.
dOose to lung includes dose to bronchial epithelium

from Rn.222 daughters. With normal background con-

ditions continuous exposure to the mean ccincenttamion
(500- 1000 pCi/m

3
) of Rn-222 in the air wnuld deliver

a dose of 500 to 1000 millirems por year to the
broncnial epithelium (National Academy of Science -
National Research Council, The Effects on Populations
of Exposures to Low Levels of Ionizing Radiation,

Report of the Advisory Committee on the Biological

Effects of Ionizing Radiation, (BEIR), U.S. Government

Printing Office. 1972.

6.8 SOCIOECONOMIC IMPACTS

The proposed project will require 60 employees during operdtion (ER, p. 184). Approximatel.,
40 of these individuals are WMC employees working at the pilot-scale test facilities on the
Irigaray site. Most of these employees currently reside in Buffalo. The 20 additional employees
could result in an increase of 70 residents (3.5 persons per household) in the town of Buffalo.
This sr..all increase in population should be readily accommodated by the town of Buffalo. There-
fore, rio significant impact on the community is anticipated.
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7. ENVIRONMENTAL EFFECTS OF ACCIDENTS

Accidents in the operation of the Irigaray project can be minimized through (1) the proper design,
manufacture, and operation of the process equipment, (2) adherence to adopted solution mining and
radiation safety procedures, and (3) incorporation of a quality assurance program designed to
establish and maintain safe operations in accordance with NRC Regulatory Guide 3.5. The NRC will
maintain surveillance over the facility and its individual safety systems by conducting periodic
inspections and by requiring reports of effluent releases and deviations from normal operations.

Accidents involving the release of radioactive materials or harmful chemicals have occurred in
operationý similar to those proposed by the applicant. Therefore, in this assessment, accidents
that might Gccur during operation have been postulated and their potential environmental impacts
evaluated.

Solution mining of uranium is currently developing. Operating experience is limited, thus
restricting the application of probabilities of occurrence for most types of accidents. Where
adequate information for realistic evaluations was unavailable, conservative assumptions were
used to assess environmental impacts resulting from accidents. Thus the environmental effects of
such accidents may be less than the potential effects determined by this assessment.

7.1 SURFACE ACCIDENTS

7.1.1 Surface pipe failures

The bulk of the piping at the Irigaray site will be surface piping to permit ready detection and
repair of leaks. Polyvinyl chloride (PVC) and rubber piping will be used extensively to minimize
corrosion and costs. This, however, introduces problems of low impact strength at freezing
temperatures and gradual deterioration due to weathering. Pipe failures could result from
vehicle and personnel movement near the pipelines and from freezing of the pipe.

7.1.1.1 Causes of leaks

In places, well field access roads will parallel or cross the main trunk pipelines. At crossings,
a suitable pipeline casino protection will be provided. Vehicles may inadvertently slide off the
road during icy or muddy conditions and hit the pipeline. Also, on passing another vehicle at a
crossing, a vehicle may drive over the pipeline. Within the well rield, vehicles and personnel
may inadvertently break smaller injection or production lines.

During win'er, temperatures at the Irigaray site will fall well below freezing. The salts in the
lixiviant are too dilute to significantly lower the solution's freezing point. The applicant
contends that freezing will be prevented by operating at relatively high flow velocities in the
pipelines. However, the addition of thermal insulation to increase pipeline reliability during
cold weather may be incorporated if needed.

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 defr' i'e materials, con-
struction practice, chemical degradation, vibration, or stress. The applic>-i will be required
to document pipe breaks that result in any significant release to the surface. A report describing
the nature of the event and corrective actions taken will be made available for review by NRC
inspectors.

7.1.1.2 Estimated releases,

Breaks in trunk lines will be detected by low-flow and low-pressure alarms installed by the
applicant, probably limiting such spills to a worst-case loss of 12,000 gal (complete drawdown on
a surQe tank). Since the barren lixiviant solution grossly resembles irrigation water contining
ammonia fertilizer (EP., p. 161), the immediate chemical effect of such a spill would be small.
However, with the. pregnant lixiviant containing 150 ppm U3 08 and 370 pCi/liter of radium-226,
a 12,000-gal spill w,:uld release approximately 4,550 uCi of uranium and 16.8 uCi of radium-226
to a localized area. The area affected by such an event would be readily identified and decon-
taminated.
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Leaks in production or injection well field lines would generally be smaller. However, should
an unobserved leak develop in a line from a production well operating at 10 gpm, up to 2 hr
(the period between flowmeter readings) may pass before the leak is detected. A total of
1,200 gal containing 455 ,.Ci of uranium and 1.68 uCi of radium-226 could thereby be released to
the surface of the well field. It, too, would be readily identified and decontaminated, resulting
in an insignificant environmental impact.

7.1.2 Failure of chemical storage tanks

At the Irigaray project, chemical storage facilities will be maintained both inside and around
the plant building and in the well field area. Leaks from tanks within the plant building will
be collected by the building sump and pumped to an appropriate receiving tank.

External tanks will be of two types: (1) pressurized gas storage tanks and (2) liquid storage
tanks. Pressurized gases such as ammonia, propane, and carbon dioxide are used in the plant.
Leaks in ammonia tanks may present a short-term toxic hazard to personnel at the facility.
Carbon dioxide leaks would present no apparent hazard. Both ammonia and propane tank leaks
could result in the occurrence of an explosion and fire (Sect. 7.1.3).

Liquid storage tanks will contain concentrated hydrochloric acid, hydrogen peroxide, production
and injection surge fluids, gasoline, and diesel fuel. Fiberglass, stainless steel, ond carbon
steel tanks will be used to store the appropriate fluids (Sect. 4.4.2). All external sterage
tanks will be diked or bermed to contain a mimimum of twice the specific tank's capacity If a
leak or rupture occurred in a liquid storage tank, readily accessible shutoff valves would be
closed and pumps turned off to prevent additional fluid loss. The failure would be repaireo
and the affected area cleaned up. Storage liquid releases to the environment would be insignifi-
cant.

7.1.3 Explosions and fire

Explosion(s) and/or fires at the Irigaray plant would be unlikely due to the limited use of
combustible materials in the operations. Tha bulk of the plant construction and equipment is
made of metal, fiberglass, polyvinyl chloride, or concrete. Fire sources would be limited to
waste receptacles, electrical equipment, and fuel storage tankF. An adequate supply of properly
serviced and appropriate portable fire extinguishers will be maintained at the site at all
times. Personnel will be adequately trained in fire preventiqn and fire fighting techniques to
limit and confine any fire that might occur. All electrical equipment will be properly wired
and grounded in accordance with the National Electric Safety Code (ANSI C2). Diesel fuel and
gasoline storage tanks will be properly labeled ("No Smoking," etc.) and will be diked or
bermed.

Hydrogen peroxide storage tanks will be designed with pressure release vents to prevent the
buildup of pressure within the vessels should inexpected oxidation occur (excessive heat,
combustible material in contact with contents, etc.). The only other potential explosive
sources on the site would be the ammonia and propane gas storage tanks, maintained in the open.
Should either of these types of tank rupture releasing their contents, the concentrations in
the vicinity of the tanks would not remain withir, the explosive limits of the respective gases
(16 - 27' in air for ammonia and 2 - 10% in air for propane), due to their rapid dispersion.
The environmental impacts from such occurrences are expected to be insignificant.

7.2 SUBSURFACE ACCIDENTS

7.2.1 Waste jond leakaqe

The description, size, and location of waste ponds are discussed in Sect. 4.6. The volj,;e of
liquid waste s,•eping into the ground through a ripped or corroded polyethylene liner would
depend on the area exposed to infiltration and the time elapsed until repairs are made. Such
leaks will be detected by a monthly monitoring program. Upon detection, liquid wastes from the
leaking pond will be pumped to adjacent ponds, and the damaged plastic liner will be repaired.
As a worst case, all four liquid waste ponds could develop leaks, and seepage into the ground
could occur for one month without detection. As the liquid waste infiltrates into the ground,
the variable lithologies below the pond will very slowly disperse the liquid waste, thereby
limiting its mobility to a localized area around the ponds.

The effect of seepage will be mitigated by several factors: (1) The seepage will be passing
through soils containing clays. Such clays (especially montmorillonite clay) have a cation
exchange capacity of about 100 milliequivalents per 100 g of clay. 1  The clays will atsorb radium,
ammonium ion, and other toxic compounds contained in the seeped liquid. (2) The seerage would
have to traverse several hundred yards to reach Willow Creek. The dispersion of the seepage
over this distance will aid in the absorption of toxic elements by the soil materials. The
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result of these effects is to reduce the volume and iater the composition of the wastes, so that
the impact on Willow Creek would be insignificant.

7.2.2 Failure of well casing

A casing failure in a production jr recovery well could permit injected leach solution or the
"ranium-rich leach solution. to escape into units overlying the Upper Irigaray sandstone. The
applicant reports that there is no water above the Upper Irigaray sandstone, except for a perched
water table in the Willow Creek area. Therefore most leakage resulting from a failed well casing
would seep into dry strata. The leakage would migrate down dip until it seeped from an outcrop
or infiltrated a perched aquifer.

The applicant states that such failures would usually occur during the initial operation of a
newly completed well due to improper completion. Close monitoring of injection flow and pressure
will allow early detection of such a leak.

During normal operations, injection well pressure and flow rate will be monitored every 2 hoairs.
Marked increases in flow rate at constant pressure would indicate a leak. Under such conditions
the leakage rate would equal the flow rate increase over the normal value for the well. If the
incremental changes are small, the leak might not be detected until lixiviant showed up at the
shallow monitor well.

In the case of early leak detection, relatively small volumes of solution (l,O00-10,OO gal)
would be involved. Detection by a shallow monitor well would indicate a large spill. No prac-
tical method exists for reclaiming the dry strata contaminated by such a leak. However, the
overall effect of such a leak would be small and comparable to a waste pond leak (see Sect.
7.2.1).

7.2.3 Well field excursions

Well field excursions are considered as potentially normal events during operation. As such,
they have been discussed in Sect. 6.3.2.2. Considering the degree of monitoring and/or corrective
actions that will be implemented to mitigate such events, the staff has concluded that such occur-
rences would result in minimal environmental impacts.

7.3 TRANSPORTATION ACCIDENTS

Transportation of materials to and from the Irigaray site can be categorized under-three headings:
(1) shipments of yellow cake from the plant to a uranium hexafluoride conversion facility, (2)
shipments of process chemicals (nonradioactive) from suppliers to the project, and (3) shipments
of naturally radioactive solid wastes from the site to existing tailings ponds or a licensed
solid waste repository.

7.3.1 Shipments of yellow cake

The applicant proposes tr ship the yellow cake product by truck to a uranium hexaflouride conver-
sion plant. Refined yellow cake product is generally packaged in 0.208-M3 (55-gal), 18-gauge
drums holding an average of 364 kg (800 lb) and classified by the Oep&-tment of Transportation
(DOT) as type A packaging (49 CFR Parts 171-189 and 10 CFR Part 71). It is shipped by truck an
average of 2200 km (1370 miles) to a conversion plant, which trans.forms the yellow cake to
uraniumn hexafluoride for the enrichment step of the light water-cooled reactor fuel cycle. An
average truck shipment contains approximately 45 drums, or 16 metric tons (17.5 tr-) of yellow
cake. Based upon an dnnual production of 227,000 kg (500,000 lb) of yellow cake, :#proximately
15 such shipments will be required annually.

From published accident statistics, 2 -5 the r-obability of a truck accident is in the range of
1.0 x 10-6 to 1.6 x l0-6 per kilometer (1.6 x l10- to 2.6 x l10- per mile). Truck accident
statistics include three categories of traffic accidents: collisions, noncollisions, and other
events. Collisions involve interactions of the transpor. vehicle w~th other objects, whether
moving vehicles or fixed objects. Noncollisions are acc !ntr in wtich the transport vehicle
leaves the transport path or deviates fr-am normal operat.on in some way, such as by rolling over
on its top and side. Accidents classified as other events inclu&: personal injuries suffered
on the vehicle, records of persons falling from or being thrown against a standing vehicle, cases
of stolen vehicles, and fires occurring on a standing vehicle. The likelihood of a truck shipment
of yellow cake from the Irigaray site being involved in an acci,ýent of any type during a one-year
period is approximately 0.03 to 0.05.
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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 magni-
tude of the forces. These magnitudes vary with the severity of the accident, as does the fre-
quer,,cy with which they occur. 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 cf this classification scheme, conditional probabilities (i.e., given an
accident, the pr.babilities that the accident is of a certain magnitude) of the occurrence of the
eight accident severities were developed. These fractional probabilities of occurrence for truck
accidents are given in Column 2 of Table 7.1. In order to assess the risk of a transportation
accident, it is necessary to know the fraction of radioactive material that is released when
involved in an accident of a given severity. Two models are postulated for this analysis, and
the fractional relaases for each model are shown in Columns 3 and 4 of Table 7.1. Model I
assumes complete loss of the drum contents; Model II, based upon actual tests, assumes partial
loss of the drum contents. The packaging is assumed to be type A drums containing low specific
activity (LSA) radioactive materials. Considering tl;e fractional occurrence and the release
fraction (loss) for Model I and Model 11, the expected fractional release in any given accident
is approximately 0.45 and 0.03 respectively.

Table 7.1. Fractional probabilities of
occurrence and corresponding package release

fraction• for each of the release models for LSA
and type A containers involved

in truck accidents

Accident Fractional

severity occurrence Model I, Model 11

category of accident

1 0.55 0 0
it 0.36 !.0 0.01
111 0.07 1.0 0.6
IV 0.016 1.0 1.0
V 0.0028 1.0 1.0
VI 0.0011 1.0 1.0
vIl 8.5E.5 1.0 1.0
VIII 1.5E-5 1.0 1.0

Source: U.S. Nuclear Regulatory Commis-
sion, Final Envi.onmenral Statement on the

Transportation of Radioactive Materials by Air
and Other Models, Report NUREG-0170. Of-
fice of Standards Devrlopment. February 1977

(draft).

For Model I and Model II, the quantity of yellow cake releases to the atmosphere in the event of
a truck accident is estinated to be roughly 7400 kg (16,200 lb) and 500 kg (1100 lb) respectively.
Most of the yellow cake released from the container would be deposited directly on the ground in
the immediate vicinity of the accident. Some fraction of the released material, however, would
be dispersed to the atmosphere. Expressions for the dispersal of similar material to the environ-
ment based on actual laboratory and field measurements over several years have been developed. 3

The following empirical expres!ion was derived for the dispersal of the material to the environ-
ment via the air following an ai~cident involving a release from the container:

1.78
.= 0.001 + 4.6 x 10-4 [1 - exp(-0.lbut)]u

where

f - the fractional airborne release,

u - the wind speed at 15.2 m (50 ft) expressed in m/sec

t - the duration of the release, in hours .

In this expression, the first term represents the initial "puff" immediately airborne when the
container is failed in an accident. Assuming that the wind speed is 5 m/sec (10 mph) and that
24 hr are available for the release, the environmental release fraction is estimated to be
9 x 10-1. Assuming. insoluble uranium, all particles of which are in the respir..Jle size range,
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and a population density of 160 people per square mile characteristic of the eastern United
States, 6 the consequences of a truck accident involving a shipment cf yellow cake from the mill
would be a 50-year dose commitment to the general population of approximately 13 and 0.9 man-
rems to the lungs for Models I and II respectively.

A recent accident (September 1977) involving a commercial carrier, 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 hr after the accident, the material was
covered with pldstic to prevent further release to the atmosphere. Using the above formula and
values of wind speed for a fractional airburne release for this 3-hr duration of release, approxi-
mately 56 kg (123 lb) of U308 would be released to the atmosphere. The consequence of this
accident would be a 50-year dose commitment to the general population of 11 man-rems for a popu-
lation density of 160 people pet square mile. The consequences for the accident area where the
population density is estimated to be 2.13 people per square mile would be a 50-year dose com-
mitment of 0.146 man-rem. This dosage can be compared to a 50-year integrated lung dose of
19 man-rems from natural background.

The applicant has conmnitted to submit to the NRC an emergency action plan for yellow cake trans-
portation accidents. This emergency action plan is intended to assure that personnel, equipment,
and materials are available to contain and decontaminate the accident area. Submittal of this
plan will be a license condition.

7.3.2 Shipments of %hemicals to the site

Truck shipments of anhydrous ammonia to the Irigaray site, if involved in a severe accident,
could conceivably result in an environmental impact. Approximately 36 shipments of anhydrous
ammonia will be made annually in 5,000-gal tank trucks from Cheyenne, Wyoming, a distance of
approximately 250 miles from the site.

The annual amount of anhydrous anrnonia shipped in that form is approximately 7,600,000 tons.
About 26% of the ammorn:a produced is shipped by truck. Assuming that the average truJk shipment
is 21 tons, approximately 93,000 truck shipments of anhydrous ammonia are made annually. From
Department of Transporta-ion accident data, there are ahout 140 accidents per year involving
truck shipments of anhydrous ammonia. 7 For an estimated average shipping distance of 250 miles,
the resulting accident frequency is roughly 4.3 x 10-6 per mile. According to DOT data, an
average release of 1,700 lb of ammonia resulted from approximately 80% of the reported incidents.
Injury to the general public occurred in roughly 15% of the reported incidents involving a re-
lease. The injured were mainly the drivers (17 persons).

The probability of an injury to the general public resulting from an accident involving an average
shipment of anhydrous amnonia is roughly 4.8 x i0-7 per mile (3 x 10-7 per kilometer). This is
an overestimate for shipments in the Powder River Basin, which has a very low popu'lation density.
Accepting this estimate, the likelihood of an injury to the general public from shipments of
ammonia to the proposed site would be about 5 x lO- per year.

7.3.3 Shipment of naturally radioactive solid wastes

Low-level naturally radioactive solid wastes generated during the applicant's solution mining
operations will be transported by truck tc a licensed tailings pond (Sect. 4.6.4). Because of
the low radioactive concentration involved, these shipments Pre considered to have minimum poten-
tial for significant effects as a result of transportation a:,cidents. The applicant's emergency
action plan (Sect. 7.3.1) can be initiated should unusual circumstances occur.
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The applicant has also determined the radioactivity in the ore zone aquifer where solution mining
will be conducted. The aquifer contained 63 ± 8 pCi/liter of radium-226, 3.4 ± 1.2 pCi/liter
of thorium-230, and about 4 mg/liter of natural uranium. This water exceeds the drinking water
standard of 5 pCi/liter for radium., Measurements in the same aquifer formation outside the
mineralized zone showed values reduced by more than an order of magnitude.

Recent water samples from the Powder River obtained by the State of Wyoming Department of
Environmental Quality and analyzed for radium-226 by U.S. EPA Region VIII in Denver are shown in
Table 8.2. They indicate that radium-226 concentrations in the Powder River may be lower than
the levels measured by the &pplicant, which are shown in Table 2.8. Variations may be due to
the time of sampling, analytical techniques employed, and/or sampling techniques used.

T;ble 8.2. Radium-226 concentrations
in the Powder River

Radium 226
Stato LocaonoClier

PR.I Powder Ryve' upstveam 0.20

from Willow Ceek
PR 2 Powder R,ver dowstreim 0.25

from Willow Creek
PR-3 Powder River at 0.36

Interstate 90 bridge

PRA. Powder River at Arvada 0.48

PR 5 Powder River north 0.45

of Arvada

Samples collected bv D. Ha,p, Wyomir g DEC. June 78.

1977.

Willow Creek, an intermittent stream on the site, was not sampled. No discharges to surface
waters are planned by the applicant during project operations.

8.1.5 Staff recommendations

An effective monitoring program should be initiated with preoperational monitoring and continue
throughout the operational and postoperational phases of a project. The locations of sampling
points and the data obtained during p:'eoperational monitoring or surveys must be sufficient to
characterize the existing environment. Operational (and postoperational) monitoring should
indicate any changes from preoperational values and initiate measures to reduce or mitigate
environmental impicts. On this basis, some aspects of the applicant's preoperational monitoring
for the proposed operation are deficient, and the staff makes the following recommendations.

8.1.5.1 Surface water baseline

WMC's preoperational monitoring of surface waters consisted of chemical analyses at two stations
on the Powder River; the results are summarized in Table 2.8. These data, however, do not
adequately define baseline water quality conditions in the Powder River. The NRC staff recom-
mends that WMC pursue as soon as possible an expanded baseline survey of surface water quality
near its facilities. In addition to the two stations already established, WMC should sample
at a third station located farther downstream from the Irigaray Ranch. Currently, WMC's "down-
stream" station is located at the Irigaray Ranch. As discussed in Sect. 6, if a lixiviant
excursion occurred, the direction of groundwater flow might bring the excusion to the Powder
River somewhere near the Irigaray Ranch. Later sampling at this station might not fully reveal
contamination of surface waters. Thus a sampling point farther downstream is necessary. The
water quality of the Powder River should be sampled once each quarter for onc: year. The water
quality in Willow Creek should be sampled during the per'od of spring flow. Constituents and
characteristics that should be sampled for are listed in Table 8.3. In presenting the results,
the dates of sampling, analytical techniques, and numbers of samples taken should be specified.



8. MONITORING PROGRAMS AND OTHER MITIGATING MEASURES

8.1 PREOPERATIONAL SURVEYS

This section discusses the surveys conducted by the applicant to document the preoperation
characteristics of .he site environment.

8.1.1 Hydrological surveys

The applicant conducted one-time sampling in the Powder River at two locations (see Sect. 2.6.1).
No sampling was done for Willow Creek.

Groundwater sampling by the applicant was initiated for private wells in the area in 1974 (see
Sect. 1.6.2.4). Onsite groundwater sampling has been conducted in association with the develop-
ment of the two pilot-scale test operations (see Secý. 2.6.2.4).

8.1.2 Meteorological surveX

An onsite weather station was established by the applicant in September 1975 to record tempera-
ture, precipitation, relative humidity, and wind speed and direction. Insufficient time has
elapsed to collect a representative data base (minimum of five years of record).

8.1.3 Ecolog ical survey

A baseline ecological study was conducted for the applicant on T44N, R77W, just south of the
Irigaray lease area, from late November 1974 to mid-April 1975 (Appendix C). The study consisted
of transect trapping for rodents and visual counts of other terrestrial vertebrate species.
Vegetation studies consisted of determination of vegetative cover by stratified sampling in three
10-ha plots. The study did not include sampling of aquatic habitats.

8.1.4 Radiological surveys

The applicant collected samples of soils and vegetation from the immediate site environment in
November 1976. The results of the subsequent analyses for radioactivity and selected radio-
nuclides are given in Table 8.1.

Table 8.1. Radiological baselines for soil and
vegetation as provided by the applicant

SGross ifLha Gross beta Rs-226 L3 08 Air drv loss Ash 550'C
PrC, c qI IPC, ) (pC, 'gI (1,) (10) (1)

Soil

IRSI.1 4 8 38 46 15 1 0 1.5 <0.0003 <0.4

IRSI 2 24 : 8 19 : 16 0.6 1.2 <0.0003 0 1

Vegetation

IRV 1.3 2 6 18 14 0,34 .047 <0.0001 "2 34

IRV 2 1 9 2.8 43 15 0.46 0.63 <0.0001 <4 42

IIRSI. 1, so, sample taken lust off dirt road adlacen!. to test sit,. well held, IRSI 2. sodi sample

take,; apmso ,mately 50 vd northeist of ce. tel of ortoduictilon Plant construction site. IRV I,
ve'grtatton taken as IRSI 1 above. IRV-2, ,ege*.ition take, as IRSI above,.

8-1
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Table 8.3. Physical and chemical parameters for

baseline survey of surface water and groundwater

Ammonia (as NH 4 ) Gross alpha and beta 
0

otass;um

Arsenic Hardness (as CaCO,) Ro,urm 226

Barium Iou Seleium

Bicarbonate (HCO. I Lead Silica

Boron Magnesium Silver

Cadmium Manganese Sodium

Calcium Mercury Sulfate

Car bonate (as CO 3 Molybdenum Total dissolved solids

Chlorde NicLel Thorium 230

Chromium. hexavalent Nitrate (NO.) Vairadium

Coniduclivity Nittite (NO2) Uranium (U0 5 81

Copper pH Zinc

F luot ide

'Discharge should be determined for surface water, water level should be

determined for groundwater

8.1.5.2 Groundwater baseline

The establishment of groundwater baseline is a prerequisite for both the groundwater monitoring
program and identification of restoration requirements for a uranium in situ leaching operation.
Therefore, considerable importance is placed on the establishment of a baseline which thoroughly
charar~terizes the site premining groundwater environment. This objective can be attained only
when detailed information is available on the hydrogeologic environment at the site (see
Sect. 8.2.3.1).

The staff recommends that baseline determination for the proposed minin§ units should be
conducted initially as follows:

Sample points

Sample points will consist of monitor wells and wells located within the proposed well field.
Each monitor well, including shallow and deep monitor wells, should be sampled for baseline
determination. A minimum of one well per each 0.8 ha (2 acres) of well field should be sampled
to determine the initial baseline in well fields (mining zone). These wells should be randomly
distributed within the planned production unit, and the sampled wells should be identified for
future reference. In addition to the establishment of baseline, sample wells in the well fio-!
area will be used during restoration verification and mn':itor wel's will he used during
operational monitoring.

Sampl ing frequency

For the initial production units, sampling should include a minimum of three water samples from
each monitoring and designated production unit well. These samples should be obtained at
intervals of no less than two weeks.

_Sa.p ILe parameters

A list of parameters for analysis during baseline determination is shown in Table 8.3. As a basis
for verification of restoration, the applicant should provide a quality control procedure for
the sampling and analytical methods to be used during all phases of the project. To ensure that
a representative sample of formation water is obtained, it is recommended that at least one bore
hole volume be withdrawn before sampling. Furthermore, the sample for laboratory analysis should
not be drawn until the electrical conductivity of the well water has stabilized. Proof of
stabilization may be defined as no significant change in electrical conductivity for three
successively drawn preliminary samples. During operation, selected parameters will be analyzed
as part of the operational monitoring program (see Sect. 8.2.3.4).

Baseline sampling and analysis will establish the chemistry of groundwater and provide the
necessary values to determine the quality of the groundwater. As discussed in Sect. 5.1,
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available groundwater chemistry data from the Irigaray site indicate the presence of two
distinct areas. Groundwater within the mineralized portion of the host aquifer is generally
unfit for consumption because of high concentrations of natural radioactivity and possibly
other toxic elements (e.g., arsenic and selenium). In nonmineralized areas of the host aquifer,
groundwater is generally of a quality that is suitable for either domestic or livestock use.
The staff also recognized that the values obtained during baseline establishment are subject
tn considerable variation as a result of sampling procedures, analytical methods, and the
natural variability of the groundwater both spatially and temporally. However, as the proposed
limited operation develops, additional hydrogeologic data will become available. This data will
be made available to the appropriate agencies, and refinements to the groundwater baseline
program can be made within the hydrogeologic framework of the specific site.

8.2 OPERATIONAL MONITORING

8.2.1 Wastepond monitori nq

Under mining and restoration plans, all liquid and solid waste streams will be contained in
lined solar evaporation ponds. These ponds will be monitored monthly to detect leaks
(Sect. 4.6.2).

8.2.2 Radioloqical monitori ng.

Solution mining eliminates; t'e radioactive tailings that are generated in conventional uraniun
mining and milling operatio'.;. To produce 500,000 lb of yellow cake from 0.15% uranium ore by
usual mining and millinq metnods would generate about 170,000 dry tons of radioactive waste.'ý
The same production from a solution mining operation is expected to produce about lIý as much
waste (see Sect. 4.6.3). The wastes from solution mining operations will be stored in evapora-
tion ponds for later transfer to an active mill and tailings pond (Sect. 4.6.4).

The radiological monitoring program shown in Table 8.4 is considered adequate in view of The
relatively low releases, In addition, the applicant will be requested to develop a sampling
program that will enable better estimates of radon released from well field surge tanks. These
will be license conditions.

Table 8.4. Minimum radiological monitoring program

EiVih mnm•inal~ Sampling Sarpling Type of
ehmit r location freqfuenCy measurement

Ar Yellnw cake dryer slack Continunas (weekly analysis) Natural uranium
Sirflice ,vater Suf face impoundments Guarrerly Uranium, Ra.226, Th-230
SodirIRient Surface imponindmnierts and Quarterly Uranium, Ra-226, Th-230

affected drainage
Air In enclosed lhuiwind q Monthly Rn.222 or radon daughters, uranium

Air Air quality 24-hr sampling at Particulates, Ra-226,
monitoring Sils!, monthly intervals Rn.222, Th.230, uranium

S.sl At the air ituality Annually Uranium, Ra-226, Th.230, Pb-210

monito rig sites

h1) addlitiorn the water quality in the sire Mirle aquifer will be monitored as discussed in Sect. 8.2.'1

8.2.3 Well field mir, itor ing

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
illonitor wells and may be supplemented by trend wells installed by the applicant for production
control purposes.
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8.2.3.1 !4onitor wells

Monitor well location involves both surface spacing and subsurface placement in order to effec-
tively determine the containment of the leach solution. On the surface, wells will be spaced
around the perimeter of the well field so that any migrating leach solution (excursion) will toe
detected. Subsurface emplacement involves the location of monitor wells in the aquifers above
and below the production zone aquifer. The locations of monitor wells should be optimized to
assure that the injected leach solution is effectively confined to the production zone.

The applicant proposes to place monitor wells no closer than 400 ft from the limit of mineraliza-
tion and no further than 1,000 ft from the well field (ER, p. 141). The State of Wyoming desires
that monitor wells should not be located more than 200 ft from the perimeter of the production
area (well field). 3

Monito- wells must effectively act as a control to contain the leach solution within the produc-
tion zone to minimize environmental impact. To accomplish effective containment, a number of
factors must be considered in the surface spacing of monitor wells. These include the following:

I. Sitc geological and hydrological variations must be evaluated, including (a) local variations
in groundwater flow rates and direction, (b) local variations in permeability or zonel of
significant hydraulc conductivity, and (C) presence of subsurface geologic features (channels,
clay lenses, facies changes, etc.).

2. Monitor wells should be spaced so that their rispective 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 should be available so that trend wells can be installed
for normal operational controls.

The State of Wyoming's monitor well location requiremen'° will he adhered to by the applicant
until furthr site-specific data have been developed and evaluated.

8.2.3.2 Trend wells

Trend wells may be drilled within the monitor well ring at the operator's discretion. These
wells would be for production control and will not necessarily be analyzed for the same param-
eters as required for monitor wells. Changes in the water quality of samples from trend wells
would not signal the need for corrective action by the .perator. Rather, they would initiate a
producticn evaluation by the operator to determine the cause of this occurrence. Appropriate
adjustment action by the operator would 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. Therefore, their use is recornended but not required.

8.2.3.3 Shallow and deep monitor wells

These wells will be installed to permit mcnitoring of the aquifer or dry formation immediately
above or below the confining mudstone or shale that overlies or underlies the mineralized
formation. These wells shall be placed within the well field area, and a minimum of one !hallow
and one deep monitor well for each 2 ha (5 acres) of well field should be required.

8.2.3.4 Monitor well sampling

Monitor wells will be sampled every two weeks during project operations. The staff
believes that the monitoring parameters should reflect both operational and environmental
(public health and safety) considerations. For the proposed Irigariy project, the following
parameters should be m3nitored in the groundwater: (1) ammonia, (2) arsenic, (3) bicarbonate,
(4) chloride, (5) selenium, (6) urarium, (7) pH, (8) total dissolved solids (and/or conductivity),
and (9) water level.

8.2.3.5 Upper control limit

An upper control limit (UCL) shall 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). Ammonia,
arsenic, chloride, selenium, and uranium will be present in the ore zone groundwater (leach
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solution) in concentrations usually much higher than the baseline values. In the event of an
excursion, these concentrations would be diluted and dispersed as the leach solution flows
through the aquifer. As a result of dispersion, small quantities of leach chemicals will
arrive at the trend and/or monitor wells in advance of the main body of leach solution. The
staff recommends that upper control limits should be set low enough to be sensitive to such
lead indicati,,'Z. In addition, the UCL for each parameter at a monitor well should approximate
the concentration consistent with the potential use of the groundwater. Therefo.e, the UCL for
the various parameters should be the maximum concentration observed at each monitor well as
determined during baseline sampling. A UCL will be established for each parameter listed in
Sect. 8.2.3.4 for each monitor well.

8,2.3.6 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 (Sect. 8.2.3.1), (2) relative mobilities of the various contami-
nants, (3) uniform measurement and reporting procedures, and (4) response measures consistent
with the detected release.

The mobility of contaminant ions in the aquifer will be a function of the ion solubility,
local groundwater chemistry, and absorbing materials such as clay. As a result, during an
excursion, some contaminant species might lag behind, such that only one or two parameters
would exceed the UCL. Therefore the staff recommends that an alert mode be initiated when only
one nontoxic parameter (e.g., chloride or bicarboný.te) exceeds the UCL. The alert mode would
involve (]),a verification of the initial analysis by taking a second sample and (2) an evalua-
tion of possible sources by the operator. Another complete sample will be obtained within seven
days of the verifying sample. If the nontoxic constituent (chloride or birarbonate) exceeds the
UCL, sampling and analysis will continue every seven days until the cause is determined. If the
assays exceed the UCL for ammonia, arsenic, selenium, or uranium, corrective action shall be
initiated to reduce the parameter value(s) to levels below the UCL.

If an excursion is verified, the plant supervisor will have several alternative methods for
containing and correcting the migration of leach solution. The principal ccrrective action
procedures are overoumping, reordering the pumping balance of the well field, reducing or
stopping injection, ceasing both injection and recovery pumping, injecting a solution of
reduced concentrations, establishing a water fence, or the beginning of restoration proce-
dures. 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 methods are
as follows:

I. Overpumping. This method involves adjusting pumping so that the rate of flow into the injec-
tion wells is exceeded by the flow frum 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 applied to dif-
ferent areas in the well field. Hence the inward movement of native water may be emphasized at
one point or another. R-ordering 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 lea,:h solution introduced into the production
zone in the vicinity of the wells concerned.

4. Ceasinq 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 should arrest 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 each solution beyond the farthest allowable limits.

As part of the corrective action procedure, the operator will be required, by thie drilling of
a detection well(s), to locate the extent of migration beyond the monitor well. The detection
well(s) will be sampled during corrective action to verify that thr. excursion is being
controlled and/or corrected.

The applicant will be required to report in writing to the NRC within 30 doys after an excursion
his been detected. The report will describe the corrective action taken and an evaluation of
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the results achieved. If corrective action is continuing at the time of the report, a subse-
quent report shall be filed that describes and evaluates the final results. (Depending on the
nature cf thn event, the NRC may require periodic reporting on the status of the corrective
action.) The applicant will also notify the appropriate Wyoming State agency in accord with
their requirements.

8.2.3.7 Postresto~ation mcnitorina

After completion of restoration of the first production unit, the applicant will be required to
conduct a postrestoration monitoring program. This program will be used to evaluate the effec-
tiveness of the proposed restoration plan. The staff recommends the following: a minimum of
two wells to establish baseline in the minina zone, a minimum of two monitor wells in the
direction of maximum hydraulic conductivity, and a mninimum of two trend wells (if used) to form
the basis for postrestoration monitoring. If '.rEnd wells are not used, then at least two wells
should be drilled between the well field and monitor well for this pui..ose. These wells should
be sampled quarterly to evaluate restoration effectiveness.

Using the results of the experimental plans for .he 517 test area discussed in Sect. 6.3.2.2 as
a basis, the applicant wil provide a postresto~ation monitoring program prior to the teginning
of restoration. This monitoring will be required as a license condition.

8.2.3.8 Postminin monitorina

The staff recommends that at least one monitor well per production unit, and i shallow and a deep
monitor well from a production unit, be made avail,.le for monitoring use throughout the life of
the Irigaray project. Annual sampling and analysis shoild be conducted on each of the wells.

8.2.3.9 Record keepin and reportinq

All officially .rdnsmitted monitor well records will be prepared at the WMC office in Denver and
returned to the Irigaray site for reporting requirements and site cumulative records. Required
reporting will be to both the State of Wyoming and NRC unless otherwise specified.

8.2.4 Ecological monitorinq

The WMC's plans for hydrological monitoring and erosion control measures should prevent the
release of sediments or other constituents harmful to biota. No ecological monitoring of
aquatic environments should be necessary during operation of WMC's facility. However, if
significant releases of sediments or other constituents occur, WMC should undertake an
ecological survey of Willow Creek or the Powder River in order to assess the extent of any
damage to biota.
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9. UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS

9.1 AIR "UALITY

The unavoidable impacts of solution mining activities upon the air quality in the area will be
minimal. Some increase in' suspended particulates from vehicular traffic on roads will occur,
but the resulting impact upon the air quality will be minor. The anticipated small chemical
emission; from the recovery facility and evaporation ponds will have a negligible impact on the
air quality of the area.

9.2 LAND USE

There will he a temporary change in land use of about 2- ha (60 acres) from livestock grazing
to mineral extraction during the limited project operations as proposed by the staff (Sect.
5.l.5). Ranchers will be inconvenienced by changes in land-use patterns.

The project area is presently of low potential for intensive recreation use and development,
and no unique scenic or natural features are present. There are no existing recreation facili-
ties within the project area. For these reasons, it is considered unl kely that any unavoidable
adverse environmental impacts will occur, except some possible loss of hunting opportunities.

If archaeoloqical sites exist, they may be damaged or destroyed during project activities, and
possibltY more losses will occur du. to increased human activity in the vicinity of the project
site.

9.3 WATER

9.3.1 Surface water

Some local deterioration of water quality may occur, although no surface discharges are planned
during project operations. Additional ly, removal of protective veqetative cover and other soil
disturbance will cause increased sedimentation during development and mining activities.

9.3.2 Groundwater

Approximately 1.2 x lO m' (1000 acre-ft) of groundwater will be permanently removed from the
aquifer, mostly durinr restoration activities. Some project-induced degradation of groundwater
quality mnay occur. Inis loss will be in addition to localized naturally contaminated groundwater.

9.4 MINERAL RESOURCES

No onavoidable adverse effects on mineral resources are expected, other than the extraction of
the uranium. In addition to the environmental effects of solution mining of uranium discussed
herein, nther, subsequent and related impacts will occur, the kind and intensity of such impacts
being dependent on 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
hexafluoride, isotopic enrichment, fuel fabrication, reprocessing of irradiated fuel, transport
of radioactive materials, and management of radioactive wastes are relevant to the proposed
projert. The nature of these environmental effects is presented within the scope of the AEC
report entitled "Envirunmental Survey of the Uranium Fuel Cycle" and in NUREG-0116 "Supp. I to
WASH. 1248," October 1976.'
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9.5 SOILS

The alteration of near-surface soil characteristics which have developed over long periods of
geologic time cannot be avoided. Disturbance of soils may lower the natural soil productivity
to some degree because of soil compaction and accelerated erosion.

Soil disturbance on the 24 ha (60 acres) used for the recovery process building site, evaporation
ponds, and well fields cannot be avoided. The soil disturbance will not be severe, since only
a few inches of soil material will be affected. A total of 400 ha (1000 acres) may be disturbed
over the life of the project.

9.6 ECOLOGICAL

9.6.1 Terrestrial

Vegetation un approximately 400 ha (1000 acres) may be disturbed over the life of the project;
about 24 ha (bO acres) will be disturbed during the limited operation proposed by the staff.
Plant spe'.ies composition and diversity will be altered due to the disruption of the natural
vegetation and subsequent revegetation.

Loss of habitat for most wildlife populations will occur as a result of project operations.
Habitat removal is expected to be temporary.

The evaporation ponds may contain radioactive and other contaminants that will, to some extent,
harm all forms of wildlife that may come in contact with them.

9.6.2 Aquatic

S;ome minor impact on the aquatic system is expected. This impact will primarily result from
increased sedimentation caused by well field operations.

9.7 RADIOLOGICAL

Radioactive emissions from excavated ore will not result from solution mining. The local environ-
ment will continue to be shielded by earth materials overlying the radioactive ore deposits.
However, some small increase in the level of radioactivity is expected from emissions from the
recovery plant and well field facilities.

9.8 SOCIOECONOMIC

No unavoidable adverse socioeconomic impacts on the local community are expected.

REFERENCE FOR SECTION 9
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10. RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT AND
LONG-TERM PRODUCTIVITY

10.1 THE ENVIRONMENT

10.1.1 Surface elements

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 itmosphere
in the project area.

Project operations will c,rse a short-term reduction in carrying capacity of the local gra.:ing
resource and some reduction in hunting opportunities.

Well field development will result in not over 20 ha (50 acres) of vegetative cover lost during
the limited operation proposed by the staff (Sect. 5.1.4).

Waste ponds, pipelines, access roads, and plant, buildings will occupy only a small portion
[2 to 4 ha (5 to 10 acres)] of the site.

Proposed monitoring and mitigating measures Hill assure that minimal short-term effects from
project operations will occur.

After reclamation there should be no long-term effects on surface productivity.

10.1.2 Underground effects

The extraction of uranium (short-term usage) will not preclude extracting other minerals of
current or future economic importance at a later date.

The short-tern extraction of groundwater atup to 1.2 x 106 m3 (1000 acre-ft) during the
limited operation, mostly during well fie-ld restoration, should not adversely affect other
users of the aquifer.

Restoration of the mined aquifer region to the availatle level of use prior to mining has not
yet been completely demonstrated. Restoration techniques are under test. If unsuccessful, the
mined aquifer region (mining zone) would be unavailable for irriqation - stock water wells. This
zone is currently conta,ninated due to natural radioactivity. With the addition of contaminants
frcin solution mining, however, this would represent a long-term impact for about 20 ha (50 acres)
of aquifer area.

10.2 SOCIETY

No significant short-term or long-term impacts on the local communities can be expected front
this project, since it will not be a large factor in the local economy.
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11. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

11.1 LAND AND MINERAL RESOURCES

After reclamation, no land resources are considered lost, although a different grouping of
flora and fauna will probably occur.

The uranium produced is irreversibly and irretrievably lost when used to produce power from a
nuclear reactor.

11.2 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.
Air is self-cleaning of pollutents at the low concentrations expected. The displacement of
these resources is small in comparison with the benefits derived from the mined uranium.

11.3 VEGETATION AND WILDLIFE

These resources are renewable, and while some irreversible and irretrievable commitment is
required, it is relatively small. Reclamation will require a commlitment of human and financial
resources for an undetermined period of time.

11.4 MATERIAL RESOURCES

Irreversible and irretrievable commitments of construction materials will be made for well
coimpletions, plant buildings, and other activities.

Chemicals and reagenti used during solution mining will also not be recoverable for reuse. The
fuels used for vehicles, heating, and plant processing will also be irretrievably committed.

These materials are not in short supply and are common to many industrial processes.
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12. ALTERNATIVES

," .l MINING ALTERNATIVES

Seloction of a mining technioue to recover a minera' resource is based upon several complex and
interre'ated fctors, including (I) the spatial characteristics of the deposit (size, shape,
and doebth), (2) the physical (or mechanical) properties of the mineral deposit and surrounding
geolowicatl structure, (3) groundwater and surface water conditions, (4) economic factors,
including ore, grade, comparative mining costs, and desired production rates, and (5) environ-
mental factors, such as preservation and reclamation of the environment and the prevention of
air and water pollution. The two most commonly used methods for mining uranium deposits are
open-pit siurface min inq) and underground mining. Other mining methods, such as solution miining

'.u leacrhing. and bore hole), are currently in thýý developmental stage,

Open- t min~ i no

Coc - rt o ri'n' is used for relatively shallow ore deposits. A pit 4s createi when the over-
1,urden ind tp~ il overlying the ore body are removed to permit mining of the 3re. The overburden
and - are stored and stabilized to meet future reclamation requirements. The mininn derth

• mner d by economic factors: the point where the cost of mining a ton of ore is equal to
th"e Iarket value plus profit. To recover the uranium, the extracted ore must be processed in a
vilZI • (S ct' . '12.2).i

Athough the applicant has initially decided to use in situ leaching methods to mine the ore,
rice evetýtual use of open-pit mining has not been precluded. As additional data are gathered

durinq; ,he development drilling that precedes solution mining activities, the applicant will be
,,aiuat~n the economic viability of using other mining methods, such as open-pit mining, for

ore extractiaon.1 The decision to use alternative mining methods will be dependenL on encountered
*!e iradle arid thickness, geological configurations, and other relevant decision parameters.
At)p icatio-is will be submitted to appropriate licensing authorities fur necessary approvJl if
any decci;Ins are made to implement alternative mining methods. 1

7ti environmental impacts associated with uranium open-pit mining operations are well documented.>"
For e,.ple, the Bear Creek open-pit mining and milling project located in the Powder River ,asin
has a comparable U ,O- production rate and will disturb about 650 ha (1600 acres) of surface area,
with uM to 1000 ,npm (2000 acre-ft per year) of lo.al groundwater being removed during pit
dewatertng for approximately 15 years. 3  Long-term impacts are primarily associated with channes
in topo:jraphy resulting from overburden dumps and pits which remain after mining operations are
cormpl..ed .Since conventionalrmilling methods must be used to process the ore, measures to
aleviate the short-term and long-term environmental impacts associated with the disposal of
mill tailinqs must be determined and evaluated. Becaus. greater numbers of mill and mine per-
.-o.ine ,would be needed for a conventional milling/open-pit mining operation (compared to solution
minn7', more siqnificant socioeconomic impacts would occur. Open-pit mining (as shown by the
Bear Creek eample) would disturb i i:iuch larger surface area and completely alter the underlying
,leooiqqic material. AAditionall,,, the proximity of the ore deposits to the Powder River could
re';ult in more significant impacts to the river from open-pit mining and milling activities.

Many alternaLives exist for the reclamation of uranium surface mines. Generally, overburden and
topsoil at-c stored in dumps during mining, with the overburden being used to refill the pit
(pfrho p partially) and the surface being shaped to a rolling topography with slopes ranging
from 0 to 30 . Salvaged topsoil is then distributed over the contoured surface. The restored
surfaces are revegetated with plant species, using the necessary fertilizers and soil amendments
to ensure plant growth. Precautions are taken to stabilize the soil against erosion and to
prnvide watershed protection.

I2.1.2 Und.rgrou.d m nin_

Underqrr,und mining is the method generally used for deeper, relatively high-grade ore deposits
in structurally stable host rock. Basically, a vertical mine shaft is constructed to the depth
of the ore body', w ith horizontal tunnels being utilized to remove the ure. Air shafts ventilate

12-'
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the mine, and extensive dewatering facilities are usually required. After mining operations
have ceased, the equipnent and buildings at the mine shaft and the mining equipment are removed.
Air shafts and themine shaft are sealed (probably with concrete), covered with topsoil, with
the area being revegetated with appropriate plant species to stabilize the soil.

The applicant hzs rejected the underground mining alttrnative due to geologic conditions and
economic factors (ER, p. 190). The relatively low-grade ore and the nature of the host sand-
stone rock at the Irigaray site make this alternative impractical for the present. To recover
the uranium, the ore musIt be mill-processed (Sect. 12.2).

12.1,3 Solution mining (in situ leaching)

A general discussion of solution mining (in situ leaching) is presented in Sect. 3, while
specific details of the applicant's proposed activities are addressed in other sections of thi:
Statement. As noted throughout-this document, in situ leaching is a developing technology and
considerable variation exists from one operation to another.6

In situ leaching is a relatively new technique for uranium extraction on a conmercial scale,
with both operational and environmental considerations being very site specific. The disposal
of waste solutions ,ýnd/or contamination of the aquifers represent the major areas of environ-
mental ris.k which must be examined carefully.

Uranium deposits which are small, isolated, and unsuitable for mining by other methods may be
recovereG by in situ leaching under the following general conditions:

1. The ore is generally horizontal and is confined by impervious layers sich as shales,

siltstothes, or mudstones.

2. The ore is in a saturated stratum below the static water table.

3. The ore body must possess suitable mineralogic and hydraulic properties, that is, adequate
permeability and amenability to chemical leaching.

4. A maximum recovery of the acidic or alkaline leach solution is possible. A primary impact
of concern involves the possibility of incomplete recovery of the leachate.

The applicant conducted pilot-scale testing on the Irigaray deposit to ascertain the feasibility
of uranium recovery by solution mining, concluding that, initially, utilization of in situ
leaching was the most suitable mining alternative. However, according to the applicant, the
mining plan is a "living plan"; that is, the plan will chanqe as changes in environmertal,
economic, or regulatory circumstances are altered.) Initially, the applicant proposes a
solution mining facility utilizing an ammonium bicarbonate and hydrogen peroxide
lixiviant. As pointed out in Sect. 12.1.1, the applicant may later use open-pit mining
techniques.

12.1.3.1 Alternative leach solutions

Both alkaline and acidic leach solutions may be used in uranium in situ leaching operations
depending on formation constituents. An acidic lixiviant generally results in higher concentra-
tions of mobilized constituents, such as selenium, arsenic, vanadium, and molybdenum, which may
be prescnt in the ore. The use of an alkaline leach solution may result in a lower uranium
recovery rate than if the acidic lixiviant is used; however, lower mobilized concentrations of
other ore constituents would result. Additionally, alkaline lixiviants are favorable for ore
deposits having high carbonate content; such ores will neutralize substantial quantities of an
acid lixiviant, increasing operating costs.

The applicant has determined that an alkaline leach solution is the better lixiviant for extracting
uranium from the Irigaray ore deposits (ER, p. 107). An alkaline lixiviant could include a
sodium, magnesium, calcium, or ammonium carbonate/bicarbonate solution as the mobilizing reagent
in the presence of an oxidant (hydrogen peroxide). Because test results indicate that ammonium
bicarbonate is suitable as a mobilizing compound, the applicant will utilize an ammonium bicar-
bonate and hydrogen peroxide lixiviant. However, as is the case for alternative mining methods,
changes in the environmental, economic, and regulatory climate may require changes within the
solution mining alternative. The applicant has indicated that it may apply for permission to
change lixiviant chemistry within the first two-year period of operations.)
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12.1.3.2 Comparison of impacts of in situ leaching of uranium with underground and
open-pit methods

Impacts associated with in situ leaching of uranium are generally less severe than the impacts
associated with conventional open-pit and underground uranium mining. Environmental advantages
of the in situ leaching method include the following:

1. minimal surface disturbance,

2. less jolid waste., no mill tailings,

3. less air pollution compared with conventional uranium mining and milling,

4. minimal surface subsidence from in situ leaching,

5. possible restoration of the mine site to an "unrestricted use" status within a relatively
short time, providing that the solid wastes are removed from'the site or are otherwise
restricted from contaminating the surface and subsurface environment, and

6. smaller radiological releases than in conventional mining and milling, particularly the
release of radon-222.

Socioeconomic advantages of in situ leaching include the following:

1. ability to mine a lower grade of ore,

:1. a minimum capital investment,

3. less risk to the miner,

4. short lead time before production begins, and

5. lower manpower requirements.

The primary disauvantage of in situ leaching of uranium is groundwater contamination, which
however, does not imply that conventional uranium mining necessarily has an advantage in regard
to groundwater pollution. On the contrary, in situ leaching may prove to have a less severe
impact on groundwater than does conventional mining. Nevertheless, excursions of leach solution
from the well field aquifer have the potential to enter surface waters and to contaminate nearby
well water. To confine the leach solution and mobilized ore zone elements to the well field
aquifer, 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
advan1.iig contaminant plume. These wells can be properly placed only if the hydrologic charac-
teristics 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. Some of the contaminants, however,
will invariably escape the influence of the pumping wells and will travel in the direction of
the groundwater flow. This impact is unavoidable and in most cases negligible, considering the
potential for most aquifers to attenuate contaminants as they move away from the source.

12.2 MILL PROCESSES REQUIRED FOR AN ALTERNATIVE OPEN-PIT OR UNDERGROUND MIN*

There are eight main steps in the milling of uranium ore from open-pit or underground mines.
'hey are (1) crushing of ore (primary), (2) grinding of ore (secondary), (3) production of
water-ore slurry (sometimes combined with grinding), (4) leaching of ore, (5) separation of
leach liquor from tailings (waste), (6) concentration and purification of leac;, liqucer,
(7) precipitation of uranium from leach liquor, (8) drying and calcining of precipitate to
form U308.

The manner in which these steps are accomplished is ore- and site-specific. Decisions are
based on process economics plus the costs of controlling chemical and radiological effluents
to water, air, and land.

Crushing and grinding prepare run-of-mine ore for slurry formation and reduce the overall
particle size so that efficient contact is made with the reagent that dissolves the uranium.

Leaching reagents are dependent on ore characteristics. Basic ores are leached with bicarbonate-
carbonate solutions, while acid ores are leached with sulfuric acid. In each case an oxidant is
added to the leach liquid.
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The separation of the leach liquor (which contains over 9C% of the uranium in the ore) from the
undissolved waste (tailings) can be accomplished by thickening, filtration, settlinq, or counter-
current decantation.

The leach liquor is then concentrated and purified using ion exchange resins or solvent
extraction.

The final step in the process is precipitation of the uranium from acid solution by the addition
of amnonia or hydrogen peroxide. The precipitate is then filtered, washed, dried, and calcined
to U3 0O8 .

The solution mining project proposed by the applicant avoids steps 1 through 3 by leaching the
ore in situ. In addition, no tailings are generated, and the gross quantity of solid waste
expected in solution mining is about 10 of that remaining from the above alternatives.

12.3 ALTERNATIVE METHODS FOR WASTE MANAGEMENT

12.3.1 Introduction

For the purposes of this section, waste management is defined as the disposition of the solids and
waste leach solutions following extraction (separation) of the uranium-bearing solutions and
aquifer restoration activities. Engineering techniques to control pollutants from waste storage
during both operational and postoperational stages of a conventional uranium milling project have
been demonstrated. Such techniques are applicable to the control of liquid and solid wastes
produced by a solution mining (in situ leaching) project. Because no tailings are generated by
the in situ leaching process, the surface area required for storage of wastes would be signifi-
cantly less than the area needed for the retention of tailings generated by processing the same
ore by conventional mining and milling. In addition, waste disposal methods technically or
economically infeasible for large-scale tailings facilities may be viable for the smaller quanti-
ties of wastes produced by in situ leaching. The method chosen for the control of solution
rfining wastes must match the unique characteristics of each facility and minimize potential
environmental effects. The staff has examined alternatives considered by the applicant in pre-
paring this section. Alternatives presently available or feasible (i.e., potentially available
with existing technology and within legal constraints) are described in Sect. 12.3.2 and evaluated
in Sect. 12.3.3.

Each alternative waste management plan has been evaluated against the following set of performance
objectives developed by the staff and designed to ensure that potential public health hazards
that otherwise could occur in the operation of the project are avoided or minimized. These
criteria have been established for conventional uranium mill tailings disposal methods and are
applied, where appropriate, to the methods proposed for this project.

Siting and design

1. Locate the waste isolation area remote from people so that population exposures would be
reduced to the maximum extent reasonably achievable.

2. Locate the waste isolation area so that disruption and dispersion by natural forces is
eliminated or reduced to the maximum extent reasonably achievable.

3. Design the isolation area so that the seepage of toxic materials into the groundwater
system would be eliminated or reduced to the maximum extent reasonably achievable.

During operations

4. Eliminate the blowing of solid wastes to unrestricted areas during normal operating conditions.

Postreclamation

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

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

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

C. Provide surety arrangements to assure that sufficient funds are available to complete the
full reclamation plan.
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12.3.2 Viable alternatives

Alternative 1: Onsite disposal using calcite settling pond and chemical waste evaporation
ponds Iponds lined with plastic membrane)

This alternative consists of constructing above-grade calcite and liquid waste impoundments to
the immediate northeast and southwest of the main plant building. The waste ponds will be con-
structed in square or rectangular basins excavated in relatively flat areas. To minimize
seepage, the ponds will be lined with a 30-mil (0.08-cm) impermeable polyethylene liner. Leaks
in the liner will be detected through the collection of seepage by a gravel bed and drain pipe
system constructed beneath the pond. During operation, solids in the ponds will be stabilized
against dusting by the maintenance of a liquid seal over the solids.

Long-term stabilization for each pond would be accomplished by applying a cover of clayey soil
and topsoil which will be sufficiently thick to reduce gamma radiation levels to background
and radon diffusion to twice background levels. The radijm-226 concentration in the waste solids
will be the most significant factor in the cover thickness. Therefore, the necessary cover
thickness will vary from pond to pond according to radium content. The cover would be suffi-
ciently impermeable to restrict the percolation of rainwater through the solids.

This alternative offers adequate isolation of radioactive and toxic wastes during operation and
disposal. The use of - polyethylene pond liner, if installed and maintained properly, would
eliminate the possibility of adverse impacts caused by seepage during operation. Long-term loss
of pond liner integrity would not greatly affect the leaching of wastes, because the slightly
permeable clayey soil cover would minimize groundwater percolation through the wastes.

Disadvantages of this alternative would be the loss of the waste impoundment areas from general
land usage and the necessity of monitoring the impoundment for erosion and/or loss of vegetative
cover.

Alternative 2: Onsite disposal using calcite settling pond and chemical waste evaporation
ponds(ponds unlined)

This alternative is similar to Alternative 1 except there is no pond liner provided. Because
the quantity of slimy solids relative to liquiJ waste volumes is small, no sealing of the pond
bottom is expected. The ensuing seepage of chemical wastes and radionuclides for this alternative
would be unacceptable.

Alternative 3: Onsite disposal with solidification of solid wastes

This alternative is similar to Alternative 1, except that, prior to application of the soil cover,
the solids are stabilized in cement or asphalt. The major advantages of solidification are (1)
leaching resistance is increased, (2) in asphalt-fixed solids, radon release is reduced, and (3)
wind erosion is eliminated. However, as in Alternative 1, restricted land use and monitoring
would be necessary.

Alternative 4: Temporary storage of solid wastes in calcite storage pond and chemical wastes
evaoatoon_pond with transport of solid wastes to an active uranium mill tailings impoundment

This alternative utilizes the plastic-lined ponds described in Alternative 1 for disposal of
liquid wastes (by evzpciration) and tempo,^ary storage of sol ids wastes. However, rather than
stabilizing the solids for disposal onsite, all radioactive and/or toxic solid wastes will be
removed to an active uranium mill tailings impoundment for disposal. The applicant would enter
into a contractjal agreement with the owner of the active uranium mill tailings impoundment for the
disposal of these wastes. Calcite wastes containing higher than background concentrations of
radium would be periodically removed from the calcite settling pond. Other solid chemical wastes
will be removed when either the solid waste inventory approaches the holding capacity of the
evaporation ponds or when reclamation procedures begin. Reclamation would consist of removing
solid wastes, pond liners, and soils contaminated by radionuclides and/or process chemicals to
the licensed tailings impoundment, followed by grading the temporary pond area to its natural
contour, application of a topsoil cover, and revegetation with native plant species and suitable
grasses approved by the Wyoming Department of Environmental Quality.

The advantage of this alternative is the safe disposal of both liquid and solid wastes so that
there is no permanent land requirement for a disposal area. This benefit will become especially
apparent in the later stages of project development, when the main recovery facility is moved or
satellite facilities constructed. Such relocation would require construction of additional
calcite settling ponds and solar evaporation ponds at the new sites. Should stabilization and
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onsite disposal be permitted, the net result would be proliferation of small solid waste
impoundments within the project area. Such dispersed disposal would incur increased monitoring
requirements, larger total land requirements, and greater risk of radionuclide and toxic mate-
rial release. Removal of such materials to an active uranium mill tailings pond would eliminate
such problems. Transfer of the relatively minor amounts of solids to an active tailings pond
will have an insignificant impact on the environmental effects of the mill tailings facility.
Disadvantages center on the increased cost of solids handling, the cost of the disposal agreement,
and the risk of dispersion of the waste during transportation.

12.3.3 Evaluation of alternatives

Alternatives 1, 3, and 4 utilize waste ponds ýonstructed with impermeable polyethylene liners.
With the maintenance of a liquid seal over deposited solids and the continued monitoring of the
ponds for leakage (Sect. 8.2.1), these alternatives offer adequate isolation of lquid and solid
wastes during the operational phase of the project. The unlined ponds proposed in Alternative 2
would allow uncontrolled seeoage of chemicals and radionuclides and are therefore unacceptable.

Alternatives 1 and 3 offer adequate stabilization of waste solids and reduction of gamma exposure
and radon release to acceptable levels. However, these onsite disposal alternatives would re-
quire permanent land use restrictions on the waste impoundment areas and would require continued
monitoring against erosion and loss of protective plant cover. The indicated future mode of
project operation (i.e., relocation of main uranium recovery plant and/or construction of
satellite uranium recovery facilities) would require construction of waste impoundment areas at
additional sites. The resulting proliferati,,n of waste impoundment areas would be undesirable.

Alternative 4 is the applicant's proposed waste management plan. Under this plan, radioactive
and toxic wastes would be removed from the site to an active uranium mill tailings pond for
disposal. The quantity of waste would be small relative to the tailings produced by the con-
ventional mill [less than 10 metric tons (11 tons) per day (3000-4000 tons/year) for the
proposed in situ faciiity (Sect. 4.6.3) compared to more than 910 metric tons (1000 tons) per
day for a conventional will]. The staff feels that the disposal of such relatively small quan-
tities of process waster viould not significantly affect the safety or storage capacity of a
conventional mill tailings pond. Stabilization of the disposed wastes would be accomplished
according to the iIRC license and State permit conditions applying to the uranium mill receiving
the wastes.

Waste impoundment areas on the Irigaray project site would be reclaimed by grading the impound-
ment to its original contour, followed by application of topsoil and revegetating the area.
Because no hazardous wastes would be present, there would be no restrictions against deep-rooted
native plant species. The staff recommends that a diverse selection of native species should be
used to provide long-term stability of the reclaimed land and to ensure its future value as a
wildlife habitat (Sect. 5.2.2). The result of such actions would be the return of all disturbed
lands to their original usage. Therefore, there would be no restrictions on future human usage.

Alternative 4 would incur additional solids handling, transportation, and disposal costs and
risks associated with the transport of the wastes. However, due to the limited number of ship-
ments, the mild cnemical nature of the wastes, and the low population densities along roads
from the project to potential disposal sites, the risks are minimal.

12. ; ALTERNAT IVE ENERGY SOURCES

Il.-.l Fossil and nuclear fuels

The use of uranium to fuel reactors for generating electric power is relatively new historically.
Coal was the first fuel used in quantity for electrical power generation. Coal use was reduced
because of the ready availability and low price of oil and natural gas, which are cleaner-
burning than coal and easier to use. Uranium fuel is even clearn.r (chemically) than oil or gas
and at present is less expensive, on a thermal basis, than all other fuels used to generate
electric power. The following discussion concerns the relative availability of fuels for power
generation over the next 10 to 15 years, since availability will be the key factor in the choice
of fuel to be used.

Table 12.1 shows the disparity between availability and usage of energy resources in the United
States. Although these data are for 1974 (final figures for 1975 are not yet available), esti-
mates for 1975 indicate little difference. Gas usage in 1975 decreased slightly (about I .)
oil, coal, and nuclear usage increased slightly.
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Tabe 12.1. Rewervet and current conoumptktn of omer ,y source

Percent of proven U.S. energy Percent of total U.S. energy

reserves economically recoverable consumption contributed by

with existing technology each energy resource

(1974) (1974)

Cool 90 18
Oil 3 46

Gas 4 30

Nuclear 3 2

Other 0 4

Source: "National Energy Outlook." Federal Energy Administration.

February 1976.

In 1975, the United States consumed about 71 q of energy (1 q = 101s Btu); of this total, 20 q
consisted of electric energy. An estimated 8.6% of this electric energy was generated using
nuclear fuels, but within ten years the percentage is expected to increase to 26%.

Coal was used for producing 59% of the electric energy generated by combustion of fossil fuc'
in 1975; the percentages for oil and gas were 20 and 21, respectively. Use of oil and gas to
generate electric power has decreased about 10% over the last three years, a reflection of high
oil prices and gas unavailability.

Current and projected requirements for electric energy (1975-1985) and relative changes in
resources 'used for generation, as estimated in "Project Independence," are shown in Table 12.2.
All information available to date indicates that coal and uranium must be used to generate an
increasing share of future U.S. energy needs, because of decreasing supplies of oil and gas
available for electric power generation. The United States does not have sufficient oil and
gas reserves to ensure a long-run supply, but 'coal and uranium resources are adequate for
,oreseeable needs. Currently rising prices for oil and gas are a reflection of increasing
competition for these two resources, which will be severely depleted in the next few decades.

Expanding industrial capacity for increasing coal production to meet projected requirements
must occur in the next decade (total requirement is 1040 million tons in 1985 vs 603 million
tons in 1974). The major expansion of coal production will likely be in the West (from 92 million
tons in 1974 to 380 millions tons in 1985) because of the low sulfur (low air pollutant) content
of most Western coals. The potential for environmental damage (due to disturbance of generally
fragile ecosystems) in the western United States will be increased. Since the major markets
for the coal produced are located hundreds of miles from the mines, transportation costs will
be high, as will the environmental impacts associated with transportation systems. Transportation
costs for bringing Western coal to the eastern United States currently account for the major
nortion of the market orice.

Tab"e 12.2. Estimated relative changes in resources to be used

for tn mration of projected energy requirements

Fuel resource Percent of thermal energy required in year:

used 1970' 19 7 4 b 198O 1985

Coal 45 45 45 4 6c
Oil and gas 38 34 25 16
Nuclear 2 4 d 17 26
Hydro, waste, etc. 15 17 13 12

Total q's of energy 15.6 20 25.5 34
rt 4,l, ýed

=Actsual.
bEstlimated ("National Energy Outlook," Federal Energy Adminis-

tration, February 1976.
tCoal usage must increase ;7% by 1985 to attain this level.
dUranium fueled reactors furnished 9.9% of the tntal U.S. produc.

tion in January 1976.

Source: "Project Independence," Federal Energy Administration.

November 1974.
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For a given thermal content, transport facilities for U308 are minimal compared with those for
coal because of the much higher energy content of uranium fuel. Approximately 250 tons of U308
per year are required for a 1000-MW nuclear plant operating at a plant factor of 80%. Annual
Western coal requirements for an equivalent 1000-MW coal plant would be more than 3 million
tons, or the load capacity of at least one unit train (100 cars of 100 tons each) per day of
plant operation.

The evidence available at this time indicates that, of the resources currently used in
electric power geerating stations (coal, uranium, oil, gas, and hydro), only coal and uranium
have the potential for increasing long-range reliability in domestic energy production. Because
of the time lag between initial extraction and the consumption of the resource for energy
production (3-5 years from mine to generation plant for uranium and coal, 5-7 years for con-
struction of a coal generating plant, and 7-10 years for construction of a nuclear generating
plant), the exploitation of both coal and uranium resources must be integrated with contemporary
energy needs. Neither the coal nor uranium producing industries are considered capab;e of
singly supporting the energy requirements projected over the next few decades; major expansion
of both industries will be required to fill projected needs.

The determination of availability of uranium in large enough quantities to fuel the projected
nuclear generating capacity (for 1985) is currently a matter of study. 7 Results of those
studies are given below.

Estimates presented in the "National Energy Outlook" indicate that 140,000 to 150,000 MWe of
nuclear generating capacity will be needed to supply 26% of the total electrical energy used in
1985. The first "Project Independence" report 9 indicated that nuclear capacity could increase
to more than 200,000 MWe by 1985. A more recent and lower estimate resulted from lower projec-
tions of electricity demand, financial problems experienced by utilities, uncertainty about
government policy, and continued siting and licensing problems. The more recent projections of
uranium requirements are given in Table 12.3.

Table 12.3. Uranium requirements

Lifetime U30a

MWe operating by 1985 requirements (tons)

At P.F. of 0.V At P.F. of 0.6

142.000 060,000 704,000

"P.F. ý plant factor, or capacity factor.

Source: "National Energy Outlook." Federal Energy

Administration, February 1976.

Known reserves of uranium (as U308 ), as of January 1976, were an estimated 640,000 tons, as
compared with 600,000 tons estimated in January 1975.7 These reserves could be mined and milled
at a cost of $30 per pound of U?0 produced. The price of U308 ir, April of 1976 was $40 per
pound for delivery in 1976 and $48 per pound for delivery in 1980.

ERDA has estimated total U.S. uranium resources as shown in Table 12.4.7 The total of all
variously known categories of uranium resources is equivalent to 3,560,000 tons of U308 . Reserves
are in known deposits; drilling and sampling have established the existence of these deposits
beyond reasonable doubt. Probable resources have not been drilled and sampled as extensively as
reserves. The speculative and possible resource categories have been estimated by inference from
geologic evidence and limited sampling.

Table 12.4. United States uranium resources

Cost Tons U308

(dollars per pound Resources

of U3 OR) Reserves Probable Possible Speculative

S30 640,000 1.060,000 1,270,000 bJ0,000

Sourcc: "Mineral Resources and the Environment," Supplementary Report: "Re-

serves and Resources of Uranium in the U.S.," National Academy of Sciences, 1975.
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Hist)rically, resources of uncertain potential have become established reserves at an average
rate of 7'% per year since 1955. If this rate were to persist over the next decade, total
reserves would exceed requirements (1,250,000 tons of reserves vs a maximum 960,000 tor:
required for lifetime nuclear generating capacity ra-ted at 142,000 MWe) by about 300,00 t,;.
Assmliig no transfer of possible resources into the probable category, probablE resources would
still contain 450,000 tons.

12.4.2 Solar, qeoLherm3l. and synthetic fuels

Estimates reported- in the "National Energy Outlook'"' indicate that solar and geothermal sources
will each supply about 1'. of U.S. energy requirements by 1986 and about 2' by 1990. Suipplies
of synthetic gas and oil derived from coal will probably not. exceed 1% of U.S. energy require.
ments .,s of ycr 1990. These projections are based on many considerations. The technology
exiLLs in all tases, but not in a proven, commercially viable manner. The potential for
proving these te,'hnologi_: on a commercial scale is great, but timely development will require
a favorahle market as well as governmental incentives. A maximum of 6% nf projected 1990
energy requirements is expected to be derived from solar, geothermal. and synthetic fuel
resourccs combined.

12.a.3 Bv-product uranium

Uranium reserves recoverable as a by-product of phosphate fertilizer and copper production ore
expected to increase from 90,000 tons (U30Q) in 1974 to 140,000 tons in l76. These reserves
are in addition to the 640,000 tons available from conventional mining and milling sources.

Quot.ing from ref. 7 (p. 106):

Like al. byproducts cc, m)odi.ies, byproduct uranium is entirely dependent' upon production
of the primary commodity, ;; limited in amount by the level of production of the primary
commodity, and is unresponsive to the demand for uranium. Byproduct uranium could be
obtaired from the mining of phosphate, copper, and lignite.

Much pnosphate is treated with sulfuric acid to produce fertilizer and goes through a
phosphoric acio step. Uranium in the phosphate can be recovered from the phosphoric acid.
• . .It has been estimated that about 2,500 ST U30I per year could be recovered from
Florida phosphate mined for fertilizer. The Bureau of Mines studied the sulfuric acid
leaching of flow grade dumps at 14 porphyry copper mines and concluded that about
750 ST U0O, per year could be recovered. This would be recovered from rocks whose
uranium content ranges from I to 12 ppm.

It was a).. thought that other porphyry copper deposits might also be possible sources of by-
product uranium.

This possible byproduct uranium totals 3,250 ST U30O per year which is only slightly less
than the initial annual production planned for the Rossin( deposit in South West Africa.

Another source of byproduct uranium could be mine-mouth electric generating plants that
burn uranium-bearing lignite as fuel. The uranium is concentrated in the ash. Some
lignite contains as much as 0.30 percent U1O.. Bieniewsk-i estimates that about 1500 ST of
U0,., is contained in about 500,000 ST of high grade lignite. More recently reserves in
lignite were estimated to oe less than 5,000 ST of U308 and resources to be about 50,000 ST.
Low-Btu lignites seem to be richest in uranium. Good-quality coals usually contain less
than 0.001 percent U10 ' If lignite is bur-,,d at too high a temperature, the uranium
enters the ash in a form that is not easily leachable and for ,nhich an economic recovery
system has not yet been developed.

12.4.1 Ene,:• conservation

The NRC staff has examined availabie information concerning the potential reduction in energy
usage that could be achieved by 1985 and concludes that incremental savings in to•ai energy
consumption could be achieved in all major consumption sectors: residential, commercial,
industrial, and transportation. Actions which improve the thermal efficiency of automobiles,
homes, 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 since it will probably be a viable alternative for oil and gas use in residential



12-lI

REFERENCES FOR SECTIOI 12

1. Karl R. Schendei, Wyoming Mineral horr•'.,tion, attachment to letter to L. C. Rouse, Nuclear
Regulatory Connission, M!Vrch 20, 1978, Docket No. 40-8502.

2. U.S. Environmental Protection Agenc'y, S,'-o'-':,--At: &"Ž'a':'; .,'v:, .:' , mJ
.•T',: ,:~'.." , Report EPA-660/2-74-038, U.S. Government Printing Office, Washington,
D.C., June 1974.

3. U.S. Nuclear Regu'atory Commission, .",S ±'uŽ' : , taterne:", . . . to "cr' i, o
.:r 2':' .:- • Docket No. 40-8452, NUREG-0129, June 1977.

4. U.S. Nuclear Regulatory Commission, Fre-':.,rr•'',:t, St'.t Fez:.: to :c: .'.",:er.':
2. ' -'c z'-. - S'•cotr,&•:. " '• .:" o. S'.,:et~',aat Co;,nt:, "..,-:!, Docket No.

40-8584, NUREG-0403, December 1977.

5. U.S. Atomic Energy Cornnission, ' Sk',c . "'. - : Report
WASH-1284, U.S. Government'Printing Office, Washington, D.C., April 1974.

6. William C. Larson, -;:e, ir:'c .- . , .. prepared by Twin
'ities Mining Research Center for the United States Department of the Interior, Bureau of
Mines.

,. "Mineral Resources and the Environment," Supplementary Report: "Reserves and Resources of

Uranium in the U.S.," Natiunal Academy of Sciences, 1975.

8. "National Energy Outluok," Federal Energy Administration, February 1975.

9. "Project Independence," Federal Energy Administration, November 1974.



13. NRC BENEFIT-COST SUMMARY FOR THE IRIGARAY PROJECT

13.1 GENERAL

The general need for uranium is subsumed in the operation of nuclear power reactors. In reactor
licensing evaluations the benefits nf the energy produced are weighed against related environ-
mental costs, including a prorated share of the environmental costs of the uranium fuel cycle.
These incremental impacts in the fuel cycle are justified in terms of the benefits Lf energy
generat;6n. However, it is appropriate to review t'.e specific site-related bEnefits and costs
of a- .r,,di/idul fuel-cycle facility such as the Irigdray project.

13.2 QUANTIFIABLE ECONOMIC IMPACTS

Monetary benefits accrue to the community from the presence of the.project, such as local
expenditures of operating funds and the state and local 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 community services. It is not possible to arrive at an exact
numerical balance between these benefits and costs for any one community unit, or for the
project, because of the ability of the community and possibly the project to alte'r the benefits.
and costs. For example, the community 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 imt3lance it suffers through direct or indirect
taxation.

13.3 THE BENEFIT-COST SUMMARY

The benefit-cost summary for a fuel cycle facility such as the Irigaray project involves
comparing the societal benefit of an assured U109 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
eventually radioactive wastes will be disposed of offsite (Sect. 4.6.4). The disturbance of the
land is also a small environmental impact. All of the disturbed land will be reclaimed after
the project is decommissioned and will become available for other uses. Complete reclamation
of an aquifer contaminated by a commercial-scale project has not yet been demonstrated although
the staff considers that. in view of the applicant's pilot-scale demonstration, such reclamation
is feasible. The bene! . of the production up to 1.1 x 106 kg (2.5 x 106 lb) of U3 0 is con-
sidered to offset the risk that the groundwater quality underlying the 20-ha (50-acre) mining
zone will not be completely restorable. Moreover, development and demonstration of an accept-
able restoration technique is )n integral part of the project (Sect. 5.1.4).

13.4 STAFF ASSESSMENT

The staff concludes that the adverse environmental impacts and costs are such that the use of

the mitigative measures suggested by the applicant and the regulatory agencies involved would
reduce the short- and long-term adverse impacts associatei with the project to acceptable levels.

In considering the energy value of the U3 0 produced, minimal roliological impacts, minimal
long-term disturbance of land, and mitigable nature of the societa) impacts, the staff has con-
cluded that the overall benefit-cost balance for the Irigaray project is favorable, and 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.
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Table I1l.1 Wale- quality assays of WMNC wellk and private wells. 1974

I', p.d Is lwr n Ion ,less otherwise ...d,(t red
The Iocat~orn of the wells are shownr in F,9. 2.8

Deler mana Inn W 1., W2"' w 3r

172 105
110 11

W5 W6 W 19 W21

Alkalinity. total las CaCO, I
Ak ahin,nty phenolph Ihale,n

Ias CaCO, I

Alt... numn

Ammona las N)
Arsermc
Ba' lure

Bcarbonale las CaCO3 )

Bo, on

Cadmium

Calcium

Carbonate (as, CaCO 3

Chloride

Chromium. hexavalent

Copper

Cyanide

Fluoride

Hai dne•S. total las CaCO 3 1

Lead

Iron

Maignesium

Manganese

Mercury

Molybdenum

Nickel

Nitrate (as NI

pH

Phosphor'us. total (as P)

Potassium

Selenium

Silver

Sodium

Sullate

Total dissolved solids
(180C)

Uranium. as U Ippbl

Vanadium

Zinc

Gross alpha ! precisiona

Gross beta ! precsionb

Ra 226 ! pecisiob

Th 230 ! wrecsronb

133
0

82 162 172
4.: 0 8.3

0 18 0.75 041 0 13
0.? 0.29 0.1 0-8
0.01 0.01 0.02 0.01
0.5 0.5 0.3 0.5

133 0 103 74
0.3 0.1 0.1 0.1

0.008 0.005 0.005 0.005
375 29 19 6.9

0 124 2 8
123 10 12 11

0.005 0.005 0.011 0.005

0.02 0.02 0.005 0.005
0.01 0.01 0.01 0.01
1.2 0.28 0.34 0.34

1.355 14.0 55.3 20.0

0.03 0.03 0.02 0.02
0.04 0.02 0.02 0.06

140 0.01 1.9 0.05

0.16 0.005 0.005 0.0;

0.0001 0.0006 0.0001 0.0001
0.07 0.04 0.1 0.04
0.03 0.01 0.01 0.01
0.06 0.03 0.05 0.03
7.0 10.9 8.5 8.9
5.4 0.32 0.9 0.15

52 3.9 2.8 2.0
0.010 0.007 0.018 0.01,i
0.004 0.002 0.002 0.01)2

850 149 137 137
2.600 155 224 19j

4.600 440 452 325

41.0 2.2 215 1.5
0.009 0.009 0.042 0.014
0.04 0 14 0.04 0.03

0.05
4.2
0.01

0.5
162

0'
0.1 )5

18
0

11
0.044
0.005
0.01
0.28

65.0
0.02

0.94
2.1
0.45
0.0001
0.08
0.01
0.08

7.4
4.0
9.7
0.07

0.002
13-9
159
492

1.9
0.024
1.7

0.09
0.1
001
05

158
0.1

0.005
5.3

17
10
0.005
0.005
0.01
1.4

15.0
U.02
0.06
0.98
0.01
0.V00 I
0.04
0.01
0.03
8,8
0.05
1.8
0.005
0.002

146
137
470

1.5

0001
0.005

98
3.3

012
0.1
0.1
0.5

92
0.1
0005
3.2

7

9
0.015
0.005

G.01

0.96
9.7
0.02

0.42

0.38

0.0001
0.0001

0.04
0.01

0.03

8.7
0.05
1.4
0.005

0.002

123

112
329

1.5

0.001
0.02

W 22 w 23

1.0 114

50 4 5

006 005
019 0.15
0.01 0.01
0.5 05

100 105
c. 1o0.1
0,005 0005
4.3 4.3

10 9
9 10
0.005 0.005
0.03 0.01
0.01 0.01
0.56 0.64

12.9 12.C
0.02 0.02
0.03 0.03
0.52 0.49
0.0001 0.0001
O0.01 o0o0oi
0.04 0.04
001 0.01
0.03 0:03
8.8 8.8
0.05 0.05
1.3 1 3
0-005 , -A)7
0.002 u.002

126 122
135 124
354 376

1.5 15
0D.AY 1 0.001
0.001.1 0.12

0.4 t 0 7 1.3 13
5-t 15'8

O

35 1 660 t 30 540 30 1.9 t 1.9 2.7 1.8 0.0 ± 0.7 0.8 t 1.1
91 t 36 450 ! 20 410-130 18!8 30±11 3 -8 5-±7

4.1 ?2.8 22 t 5 141 12 0.5t 1? 0.90.9 9.0f 0.9 00±0.8 0.0 08 0-1 0!4
0911.9 0,0*2.6 45117 0.0t0.6 0t010.7 0.0!0.7 0.0 0.6 00 06 00!06

'Wyrorhrn.. Min'eral Corpolar'or well.
IVjii.jbilhtv ot the vaclioactlve rl,$,rtegral•on process (counthnq errl(,) at the 95% corrlrdece level I 960.
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Table B.2. Baneline groundwater quality,

Irigray test site 517

See Fig, 2.8 for locations of wells

Determination Baseline value'

As. ppm

Ba. ppm

B. ppm

Cd. ppm

Cr, ppm

CU. ppm

Mn. ppm

Hg. ppm

Ni, ppm

Se. ppm

Ag, ppm

Zn, ppm

Total dissolved solids,

mg/liter

Pb. ppm

U 3 0S. ppm

NH 3 . ppm

HCO 3 . mg/liter

Cf. ppm

Gross alpha.

pCi/liter

Gross beta.

pCi/liter

Ra-226. pCi/liter

<0.0025

0.12
0.16

<0.005
0.0135

0.019

0.12
0.0028

0.018
0.013

<0.005
0.003

798

0.0035

0.098b
<1.0b

13e

10.75c

168 ± 11

164 ± 19

20.8 ± 5.2

'AveraQe baseline value (9 wells. 517.2 to -6, MI to M4i

taken as a once-only sample without variability.
bWell baseline value (5 wells, M1 to MS).

Vvell baseline value (4 wells, W1 to W4).



Table B.3. Water qralhty data. Sec.ro,, 9 potscal. well fIeld

Tatl rerewee s me aw, h s 'Vth (Itraie S1 ,11,11.,t d..I-n.rt r w-Th N 5 Sjanples fT.. .... Ir 11.9 16 to2 24 11
nTCal tes all data telo, (let..c,,b le 1,rn,.ts A ( datd renkrr ted As lla 5 ),,% r P l mdhol o rn l Perarfl (ini w ,in' o (trh s' • %'', S - catvd

Trend well' tn

Ia(rLror-dtelC 200 tl &wa, tron

oducCton wellt tone I

TI T2 T3 T5 T6

Pr o(tucton well"

zone

{rPr3r" ah. ten 5 tore
P3 P4 P5

Monrtor well" zone

l rp p o . -hl t r ty 4 5 0 70 0 t a . a v I~ro n

PYofuClro wl Ionell

P10 MI M2 M3 M4 M5

NH,

As

Ba

lICO)
8

Cd

Ca

CO 3

cl

C,

CU
F
G .. ,• alphic

CaCO3

F.

Pt)

MC

Mn

Hg

Mo

N,
NO3
NO:,N02

pH

K

.. 2 2 6,

Se

Sr

Atj
Na

So.
Total lssolv7t(

soh(|s

Th 230c

Y

30
Zn

:02

001 " 001

001 0004

895 100

0057 01
ý 002

70 08

41 335
114 n 1l

002

54? ' 456

005 001

25 05

34.7 39 0

69 1 101 3

903 1 5

0 15 008
< 002

1 01 - 0 11

025

0002

< 02

<.2

0ý54 0. 14

0.29 0.24

8.71 t- 0 16

1.6 t 02

12.1 12,0

<-010

2.74 - 1 63

< 002

12,? 5.8

182 8 2

355 26 8

024 001

001 002

0 02 003

91 48

002 001

002

1 9 - 0 74

)I()- 158

121 - 15
, 002

647 • 51

006 002

0 24 03

17 -110

107 3 , 167 1

95.4 5 4

0 13 0"

.003 003

0.?2 08

025

0002

• 02

K 2

0 35 ! o. !0

'.02

10.22 ? 097

56 o 1.00

3018

.010

363 ,0 43

<.002

128 5.3

209 28 3

340 o 32

'02

* 01

01

66 8 5 5
005 001

. 002

5?2 09

95 86

12 2 1 3
002 001

624 68

08 0 14

28 ' 05
52?43

100.4 * 131 3

81.3 * 2 1

0.21 7 0 12

-- 002

0 39 -008
* 025

.,0002

"..02

<2

0.32 0 0. 14

0.13 ! 0.22

9.04 - 0.45

2.1 t 03

8 .8

<01

3.70 t0 23

<.002

121 ! 34

181.2 ? 3 3

356 ! 20 4

03!02

<05

002 t 0 01

,.02

- 02

01

02

674 • 146

05 * 01

002

51 '13
11?_-59

13 2 1 9

-. 002

595 * 30 4

* 005

31 * 04

43 39

81 2 114 8

91 3 2 2
12? 10

004 002

51 * 16
• 025

<-0002

< 02
,: 2

91.- 1.35

11 - 18

9 13 ! 0 45

1,9' 0 1

2.61 t 1 7

< 01

3.50 t 0.21

< 002
121 t65

169.5 ! 10.1

356 t 36.3

0.?2 0 1

<'05

02 ! 01

.- 02

02

010

01

80 3 * 6 4
05 * 01

002

6 7 3
69' 70

12 7 1 5

002

620 - 60
" 005

25 ! 03

53.- 74

39 8 85 1

93 1 t 4 9
T0 02

02 04

72?- 03

< 025

< 0002

-: 02

<2

40 t 07

31 ! 21

8.78 t 28

1.7 t U.1

04 02

<.01

354 t0.30

<.002

129 t 5.3

1376 6.7

362 4 , 29 2

5 t 4

< 05

01 - 01

< 02

0 18 005

0 10 '001

001 32

11) 70 - 12 16

0 12 ? 00?
.-. 002

18b I 15

593 690

It 67 1 84

002

613 - 65
. 005

.38 , 20

1496 - 462

493 3 , 477 3

93.9 t 28

.30 ! 22

006 * 003

80 1 0
"4.025

< 0002

< 02

<2

40 - 10

.08 .12

8.65 t 0 27

2.3 ! 2

578' 150

060- 08

381- 06

<002

128.5 39

1933 62

376 t 15 1

1.0 t 42

06 t 02

3. 85 * 0 88

< 02

0 02

09 01 01

02n 01 0031001

905' 186 389 "219

10 ' 02 0 10 003

S002 1 002

105 ' 4 28 ' 111

531 4 9 19 4 "829

9 1 48 119-1* 183
. 002 004

613 - 56 1 618 . 16 7

01 002 006 002

33 02 0?2R 02

6341 '3353 1224 t 139 2

1644 1621 1118 H2084

1022 n36 889 '49

21 7 25 0189 011

-: 002 -002

1 0 , 1,1 0 14 t 008

-025 -025

U0002 .- 0002

02 , 01 '- 02
'2 '2

0.58 ! 0 10 0.32 '009
1ý 2 ---- 2

8 79 ! 0 26 994 0.43

2? ! 3 4.3 !0.89

144 3 ! 56 235- !30

0 13 ! 0.84 .088 t 090

438 ! 0 17 3.61 ! 038

<.002 < 002

131 t.9.4 1275' 2 1

204 8 4 1 207 t 234

39957 25 7 3401 238

901 14.7 0,2!02

34 - 15 0 10 700)

1357 ! 379 0.39101

-02 < 02

<'02
.- 010

02 004
BGI I 110

80 1 I)4

- 002

15 10

4 2 '5 5.12 5525
175721

00.2
589 ' 10 3

005

29 - 03

389 - 202

1436 * 186 8

93 9 2 8

1 05' 73

0004 O03

1 00 14
03 - 01

* 0002

* 02
':2

.38 . 08

08 11

8.59 * 35

1 9 0.3

28 8.4

021 t 03

3.54 t 20

-. 002

126.0 4 2

1880 62

382 -. 23 2

33 3.3

06 1 01

1 16 , 033
< - 02

-02
•0:0

02 0)

42 '' 51 2

06" 02

002

34725

18 8 ' 5 7

002
685' 74
006" 002

0 23 04

40'43

659 104 8

97 9 t 5 4
0(190.11

0i 7 .02

27 23

025

0002

03 t 01
.' 2

55 * 19

-: 02

9,80 , 1 00

39 16

68 74

02 - 01

3 75 t 06

< 002

130 .t 2

173 3 ! 41 2
393 8 88

09 t16

1-05
05 ! 02

,,• 02

-02

010

02 ' 01

68 2 * 27 0

07 • 02
002

301?;

40' 112

12 6 1 0

002

624 - 2B

005

0729 01

797.34

63?2 1238

1019 o 130

.12 * 05

003 - 002

38 - 17

025

.,.0002

ý 02

< 2

57 - 25

03 1 02

931 74

20- 40

777

02? 01

3 86 46

< 002

1278-44

1670767

361 * 226

17*08
'1 05

05 1 04
02 * 01

-02

01 - 002

02 7 02

92 1 39

06 01

002

45-7 9

6 1 68

12 I * 1 3

002

511 * 25

005

28 , 04

194 7 14 2

6667 1260

931 7 6 4

12 06

01 ' 004

51 - 12

< 025

,<.0002

< 02

'$2?
53 .27

137 23

869-* 31

207 !

I 4 t .9
010

3 54 ! 41

$2 00?
119.2 45

160 17 29
333 24 3

23 * 45

D.5
10 08

.02 *01

- 02

01 7 01

02 * 01

44 3 , 40 2

05 , 02
.. 002

387*30
14 0 1 7

1274 1 4
- 002

601 • 41

* 005

23 * 01
35,-5,5

804 -1600

871 725

.09 08

003 7 002

33 ! 27

025

0002

' 02
S2

42 - 14

.04 _.03

951 t 81

237 6

31 3
-, 010

3 73 ! 42

2 002

123 t 2.4

188 t 145

330 ! 24.3

.1

-: 05

04D04
02- 01

024 7007

017 00

04 02

72 5 * 21

05' 02
, 002

65- 9

41 - 60

176 '9

003 7 0

610 " 25

01- 00
22 ' 03

441-65

102 0 * 1

96?2 12

38 " 32

004 0

48 " 26

< 025

0002

:02
'K.2

.78 - 65

< 02

8.91 * 1.

257-22
1.6 3.1

<010

355 ! 0

'$ 002
121 0- 2

178 3 * 8
364 * 26

.08 t 05

<05

.02 - 004
02- 0l

0.2d I O .15 !0 17

< 05 <: 05

0.08' 05 002 002

<02 <' 02
'$2 0? 0? 0? 7 01 .02 01 02 7 01 021 01

aWell locations are sho "n Frq. 4.4

M ,cruO ,ho pe r ceIr
¢ Ptcocurie$ per lit(-=
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TWl, -r I ~L i nc-aIC r i ion
Frf tn D Jai.,k C. 7Thrn.r. Environnunt a I nsui ttant
Suhoct t RBer•'rt )f Ver: hbra te Fauna, N. E. Sussex Site

i 1;,7 , _ION

nhis rep,;rt is concern.ed with a sui,'ov of the terrestrial rhrat,

anim-als i v.'vnc ,an thin the sphere of influence ot the pr--osed Wvycfinr

'!ineral ('Cr-n.-xration mining site. The ai-ea is lcA ated in southea.qt ,.,srm

Qtauntv, tyvcy-in,, in 74-IN, R77" approxt-atel Ii rdles 1NT of Sussex an .A

miles E of the Pawder Piver.

Field studies ccrmmenced late Nov a~nbnr and extended through the riddie

of Aprl. A total of 13 field days (10-15 ha-s/dtay) were spent a- 13 dilf-

ferent ti.•e inten.als *iurinc the study period. Field investizat ions were

conducted fran, tvo to four consecutive days each visit to the study aIea.

: wish to ac wleviedge the cooperation cf the W"•'.ng Gc.e and :ish

.or certain info..,ntion provided.

Scientific ncmenclature and other tey•rdnolo.. is according to the

tow lrwina authorities

Long, C. A.. 19635. The ýL.'nrals of Wvc•run.
University of Karsa-s Publication. ýMuseurn.
of Natural History 14(IS): 493-758.

A.nuricarn Ornitholocist Union, 1957. Ch.erk-list
,)f North A1n1ritar s Birds. 5th Edition, and
A.O.U. 1973. Thirt,--ecund surple..ent to
the Ar.rica.'rnith]Ucist Union Chf.ck-list
of North kArvrica Birds. Auk. ')O:11-fl9.

GLxtcr. G. T., 19,17. The Anr'qhibians arnd Reptiles
of Wyvnini. ,yr~inc Wildl if,2, Au-u±s. :id antd hp.
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Trwvntct trapping for rdx.nts was done in the township. Trann-s.ts

wre. 300 meters I(= with tw> rmu3eum special traps set at 10 :rretor in-

tervals. Each transect was trarped for tvn consecutive 2.1 hour .eri(xis

for a total of 120 trap-nights per transect. T7elve transects corsistinc

of 1440 trap-nights were trApied during the study period. Traps urre

baited with a mixture of peanut-butter, rolled oats, bacon grease and

velveeta cheese. Transects were dispersed throughout the study area, rcst

of wich were placed into the specialized habitats of the study area. The~se

areas included: ravine bottoms, rocky outcroppings, areas in which big

sagebrush (Art..-aia rriaent:a4) predominated and areas of grass prairie.

General observations were arde for all vertebrates on the study' area.

The study irea was traversed on foot at least once each visit. Aniim.

sign, feces, tracks, calls or songs, skeletal rer.ins, burrows. etc., were

raten as evidence of a species' presence as well as actual sightings of

the anL.-ls.

Twenty-two species of rrmls belonging to ten fxr-.lies (five orders)

me-e found to occur within the study axre(Table C.1). Rodents corprised the

rmost abundant grou present. being represented by five fa•.ilies and eleven

species. The deer mouse (."c. c - was the rost frequent

nre(-nt captured and wa.s traped in all habitat types, rncky areaps boinc

gtiLhtlv prferred. A total of 197 .-'rc.'.7.•-ac sp. were captured in all

tran.-•cts. rt,pr.se.ting 91 pxro.cnt of the total (217) rodents c-ptumrrd.

:'•:'~~•~ .sp. cumprised a miajor fraction of the rrdent bi, %Ls:s.
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Ta 1)(1 o C.1t.T5), .ic Iitiri." of m a, I s
(k--¢ luding hats).

occurrina within T.,14N 7T,';

Snrf ýci es Cr(-rimn N:x-,ý'

Ord, r: 1:. ;e(: t i-.r)ra
Fxnt I v fr ic iia v

Order: L.-uc;u-'-opha
Fi1ly: Leporidae

S:.- i'.:m~s::,:2-ib

Order: Prden t ia
Fami lV: Sciur'dwe

Family: Gernyidae

aF-'- : Heterr..vidae

Family: C-i cet dzie

• "... 'lCr'C.

.•2<r.*.:a 't r ..:~~:..•

Family: Erethizon tidce

Order: Car mi v re
FarJ 1 y: Can idae

.v : Mu~ste 1i dae

F:ami1v: F1iida±
-? : ' ."C.; -- ',c :

Vagrant Shrv

Desert Cot zoniami I
Nuttal's Cottout:ul
T'hiite-ta•led Jtckrab-.

Thirteen-lined Gr:- '.":'."

Northern Pocket Gopher

-3:- s Olive-backed Poc-et.,-s.
Crhd's Ka-garoo Paz

Plains i-a-rvest ''.otuse
i I),Der Mouse

, Northern Gra.sshc.rrner !cýus.ý
Bush,-:a-iled ?.c Pa•:
Prairie Vole

Porcupi ne

Coyote
Red Fax

LAng-tai led ',Verse 1
Badger
Striped S k-ury

1R)bcat

LOrd,,r: A-rtV',.i.actv ia
F:vni ly: Cerviddae

b'a•"i !v: .:n', lJiI,;,upri cku"
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Rabbits were abundant within the study area. The desert cottontail

(3L~z,.a~ audubo'2i Luileyi) and Nuttal's cottontail (SLjLiviZuLo rmta.2:"

2rar;-.cri) were synmptric, however, the desert cottontail was nore abundant

preferring ravines. The Nuttal's cottontail was sparsely distributed

in open flat lands and in the sagebrush plant community. Jackrabbits

(Lepus towr.serndi cpa'?ius) occur primarily within sagebrush cover.

Pocket gophers (Thcromis taZpoide8 buZbatt-s) were evidenced by their

nound building activity. Tney are widely distributed over the grass land

habitat of the study area.

The skeletal rennins of a porcupine (Erethizon dodd -. ,m bruneri)

w-as found on a dirt road within the study ame&. It is doubtful a viable

population of these animals exists within the study area due to the lack

of suitable habitat. Perhaps single individupls migrate into the area on

a randcxn basis.

Several mammlian predators have been observed. Coyotes (Canis

ltranas .atrans) and badger (Taxidea ta--us ta-rus) were frequently observed

as was sign of their activity. The striped skunk (Mcphitis mephki-ie

had,-ccncc) was also abundant, especially in riparian habitats. Tuno long-

tailed "masels (!.,siena f'renata r.evadenrs2i) were trapped in association

with riparian habitat. Additionally, se',eral active burrcos were. found

with sign identified as red fox (Vulpes uzlpe8 regalie). Tracks and feces

of a redium sized felid, pmobably those of a bobcat (L.unx r-Afu8 p"Zxwcrz)

tere u-served around several rocky outcropings.

.Lrgr Mnnýus

Pronghorn (An t crý,r," ,'ricara.) were the ,n)st conspicuous

(-1-1()n'nLt of the rm-na ian biota. They were distributed thruoukh the entirt,
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it udy area, be il " )ncent.rated in aroeýs of slu',br'Li'n iiabi tat. Nurnbers

(i idiividuans .)h•er-ved rani.:od fr¶I, 32 to 1.12 individuals per day with

an aver.4e of 75 individuals per day. The avi.ram-e sex ratio was '3

Mule defr ( Zlc, aj ;1•m'-Oru hcmi. ?:us) populations wer- varied.

Ntnzbers of individuals observed rangecý fr(ni i to 22 individuals 1per day

with an average of 10 individuals per day. Most deer occurred in &, up:;

of I to 5 individuals. De,'r wre aisociated with riparian halb)itat and au

the heads of draws in sagebrush habitat.

Bi rds

T7enty-seven species of birds representing 13 families were obser-,,ed

within the study a-rea(TIable C.2 Seven species of wterfowl (Anatda,.,)

were observed, however, the:y wezv migratory. No resident waterfcwl

w.as observed. Similarly, seven species f hawks (Accipitridac) wrc

observ'ed, only one golder. eagle . wzt) appeare. to be r,:.-

dent. Two great horned owls (webc i'•.ror..s) were observeed in a .r-.iL'

cluster of crt~onv•tod trees (,a.: az r:zfi) in a ravine bottcm,.

A1t.vugh few sace gfrouse (we::.-cx.-s cre..:r.'s) wre obser-ved.

their droppings orcurred ove.r -.. ch of the study area. No str-ttinv cr'umax.•

were found. M.eaduwlarks (J:arr:c'a . r.&.:•) and horned larks (f.:--:'*

.:' z~w' were the most widespread and abundzntm bird-s on the study ara.

Ec tothermic Vertebrates

Dving to sea.,n and latnmess of spring sne.• no obtcr-vations• t%.'ru

nude alt fruzs, toads or re~ptiles as they had yet to ',frcr re. IVnphib tar,

anmd r(,pt i Ies ;M1i ich may .x("r in the :t udy a-rea accord i niz to !;Lx ter ( ! 71
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C. 2 Brd.- .rl-v-d wi thi T-1-.I R77W frrin LŽcimnb',r to %lay.

Ccrmon N-me ____

I%, An l na i d..t-.

Cat Li dae.

Iy AcI.3in

Sz . . l~

P iCd 'Ll

Cl 4u

Canada GCoose
NI adllard
Pint al
Ga•.vai I
Blue-winged Teal
Cinnamon Teal
Ruddy Duck

T.rkey Vulture

Cooper's Hawk
Marsh Hawk
Rough- legged Hauk
Ferrug inous Hawk
Red-ta•iled Hawk
Golden Eagle
Spar- • Hawk

Great Horned 'iQl
Short-eared C('l

Sage Grouse

Anriecai Coot

Ccrr•n Night Iawk

Red-shafted Flicker

Horned Lark

Crckv

Lark Buntin-
Vesper Sparm'

Meado Iark

Sage Thrasher
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.Lm included in Table C.3.

'Vegetation

There is no cornercially merchantable tinter within the study area.

Few trees are evident and are generally confined to ravine bottcms where

at least semipermranent water is available. The plains cottornoood (p?.,7us

cazgentii) is the dcminant tree cover although sparsely dist-i'buted.

Same stands of willow (SaZir sp.) also exist in riparian situations

which are minimal within the study area.

Vegetative cover of the entire study area consists of a series of

interdigitating sagebrush and sagebrush-grass coplexes. A conpilation

of the rrr, -r plant species observed is found in Table C.4.Vegetation ob-

served within the study area is consistent with that found on eastern

short-grass prairies of Wycming with the possible exception of big sage-

brush (Ar•,:aisia tri.dentata) being more abundant than on most grassland

areas.

Area of vegetative cover varied greatly over the study area. The

average cover was 57 percent based three 10 ha. plots sampled by a

stratified sampling technique. Cover ranged fram 0 percent to a nmxirnun

of 78 percent.

Climate

A continental climate prevails over the study area. Few days durina

the year are without insolation. Wide fluctuations exist in the seasonal

and diurnal terperatures (anbient). Surmer extremes produce teiperatures

above 1000 F; the wintcr produces mininum in excess of -25oF. Precipita-

tion varie.s betvcn 7 and 19 inches with a mean ot 12 inches per year (10

yu!:Lr aver~lgoe
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Table C.3. RN•ptiles and arphibians which may occur within T.ILN, R7FW
(after Ba-xter, 19.17).

Snec i es Ccy!mm aT!

P12pt 1 ies

Adphibi ans

Eastern Short Horned Lizard
Northern Prair:e Lizard
Cairnon Bull Snake
Pa•irie Rattlesnake
Western }egnose Snake
Blue Racer
Wandering Garter Snake
Plains Gar-.er Snake
Red-sided Garter Snake

Swxnp Cricket Frcg
Leopard Frog
Central Plains Spadefoot Toad
Rocky Mountain Toad

I'ablie C.AI. Major plan'. sT.,cies cnbserved within TI-4N, R77V.

S,- 'c i es C-rrron Nrumx

* ,ý,:.:

- d u- .,-s, -. r

ec:zr-sp. c-

:rt C. :a . - -

:rcr.~rtCa

Western T•hea"t Gr-ass
Carolina Fuxtail
Silver Sagebrush
Birdfoot Sagewort
Big Sagebrush
Tvb 1ing Sagebrush
Blue Grama Grass
Lbeazgrass Brar-,
Douglas Sedge
,hreadleaf Sedge
Rabbi tbrush
Inland Saltgrass
Slender Spikerush
Wild Buckwheat
Cushion Buckatheat
Skeleton-leaf Bursage
FoxT1ail Barley
Prairie Junegrass
Plains Prickly Pear
Big Bluegrass
Kentucky Bluegrass
P lains Poplar
Willow
Russian Thistle
Needle and Thread Grass
Soa;:'eed
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DISCUSSI(M AND SUMARIPY

The study area is within the Powder River faunal suldivision of

the Great Plains Faunal Area. Much of the study area is of the Transi-

tional Life Zone with an interdispersion of the Sonoran Life Zone. The

fauna observed is consistent with that expected on the basis of the habitat

and cover availability.

Vegetation is primarily that of a grassland prairie with a big sage-

brush intrusion, the condition of whiich varies with season and the avail-

ability of nolstum.

Bird populations probably increase as would diversity with the onset

of spring. Passerine birds would probably be the rrmjority of the breeding

bird population with rneadowlarks and horned larks being the nost abundant.

Due to the lack of suitable habitat, waterfowl and most raptors would not

breed w-ithin the study area, HocmEver, the rodent and rabbit population

%ould probably support several haiks, owls and/or eagles.

Sage grouse may also occupy the study area in greater nuTbers than

observed. Sign (droppings) indicate sage grouc . •e dispersed over

ruch of the study area.

There is an abundant rodent and smll mamral population. The diversity

of which is probably greater than measured due to prevailing winter condi-

tions during this study.

Deer and prmnghorn are abundant within the study area and contribute

to both the aesthetic and recreation considerations of the available land

r,.,ources. Althouvh the use of the area by deer is perhaps seasu~onal, win-

tor raunL" is the nrnvst irTportant aspect of deer hMbitat. Pronýýhorn use

of the area is yeaLr-around, although pronghorn herds wander on and off the

.wtudv *,r,'. in their daily mvernents.
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Relntive to the type and magnitude of the proposed mining operation,

the fauna will be effected to a greater or lesser degree. Any activity

will serve to displace some coxponent of the vertebrate fauna. Exploita-

tion of the resources will alter the present environment by actual removal

of vcgetation and subsequent loss of animal populations from the construc-

tion(s) sites, through loss of habitat by construction of transportation

s-vsterr and through the various impacts of mining perso.nnel in their

activities, both job related and personal.

Bird populations wrill be effected to the extent of surface disturbance.

Since most birds require vegetation for nesting activity and minimal humnan

encroachirent, breeding populations will diminish with proximity to mining

activities. Probably least effected will be ground nesting species, such

as the meadowlark and horned lark, whose nesting specificity is less

rigorous than most other passerine species as well as being more abundant.

Again, hcwever, man's activities cai greatly (adversely) effect fledging

success.

Sage grouse will be adversely effected by renoval of sagebrush by the

loss of cover and food. Without adequate cover for the precocicus chicks,

survival will diminish within the sphere of influence of mining activity.

The sage grouse will probably be eliminated.

Rodent populations will be altered with an increase in man's activities.

The deer mouse and thirteen-lined ground squirrel will probably be least

effected coving to their high reproductive rates and relative high abundance.

Paisibly, mining activities could serve to increase their populations. Other

rodent populations will be displaced to the extent they are restricted to a par-

ti, -ar habitat which is being altered. In sane circumstances, cur•pnents
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of the' rodent fauna will be extirpated. This will neg•atively influence

the ruptor diversity and abundance.

Rabbit, are a conspicuous component of the grassland-sagebrush habi-

tat. Jackrabbits are intolerant of huTman encroachment. Additionally,

hunting pressure (year-around) will increase with increased access to the

a.rea•. potentially eliminating this species very quickly. Cottontail

rabbits w-ould be less adversely effected due to seasonal hunting pressure.

Although sensitive to habitat changes, cottontails appear to be more

adaptive and tolerant of man and his activities than do the hares.

Carnivores are effected by availability of food and, as such, tend

to be wide ranging arni opportunistic in feeding behavior. The effect of

reduced prey iters will diminish predator population, but such reductions

should be less obvious with the over-all effect on carnivores being less.

This assumes that predators would not be totally reduced from increased

hunting and trapping pressure as a result of increased access and hunman

population.

Big gane species, pronghorn and mule deer, are intolerant of nman and

his activities. Such species will mo•ve away from disturbances into

neighboring habitat until spacial limitations restrict such moveents.

With increased growth of mining operations, the subsequent influx of

people and the continued removal of suitable big gane habitat, pronghorn

and mule deer populations could be greatly reduced. Additionally, the

influtx of people net only provide a harassment factor but also contribute

to an increased deinmd for game species. The accurmulative imrpact can sorve

to diminish game populations, possibly to extirpation. Such inpact could

Lx, rt-duccd through habitat rehabilitation and garr nmnagemcnt activitie-s.
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Appendix D

DETAILED RADIOLOGICAL ASSESSMENT

When evaluated in conjunction with Sects. 4.6.5 and 6.7, the following information permits a
detailed analysis of the radiological impact of the Irigaray project and permits complete review
and verification by qualified radiological scientists. Calculations of radiation doses have been
made for radionuclides and receptors around the site.

D.1 MODELS AND ASSUMPTIONS

AIRDOS-Il, a FORTRAN computer code1 was used to estimate individual and population doses result-
ing from the continuous atmospheric release of airborne radioactive materials from the normal
project operations and from accidental releases. Pathways to man include (1) inhalation of
radionuclides in air, (2) inmmersion in air containin radionuclides, (3) exposure to ground
surfaces contaminated by deposited radionuclides, (4) ingestion of food produced in the area,
and (5) immersion (swimming) in water subjected to surface deposition from plumes. Doses are
estimated for the total body as well as for the following organs: gastrointestinal tract, bone,
thyroid, lungs, muscles, kidneys, liver, spleen, testes, and ovaries. The dose to the bronchial
epithelium from radon daughter's is also estimated.

The area surrounding the project was divided into 16 sectors. Each sector is bounded by radial
distances of 0.8, 1.6, 3.2, 4.8, 6.4, 8.0, 16, 32, 48, 64, and 80 km (0.5, 1.0, 2.0, 3.0, 4.0,
5.5, 10, 20, 30, 40, and 50 miles) from the point of release. Human population, numbers of beef
and dairy cattle, and specifications as to whether each of the areas lying outside the plant
boundary is used for producing vegetable crops or is a water area are required as input data.

The first part of AIRDOS-Il is an atmospheric dispersion model (AIRMOD) that estimates concentra-
tions of radionuclides in the air at ground level and their rates of deposition on ground surfaces
as a function of discance and direction from the point of release. Annual average meteorological
data for Casper, Wyominq, were supplied as input for AIRMOD.

41RMOD is interfaced with environmental models within AIRDOS-1I to estimate doses to man through
the five pathways. One such model is a terrestrial model (TERMOD) developed by Booth, Kaye, and
Rohwer- which estimates radionuclide intakes from ingestion of radionuclides deposited on crops,
soil, and pastures. Such intakes result from drinking milk and eating beef and vegetable crops.

Population doses are summarized in the output tables of AIRDOS-Il. Actual population distribu-
tions were summarized from 1970 Census Bureau tape records. The computer code PANS3 provides
sector summaries which correspond to the same sectors and annuli in the 16 compass directions
for which ,/Q values are calculated. The population dose is calculated for each division and
then summed over the entire 80-km (50-mile) radius.

The dose conversion factors for the radionuclides are based on two ICRP reports."', The method
used in estimatinq radiation doses is given in a reference handbook.J

D.2 ATMOSPHERIC DISPERSION (METEOROLOGY)

The basic equation used to estimate atmospheric transport to the terrestrial enviror"',t is
Pasquill's Equation' as modified by Gifford.ý For particulate releases, the meteorologi,.al
,/0 values are used in conjunction with dry deposition velocities and scavenging coefficients
to estimate air concentrations. Radioactive decay during plume travel is taken into acccunt in
AIRDOS-Il.: Daughters produced during plume travel must be added to the AIRDOS-II source term.
Concentrations of air for each sector are used to calculate the doses via inhalation and sub-
mersion in air. Ground-surface concentrations are used for external radiation exposure. The
ground deposits are also assimilated into food which, when ingested, results in an additional
dose via the food-chain pathway.

The meteorological data required for the calculations are joint frequency distributions of wind
velocities and directions summarized by stability class. These data are shown in Tables D.1 and
D.2 for the Casper, Wyoming, meteorology.
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Table D.1. Frequencies of wind directions and true average wind speeds

Casper. Wyoming, meteorological data for 1967-1971 period

Wind speeds for each stability class

Wind direction Frequency (m/sec)
(toward) A B C D E F G

N 0.023 1.80 3.09 429 6.19 3.98 2.54 00

NNW 0.011 2.63 2.95 3.99 4.48 3.99 2.64 0 0
NW 0.018 2.83 3.13 4.06 4.89 4.04 2.97 00
WNW 0.028 2.83 3.18 4.23 5.35 4.13 2.74 0.0
W 0,046 2.14 2.89 4.04 5.65 4.11 2.91 0.0

WSW . 0.034 1.46 2.95 4.11 5.12 4.11 313 00

SW 0.043 2 83 3.36 4.12 5.50 4.06 2.97 00
SSW 0.061 2.42 3.30 4.19 5.80 4.05 3.15 0.0

S 0.057 2.83 3.21 4.19 5.74 4.04 2.78 0.0

SSE 0.037 2.83 3.22 4.78 5.13 4.04 2.99 0.0

SE 0034 0.77 3.64 4.17 6.17 4.04 3.06 0.0

ESE 0.047 2.83 3.39 4.40 6.53 4.08 2.95 0.0

E 0.115 2.60 3.22 4.92 6.77 4.15 2.90 0.0
ENE C. 167 2.42 3.54 4.81 7.31 4.21 3,00 00

NE 0.183 1.46 3.34 5.21 8.27 4.19 2.81 0.0

NNE 0.095 2.32 3.40 4.73 8.50 q 2 74 0.0

Table D.2. Frequency of atmospheric stability classes for each direction

Casper, Wyoming. meteorological data for 1967-1971 period

Sector Fraction of time in each stability class

A B C D E F G

N

NNW
NW

WNW

W

WSW

SW

SSW

S

SSE

SE

ESE

E

ENE
NE

NNE

0.0090
0.0901
0.0112

0.0108

0.0066

0.0091

0.0071

0.0084

00036

0.0083

0.0060
0.0110

0.0080
0.0031
0.0017

0.0043

0.1613

0.1832
0.1381

0.0632

0.0608
0.0366

0,0402

0.0387

0&0384

0.0695

0.0442

0.0437

0.0371

0.0174

0.0165
00223

0.1547
0,1473

0.1498

0.1199

0,1043
0.0884

0.0643

0.0584

0.0691

0.0788

0.0916
0.0937

0,0842

0.0636

0.0400
0.0436

0.4835

0.3179
0 4327
0.5325

0.5709
0. 5865

0,6417

0.6702

0.5698

0.4326

0.4620

0.4982

0.4802

0.6527

0.8456
0 8425

0.0848

0.1322

0.1468

0.1641

0.1439
0.1416

0.1313

0.1047

0.1330

0.1598

0,1685

0.1642

0.2303

0.1985

0.0730

0.0547

0.1267

0.1292
0.1214

0.1096

0.1135

0.1378

0.1153
0.1197

0.1861

0.2510

0.2278

0.1892

0,1600

0.0647

0.0233
0.0327

0.0
O0
0.0

00

0.0

00

0.0

0.0

00
0.0

0.0

0.0

0.0

00
0.0

0.0
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The x/Q values for the residences nearest the recovery plant and well field (Irigaray and Reculusa
ranches) are shown in Table D.3.

Table D.3. x/0 values at receptor points*

Cdce. vvvommq. meteorology

Locaon..' valie (Se ."m I

Par I',ulatek Rn 222

l'qx•aV Ranch
Well itred 1 26E 8
Recovery 0lant0" 565E-

Reculusa Ranc-

Well field 367E 8
Recovery plant"' 231E--8

'Stack he,ght s 10,7 m (35 t!),

asRedda', -565 1 70

D.3 CONTRIBUTION OF RADIONUCLIDES, PATHWAYS AND VARIOUS OPERATIONS TO DOSE

The amounts of radionuclides routinely released (source terms) during a year's operation of the
recovery plant and well field on which annual dose calculations to the individual and the popula-
tion are based are shown in Table D.4. The dose conversion factors used in the radiological
assessments for the processes are shown in Table D.5.

D.4 OTHER PARAMETERS USED IN RADIOLOGICAL ASSESSIENT

Other principal parameters used in the radiological assessment of the Irigaray projert are shown
in Table D.6.

Table D.4. Release rates for
radionuclides from well field and

recovery plant'

Release rate
(C lcyear I

Recovery plant

U 238 15E- 1I

U.234 1.5 E--I

U-235 7.OE - 3
Th 230 26E- 3

Ra 226 7.OE-4

Pt, 210 1.0E-4

8,210 I.OE-4
Po.210 1.OE-4

Well field

Rn.222 7.6E- I

'Estimated based on information contained in the

ER, pp. 27 and 38 15.0 X 105 Ib of U130, processed
per year, 1000 lb of U.0. released per year from

yellow cake stack).
bReadas 1.5X 10
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Table D.5. Dose conversion factors used in the radiological

assessmnent for uranium milli

Rad~o•,jrhl •Do3,e cOnversion factors

Tntai t)ody Bone Lung. K~dney, Bronchial ep,1hehtum

Yellow cake stack effluents
I' emsi C,

U 234 3OE- 1 49 5.8E2 1.2

U235 29E. 1 4.7 56E2 10

* 738 2 7E 1 4 5 5 1E2 1i0

Tr 230 3 iEI. 10E3 5.7E2 31E2

Ra226 24E1 24E2 I3E2 2?4EI

P'I 210 9 7E-1 3.IEI I 7EI 2.5E1

PC, 210 1 7E 1 7 1E-1 4 9E1 5.2

Releases from combined operationS

Irl-10 ,erm 'yer per 4'rCOcujr'e Mr cuIbrC meter of I,)

Ra 222 amt (I,,qh1.,% 0.625

, R,&1 ý3O 0 1

Table D.6. Some parameters and conditions used in t&* radiolofqcal

assannent of the Irigary project*s uranKim ote handl;ng facilities

Pd' ar~t.rs. Process crcurt

Pip'lt hre PrpectancC tO years

Plan nporatrnq 1m-0 365 days/year

0' oocess 'Ayr. 500.000 it) of U 3 00, ve year

En'S",on ,ev 1000 lh of U 30 p., year

Stachk hrethr !m.l1 10 7 m (35 ft)
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BASIS FOR NRC EVALUATION OF THE PROPOSED IRIGARAY PROJECT

THE NUCLEAR FUEL CYCLE

The nuclear fuel cycle comprises all the processes involved in the utilization of uranium as a

source of energy for the generation of electrical power.

The nuclear f:iel cycle consists of several steps:

1. extraction - removing the ore (uranium) from the ground, separating uranium from the
waste, and converting the uranium to a chemically stable oxide (nominally U308 );

2. cunversion - changing the U308 to a fluoride (UF6 ), which is a solid at room temperature
but becomes a gas at slightly elevated temperatures, prior to enrichment;

3. enrichment - concentrating the fissionable isotope (uranium-235) of uranium from the
naturally occurring 0.7% to 2-4% for use in reactors for power generation;

4. fabrication - converting the enriched uranium fluoride to uranium dioxide (U02 ), forming
it into pellets, and encasing the pellets in tubes (rods) that are assembled into fuel
bundles for use in power generating reactors;

S. nuclear power generation - using the heat resulting from the fission;ri of uranium and
plutonium for generating steam for the turbines;

6. spent fuel reprocessing - chemical separation of fissionable and fertile values (uranium-
235, uranium-238, plutonium) from fission products (waste), with concurrent separation of
uranium from plutonium;

7. waste management - storage of fission products and low-level wastes resulting from
reprocessing in a manner that is safe and of no threat to human health or the environment.

This cycle is portrayed in Fig. E.l.

Nuclear reactor operation converts about 75% of the fissionable isotope (uranium-235) into
fission products, thereby liberating thermal energy and creating plutonium, another fissionable
element, in the process. The remaining quantities of fissionable uranium (uranium-235) (about
the same concentration as exists in natural uranium) and the plutonium are recoverable for reuse
in the cycle.

Thn spent fuel removed from the reactor is stored at the reactor site and later at the repro-
cessing plant to "cool" the spent fuel. The radioactivity of the fuel is reduced by a factor
of about ten after 150 days storage.

The reprocessing of spent fuel would produce fissionable material that could be used in combina-
tion with new (virgin) material obtained by mining and milling. In the absence of reprocessing,
all replacement fuel must come from the mining and milling of uranium ore.

USE OF NUCLEAR FUEL IN REACTORS

Two types of reactors are currently used to generate essentially all of the nuclear energy sold
in the United States: the boiling-water reactor (BWR) and the pressurized-water reactor (PWR),

.Each reactor type is operated with'a fuel management scheme designed to meet the requirements
of the utility operator. Different fuel management schemes result in different fuel burnup
rates which, along with other design parameters, affect the quantity of residual fissionable
materials and the type and amount of radioactive wastes in the spent fuel. These differences,
in torn, require specific treatment processes at the reprocessing plant, thus, for maximum overall

E-1


