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ABSTRACT

This Final Eavironmental Impact Statement (FEIS) addresses the proposed action of i1ssuing a combined
source and byproduct matenal license and munerals operating leases for federal and Indian lands 1o Hydro
Resources, Inc. (HRI). This actuon would authonze HRI to conduct in-situ leach (ISL) uranium muning in
McKinley County, New Mexaco. Such mumng would involve drilling wells to the ore bodies, then
recirculating groundwater with added oxygen to mobilize uranium found n the rock. Uramium would then
be removed from the solution using 10on exchange technology i processing plants located at three separate

sites. As proposed by HRI, a central plant would provide drying and packaging equipment for the entire
project.

The Draft Environmental Impact Statement (DEIS) for the proposed action was prepared by an interagency
review group, including the Nuclear Regulatory Commussion (NRC), the Bureau of Indian Affairs (BIA),
and the Bureau of Land Management (BLM), and published in October 1994 After weighing the
environmental. technical, and other benefits of the proposed action against environmental and other costs,
the reviewing agencies concluded that the appropnate action was to i1ssue the requested license and
proposed leases authorizing HRI to proceed with the project as discussed in the DEIS. This FEIS
re-evaluates the proposed licensing action on the basis of written and oral comments received on the DEIS
and on additional information obtamed in 1995 and 1996. The FEIS describes and evaluates (1) the
purpose and need for the proposed action. (2) alternatives to the proposed action, (3) the environmenta
resources that could be affected by the proposea action and alternatives, (4) the potential environmental
consequences of the proposed action and alternatives, and (5) the economuc costs and benefits associated
with the proposed action and alternatives. Based on this snvironmental and economic assessment. the FEIS
makes recommendations concerning the requested license and proposed leases.
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SUMMARY AND CONCLUSIONS

Thus FEIS addresses the pr  1sed action of issuing Hydro Resources, Inc. (HRI) a combined source and
hyproduct material license .rom the Nnclear Regulatery Commvssion (NRC) and minerals operating leases
for federal and Indian lands from the Bureau of Land Management (BLM) and the Bureau of Indian
Affairs (BIA). The license and leases would allow HRI to conduct m-situ leach (ISL) uranium mining, also
known as solution muning, in McKinley County, New Mexico. By issuing the license and leases, NRC,
BLM, and BIA would retain programmatic and regulatory oversight in administrative matters and would
impose operating restrictions and specify monitoring, recordkeeping, and reporting requirements as
conditions of the license and leases.

As summarized below, this FEIS describes the evaluation conducted concerning (1) the purpose and need
for the proposed action, (2) alternatives to the proposed action, (3) the environmental resources that could
be affected by the proposed action and alternatives, (4) the potential environmental consequences of the
proposed action and alternatives. and (5) the economic costs and benefits associated with the proposed
action and alternatives. The evaluation is based on a comprehensive review of HRI's environmental reports,
related submuttals, independent information sources, and written and oral comments on the DEIS.

On Apnil 25, 1988, HRI submutted an application to the NRC propcsing to construct and operate ISL
faciliies at 1ts Church Rock site in McKinley County, New Mexico. HRI subsequently amended its
proposal to address additional lease areas near Crownpoint, New Mexico, and to propose that central
processing be conducted in a plant located in Crownpomt. The combined projects are designed tc extract a
total of 32 muilion kg (70 mullion pounds) of uranium reserves, at a maximum rate of approximately

1.5 mallion kg/yr (3 million pounds per year).

7 he lease areas proposed by HRI comprise nearly 1040 has (2600 acres) known as the Church Rock,
iJnut 1, and Crownpoint sites. Each area is located in McKinley County, northeast of Gallup, New Mexico.

JRI proposes to construct well ficlds in areas of 1ts claims and minerals operating leases selected for their
economic ore reserves. Exisung and new surface facilities at each site would be used as processing plants
for extracting uranium from agueous mung solutions. Groundwater i the Westwater Canvon Member of
the Mormson Formation would be fortified with dissolved oxygen and sodium bicarbonate, then
continuously recirculated to oxadize and mobilize uranium mmerals. The process would use a complex
pattern of injection and recovery wells drilled into the ore zone. Each production well would be pumped at
about 95 liters per mmute (Ipm) (25 gallons per munute (gpm)), and enough patterns would operaie 1n each
wellfield area to provide a maximum processing plant flow rate of 15,000 lpm (4000 gpm)

Uramium would be recovered from the miming sclution in each processing plant by circulating 1t through 1on
exchange (IX) columns. IX columns would be alternately taken off line. and the uranium stripped.
precipitated. and concentrated. All uraruum slurry produced would be dned using a single drver located ir.
the central processing plant at Crownpoint. Uranium slurry would be transported by truck from the satellits
Church Rock and Unit | facilities to Crownpoint for further drying. The Crownpomnt processing plant
would use an exasting building constructed for earlier uramium muning. New satellite processing plants
woud be constructed at Church Rock and Unit 1. Approximately 2.5 has (6 acres) of land would be
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cleared to construct each sateliite plant, including buildiags, storage and parking areas, and waste water
retention ponds.

HRI proposes to restore groundwater quality hy sweeping the ore zone with outlying clean groundwater
and flushing the ore zone by recirculating injected decontamunated water. Restoration criteria would be
sstablished on a parameter-by-parameter basis, and the primary goal of restoration would be to return all
parameters to baseline conditions. Individual parameters that cannot be retumed to baseline by reasonable
¢fforts, on a mine-unit average basis, would be returned at least to concentration levels corresponding to the

greatest potential pre-muning use of the groundwater, based on the State of New Mexico drinking water and
livestock standards.

HRI proposes to munimize waste water by employing a two-stage treatment system for all liquid effluents.
Treated water tha' meets groundwater standards would be recirculated in the aquifer during restoration, or
inyected back into the Westwater Canyon sandstone in a location isolated from mune units. Alternatively,
excess treated waste water that cannot be disposed of in this manner would be applied to the land using
ord nary irngation equipment. The proposed effluent management program differs from the approach used
at amilar facilities that typically discharge all of their hquid effluents using either land application or
eviporation ponds. Most solid wastes that would be generated by the muning process are defined as

byvproduct matenal in the Atomic Energy Act of 1954, and would requure disposal at a licensed disposal
site eisewhere.

After HRI concludes the mining operation and demonstrates complete aquifer restoration, wells would be
pluggedandabandomd;pmcasmgfadhﬁuwomdbedwomamnaedmdwmmimed;au
contaminated materials would be removed to a licensed waste disposal site; and all disturbed areas would
be surveved. decontaminated to acceptable levels, recontoured, revegetated, and released for unrestnicted
use.

Including the proposed ac ‘on, this FEIS evaluates three alternatives. Under Alternauve | (the proposed
action), NRC would issue HRI a license for the construction and operation of facilities for ISL uramum
mining and processing at the Church Rock, Unit 1, and Crownpomnt sites. HRI would conduct its
operations as described in its subnuttals with no significam changes resulting from regulatory review.
Under Alternative 2 (modified action), NRC would issue HRI a license for the construction and operation
of facilities for ISL uranium mining and processing at alternative sites and/or using alternative liquid waste
disposal methods. Under Alternatve 3 (no action), NRC would not 1ssue HRI a license for the construction
and operation of facilities for ISL uranium muning and processing at the Church Rock, Unit 1, or
Crownpount sites.

This FEIS evaluates the potential environmental impacs and economic costs and benefits of the proposed
action, modified action, and no action. The evaluation 1s based on the requirements of the National
Environmental Policy Act (NEPA) of 1969, NRC's “Environmental Protection Regulations for Domestic
Licensing and Related Regulatory Funcuons™ (10 CFR 51), and BLM’s “Surface Exploranon, Mining, and
Reclamation of Lands” (25 CFR 216) and “Solid Minerals Exploration and Mining Operations” (43 CFR
31590). On the basis of this independent review, staff concludes that HRI should be 1ssued a combined
source and material byproduct license from NRC and munerals operatng leases from BLM and BIA.
However. the license and leases “would be conditioned on the vanous mitigaton measures recommended 1n
Section 4 of this FEIS that are intended to protect public health and safety and the environment.
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AIRFA
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ASME
BIA
BLM
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CFR
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American Indian Religious Freedom Act

As Low As Reasonably Achievable
American Society for Testing and Matenals
Amencan Society of Metallurgical Engineers
Bureau of Indian Affairs

Bureau of Land Management

Council on Environmental Quality

Code of Federal Regulations

Draft Environmental Impact Statement
Environmental Impact Statement
Environmental Report

U.S. Eavironmental Protection Agency
high-densmty polyethylene

Hydro Resources, Inc.

in-situ leach

ion exchange

U.S. Mine Safety and Health Adm*nistration
National Council of Radiation Protection
National Environmental Policy Act

State of New Mexico Environmental Dspartment
National Pollution Discharge Elimmation System
U.S. Nuclear Regulatory Commussion
Navajo Tribal Utility Authorty

National Weather Service

polyvinyi chlonde

Rescurce Conservation and Recovery Act
Range # West

U.S. Soil Conservation Service

Total Dissolved Solids

Total Effectve Dose Equivalent

Tennessee Valley Authority
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Upper Control Limat

Underground Injection Control

Underground Source of Drinking Water
New Mexico Water Quality Act
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acre-foot

Ba/g

cenumeter
cubic foot
cubic meter
C/kg (coulomb)

hectare (ha)

kilogram
kilometer

MBq

meter
millisievert

pCVl
pCig

Sievert

43,560 square feet

UNITS OF MEASURE AND METRIC CONVERSIONS

43.560 cubic feet. 325 829 gallons; 1.2 mullion liters

uCi/g = 37,000, pCvg « 3.7E-2

0.39 inches

748 gallons; 28.3 liters
35.3 cubic feet
2.58E-4 roentgen
2.58E-10 uR

10.000 square meters. 2. 47 acres

2.20 pounds
0.62 mules

Ci x 37,000
pCi = 3 7E-8
3.28 feet
100 mrem

E-9 uCv/ml
E-6 uCvg

100 rem
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1. PURPOSE AND NEED FOR THE PROPOSED ACTION

1.1 INTRODUCTION

Under the Atomic Energy Act of 1954, as amended. the Nuclear Regulatory Commussion (NRC) has
mnmmmnbmmwpmmofmhchmm“fmmmcmmmwwm
and byproduct nuclear matenal (defined as uranium and/or thorium in any form, or ores

0.05 percent or more by weight of uranium and/or thorium). One portion of NRC’ s responsibility 1s to
issue source matenal licenses to “receive title to, or to receive, possess, use, transfer, or deliver any source
material after removal from 1ts place of deposit in nature” (10 CFR 40).

On April 25, 1988, Hydro Resources, Inc., (HRI) submitted an application to the NRC for a source
nmerialliccnsewcamncrcianv produce uramum using mn-situ leach (ISL) mimning (also known as solution
muning) at its Church Rock property in McKinley County, New Mexico (Figure 1.1). HRI had already
mmatednsapph..auonmaccordanccmthIOCFRSI45bvsubnumnganexmronmcxmlrcpon(ER)m
the NRC on Apnl 13, 1988. On May 8, 1989, HRI submuitted a supplemental ER and amended its
application to include uranium recovery processing at an existing mune facility in Crownpoint, New Mexico
(Figure 1.1). On Apnil 23, 1992, HRI submutted a second supplemental ER and amended its application to
mclude ISL mining on allotted lands known as Unit | west of the existing facility at Crownpont
(Figure 1.1). On July 31, 1992, HRI submutted a third supplemental ER and amended its application to
include ISL mining on lands associated with the existing facility in Crownpoint (Figure 1.1). HRI's
proposal to conduct ISL mining and processing at the Church Rock, Unit 1, and Crownpoint sites is
referred to collectively as the Crownpoint Uranium Solution Mining Project.

Pursuant to 10 CFR 51, NRC'’s regulations for implementing the National Environmental Policy Act of
1969 (Public Law 91-190) (NEPA), the NRC published the Draft Environmental Impact Statement to
Construct and Operate the Crownpoint Uranium Solution Mining Project, Crownpoint, New Mexico
(NUREG-1508) in October 1994, The draft environmental impact statement (DEIS) was prepared by an
mteragency review group consisung of the NRC and two federal cooperating agencies, the Bureau of Land
Management (BLM) and the Bureau of Indian Affairs (BIA).

1.2 DESCRIPTION OF THE PROPOSED ACTION

The proposed action by the NRC is to 1ssue HRI a source matenal license for the construction and
operation of facilities for ISL uranmum mning and processing at the Church Rock, Unnt 1, and Crownpont
sites. The proposed action by the BLM and BIA 1s to grant HRI munerals operating nights and leases on
certain federal and Indian lands on which the proposed project would be located.
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1.3 PURPOSE AND NEED FOR THE PROPOSED ACTION

The purpose of the proposed action 1s to regulate HRI's proposal to construct and operate facilities for ISL
uranium rmining and processing. The NRC's need for action is to fulfill its statutory responsibility to
protect public health and safety and the environment related to source nuclear matenal (Atomuic Energy Act
ofl954,asammded).mBLMandBlA‘snwdforacuonuwﬁuﬁnthcirmnowmpmsibﬂiﬁaw
regulate mining activities on federal and Indian lands (Mining Law of 1872; Allotted Lands Mineral
Leasing Act of 1909, Mineral Leasing Act of 1920; National Historic Preservation Act of 1966;
Endangered Species Act of 1973, Federal Land Policy and Management Act of 1976).

1.4 SCOPE OF THE EIS

Under NEPA, all federal agencies must consider the effects of their actions on the cnvironment.

Section 102(1) of NEPA requures that the policies, regulations, and public laws of the United States be
nterpreted and administered in accordance with the policies set forth in the Act. It is the intent of NEPA to
have federal agencies incorporate consideration of environmental 1ssues into their decision-making
processes.

NRC'’s regulations for implementing NEPA are contained in 10 CFR 51. To fulfill its responsibilities under
NEPA, NRC published the Draft Environmental Impact Statement to Construct and Operate the
Crownpoint Uranium Solution Mining Project, Crownpoint, New Mexico and conducted public hearings
on the DEIS. This FEIS analyzes the environmental impacts and economuc costs of the proposed action and
of alternatives to the proposed action and incorporates revisious in response to public and agency
comments on the DEIS. Appendix A of this FEIS contans responses to the public and agency comments.
The FEIS addresses potential impacts to the following resources: air quality; geology and soils; hydrology
(including groundwater and surface water); ecology; land use; socioeconomics; aesthetics; cultural
resources; and environmental justice. The FEIS also evaluates transportation risk and health physics and
radiological impacts and contains cost/benefit analyses for the proposed action and alternatives.

1.5 SCOPING PROCESS

The NRC, BLM, and BIA initiated a scoping process to identify significant issues to be addressed in the
DEIS in 1992. The BIA, representing the three agencies, issued a Notice of Intent (NOI) to prepare the
DEIS in the Federal Register (57 FR 39326) on August 28, 1992, Two public scoping meetings were held
on September 24, 1992, in Window Rock, Anzona. and Crownpont, New Mexico. At these meetings,
NRC, BLM, and BIA descnibed their review procedures and responsibilities, and HRI representatves
described the proposed project. State, local, and tnbal government agency representatives and concerned
local citizens also made statements and asked questions at the meetings.

The NRC received one letter commenting on the scope of the DEIS. The NRC, BLM., and BIA considered
the oral and written comments in determunung the scope of the DEIS. The issues raised dunng scoping
process were described in Appendix A of the DEIS.
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The NRC conducted three public hearings to solicit oral and written comments on the DEIS. Two public
hearings were held in Crownpoint, New Mexico, on February 22, 1995, and one was held i Church Rock.
New Mexico, on February 23. 1995 A total of 76 parucipants provided oral comments at the meetings,
and the NRC received 52 sets of written comments. Responses to written comments are provided in

Appendix A of this FEIS, and revisions in response to both oral and written comments have been
incorporated in the FEIS text as appropnate.

NRC staff has met federal requirements for providing infosmaton and making the DEIS available, and in
some cases exceeded the requirements by providing additional copies of the DEIS and translators at all
meetings. Nevertheless, NRC staff understands that some ndividuals had difficuity obtamung a copy of the
DEIS. NRC also acknowledges that the technical information contained in the DEIS 1s difficult to
understand, especially for native speakers of languages other than English. and that language barners may
have prevented some people from becoming informed about the proposed action and from commenting on
the DEIS. Nevertheless, many people did comment and those comments are addressed in Appendix A and
reflected in revisions made throughout this FEIS. In the context of environmental justice. particularly the
US. Presidential executive order and NRC guidelines. and because so many people have shown their
interest in the EIS process, additional reasonable efforts to facilitate communication between the public and
NRC are being made. These efforts include wider distnbution of thi. /EIS, and, to improve the
understanding of the local people, translating the summary section of the FEIS into Navajo. Copies of the
translation are available through the NRC Public Document Room, 2120 L Street, N W., Lower Level,
Washington, D.C. 20402-9328.

1.6 COOPERATING AGENCIES

lnadditiontotheBLMandBlAscMngasfederﬂcoopcmﬁngagencmmthjsNEPAprocess.ﬁwSmr .
New Mexico Environmental Department (NMED) 1s serving as a state cooperating agency. NMEL »
authority for conducting underground injection control (UIC) programs in compliance with 40 CFR 146,
“Unde-ground Injection Control Program: Critena and Standards,” stems from a primacy agreement
between the State of New Mexico and the U.S. Environmental Protection Agency (EPA). NMED's
authonty does not extend to Unit | allotted lands, where EPA retains authority for UIC permuttng.

To conduct the proposed ISL mining operations, HRI must obtain from the State a “Temporary Aquifer
Designation” requirin~ th=* groundwater quality be restored to background conditions after rning 15

completed. In addit ate would require HRI to implement mechanical integnty test procedures for
all wells, to obtain s 's for groundwater restoration, and to plug and abandon wells used in the
mining project.

The New Mexico Water Quality Act (WQA) provides the basis for State regulations that require al
persons proposing to discharge effluent on or into the ground to submut a proposal for review to determine
f a discharge permut 1s necessary This review 1s conducted independently of the federal NEPA process.

For the Crownpoint project. the NMED is conducting a parallel techmcal review addressing HRI's need for
permuts and temporary exemptions from groundwater protection standards in each lease area Specifically,
the NMED is reviewing HRI's application for discharge plan No. DP-870 for ISL muning at Crownpoint,
and proposed modifications to an exisung discharge plan. No. DP-558, for ISL operations at Church Rock.
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HRI's discharge plan applications address measures to ensure that discharged effluent would not
contamunate any existing Underground Source of Drinking Water (USDW) of less than 10,000 milligrams
per liter (mg/L) total dissolved solids, now or i the foreseeable future. The applications must also include
commitments for contingency plans in case the facility fails to operate as designed, and a closure plan that
would remove and/or neutralize any matenals that could produce leachate after the facility ceases to
operate.
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2. ALTERNATIVES INCLUDING THE PROPOSED ACTION

This FEIS evaluates three altermatives:

Alternative | (the proposed action): issue HRI a license for the construction and operation of facilities
for ISL uranyum muning and processing at the Church Rock, Unit 1, and Crownpount sites;
Alternative 2 (modified action). 1ssue HRI a license for the construction and operation of facilities for
ISL uranmum muning and processing at alternative sites and/or using alternative liquid waste disposal
methods; and

Alternative 3 (no action): do not issue HRI a license for the construction and operation of facilities for
ISL uranium muning and processing at the Church Rock, Unit 1, or Crownpoint sites.

These alternatives are described in detail in Sections 2.1, 2.2, and 2.3,

This FEIS does not evaluate alternative uranium muning methods. The DEIS determuned that surface and
open pit mimung are not reasonable alternatives because the ore bodies at the proposed sites are too deep to
be extracted economucally (BLM 1986). Further, underground mining was found to have more significant
environmental impacts than ISL mmung, and the ore from underground muuing would require processing at
a conventional uraniua mull to produce the final product. Significant quantities of tailings (residual rock
materials after uranium removal) would be produced by conventional mulling, v hich are normally disposed
of onsite at the conclusion of the miil’s operating life. NUREG-0706 Final Generic Environmental Impact
Statement on Uramum Milling (NRC 1980a) provides a detailed evaluation of impacts associated with
tailings disposal from conventional uranium milling. The cumulative environmental impacts of underground
muning and conventional milling would be more severe than those of ISL miming. Consequently,
underground muinung and conventional mulling are not evaluated in this FEIS.

2.1 ALTERNATIVE 1 (THE PROPOSED ACTION)

The action proposed by the NRC is to 1ssue HRI a license to construct and operate facilities for ISL
uranium minng and processing at the Church Rock, Unit 1, and Crownpomt sites (Figure 1.1). Under
HRI’s proposal, the Church Rock and Unit | facilities would operate as satellite processing facilities,
producing precipitated uramum slurry (also known as yellowcake siurry) for shipment by truck to the
Crownpoint site. The Crownpont facility would operate as the central processing facility for the project,
producing yellowcake slurry as well as drying and packaging the slurry from all three sites for final
shipment. This section provides a summary of HRI's proposed project, including descriptions of the ISL
process and facilities that would be used and the sites that would be developed.

2.1.1 Description of the Proposed ISL Process and Facilities
The ISL uranium recovery process proposed by HRI involves two prnimary operations. The first occurs n

the well fields, where barren muning solution (a muxture of groundwater, oxygen, and bicarbonate known as
lixiviant) would be injected through wells into an ore zone, and pregnant lixiviant (lixiviant that contaimns
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uranium ore) would be withdrawn from production wells. The second operation occurs at the processing
plants, where uranium wouid be extracted from the pregnant lixiviant.

2.1.1.1 Well Field Procedures and Equipment

Injection and production wells used for ISL mming would be dnlled and constructed using standard mud-
rotary drilling techniques for deep water wells. In each well field, injection wells would be arranged near
production wells as couplets or geometric patterns designed for optimal uran:um recovery. Typical well
fields exhibit a repeating five- or seven-spot pattern. where each production well 1s surrounded by four or
six injection wells (Figure 2.1). HRI would consider the geometry of the ore body and surface topography
to determine the appropnate wel! field patterns.

Designing, constructing, testing, and operating injection wells would primanly be subjected to regulation
through the UIC program conducrzd by the U.S. Environme al Protection Agency (EPA) and the State of
New Mexico. The proposed program would require authorization from EPA and the State to use Class 1|
injection wells. HRI's propos «d methods and matenals to construct imjection, production, and monitoring
wells are in general accordance with EPA requirements for Class [II injection wells found in 40 CFR 146

'I'hcdesignandcmﬁguradonofallwcllswoxﬂdbcthcsam:toensurcthateachcompl'mwnhreqmmm
for imjection.

l-ﬂllpropomthattnjechonandproducﬁonweﬂcasx’ngsbeconstructedfmmaoombinanonofthreaded
fiberglass and solvent-welded polyvinyl chloride (PVC). Fiberglass casing would be required in wells where
differential drawdown would exceed 120 m (400 ft). PVC may be used in other applications. HRI's
proposed casing specifications are listed in Table 2.1.

Table 2.1. HRI’s design specifications for well casings

Injection/production wells Monitor wells
Casing Fiberglass PVC
Operating temperature 150°F maximum 120°F maximum
Operating pressure 1000 psi 250 ps1
Ultimate collapse pressure 1000 ps1 350 ps1
Cement volume At least 1.1 of annulus volume Same
Screen Perforated fiberglass or PVC screen  PVC screen

Casings in injection, production, and monitorng wells would require centering stabilizers to maintain the
casing in the center of the hole. Each well would be properly scaled agawmnst the rock formatons by
backfilling the annular space using an approved cement grout with a bentonute gel additive. Cement would
be forced into the annulus from the bottom. and would be returned to the surface to ensure a complete seal.

tJ
3

/nternal Review Draft November 1996



Crownpoint Preliminary Draft FEIS

ORNL-DWG 95M-10030

A A
Recovery Trunkline
A Injection Trunkline Wellfield Building
A
To Processing Oxygen
Plant /'_
Outline of jpepege
it '
/ Pattern gl ‘ J{
O/ ' 5-Spot Pattern
o injection Well Recovery Well
\Located at Each  (Located at Each 400 Ft e\
Gnid Intersection) Grid Center)
Patterns Repeat Th%qn Waellfield
{ 400 Ft.
@) — 00 Ft
A\ 7-Spot Pattern
Edge of
Wellfield Area
A
A
A
« Imjection/Recovery Wells inset: §-Spot Pattern ,
/A Cre Zone Montor Wells \ o — ‘ S —
O Shaliow Zone Monitor Weils f ol N \Y LA FN
(One Per < Acres) [ ] ." " U ’, \ |
NN - / . /s ‘4
/

/\ St/ Sl S

Grounawater Flow

Figure 2.1. Schematic diagram of a wel! field showing injection/production well patterns,
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HRI proposes to open each well by nstalling integral screens with casing, by under-reaming the casing and
installing a telescoped screen. or by using perforated fiberglass casing (Figure 2.2).

Each well would be tested for mechamical integrity before use. The purpose of the test 1s ensure that each
well prevents hydraulic commumication from one aquifer to another. The test 1s designed to detect
imperfections in the casing sections, nadvertent damage from under-reanung, connections between
sections, and the cement grout sealing the casing in place. HRI's proposed test consists of pressunzing the
casing and monitoring it for pressure less. Additionally, HRI's proposed UIC program includes single-pont
resistivity logs to test casing joints, and cement pressure tests to venfy the quality of cement grouting the
casings to the bedrock. HRI's proposed testing program would be required by NRC license condition.

Wells not passing integrity tests would commonly be reworked and tested again. HRI states that wells
repeatedly failing the integrity *est would not be considered operational. However, in order to ensure
protecting public health and safety, HRI would be required by license condition to plug and abandon all
such holes 1n accordance with New Mexico State Engineer requirements. Additionally, the license would
require HRI retest wells after anv servicing that could cause casing damage. Repeated integrity testing
would also be reouired every 5 years for all operating wells.

HRI proposes to use high-density polyethylene (HDPE) for its well field distnbution pipelines, which
would lie mainly on the surface. This construction technique would expedite routine inspections, early leak
detection. and repairs. At road crossings or other high-traffic areas, pipelines would be encased in steel
culverts and buried. The proposed pipe matenal exhibits high chemucal resistance, is suitable for operating
pressure up to 265 psi, and operating temperature from below freezing to approximately 80°C (180°F).
Solution muning typically invoives injection pressure less than 100 psi, and operating temperatures between
13 and 38°C (55 and 100°F). The operating temperature and processing flow rate would prevent freezing
in the surface pipelines during winter.

All well field piping would either be housed in contamnment buildings or buried a: least 0.5 m (20 in.) below
the surface. Typically, each well would be connected to the respective mjection or 7 roduction manifold
using polyethylene or polyvinyl chlonde (PVC) pipe and fittings. Manuifolds, located in small contamnment
buildings, would direct solution berween mdividual wells and pipelines to the recovery plant. Meters and
control valves in individual well lines would monitor and control flow rates and pressures for each well.
Additionally, the entire injection and production system would be metered on the trunk lines for continuous
monitoring in the processing plant. This system would be pressure-tested for mechamical integrity in a
fashion sumilar to the wells.

2.1.1.2 Lixiviant Chemistry

Uranium. present in the host ore in a reduced nsoluble form, would be oxidized and dissolved by the
lixiviant solution injected into the ore zone. Once uranium 1s cxidized. it easily complexes with bicarbonate
anions in the groundwater, and becomes mobile. Table 2.2 shows the anticipated concentrations of the
principal chemical species in HRI's pregnant laviant from the well fields for processing.

HRI proposes to use a lixiviant solution composed of bicarbonate 10n complexing agents and added
dissolved oxygen. Uranium compounds contained in muneralized gran coatings would first become
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Figure 2.2. Cross-se-tion of a typical injection, production, or monitor well completed
using the under-reamed method.
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Table 2.2. Auticipated concentrations of principal chemical species in
HRI’s pregnant lixiviant from the well fields for processing.
[Data are from HRI 1993. test data. and operational licensing expenence |

Chemical species Concentration (mg/L)
Calcium 100-350
Magnesium 10-50
Sodium 500-1600
Potassium 25-250
Carbonate 0-500
Bicarbonats 800-1500
Sulfate 100-1200
Chlonde 250-1800
Nitrate <0.01-0.2
Fluonde 0.05-1
Silica 25-50
Total dissolved solids (TDS) 15005500
Uranium 50-250
Radium-226 (pCu1) 1000

Other parameters

Conductivity (;zmohs/cm) 2500-7500 .
pH (standard unuts) 70-90

oxidized (T-hle 2.3, reaction 1). Then, the oxidized uranium would react with the lixiviant to form either a
soluble uran, ‘ricarbonate complex, shown 1n reaction 2a, or a bicarbonate complex shown 1n reaction 2b.

Table 2.3. Principal chemical reactions taking piace in
the ore body during uranium oxidation

() 200,+0;——>2U0,
(2a) UO, + Na,CO, + 2NaHCO, — -~ > Na,U0,(CO,), + H,0
(2b) UO, + 2NaHCO, — — > U0,(CO,).* + H,0 + 2Na

HRI would pump uranium-ennched pregnant solution from production wells to the processing plants for
uranium extraction by ion exchange. The resulting depleted or barren lixiviant would then be chemucally
reforufied and reinjected into the well field to repeat the leaching cycle.

HRI anticipates using production flow rates of 9500 to 11,500 liters per rmunute (Lpm) {2500 to

3000 gallons per mimute (gpm)] at each ion exchange plant. Potential ermussions at each plant were

conservatively modeled assuming a maximum flow rate of 15,000 Lpm (4000 gpm), and HRI would be

restricted from exceeding this rate by license condition. The injection pressure at the well head would not ‘
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exceed 0 40 psi per foot of well depth. During normal operations, production rates would be controlled to
bleed approximately 1 percent of the production: fluid stream. The production bleed wouid reduce the
hydraulic pressure within the mune-unit aquifer and prevent mumng solutions from muigrating outward

2.1.1.3 Processing Plant Facilities

At each of the three sites, HRI proposes both to build new facilitie. and/or convert exisung surface
facilities from former underground munes into ISL processing plants. Uranium recovery would require
columns contaimng ion ¢xchange resin, vessels to store vanous solutions. piping, and pumps. The proposed
process flow mvolves pumping lixiviant through the columns and then returning 1t to the mjection circuit.
The 10n exchange system would be operated 1n a closed system under low pressure. When uranum is
removed from the resins. the concentrated uramum solution would be stored n precipitation tanks. The
vellowcake slurry that would be produced in the preciprtation tanks (and trucked from the Church Rock
and Unxt | facilities to the Crownpomt facility) would then enter a drying and packaging process at the
Crownpomnt facility. In the drying and packaging process, the vellowcake slurry would be dewatered,
washed. dried. and packaged for storage and final shipment.

HRI'’s processing plants would include the following major structures:
+ A processmg plant, in which uranium extraction and precipitation equipment would be located;
+  Atthe Crownpomnt facility, a dryer building that would house the yellowcake dryer and drum packing
unit;
. «  Waste retention ponds:;
+  Waste-water treatment facilities; and
»  Admimstrative offices, laboratones, and workshops.

The satellite processing facilities at Church Rock and Unit 1 would produce only vellowcake slurry, but the
Crownpomnt plant would also inciude drying and packaging equipment (Figure 2.3). Under an NRC license
condition. all vellowcake would be stored inside the restricted area. Liquid oxvgen tanks would be located

i the well fields. Other chemucal storage tanks would be located on the concrete pad near a waste retention
pond.

The main (Crownpoint) and satellite (Church Rock and Unit 1) processing plants would contain vanous
vessels to hold and process liquid solutions. The principal vessels would include 10n exchange columns,
elution columns, and vellowcake precipitation tanks. Other surge tanks would hold barren laviant before
its mjection in the well fields, barren eluant, and yellowcake slurry. HRI's proposal includes general
specifications for all vessels and piping. The specifications cite applicable Amencan Society for Testing
and Matenals (ASTM) standards for plastic and fiberglass components, and Amencan Society of
Metallurgical Engineers (ASME) guides for all steel vessels that would be operated under pressure.

The processing plants would be constructed on concrete pads 20 cm (8 in.) thick vath curbs 15 cm (6 in.)

high. HRI designed the foundation to retan the fluid contents of the largest vessel on the pad According to

that design, the foundation would be constructed with sumps and drains to catch and retan potential spills

inside the plant. Thicker footings would be provided where heavy processing equipment and vessels would

be located The curb would be designed to confine and hold potential spills in the plant, so they could be
. pumped into storage tanks or retention ponds.
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Figure 2.3. Layout of the main processing plant. Satellite ion exchange plants would be identical, but without the dryer

and yellowcake storage area.
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2.1.1.4 Uranium Recovery Process

Dunng the solution munng process. HRI would add oxygen to groundwater. Combined with naturally
occurnng and added bicarbonate 10ns 1n the groundwater, this muning solution, known as lixaviant, would
be pumped down mjection wells inzo the mineralized zones where 1t would dissolve uranium from the
sandstone formation (Figure 2.4). The uranium-beaning solution would mugrate through the pore spaces
found in the sandstone, and would be recovered from production wells. The uranium would then be
extracted in the processing plant, and the leaching solution would be recharged and reused.

Uranium solution would be transferred from muning units to 1on exchange equipment in the processing
plants. The process, schematically illustrated in Figure 2.5, would invoive an ion exchange circurt, an
elution circurt, and preciprtation and drying.

Dunng munung, the well field water would be ennched with uranmium and other munerals associated with the
bedrock. Earlier licensing expenence indicates that concentrations of trace metals such as arsenc,
selemum. vanadium. 1ron. and manganese may become clevated duning the leaching process. Uramum
concentration in the pregnant lixiviant from individual production wells could exceed 100 mulligrams per
liter (mg/L). The nomunal concentration in lixiviant would be 60 mg/L. Once the solution reaches the plant,
it would be processed through the three circurts discussed above.

In ti«e 10n exchange circut, the solution would be stered in a surge tank or pumped directly into a series of

ion exchange columns. It is here that the uramum would be absorbed by 10n exchange onto resin beads. The
resulting barren solution exiting the 10n exchange columns would be recharged with sodium bicarbonate 1f

needed, distributed back to the well fields, and injected with oxygen for further uranium recovery.

As resins in the 1on exchange columns become saturated with uranium, each column would be sequentially
taken off stream for the elution circuit. In the processing plants, resin could either be eluted in 1ts 1on
exchange column or transferred to an elution tank. Dunng elution, the uranium would be stnipped by
flushing the resin beads with concentrated brine solution. The resin beads, then virtually free of uranium,
would be replaced 1n an 10n exchange column for reuse. The resulting pregnant eluant, which would contamn
the uranium stripped from the resin beads, would be discharged into a holding tank. The concentration of
uranium 1n the pregnant eluant would be approximately 20,000 mg/L. When a sufficient volume of
pregnant eluant is held in storage, the final preciprtation and drying circuit would begin.

Pregnant eluant would be acidified using hydrochlonc acid (HCI) to destroy the uranyl carbonate complex.
Hydrogen peroxide would then be added to the solution to precipitate the uramum. The precipitated uranyl
peroxide slurry (UO4 or yellowcake) may require pH adjustment, and then would be allowed to settle. At
the Crownpount facility, yellowcake would be further dewatered and washed using a filter press and then
dried. Water left over from dewatering and drying would either be reused in the elution circwit or directed to

a wastewater retention pond. HRI's proposed operations would result in maximum vearly production rate
of 3 mullion pounds of vellowcake.

At the satellite 10n exchange plants, the resins would be eluted and the uranium precipitated and filtered.
The resulting yellowcake slurry would be transported by truck to the main Crownpount facility for drying
(Figure 2 6). HRI's proposal indicates yellowcake would be transported to the Crownpount processing plant
in sole-use semu-trailer tankers designed and placarded for this purpose, in accordance with U.S.
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Figure 2.5. Schematic flow diagram of the ISL uranium recovery process.
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Department of Transportation requirements. The transportation route would use only paved roads and
would bypass the center of the town of Crownpount.

2.1.1.5 Waste Retention Ponds

The purpase of retention ponds 1s to store wastewater untl treatment, promote evaporative loss of water
which cannot be discharged to the environment, and mamntain control of source and byproduct matenal
found in the liquid effluents from solution mumng. HRi proposes to use three waste retention ponds at each
processing site. These ponds, which would occupy approxamately 2.5 ha (6 acres) each, would be
constructed below ground level to maintain all processing solutior.. below grade. HRI commuts to designing
and constructng its pond embankments to meet specifications in NRC Regulatory Guide 3.11, “Design,
Construcuon, and Inspection of Embankmeni Retention Systems for Uranium Mills” (NRC 1977a), in the
event that pond operating levels above grade are required. HRI would be required by license condition to
perform and document mspections of the pond embankments, fences, and liners, as well as measurements
of pond freeboard and checks of the leak detection system.

The ponds would have double synthetic Liners and an intervening layer up to 18 cm (6 in.) thick containing
sand and perforated piping formung an underdrain leak detection system. An acceptable design alternative
would eliminate the interverung sand blanket, replacing 1t with svnthetic gnd matenal.

If increased waste storage and evaporation pond capacity becomes necessary, HRI wouid be required erther
to provide additional pond area, or to construct the ponds with above-grade embankments and storage
levels Therefore, HRI would be required by license condition to maintain fluid levels below grade, or to
construct its ponds in accordance with NRC Regulatory Guide 3 11 “Design, Construction, 2nd Inspection
of Embankment Retention Systems for Uramum Mills” (NRC 1977a), or other acceptable design critena.

2.1.1.6 Instrumentation

HRI proposes to monitor its production system both in the well fields and the processing plants. The
metering system would permit continuous pressure monstoring on both the jection and production pipeline
svstems, and would provide audible alarms for plant operators in the event of leaks or ruptures. Formal
visual inspections would be conducted and documented twice duning each 12-hour shift. Additionally,
muning company personnel who would conduct routine construction and mauntenance in the well field areas
would provide well field surveillance. HRI commuts to providing its plants with sumps and pump
equipment to prevent any potential spills from escaping the processing pad.

[n the vellowcake drying area at the Crownpount facility, HRI proposes to penodically inspect the entire
drver system and check the integnity and efficiency of the vacuum system, fabric bag filter unit, and beating
svstem. An NRC license condition would require that HRI suspend vellowcake drying operations if

erus _on control equipment is not operating within specifications for design performance. Additionally,

F 4 would be required to maintain manufacturer recommended pressure in the drving chamber by

(1) performing and documenting checks of air pressure differential duning operation., or (2) installing
instrumentation that would provide an alarm 1f the air pressure differential falls below the manufacturer s
recommended levels.
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Routine environmental monitoring would be conducted independently of operational monstoring. HRI's
proposed environmental monitoring systems are based on an outline provided in NRC's Regulatory
Guide 4.14, “Radiological Effluent and Environmental Monitoring at Uramium Mills” (NRC 1980b).

HRI’s proposed plant monstoning and documentation system (ircluding associated routine and nonroutine
reporting procedures) would be required by NRC license condrtions. In-plant radiation monitoring and
occupational safety programs would be reviewed and approved by the NRC.

2.1.2 Description of the Proposed Waste Management and Effluent Control System

Solution mining produces two principal types of effluents that could potennally be released to the
environment. These are the gaseous emissions aad airborne particulates resulting from lixiviant circulation
and vellowcake drying, and wastewater from well field processing and aquifer restoranon. Other
contaminated materials, produced lazgely durning site decomnussioning, would also require appropnate
disposal HRI has not applied and would not be authonzed to dispose of radiologically contamunated source
or byproduct waste matenal onsite in any of the proposed lease areas.

2.1.2.1 Gaseous Effluents and Airborne Particulates

Uranium recovery operations potentially release radon gas at vanious stages of the processing system, and
natural uranium and other particulates from the vellowcake dryer. These substances are naturally occurnng
in the ore body, and are fouad dissolved in the groundwater circulated to the surface durnng the muning
process.

HRI proposes to minimize radon releases by employing a closed pressunzed well field and ion exchange
system. Radon gas dissolved in circulating lixiviant would be kept in solution by maintaining pressure on
the system. Excessive vapor pressure could accumulate, mawmly from dissolution of carbon dioxade or
oxygen in the circulating lixivia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>