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SUMMARY AND CONCLUSIONS

This Draf t Environmental Statement was prepared by the staff of the U.S. Nuclear Reoulatory
Commission and issued by the Comission'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 Plateau Resources,
Ltd., for the construction and operation of the proposed Shootering Canyon Uranium
Project with a product (U 0 ) production limited to 2.2 x 105 kg (4.9 x 105 lb) per year.3 3

3. The following is a sumary of environmental impacts and adverse effects.

a. Impacts to the area from the operation of the Shootering Canyon Uranium Project will
include the following:

Alterations of up to 140 ha (350 acres) that will oe occupied by the mill, mill*

facilities, borrow areas, tailings areas, and roads.

An increase in the existing background radiation levels of the mill area as a*

result of continuous but snall releases of uranium, radium, radon, and other
radioactive materials during construction and operation.

Socioeconomic effects on the local area, particularly the proposed conmunity of*

Ticaboo, where the majority of workers will be housed during project construction
and operation.

production of solid waste material (tailings) from the mill at a rate of about*

680 MT (750 tons) per day and deposition as a slurry in an onsite impoundment area.

b. Surface water will not be af fected by normal milling operations. Mill process water
will be taken from the Navajo aquifer, and process water will be discharged to the
tailings impoundment at about 0.68 ml (150 gal) per minute. Some 6.9 x 105 m 3

(560 acre-f t) of water per year will be utilized by the mill.

c. There will be no planned discharge of liquid or solid effluents from the mill and
tailings site. The discharge of pollutants to the air will be small and the effects
negligible. The estimated total annual whole-body and organ dose comitments to
the population near the mill site are presented below. Natural background doses
are also presented for comparison. The dose comitments from normal cperations
of the proposed Shootering Canyon mill will represent only very small increases
in doses from current background radiation sources.

d. Construction and operation of the Shootering Canyon mill will require the comitment
of small amounts of chemicals and fossil fuels, relative to their abundance.

e. Construction and operation of the Shootering Canyon mill will provide employment and
induced economic benefits for the region but may also result in some socioeconomic
stress,

f. The tailings disposal impoundment, occupying up to 20 ha (70 acres) when filled with
tailings solids, may be unavailable for further productive use. However, when reclama-
tion is completed and testing shows that radiation levels have been reduced to acceptable
levels, it may be possible to return the tailings area to its former use as potential
grazing land. Af ter reclamation, the area topography will be similar to its present
state.
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Annual population dose commitments *
within an 80 km (50-mde) radius

of the mill site
_ _ . _

Rueptor Dose (man-rems per year)-

*9d" Plant effluents Natural back ground ^

Total txxt f 1 So 329

Lung 10.5 329

cone 6 13 329

B, orea: epith .um 66 o 1631

# Based on a pe ojected year 2000 m>utation of 3264
8 The estimated natural backg ound dose rate to the whole

txyty is 101 m.threms year. The bronchiat epithehum dose
from natur ally occurong radon 222 is assumed to be 500
m,ihrems 'vear (Sect. 2.loL

Principal alternatives cor.sidered are as follows:

a. alterrative sites for the mill,

b. alternative mill processes,

c. alternative of using an existing mill,

d. alternative rrethods of tailings management,

e. alternative energy sources, and

f. alternative of no licensing action on the mill.

5. The following Federal, State, and local agencies have been asked to 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 Energy
Department of Transportation
Environmental Protection Agency
Department of Agriculture
Advisory Council on Historic Preservation
Department of Housing and Urban Development
Utah State Planning Coordinator

6. This Draf t Environmental Statement was made available to the public, to the Environmental
Protection Agency, and to other specified agencies in February 1979.

7. On the basis of the analysis and evaluation set forth in this Environmental Statement,
it is proposed that &ay license issued for the Shootering Canyon mill should be subject
to the following conditions for the protection of the environment:

a. The applicant shall construct a tailings disposal facility that will incorporate the

features described in Alternative 1 of Sect.10.3 and in Sect. 3.2.4.7 and that will
meet the safety criteria specified in NRC Regulatory Guide 3.11.
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b. The applicant shall control release of airborne particulates from tailings by use
of a water sprinkler system, chemical stabilization, covering with soil, or other
equivalent means until reclamation of the tailings is completed.

The applicant shall implement the environmenta! monitoring program described inc.
Table 6.2 of this document. The applicant shall establish a control program that shall
include written procedures and instructions to control all environmental monitoring
prescribed herein and shall provide for periodic management audits to determine
the adequacy of implementation of these environmental controls. The applicant shall
maintain sufficient records to furnish evidence of compliance with these environmental
controls. In addition, the applicant shall conduct and document an annual survey of
lard use in the area surrounding the proposed project.

d. Before engaging in any activity not assessed by the NRC, the applicant shall prepare
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 assessed or that is greater than that assessed in this Ewironmental
Statenent, the applicant shall provide a written evaluation of such activities and
obtain prior approval of the NRC for the activity.

The applicant shall immediately notify the Ulfice of the State Archaeologist ife.
artifacts are discovered during construction of the mill or taiHngs disposal areas
and shall have an archaeological survey performed prior to dis * rbing any previously
unsurveyed areas.

f. If unexpected harmful effects or evidence of irreversible damage not otherwise
identified in this Environmental Statement are detected during construction and
operation, the applicant shall provide to the NRC an acceptable analysis of the
problem and a plan of action to eliminate or reduce the harmful effects er damage.

g. The applicant shall provide for stabilization and reclamation of the mill site
and tailings disposal areas and mill decommissioning as described in Sects. 3.3
and 10.3 of this document.

h. The applicant shall provide surety arrangements to ensure completion of the mill
site and tailings area stabilization, reclamation, and decommissioning plans

8. The proposed position of the NRC is that, af ter weighing the environmental, economir,
technical, and other benefits of the operation of Shootering Canyon Uranium Project
against environmental and other costs and af ter considering available alternatives, the
action called for under the National Environmental Policy Act of 1969 and 10 CFR Part 51
is the issuance of a Source Material License subject to conditions 7a through 7h, above.

As announced in a Federul Reg: ster notice dated 3 June 1976 (41 FR 22430), the NRC is
preparing a generic environmental statement on uranium milling. Although it is the
NRC's position that the tailings impoundment method discussed in this Statement represents
the most environmentally sound and reasonable alternative now available at this site,
any NRL licensing action may be subject to revision in accordance with the conclusions of
the final generic environmental impact statement and any related rule making,
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FOREWORD

This Draf t Environmental Impact Statement is issued by the U.S. Nuclear Regulatory Comission
(NRC), Office of Nuclear Material Safety and Safeguards, in response to the request by
Plateau Resources, Ltd., for the issuance of an NRC Source Material License, authorizing
operation of the mill proposed for the Shootering Canyon Uranium Project. This document he
been prepared in accordance with Comission regulation 10 CFR Part 51, which implements
requirements of the National Environmental Policy Act of 1969 (NEPA; P.L. 91-190). The mill
will be owned and operated ty Plateau Resources. Ltd. (the applicant).

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, healthful, productive, and aesthetically and culturallye

pleasing surroundings;

attain the widest range of beneficial uses of the environment without degradation, riske

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

preserve important tistoric, cultural, and natural aspects of our national heritagee

and maintain, wherever possible, an environment that supports diversity and variety of
individual choice;

achieve a balance between population and resource use that will permit high standards of*

living and a wide sharing of life's amenities; and

enhance the quality of renewable resources and approach the maximum attainable recycling*

of depletable resources.

Further, with respect to major Federal actions significantly affecting the quality of the
human environment, Secticn 102(2)(C) of the NEPA calls for preparation of a detailed state-
ment on

(i) the environmental impact af the proposed action,
(ii) any adverse environmental effects that cannot be avoided should the proposal be

implemented,
(iii) 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 comitments of resources that 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 prepares a
detailed statement on the foregoing considerations with respect to each application for a
Source Material License for a uranium mill.

In accordance with 10 CFR Part 40 Section 31, the applicant has submitted an Environmental
Report to the NRC as part of its license application. In conducting the required NEPA review,
Comission representatives (the staff) met with the applicant to discuss items of information
in the Environmental Report, to seek additional information that might be needed for an
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adequate assessment, and senerally to ensure that the Commission has a thorough understanding
of the project. In addition, the staf f sought information f rom cther sources to assist in the
evaluation, conducted field inspections of the project site and surrounding area, and met with
State and local of ficials charged with protecting State and local interests. On the basis
of the foregoing activities and other such activities or inquiries as were deemed useful and
appropriate, the staff has made an independent assessment of the considerations specified in
Section 102(2)(C) of the NEPA.

That evaluation has led ta the issuance of this Draf t Enaronnental Statement (DES) by the
Of fice of Nuclear Material Safety and Safeguards. The DES has been distributed to federal,
State, and local governmental agencies and to other interested parties for comment. A
summary notice has been published in the & _<' ' Ft ic ce regarding the availability of the
applicant's Environmental Report and this DES. Conrents should be addressed to

Director, Division of fuel Cycle and Material Safety
U.S. Nuclear Regulatary Commission
Washington, D.C. 20555

Af ter comments on the DES have been received and considered, the staf f will prepare a final
Environmental Statement t1at includes discussion of questions and concents submitted by
reviewing agencies or individuals. Further envirorrental considerations are made on the basis
of these comments and conbined with the previous evaluation; the total environmental costs
are then evaluated and weighed against the envi onmental, economic, technical, and other
benefits to be derived from the proposed project. The consideration of available alternatives
and environmental costs and benefits provides a basis for denial or approval of the various
Federal actions, with apIropriate conditions to protect environmental values.

Single copies of this DE!, NUREG-0504, may be obtained by writing

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

xviii



1. INTRODUCTION

1.1 THE APPLICANT'S PROPOSAL

?ursuant to Title 10, Code of Federal Re r:datica (CFR), Part 40.31 and to 10 CFR Part 51
PateauResourcesLimiteo(theapplicant),onMay5,1973,apoliedtotheNuclearRegulatory
Conmission (NRC) for an NRC Source Material License to construct and operate a uranium
Erm essing mill. This mill, hereaf ter referred to as the Shoc ter;ng Canyon Uranium Project,
will process ores from independent and company-owned mines.

Tais project wi's consist of construction and operation of a mill with a aominal processing
capacity of 6f u metric tons (MT) (750 tons) of dry ore per day. The design capacity of 717 MT
(790 tons) per day allows for plant shutdowns while still maintaining the nominal production
schedule.

The applicant presently controls by ownership, lease, or contract, are reserves containing
approximately 2500 MT (2800 tons) of uranium oxide (U 0 ) with an average ore grade of 0.10%.3 3
For purposes of calculation, an operating schedule of 24 hr/ day, 365 days per year was assumed.
The mill is designed for 901 U 0s recovery. At this schedule, there are over ten years of3

proven ore supply. The applicant has designed for a 15-year project lifetime with the expectation
that other ore sources will be discovered or purchased later. Based on these figures, the mill
will produce about 224 MT (247 tons) of U 08 per year. Details are given in Sect. 3.2.3

Waste materials (tailings) from the mill will be produced at a rate of about 680 MT (750 tons)
of solids per day and stored in a tailings impoundment. The storage capacity has been designed
fcr 20 years in case additional ore is located during the 15 years of planned project operation.
Details of the design and operation of the tailings disposal system are given in Sect. 3.2.5.

In accoraance with NRC Guides 3.5 and 3.8, the applicant has submitted a Source Material
License Application (form NRC-2),1 an Environmental Report (ER),2 supplements to the ER in
response to questions by the NRC staff, and a tailings management plan including geotechnical
engineering studies.3 In this Environmental Statement, the ER is cited extensively; however,
its full title and documentation are given only in the list of references for Sect.1. Here-
inaf ter the applicant's Environmental Report will be cited parenthetically as ER, with section,

page, figure, table, appendix, and/or supplement number.

1.2 BACAGROUND INFORMATION

The proposed plateau Resources, Ltd. , mill will be located in Garfield County, Utan, about
21 km (13 miles) north of Bullfrog Basin Marina and about 77 km (48 miles) south of Hanksville,
Utah (Fig. 1.1). Ore for the mill will be provided through an existing ore buying station
near Blanding in San Juan County, Utah (Fig. 2.1), and applicant-owned mines located about 5.6 km
(3.5 miles) north of the planned mill (Fig. 1.1). The buying station, owned by the applicant,
purchases are from indepcndent mines. .

The surface arer of the project site is controlled by mill site c. ims. The mill a'd tailings
impoundment will occupy about 46 ha (114 acres) of the site. At the end of the pro'osed
15-year project lifetime, the reclimed tailings impoundment will occupy approximately 28 ha
(70 acres).

A proposei new town, Ticaboo, to be located about 4.2 km (2.6 miles) south of the plant site, will
occupy an additional 260 ha (640 acres). Although not the subject of licensing action, the
socioeconomic impacts of Ticaboo will be discussed in detail.

1-1
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The purpose of this Environmental Statement is to discuss in detail the environmental effects
of project construction and operation as well as monitoring and mitigating measures proposed to
minimize the effects of the overall project on the inmediate area and surrounding environs.

1.3 FEDERAL AND STATE AUTHOR' TIES AND RESPONSIBILITIES

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

uraniun and/or thorium in any form containing 0.05% or mere of uranium, thorium, or combinations
thereof). Part 51 of 10 CFR provides for the preparation of a detailed Environnental Statement
pursuant to the National Environmental Policy Act of 1969 (NEPA) prior to the issuance of an
NRC license to authorizo ;ranium milling.

The NEPA became effective cn January 1, 1970. Pursuan; to Section 102(2)(C), in every
major Federal actio, significantly affecting the quality of the human environment Federal
agencies must include a detailed statement by the responsible official on

1. the environmental impact of the proposed action,

2. any adverse environmental effects that cannot be avoided should the proposal be
implemented,

3. alternatives to the proposed action,

4. the relationship between local short-term uses of man's environment and the maintenance
anc '.nhancement of long-term productivity, and

5. any irreversible and irretrievable comnitments of resources that would be involved in
the proposed action should it be implemented.

This detailed Environmental Statement has been prepared in response to the above requirenents.
.

The State of Utah implerents other rules and regulations affecting the project through
necessary permits and approvals provided by State agencies. The Utah Division of 011, Gas,
and Mining is the responsible agency for all mine and mill sit 1s within the State under the
" Utah Mined Land Reclamation Act of 1975. Title 11 of the " Uranium Mill Tailir.gs Radiation
Control Act of 1978" gives the NR direct licensing authority over uranium mill tailings.
Bonding arrangements will be required to assure funding for reclamation of the tailings
impoundme-t and mill site grounds and for decormissioning of the facility.

1.4 STATUS OF REVIEWS AND ACTIONS BY FEDERAL AND STATE AGENCIES

Pequired Federal regulatory actions include the issuance of a Source Material License by the NRC.
In addition, before construction and operation of the Shootering Canyon Uranium Project can
be completely implemented, the State of Utah requires that permits or licenses be obtained
prior to the initiation of various stages of construction and operation of the mill. The
current status of these regulatory approvals and permits is given in Table 1.1. The applicant
dill acquire these approvals and permit; as needed.

1.5 NRC MILL LICENSING ACTIONS

In June 1976 [Fe ' cy is t. 41(108): 22430-?2431 (June 3,1976)], the NRC specified thatc

applicants requesting a Source Material License prior to the NRC's issuance of its generic
environmental impact statement on uranium milling (scheduled for release in 1979) should
address five criteria that will be weighed by the Commission in licensing and relicensing
actions. These criterid are considered below as they apply to the Shootering Canyon Uranium
Project.
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Table 1.1. Status of regulatory approvals and permits required prior
to operation of the Shootering Canyon Uramum Project

Permit or twense* Grantmg authonty* Statu s
_

Right of Way Approval BLM Apphed May 1978
Recording of Mme and Mill Site Cia.ms BLM Con t mu mg
Quantity Grant Selection

Approval to USLB BLM Apphed Apol 1978
Approval to Purchase from UU USLB Approved March 1978

Construction Approval USOH ACC Approved February 1978
Notice of Construction Commencement UOSHA
Appropriation of Water Certif rcate USE Change requested April 19 78
Fehng of Mine Reclamation Plan UDNR DOGM F ilad 19 7 7
Solid Waste Disposal Permit UBH
Encroachment Permit UDT
Discharge Permit Of required) UCWP
Source Matenal License NRC Apphed May 197fs

* Explanation of acronyms and mitiahsms B LM, U S. Bureau of Land Management; USLB, Utah State
Land Board, UU, University of Utah. Institutional Council: USDH ACC. Utah State Division of Health, A,r
Conservation Committee, UOSHA. Utah Occupational Safety and Heal h Administration. USE, Utah Statet

Eng,neers Office UDN R DOGM, Utah Department of Natural Resources. Omsion of Oil, Gas. and M.ning
UBH, Utah Boar d of Health. UDT, Utah Department of Transportation. UCWP, Utah Committee on Water
Pollution, and NRC. U.S. Nuclear Replatory Commissron.

1. It to likely that each indivihat licenair.g action of this t;qe could h=c a utility
that la inderement of the utility of other licenairuj acticna of this ty;e.
This statement is manifestly true for uranium mills in general and for the Shootering
Canyon mill in particular. This mill is located near mining operations producing
low-grade ore (=0.10%). The costs of hauling this are over longer distances make this
project virtually independent of other niilling operations. This milling project can
be considered on its own merits, licensing actions with respect to other mills are
independent of this mill, and a separate cost-benefit analysis can be performed.

2. It is not likely that the takin; of an ; articalar licensin.] action of this ty; c durina

the tir:0 frame under eansideration ecuid cenatitute a comitrwnt of recources that would
tend to significantly forcciose the alternatives available eith res;ect to any other
irdividual licenainy action of this type.
The proposed action involves the construction and operation of a mill to produce yellow
cake (U 0g) from local uranium ore bodies. As pointed out in the response to the first3

criterion, uranium mills are nomally located close to economically exploitable ore bodies.
The ore would not likely be exploited to provide feed for a more riistant mill. As to the
commitment of resources, none of the materials involved in the construction and operation
of the mill are unique or in short supply; hence, licensing this mill would not affect any
licensing action with respect to other mills. Air, land, and water resources would be used
locally but not to an extent to preclude the erection and operation of another mill.

3. It to likely that 29 erniromental icyacts associated with any individual licensin.]
action of this typ oculd be such that they could adequately be addressed within the
context of the individual license applicaticn withcut coericcking any cumulative
environmental iqact-
This Environmental Statement contains an assessment of the enviror; tal impacts associated
with the proposed licensing action and their severity, and include! roposed monitoring
programs and actions to mitigate the impacts. Cumulative impacts have been addressed
within the context of the individual license. The relative isolation of the proposed
site virtually ensures that all appropriate environmental impacts can be adequately
addressed in this sit;-specific Environmental Statement. Adverse effects characteristic
of all uranium mills will be evaluated in a forthcoming generic environmental statement.
The major objective of the generic statement is the generation of proposals to mitigate
such effects.
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4 It ia likely that any te:hnical issuce that my arice in the course of a re: .cu of an
individual license applicaticn can le recolred uithin th2t cantat.
The applicant has considered alternative mill processes, alternative tailings disposal
methods, and other technical issues in its license application and Environmental Report.
The staff has reviewed the applicant's evaluations and, in addition, has evaluated other
technical issues. All of these evaluations ar.d. presumaM y, any further technical issues
that may arise during review are resolvable within the content of the individual licensing
action, inasmuch as this mill is independent of other mills. In addition, the license
will be conditioned as required by the Fcdciu! Ecjieter notice of June 3,1976, to permit
revision of waste management and other practices.

5. A deferral on liccnaing actions of this type cculd reault in eutetantial harm to the
idlia intercat as indicated abco+ !c:ause cf uraniun fact requirencnte of creratiny
reactcre and reactcra n:J under conatructicn.
As previously stated by the NRC." "the full capacity of existing mills will be required
to support presently operating nuclear power reactors and those expected to begin
operation in 1977." The Shootering Canyon mill is one of a small number of new mills
that have been proposed in the last several years, and a deferral o. its operation could

"

extend the time required for the delivery of fuel to reactors now operating or under
construction. This delay could adversely affect the ability of these reactors to
deliver needed electrical power. Such a shortfall of electrical energy is generally
construed to be hannful to the public interest (see also Appendix B).

REFERENCES FOR SECTION 1

1. Plateau Resources Limited, A;plisaticn fcr courn Materiat Li enea, shooterin; can ~
irocessing Fasility, Garfield County, Utah, May 5,1978.

2. P1ateau Resources Limited, Environmental Reicrt, Simterin] Canyon Uraniun Froject,
Garfield County, Utah, Docket No. 40-8698, May 1978.

3. Plateau Resources Limited, Tailinge Manajennt Flan and Gectechnical Enji>.ceriny Stuho,
Ghoctering Canyon Uraniun Project, Garfield County, Utah, September 1978.

4. " Uranium Milling, Intent to Prepare a Generic Environmental Impact Statement," Fed. Regist.
41: 22430 (1976).



2. THE EXISTING ENVIRONMENT

2.1 CLIMATE

2.1.1 General influences

Although the climate in the vicinity of the Shootering Canyon Uranium Project varies somewhat
with elevation and terrain features, it can generally be described as semiarid (steppe).
Days are usually clear with abundant sunshine, low annual precipitation, low humidity, and
high potential evaporation. Daily ranges in temperature are relatively large, and winds are
nomally light to moderate. Because synoptic-scale meteorological influences in the region
are relatively weak, topography and local micrometeorological effects play an important role
in determining the climate.

2.1.2 Temperatures

Although no long-term climatic records are available for the immediate vicinity of the site,
records are availab;e for several lo .ations in the general vicinity. Seasons in the region
are well defined. Winters are cold tV ogh usually not severe, and summers are hot. Inter-
polation of data from several locations in the region (Table 2.1), which show a reasonably
good correlation between temperature and elevation, indicate that the normal mean annual
temperature at the site is about 12'C (54*F). January is usually the coldest month, and a
normal mean monthly temperature of about -0.6*C (31 F) is estimated for the site. July,
generally the wamest month at the site, has en estimated normal mear monthly temperature of
about 26 C (78 F). Temperatures above 32*C (90'F) are not uncommon in the summer, but tempera-
tures above 38 C (100 F) are infrequent. Data collected at the site for one year (August 1977-
July 1978) show an annual mean temperature of 15.9 C (CO.6 F) (T&ie 2.1). January had a
mean temperature of 2.4 C (36.3 F), and the July mean was 30.4 C (86.7'F).

Table 2.1. Normal mean temperatures at selected regional weather stations in the
general viciruty of the Shootenng canyon Uranium Proiect

Normal mean temperatures
* ""

Stat.on Annual .t anuar y July

m ft 'C 'F C F *C *F

Bunfrog Basin Marina 1165 3822 14 9 58 9 06 33.1 29 2 84.5

Blutf 1115 4315 12 6 54 6 -O 5 31.1 25 9 78 7

Estimateo .'or site 1372 4500 12 54 -06 31 25 5 78

Capitol Reef National Park 1676 5500 11 8 53 2 -13 29 7 24.9 76 9

Escalante 1771 5810 9.2 48 6 -28 26 9 21 6 70.8

2-1



2-2

2.1.3 Precipitation

On the basis of regional records and one year of onsite data (Table 2.2), annual precipitation
is estimated to be about 18 cm (7 in.) at the site; however, precipitation is expected to
increase with increasing elevation to about 51 cm (20 in.) or more on the upper slopes of Mount
Hillers north of the site. During the summer and early fall moist air moves in from the Gulf
of Mexico, usually producing precipitation; however, heavy local storms can produce more than
2.5 cm (1 in.) of rain in a single day.

Table 2.2. Normal annual preciptation at selected regoual weather stations
in the general vicinity of the Shootering Canyon Uranium Project

Elevstron, ms! Preciptation

m ft cm in.

BuHfrog Basin 1165 3822 13.6 5.35
Bluf f 1315 4315 19.2 7.55
Site data 1372 4500 18.o* 7.30*
Capitol Reef National Park 1676 5500 18.4 724
Escalante 1771 5810 28.5 11 22

* Based on one year of data - Au@st 1977 through July 197a.
- St urce E R. Table 2.7-2 and ER supplement, Appendm S 2.

2.1.4 Winds

Winds in the region are moderate, with occasional strong winds during late winter and spring
frontal activities and during thunderstorm activity in the summer. Spring is generally the
region's windy season. Although local winds vary with the seasons and the time of day, the
prevailing winds are southwesterly. Summaries of wind direction and wind speed distributions
are given in Table D.2 of Appendix D for the first year of actual site data.

2.1.5 Storms

Hailstorms are unusual in this area. Strong winds and thunderstorms can occur in the vicinity
of the site in the spring and sumer. The maximum precipitation reported to have fallen within
24 hr over a 30-year period at Blanding, Utah, was 5.03 cm (1.98 in. ).

The site is susceptible to occasional duststorms, which vary greatly in intensity, duration,
and time of occurrence. The basic conditions for blowing dust 3re found in the general
vicinity: wide areas of e Dosed, dry topsoil and occasional strong, turbulent winds. Dust-
storms usually occur during the warmer months following frontal passages and occasionally
precede thunderstorm actir hie Tornadoes have been observed in the general region, but
they occur infrequently. (he sect. 5.1.3.1 for an estimate of the probability.)

2.2 AIR QUALITY

The proposed mill site lies within the jurisdiction of the Four Corners Interstate Air Quality
Control Region (AQCR) which encompasses parts of Colorado, Arizona, New fiexico, and Utah.
This region has recently been designated as an attainment area for suspended particulate
matter, sulfur dioxide, photochemical oxidants, carbon monoxide, and nitrogen dioxide,I which
indicates that levels of these pollutants in the region are within Federal air quality
standards.
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The character cf the innediate area of the proposed mill site is rural. There are no major
urban or industrial air pollutant sources presently operating in the vicinity of the proposed
mill. Total suspended particulate matter and sulfur dioxide have been monitored at Bullfrog
Basin Marina, approximately 21 km (13 miles) south of the proposed site. Except for the
short-term (24-hr) particulate standard, all reporteu values (ER, Table 2.7-9) were well below
the Federal and State of Utah air quality standards. The 24-hr particulate violations are
probably related to natural fugitive dust associated with high winds. Sulfur dioxide con-
centrations at Bullfrog Marina have been below the limit of detection (0.005 ppm) most of the
time although infrequent concentrations as high as 0.01 to 0.02 ppm (ER, Sect. 2.7) have been
noted.

Total suspended particulate matter was monitored for one year at the applicant's mine camp
located approximately 5.6 km (3.5 mile _s) north of the proposed plant site (ER, Sect. 6.1).

3 3 Federal and State of UtahThe annual geometric mean, 55 ug/m , approached the 60-ag/m
3 24-hrsecondary standard for this pollutant. Six of the 48 samples exceeded the 150-ag/m

3 3and 262 ag/m ) exceeded the 260-ug/m 24-hr primary3secondary standard, and two (267 pg/m
standard. The higher annual geometric mean at the mine camp is likely related to fugitive
dust emission from equipment and vehicle activity on dirt roads in the mine camp area. The
mine camp is located in a 0.08-km-wide (0.5-mile-wide) canyon with walls 91 to 122 m (300 to
400 ft) above the camp. This topography would tend to decrease the local atmospheric dispersion
potential, thereby intensifying the atmospheric pollutants. The proposed plant site is located
on a low mesa that rises about 60 m (200 ft) above the valley floor of Shootering Canyon
(ER, Sect. 2.4). Therefore, data collected at the mine camp could be higher than what may
actually exist at the proposed plant site.

No other air quality data is available for the immediate vicinity of the site. Nitrogen
dioxide is monitored at Page, Arizona, the closest reporting station. Results indicate that

3annual mean concentrations of this pollutant in the region are well below the 100 pg/m
Federal and State standard. Between 1973 and 1976, annual average concentrations ranged

3 (ER, Table 2.7-11). As a result of possible influences of emissionsbetween 10 to 24 pg/m
from the Navajo power generating plant near Page, these data may indicate higher concentra-
tions than occur at the proposed plant site. Ozone, also monitored at Page, has not exceeded
the Federal and State standard.

2.3 TOP 0 GRAPHY

The proposed facility site is located in rugged terrain about 8 km (5 miles) southwest of
Mount Ellsworth. The bluffs and mesas in the vicinity are typical of the landscape that
characterizes much of southeastern Utah. The proposed tailings impoundment site is in a
small, isolated catchment that presently drains into Shootering Creek. The site is bordered
on the west by a butte that rises approximately 150 m (500 ft) above the valley floor.
Shootering Creek lies just to the west of this butte. The proposed plant site is located on
a low mesa that forms the east side of the tailings impoundment. This mesa is approximately
760 m (2500 f t) long,120 to 240 m (400 to 800 f t) wide, and rises about 60 m (200 f t) above
the valley floor of Shootering Canyon.

2.4 DEMOGRAPHY AND SOCI0 ECONOMIC PROFILE

The proposed mill and mine facilities will be located in the Shootering Creek drainage basin,
Garfield County, southeastern Utah, within Townships 35 and 36 South, Range 11 East (Fig.1.1).
Utah Highway 276 will serve as the major access route. An unimproved road in Shootering
Canyon now cc..nects the project site to Highway 276 about 6 km (4 miles) south of the proposed
ore processing facility (ER, p. 2-1).

The social and economic impacts of the proposed mill and mine operation will be defined
primarily by the geographical area of Garfield County, Utah. Regional impacts will primarily
affect Garfield, Wayne, and San Juan counties, Salt Lake City, and parts of western Colorado.
The major political jurisdictions impacted will be Garfield County, Garfield School District,
Kane County, and the State of Utah. If any local special services or taxing jurisdictions are
formed, they will receive related impacts.
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2.4.1 Demoyaphy of the area

2.4.1.1 Current population and distribution >

Compared to most eastern states, Utah is rather sparsely populated with a 1977 population of
1,271,300 - a 201 increase since 1970. This population represents an overall density of
39.9 persons per square kilometer (15.4 persons per square mile), but nearly 70L of Utah's
population lives in the counties of Salt Lake Utah, and Weber where Salt Lake City, Provo,
and Ogden, respectively, are located.

Although Garfield, Wayne, San Juan, and Kane counties are sparsely populated, they have
been experiencing considerable population 9.owth. This growth has been a function of several
factces, for example, increased economic opportunities resulting f rom mining, milling, and
increased tourism.

Garfield County, which covers 13,500 km2 (5217 sq miles), had a 1977 population of 3600, a
14% increase in population since 1970; however, population density remains low with 0.3
persons per square kilometer (0.7 per square mile) (Table 2.3). Approxiinately 90% of the
residents live in the western portion of the county near the major transportation corridor.
In 1973 about 40% of the Garfield County population resided in Panguitch; Escalante and
Tropic were the next largest towns (ER, p. 2-16). See Fig. 2.1.

Table 2.3. Area population for Wayne. Gar reld. San Juan. and Kane counties compared with
the state of Utah.197o and 1977

Population par gwen area
Land area Poputation
2km sq maes 1970 1977* Percentage thane-

'

km sq rnde km22 sq mde
- ,-

Wayne 6.446 2.483 1.483 1.800 21 4 02 06 0. 3 0. 7
Garfield 13.512 5.217 3.157 3.600 14 0 0. 2 06 c.3 0. 7

san Juao 20.419 7.884 9.606 13.000 35 3 0.5 12 0.6 16
Kane 10.632 4.105 2.421 3 800 57.0 02 o6 o.3 o9

Srate total 213.200 82,34o 1.059.273 1.271.300 20 0 5.0 12 9 59 15.4

*Prehminary results.
Source. U S. Bureau of Census.1970. Utah Population Wo'k Commdtee 197 7.

Wayne County, which covers an area of 6450 km2 (2490 sq miles), had a population of 1800 in
1977. This 21.4% increase since 1970 yields a population density of 0.3 persons per square
kilometer (0.7 per square mile) (Table 2.3). Approximately 70% of the population lives in
the western part of the county. In 1973, the population centers were Bicknell with 283, Loa
with 344, anu Torrey with 90 residents (ER, p. 2-16). About 45% of the Wayne County popula-
tion is composed of Navajo Indians, who live on or near the Navajo Reservation.2

San Juan County had a 1977 population of 13,000 residing in an area of 20,400 km2 (7880 sq
miles). The popuiation has increased 35.3% since 1970, giving a population density of 0.6
persons per square kilometer (1.6 per square mile) (Table 2.3). Two communities account for
nearly 40% of San Juan County's population - Blanding, with a 1977 population of 3075, and
Monticello, the county seat, with 2208 res dents.i

Kane County, which has an area of 10,620 km2 (4100 sq miles), had a 1977 population of 3800.
This population represents a 57% increase in population since 1970, although density is only
0.3 persons per square kiloneter (0.9 per square mile) (Table 2.3).
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Fig. 2.1. Location of the proposed Shootering Canyon Uranium Project. Source:
Modified from the ER, Fig. 2.1-1.

2.4.1.2 Pr_o_j_ected population

According to projections prepared by the Utah Agricultural Experimental Station, Utah's
population in the year 2000 is expected to be between 1,655,500 and 2,163,900 (Table 2.4) .
Both extremes of this population range assume a gradual decline in mortality and a constant
fertility; however, the high figura also assumes a positive net migration while the low figure
is based a net migration of zero.

Garfield County population projections for the year 2000 show a percentage population increase
from a low of 37: to a high of 78%. Any major population increase that does occur will most
likely be a consequence cf the proposed uranium mill project.

2.4.1.3 Transient population

The proposed facility is located near Bullfrog Basin Marina in the Glen Canyon National
Recreation Area. Visitation to the recreation area and the marina results in a substantial
transient population within the impact area. Total visitation has been increasing over the
last ten years for both the recreation area and for Bullfrog Basin ftarina. In 1977, visita-
tion for the recreation area was 281,805, a 9; increase over the 1976 visitation figure;
in 1977, visitation to the marina was 156,330, a 29; increase. Available data indicate
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that the 1978 visitation for the whole park and for the marina will be substantially higher
than for the previcus year. Park officials predict that the current trend will continue
unless there is a full-scale energy shortage which could result in drastic use cuts (Bullfrog
Unit Manager, National Park Service, personal communication, July 20,1978). Although the
area is used throughout the entire year, visitation is heaviest during March, April, May, and
June with the most intense use occurring over the Memorial Day weekend (16,000 people per day
at Bullfrog Marina in 1978).

Tabfe 2.4. Population protettrons.* Garfield. Wayne. Kane, and san Juan counties
compared with the State of Utab

Per cen t.,ge
81975 1980 1990 2000 incr ea se.

1975-2000
-

Garf teld County
Hrgh 3,480 3.940 4.07o 5.960 71.3
Low 3.4 70 3. 7G0 4.46o 5.120 476

san Juan County
H gh 12.816 17.373 26.002 33.300 160

Low 12.716 13.954 16.917 19.753 55

Wayne County
H.gh 1 960 2.600 3.770 4.530 131.1
Low 1.95o 2.060 2.310 2.51 0 28.7

Kane County
H;gh 3.485 5.00G 7,907 10.099 189 8
Low 3.471 3.719 4.335 5,004 44.2

Utah
H.gh 1.216.843 1.420.553 1.803.985 2.163.927 78
Low 1.206.584 1.302.815 1.484.231 1.655,528 37

_

# H qh pe olect.ons assume a gradual decline in mor tality. a constant fertiht',. asC a
positive net m.gration low prosec uons assume a gradual dechne in morf ahty, a constant
fer til:ty, and no net migrat on.

8 U s Censos est mations f or 1975 ind+cate that actual population f or the stete arw1
the four count >es was below the '' low" projerbon presented en this tabfe

burce- E ner gy Fuels Nuclear, loc.. Enwronmental Report, Whrre Mesa Uraniom
Protect. San Joan County, Utah. Denver. Jan. 30.1978

2.4.2 Socioeconomic profile

2.4.2.1 Social profile

The population characteristics of Garfield County cai be surmarized as follows: predominately
white and of the Mormon faith; a male / female distribution that roughly approximates that
of the nation; and an age distribution that shows concentrations in the 35-54 age group and
the 6-13 age group. Kane and Wayne counties have similar population characteristics. San
Juan County differs in the larger proportion (46%) of its Indian population and the cultural
influence of this population.

The Shootering Canyon site is located in the Garfield County School District. The county is
run by a three-man Board of Commissioners. Additionai county officers include a clerk,
assessor, attorney, recorder, treasurer, sheriff, and justice of the peace. The county seat
is Panguitch.3
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2.4.2.2 Economic profile

Garfield County

Garfield County had a labor force of almost 1800 persons during the first quarter of 1978.
The county's unemployment rate was 10.5%, about double the State average (Table 2.5). In
1978, 26.9% of the population was employed in government jobs. In the private sector, ser-
vice activities provided 23.6% of the employment with close to 50 establishments. Manufactur-
ing accounts for 19.4% of Garfield County's nonagricultural jobs. Kaibe , Industries, a
sawmill, employed 115 persons. Another sawmill, Stud Enterprises, and a clothing manufacturer,
Southern Utah Industries, each employed 45 persons.'+ Other significant employment sectors
were trade activities and agriculture.

Table 2 5. Labor force en Wayne. Garfee6d. Kane, and San Juan countees and the State of Uten in 1978

Wavne Gar f ed K ane San Joan Utah *

Pertes tage of Percentage of Per(eetage of Percentage of Percentage of

norwgr .cuitu ral manage cultural emnerc ultur al emnay cu'tural noney.cultur al

Cmhan letmr force 982 1766 1217 4489 527.000

E mp:ovat persons 915 1581 1071 4142 497 300

Urwmploy d pe, sons 67 185 146 347 30.500

Unemployment rate. % 68 10 5 12 0 77 58

Nonayicultural peyroll phs 447 100 1799 100 815 100 2952 100 484 200 100

Manu f actu r irq 29 65 252 19 4 103 12 6 197 67 74 400 15 4

M < rnry 50 11 2 48 37 4 05 (n5 31 7 14,700 30

Construttw 69 15 4 62 4a S 11 155 53 30 600 63
Transportation, commun.catws, 2 04 71 55 55 67 168 57 29 300 60

T 52 II 6 195 15 0 2B2 34 6 424 14 4 119 100 24 4

Onewe. rnwrance. real estate 7 16 15 12 25 31 27 04 22.100 46

Serw es 24 54 30b 23 6 B8 10 7 322 10 9 80 900 16 7

Gower nrnent 214 479 350 26 9 249 30 5 724 24 5 114 100 23 6

*1977 f wees
Source Utah Depertment of Empiovment Sam ,ty. Empvyme,r News /creer, Mcch 19 78

Assessed valuation of Garfield County for 1977 was $14,468,983. The total school levy for
that year was 39.00 mills and for the county 12.50 mills. For the proposed new town, Ticaboo
(Sect. 2.4.3.4), a mill levy of 51.50 mills on each dollar would be assessed.3

Wayne, San Juan, and Kane counties

Wayne, San Juan, and Kane counties had 1978 unemploynent rates of 6.8, 7.7, and 12%, respec-
tively, all exceeding the State average of 5.8% (Table 2.5).

Income

In 1977, personal income totaled $7505 million for Utah. Wayne County had $10.9 million,
the third lowest in the State. Personal income for Garfield County totaled $17.9 million,
while total personal income for Vane and San Juan counties was $14.3 million and $43.8 million
respectiv ly.''

Per capital income for Utah averaged 55900 in 1977. Garfield, Kane, and San Juan counties
were lower than the State average with per capita incomes of $5000, $3700, and $3400
respectively. Wayne County had a per capita income of $6100.6

Monthly wages of nonagricultural employees averaged $859 on the State level in 1977. Average
monthly wages in Kane, Garfield, Wayne, and San Juan counties were $555, $627, $720, and $842
respectively.5
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2.4.2.3 Transportation

State highways 95 and 276 are major ground transportation routes from the site to the more
populated areas outside of Garfield County. Both roads are recently paved and in good con-
dition. Traffic on the roads is light even under conditions of heavy visitatNn at Bullfrog
Marina. Access to the Garfield County seat of Panguitch is restricted because of the absence
of any direct east / west roads. Distances to larger population and service centers outside
the county are substantial; Moab Green River, and Blanding are each over 160 km (100 miles)
away. Commercial air service is not available to the area, nor is bus or rail service (Utah
Multicounty Planning Comission, personal connunication, August 9,1978). Hanksville does
have airport facilities that are run by the State of Utah, and Bullfrog Basin Marina has an
airstrip. Use of the Hanksville airport has increased over the last seven years due to
increased tourism and mining.7 Because of the abstnce of dvect roads to the county seat,
provisions of services to the eastern part of the county is tif ficult. In the past, there has
been little demand for services because the area was sparsely populated.

2.4.3 Residential options and service availability within connuting range to proposed facility

At present, three population centers provide housing and some services for individuals livirq
and working in the area: Bullfrog Basin Marina, a National Park Service facility; Hanksville,
an unincorporated comunity of 410 people; and the Shootering Canyon mining camp, run by
Plateau Resources Limited. These three towns have neither available housing nor services to
support the operating force for the Shootering Canyon mill. In addition, a private developer
proposes to construct a new town, Ticaboo, near the mill site. Af ter construction of Ticaboo,
the mining camp will be shut down.

2.4.3.1 Bullf rog Basin Marina

Bullfrog Basin Marina is located 21 km (13 miles) south of the proposed mill site in the Glen
Canyon National Recreation Area in Kane County. The marina consists of several office buildings,
a service station and concession, docking facilities, camping sites, a limited number of mobile
home units, and several duplexes.

Bullfrog has a permanent resident population of approximately 115, which is conposed of 40
park service employees and families, 60 concession employees and families, and 15 State
employees and families. In addition, for about eight months of the year, the park service
employs 15 additional employees. Seasonal concession employees can number 70. At the peck
of the tourist season approximately 200 people may reside at the park facilities (Bullfrog
Unit Manager, National Park Service, personal communication, July 20,1978).

Housing at Bullfrog consists mainly of mobile homes. The National Park Service has two
duplexes and is building two more, and the State of Utah has one duplex. Most employees,
however, live in trailers. Visitors and contractors working within the recreation area may
r'ent the motel units in the form of single, double, or triplex trailer units. The number of
units available varies according to the size of the marina's work force. Cxponsion of accom-
modations at the Bullfrog Marina is restricted by the National Park Service. Its own concept
plan, however, calls for the construction of a 100-unit motel and a 100-space recreational
vehicle park, both to be completed in two years (Utah Multicounty Planning Comission, per-
sonal communication, August 9, 1978). These facilities will only be available to park users.

Services at Bullfreg are limited. Until recently a single trailer school and one teacher
provided shelter and instruction for school-age children of families working at the park
facility and at the Shootering Canyon rine. In anticipation of the construction of Ticaboo
and the mill, an additional trailer unit and teacher have been assigned to the park facility.
Limited medical services include trained and equipped emergency medical technicians plus
occasional visits of a nurse. Comre.cial services include a convenience store-
restaurant and a gas station. There is no commercial power at the park facility. Police
protection is provided by the National Park Service.
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2.4.3.2 Hanksville

Located 77 km (48 miles) north of the proposed mill in Wayne County on Utah Route 24 at the
junction of Utah Route 95 is we unincorporated town of Hanksville, population 410. The
population of Hanksville has increased substantially in the last eight years due to increased
mining activities, tourism at Lake Powell, and the establishment of a branch office of the
Bureau of Land Management (50 employees) near the town (Utah Multicounty Planning Comission,
personal comunication, August 9,1978).

Although there is plenty of land available for development, people in the comunity have been
reluctant to sell. Some land speculation has occurred, however, as a consequence of the
population growth, and land values have increased. The average price presently for a building
lot within the comunity is $2000 per acre. Farming land is selling for approximately
$1000 per acre without water.7

lianksville presently has approximately 150 householos, 75 singic-family units and 75 mobile
homes. The average cost of a new home is approximately $40,000. There are three motels
within the city with a total of approximately 30 units.7

Although there has been recent developnent, Hanksville is still limited in the quantity and
quality of services that the town can provide without substantial increases in expenditures
and considerable activity in the private sector. Although an adequate water supply is
available in underlying aquifers, housing availability has been severely restricted by the
lack of available public water. The town has recently received a locq from the Utah State

(100,000 gal) ofWater Resources Board to replace existing water lines and provide 380 m 3

water storage. This loan represents 75% of the estimated cost of $150,000 to $175,000 to
build the system. The system should be adequate to serve 650 persor4 or an increase of
approximately 250 persons over the existing population.8 No central sanitary sewer facilities
exist, and there are no plans to construct any. Har.ksville does have electric power and
:elephone services although the former is not adequate to support a large population increase.

Law enforcement is provided by Wayne County and consists of one part-time deputy assigned to
the region. The State Highway Patrol also gives some police protection. There are no jail
facilities in Hanksville, and violators of the law are transferreo to Loa. Hanksville is
served by a rural fire protection district. A new building has recently been constructed at
a cost of $54,000. A fire truck and ambulance stationed in Hanksville will be stored in the
building. The fire truck is a 1956 pumper. There are three volunteers to handle the fire
equipment; they receive no remuneration. The Bureau of Land Management also has a pumper
truck stationed in Hanksville that can be used for fighting residential fires.3.7

Other services incluue the elementary school, which handles grades K-8. Enrollment is now
at capacity with 60 students. High school students are bused to Bicknell, 100 km (60 miles)
away. There are three teachers on the Hanksville school staff.7 The town has one small
library located in the church, and it is also serviced once a week by the Utah State Book-
mobile. There are no community-owned parks or playgrounds, although there is a small play-
ground adjacent to the school and a cement slab with basketball standards adjacent to the
old church.7 There is no hospital or clinic in Hanksville; only emergency services are
avail abl e. 3.7

2.4.3.3 Shootering Canyon mining camp

Located 5.6 km (3.5 miles) north of the proposed site is the Shootering Canyon mining camp. The
campsite is in a potential flash flood area. Access to the site is over a graded dirt road.
The camp, in existence for two years, provides housing and food for approximately 60 mine
employees and their families.3 The current population is lE4. Approximately half of the
residents live permanently at the camp, and half comute on a four-days-on, three-days-off
schedule.

Housing at the camp consists of trailers. There are minimal services; electricity (pro-
vided by a small portable generator), a company mess, and a telephone. The applicant proposes
to shut down and dismantle the camp when adequate housing facilities are provided at Ticaboo.
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2.4.3.4 Ticaboo

A private developer plans to construct a new town, Ticaboo, approximately 4.2 km (2.6 miles) south
of the mill site. The proposed site is in Section 16. Township 36 South, Range 11 East
(Fig. 1.1). Adjacent to and west of State Highway 276, both the mill site and the Ticaboo
site are geographically isolated from the western portion of Garfield County and from the county
seat of Panguitch because there are no direct east / west connecting roads. Table 2.6 lists
highway distances to the site and tha population of the nearest towns. The Ticaboo site is a
school section owned by the State of Utah and leased to the Ticaboo Development Corporation
under the provisions of Special Lease Agreement No. 399.

Table 2 6. Highway distances to the
Shootermg Canyon site

Dat ance
Town Populat.oo

a rr mdes

Bun frog Basin 23 14 100-200'
0Har ksvdte 77 48 410

6Green R.ver 192 119 1302
8 tk rwu 203 126 382''
Loa 214 133 45@

#B arut.nu 23 7 147 30 75
Mon t ,ce n o 278 173 2208'

* Butif r og Un i t Ma n ager , Nmonat P,ir A Scr u e.
personal commurncation July 20,1978
O Director, Commumty wf Naural Hosouro s P!arv

mog. Si x Courtv Com m . s s- on e r s Orpmzanon,
personal communicarron Aug 23,1978.

C Eneegf Fuels Nuc!ea , loc. , Envrronn entalr

Report, % te Mesa Ursoium Protect. San Juan

County. Uran. Denver , Jan. 30.19 78. p. 215.

5urrounded by Federal land under the management and supervision of the Bureau of Land Manage-
rent, all developre .t for the subdivision with the exception of the sewer lagoon system and
the solid waste disposal area will be within the square mile of the school section.

?.S LAND USE

2.5.1 Land resources

Garfield County [13.430 km2 (5185 sq miles)] is the fifth largest county in Utah. Approximately
89E of the land (including national parks, forests, recreation areas, and resource lands) is
in the public domain. The U.S. Bureau of Lant' Management (BLM) manages surface and mineral
rights on approximately 6.9 x lot ha (1.71 x 10* acres), ' of the total area of Garfield
County (ER, Table 2.2-4). These lands are used for recre. ion, mineral development, livestock
grazing, and resource protection as part of BLM's multiple-use responsibilities (ER, p. 2-22,
and ref. 3).

The remainder of the land in Garfield County is owned by the State (7%), by county and local
governments (0.011), and by private individuals (42). Utah holdings consist of park and
recreation lands and school sections. Private ownership, primarily in agricultural land,
generally is concentrated in the vicinity of Loa, Bicknell, and Torrey about 113 km (70 miles)
northwest of the site, although some ranches and farms are scattered across the county (ER,
p. 2-23).
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2.5.1.1 Mill ownership

The facility site is located on mill site claims. The major land uses within a 16-km (10-mile)
radius of the site are livestock grazing and recreation, including the Glen Canyon National
Recreation Area and Lake Powell.

2.5.1.2 Fa rmland s

Vegetation in the area of the Shootering Canyon Uranium Project is exclusively native,
uncultivated, and generally sparse. Studies conducted by the ELM indicate that the grazing
potential of the project area ranges from about 0.014 to 0.03 animal unit renths per acre;'
therefore, if a 7.5-month grazing season per year is assumed,101 to 217 ha (250 to 536 acres)
of land are required to support one cow with calf for one year.

2.5.1.3 Urban areas

There are no urLan areas within 100 km (60 miles) of the proposed site.

2.5.2 Historical, scenic, and archaeological resources
_

2.5.2.1 Historical sites

There are no historicel sites on or adjacent to the project site. As of November 1973, the
closest historic site listed in the " National Register of Historic Places" is the Starr
Ranch, locattd about 13 km (8 miles) north of the site at the base of Mount Hillers. Land-
marks of southeastern Utah included in the " National Register" are surinarized in Table 2.7.

2.5.2.2 Scenic areas

Southeastern Utah is known for its unusual scenic qualities, in particular the abundance of
massive stone arches and other outstanding rock formations. The general area features a
uniquely rugged terrain with wide vistas, badlands, and steep canyons.

Canyonlands National Park is an area of unusual and interesting geologic formations, and the
Glen Canyon National Recreation Area offers opportunities for water sports on Lake Powell,
a man-nade lake on the Colorado River. Capitol Reef National P=rk contains numerous colorful
stone formations. At National Bridges National Monumeat, rock arches span deep canyons,
fonning the largest natural bridges in the world. These and other natural and scenic landmarks
draw visitors to southeastern Utah every year (Fig. 2.1). In addition, the area contains an
abundance of Indian ruins and petroglyphs.

2.5.2.3 Archaeological sites

The applicant contracted Archaeological-Environmental Research Corporation of Salt Lake City,
Utah, to conduct an archaeological reconnaissance of the site and vicinity. Only one
archaeological site, a lithic scatter about 400 m by 100 m, was found. The proposed access
road through this site was rerouted to avoid most of the lithic remnants. Artifacts in the
small area to be disturbed have been salvaged by the State of Utah.

2.6 WATER

2.6.1 Surface aater

(32-sq nile)The proposed Shootering Canyon Uraniun Project will be located in the 84-kn e

Shootering Creek drainage basin, in an area that has no n(3rby permanent bodies of water.
This basin is bounded by the Henry Mountains on the north and east and the Hansen Creek
drainage basin on the west and south (Fig. 1.1). All streams within the drainage basin
containing the facility site, including Lost Spring Wash, Moki Creek, and Shootering Creek,
are intermittent, and the nearest large permanent water body is Lake Powell, approximately
16 km (i0 miles) south-southwest (ER, Sect. 2.6).
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Table 23. Historic setes en southeastern Utah
induded in the " National Register of

Historic Ptaces"

Location Site

San Juan County

Blanding Edge of Cedars Indian Ruin

3s miles southeast of Blanding Hovenweep Nationai Monument

Southeast of Mexican Hat E ncho House

25 miles southeast of Monticello Alkals Ridge

30 miles west of Monticello Seit Creek Archaeological
District

Glen Canyon National Recreation Area Defiance House'

14 miles north of Monticello Indian Creek State Park"

Wayne County

Capital Reef Nmonal Park on Utah Fruita 1 iool Hot a
Route 24

3 miles sout1=ast of Bicknell Hans Peter Nielson Gristmill

So miles south of Green River, in Harvest Scene Pictograph
Canyonlands National Park

Green River vicinity Horseshoe (Barrier) Canyon
Pictograph Panel

Capital Reef National Park Gifford Barn'

Capital Reef National Park Lime Kiln *

Sprtal Reef National Park Oyler Tunnel *

Garfield County

40 miles south of Hanksville Starr Ranch

Snutn of Hanksville Susan's Shelter

Near Panquitch Bryce Canyon Airport Hangar

*Pending nominations to the " National Register of Histonc Places.*-
Sources: U.S. Department of the Interior, " National Register of

Hrstoric Places," fed. Regist. 41(28), Fett 10,1976, and subsequent
issues through 43(225), Nov. 21,1978.

Although there are no USGS flow records for the ephemeral streams within the basin, high runoff
in these streambeds has been observed following thunderstorms (ER, Sect. 2.6). For example,
an estimated 0.3-0.6 cm (0.13-0.25 in.) rainfall on the upper Hansen Creek drainage basin
resulted in a flash flood during which water levels in Hansen Creek rose to 0.6 m (2 f t) and
the measured flow velocity was 1.8 m/sec (6 fps). Within 45 min, the stage had dropped con-
siderably, and flow velocity was reduced to 0.3 to 0.6 n/sec (1 to 2 fps). Flow from this
thunderstorm also occurred in the upper portion of Shootering Creek, but, because of a porous
stream channel, the flow had infiltrated into the groundwater before reaching its confluence
with Hansen Creek. Thus, substantial surface flows can occur in these stream beds in response
to the snort, intense thunderstorms that are observed nost fre.quently in this region auring
sumer and early fall. These flows, however, are quickly dissipated, chiefly through percola-
tion into the underlying stream channel.
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2.6.1.1 Water use

Potable water is presently drawn from two sources near the proposed facility (ER, Sect. 2.6).
Untreated water from well G-3 (Fig. 1.1) is used as drinking water for the mining camp. This
well is pumped 9 hr/ day at a rate of 0.1 m / min (30 gpm). Star Spring, located approxinatelyi

15 km (9.4 miles) north of the site, is also used as a potable water supply woen treated with
iodine. In addition, livestock and wildlife can utilize water f rom springs, seeps, and
intermittent surface flows in the vicinity of the site.

Lake Powell, to the south of the proposed facility, is a multipurpose reservoir. Its uses
include the generation of hydroelectric power, swimming, boating, fishing, and public water
supply.

2.6.1.2 Water quality

Water quality parameters in Hansen and Shootering creeks were neasured for surface flows that
followed sumer rainstorms. (See Fig.1.1 for locations of sampling sites.) These flows
were quite turbid (greater than 150 Jtu) and contained large concentrations of both suspended
and dissolved solids (Table 2.8). Concentrations of total dissolved solids in these samples
ranged f rom 900 to 5391 mg/ liter, while total suspended solids concentrations of 48,000 to
590,000 mg/ liter give evidence of the highly erosive nature of these flash floods. The chemi-
Cal CompCsition of the three samples was variable, depending on the products of erosion in
that portion of the watershed which had received the rainfall (ER, Sect. 2.6). In all cases,

however, sodium and sulfate were the dominant ions (Table 2.8). These "mudflow" conditions
shown in Table 2.8 are not presumed to represent baseline water quality; farther monitoring
requirements are discussed in Sect. 6.3.1.

Streams in the vicinity of the project site have been categorized as Class C waters by the
Utah Water Pollution Connittee and the Utah Water Pollution Control Board. Waters in this
category are to be protected against controllable pollution so as to be suitable, af te'r treat-
ment, for domestic water supplies. In addition, Class C waters should be suitable without
treatment for irrigation, stock watering, recreation (except swiming), and the propagation
and perpetuation of fish, other aquatic life, and wildlife.8 Maximum permissible concentrations
of varicus chemical constituents such as sulfates, iron, manganese, and total dissolved
solids, however, were exceeded in these samples (ER, Table 2.6-5).

Surface and bottom water samples from the Hansen Creek arm of Lake Powell were also analyzed
on a single date in 1977 (Table 2.8 and Fic]. 1.1). The dominant ions en this case were sodium,
calcium, and sulfate. Lake Powell waters are designated as Class CWR by the aforementioned
Utah State agencies (ER, Sect. 2.6). With the exception of more stringent bacterial and recrea-
tion criteria, standards for Class CWR waters are equivalent to those for Class C waters.9
Based on the two samples taken, Lake Powell water generally falls within the criteria established
for this category (ER, Table 2.6-5).

2.6.2 Groundwater

Groundwater is an important potential source of water supply in the vicinity of the site
because there are few surface water sources. The primary aquifers in the area are the Entrada
and Navajo sandstones (see Sect. 2.7.1.2). These aquifers receive most of their recharge
from areas of high elevatinn, and some natural discharge occurs as springs. Groundwater
supplies in the area, hower, have not been significantly developed because of a lack of
users. Groundwater from springs in the area is used by livestock and wildlife while several
wells provide potable and industrial water for existing mining activities.

9 drogeologic characteristics of the underlying formations were determined from pumping
'ests conducted near the plant site. Groundwater in the Entrada Sandstone was found to occur
under confined conditions primarily because of the presence of thin impermeable units (e.g.,
siltstone or claystone) within the sandstone. The cepth to water averaged about 64 m
(210 ft) in the test wells, and the hydraulic gradient was to the south at approximately
7.2 m/km (130 f t per mile). As determined from the pump test, permeability averaged
2.64 x 10-5 cm/sec; however, considerable variation (1 x 10-4 to 6.5 x 10-7 cm/sec) was
observed during detailed evaluation by packer tests (ER, p. 2-103). Transmissivity was cal-
culated to be 425 m / day per meter (130 gpd per foot). Both the low permeability and trans-3

missivity values indicate that the Entrada would be expected to be a low-yielding aquifer in
this area.
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T ur b,d.t v. JTU > 150 >150 -150 08 13
Ca<utated a4amt v das CACO 1 808 627 146 119 1163

Caicu,amt hardness las CACO 1 206 8 1657 619 288 2953

O.! and gr ease 188 131

CCD 304 104 403 78 38

M4;or es

Cattom 149 309 100 65 69
Magoer um 402 202 62 29 27
Sod.um 1150 325 139 E2 74

Pota wum 45 39 30 34 31
tron 1 97 0 67 22 0 0 02 0 05

eo
Manga nese 35 46 7E5 0 001 0 002 L
Bicas twate 985 765 178 143 166 h

Car tronate 0 0 0 14 0
Sulf ate 34'14 2041 457 315 237
Chlor ide 48 19 61 62 51

F luor ide 03 0 15 1 02 0 53 0 48
Boron 02 02 02 03 03

Nutt en ts
Total phosphate (as PI O3 36 08 05 05
Orthophosphate (as P) 02 01 01 01 01
Nitrare (as NI 11.7 06 45 06 09
N trite (as Ni 0.1 01 02 01 ' O 01
Kjeldahl rutrogen 10 33 94 0.10 0 10
Ammonia (as NI O 82 0 25 1 10 0 10 0 10

Trace metais and toxic mater.ais
Aluminum 24 30 50 1 2

Antmony <0 01 0 01 0 01 ' O Gi 0 01
Arsen.c < 0 01 0 C1 007 < 0 01 0 01
B ar iu m 0 06 14 66 05 05
Beryihum 0 001 0 001 0 04 <0001 <0001

B r om ide 08 06 0 43 0 22 0 38
Cadm ium <0001 0 001 <0001 0 001 < 0 001

Cobot t 0 01 0 01 0 10 0 01 0 Oi
Chr o m .um 0005 0 001 0 Ot#2 0 003 0 003
Copper 0 019 0 017 0 18 0 002 0 005
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The purrp tests indicated that the Carmel formation serves as an aquaclude between the Entrada
and Navajo sandstones. No drawdown was observed in wells completed in the Entrada and the
Carmel formations during pumping of the Navajo sandstone aquifer (ER, p. C2-61). Depth to
Water in the Navajo averaged approximately 140 m (450 f t) and is confined under artesian
conditions. The hydraulic gr.11ent is to the south at approximately 12 m/km (65 f t/ mile), and
discharge f rom this aquifer is into Lake Powell. As determined from the pump test, per-
meability averaged 1.12 x 10-' cm/sec, and transmissivity was calculated to be 62,130 m / day3

per meter (19,000 gpd per foot). These values indicate that the Navajo Sandstone is a much
higher-yielding aquifer than the Entrada Sandstone.

Groundwater quality in the area was determined by sampling and analyses from springs and wells
in the area. Locations of these sources are shown in Fig. l.1, and the results of the
analyses are presented in Table 2.9. Although water from the springs is generally suitable
for both livestock and drinking water purposes, selenium concentrations exceeded the recom-
mended limits for both of these uses at Star Spring (G-1) and Lost Spring (G-5). At Ant Knolls
Spring (G-6), the concentrations of iron and rtanganese were present in anounts greater than
those recomended for public water supply, and the mercury concentration was greater than that
recorriended for livestock waters. Well G-2 is completed in the Entrada Sandstone, and
water from this well exceeds the drinking water standards for total dissolved solids, iron,
and sulfate. The Navajo Sandstone is the source of water for Well G-3 and water from this
well meets both livestock and drinking water standards.

2.7 GEOLOGY, MINERAL RESOURCES, AND SEISMICITY

2.7.1 Geology

2.7.1.1 Regional geology.

The proposed project site is locatea mi.. the Canyonlands section of the Colorado Plateau
physiographic province in southeastern Utah. In this arca, thousands of feet of pre-Tertiary
sedimentary rocks have been uplif ted and moderately deformed resulting in numerous local
structures such as upwarps, monoclines, and basins. Additionally, igneous intrusions have
produced several donal uplif ts in the region. Subsequent erosion has removed most of the
post-Jurassic rocks leaving a landscape characterized by deep canyons, mesas, and buttes.

As shown in Fig. 2.2, the site is located within the Henry Mountains Basin, which is bounded
on the west by the Waterpocket Fold (monocline) and on the east by the Monument Upwarp.
Elevations within the basin range from 1200 to 2100 m (4000 to 7000 ft). The Henry Mountains,
which include Mt. Ellsworth (Fig. 2.2), are located within the basin. Major peaks rise 1200
to 1500 m (4000 to 5000 f t) above the surrounding basin.

2.7.1.2 Site geology

The site for the proposed project is located in an area characterized by buttes, mesas, and
canyons, approximately 8 km (5 miles) southwest of Mt. Ellsworth (Fig.1.1). The project
area includes a low rresa on which the proposed mill will be located and a small drainage
basin, which will contain the proposed tailings impoundment. To the west, a call butte
separates the site from Shootering Canyon. Drainage from the site is to the southwest into
Shootering Creek. Local relief in the area ranges from 60 to 150 m (200 to 500 ft).

In this area, the geologic structure is r;latively simple with the various sedimentary forma-
tions dipping gently (approximately 2 ) to the west. Sedimentary rocks e;rposed at the surface
are predoninantly sandstones of Upper Jurrasic age. The high buttes and mesas west and north
of the site are capped by the Salt Wash Member of the Morrison Formation (ER, p. 2-50). This
sandstone unit contains the uranium deposits that are mined in the area. Exposed cliffs
surrounding the buttes and mesas are generally comprised of the Summerville and Entrada sand-
stone formations.

The bedrock underlying the site is the Entrada Sandstone, a generally massive, fine-grained
sandstone Cemented With calcite. In the vicinity of the site, the Entrada Sandstone is
approximately 140 m (450 ft) thick (ER, p. 2-62). Beneath the Entrada lies the Carmel Forma-
tion, a heterogeneous unit approximately 66 m (215 f t) thick compesed of sandstone, siltstone,



Table 2.9. Groundwater wakty at selected locateons m the vicinity of the propou :4 utering Canyon Uranium Protect

Star Camp Cam p Seep A:ong Lnt Act Kncus
Spe .ng Wed Wen Shooter vq ct erk Spr . rq So. .nq,p,,

G1 G-2 G3 G4 G5 G6
t %'77 8 19'77 81977 7 19'77 7'20 77 81977

General canst.tvents
pH. un.ts 78 82 8.1 75 8G 79
Oxidation reduction potentis.* mV +170 +175 +95
Specif +c conductance, umt os cm 300 900 530 4000 2% 365^
Tot 48 d ssoNed sonds IM 648 3D 3486 142
T1tal susperxled sohds <1 10 8 30M 7

be bio ty. JTU 38 30 0 65 >150 80
Ca. stated aikahn'tv (as CACO ) 111 156 153 118 99 1953

Lic lated ha<dness las CACO ) 144 156 78 1243 109 3173

0.1 and grease 29 10 45
COD 48 27 12 128 64 40

Major sons

Calcium 44 26 19 320 23 69
Magnesium 65 20 18 77 12 21

Seum 69 150 59 708 7 19

Potamum 04 55 52 22 21 48
fr on 0 13 0 85 0.15 'o 9 0 03 0 82

"Aanyanew 0 009 0 004 0 002 0 82 0 010 0 136
''

Bica tonate 136 190 187 144 121 238

Car bonate 0 0 0 0 0 0

Sulf ate 33 310 99 2377 11 24

Chloride 2.2 11 71 26 36 12

Fluoride 0 18 0 53 0 45 0 44 0 09 1 31

Boron 02 05 02 02 03 03

Nat r ients
Total phowhate las Pl 04 04 05 08 06 07
Orthophosphate (as P) <01 0.1 <01 <01 <01 02
N.frate (as N) 02 18 15 18 06 27

Nitrite (as M < 0.1 01 <01 <01 s01 0.1-

Kseldahl n.trogen 1.1 0 38 1 08 34 60 28

Ammonia las N) 0 07 0.11 0 10 <0 01 0 22 0 25

Trace metals and tonic materiais
Aluminum <01 1 08 14.7 02 10

Antimony <0 01 < 0 01 <0 01 <0 01 < 0 01 <00

Arsenic <0 01 <0 01 <001 < 0 01 0 0t 0 04

8ar sum ( 0.1 0. 5 05 02 03 07

3er ylhum 0001 <0 001 <0001 0 003 0 001 <0 001

Brom4se 01 0 32 0 25 09 03 0 88

Cadmium <0001 <0 001 <0.001 <0001 < 0 001 <0 00

Cohad t < 0 01 <0 01 <0 01 0 01 < 0 01 <0 Of



Table 2 9 (con tinued )

Srs Camp up See p A-ung Lost A ,1 n ,

Smng We1 nea Srwie r mg Cerek Sur nq 54 r .p ,
,

G1 G2 G3 G4 G5 G6
72077 81977 S.13'77 7,19 77 7 '20 J 7 81977

Ch r om.u m - 0 001 0 003 0 003 0 004 0 001 0 003
Copper 0003 0 003 00% 0 077 <0001 0 006

Cv an.de < 0.1 <01 01
lod.de 0 67 0 43 0 Si 0 17 0 24 0 36
Lea'1 0 003 <0001 0 001 0 003 (0001 0 002
Mercur y '.0 00M 00012 0 0005 <0000 <00G04 0 00'7
C yt=tenum 0 001 0 002 0 002 0 001 0 001 0 003

N chel ( 0 01 'O 01 <0 01 0 02 < 0 01 * O Of
Se ten um 0 06 (0 01 < 0 01 < 0 01 0 13 0 01
S. Iv e r '0 01 < 0 01 ' 0 01 <0 01 0 01 s 0 01-

Sir ontiu m 0 34 13 09 66 0 76 09
Tin I I 2 r1 <1 1

Titamum 0 03 0 01 0.02 0 09 0 04 0 04
Vanait um 0 01 0 01 0 02 0 01 0 02 0 08
Zinc 44 0 07 0 21 0 07 0 01 0 02

Rzeolog cal trace elements
,9

Total uran.um (ug hterf 6 13 6 9 11 2

5'#Totat uraniura (ag 't.ter ? of <6 1425 8+5 10t5 6 5
Totai uramum Qg Lier + ol' O27t0013 17 9 t 0 9 78?O4 85?O4 170 t 0 08 3 01 ' O 15

#Uranium 234 (sg hier t ul 0 00002 1 0 00001 0 0014 7 ! 0 000W 000100t000006 0 00062 t 0 00005 0 00014 ! 0 00002 0 00025 + 0 00 01
Uranium 235 lug Lter i ol' O 00192? O OfXY 012620006 0 0546 ? O 0027 0 061 ! O T3 0 0120 0 0006 0 0216 * O 0011

U 239 tug beer t ol' O 268 + 0 013 17 8 t 0 9 7. ' + 0 4 84?O4 169?O09 2 99 ? O 15
R 226 (pCa Lier t of 0+003 016 + 0 04 00"?001 0 08 ? O 03 017-003 013 004
Ra 228 f pC 'hter ? of 0t1 022 0t1 0t1 0t1 0?1
R 222 fpC. 'l:ter i of 68t 3 10225 106 ?5 350+20 36? 2 40 t 2
Th 230 (pCa.' liter t of 0t01 014 t 0 06 011?O06 0+01 02!O1 0 + 0 06
Th 232 (pC. liter e ol' Ot01 0151006 021 ? O07 0201 0tO1 0?O05
Gross a (pC. t ter t o / 0 .? 3 8?4 5t2 0t7 0?3 0t3
Gross J (pCvhter t of 0t4 16 t3 16+3 62 ? 7 0t4 16 ? 2

Bacter.a (colonies per 100 mo
Tota | cohforms <1 'l c1
F ecal coh f or ms <1 <1 <1 c1 <1 <t.

Fecal stren'~ncci <1 <1 c:1

' Values empressed as evahgrams per bter unle;s otherwise stated Analyses corviuc%1 by Contrus for E noronmentf Punt an, Inc ICE Pi, Santa f e. N w E4m ii o-

*F eid measurement by Wovfward Cb de Consultants
' As deter mired by CE P using ammic absorption spectroscopy.
#As determined by LF E Corporat.on, Ricnmcod, Cahfornia, us.ng fluorometrec twn, ques
' As determined by LF E us ng rnais spectrometry.
' Analyses conducted N LFE.
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modstone, limestone, and gypsum. The Carmel is underlain by the Navajo Formation, a massive
sardsto o unit, which is about 240 m (800 ft) thick in the vicinity of the site. The base
of the Navajo is approximately 430 m (1400 ft) beneath the surface at the site (ER, p. C2-23).

2.7.2 Mineral resources

The development of mineral resources has been limited in the vicinity of the proposed project
site. Uranium and associated vanadium are the only minerals currently being extracted in
commercial quantities. The South Henry Mountains uranium area includes the Woodruff Springs,
Delmonte, and Shootering Canyon deposits.10 Known uranium mineralization occurs in channel
sandstones within the Salt Wash Member of the Morrison Formation.9

Coal is present in the Cretaceous formations in the area. The Henry Mountains coal field has
known commercial deposits in the Dakota Sandstone, the Ferron Sandstone, and the Emery Sand-
stone.10 Because of erosion, these formations are not present in the immediate vicinity of
the proposed site. Other known minerals in the vicinity include copper, gold, and silver.
These micerals have been generally found in the Henry Mountains, but the quantities produced
have been insignificant. No petroleum is produced in the vicinity of the proposed project.

2.7.3 Seismicity

Within a 320-km (200-mile) radius of the proposed site,112 earthquakes with an intensity
greater than V (Modified Mercalli) or a magnitude estimated or measured at greater than 3.5
(Richter) have occurred since 1853. The largest event had an epicenter about 177 km (110 miles)
northwest of the site and had a maximum intensity of VIII to IX and an estimated magnitude of
6.7.11 The event nearest the site had an epicenter in the Circle Cliffs uplift about 61 km
(38 miles) north of the proposed site. This earthquake, which occurred on September 30, 1963,
had a magnitude of 4.5.

Based on the region's seismic history, the probability of a major damaging earthquake occurring
at or near the site is remote. Algermissen and Perkins12 indicate that there is a 90%
probability that a horizontal acceleration of 4% of gravity would not be exceeded in 50 years.
However, should such an acceleration level occur, only minor damage would be expected.

2.8 S0ILS

Soils on the proposed site of the Shootering Canyon project are classified as either Entisols
or Aridisols. The fomer order consists of soils having no pedogenic horizons; the latter
includes soils with pedogenic horizons that are lcw in organic matter and are never moist
for more than three consecutive months (ER, Sect. 2.4).

Little variation was observed in soil texture, color, and consistency throughout the site.
Th'e soils were generally sandy in texture, modified in some places by gravel or cobbles at
the surface. Both soil and sandstone rock outcrops were red in color. Soil consistency
was loose (noncoherent) in surface samples and loose or soft in deeper samples (ER, Sect. 2.4).

The content of organic matter in all of the soil profiles on the site was extemely low, and
except for a greater bulk density with depth, horizon development was not generally apparent.
Because the soils are derived almost entirely from a single source (windblown dust and fine
sands), the soil grair size is quite uniform, about 117 um (ER, Appendix B). All of the
surface soils :n the vicinity of the facility site are highly susceptible to wind erosion.
Mcunds of deposited sand were observed around the sparse clumps of vegetation. Although
sandy soils are usually well drained, the lack of organic matter, sparse vegetation cover,
and relatively steep slopes over much of the area contribute greatly to the potential for
water erosion. Annual precipitation in the vicinity is normally low [18 cm (7 in.)], but
maximum point 'recipitation could be as high as 8 cm (3.2 in.) in a 24-hr period occurring
every 100 years.

Five major soil mapp mg units were delineated on the proposed tailings impoundment and plant
site (Fig. 2.3). Deep sands on gentle slopes (4 to 10%) cover the majority (40%) of the
tailings impoundment site. Soil sampled in this mapping unit was more than 76 cm (30 in.)
deep and ranged in texture from sand '] loamy-fine sand. According to the applicant, except
for the very fine, sandy surface matei tal, these soils constitute the best " topsoil" avail-
able on the proposed site for use in reclamation (ER, Sect. 2.4). Shallow to deep sand on
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gentle to moderate slopes (10 to 30;) comprise about 30% of the tailings impoundment site.
These soils were typically 15 to 30 cm (6 to 12 in.) deep, generally devoid of organic matter,
and consisted of very fine sand. Recent shifting of surface material was evident in several
areas. Sandstone rock outcrop occurs on about 15% of the tailings impoundment site, with
slopes ranging from 10 to 301 Because of the exposed rock, precipitation runoff leads' to
erosion in areas downgrade and adjacent to the main drainage of this mapping unit. The
remainder of the tailings impoundment site is covered by moderately steep to very steep (30
to 80%) talus slopes. These areas are present on the periphery of the impoundment as well
as the plart site. Soils on these slopes are typically immature and very shallow. Soil over
most of the plant site consists of shallow to deep sand. The nearly flat terrain of this
area has resulted in some af the soils extending below 150 cm (60 in.) near the center of the
site and to about 50 cm (20 in.) near the outer edges of the site. Cobbly or gravelly
material occurred on the surface of all of the sample sites in this mapping unit. The soils
were essentially devoid of organic content and showed little evidence of horizon developrent.

Soils in the vicinity of the site have not been surveyed by the Soil Conservation Service,
but in the opin'on of the staff, it is unlikely that any of the soils would be classified
as prime or unique farmland.13

2.9 BIOTA

2.9.1 Terrestrial _

2.9.1.1 Fl ora

Vegetation in the vicinity o' the facility site is very similar to that of the potential,l"
characterized as desert shrub and dominated by a blackbrush/ Mormon tea association. Plant
cover is sparse in the area, ranging from about 15 to 25t (ER, Table 2.8-1). Blackbrush
(c ;:cc , v.c . m issim ), the dominant species, accounts for about 25 to 65% of the total plant
cover. Mormen tea (t m ht tcrro at.2), the other major shrub species, comprised approximately
15 to 25% of the total cover. Other common as._ciates at the proposed site include smallhead
snakeweed ( A& rec::ia min wh), the indiget rush ( bg ' uio:ta), and desert sage;

(S . cia eu w aa). Herbaceous vegetation at the site is especially sparse (<ll of ground
cover). Herbaceous species often form only a relatively small portion of ground cover in
southeastern Utah, but the drought conditions in the region prior to sampling may have further
reduced the abundance of this component of the plant community. Of the herbaceous species
present in the project area (ER, Table E-1), galleta grass (h ' - . m d is the most common.
This species is typically associated with sandy soils and arid lands throughout the Four Corners
region.

Productivity in this ecosystem varies greatly from year to year, depending on the moisture
supply. Productivity studies were not conducted at the site, but the Utah Division of Wild-
life Resources has estimated that on a regional level the total vegetative cover for desert
shrub vegetation consists of less than 10% browse species and less than 1% grasses and
forbs (ER, Sect. 2.8). Forage productien of these plants is estimated to be 340 kq/ha
(300 lb/ acre) for browse species, 60 kg/ha (55 lb/ acre) for grass species, and 6 kg/ha
(5 lb/ acre) for forbs.

Of the 65 proposed endangered plant species in Utah,15 only one is thought to be associated
with habitat and soil types in the vicinity of the facility site. w~ m- ' " >m ic
has a documented distribution in Garfield County, restricted to Tropic Shale, Dakota Sand-
stone, and Kaiparowatts formations. M This endangered species was not observed during the
field surveys (ER, Sect. 2.8), and Fig. 2.4-2 of the ER, which depicts the geologic forma-
tions near the proposed facility, indicates that it is unlikely that this species occurs on
the site.

2.9.1.2 Fauna

The limited vegetation in the area may account for the relatively low diversity of wildlife
species observed by the applicant. Wildlife representative of the facility area are listed
in Table 2.10. Lack of any aquatic habitat in the imediate vicinity of the site precludes
the establishment of any significant amphibian populations.
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Table 2.10. Wddlife species observed or expected to occur in the veciruty of the site *

6
Scientif tc name Common name Obse,ed E x pected

Big game or large mammals
Odocoileus hemionus Mule deer U'

Medium sized mammals
Canis latrans Coyote C

Lepus caldornicus Black ta, led iackrabbit C

Sylvilagus avduboni Desert cottantad C

Taxidea tanus Badger U

Small mammals
Chiroptera Bats C

Dipodomys ordi ord's kangaroo rat C

Neotoma lepida Desert woodrat C

Onychomys leucogaster Northern grasshopper
Cmouse

Peromyscus crinitus C. , yon mouse C

Peromyscus maniculatus Deer mouse C

Perognathus parvus Great Bason pucket mouse U

Raptors
Aquda chrysaetos Golden eagle R

Buteo jamaicensis Red ta> led hask U

Cathartes aura Turkey vulture C

falco mexicanus Pra,rne f alcon R

Falco sparwrius American kestrel U

Upland game birds
Zenaidura macroura Mnurning dove C

Columba fasciata Band tailed pigeon U

Perching birds
Eremophila alpestric Horned lark C

Lanius tudovicianus Loggerhead shrike U

Perrochelidon pyrrhonora Chtf ssallow U

Spize//a breneri Brewer's spaerow C

Tyrannes verticelus Western kingbird C

Crovus corax Common raven C

Reptiles
Cnemodophorus tigris Western shiptait C

Phrynosoma douglassi Short horned lizard U

Ura stansburiana S& blotched lizard C

'This list represents species that are rr.ost likely to occur in the facility area.
8 Observed during July and October 1977 field surveys.
'Symbots representing anticipated relative abundance: common (CMsually observed

dady, dominant species in the area; uncommon (U)-regularly seen but not on a daily
basis not a dominant species: rare (R)-only occasionally observed or captured.

Source: Modified from the E R, Table E.2.

Rodents, lagomorphs, and carnivores were the dominant mannalian species present at the site.
The most abundant rodent was Ord's kangaroo rat (ER, Table 2.8-2). The sandy soil on the
site is the preferred habitat of this burrowing species. The area is not considered to be
prime habitat for big game species, and no major populations of these animals are present
in the immediate vicinity of the site. Mule deer (Dixo H o s h W c as), elk (cer ~ rulenais),

and bison (M ece biscn) occur in the region, but they are generally associated with the pinyon-
juniper woodlands and coniferous forests at higher elevations in the mountains north of the
site (ER, Fig. 2.8-2). Some mule deer may occasionally enter the area during severe winters
or during the hunting season, but their nonnal winter and sunner ranges are in the Henry
Mountains north of the site and at higher elevations to the west (ER, Fig. 2.8-2). The closest
critical winter range for mule deer in the region is approximately 48 km (30 miles) to the
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northwest (ER, Sect. 2.8). Desert bighorn sheep (oris caradensis) also occur in the region,
being generally confined to rugged terrain south of the Colorado River (ER, Fig. 2.8-2). A
small population is located north of the river about 24 km (15 miles) southwest of the site.

Only eight species of birds were observed at the site, four of which were raptors. Only one
nest was observed; it was an active American Kestral nest, located on the south end of the
butte on the west side of the tailings impoundment site. A prairie falcon was observed about
3.2 km (2 miles) north of the site during a reconnaissance survey in May 1977.

.

The western kingbird and horned lark were the only two scngbirds observed during field studies.
The mourning dove was observed on the site during July 1977 and is the only species of upland
game bird that regularly inhabits the area. The Hungarian partridge (Perdir rendir) and blue
grouse (Pendragras obsarus), other upland game birds, can be found at some of the higher
elevations in southeastern Utah where forest and mountain brush vegetation provide adequate
food and cover. These areas are located more than 8 km (5 miles) from the proposed plant site,
in the Henry Mountains or near the Colorado River. The project site is not located in any
of the major waterfowl flyways. During the staff site visit in June 1978, two mallards
(hus r % rh d.os) were observed in a stock pond located about 8 km (5 miles) south-southeast
of the project sit - In addition, with Lake Powell located approximately 16 km (10 miles)
to the south, it is conceivable that some waterfowl may be seen in the vicinity during spring
and fall migrations.

No endangered species of wildlife were observed on the site.17 The project site is within the
range of the bald eagle (Hali catas ;c w wrna?us) and the American peregrine falcon (rd co
prepinas anaM), but the lack of aquatic habitat indicates a low probability of these
spccies occurring on the site. However, with the Colorado River and Lake Powell being located
about 16 km (10 miles) from the site, these species may be observed in the region during
migration periods.

2.9.2 Aquatic

As discussed in Sect. 2.6.1, there are no permanent streams or pools in the permit area tnat
could harbor aquatic organisms throughout the year. There are approximately 24 km (15 miles)
of stream drainage courses separating the proposed mill site from Lake Powell (ER, Sect. 6.1)
which, because of a porous substrate and infrequent rainfall, only sporadically contain water.
When water is present in these stream channels, it is in the form of highly turbid flash
floods following rainstorms. Thus, the migration of fishes and other aquatic organisms from
the lake to the vicinity of the site is prevented. Because of a lack of aquatic habitat in
the project area, the applicant conducted no sampling program for aquatic biota.

There are three endangered aquatic species found in Utah.17 The humpback chub (Gi:la g iu)
is found in widely separated areas of the Green and Colorado rivers, from the Grand Canyon
area northward to the vicinity of the Flaming Gorge Dam on the Utah-Wyoming border. Specimens
have not been collected from Lake Powell, and the closest collection is from Lee's Ferry,
downstream from the Glen Canyon Dam.3 The Colorado River squawfish (Fqdm;w tlas ' . is) is
found in the middle and lower Green River, the main Colorado River above Lake Powell, and the
Salt River. This species is adapted to life in turbid, swif t, warm rivers and will not repro-
duce in cold tailwaters below high dams or in the reservoirs, such as Lake Powell, behind
these dams.18 Finally, the woundfin (PMgrteras argnticsimas) is an endangered minnow that
is now believed restricted to the Virgin River below Hurricane, Utah,18 and, therefore, is not
found in Lake Powell or the Colorado River.3

There are no threatened aquatic species 1*ed for the State of Utah.17

2.10 NATURAL RADIATION ENVIRONMENT

Radiation exposure in the natural environment is due to cosmic and terrestrial radiation and
to the inhalation of radon and its daughters. Measurements of the background environmental
radioactivity at the proposed site have been initiated using thermoluminescent dosimeters
(TLDs) (ER, p. 2-167). Preliminary results indicate an average total-body dose of 82 milli-
rems per year. The elevation of Shootering Canyon (-l.4 km) allowed us to approximate the
cosmic radiation contribution to be dout 50 millirems per year with terrestrial radiation
adding 32 millirems. The cosmogenic radiation dose was estimated to be about 1 millirem per
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year. Terrestrial radiation originates from the radionuclides potassium-40, rubidium-87, and
daughters from the decay of uranium-238, thorium-232, and, to a lesser extent, uranium-235.
The dose from ingested radionuclides was estimated to result in a dose of 18 millirems per
year to the total body.19 The dose to the total body from all sources of environmental
radioactivity is estimated to be about 101 r. illirems per year based on the preliminary site
measurements.

3The concentration of radon in the area is estimated to be in the range of 500-1000 pCi/m ,
based on the concentration of radium-226 in the local soil.19.20 Exposure to this concentra-
tion on a continuous basis would result in a dose of up to 625 millirems per year to the
bronchial epithelium.21 In unsentilated enclosures, the comparable dose could reach 1200 milli-
rems per year.

The medical total-body dose for Utah is about 75 millirems per year per person.22 The total
dose in the area of the proposed mill from natural background and medical exposure is estimated
to be 176 millirems per year.
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3. OPERATIONS

3.1 MINING OPERATIONS

The applicant has conducted an extensive are development program in the Shootering Canyon
area. Three ore bodies - the Lucky Strike 10 (an existing mine), the Tony M (a mine under
development), and an unnamed are body to the northeast of the Tony M - have been identified as
comercial deposits (Fig. 3.1). As of January 1,1978, the indicated and inferred reserves in
these bodies exceeded 2500 MT (2800 tons) of U 0s, sufficient for at least ten years of3

production by the proposed mill. The applicant expects that further exploration in and
around the ore bodies will reveal additional reserves (ER, p. 3-40).

The economically recoverable ore will vary in grade from 0.04% to 0.5% U 0s with an estimated3

average grade of 0.10; U 0 . Under present plans, ore of less than 0.G4; U 0s would not be3 3
processed (ER, p. 3-43) 3

3.1.1 Mining techniques

In the Shootering Canyon vicinity, uranium ore is found in the Salt Wash member of the
Morrison Formation. Typically, the Salt Wash sandstone in the area is overlain by approximately
30 to 244 m (100 to 800 f t) of non-ore-bearing sandstones. The type and the amount of this
overburden preclude economic extraction of the uranium ore except by underground mining
techniques. At many locations in the project vicinity, tha Salt Wash sandstone is exposed on
the walls of the deep canyons dissecting the surface of the region. Over the past 30 years at
many exposed locations, horizontal drif ts, or adits, have been driven directly into the ore
bodies from the canyon walls. This procedure will be continued for the Shootering Canyon
project. Borings to locate are concentrations are drilled vertically from the surface through
the overburden and Ore horizon. The deep canycns in the area provide drainage to adjacent
higher strata, and mines throughout much of the Salt Wash member will encounter little or
nc groundwater (ER, p. 3-43). Should small amounts of mine water be encountered, this seepage
would be used to wet mine haulageways or ore piles to limit dusting. If substantial quantities
are encountered, the water would be used in the milling process.1

Uranium ore mining for the Shootering Canyon project will be by conventional underground mining
techniques (face drilling and blasting, loading, and haulage). Existing or new adits from the
canyon walls will be used for access to the ore bodies, and drif ts will be extended in the
direction of known ore bodies. Scanning of the rock at the face of the drif ts will indicate
when ore-grade rock is encountered. Drift advancement will follow a regular sequence of
drilling, blasting, and mucking. Drif ts will be about 3.4 m (11 f t) wide and 2.7 m (9 f t)
high. Tunnel structural stability in the drifts will be maintained by strategic placement
of rock bolts, steel sets, and wood supports.

Waste rock will be segregated from ore-grade rock at the mine exit. Mining machines will
load, haul, and dump fractured rock from the advancing orifts. These machines will deliver
the rock to nearby loading stations, where it will be transferred to ore " buggies," which
transport the rock to the surface. Ore-grade rock will be delivered directly to ore storage
bins located near the mine entrances. Waste rock will be delivered to established disposal
areas near the mine entrances, or possibly to the plant area, for use in the construction of
the tailings impoundment dam (ER, p. 3-47).

Mining will be performed on a schedule of two 10-hr shifts per day, four days per week. Ore
production is expected to average about 600 MT (660 tons) per shif t, or about 2.4 MT (2.7 x 105
gross tons) per year. The ore will be transported to the mill in dump trucks of 30-ton capacity.

3-1
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Some ore for processing will be supplied from the plateau Resources, Ltd., are buying station
near Blanding, Utah, which buys and stores uranium ore produced by independent mines (Fig. 2.1).
By April 1978 the applicant had established purchase agreements with 12 mine operators. The
purchased ore is primarily quartzose sandstone containing between 0.05% and 1.0; uranium
[0.45 to 9.1 kg (1.0 to 20.0 lb) uranium as b 03 per ton of ore].3

Construction of the ore buying station began in March 1977, and operations began in August 1971.
Ore purchases have averaged approximately 1800 MT (2000 tons) per month with an average uranium
content of 0.111. The applicant expects to stockpile ore until about October 1979 when transfer
of ore to the proposed Shootering Canyon uranium processing facility will comence. At that
time about 52,000 MT (57,000 tons) of ore will be stored at the ore buying station.

It is expected that a maximum of 4380 MT (4830 tons) of ore per month would be transferred to
the proposed uranium processing facility, and the staf f assumes that 1800 MT (2000 tons) per
month would continue to be purchased. In that case the stockpile at the ore buying station
would be depleted by late 1981; the are buying station itself would either become a purchase
and transfer facility [1800 MT (2000 tons) per month] with a minimum ore stockpile or be
closed and the site reclaimed.

3.1.2 Mine waste disposal

Waste rock from the mines will be added to the existing talus slopes and waste rock now piled
against the bottom of the Canyon walls. Ore buggies hauling waste rock from the mines will
dump the rock from the mine access roads and from the level areas constructed at the mine
entrances. The waste rock will assume its natural angle of repose as it is dumped. Appcarance
of the waste rock piles will be similar to the appearance of the numerous natural talus slopes
now bordering the floor of Shootering Canyon and other canyons in the vicinity. The quantity
of waste rock from the mining operations is estimated to be in the ratio of 1:1, waste rock to
economically recoverable ore. On an annual basis, the waste rock nuantity will be about
2.4 x 105 MT (2.7 x 105 tons), or 1.9 x 105 m (2.5 x 105 yd ). The area adjacent to the Tony3 i

M mine entry has an estimated capacity of approximately 2.3 x 106 to 2.7 x 106 MT (2.5 x 106
to 3 x 106 tons) of waste rock over the life of the project. Waste rock dumps will be located
in areas that minimize their apparent size and their environmental and visual impacts. Dumping
will be controlled to prevent obstruction to roads and drainage channels on the floor of the
canyons (ER, p. 3-48). All mine waste dump and reclamation activities will be perfonted in
accordance with the State of Utah Mined Land Reclamation Act of 1973 and the Utah Solid Waste
Disposal Regulations.

3.2 THE MILL

The proposed Shootering Canyon Uranium Project is designed to process about 2.48 x 105 MT
(2.74 x 10 tons) of ore per year. A process design rate of 717 MT (790 tons) per day has5

3een used for the plant to allow for planned and nonscheduled shutdowns.

; rom previous exploration and mine development work, the overall average ore grade is estimated
to be 0.10% U 0s. Because considerable grade variation may be encountered throughout the life

3

of the project, the mill design will allow efficient recovery of uranium from ores of as
little as 0.07% (average grade) U 0s. At this minimum average grade, the mill is estimated to

3

have an overall recovery of 90%. The recovery is expected to increase slightly at higher
feed grades. Based on 90% recovery. 0.10% U 0s ore grade, and the average daily 680-MT (750-ton)3

processing rate, the proposed mill will produce about 614 kg (1350 lb) of U30 3 per day and a
total of 224 MT (247 tons) per year.

The mill would utilize the conventional acid leach-solvent extraction process for uranium
recovery. A general description of the mill process is given in Sect. 3.2.2.

3.2.1 External appear 1nce of the mill

The plot plan of the proposed Shootering Canyon Uranium Project is shown in Fig. 3.2 and an
artist's rendition of the mill in Fig. 3.3. The mill design features a compact layout that
offers economic (nd efficient construction and operation. Auxiliary buildings and facilities
are located around the perimeter of the mill site to yield a well-integrated cor" plex. Within
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the mill area, all process equipment will be housed or covered, except for the countercurrent
decantation tanks, the clarifier, and the leach solution filters.

The earth-tone color of the building exteriors will blend with the high cliff to the west,
which will form the background to the plant as seen from State Highway 276. A short stretch
of that highway, about 3 km (2 miles) northeast of the site, provides the only available
public view of the plant site (except from the air). From the highway, the only signs of
activity at the plant will be vehi ular movements.

No plumes of smoke or dust will mark the plant location. One stack rising about 30 m (100 ft)
and several other stacks 24 to 27 m (80 to 90 f t) above plant grade will not appear in
silhouette fro % the highway. The largest building in the compicx will be about 43 by 55 m
(140 by 180 ft) in plan dimensions and about 18 m (60 ft) high. Other smaller structures,
associated with the ore crushing, storage, and conveying systems, will have maximum heights of
18 to 21 m (60 to 70 f t) above the general level of the plant site.

3.2.2 The mill circuit

The proposed Shootering Canyon mill will use a conventional acid leach-solvent extraction
process to recover uranium. Figure 3.4 depicts the steps in the proposed process. Each of
the major steps (cre storage, crushing and grinding, leaching, solvent extraction, counter-
current decantation, product precipitation, and product drying) is discussed in the remainder
of this section.
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3.2.2.1 Ore stockpile

Ore from the mine will be hauled by truck to the plant, an approximate distance of 5.6 km
(3.5 miles). The ore could be deposited on the crusher patio or dumped and fed directly
to the ore crushing system. Ore may be stockpiled on the patio north of the primary crusher;
the applicant estimates that the patio storage will average appronimately 9 x 103 MT (1 x 10"

5 tons). Duringtons), although capacity will exist for storing up to 9 x 10* MT (1 x 10
operations, the stockpile will be available on the patio as back-up plant feed in case the
mine cannot deliver ore to the plant for any reason.. Ore deposited on the patio will be

Ore deliveredpicked up by a front-end loader and fed to the ore crushing system as required.
from the Blanding ore buying station will be fed directly to the process (Fig. 3.4).

3.2.2.2 Cre crushing and grinding

The uranium in the project area is deposited as thin coatings and pore fillings between grains
of sandstone. To ensure that uranium minerals are removed effectively from these grains, mined
ore must first be reduced in size to fine particles by crushing and grinding so that a large
surface area is exposed to the acid leach solution. Ore will be loaded into a receiving
hopper consisting of an apror, feeder and a stationary grizzly, which will split the feed
into plus and minus 7.6-cm (3-in.) fractions. Oversized material +7.6 cm (+3 in.) will be
fed to a jaw crusher. Material passing the stationary grizzly will be transported by
conveyor belt to a vibrating screen with 1.9-cm (0.75-in. ) openings. The elevating conveyor
belt will be equipped with a metal detector and an electromagnet to remove any tramp iron from
the ore so that equipment is protected from metallic mine trash. Material retained on the
vibrating screen will be fed to a secondary crusher, where it will be further reduced in
size and then returned to the screen by conveyor belt. Material passing through the screen
will discharge onto a conveyor belt and be delivered to the fine-ore storage bins (Fig. 3.2).

The jaw crusher is designed to process 91 MT (100 tons) of ore per hour and the secondary
crusher to process 32 MT (35 tons) of ore per hour. For normal operativns, crushers will be
operated for two 8-hr shifts per day, five days per week. The crushing schedule will be
varied as required to accommodate changes in actual plant operations.

Ore will be fed from the fine-cre storage bins to a rod mill (Fig. 3.4) at a regulated
average rate of about 28 MT (31 tons) per hour. The rod mill is expected to operate con-
tinuously. Water will be added to the ore to produce a slurry containing approximately 70
solids. As the mill rotates, steel rods will reduce the ore to sand-sized particles. The
slurry will flow by gravity from the rod mill to a sump and from thcre be pumped to the
leaching circuit.

3.2.2.3 Leaching

The leaching circuit will dissolve most of the uranium minerals from the sandstone grains.
Leaching will be conducted in wood-stave tanks with a solution of sulfuric acid and controlled
amounts of sodium chlorate. A two-stage leaching circuit, with a decant thickener between
the leaching stages, is planned. The ore slurry from the grinding mill will be pumped to
the first-stage leach (three tanks in series), where it will be contacted and agitated with
a strong acid leach solution. Following the first-stage leach, the slurry will be transferred
to the decant thickener, and the overflow liquor containing dissolved uranium will be advanced
to the solvent extraction step discussed below. The thickened solids are advanced to the
second-stage leaching circuit (four tanks) where further leaching is accomplished by the
addition of sulfuric acid [82 kg (180 lb) per metric ton (ton) of ore] with a small amount
of oxidant [(sodium chlorate, average rate 0.85 kg (1.7 lb) per metric ton (ton) of ore]. The
second-stage leaching tanks will be operated in series, making the mean residence time of the
slurry in the system about 16 hr. Discharge from the leach circuit will be a slurry consisting
of the solids and a solution of uranium in dilute sulfuric acid.

3.2.2.4 Countercurrent decantation thickening

The slurry will be transferred to the first of a series of six countercurrent decantation
tanks (known as " thickeners"), which make up the countercurrent decantation washing circuit.
The solids that settle to the bottom of the first thickener will be transferred to the second
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thickener, and so on until they are discharged from the bottom of the sixth thickener to the
tailings impoundment. Acidic wash water will be added to the sixth thickener, and the
overflow " clear" liquid will be advanced to the fif th thickener, then successively to the
first thickener. This countercurrent flow of liquid and solids washes the residual dissolved
uranium compounds from the solids. The liquid overflow from the first thickener is collected
and pumped to the first-stage leach. A long-chain polymer (flocculant) will be added to each
thickener feed to increase the settling rate of the solids.

3.2.2.5 Solvent extraction feed preparation

The pregnant acid solution decanted from the thickener following the first-stage leach will
be transferred to a clarifier. The applicant estimates that this liquid will contain approxi-
mately 200 ppm solids. The clarified liquid, containing about 50 ppm solids, will be pumped
through sand filters to a storage tank from which the solvent extraction circuit is fed. The
filtered liquid is expected to contain less than 10 ppm solids, which is low enough to prevent
stable emulsion formation in the solvent extraction circuit. Settled solids from the clarifier
will be added to the second-stage leach circuit. Solids collecting in the sand filters will
be removed by backwashing and discharged to the first countercurrent decantation tank.

3.2.2.6 Solvent extraction

The primary purpose of the solvent extraction circuit is to concentrate and purify the uranium.
In this process, the uranium is selectively extracted from the leach solution by an organic
amine carried in a solvent, such as kerosene. Because the leach solution and the ceganic
solvent are immiscible, the extraction is accomplished by vigorously mixing the two liquids
and then allowing the resulting unstable emulsion to separate into organic and aqueous layers
in a mixer-settler unit. To maximize the uranium concentration in the organic solvent and
minimize uranium losses, the pruposed mill will provide a four-stage countercurrent
extraction section. The uranium-loaded solvent will pass to a four-stage stripper section.
The barren leach solution (raffinate) leaving the extraction section will be used partly as
wash water in the countercurrent decantation unit and the remainder sent as waste to the
tailings impoundment area to limit the buildup of impurities in the plant circuit.

In the stripping section, the uranium-loaded organic solvant will be contacted with an aqueous
anmonium sulfate solution to displace the uranium into the aqueous solution. The stripped
organic solvent will be recycled to the extraction section while the uranium-rich ammonium
sulfate solution is advanced to tha precipitation circuit.

3.2.2.7 Precipitation

The pregnant ammonium sulfate soletion will be passed through a heat exchanger to raise its
temperature before being pumped inte a series ci precipitation tanks. Ammenia will be injected
into the tanks to neutralize the soh.; ion and to effect the precipitation of amonium diuranate
(yellow cake). The barren anmonium sulfate solution will be filtered and recycled to the
stripping stage of the solvent extraction circuit.

3.2.2.8 Drying and packaging

The precipitated yellow cake will be washed to remove soluble impurities, dewatered, and dried
in an oil-fired multiple-hearth furnace. The dried product will then be passed through a

crusher for reduction to minus 0.6 cm (0.25 in.). The finished product will be transported
to a packaging station, where it will be discharged to steel drums at a design rate of about
150 kg/hr (350 lb/hr). Drying and packaging operations will be conducted for about 30 con-
tinuous hours per week. Product output from the plant will be about nine to ten barrels of
U 0a per week. Filled drums will be stored until a sufficient number have been assembled3

for shipment.
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3.2.3 Nonradioactive wastes and effluents

3.2.3.1 Gaseous effluents

Milling operations will result in the release of nonradioactive gases and vapors to the
atmosphere. The main sources of gaseous release will be the leach circuit, the solvent
exchange circuit, the yellow cake precipitator and dryer, the analytical laboratory, and the
mill power plant and heating systems.

Beca;se of the small size, type of process, and heat input of the proposed mill, Federal and
State atmospheric effluent emissions standards are not applicable. However, ambient air
quality regulations are applicable to the mill operations. Air quality impacts from mill
operations are discussed in Sect. 4.1.

Leaching

The leach tanks will be covered and equipped with a demister vent system. Therefore, aerosol
ar d particulate releases will be minimal. Small amounts of sulfuric acid mist are expected
to be present in the room containing the leach tanks. Building air will be combined with
the exhaust from the demister and released to the atn.csphere. Liquids collected by the
demister will be returned to the leach circuit (ER, p. 3-25).

Carbon dioxide will be produced in the leach circuit as a result of interactions of carbonate
materials in the ore with the acid in the leach solution. Trace quantities of sulfur dioxide
and free chlorine may also be released. Gaseous releases from the leach circuit are not
expected to affect air quality at the site.

Solvent extraction

Solvent extraction and stripping will be conducted in uncovered mixer-settler tanks housed
within the mill building. Exposed organic solvents will be lost from the liquid surfaces by
evaporation. It is estimated that these losses of hydrocarbons will be about 0.27 g/sec
(2.1 lb/hr) (ER, p. 3-28). Because the solvent extraction room is designed to be ventilated
at the rate of 5.7 m /sec (1.2 x 10* cfm), the hydrocarbon concentration in the building vent3

exhaust will be approximately 4.8 x 10' pg/m . Atmospheric dispersion is expected to quickly3

3reduce this concentration below the ambient standard of 160 ug/m .

Yellow cake operations

Air from the yellow cake precipitators and thickeners area will be passed through a wet
dust collector and vented to the atmosahere from a stack. The exhaust gases will contain
ammonia at a concentration of about 10) ppm (ER, p. 3-29).

Combustion products such as carbon dioxide, sulfur dioxide, and nitrogen oxides will be released
by the dryer. Because of the light-duty cycle and relatively small size of the dryer, these
releases are not expected to be significant. The dryer exhaust will also contain ammonia at
a concentration of 5 ppm (ER, p. 3-30).

Analytical laborato_ry

The plant will have an analytical and metallurgical laboratory in which the ore and prccess
streams will be routinely analyzed and tested to provide a basis for optimizing processing
conditions. The various process reagents and the finished product :ll also be analyzed as
qJality Control measures. The fume hoods of the laboratory will collect air and an undefined
mixtura cf chemical fumes and mists and discharge them through a stack to the atmosphere. This
effluent is not expected to contain sufficient quantities of potential contaminants (radioactive
or nonradioactive) to create a measurable impact (ER, p. 3-36).
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Mill power plant

Electrical power and process heat for the Shootering Canyon Uranium Project will be supplied by
diesel-generating units. Two 1200-kVA units would be provided, with one in operating code and
the other held in reserve. Number 2 diesel Oil (maximum sulfur content 10 will fuel the
unit. Exhaust gases would be released from an ll-m (35-f t) stack. Table 3.1 lists the
expected emission rates for this source as calculated by the applicant (ER, p. 3-37).

Table 3.1. Estimated pollutant emissions from diesel
electr6c generstmg uruts

- . _ _ _

PAtant - _

Annual averag[Shor t tei m*

g sec lb/hr g sec !b hr
_ _ _ _ . _ _ _ _ _ _ _ . _ . - . . _ _ . . _ _ . _ _ _ _ . _ . _ _

Cae bon monom u1e 2.0 16 0 19 14 9
Hydr ocar bons 07 59 0. 7 5.5
N.tropn d.om ide 93 74 0 87 69 0
Suif or d.om uie 0.62 4. 9 0 58 46
Par t.culates 0 67 5.3 0.62 49

. .. - - _ _ . - - . _

* Continuous operat+on is assumed.
60perat>en for 340 days per year is assumed

Source E R. Table 35 2.

Building heat boiter

Diesel-driven generators w ll furnish waste heat for normal plant operations. An oil-firedi

boiler located in the power plant will be used as a supplementary heat source during cold
weather. The boiler will burn an average of 6 gal and a maximum of about 20 gal of No. 2

9 J/hr (1.4 x 105 Btu / gal) forburner oil per hour. Assuming a combustion heat of 1.5 x 10
No. 2 burner oil.2 the average heat input in the boiler would be about 1.5 x 107 J/ min
(1.4 x 104 Btu / min), with a maximum of about 4.9 x 107 J/ min (4.6 x 10" Btu / min). The boiler
would operate at the maximum fuel combustion rate only during cold weather. Mav' um-rate
operation is not expected to occur very often (ER, p. 3-37).

Emissions from the boiler will be vented to the atmosphere from an 11-m (35-f'} ack in the
power plant (Table 3.2). These emissions will not exceed the applicable Utah standards.

Tatde 3.2. Estimated pollutant emisuons from boiler
_ . . _____ _ _ . . _ . - _ . . _ . _ . _ . . _ __

_ _ . . _ __k' Y' T 9.52 __.

Po!Ltant A er ay Mammum

q sec lb hr g see ib hr

Particulate mat- r 0 001 0 01 0 005 0 04
Sulfur deud <0.10 7 <0 85 0 35 <28
Cae ten monoude 0 004 0.03 0 013 0.10
Hydrota, bons 0.001 0 01 0 003 0.02
N:trc,9en ox utes 0 016 0.13 0 055 0 44
__ _ _ . _ . _ . _ _ _ _ _ _ . _ _ _ _ . . . _ . _ .

* Est mates are based on em,ssion f aaors for d,stmate f uel

Computation of Air Pollutant Emissionsoil pubhshed in

Facrors,49 42, EPA.1975.

Source E P Table 3 5-1.
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3.2.3.2 Liquid effluents

Sanitary liquid wastes will be treated and disposed of in accordance with the requirements
of the Water Quality Division of the Utah State Division of Health. A system of concrete
septic tanks will receive all the sanitary waste generated at the site. Effluents f rom
these tanks will flow to the sanitary leach fields located to the south and west of the
propased mill. All other liquid was'.es, spilled materials, and site drainage will be
directed to the tailings impoundment for disposal by evaporation (Sect. 3.2.4.7).

3.2.3.3 Solid effluents

Nonradioactive solid wastes will be generated during normal maintenance and operation
activitias and in the ore crushing process. Trash, rags, wcod scrap, and other nonradioactive
debris will be generated within the mill. Because scrap iron, wood, and other mine trash
separated from the are will be contaminated only slightly, they may be disposed of as nonradio-
active waste. These materials will be disposed of in landfill areas approved by the Utah
State Division of Health and tne appropriate federal and/or local authorities.

3.2.4 Radioactive wastes and ef fluents_

Mining and milling of natural uranium results in the release of some radioactivity to the
env i ro nmen t . Uranium-238 and its daughter products in the ore are the most significant sources
of radiation. The ore processed by the proposed Shootering Canyon mill will have an average
grade of 0.10; uranium (U 0s). Ore of this grade has an activity of about 257 pCi of3

uranium-238 per ton of ore. The activity f rom urenium-235 and its daughters is only 1/20th
that of the uranium-238 series and is radiologically insignificant.

Mining, ore transportation, milling operations, and tailings disposal present pathways for the
release of radioactive effluents to the environment (Fig. 3.5). The amounts released through
each of these pathways depend on system design, operating practice, are type, and climate.
The Shootering Canyon mill will utilize commonly practiced, state-of-the-art techniques to
minimize radioactive effluents.

3.2.4.1 Minir3

The underground mines serving the proposed mill will be sour ces of radon-222, ore dust, and
mine drainage. The conditions in present mining operations indicate that mine drainage will be
insignificant, thus climinating radium release by this pathway. Dusting will be minimized by the
moisture content of the ore and by keeping the floors of haulageways damp. Raden-222 releases
will be a function of are grade, rock characteristics, moisture, and area of ore exposed in
the mine. Control of the mining release of radon is beyond the scope of this licensing action.
Federal and State mine safety laws, however, provide for ventilation and other measures to
protect mine employees and the public. All mining wastes will be disposed of in accordance
with the Utah Mined Land Reclamation Act of 1975.

3.2.4.2 Transportation of ore to tne mill

Transportation of ore to the mill is not expected to te a significant source of effluent.
Run-of-mine ore will be relatively coarse material not prone to dusting. Minor spills of

, ore during the project life will cause some minor contamination of haul-road surfaces.
Passage of vehicles over spilled ore materials and subsequent drying may promote dusting;
however, the applicant plans to limit dust releases f rom haul roads by means of water sprays
or chemical stabilizer treatment. Therefore, ore releases will be limited to the haul roads
or their immediate vicinity. The potential effects of accidents involving ore transport from
the Blanding are buying station are discussed in Sect. 5.

3.2.4.3 Ore storage piles

During normal operation, ore trucks would deliver ore directly to the crushing unit. A
14-day supply of on, approximately 9100 MT (10,000 tons), would be stockpiled near the mill
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Fig. 3.5. Radionuclide dispersion pathways relevant to the Shootering Canyon Uranium Project.

to buffer mill operations against interruptions in the mining operations. A portion of the
stockpile will consist of crushed and screened fine ore set aside to prevent interruption
of mill cperations by a crusher failure. AlthoJgh present plans call for the storage of
only 9100 MT (10,000 tons), the ore pad will be capable of sto:-ing as much as 91,000 tit
(100,000 tons). The staff estimates the surface exposed during normal storage to be about
0.2 ha (0.5 acre); at maximum storage, up to 2.0 ha (5 acres) of surface will be present.

Although the ore storage area has a relatively large maximum capacity, its full use is not
anticipated. The applicant has estimated that only 10-20% of the ore delivered to the mill
will be deposited on and then removed from the ore storage pile. The remaining 80-90% will
be fed directly from incoming vehicles to the ore crushers. This minimizes the handling of
ore at the storage pile and will result in a relatively stable pile inventory. The applicant
has estimated an average pile area of 0.25 ha (0.62 acres) to provide sufficient ore for
approximately tm weeks of mill operation. Because any large deviations from this estimate
would be only of short-term duration and because the staff has estimated a lower average area,
the applicant's estimate has been adopted for use in this analysis.

0:! stored on the pile would tend to dry out and becone a source of dust emission. Also
radon-222 gas would evolve in the pile and a portion would be released to the atmosphere.
The applicant plans to spray the stored ore with water or apoly chemical stabilizers to cont *01
dust emissions.3 The staff estimates that the annual averag! dustino rate from the stored
raw ore, which is composed mainly of rock-like fragments, will be approximately 10% of that
estimated in Appendix D for dry tailings sands (192 g/m year). The raw ore concentration of2

uranium-238 and each daughter in secular equilibrium, based on an average ore grade of 0.1%,
would average about 283 pCi/g. Assuming that the emitted dust would have radioactivity
concentrations 2.5 times those of the bulk ore, the annual release of uranium-238 and each
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particulate daughter is estimated to be 3.4 x 10-5 Ci. This estimate includes no reduction
to account for dust control measures planned by the applicant and, therefore, implicitly allows
for temporary and unusual upward variations of the storage pile area.

Radon-222 would be produced in the pile from decay of radium-226. Most of this radon decays
in place. A small fraction escapes the pile by dif fusion. If the same assumptions and
considerations as detailed above and the calculational procedure described in Appendix F are
used, release of radon-222 from the ore storage pile is estimated to be atout 22 Ci per year.
Variations in pile geometry that affect the surface area will af fect the actual release rate
encountered during operations. Maintaining the ore pile at minimum surface area and maximum
height minimizes radon release. Water sprays applied to control dust release should also
reduce radon releases.

Precipitation runoff from the ore storage area will be directed to the tailings impoundment.
Therefore, no significant liquid effluent to the environment is expected from this source.

3.2.4.4 Crushing and grinding

The ore crushing unit is designed to minimize dust release. This control will be provided by
the use of enclosed and/or hooded conveyors, feeders, bins, and hoppers. All the various
discharge and transfer points in the system will be vented to wet dust collectors (high-
energy venturi scrubbers or equivalent) with design removal ef ficiencies of at least 99.87 (ER,
pp. 3-20, 3-21, and 3-27). The primary crushing unit, secondary crushing and sampling unit,
and fine ore storage and feeding unit are served by separate dust collectors The applicant
has estimated that the dust loading of the scrubbed exhaust air will be between 0.03 and
0.05 g/mL The staff has assumed a reduced average removal efficiency of 99% in order to
account for the effects of aging, off-normal operation, and stray, unfiltered exhausts through
doorways, etc. Based on this ef ficiency, the exhaust air dust loading would be 0.2 g/mL The
radioactivity concentrations in the escaping dust are assumed to be 2.5 times those in the
bulk cre.4 Taking into account the proposed duty cycles and ventilation flow rates, the
estimated annual releases of uranium-238 and each particulate daughter in secular equilibrium
are 5.6 x 10-3 Ci for the primary or jaw crusher,1.2 x 10-2 Ci for the secondary crusher,
and 1.6 x 10-2 Ci for the fine-ore-blending operation.

The crus: ad ore is fed to the rod mill along with sufficient liquid to produce a slurry
containing 70t solids. As a result, particulate releases from the grinding mill will be
negligible.

Radon-222 gas is expected to be released during the crushing, blending, and grindinq _ operations
as a result of the extreme physical agitation involved in these processes. Ine start nas
assumed that the entire radon-222 inventory of the processed ore would be released; 10% in
each of the primary crushing, secondary crushing, and blending operations, and the remaining
70% in the rod mill. Radon-222 releases from these sources are estimated based on an average
ore processing rate of 680 MT/ day (750 tons / day) for 340 days per year and an average radon-222
cohtentration of 283 pCi/g. The resulting release estimates are 6.5 C1/ year for the primary
crushing, secondary crushing, and blending operation; (each), and 46 Ci/ year for the rod mill.
The only liquid waste produced in these operations would be dust slurries from the wet collector
operation. These dust slurries would be combined with the rod mill ore slurry which is processed
to recover uranium.

3.2.4.5 Leachirg and extraction

Leaching and extraction are wet processes that would not make any significant contribution
to the release of particulates. Because of the short residence time of Ore in the mill circuit,
radon-222 releases from these processes should not be significant and can be assumed to be
included in the estimated releases from crushing and grinding.

3.2.4.6 Yellow cake drying and packaging

The uranium concentrate (precipitated ammonium diuranate) will be dried in a multiple-hearth
furnace at 650-700'C.5 The dried product will be 90% U 0s, with the remainder being nonvolatile3

salts and other impurities. Approximately 90% of the natural uranium, 5% of the thorium-230,
and 0.2% of the radium-226 present in the are are estimated to appear in the product.6
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Product dust (yellow cake) will be present in the exhaust air streams of both the drying and
packaging (product drumming) units. The applicant has estimated that, during operation, the
exhaust streams from the drying and packaging units will contain about 0.007 to 0.01 kg/hr
(0.016 and 0.021 lb/hr) of yellow cake, respectively, based on the design ef ficiency of 99.7%
for the wet dust collectors (ER, Table 3.3-1). The staff has increased these mass release
rates based on a reduced estimated average collection ef ficiency of 99% Considering that the
dryer and packaging unit will be operated for 30 hr/ week and for 50 weeks per year, the
estimated annual yellow cake release from both sources combined is 84 kg. The radioactivity
content of this release is estimated to ba 2.1 x 10-2 Ci/ year of uranium-238 and uranium-234
(each), 1.2 x 10-3 C1/yaar of thorium-230, and 4.7 x 10-5 Ci/ year of radium-226 and lead-210
(each). No signifi%nt release of radon-222 from yellow cake operations is anticipated.

3.2.4.7 Tailinas retention area

The tailings discharged from the countercurrent
decantation unit of the mill is in the form of Table 3.3. Estrmated composition
a slurry containing about 910 kg (2000 lb) of of liquid 'raction
solids and 1.11 m3 (293 gal) of liquids per ton in plani tadin9s slurry
of dry ore fed to the mill. The tailings liquid
contains residual acid from the leaching step Parameter Amou t
and dissolved solids placed in solution by leach- -

ing and rejected in the solvent extraction composition (mgmter)
raffinate. The estimated composition of the waste

Fe 130solutions after neutralization to a pH of 4 V 2
is given in Table 3.3. u o.34

Na 760*
Goth the liquid and solid portions of the tail- n y, ion
ings will be a source of low-level radiation ct 140due to the uranium and daughter products left

SOa 12,800
in the wastes. Less than 101 of the original Cu 260*
uranium, 95t of the thorium, 99.8; of the ca 500
radium, and essentially 100; of the other Mg 2700uranium-233 decay daughters remain with the Al 3
tailings. With the exception of thorium-230, un 730,

the radioactive components of the waste generally zn 1 s*
have a low solubility and remain mostly in the Mo 5'
solids. Organics 470

pH 40Because of the potential adverse radiological
and chemical nature of uranium mill tailings, Radiochemecal assay (pCa/hter)
permanent environmental isolation is required.

g, ,

The tailings managertent plan should be desiq1ef
Gross teta 5 X 106to prevent excessive release of solids by wind
N 30 nooerosion and of liquids by seepage, leakage, or
Ra 226overflow during operation of the mill. Following
pg 9cessation of milling operations, the tailings

management plan should also provide for adequate
"8stabilization 0f the tailings against long-term "')'"# '", g E R' p. 3-26. anderosion and minimize the leaching of radioactive

..

"P"'"' " " " ' "solids, the dif fusion of radon-222 gas, and the
" " " " * " ' ' ' P"'''"'direct gamma radiation dose from the tailings.

The tailings management plan proposed by the tmng Canyon aanmm %
'' b'P'- "78'applicant is discussed in the remainder of this

section. The merits of the proposed impound-
ment and alternative tailings management methods
are discussed in Sect.10.3.

The applicant proposes to construct an impoundment in a natural basin to the west of the mill
(Fig. 3.6). The impoundment will be closed by an engineered embankment 36 m (118 ft) high
(maximum) and about 460 m (1500 f t) long. The ultimate capacity of the impoundment will be

33.2 x 10E m (2600 acre-f t), or 5 x 10' MT (5.5 x 106 tons), sufficient to hold the tailings
solids from 20 years of mill operation at 680 MT (750 tons) per dav.
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Fig. 3.6. Locatians of the proposed tailings impoundment and plant site for the
Shootering Canyon UraniJm Project. Source: Plateau Resources, Ltd., Tailings Management
Plan, Proposed Ore Processing Facility, Shootering Canyon Uranium Project, Utah, prepared
by Woodward-Clyde Consultants, San Francisco, Calif., Rev. May 1978, Fig. U -

The impoundment is planned to be constructed in two phases. The first phase will feature an
embankment that is 26 m (85 ft) high [ crest elevation 1351 m (4433 ft)], enclosing an area
of 16 ha (39 acres}- This phase will provide suf ficient capacity for seven years of mill
operation. For the second phase, the dam crest elevation will be raised from 1351 m to 1361 m
(4466 f t), and the impoundment area would be expanded to 28 ha (68 acres). The dam will be
constructed with a core of silty clay material keyed to the bedrock underlying the impoundment.
The core will be blanketed with layers of sand, gravel, and coarse rock to stabilize the
embankment and to prevent erosion (Fig. 3.7).

The floor and sides of the basin will be lined with a comp?cted clay-silt-sand material available
from a borrow area approximately 3.2 km (2 miles) north of the impoundment site. The thickness
of the liner will be a minimum of 0.6 m (2 f t) near the final waterline of the impoundment
and will be 10t of the expected final hydraulic head in the deeper portir~ nf the impoundment
area. The applicant's consultant has measured the permeability of the proposeu liner material
to be approximately 5 x 10-7 cm/sec (0.52 ft/ year). Because the impoundment would be built
over sandstone bedrock, differential settlement should not be of sufficient severity to
compromise liner integrity.

The seepage characteristics of the proposed impoundment are discussed in Sect. 4.3.2. To
limit seepage to a reasonable value, the NRC will require use of a liner material having a
permeability not greater than 1 x 10-7 cm/sec. The maximum potential seepage rate from the
full impoundment with this less permeable liner is estimated by the staff to be less than

3 (55 acre-f t) per year or about 185 m / day (34 gal / min).36.8 x 104 m
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The applicant proposes to install a tailings drainage system in the lower portion of the
initial tailings impoundment area for the primary purpose of dewatering the deposited tailings
in place as rapidly and as thoroughly as possible. The expected benefits of this operating
mode are the recovery and potmitial recycle of tailings liquid (thereby reducing project
water requirements), the reduction of seepage losses by decreasing the hydraulic head above
the pond liner, and more rapid settling and stabilization of the tailings. This settling will
permit reclamation of the tallings area shortly af ter plant operations have ceased, which will
minimize radon emissions and dispersal of airborne tailings during the drying out period.
If the system operates as planned, the applicant will extend it to the remainder of the
impoundment as part of the second phase of the impoundment expansion. Should the system
prove ineffective (e.g., drainage pipes become blocked), modifications to impoundment
operation procedures would be proposed by the applicant.

The drainage system will consist of a network of perforated plastic drainpipe covering the
compacted clay liner of the impoundment. The main collector drain will run upstream from
the dam along the bottom of the impoundment basin. Branching lateral * rains will connect
to the collector drain at about 150-m (500-f t) intervals. All draint .s will be extended up

the sides of the basin to an elevation of 15 m (50 f t) above the bast af the dam and will
follow topographic depressions as much as possible. The main collector drain will discharge
into a sump located at the low point of the impoundment. A vertical riser pipe installed
in one corner of the sump will be progressively lengthened to extend above the tailings at
all times, and drained tailings liquid will be removed by a well-type pump installed in the
riser. To prevent plugging of toe drain pipes by the tailings solids, each pipe will be
encased in a jacket of pea gravel overlaid by a sand filter berm. The berms will divide
the impoundment into several cells within which a layer of sand and mine waste rock wili be
placed. This material will serve as a drainage blanket and will also partially neutralize
the acidic tailings liquid by reaction with the carbonate in the mine waste rock.

The system will be operated by discharging tallings slurry from a single spigot inta a corner
of one of the drainage cells. In this way, the deposited solids will form a nearly flat conical
mound around the discharge point with the sands segregating near the discharge point and the
slimes deposited at the bottom of the slope. After the mound builds up, the discharge point
will be shifted to another corner of the cell or to a second cell and the deposited slimes
will be allowed to stabilize enough to prevent displacement or disturbance by subsequent
additions of tailings slurry. The operational cycle is expected to require from four to
eight cells to ensure adequate stabilization of the slimes before the feed point is shifted.
As the cells are filled, the drainage berms will be built up with tailings sands. To improve
the neutralization capacity of the system, additional calcareous mine waste rock may be placed
over the deposited sands prior to resuming the tailings feed. If cercolation of the tailings
liquid through the carbonate material fails to produce adequate neutralization, the applicant
proposes to add calcareous material to the tailings slurry in a manner designed to obtain
more intimate contact with the acidic tailings liquid.

The system is designed so that liquids discharged to the cells will seep through the deposited
sdlids into the drainage blanket and along the top of the clay liner to the drainage pipes.
The fine particulates in the slurry feed are ex]ected to be removed by the sand filters as
the liquid drainage flows from the blankets to 6 ? pipe collectors.

ihe carbonate content of the mine waste rock in the impoundment will provide some neutralization
of the acid in the ' luid wastes. Based on a tailings pH of 1.5 and a mine waste carbonate
content of 10%, the applicant estimates that neutralization would require 18 kg (40 lb) of waste
rock per ton of ore processed (addition of this rock material would increase the volume of
the solids in the impoundment by approximately 21). The staff believes that this value is
unrealistic because it does not account for the buf fering effects of the bisulfate ion (HSO. -)
and other chemicals. At the expected solution pH of 1.5 and total sulfate concentration of
12,800 ppm (12.8 g/ liter), the concentration of the bisulfate ion is roughly three times higher
than that of the free hydrogen ion. As neutralization consumes the hydrogen ion, the bisulfate
would dissociate into sulfate and more hydrogen ion. Therefore, neutralization would not be
complete until both the hydrogen and bisulfate ions are consumed. In this case, complete
neutralization would require 72.7 kg (160 lb) of waste rock per ton of ore processed, and
the quantity of waste rock required for total neutralization over the life of the pro. ject
would be routhly 8% of the ore mass processed.
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The main benefit to be derived from neutralization is a substantial reduction of the dissolved
solids content of the liquid wastes. About 90% of the radiun, most of the thorium, and much of
the copper, cobalt, aluminum, iron, molybdenom, and vanadium would be precipitated from
solution as would sulfate in the form of gypsum. The neutralized solution may be suitable
for recycle to the mill process resulting in o ret reduction in water consumption. However,
should residual contaminants preclude recycle to the process, the reduction in tailings acidity
will at least render toxic materials in the wartes less susceptible to leaching and transport.
In either case, the collected liquids will be available for wetting the tailings beaches as
part of the dust control program, for dilution of the tailings slurry to aid in transport to
the impoundment, and should be more readily evarorated than the untreated solution.

The proposed tailings managerent system will present excessive segregation of sands and slimes.
The interbedding of sands and slimes resulting from the filling procedure utilized will
facilitate the drainage and stabilization of the slimes. The long-tenn stability of the
impoundment shGuld be improved over that of conventional impoundments, which have a large
slimes area subject to seismic liouifaction and differential settlement.

The particulate, seepage, and radon releases would be at their maximum values toward the end of
the mill operating life. At that time the surface area of the tailings impoundment will
exceed the required evaporation area, exposing the td lings beach to potential wind erosion
and increased radon diffusion. If the tailings drainage system successfully reduces the
hydrostatic head and hence the seepage through the lintr, the evaporation area will increase
by 0.12 ha (0.3 acre) for every acre-foot reduction in seepage. During the early stages of
operation, smaller seepage losscs and impoundment areas would result in the evaporation area
covering the entire active tailings area, thus reducing the area of tallings exposed to the
atmosphere.

The tailings beach and the drained cells will be subject to drying and subsequent dust emissions
through wind erosion. To minimize dusting the applicant plans to apply the tailings liquids
to all exposed dry areas. Assuming this control to be 801 ef fective, approximately 5.5 ho
(14 acres) of the exposed area will be a source of wind-blown particulates. The annual average
dry tailings pile dusting rate, on the basis of data presented in Appendix D, would be approxi-

2mately 192 g/m year (4.74 MT/ acre-year). This rate corresponds to annual radiacctive releases
of 7.52 x 10-4 Ci of uranium-233 and uranium-234, 7.15 x 10-3 Ci of thorium-230, and 7.52 x 10-3
Ci of radium-226 and lead-210.

In addition to particulate releases, the exposed tailings beach will also be a significant
source of radon-222. The annual release, estimated using the models and data described in
Apperdix F, is calculated to be 2470 Ci. This estimate is based on the assumption that the
entire tailings area will emit radon at the rate of about 283 pCi/m .3ec.2

As noted above and in Sect. 4.3.2, the maximum seepage from the impoundment without operation
of the drainage system will be about 6.8 x 10" m3 (55 acre-ft) per year. Th ,plicant
estimates that, if the drainage system is successful, the hydrostatic head a oss the pond
liner may be reduced to as little as about 0.9 m (3 ft) and could reduce thc seepage from the
impoundment to less than 5.5 m3/ day (1 gal / min). Because the seepage will be neutralized in
either the imooundment areas or in the bedrock under the impoundment, almost all of the
dissolved radionuclides and many of the heavy metals are expected to be immobilized within
the immediate area of the impoundment.

3.2.4.8 Source terms

Sections 3.2.4.1 through 3.2.4.7 describe the nature and quantity of radioactive ef fluents
conservatively estimated to be generated by milling operations at the Shootering Canyon
Uranium P> ct. Estimates employed in the above discussions were derived from project design
parameters and data from similar mills.7-37 The estimates reflect operatien of the fully
developed mill and tailings area. Initial releases from the tailings area will be lower than
the estimated values for several years af ter start-up. Therefore, the use of full-scale opera-
tion as the basis for estimates adds some additional co .ervatism to the analysis.
Table 3.4 gives the design parameters used in estimates of radioactive release rates. The
source terms for the milling operations and areas are presented in Table 3.5.
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Table 3.4. Prmcipal parameter values used in the -whological
assessment of the Shootermg Canyon Uranium Protect

V alue"Parameter

Generaf data

0 10Averar ore grade, % U O,,
i

283Ore concentration, pCi of U 238 and daughters per gram
680Ore processing rate, MTiday
340Days of operation per year

hOre storage piles

0 25(0.62)Actual area. ha (acres)
0 25(0 62)Ef fective dust.ng a.ea, ha (acres)

Annual averar dust loss ra'._, g 'm' year 19.2
2.5Dust . ore concentratton rat.o

Cnoshers

Oost collector remov al ef f >ciency. N 99

Exhaust e r ore co~en* * ion, g m * 0. 2

Primary crusher euhaust e . flow, m' /m.n (f t'imm) 170 (6000

Secondary crusher exhaust airflow, m' / min (f t'/m.n) 368 (13.000)
0.444Fraction of tame operational
2. 5Dust . cre concentration ratio

Fine ore blending

Dust col!ector removal eff,ciency, % 99

E xhaust ac ore caricentration, g 'm' O.2

Exhaust a.rflow, m' / min (ft' / min) 230 (8000)
340Days of operatton per year
2.5Dust . ore concentration ratio

Yellow cake drying and packaging

Fract on U to yellow cake 0 90

Fraction Th to yellow take 0.05

Fraction Ra and Pb to yellow cake 0.002

Dust collector removal ef f.ciency, % 99

Yellow cake dust release rate, k g ht (Ib.hr) 0 06(0.1231

Fraction of tame operational 0.172

Tailings impoundment system"

0 10Frar. tion U to ta.!mys
Fraction Th to tailings 0 95

Fraction Ra and Pb ta tail ngs 0998
Total area, ha (acres) 27.7(68 5)
Ef fective area cubiect to dusting, ha (acres) 5 5 (14)

3 192Annual average dust foss rate, g rn year
25Dust : tads concentration ratio

__

* Parameter vafues presented here are those selected by the staf f for use in its
radiological impact assessment of the Shooter J Canyon Ur anium Project. They
represent conservative selectior.s from ranges of ' stential values in instances where insuf-
ficient data ha been avadable to be more spr a

8 For additional parameter vu ,pendi x D.
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Table 3 s. Estimated annual releases of rad.oactive matenals resulting
' rom the shootermg Canyon Uranium Protect

Annual reteases, cor,esd
bd 3Ut ce

U 238 Th 230 Ra 226 Rn 222

4Ore storer ple 3 39 x 10 ~ 5 3 39 x 10 3 39 x 10 22.3 X 10
Ps : mary crusher 561V 10" 5 61 X 10 - 5 5 61 x 10 ~ ' 6 54
Secondary crusher 122 x 10 ^3 122X 10~' 122/ 10 6 543

Fine ore tAending 157 x 10 ~' 157 x 10 '' 1.57 / 10'' 6 54

Rod mJi 4s.8 1 13
Yeller * cake operations 2.12 X 10 '' 1 18 x 10 ~ ' 4 72 '' to"
Ta.i.ntp system 7 52 x 10 " 7.15 x 10 " 7 52 X 10 '' 2.47 X T

_ _ _. ___ _ _ _ _ _ _ _ _ . _ _

* Re+ eases of other sotopes in the U 238 decay chan are inclu+d en the radiolog cai
impact analysis These releases are assumed to rn ident'c A to those presented here for
parent isOTOpt's. rOr instance, the release rate of U 234 n taken to te equal to that for
U 238

3.3 INTERIM STABILIZATION, RECLAMATION, AND DECOMMISSIONING

3.3.1 Interim stabilization

3.3.1.1 Mill tailings area

Interim e d ilO::nm is defined as measures to prevent the dispersion of tailings particles
by wind and water outside the immediate tailings retention area. Such measures will be
required at the Shootering Canyon mill during the 15 years of operation.

As a license condition, the staff will require that the apolicant irrediately implement an
interim stabilization program that minimizes dispersal (via airborne particulatec) of blewing
tailings to the maximum extent achievable. The effectiveness of this control measure will be
checked at least weekly by means of a documented inspection.

3.3.1.2 Other areas

The use of underground mining techniques limits land disturbance to rock-waste dump areas,
mine service facilities, and roads. Rock-waste dumps will be located along the canyon wall
adjacent to the mine portals. The dumps will be sited such that natural flood flows within
the canyon will not be obstructed by the dump. The tops of the waste piles will be sloped to
facilitate drainage, and the side slopes of the piles will form at the natural angle of
repose. No additional stabilization measures are planned. Approximately 4 ha (10 acres) of
land will be affected at the Tony M Mine; the mine serving the northeast ore body will have
similar land requirements.

3.3.2 Reclamation

3.3.2.1 Mill tailings area

In accordance with the Utah Mined Land Reclamation Act of 1975 and the requirements of the
NRC, the applicant has prepared a reclamation plan for the tailings area. The goal of the
applicant's plan is to meet the performance objectives for tailings management (Sect.10.3.1).
Reclamation would commence af ter cessation of milling operations as soon as the tailings area
had dried sufficiently to allow movement of equipment over the pile.
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The proposed reclamation rrogram calls for a 1.8-m (6.0-ft) layer of compacted clayey materials
(borrowed from exposed portions of the Sunnerville Formation near the site) and a 0.6-m (2.0-ft)
layer of sandy soil material over the tailings area.1 Staff calculatiers show the proposed
cover is suf ficient to reduce the radon flux to twice background and the gama radiation tu
background levels. (See Appendices F and G.) A 0.3-m (1.0-f t) layer of coarse gravel and rock
will be placed over the cap for protection against erosion. The cap will be designed to resist
damage by dif ferential settlement of the tailings.

The reclaimed impoundment is designed to mitigate the effects of erosion. The coarse rock and
boulders covering the surfaces of the talliMs area and the downstream face of the impoundment
dam will resist gullying and water sheet erosion. Sediment laden runoff from the 89-ha
(220-acre) drainage basin above the dam will pond ov2r the tailings cap. Ponded water would
be dispersed by evaporation because the ur.derlying cap would have a low permeability and the
remaining sediments carried into the impoundment would add to the thickness of the cap. This
process would Isad to conditions conducive to natural establishment of a vegetative cover.
Revegetation of this area will be entirely dependent upon natural secondary succession. The
face of the impoundment dam will be covered with a 1.5-m (5-ft) of large rock, 50% of which
will be coarser than 30 cm (12 in.).1 The proposed plan to revegetate cover for the tailings
impoundment does not meet State requirements for revegetation. 38

Because the cap would be thick [2.75 m (9 ft)] and topped with riprap and because of the
aridity of the region, the staf f has concluded that root penetration into the tailings is not
likely. Thus the possibility of adverse impacts associatea with the upward migration of
radionuclides and toxic elements through plant root systems is reduced. The periodic collection
of runof f over the impoundment will prevent dessication of the clay cap and therefore limit
the development of shrinkage cracks. The rapid evaporation of collected runoff and the small
hydraulic head over the cap will limit the infiltration of water through the tailings.

Af ter reclamation, two spillways would be constructed to protect the dam and the tailings cap
against erosion and flood ficws. One spillway would be excavated in the sandstone of the
left abutment of the dam to direct drainage to the downstream portior of the impoundment basin.
The other spillway would be excavated in the sandstone formation along the northwest corner
of the impoundment. This spillway would divert drainage to Lost Spring Wash. Both spillways
would have crest elevations 0.9 m (3 f t) above the level of the tailings cap and would be
sized to pass the probable maximum flood. However, until sediment deposition fills in the
impoundment to the level of the spillway crests, spillway flows would be rare events. The
proposed spillways will promote the deposition of additional sediment over the tailings cap,
providing additional protection against erosion.

3.3.2.2 Mine and mill areas

in accordance with the Utah Mined Land Reclamation Act of 1975 and the requirements of the
NRC, the applicant has prepared reclamation plans for the mine and other mill site areas.
At. the end of operations, all buildings and facilities in the mine camp and service area will
5e dismantled and removed from the site. Building foundations will be leveled, and the dis-
turbed areas will be regraded to preproject contours.

Access roads construted for exploration and development drilling activities will be closed
by bulldozing earth and rock barriers across them at gullies, bluffs, and other strategic
locations. Natural weathering will return these road tracks to conditions similar to those
existing before construction. Mine access and haul roads in existence prior to project con-
struction will be lef t intact af ter the close of the project.

At project termination it is anticipated that the mill structures, tanks, and other facilities
will be decontaminated, dismantled, and removed from the site. Foundations will be leveled,
and the resulting waste will either be used in the filling of depressions on the site or be
removed to an approved landfill site. All depressions in the mill site area will be filled
and the entire area graded so that site runoff will drain into the tailings area.

Several characteristics of the project area, and southeastern Utah in genera!, make it very
difficult to reestablish the vegetation rapidly. The most significant factors are the arid
climate and the poorly developed soil. The applicant plans to redistribute at least 0.3 m
(1 f t) of previously stockpiled topsoil over all disturbed areas except the access road
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and tailings impoundment area. Then these areas will be graded, fertilized, and seeded with
native species. Proposed plant species include sage (b n W ai2 spp.), Indian ricegrass
(crp y ala h:.wnwa), and Mormon tea (Q r dm tam pa) (ER, Sect. 9.3). With the exception
of Mormon tea, the species selected by the applicant are not prevalent in the area.

The staf f reconnends that the applicant follow revegetation techniques, including species and
mixture of seed, similar to those suggested by Plumer.1' Some fast-growing, intcoduced
species such as pubescent wheatgrass, crested wheatgrass, and alfalfa could be used to help
stabilize the reclaimed areas, but the greatest percentage of seeds should be native species.
Additionally, the seed should be obtained from those areas that have soil characteristics and
climate similar to the project site. " In the long term, native vegetation is expected to
return to the areas, and such a maintenance-free cover should maximize soil stability.

The mixture of seed can be planted f rom November through February. '} However, because of the
large number of seed-eating rodents present in the area (Sect. 2.9.1.2), it may be necessary
to delay the planting until December. Reclamation should begin as soon as practicable and
continue throughout the life of the project. In doing so, portions of the borrow areas
disturbed during construction could be in their thirteenth year of reclamation by the time
mill operation ceases. Also, any knowledge gained by previous reclamation efforts could be
applied to those areas yet to be reclaimed.

Because soil fertility is low (Sect. 2.8), it may be necessary to analyze the nutrient content
of the soil and, if needed, to apply appropriate fertilizer prior to seeding. Because reclama-
tion of blackbrush connunities, which are present at the site, is not usua!ly successful where
annual average precipitation averages less than 25 cm (10 in.) and because annual average
precipitation at the mill site is only about 18 cm (7 in.) (Sect. 2.1.2), it may be necessary
to irrigate the reseeded areas for initial stand establishment. Topsoil at the site contains
very little organic matter. As the presence of organic matter and mulches in the soil increases
infiltration and reduces erosion and evaporation, thereby encouraging seed germination and
plant growth, it may be necessary to crimp mulch into the soil of all disturbed areas prior
to seeding. Revegetated areas will be monitored (Sect. 6.2.2).

The staff notes that the information developed in the Generic Environmental Impact Statement
on uranium milling being written by NRC could be used to modify or change the procedures pro-
posed herein. The generic statement will contain the results of ongoing research to assess
the environmental impacts of uranium mill tailings ponds and piles and will suggest means for
mitigating any adverse impacts. The current NRC licensing action regarding the Shootering
Canyon mill will be subject to revisions based on the conclusions of the Final Generic
Environmental Impact Statement on uranium milling operations and any related rule making.

The applicant will be required to make financial surety arrangements to cover the costs of
reclaiming the tailings disposal area and of decomissioning the mill.

At the time of tennination of the operating license, the NRC will require that the land on
which the tailings are stored be subject to the following specific restrictions:

The holder of the possessory interest will not permit the exposure and release of tailings*

material to the surrounding area.

The. holder of the possessory interest will prohibit erection of any structures for*

occupancy by man or animals.

Subdivision of the covered surface will be prohibited.*

No private roads, trails, or rights-of-way may be established across the covered surface.*

3.3.3 Deconuni s sioni ng

Near the end of the useful life of this project and prior to the termination of the license,
the NRC will require a detailed decommissioning plan for the Shootering Canyon mill, which will
contain plans for decontamination, dismantling, and removing or burying all buildings,
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machinery, process vessels, and other structures and cleanup regrading and revegetation of the
site. This detailed plan will include data from radiation surveys taken at the site and plans
for any mitigating measures that may be required as a result of these surveys and hRC inspec-
tions. Before release of the premises or removal of the buildings and foundations, the
licensee must demonstrate that levels of radioactive contamination are within limits pre-
scribed by NRC and the then-current regulations. Depending on the circumstances, the NRC may
require that the applicant submit an Environmental Report on decorr11ssioning operations prior
to tennination of the license.
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4. ENVIRONMENTAL IMPACTS

4.1 AIR QUALITY

4.1.1 Construction

The major air pollutants associated with construction of the mill facility will be gaseous
emissions from internal combustion engines and fugitive dust generated from moving vehicles
and wind erosion. In general, these emissions will not produce significant impacts on the
air quality of the region.

The maximum expected emission rate for any of the major air pollutants (N0 , 50;, CO, and2

hydrocarbons) from each piece of construction equipment it less than 0.2 g/sec.* Using
conservative x/Q (sec/m ) values (Appendix E, Table E.1), the staff calculated the annual3

average atmospheric concentration of each pollutant per construction vehicle to be less than
1 pg/m at the mill-site claim boundary in the direction of the prevailing wind. Such con-l

centrations are approximately two orders of magnitude less than applictble Federal and State
air quality standards (Table 4.1). Annual average atmospheric concentrations of these pol-
lutants at the nearest potential residence (Ticaboo Subdivision) are expected to be even less.
0.03 ug/m - Considering the short duration of construction (14 months) and the low atmos-3

pheric concentrations of emissions, the staff's opinion is that emissions from internal com-
bustion engine 4 should not significantly impact air quality of the region.

Table 41. Federas and State of Utah s,ir quality standards

Pouutant Aven ing time' Pr. mary standard Secondary standard

8N.tr oryn d40xide Annust 0 05 ppm 0 05 ppm
(100 pg 'm') 1100 pg m )3

SWfur dion ale Annual 0 03 ppm
3180 pg 'm )

24 hr 014 ppm
(365pg m3)

3 hr 0 5 ppm
3(1300 pg 'm )

3 3Suspended particulates Annual geometric 75 pg 'm 60 pg 'm
mean

24 hr 260 pg m 150 pg 'm'3

Hydr ocar buns (carrected 3 hr 0 24 ppm' O 24 ppm
3for methane) 6 to 9 AM (160 pg "m'l (160 pg 'm )

Photochem, cal ou rdants I hr 0 08 ppm 0 08 ppm
(160 pg 'm ) (160 pg 'm')3

Carbon monoxide 8 hr 9 ppm 9 ppm
3 3(10 mg'm ) (10 mg 'm )

I hr 35 ppm 35 ppm
(40 mg 'm ) (40 mg 'm3)3

* All standards except annual average are not to be exceeded more than once a year.
# N trogen dioxide is the only one of the mtrogen oxides considered in the ambient standards.
' Maximum 3 hr concentration between 6 and 9 AM.
Source E R. Tat %e 2? 7.
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Fugitive dust associated with construction of the facility will average about 2.3 to 4.6 MT/ha
(1 to 2 tons / acre) per month.2 Based on a land requirerent of about 140 ha (350 acres), con-
struction activities are expected to create about 100 to 200 g/sec of particulates. Annual
average atmospheric concentrations of particulates were calculated by the staff using the
dQ values (Appendix E, Table E.1) for the 16 compass directions at a distance of 2.4 km
(1.5 miles). The average of these 16 concentrations indicates that particulate loading caused

3by construction will range from 26 to 52 ag/m . The addition of these concentrations to those
of the natural background (Sect. 2.2) will result in occasional violation of State and Federal
air quality standards (Table 4.1); however, these are conservative calculations because the
x/Q values assume a point scurce. The construction activities actually will be widespread,
creating many scattered diffuse sources. Furthermore, the larger dust particles will deposit
rapidly, another condition not accounted for in the calculation. Although dust may cause
occasional localized degradation of the air quality at the site, the duration will be only
during the 14-month construction phase. To minimize fugitive dust, all haul roads and active
working turfaces will be watered or treated with stabilizing agents (ER, Sect. 4.6).

4.1.2 Operation
.

Air quality during operation of the facility could be affected by atnospheric releases prin-
cipally from the crushers, sampling bins, feeders, building and processing boiler, diesel
generator, tailings disposal system, and ore stockpiles. Estir.ates of emissions from each
primary source and their release heights are listed in Table 4.2. In addition, insignificant
quantities will be released from other sources including the ore transport systems, acid leach
system, solvent extraction process, yellow cake precipitators and thickeners, and drying furnace.

Table 4.2. Emission rates, sources, and release heights of major air pollutants
associated with operation of the shootering Canyon Uranium Protect

* dAir poHutant Relea e height
emtssion rate

(9 set)
_ _ _ _ _ _ . _ __

Susswnded part culates
Crusher s. samphng 0.3 24

tuns, and feeders

Boder 0.001 11

Desel generator 062 11

Ore stockpdes 0 31 1

Tadings 0 005 1

NO,
Diesel gener ator 87 11

Bo.ler 0016 11

SO:
Diesel geneiator 0 58 11

Boder 0107 11
_ _ - . _ _ _ _ _ . _ .__ _ _ _ _ _ .

d Release he ghts were chosen to reflect the maximum resultart air con-
& n tr a t ions.

Sources E R. Tables 351 and 3 5 2. Wood.sard Clyde Consultants.

" Responses to NRC Ouest;ons on the Enoronmental Report for the Shootering
Canyon U r an.um Pr oj ec t .' San Franc,5co. Cahf , Aug 29, 1978. and this
E noronmental Statement. Sec t. 3

Atmospheric dispersion coefficients (x/Q) for each release height are listed in Appendix E.
Tables E.1 through E.3. Assuming all processes are operating concomitantly, annual average
atmospheric concentrations of particulates. S0 , and NO, at the property boundary to the north2

were calculated by the staff to be approximately 2, 26, and 3 ag/m3 respectively. These
concentrations are well below applicable Federal and State air quality standards (Table 4.1).
The applicant calculated the maximum ground-level atmospheric concentrations of the major
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pollutants using the Environmental Protection Agency Valley Model (ER, Supplement S2, Sect. 5.3).
Results are as follows (ER, Table 52-5.3-1): particulates, annual average = 5 ag/m , 24-hr3

3 3 3average = 76 ng/m ; 50 , annual average = 2 ag/m , 24-hr average = 15 g/m , 3-hr average =7
3 3 3140 ug/m ; N0 , annual average = 30 g/m ; CO, 8-hr average = 380 ag/m3, 1-hr average = 93 ag/m ;2

hydrocarbons, 3-hr average = 100 ag/m'. These values are substantially below the applicable

Federal and State standards (Table 4.1). To minimize dust emissions f rom the tailings irrpound-
ment, the applicant will keep the tailings surface wet at all times. 3 Also, ore that is
delivered to the patio but not immediately processed will be stockpiled and wet with a sprinkler
system to minimize wind dispersion of particulates.3 The sprinkler heads are easily transported
from one place to another and will be used as required to control visible dust emissions during
transfer operations and/or windy conditions." Haul roads will be watered with conventional
watering trucks as required by wind and/or traffic conditions."

Although operation of the mill facility should not have a significant impact on air quality,
Utah's Air Conservation Regulations 5 require that air pollution control equipment and processes
be selected and operated to provide the highest efficiencies and lowest discharge rates that
are reasonable and practical. Although the degree of control is subject to approval by the
State Air Conservation Committee, the control must be a minimum of 85%. Utah regulations also
restrict the sulfur content of oil, used as fuels, to 1.5% or less.

Regulations promulgated by the U.S. Environmental Protection Agency 6 require any major source
of air pollutants to comply with the Prevention of Significant Deterioration (PSD) regulations.
Initial indications are that suspended particulates associated with operation of the mill will
exceed the 24-hr PSD allowable increment. The applicant will be required to make modifications
to bring the level of suspended particulates into compliance with PSD regulation.

4.2 LAND USE

4.2.1 Land resources

4.2.1.1 Land use and aesthetics

The construction and operation of the proposed mine and ore processing facility will affect
approximately 140 ha (350 acres) (Table 4.3). The major impact will be conversion of low-
density grazing and open-space areas to industrial use (ER, p. 4-4). A secondary impact, the
development of the Ticaboo Subdivision in School Section No. 16, will convert a square mile of
open space area into a small commercial and residential center. Although efforts have been
made, at least by the developers of Ticaboo, to minimize the visual impact on the landscape,
the presence of the mill and mine as well as the subdivision will fundamentally alter the
existing visual landscape. These impacts, however, have not been determined as unacceptable
by the State of Utah, nor have they been judged unacceptable in an independent study.

4.2.1.2 Ag ric ul tu ral

Construction and operation of the mill facility will disturb about 140 ha (350 acres) of land
(Table 4.3). Based on an estimated average of 0.022 animal unit months (AUMs) per acre
(Sect. 2.5.1.2), this loss equals about 8 AUMs or a loss of potential grazing land for
eight cattle or 40 sheep for one month each year the land is disturbed. Based on the capacity
of the tailings impoundment, the mill has the potential to operate for a total of 20 years.
The tailings impoundment dam, however, will be constructed in two stages. The first-stage
dam will be sufficient to impound tailings for about seven years. At this time, the second
stage will be constructed, and portions of the borrow areas will again be disturbed. The
borrow areas probably will not be reclaimed until the second stage of construction is completed.
The actual duration of disruption of the land will depend upon the time required for construc-
tion, the length of time between disturbance and reclamation, and the length of time it takes
for a suitable vegetative cover to become established. Furthemore, because of the difficulty
expected in reclaiming land in this area (Sect. 6.2), a realistic estimate of the amount of
time between the end of construction and the return of the land to its existing climax com-
munities is at least 35 years for those portions of tne borrow areas disturbed during con-
struction and 50 years for the remaining disturbed areas (ER, Sect. 4.8). Because the access
roads will not be reclaimed, this area can be considered a permanent loss of agricultural
land. The applicant does not plan to reseed the tailings impoundment area; the final cover of
this area will consist of about 0.3 m (1 f t) of sand, gravel, and cobbles." Any vegetation
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Table 4.3. Appronmate land requirements for the shootering
Canyon Uran um Pro,ect

___ ___

E npanse to be disturbed
Asea -- ---- -

ha acres

Process plant, ore storage

vard. and access road 18 44

T4+hngs impoundment 28 70

Bor'ow ar eas A, B. C, and D* 37 92

Borrow area En 19 48

Bonou area FC 34 b5

Aggregate terrow area 4 10

Tc tal 140 349
_ _ _ _ . . . . _ . . _ . _ _ _ . _ _ _ . _ . . _ _

' Assumes a total of 686.700 m' (898.100yd ') of borrow mater.41
eth an averarje depth cf (of of I 8 m (6 f t)

^ A ssumes 2 3 7,3 0 0 m ' (310.300 ydh of borrow rr,ateriat oth an
ave air depth of cut of 12 m 14 ftL

r Assumes 1,14 7,000 m' 11,500.100 yd') of borrow material with
n averay *pth of cut of 3 4 m (11 f t)a

Sou n es Woodward Cly& Con <.ultants. " Responses to NRC Ops
tions on the f nvronrrental Report for the Shooter mg Canyon Uranium
Pr o3ei.t." San F r ancmo. CAf , Aug. 29 1978. Plateau Resources. Ltd .
Tait ngs 4fsn.sgement P|an arwi Georer hnical Engoneenng Studies.
Shooter'og Canyon Uramum Proiet t. Garfi*ki County, Utah prepared
t 'y Woutward Cly@ Consultants. San Francisco, Cahf., Seotember

1978

that becomes established on the tailings impoundment will be the result of natural secondary
succession. It is expected that such vegetation would take considerably longer to become
established, if at all, and would consist primarily of invader, weedy species that are unde-
sirable for grazing. Consequently, the 28 ha (70 acres) required for the tailings impoundment
should also be considered as a long-term loss of rangeland unless other reclamation plans are
implemented (Sect. 6.2). All remaining disturbed areas will be reclaimed to return the land
to its original use as rangeland and wildlife habitat (Sect. 6.2).

Diversion of about 140 ha (350 acres) of rangeland from its present use for each year of
disturbance represents an incremental loss of less than 0.003% of the private rangeland in
Garfield County. Such a loss is believed to be relatively insignificant. With successful
reclamation (Sect. 6.2), about 80; of this land can be returned to its original grazing
capacity.

4.2.2 liistorical and archaeological resourcec

Because there are no historical sites closer than 8 km (5 miles) from the project site, no
effects from the project on such sites are expected to occur. A small area of lithic scatter,
a portion of which would hae been disturbed by road construction, was found on the site
(Sect. 2.5.2.3). In the opinion of the State archaeologist, the site does not have the potential
to be listed in the f4ational Register; however, all artifacts in the area to be disturbed
will be salvaged by the State of Utah.

Af ter consultation with the State Historic Preservation Officer, the f;RC has determined that

the Shootering Canyon Uranium Project will not affect any properties included in or eligible
for inclusion in the fiational Register (See Appendix H).
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4.3 WATER

4.3.1 Surface water

The construction and operation of the uranium mill should have minimal impact on the surface
waters of the project site and vicinity. During construction of the nill, the ground surface
will be disturbed by grading, excavation, road access, spoil and topsoil storage, and other
construction-related activities. The soils of the project vicinity are normally subject to
erosion dJe to lack of consolidation and poor vegetative cover (Sects. 2.8 and 2.9.1). The
construction activities will result in increased turbidity levels in the lower portions of
Shootering and Hansen creeks because of greater erosion dur:ng rainstorms. The applicant
plant to minimize the potential for erosion by seeding disturbed areas, grading to control
runoff velocities, constructing dikes around surface soil stockpiles to cause ponding of
rainfall, and disposing of sanitary effluents through underground septic systers. In addition,
the entire area of the ore processing facility will be graded and snaped to that all runoff
will drain into the tailings impoundment. The tailings impoundment will collect runoff from
the mill site and the drainage basin above it. Consequently, the primary source of increased
turbidity will be from road construction.

During the infrequent periods of flow, the streams in the project area are normally highly
turbiu (Sect. 2.6.1). Although it is not possible to quantify the increase in suspended
solids concentrations that will result from construction-related erosion, it is not expected
to be great.

The site will be graded so that all surf ace runof f from the nill will drain into the tailings
impoundment and be retained there. Sanitary waste discharged at an estimated average rate of
0.2 m / min (62 gpm), will be treated in Septic tanks and dispersed through buried leach3

fields. Retention of runoff from the upper portion of the Shcatering Creek drainage basin
could result in a reduction in both the volume and suspended solids concentration of
storm-induced flows below the tailings impoundment. The staff does not anticipate sig-
nificant impacts on surface-water quality from any of these events.

There will be no planned, direct, surface discharges from the tailings impoundment during
operation of the mill. A minimum embankment freeboard of either 3.4 or 4.0 m (11 or 13 f t)
will be maintained during mill operation to contain within the impoundment all upstream runoff
resulting from a design storm,' which is considered to be the probable maximum 6-hr
precipitation (PMP) plus 40t of the 6-hr PMP plus the 100-year 6-hr precipitation, all occurring
in direct succession. The freeboard will also be sufficient to avoid overtopping caused by
wave action coincident with the design flood. Only in the event that this sequence of
storms is exceeded during operation will runoff be discharged from emergency spillways in
the embankment.

Overtopping of the tailings embankment by major floods occ urring af ter the cessation of
activities at the site will be prevented by a spillway channel 3.7 m (12 f t) below the final
crest of tne dam. Because dried tailings within the impoundment will be capped by compacted
clay and covered with rock, discharges from the spillway at this time are not expected to have
a significant impact on surface water quality.

Project operations will have no noticeable effect on the amount of water reaching Lake Powell.
It is also cons'dered unlikely that surface waters will be centaminated by seepage from the
tailings impoundment.

4.3.2 Groundwater

m / day (348 gpm; 533 acre-f t/ year) of waterThe applicant will pump an average of 1.9 x 103 3

from wells completed in the Navajo aquifer. There are no other local users of water from
this aquifer, which eventually discharges into Lake Powell south of the site (Fig.1.1). The
Carmel Formation, an effective aquiclude, lies between the Navajo aquifer and the Entrada
sandstone that forms the bas ' in which the tailings impoundment is located. Project opera-
tion will have no noticeable offect on the amount of water reaching Lake Powell, and potential
contamination of the water in the Navajo formation is not credible.
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As described in Sect. 3.2.4.7, the applicant proposes to line the tailings irpoundment with a
compacted clay liner and to install and operate systems for drainage and neutralization of
tailings liquids. Although the effectiveness of such drainage and neutralization systems
has not yet been demonstrated, no potential groundwater contamination by radionuclides and
only minor potential for intrusion of other inorganic materials into the groundwater table
some 30 m (100 ft) below the impoundment is expected.

If the proposed liner and drainage system perform as expected, seepage from the impoundment
would be negligible. However, if these systems do not function p; uperly, the compacted liner
mustbecapableofminimizingseegsge. Therefore, the liner will be required to have a per-meability no greater than 1 x 10- cm/sec (0.1 f t/ year). The maximum seepage rate from the
tailings disposal area, without operation of the drainage system, would then be approximately

(55 acre-f t) per year, or about 185 m3/ day (34 gpm). Because of the calcite con-6.8 x 10+ m3
tent of the EntraJa sandstone underlying the proposed tailings disposal site, it is expected
that tailings liquid would be neutralized either in the impoundment or in the Dedrock under
the impoundment.

It is considet ed unlikely that any measurable contamination of the groundwater, about 30 m
(100 ft) below the impoundment, in the Entrada would occur. It is equally unlikely that any
present surface water sources would be affected or that new seeps would appear in Shootering
Canyon as a result of the project. Because of the net evaporation rate in the area, the staff
expects r ssentially no seepage f rom the tailings af ter reclamation.

44 NERAL RESOURCES
*

n t. e ore to be processed, no minerals besides uranium are present in quantities that
permit extraction under present processing costs and product price levels. In the future if
these minor ore constituents (e.g., vanadium) are needed, the tailings impoundment could be
mined and processed. The staf f considers that no impact on mineral resources other than
uranium will occur.

4.5 SOILS

Construction and operation of the facility will disturb about 140 ha (350 acres) (Table 4.3).
Soils over most of the site (including all borrow areas except F as shown in ref. 8. Fig. 5)
are generally sandy in texture, modified in soma places by gravel or cobble at the surface
(Sect. 2.8). Except for a greater bulk density with depth, horizon deveiopment is generally
ot apparent (Sect. 2.8). The undif ferentiated soil profile with poor moisture-holding
capacity and little organic content characterizes the low natural fertility of the topsoil.

About 0.3 to 0.6 m (1 to 2 f t) of loose, fine-sand topsoil will be removed from the plant site 8
and used as fill in the ore storage area." Topsoil in the impoundment area, also largely
drift sand, will be used as borrow in construction of the tailings impoundment dam." The
access road will be constructed over existing topsoil. Therefore, all topsoil on these areas
will be effectively lost. The top 0.6 m (2 f t) of soil will be removed from all borrow areas
and stockpiled on portions of the borrow areas not utilized initially.9 Removal of topsoil
will disrupt existing physical, chemical, and biotic soil processes. Although topsoil will be
replaced upon termination of the project operation (Sect. 6.2), a temporary dect ease in natural
soil productivity is probable.9

Removal of topsoil and natural vegetation will accelerate wind and water erosion. Generally,
these impacts will be the greatest dJring the construction phase, which is expected to last
14 months. To minimize fugitive dust resulting from construction activity, the applicant will
water and/or treat with stabilizing agents all haul roads and active working surfaces (ER,
Sect. 4.6). The stockpiled topsoil will be protected from wind and water erosion by an emulsion
spray.8 In addition, it is expected that annual plants will become established and will aid in
preventing erosion of the stockpiles.

Soil compaction resulting from grading and operation of heavy equipment will increase runoff,
erosion, and sedimentation. No ditches will be provided for diverting runof f, because all run-
of f from areas above the impoundment areas, including runof f from the plant area, will flow
directly into the tailings impoundment. Although sediment transfer will be increased within the
site, the location of the mill facilities and tailings impoundment (Fig. 2.4) should minimize
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sediment transfer from the site. All borrow areas except F (ref. 8. Fig. 5) will essentially
be basins; therefore, sediment transport is not expected to occur from these areas. Any water
accumulating in these borrow areas is expected to seep downward and/or evaporate. Borrow area
F exists naturally as a cliff.8 To minimize erosion and sedimentation from this area the staf f
recontends creating a sediment catch basin on the downgrade side of this borrow area prior to
removal of material.

During operation of the mill, soil over much of the site will be stabilized by gravel and the
presence of structures. In addition, the topography of the area allows runoff from the site to
accumulate in the tailings impoundment. Af ter mill operations cease, the applicant plans to
place gravel, cobbles, and boulders on the face of the impoundnent dam to protect it from
erosion.8

Upon terminating operations, the applicant plans to grade and reseed all remaining disturbed
areas except the access road and tailings impoundment area. The access road will be lef t in
place to be used during periodic monitoring and maintenance visits. The tailings impoundment
will be reclaimed to meet NRC's radiological safety standards (Regulatory Guide 3.8). The
applicant's proposal includes the establishment of vegetation on this area through natural
secondary succession; however, these plans de not meet the revegetation requirements of Utah's
Oil and Gas Conservation Act.10 and the staff has reconrended appropriate action (Sect. 6.2).
Generally, the State reclamation law requires establishment of a soil redium that is capable
of sustaining vegetation without irrigation or continuing soil amendments (Sect. 6.2).
Assuming reclamation ef forts will be successful, long-term impacts to the soil are not expected
to be significant.

4.6 BIOTA

4.6.1 Terrestrial

The primary impact of construction and operation of the mill and tailings disposal system
will result from loss of habitat. Although some variation existt in the type of vegetation
that will be removed, predominately a blackbrush/ Mormon tea association, the area is not
known to be critical habitat for any wildlife species in the area. Therefore, because similar
rangeland is cornman throughout the region (Sect. 2.S), it is expected that the temporary
inaccessibility of this relatively small parcel of land to wildlife, while representing an
incremental loss, will not significantly reduce the amount of habitat for any wildlife
populations.

Land clearing, operation of heavy equipment, and other construction activities will destroy
small animals that move too slowly to escape or that retreat to burrows for protection. Other
animals will be displaced and may be lost because of predation or increased competition for
food, territory, and other habitat requirements. Although many of these species are important

*
members of the food chain, their population densities are believed to be low, and their loss
an the site would represent a relatively insignificant regional impact. Habitat that will be
disturbed as a result of construction and operation of the mill represents less tha.i 2% of

similar habitat within a 4.8-km (3-mile) radius of the site.

Suspended particulate matter will be emitted into the air by construction activities (Sect. 4.1).
These particulates will eventually be deposited in part on the surrounding vegetation,thereby
reducing plant vigor or causing the plants to be less palatable. Gaseous emissions from internal
combustion engines may also interfere with the physiological processes of the vegetation.
Although the magnitude of these potential impacts is not known, it is expected to be negligible.
No significant deleterious effects have been demonstrated at other construction projects of
similar or greater magnitude. Moreover, if any impacts do ocr r from fugitive dust and/or
gaseous emissions, they should be minor and short-term.

Few data are available to demonstrate the effects of noise on wildlife, and much of what is
available lacks specific information concerning noise intensity, frequency, and duraticn of
exposure.Il Probably, the noisiest period of construction will be during construction of the
tailings impoundment dam. Some typical ranges of sound levels from comron construction
activities are listed in Table 4.4. Such noise is not expected to seriously affect the area

wildlife. The noise initially may cause migration by some wildlife away from the immediate
site vicinity, but those that rem in or return will generally become habituated to construction
noises and activities.ll

.
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Table 4.4. sound levels from construction equipment

Sound level, dB( A) at end co edr

c ,v,c , distance f rom sources

15 m 30 m 61 m 152 m 305 m

Trut k s, < ranes, bulldoier s. etc.. 70- 95 64 - 89 58- 83* 50 - 75 40 69
With d+esel type internai
COml A;stion erigines

Aer compressors and other 76 -86 70-Bo 6- 74 56 -66 50-60
statwwy sources. typican y

diesel powered

Pde dr evee 105 99 A 85 79

F r ont end loader s 73 -86 67-80 61 - 74 53 - 66 47-60

* Sound levels above 80 dBt Al ar? usually produced by a comb iation of wveral p> aces e comiwTient
oper ating at the same time

source U S. Senate. Report to be Presnient and Congress or Noise, Senate Document 96 63. U S.
Government Ponting Office, hhington D C.1972

Because the tailings level in the pond will rise at a rate that would likely preclude the
establishment of rooted vegetation and because the water will be high in dissolved solids even
af ter partial neutralization with mine wastas, it is not expected that wildlife will use the
area even though it is the only perennial surface water within several miles. A few waterfowl
or other birds may rest on the impoundment for a short time during migration, however, and
raptors may seek prey around the impoundment. Although potentially harmful amcunts of radio-
nuclides and other contaminants will be present in the tailings cond, the effects of occasional
wildlife usage of this water is unknown. The staff, therefore, recomo, ends that the applicant
monitor the use of the impoundment by wildlife (Sect. 6.5.1). The tailings disposal area and
mill site will be surrounded by a wire fence designed to restrict entry of large mammals
Following termination of the mill operations, the tailinge disposal area will remain fenced
until released from its status as a restricted area.

Increased human population associated with construction and operation of the mill will adversely
af fect most wildlife in the area. Although some species may bene'it from large human popula-
tions, most of the larger mammals will abandon habitats in close proximity to intense human
activity. Additional stress will be placed on the terrestrial biota as a result of greater
:.unting pressure (both legally and illegally) and destruction of habitat by of f-road recrea-
tional vehicles. Increased wildlife losses are expected to occur as a result of greater
vehicular travel on highways.

None of the proposed endangered plant species 12 with documented distributions in San Juan
Countyl3 are expected to occur on the facility site or in the immediate vicinity (Sect. 2.9.1.1).
Although the endangeredh American peregrine falcnn (Fa:co cr.qivims mtw-) and bald eagle
(h t n e tw s e rl.ahe) range in the vicinity of the site, lack of suitable habitat indicates
a low probability of these species utilizing the project site for feeding or nesting. There-
fore construction and operation of the proposed mill should have no significant imract on
endangered species.

4.6.2 A uatic3

Because there are no permanent aquatic habitats between the proposed mill site and Lake Powell
(Sect. 2.9.2) and construction and operation of the mill will produce no direct discharge, pro-
ject operation is not expected to affect either the amount or the quality of the water reach-
ing Lake Powell. Localized increases in erosion and turbidity (Sect. 4.3.1) expected to have
an effect on aquatic biota in Lake Powell; therefore, no unacceptable impact to aquatic biota
is predicted.
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4.7 RADIOLOGICAL IMPACTS

4.7.1 Introduction

The primary sources of radiological impact to the environment in the vicinity of the proposed
Shootering Canyon Uranium Project are naturally occurring cosmic and terrestrial radiation
and naturally occurring radon-222. The average whole-body dose rate to the population in
the site vicinity, including doses from natural background radiation and diagnostic tredical
procedures, is estimated to be about 176 millirems / year (see Sect. 2.10).

This section describes the results of the staff's analysis of the mill-contributed increnental
radiological impacts to the environment and the population in the vicinity of the Shcotering
Canyon project. This analysis is primarily based on the estimated annual releases of
radioactive materials given in Table 3.5 and the models, data, and assumptions discussed in
Appendix D. Detailed analyses of the radiological impacts of mill operations to nearby
individuals and the entire population within 80 km (50 miles) have been performed. All
potential exposure pathways likely to result in significant fractions of the mill's total
radiological impact have been included (Fig. 4.1). Consideration has also been given to the
occupational exposure received by mill employees and to radiation exposure of biota otner
than man.
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4.7.2 Expg ure pathwa_ys

Potential environmental exposure p3thways by which people could be exposed to radioactive
mill ef fluents are presented schematically in Fig. 4.1. Estimates of dose committnents to
man have been based on the proposed plant design and actual characteristics of the site
environs. The staff's analysis has included considerations of radioactive particulate and
gaseous releases to the atmosphere.

The mill will not release radioactive waste directly into surface waters. However, the
potential for the contamination of groundwater by seepage of leached radionuclides fron the
ore storage pile does exist. Routine samplir.g of nearby wells and springs will be performed
to monitor the potential seepage. Although tnere is a possibility of some seepage of
radioactive liquids from the tailings impoundments into the groundwater system, this
possibility is considered remote, and ac significant contribution to dose vi i liquid
pathways is expected. Furthermore, the applicant will be required to condos environmental
and other nonitoring programs to provide early detection of any seepage that might occur and
to take aporopriate mitigating measures.

Environmental exposure pathways of concern for airborne ef fluents from the Shcotering Canyon
mill include inhalation of radioactive materials in the air, external exposure to radioactive
materials in the air or deposited on ground surfaces, and ingestion of contaminated food
products (vegetables and meat).

4.7.3 Radiation dose commitments to individuals

At present, the nearest residents to the proposed site are the Plateau Resources, Ltd. ,
employees living at the mine camp about 5.6 km (3.5 miles) north of the mill site (ER,
Fig. 2.7-2) and the resid " it Bullfrog Basin Marina [21 km (13 miles)) south of the facility
(ER, Plate 2.2-1). '' e rwrest residence when mill operations begin will be located at the.

proposed Ticaboo tow . site 4.2 km (?.6 miles) south-southwest of the mill site (Fig. 3.1).

The facility will ae located on mill site claims. Approxir.ately 89; of the surrounding land
of Garfield County is Federally owned. Land uses around the mill site include grazing and
recreation (Glenn Canyon National Park). It is assumed that beef cattle could be grazed
1.3 km (0.8 mile) ncrth of the proposed facility and that the meat could be caten by local
residents. The calculated ingestion doses for consumption of beef grazed at this location are
comparable to those for othar nearby locations at which grazing could occur.

Table 4.5 presents a summary of the individual dose commitrents calculated for mine camp resi-
dents, for future residents of the town of Ticaboo, and for residents of Bullfrog Basin Marina.
Residents of Ticaboo and the marina were assumed to ingest vegetables grown close to home and
meat from cattle grazing at tne location identified above. The resulting ingestion doses are
listed. No ingestion doses for mine camp residents are included because it is expected that
the camp will be shut down by the time mill operation is started. Inhalation and external doses
calculated for the mine camp location are included in the event that occupancy by some indi-
viduals is required temporarily af ter mill start up for dismantling the existing facility and
campsite.

4.7.4 Radiation dose comitments to populations

The annual doses to the population estimated to exist within 80 km (50 miles) of the site in
the year 2000 are presented in Table 4.6 along with estimated annual doses to the same
population from natural background radiation sources. Population dose commitments resulting
from the operation of the Shootering anyon Uranium Project represent no rnore than abo 4t 4%
of the doses from natural background scurces.

4.7.5 Evaluation of radiological impacts on the public

All radiation doses calculated to result to the surrounding population from uranium milling
operations at the Shootering Canyor site are small fractions of those crising from naturally
occurring background rad 9 tion (see Table 4.6). They are also small when compared to the
average medical and dental x-ray exposures currently being received by the public for diagnostic
purposes.
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Table 4 5. Annual done commitments to individuals itom radioactive
releases from the Shootermg Canyon Uranium Protect

. - - . -. . _ - - . ._ . - - - . . .-_-- - -

Dose (mahrems per year)
E xposure - - - - - - - - - -

I m at.o" B, onch..I
Pd th* dV Tot al bixty Bone Luoq

e p- t he t . om*

M erwi ramp, I r,h.t a t . on 0 119 3 60 6 64 29 7

5 6 k m not th E niet nal f tom clouif 0323 0 323 0 323
E u t er n a f, om ru ov nd 0388 0388 0 388s

Total 0830 4 31 7 35 2" 7

Taaboo. 4 2 k m Inhawt on 0 045 1 35 206 35 0

south southaeu E mire nat from cloud 0360 0 360 0 360
E m ternal fiom goonit 0160 0 169 0 100
Int simo. v ytate 0 063 0759 0 063

It rvyst,on. meat ' 0 675 6.91 0 675
Total 1 30 9.54 3 92 35 0

Bun tria; Basin I nha < a t , on 0002 0 066 0 119 0 564

Mena. 21 k m E s terr.al from ctoud 0 010 0 010 0 010
south E xt*< nal f rom ge ourws 0 007 0 007 0 007

Ingestion. vegetath 0 003 0 037 0 003
Ingest 'on. mea: 0675 6.91 0675

Totai 0697 7.03 0 814 0 564
__

_ _

* Dvses to the tu orn.hia: epithelium eesult from the inhalat.on of the short I.wed rwi6oatt be
daintteri of Hn 222

'' Meat ingest,on doses resolt f<om ingest on of the meat of cattle gr ar*d 13 k m north of the
rni f f. r

Table 4 6. Annual population dose comm:tments"
within an 80 km (50 mile) radius

of the mill site
- _ . . _ . . _ . _ _ _ _ _ _ _

Rae p'o, Dose (man rems per year)

m9 dn Plant effluents Natur al back gr ound^

Total bo,1y 1.50 329

Lung to 5 329

Bone 6.13 329

B onr hial epithehum 66 0 1632
__ _ . _ . _ . _ _ . _ _ _

' Based on a prolected year 20% population of 3262.
*The estimated natural back ground dose rata to the whole

boily a 101 m'lhrems/ year. The bronchial ep thehum dose
f rom naturally occurring radnq 222 is anumed to be 500
m il h rems.Iyear (beCf 2.101.

Calculated annual individual dose commitments are only small fractions of present NRC limits
for radiation exposure in unrestricted areas, as specified in 10 CFR Part 20, " Standards for
Protection Against Radiation." Dose commitments to actual receptors are also well below
limits specified in the EPA's " Radiation Protection Standards for Nonnal Operations of the
Uranium Fuel Cycle" (40 CFR Part 190), which is to become effective for uranium milling
operations in December 1980. Table 4.7 provides a comparison of maximum calculated annual
dose commitments with the radiation exposure .imits of 10 CFR Part 20 and 40 CFR Part 190.
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As indicated in Table 4.7, the radiation dose conmitments to the Organs of the individJals
living nearby fall below both NRC and EPA limits. However, these doses are contingent On the
applicant's capacity to control the tailings pile emissions, as stipulated in Sect. 3, as well
as other mitigating procedures involving the wetting of ore piles and enclosure of the ore
bins. To enstre that of fsite doses are maintained below the permissible limits, the staff will
require the applicant to (1) implement a monitoring and control program at the tuilings impound-
ment involving groundwater seepage, dusting of particelates, etc., and (2) perform and document
land use surveys to detennine any variations in land use (e.g., for grazing, residence, and
well locations).

Table 4.7. Comparison of annual dose commstrnents to mdeveduals
with radiation protection standards

--. - - -

Receptor E st m ted annual Raitat.on pr otect on Frar t on of
or pos dose commitmentd st andar ds st arola r d s

.-

M.nity camp. 5 6 Am north

Present NRC regulatsen (10 CF R Part 20)

Total holy 0 830 m m'em per yw 500 mahrems p." year 0 0017
Hone 4 31 mahrems per year 3000 mauems per year 0 0014
*ung 7 35 me: > rems per year 1500 mal-rems per year 00049
He onchias ep.'hehum 0 0003 W L' O 033 W L 0 01U

Future EPA standards (40 CFR Part 190P

Totat tody 0135 mm rem per year 25 mahrems per year 0 0054
Rone 3 60 mahrems p* r year 25 m.lbrems per year 0 14
Long 6 63 mahrems per year 25 mahrems per year 0 27
Brom hial ep thehum 29.1 d if f rems pc year N A' NA

Twshoo. 4 2 k m south srmthwest

Present NRC regulation (10 CFR Part 20)

Total tody 130 mahrems per year 500 mal rems per year o0026
Bone 9.s4 m111 trees per year 3000 mahrems per yea 0.0032r
Lung 3 92 mi hrems per year 1500 m.threms per yas 00026i

Bronc hial epethehum 0 0004 WL 0 033 W L 0 012

Future EFA standards (40 CFR Part 190)

Total t.ody o 788 mithrem per year 25 mahrems per vaar 0 032
Home 9 00 mahrems per year 25 miarems per yes 0 36
t ung 3 37 mavirems per year 25 maniems per year 0 13
Br onc hial epethehum 35.o millirems per year NA NA

'Radtation standards for evposu es to Rn 222 and daughters are expressed in work mg levelsr

(WL ). that is, the amour.t of any combination of short hved radioactive & cay products of
Rn 222 m 1 hter of a4r that wat release 1.3 X 10' MeV of a'pha particle energy durmg the.r
decay to Pb 210 (rad;um D).

8
Doses computed for evaluation of comphaace with 40 CFR Faet 190 are less than total

doses tuarause dose contributions from Rn 222 released from the site, and any r Joact've
daughters that grow in from released Rn 222. have tren ehminated. L,m.ts irt 40 CF R Part 100
do not apply to Rn 222 or its ra1>oact've daughters.

'Not apphcable. 40 CF R Part 90 does not include doses trom Rn 222 daughters

4.7.6 Occupational dose

Uranium mills are designed and built to minimize exposure to radiation of both the mill workers
and the general public. In addition, occupational exposures for workers are monitored and
are kept below NRC limits, in accordance with the requirement of maintaining such exposures
as low as is reasonably achievable.
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l5 at selected mills have shown that the exposures of rill workers to airborneSpecial studies
radioactivity are normally below 256 of the maximum permissible Concentrations given in
Appendix B of 10 CFR Part 20 and that external exposures are normally less than 25 of 10 CFR
Part 20 limits.15 " A recent reviewD of mill exposure data by the NRC staff has indicated
that only a few uranium mill employees may have exceeded, over a ore-year period,15 to 201 of
the pemissible exposure to ore dust, 25% of the permissible exposure to yellow cakc, or 104 of
the remissible exposure to radon concentrations. Except for a few individuals, the combined
exposure of an average worker to these radioactive components over a one-year period probably
does not exceed 252 of the total permissible exposure. -

4.7.7 Radiological impct on biota other than man

Although no guidelines concerning acceptable limits of radiation exposure have been established
for the protection of species other than man, it is generally agreed that the limits for humans
are also conservative for those species.l W 3 Doses from gaseous ef fluents to terrestrial
biota (suc% as birds and manmals) are quite similar to those calculated for man and arise
from the same dispersion pathways and considerations. Because the effluents of the mill will
be monitored and maintained within safe radiological protection limits for man, no adverse
radiological impact is expected for resident animals.

4.8 SOCIDECONOMIC IMPACTS

The proposed site of the Shootering Canyon Uran um Project is in a remote area in soJtheasterni

Utah where the local labor supply within daily .ommuting distance is not sufficient to support
the construction and operation of the mill. A a consequence, labor for the project must
migrate to the area.

Providing housing for both the construction and the operation work forces is a major problem
confronting the applicant (Sect. 4.8.1). In addition, the importance of the relationship
between a satisfactory social environmer.t for workers and its effect on turnover rates,
absenteeism, and worker productivity has teen recognized by the company. The applicant
concluded that it would be economical and within the company's interest to support the efforts
of a private developer to create the Ticaboo Subdivision, a "new town" 4.2 km (2.6 miles)
south of the mill site."

The staff considered two other options, one of which was hiring a work force from Hanksville.
The absence of housing and services at Hanksville, however, means that any major influx of
people into the community would create both major dislocations in the provis 4n of existing
services and severe financial problems for Wayne County, which unlike Garfield County would
receive no tax benefits from the mill. The other option considered by the staff was the
expansion of the existing mining camp. This option is also unsatisfactory because of the
location of the camp in a potentially hazardous flash flood area. More importantly, the
likelihood that the company would develop a relatively stable work force in a short period of
time by either alternative option is greatly reduced. The development of a housing project
that provides, with public and private support, a small service infrastructure arpears to be a
satisfactory solution. The development of such a community, however, is always risky, and its
viability in the absence of the mill project is a major question. The presence of Bullfrog
Marina and the demand for motel rooms, retail products, and recreation homes that might be
generated by the expanding tourist population (Sect. 2.4.1.3) increase the feasibility of this
type of comunity. Thus, discussion of the socioeconomic impacts of the proposed project will
assume that plans for the development of the Ticaboo Subdivision continue. Because projects
such as Ticaboo do not develop without careful planning and investment of time and money by
interested parties prior to constru tion, however, the staff felt it necessary to provide an
independent assessment of the feasibility of the Ticaboo development so that major impacts could
be defined (Appendix C).

4.8.1 Population increase and distribution

4.8.1.1 Construction period

The po?ulation in the eastern part of Garfield County is expected to increase by 500 to 600
people as a consequence of the proposed construction of the Shootering Canyon mill, the
operation of the Plateau Resources mines, and the development of the Ticaboo Subdivision. Most
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of this population will live either temporarily or permanently at the Ticaboo SAdivision, the
mining camp, or Bullfrog Marina (Fig.1.1). Only a few workers will conrute on a daily basis
from Hanksville. This influx (Sect. 2.4) will result in a peak population during the
construction period of between 700 and 800 people.

The above estimates were derived using the following information and assumptions. Consultants
for the aprlicant" estimated a peak construction work force of approximately 225 workers
and an avtrage work force of 180 by assuming 75% of the workers (peak load
married w'ith families absent) and 25% to be married with families present.} to be single (orIn addition, it
was assumed that the latter workers would settle permanently in the area in anticipation of
obtaining permanent employment at the mill after construction."

For the construction of Ticaboo, it is estimated that 20 to 40 construction workers would be

needed (Ticaboo Development Corporation, Wayne County, Utah, perscnal conmunication). Forty
workers would be present at the beginning of the construction pcriod for Ticaboo; this number
would be reduced to approximately 20 af ter completion of most of the rajor structures in the
c omuni ty.

Mining and mill employment will probably increase during the construction phase until the full
operations work force is obtained at the end of the construction period." The staf f assumes
that the mining work force will expand to approximately 100 by peak, a 30; increase over
employment in September 1978 (Sect. 2.4.3.3). The staff also assumes that many of the old and
new mine workers will try to obtain pemanent housing and will bring their families during
this period. Based on the worker profiles of miners at the mining camp in September 1978,
50% of the work force will be married."

To calculate the population so that families of workers are included, a 3.6 multiplier was used.t
An additional 15 service workers were added on the assumption that at peak, some service workers
would be present (e.g., motel employees and school teachers). Fifty percent of the service
workers were assumed to be single.

The above calculation predicts a population influx of approximately 550 persons. Given the
uncertainty in estimating population impacts, the staf f felt it was appropriate to give a range
of between 500 and 600 in-migrar.ts.

4.8.1.2. _0perations period

The operation of the mine and mill will result in an estimated permanent Dopulation at Ticaboo
of approximately 900 people. Total population in the area, including Bullfrog Marina, will
be over 1000 people. If Ticaboo becomes a "second home" development, the population will te
even higher than the above estimates until the mill shuts down.

Estimates for total population at Ticaboo are ba,ed on the following information and
assumptions. The applicant expects a permanent operating force of between 225 and 250 people."
Using the maximum estimate, the staff accepted the assumption made by Plateau Resources that
85% of the 250 workers would have families present." If a multiplicr of 3.6 is used, the
direct population increase generated by the mine and mill would be approximately 800 people.
Assuming that 35 service workers in-migrate,s 85% of whom are married, an additonal
107 people would be added to the above 800 for a total of 907.

*
This assumption varies from data obtained for the Old West Regional Commission by

Mountain West Research, Inc.M This group studied worker profiles at 14 different construction
projects. The average percentage of single-status workers for all projects was approximately
50%. Mining employment by Plateau Resources in 1978, however, indicated that approximately
70t of the workers were of single status. The staff concluded that, given the remoteness of
the sita and uncertainty as to the availability of housing, the 75% estimate, although
somewhat high, was acceptable. The range of projected population influx allows for some
variation in this estimate.

#
Mountain West Research, Inc. , found a 3.59 average family size for new construction

workers who are married.
' Consultants for Plateau Resources assumed that many spouses of mine and mill workers would

take service jobs, thus reducing the number of in-migrating service workers.
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In the opinion of the staf f, the anticipated permanent population of 900 people will not be
attained at Ticaboo until the work force has stabilized several years af ter construction is
completed. Because of uncertainty concerning the availability of housing and of satisfactory
services, the nurt,ber of in-migrants with families in the imediate postconstruction phase may be
less than that associated with normal mill operations projects. The staf f expects the pCpulation
at Ticaboo af ter construction is ended to be slightly higher than it was at peak - approximately
700 people.

4.8.2 Social organization

4.8.2.1 Housing

Aside f ro'ti the mining camp facilities, there is at present no housing available for the influx
of workers caused by the construction cF the Shootering Canyon Uranium Project. The construc-
tion of the Ticaboo Subdivision with a 72-unit motel, trailer pads, and lots for the construction
of single-unit or multiunit modular or site-framed housing is expected to satisfy this housing
demand. The staff's estimates of total population in the area during peak construction, how-
ever, suggest that the demand for temporary housing (assuming all ringle-status workers double
up) will not be satisfied by the motel unit (Table 4.8). Workers will either have to bring
their own trailers or other arrangements will need to be made - for example, the construction
of an apartment complex or the provision of rental trailers. The applicant estimates that half
of the permanent units (as many as 130 during the construction period) will be trailers and
half will be houses.27 If fewer workers decide to live in pernanent units, the demand for
temporary housing will increase from the estimated 95 units, and adjustments will need to be
made.

Table 4.8. Housing requerements for workers during construction of the Shocimng
Canyon Uraneum Project

_

M li vetated
Schedule housing units Type of housing

required *

61st month (Ticatoo 40 Ticatmo construct.on 20.T Recreational housing at BuHtrog
construction start up) 10 miners 55, T M ning camp

3rd month (mdi 40 T cateo construction 20,T Recreational housing at Bullfrog
construction start up) 70 miners 55.T 72 unit motel! trailer space

4th month (mill 20 Tecatoo construction 10.T Recreational housing at Bul|f rog
construction start upi 70-100 mmers 50 -60, T P M.ning camp ' trailers. Ticaboo

20-50 mm construct:on heusing
10-25 T 72 unit motel

8th month 20 Ticaboo construction 10.T Recreational housing
100 miners 50 -60, P Tr ader s 'bnuws

180 mill construction 56.P.62,T Trailer s ' houses ,

72 unit motel

12th month Ipeak 20 Ticaboo 10.T Recreational housing

mdl construction) 100 miners 75.P Tra fers houses
225 miti construction 56,P.88.T Traderi houses.

motel /tralers

16th rnonth 20 Tecatmo 10.T Recreational housing
125 roiners 70.P Traders houses
180 mill construction 56.P,62.T Tradershses. motel

22nd month 20 Tecaboo 10.T Recreational housing
250 permanent operating 190-250. P Traders / houses

mill and mine 10.T Motel
20 mill construction

24th month 225-250 permanent operating 190-250, P Traelers/ houses
30 serv.ce 30-35. P Traders ' houses

.

* Assumes single status workers double up, approximate number.
8 T = temporary; P = permanent.



4-16

In the operations phase, there will be a demand for tetween 210 and 280 permanent units, half
to be satisfied with mobile homes and half with conventional housing. If the development of
the Ticaboo Subdivision proceeds as planned and if workers purchase homes in the sutdivision,
the predicted demand for housing will be satisfied eventually. In the interim, temporary trailer
facilities and the motel are expected to absorb the denand.

4.8.2.2 .S e rv i c e_s,

No public or private service infrastructure present exists within the impact area for those
individuals who will reside there either temporart i, or permanently as a consequence of the
construction of the uranium mill. Meeting these needs requires heavy investments in time
and money. Many of the initial capital costs (impacts) of the Ticaboo Subdivisicn will be
borne by the private developer and other providers in the private sector. In addition, the
formation of a new community in Garfield County and the State of Utah places additional
responsibilities on tho;e jurisdictions to provide public services.

Although final arrangements have not been rade, the following discussion sumrarizes current
plans as to how many of these services will be provided.

Sewer and water

The Ticaboo development corporation plans to install a domestic water system ccnfcrming to the
standards of the State Health Department. Adequate water is available, a well has been drilled,
and the water tested.29 Costs for such a system are estimated at 5500,400 for the complete
project and 5268,900 for the commercial area alone.'7

The Ticaboo sewer system will require central sanitary sewer facilities with treatrent lagoons
(to be located on Bureau of Land Management land). Sanitary sewer facilities at Ticaboo are_
estimated at $433,000 for the total project and 5273,100 for the first plan of developrent.

The current plan for financing the sewer and water system calls for the forration of c special
service district and the issuance of tax -exempt bonds. Sucn bonds would finance at least 75 of
all Capital improvement costs for the w3ter and sewer systems. 3 This type of financing will
allow these costs to be amortized over a 20-year term at an approximate interest rate of 6.5;
per annum.3

Solia waste di ngsgli

The proposed method of solid waste collection and disposal for citizens of Ticaboo will te
weekly curbside pickup with direct haul to a sanitary landfill. The location of the landfill
is presently undetermined although there are negotiations under way with tne N3tional Park
Service. The Ticaboo Development Corp oration will provide the truck, which will eventually be
purchased by the special ' 3rvice district. Costs for solid waste disposal will be borne by
individual users.'

Roads and streets

The private developer aill bear the initial costs for construction of necessary streets and
roads. The County Commissioners have already granted a variance permitting streets to be built
without curbs.29 Total road surface area is estimated to be 58,900 ni (633,600 ft ). Average2

annual cost for road maintenance, to be borne by the coanty, is expected to be 59750.2d

Electricity and telephone

The all-electric homes at Ticaboo will need a reliable electric supply. In the shcrt term,
separate electric generation and transmission facilities will be provided by the developer.
Utah Power and Light, the principal utility in Utah, is expected to eventJally manage and
operate facilities at Ticaboo. At present there is ao telephone service at the site. Negotia-
ticns are being made for the provision of this service.
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Police

The mine, ore processing facility, and Ticaboo will fall under the jurisdiction of the Garfield
County Sherif f's Department. The population influx will require the addition of a full-time
deputy sheriff. Garfield County is interested in establishing a bi-county agreement with
Cain and Wayne counties. The estimated annual cost of $16,000 for police service includes
the salary for one officer, costs of vehicle operation, and maintenance.

fIlP_Pfote_ctian

Current plans call for the formation of a rural fire district, serviced by a 12- to 15-man
volunteer force with one fire truck and a fire-fighting facilit: Estimated capital costs for
establishing the fire-fighting facility are 527,000.3

Commercial services

2The Ticaboo development corporation proposes a cornercial area of approximately 1000 m
(11,000 ft2). The corporation expects to attract a grocery, gas station, and one general
retail store. Most major expenditures will be made at the more distant and developed service
centers.

Social services

An exter sive study of the social services required by population at Ticaboo is discussed in
the UtaS State foundation assessment of the Ticaboo development.30 The staff assures, however,
that many of the categorical services will not be readily available to the population on the
site at Ticaboo for several years.

Medical services

The influx of a new population to the area maj result in an upgrading of existing medical ser-
vices (see Sect. 2.4). Such a population may piavide the support to sustain a primary care
clinic or the part-time services of a doctor. Without such additional services, the new
population will be without satisfactory medical services.

Schools

During the construction period, current plans call for children of construction workers and of
mine workers to attend school at Bullfrog Basin Marina. In anticipation of the influx of new
students, the Park Service has hired an additional teacher and brought in another tr311er tc
serve as a classroom The staff estimates that, based on previous assumptions about population
influx, school attendance at Bullf rog Marina could increase by as many as 80 students during the
construction phase,

Plans exist for the constructier, of a permanent school facility at Ticaboo which would be ready
for use when the mill begins operation. This facility, a permanent building with modular class-
rooms, will accommodate pupils at all grade levels. Estimates for the cost of the facility have
ranged from $1.6-2.2 million based on a school population estinate of 300 pupils. The current
estimate indicates a cost of 51.3-1.5 million and assumes a smaller enrollment. During the
initial phases of the operational period, the staff expects the enrollment to range between
130 and 160. t

a
This number is determined using a 0.3 multiplier for school age children. The cu' rent

mining population of 70 workers would be expected to increase school attendance by appro.-imately
22 students.

*This number is determined using a school-age population multiplier of between 0.46 and
0.6.
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Financing school construction has presented a number of problems for Garfield County, Plateau
Rescurces, and the Ticaboo Development Corporation. While property taxes generated by the mill
will eventually pay for the c,.pital costs of construction of the school, such taxes will not
be available until one to two years af ter construction of the mill. To solve the problem, a
number of options have been explored including a conventional general bond issue, the establish-
ment of a nonprofit corporation that would issue tax-exempt financing, and the use of a tax-
exempt lease arrangement. 3 In addition, the applicant has expressed a willingness to prepay
sales and use taxes.

4.8.3 Political organization

The proposed construction of the uranium mill and the development of the Ticaboo Subdivision
has af fected the political organization within Garfield County and the State of Utah. Not only
have these projects required actions to be taken by various agencies at the State level,U
but they have led to additional corplexity in the political organization within the county.
The formation of the special service district and the proposed bi-county agreement to share
police services are two major examples.

4.8.4 Economic organization

4.8.4.1 Employment

All direct employment for both the construction (225 workers) and cperations (250 workers)
has been or will be recruited to the area. The recruiting distance for jobs at the mine and
mill is about 400 km (250 miles). This area includes Grand Junction, the Colorado Plateau
area, Blanding, Monticello, Hanksville, Richfield, Panguitch, Green River, Moab, Price, Salt
Lake City, Grants, and Albuquerque. Competition from other projects in the region as well as
the particular employment conditions of this project make preuicting impacts en specific
labor markets dif ficult.

Indirect employment will create an additional demand for 30 to 100 workers. Although some of
these will be recruited from the same labor markets as the mill, mine, and construction workers,
many will come to the area as part of the families of those workers directly employed.

4.8.4.2 Income

Table 4.9 lists the wage schedJle by skill level for the operation of the Shootering Canyon
mill and mine. The average monthly wage for miners in Utah is $1500 to $1833 and for mill
workers $1000 to $1500. These estimates also indicate that the mill and mine may provide
moderately gocd-paying jobs for a small number of workers over a 10- to 15-year period. Incores,
however, may not be sufficient to purchase conventional housing, given current estimates at
Ticaboo, without being supplemented by the incomes of additional wage earners in the families.

The payroll for the required work force over a 14-month construction period of the mill and
mine has been estimated at $10,575,000 with disposable income estimated at about $7,000,000
(EP, p. 4-1). The payroll for the construction and site preparation of Ticaboo has been
estimated at $400,000. Tha estimate for the mill construction payroll may be low, as it reflects
a low estimate of the number of construction workers (170) necessary for the mill and a shorter
construction geriod.

With the exception of rent and food purchases, most expenditures will be made outside the proj-
ect area and outside of Garfield County. With the development of the proposed Ticaboo Sub-
division during the operations phase, housing, limited goods, and services should be available
locally, keeping a greater proportion of the operation's payroll within Garfield County. How-
ever, purchases of durable goods, such as automobiles and household appliances, and most
recreation and entertainment expenditures will likely be made outside the imrrediate area. One
estimate for income generated annually by the project results in a total annual income of
$3,580,000 of which $1,074,500 will be spent locally for goods and services other than housing
(ER, p. 4-12).

Expenditures in the construction of the mill and mine facilities for supplies and equipment
should be in excess of $10,000,000. Expenditures for construction and site development of
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Table 4 9. Wage schedule for personnel durmg operation of the shootermg
Canyon Uratuum Protect,1978 dollars

_

D'sposable MontM y

Sbli levet income income' howng cost"
(Si is)

Super o sor 1735 1388 347

Miner 1500 1200 300

M.ner ass.stant 1240 1000 250

Mecha n.c, eier trician,
eq#pment operata* (A) 1400 1120 28o

Met han.c, electric'an,
eqepment operator,

car penter (B) 1300 1010 2W

760 1MLaborer or tra. nee f ,

K4tchen, office, or warehouw work er 750 Goo 150

#Dmxwabic montNy socorre assumed to be 80% of gross rnontMy income
UIhe AMOWahle income for hous#ng is anumed to te 25 % of the d sposab e incorre.

Ticaboo should be approximately $1,100,000. The distribution of this income will have a
regional impact and will affect primarily larger supply markets such as found in Salt Lake City.
Some additional employment will be generated by these expenditures.

4.8.4.3 Revenues

Tax revenues will be generated primarily from the following sources: property tapes levied
against the mill and mine property; tax levies against residential and corrercial property at
Ticabco; local sales taxes (at three-fourths of it); incoTe taxes against salaries of workers;
and taxes on motor vehicles and miscellaneous property of workers and families.

The mine is currently not paying any property taxes to the county. Increases in assessed
valuation during 1979 and 1980 will result in tax revenues to the county and county school
district in 1980 and 1931. If the current property tax :evy of 51.50 mills is assumed, the
uranium mill and mine is expected to generate between $250,000 and SC00,000 annually from 1980
to 1995 (ER, p. 8-30).

projections of county revenues for the Ticaboo Suboivision are difficult because of
uncertainties as to actual distribution of housing between mobile homes and conventional units.
The property tax revenues will be approximately $34,900 for a worker population of 200.32

Regardless of the uncertainties in estimating future taxes, the staff expects that for a
number of years the combined property tax revenues from the mill and mine in addition to Ticaboo
will represent over one-third of the property tax revenues generated for the county. 30

Utah sa'es taxes paid on equipment and supplies during the construction period will range
between $200,000 and $400,000 depending on the amount of purchases made within the State and
based on a 4.75t sales tax rate. A fraction of this amount, equivalent to three-fourths of the
4.751 will be distributed to the local conrunities in which purchases are made.

The workers employed directly in construction as well as those employed by the mill and mine
will be sutject -Lo Federal and State income taxes. Taxes on the salaries of nonbasic employees
will also contribute ir.come tax revenues. Estimated annual State and Federal income taxes
from projected related employment are approxirately $250,000. Utah land use taxes should
generate an additional $175,000 in revenue to the state (ER, p. 8-2). An additional source of
revenue for San Juan County is the ore buying station located outside of Blanding which will
supply uranium ore for the mill af ter operation corrences.



4-20

4.8.4.4 public financinl of Ticaboo

A number of efforts at estinating costs and revenues have be undertaken by the applicant and
consultants for the private developer of Ticaboo. * * ~.M A major problem, which emerged
from each effort, was the timing of revenues to cet initial capital custs, particularly those
related to the construction of the school at Ti m oo. In the long run, property taxes generated
by the facility will be sufficient to finance the school's Construction as well as other service
costs; however, in the short run, the revenues are not readily available. This problem is
comon in the developc ent of energy projects. 31 The applicant has locked into a nurber of
options including a conventional general obligation bond issue, the establishrent of a nonprofit
corporation that would issue tax-exempt financing, the use of a tax-exec'pt lease arrangenent,
and tha prepayment of taxes. Although the relative benefits of each of these arrangecents
have not been thoroughly evaluated, the staf f believes that it is important to reduce the risk
to the local taxpayers as much as possible.

The f uture of the uranium industry and of this mill, as well as the prosperous development of
Ticaboo, cannot te guaranteed. Assuming a public debt based on anticipated revenues from the
uranium project would appear unwise. Without question such a decision shif ts the rajor cost
and risk of the development from the applicant and the private developer to the generalpublic.32

4.8.5 T r. a n spo r t a t i o_n_

The development of the mill and mine will result in an increase in motor traffic in the area.
Current traffic levels indicate that such an increase will not result in any major problems.
The increased econonic activity as well as an increase in tourism to Glen f 3nyon National Park
will also result la an increase in air traffic to Hanksville.

4.8.6 Recreation

The aior impact on recreation in the area will be increased visitation and use of facilities
at Bullfrog Basin Marina, Glen Canyon National Park. The effects of the increase are several.
Eventually, the combined impact of a permanent population at Ticaboo and increased visitation
will changt the quality of the park facilities either as a consequence of increased usage of
existing f acilit'es or of the expansion of park facilities.* Both situations would most
likely result in an expansion of the number of park personnel.

Currently mine employees seeking recreation normally head to Bullfrog Marina, increasing law
enforcement problems, requiring emergency medical aid, and putting increased pressure on swim
beaches, rental equipment, and picnic areas. During the construction phase, the increase in
population should exacerbate the law enforcenent and medical problems, although af ter tha
development of Ticaboo, additional services provided to the subdivision should augment those
provided by the Park Service. The population during the construction phase will also put
additional pressure on other park services, specifically its rental housing, store, and school.

Expansion of the population in the area will also result in an increase in such resource con-
sumptive activities as hunting, four-wheel driving, and " pot hunting" (illegal archaeological
exploration).

4.8.7 Conclusions

At the project site, housing and conrunity services r..ust be provided for both construction
and operation work forces. In the initial project stages, a motel and trailers will provide
housing. Subsequently, mobile homes and permanent housing will be added. The staff estimates
that a permanent population of about 900 persons will develop at Ticaboo after several years.

The Ticaboo development corporation expects to provide a domestic water system and sewer facili-
ties financed by tax-exerrpt bonds, issued by a special service district which will also provide

*

The National Park Service Concept Plan calls for the construction of a 100-unit
motel and a 100-space recreational vehicle park by 1931.
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solid waste disposal facilities. Roads and streets, which will be provided by the developer,
will be maintained by the county. Electric service will be installed by the developer although
Utah Power and Light may eventually manage and/or purchase these facilities. A conrercial area
is planned for a grocery, retail store, and gasoline station. Social services and redical
services are unestablished. During the construction period, worker's children are expected to
attend school at Bullf rog Basin Marina. A permanent school is planned at Ticabco, but the
financing for this facility has not yet been formalized.

The quality of life at Ticaboo, and indeed its survival, are dependent on the tirely and
satisf ac tory development of the above neca3. The applicant and local and State governmental
entities are cooperatively planning together to see that these needs are met.

Most of the revenues to prov'de government-supplied services will be property taxes (mill, mine,
residential, and commercial ,nroperties) and a share of the State sales tax. In the long run,
property taxes will be suf ficient to finance school construction and other service costs, but
they will not be available in early stages of the project. Several options are available to
finance the required services with amortization over an extended period. The staff han not
explored the relative advantages of these options but does believe that financial arrange ents
can be made with increased coeperation of the applicant.

If these arrange +cnts are accomplished, the major impact of the Shootering Canyon project will
involve the social and economic stresses involved in any construction project. The develop-
ment of a new corimunity in an isolated area may exacerbate or minimize these stresses. To
offset these social costs, the project will provide employment opportunities not previously
available over an extended period of time.

The socioeconomic impacts which will occur when the Shootering Canyon project operations are
terminated cannot be evaluated because the socioeconomic developnent ef Ticaboo over the long
term cannot be forecast.
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5. ENVIRONMENTAL EFFECTS OF ACCIDENTS

The occurrence of accidents related to operation of the Shootering Canyon Uranium Project will
be minimized through the proper design, manufacture, and operation of process components and
through a quality assurance program designed to establish and maintair, safe operations. In
accordance with the procedures set forth in the appropriate regulations, Plateau Resources,
Ltd., has submitted applications containing descriptions of the facility design, the organiza-
tion of the operation, and the quality assurance program. These documents, together with
the Environmental Report and supplements, will be reviewed by various agencies to ensure
that there is a basis for safe operations at the site. Moreover, those agencies will maintain
surveillance over the plant and its individual safety systems by conducting periodic inspections
of the facility and its records and by requiring reports of effluent releases and deviations
from normal operations.

Despite the above precautions, accidents involving the release of radioactive materials or
harmful chemicals have occurred in operations similar to those proposed by the applicant.
In this assessment, therefore, accidents that might occur during milling operations have been
postulated and their potential environmental impacts evaluated. Section 5.1 deals with the
postulated accidents involving radioactivity, and Sect. 5.2 deals with those not involving
radioactive materials. The probabilities of occurrence and the nominal consequences are
assessed, using the best available estimates of probabilities and realistic assumptions
regarding release and transport of radioactive materials. Where information adequate for a
realistic evaluation was unavailable, conservative assumptions were used to compute environ-
mental impacts. Thut, the actual environmental impacts of the postulated accidents would be
less, in some cases, than the effects predicted by this assessment.

Exposure pathways considered in estimating dose conmitments resulting from accidental releases
were inhalation and imersion in contaminated air. It was assumed that expcsure through the

ingestion and surface pathways could be controlled if necessary.

5.1 MILL ACCIDENTS INVOLVING RADI0 ACTIVITY

ThespecificactivitiesoftheradioactivematerialshandledatthemillareextremelyJow:
Ci/g for the ore and tailings and ~10-6 Ci/g for the refined yellow cake prnduct. The=104

quantities of materials handled, on the other hand, are relatively large: 225 MT (248 tons) of
yellow cake per year, representing =140 Ci of radioactivity. These very low specific activities
require the release of exceedingly large quantities of material to be of concern; driving forces
for such releases will not exist at the proposed Shootering Canyon Uranium Project.

Guidelines have not been published for the consideration of accidents at the uranium mills.
Therefore, the postulated plant accidents involving radioactivity are considered here in the
following three categories:

1. trivial incidents (i.e., those not resulting in a release to the environment),
2. small releases to the environment (relative to the annual release from normal operation),

and
3. large releases to the environment (relative to the annual release from normal operations).

*
In contrast to the relatively high specific activities of a number of prominent

radionuclides (i.e =10-1 Ci/g for plutonium-239 and =10-3 Ci/g for cobalt-60).
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Trivial incidents include spills, ruptures in tanks or plant piping containing solutions or
slurries, and rupture of a tailings disposal system pipe in which the tailings slurry is
released into the tailings pond. Small releases would result from failure of the air cleaning
system serving the concentrate drying and packaging area, a fire or explosion in the solvent
extraction circuit, or an explosion in the yellow cake dryer. Large releases would result from
a major tornado strike or a tailings dam failure.

For most of the postulated cases resulting in a release to the environment, the analysis gives
the estimated magnitude of the release, the corresponding maximum individual dose at various
distances from the mill, and the estimated annual likelihood of occurrence. The latter
estimates are based on a diversity of sources, including incidents on record, chemical industry
statistics, and failure prediction methodologies. Data and models for the behavior of radiation

l and from the Internationalin accident situations were taken from the AIRDOS-II computer code
Commission on Radiological Protection (ICRP)2 and were updated by dose conversion factors
based on the lung model of the ICRP Task Group on Lung Dynamics. '

During the three decades of nuclear facility operations, the frequency and severity of accidents
have been markedly lower than in related industrial operations. The experience gained from
the few accidents that have occurred has resulted in improved engineering safety features
and operating procedures, and tne probability that similar accidents mignt occur in the future
is very low. Based on analysis, it is believed that even if major accidents did occur, there
would probably not be a significant release of contamination of fsite, and radiological exposures
would be too small to cause any abservable effect on the environment or any deletericus ef fect
on the health of the human population.

5.1.1 Trivial incidants

These accidents may include any rupture or leakage in storage tanks or piping associated with
the facility. They are not expected to result in releases of radioactivity to the environment.

5.1.1.1 Mince leakage of tanks or piping

Uranium-bearing slurries and solutions will be contained in several tanks comprising the leach,
washing, precipitation and filtration, and solvent extraction stages of the mill circuit.
Human error during the filling or emptying of tanks or the failure of valves or piping in the
circuit would result in spills that might involve the release of several hundred pounds of con-
tained uranium to the room; however, the overflow will be collected in sumps designed for this
type of spill, and sump pumps will be used to return the materials to the circuit. Therefore,
a rupture in a process tank or a leaking pipe would not affect the environment.

5.1.1.2 Major pipe or tank rupture

All mill drainage, including that from chemical storage tanks, will flow into a catchment
basin upstream from the tailings impcundment site. The mill will deliver approximately 28.3 MT
(31.3 tons) of solids per hour and approximately 34.7 m3 [34.7 MT (38.3 tons)] of solution
per hour to the tailings cell. Snould the rupture of a pipe in the tailings distribution
system occur, the liquid would flow into the catchment basin where it could be pumped to the
tailings cell. Chemicals could be recovered, transferred to the tailings cell, or neutralized
in the catchment basin. Residue frcm a slurry loss would be cleaned up and the contaminated
soil removed to the tailings retention area.

5.l.2 Small releases

The following accidents, due to human error or equipment failure, would release small quantities
of radioactive materials to the ervironment. The estimated releases, however, are expected
to be small in comparison with the annual release from normal operations.
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5.1.2.1 Failure of the air cleaning system serving the yellow cake drying area

Because of the system designs, this type of accident is unlikely to occur or to go undetected.
A loss of water pressure to the scrubber or the failure of the fan drive would sound an alarm.
However, in the event of electrical or mechanical failure, it was estimated that approximately
17.3 kg of U 03 would be lost from the stack over an 8-hr shif t (0.18 kg in 5 min). All of3

this insoluble uranium was assumed to be in the respirable size range.

Because the meteorological data at the time of the postulated accident is unpredictable, it
was assumed that for this stack release the conservative meteorological conditions of 1 m/sec
wind speed and a Pasquill type-B stability would exist. It was also assumed that all the
material was distributed over a single 22.5 sector. The maximum dose commitments to the
nearest resident [4.2 km (2.6 miles) from the point of release] were as follow: total-body,
0.012 millirem; bone. 0.3 millirem; lung, 5.6 millirems, and kidney, 0.088 millirem.

5.1.2.2 Fire in the solvent extraction circuit

The solvent extraction circuit will be located in a separate building that is isolated from
other areas due to the large quantities of kerosene present. From chemical industry data,
the probability of a major fire per plant-year" is estimated to be 4 x 10'. However, at

least two major solvent extractioc circuit fires are documented in the literature, one of
which destroyed the original solvent extraction circuit at one mill in 1968." There have
been approximately 540 plant-years of mill operation in the United States, equivalent to
about 320 plant-years handling 390,000 MT (430,000 tons) of ore per year. Thus, judging from
historical incidents, the likelihood of a major solvent extraction fire at the proposed mill is
assumed to fall in the range of 4 x 10-* to 4 x 10-3 per year.

In the event of a major fire, it is conservatively assumed frcm previous estimates ,c thats

1% of the uranium contained in the organic phase or approximately 0.43 kg (0.93 lb) would be
released into the environment. It was assumed that the conservative meteorological conditions
of 1 m/sec wind speed and a Pasquill type-D stability would exist for the ground-level release.
It was also assumed that all the material was distributed over a single 22.5 sector. The
maximum dose commitments to the nearest resident [4.2 km (2.6 miles) from the point of release]
were as follow: total-body, 0.0002 millirem; bone dose, 0.004 millirem; lung dose, 0.08 milli-
rem; and kidney, 0.0013 millirem,

5.1.3 Large releases

The following incidents might release large quantities of radioactive naterials to the
environment compared with annual releases from normal operations. By virtue of complex and
highly variable dispersion characteristics, however, the individual impacts will not necessarily
be proportional to the total amount of radivactivity released to the environment.

5.1.3.1 Tornado

The probability of occurrence of a tornado at the Shootering Canyon Uranium Project is
negligible. Using closest available data, the probability is approximately 3.2 x 10-5
(ref. 7 and ER, p. 2-128). The area is categorized as Region 3 in relative tornado intensity;7
that is, for a " typical" tornado, the wind speed is 385 km/hr (239 mph), of which 305 km/hr
(190 mph) is rotational and 79 km/hr (49 mph) is translational. None of the mill structures
are designed to withstand a tornado of this intensity.

The nature of the milling operation is such that little are <Juld be done to secure the
facility with advance warning than without it. A w ...ngly, . "no warning" tornado was
postulated. Moreover, because it is not pcssible to accurat' y predict the total amount of
material dispersed by the tornado, a highly conservative appi 3ch was adopted. Because the
ycIlow cake product has the highest s{ecific activity of any material handled at the mill
and as much as 1.9 x 104 kg (4.2 x 10 lb) of product may be accumulated at any given time,
it is assumed that the tornado lifts 5.7 x 103 kg (1.3 x 10" lb) of yellow cake (30% of the
maximum amount of concentrate at the mill 8)



5-4

A conservative model, which assumes that all of the yellow cake is in respirable form, was
used for the dispersion analysis.9 The model assumes that all of the material is entrained
in the tornado as the vortex passes over the site. Upon reaching the site boundary, the
vortex dissipates, leaving a volume source to be dispersed by the trailing winds of the storm.
The material is assumed to exist as a volume source representative of the velocities of the
tornado and disperses through an arc of 45 Because of the small particle sizes postulated,
the settling velocity is assumed to be negligible.

The model predicts a maximum exposure at a distance of approximately 4 km (2.5 miles) from the
mill, where the 50-year dose commitment to the lungs of an individual is estimated to be
approximately 1.5 x 10-7 rem. The 50-year lung dose commitment as a function of distance is
plotted in Fig. 5.1.
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Fig. 5.1. Tornado damage: 50-year dose commitment to the lungs.

5.1.3.2 Release of tailings slurry

The tailings pond will receive tailings slurry and yellow cake purification circuit liquid
wastes. A portion of the water in the pond may be recycled for use in the leach circuit.
The tailings pond will receive about 680 MT (750 tons) of solids per day of operation. The
ultimate capacity of the facility is about 5.0 x 106 MT (5.5 x 106 tons) of dry tailings.
Inadvertent release of this material to the environment would result from an overflow of the
tailings slurry or a failure of the tailings dam. Failure of the tailings dam could be
attributed to a destructive earthquake, floodwater breaching, or structural failure.

The facility is designed to minimize the flood hazard. Emergency spillways can divert
precipitation runoff around the pond if the dam is near overflow conditions. In addition,
the facility will be operated so that the pond will be able to receive the volume from the
design flood from NRC Regulatory Guide 3.11 (a probable maximum flood) followed by a 100-year
flood and maintain 2 m (7 ft) of freeboard.
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The Shootering Canyon Uranium Project is in the Zone One (minor damage) seismic risk category
(intensities of V and VI on the Modified Mercalli Scale) (Sect. 2.5.3). The tailings dam is
designed to withstand, without damage, an earthquake having an intensity of VI cn the
M0dified Mercalli Scale. However, there is a small probability that an earthquake of intensity
VII may occur.10 The applicant must meet the safety requirements of NRC Regulatory Guide 3.11
and other regulatory agency requirements even though it is highly unlikely that earthquake
damage to the dam will occur.

From the foregoing discussion, it is clear that sufficient data are not available to estimate
the small probability of the occurrence of a natural disaster with sufficient intensity to
result in a release of the tailings slurry to the environment. Even if the probability were
known accurately, it would be difficult to predict the magnitude of the release. However,
tailings slurry releases have occurred in the past, and the consequences associated with these
events have been documented to varying levels of detail in reports to the NRC and will be used
to estimate a nominal release. Table 5.1 sunnarizes recorded incidents during the period
1959-1977.

Table 5.1. Summary of accidental taihngs slurry releases, 1959-1977

Sohds released Uquids released p ,3ched

kg Ib hier gal

Flash flood 14 X 106 3X107 1.2 X 107 3 X 104a) Yes
Dam failure 9 X 105 2 X 106(a) 9.1 X 105 2 X 105 Yes
Dam fad re 5 X 105 1 X 106 4 X 105 1 X lo5(a) No
Dam f a, lure 2 X 105 4 X 105 2 X 105 5 X 104(a) Yes
Pipehne fadure 3 X 105 7 X 105 2 X 105 5 X 104 Yes
Flooding 1 X 10s 2 X 108(al 8. 7 X 107 2 X ICF Yes
Pipehne fadure 64X104 1 X 105(a) 6.1 X 104 2 X 104 Small amount
F looding 2 X IOC 4 X 10Ha) 1.7 X 106 4X105 Yes
Dam failure 1 X 106 to 14 X 106 2 X 108 to 3 X 107(a) 1 X 106 to 11 X 108 3 X 105 to 3 X 108 Yes
Pipehne failure 1 X 105 2 X 105(a) 1.3 X 105 3 X 104 Yes
Dam failure 9 X 103 2 X 10*(a) 8 X 103 2 X 103 No
Pipehne fadure No quantitative information No
Pipehne f adure 4.5 X 107 1 X 108 8 X 106 to 30 X los 2 X 108 to 8 X los No
Dam fadure 8.2 X 108 1.8 X to7(a) 7.6 X 108 2 X 106 No
Pipehne failure 1.1 X 103 2 5 X 103 1.5 X 104 4 x 103 Roughly 80% of

sohds and 20%
of hquids reached
W atercour se

* Assuming equal veghts of solids ar'd hquids released and density of the liquids to be approximately 1.1 kg/hter (9 lb ' gal).
Sources: Onrectorate of Licenssng. U S. Atomic Energy Commission. Environmental Survey of the Uranium fuel Cycle. Report

WASH 1248. Fuels and Materials, Aprd 1974, also a Report froin Teknekron, Inc., to NRC dated 14 March 1978.

From these historical data, the average release from tailings dam failure or flooding wasapproximately 1.2 x 107 liters (3.1 x 106 gal) of liquids and 1.4 x 107 kg (3.1 x 10 lb) of
solids. Ten of the fifteen releases reached the watercourse, and nine involved dam failure or
flooding. Thus, considering the 394 mill-years of operation in the 1959-1977 period, the
apparent likelihood of release from the tailings pond to the watercourse is 1 x 10-2 to 2 x 10-2
per plant-year or roughly one release per 30 x 106 MT (33 x 106 tons) of cre processed. This
figure is unrealistic for impoundment dard for new facilities because all of the failures listed
in Table 5.1 were for structures comr4M primarily of tailings and were not designed to an
engineering standard such as Regulat>ry Guide 3.11. Present criteria call for carefully
engineered structures with design fec' o as that take into account such possibilities and
probabilities as earthquakes and floods.
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The solid tailings are predicted to have a radioisotope composition of approximately 20 pCi of
uranium-238 and uranium-234, 231 pCi of thorium-230, and 226 pCi of radon-226 per ton of ore.
The chemical and radiological composition of the tailings water as estimated by the staff and
the applicant is presented in Table 3.3.

kg (3.1 x 10 lb) of solid tailings released from the impoundment area7The estimated 1.4 x 107
as a result of an overtopping or failure of the tailings dam would be expected to settle out
below the dam. Because the dr* ge below the dam is wide and flat, few (if any) solids would

3be expected to reach Shootering Criek. Under usual no-creek-flow conditions, the 11,200 m
(9.1 acre-ft) of liquids released .. auld percolate into the soil before reaching Hansen Creek.
If this happens, there would be an extended period (years) when leaching of the stream bed could
occur during periods of stream flow. The staff would not expect any observable effects from
such leaching although drinking water standards for nonradioactive constituents might be
exceeded over short periods.

If the release occurred during stream flow, it is likely that a slug flow of contaminated
water (both radiological and nonradiological < onstituents) would proceed down Hansen Creek
to Lake Powell. The subsequent dilution would eliminate any contamination problems within
a very short time.

The main radiological concern associated with the deposition of the solid tailings material is
the small increase in background radiation levels in the affected and adjacent areas and the
eventual transport of these low levels of contamination by stream flow, wind, and rain. These
long-term ef fects may be mitigated by removing the contaminated material from the environment.
Accordingly, a measure of the impact associated with the release of the solid tailings from
the impoundment is the cost of excavating the area, removing the tailings and contaminated
soil, and transpcrting the material back to the tailings impoundment. Assuming that 15 cm
(6 in.) of contaminated soil must be removed along with the tailings and that the average
travel distance back to the tailings impoundment is 1.6 km (1 mle), the estimated cost for
excavation, removal of contaminated materials, and truck transport of the material to the
tailings impoundment is approximately $128,000.

5.2 'ONRADIOLOGICAL ACCIDENTS

The potential for environmental effects from accidents involving nonradioactive materials at
the Shootering Canyon Uranium Project is small. Failure of a boiler supplying process steam
could release low-pressure steam to the room, possibly causing minor injuries to workers,
but would not involve the release of chemicals or radioactive materials to the environment.
Forced-air ventilation systems are provided in several stages of the process to dilute the
chemical vapors emitted and protect the workers from the hazardous fumes. Failure of these
ventilation systems might result in the interim collection of these vapors in the building air.
Such a failure might adversely affect individual plant employees but would have no persistent
ef fect on the environment.

A number of chemical reagents used in the process will be stored in relatively large quantities
on the site. All reagents will be stored within diked areas. Spillage in the mill will be
washed down and pumped back into the mill circuit. The only chemical that might seriously
impact on the environment is amonia. A break in the external piping of the anhydrous ammonia
tank would not result in a release, because an excess flow valve would automatically close on
a drop in pressure, thus preventing the escape of ammonia. It is possible that the line
carrying ammonia to the storage tank from the tank truck could be ruptured, in which case
the release rate would be limited to 100 g/sec of the vapor.ll

3Beyond a distance of 10 km (6 miles), the resulting concentration would be below the 60 pg/m
short-term air quality standard derived from State of Colorado regulations (at 1/30 threshold
limit values).12 Beyond a distance of 700 m (2300 f t) from the mill, concentrations of ammonia

3from the accic'ent would be less than the 40,000 pg/m needed to produce a detectable odor and
3 concentration recomended as the limit for prolonged human exposure.13 Thus,the 69,000 pg/m

the amonia would neither be noticed by nor pose a health risk to offsite residents.

5.3 TRANSPORTATION ACCIDENTS

Transportation of materials to and from the mill can be broken down into three categories:
(1) shipments of ore from the mine to the mill, (2) shipments of refined yellow cake from
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the mill to the uranium hexafluoride conversion facility, and (3) shipments of process chemicals
from suppliers to the mill. An accident for each of these categories has been postulated
and analyzed. The results are given in the following discussion.

5.3.1 Shipments of yellow cake

Refined yellow cake product is generally packaged in 55-gal, 18-gage drums holding an average
of 364 kg (800 lb) and classified by the Department of Transportation as type A packaging
(49 CFR Parts 171-189 and 10 CFR Part 71). It is shipped by truck an average of 2100 km
(1300 miles) to a conversion plant, which transforms the yellow cake to uranium hexafluoride
for the enrichment step of the light-water-reactor fuel cycle. An average truck shipment
contains approximately 45 drums, or 16 MT (17.5 tons) of yellow cake. Based upon the
Shootering ranyon mill capacity of 248,300 MT (273,750 tons) of ore annually and yellow cake
yield of 224 MT (246 tons), approximately 14 such shipments are required annually.

From published accident statistics.1 % 15 the probability of a truck accident is in the range
of 1.0 x 104 to 1.6 x 10-6 per kilometer (1.6 x 10-6 to 2.6 x 10-6 per mile). Truck accident
statistics include three categories of traffic accidents: collision, noncollision, and other
events. Collisions involve interactions of the transport vehicle with other objects, whether
moving vehicles or fixed objects. Noncollisions are accidents in which the transport vehicle
leaves the transport path or deviates from normal operation in some way, such as by rolling
over on its top and side. Accidents classified as other ever.ts include 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 mill being involved in an accident of any type
during a one-year period is approximately 0.04.

The ability of the materials and structures in the shipping package to resist the combined
physical forces arising from impact, puncture, crush, vibration, and fire depends on the
magnitude of the forces.16 These magnitudes vary with the severity of the accident, as does the
frequency 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 of this classification scheme, conditional probabilities (i.e. ,
given an accident, the probabilities 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 5.2. 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 releases for each model are shown in Columns 3 and 1 of
Table 5.2. 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 the fractional
occurrence and the release fractions (loss) for Model I and Model II, the expected fractional
release in any given accident is approximately 0.45 and 0.03 respectively.

For Model I and Model II, the quantity of yellow cake released to the atmosphere in the event
of a truck accident is estimated to be about 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 environment based on actual laboratory and field measurements have
been developed.15 The following empirical expression was derived for the dispersal of the
material to the environment via the air following an accident involving a release from the
container:

f = 0.001 + (4.6 x 10 ")[1 - exp(-0.152t)]al 78 ,

where

f = the fracticasl airborne release,
a = the wind speed at 15.2 m (50 ft) expressed in meters per second, and
t= the duration of the release, in hours.
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Table 5 L Fractional probabilitma of
occurrence and corresponding package release

fractions for each of the release models for LSA
and type A contaeners involved

in truck accidents

Accident Fr ac tional

severity occurrence Model i Model 11
category of accident

1 05s o o
11 o 36 1o oof
ill o 07 1o 01
IV o.016 10 1o
V o 0028 1.0 1o
VI o 0011 10 1o
Vil 8 5E 5 1.0 1.0
Vill 105 10 1o

sour ce- U S. Nuclear R equiator y Comer ,s-
s,on, Final Environmental Statement on the
Transportation of Radioactive %terials by Air
and Other Models, Report NUREG 0170,0f
fice of standards Development. February 1977
(df att).

In this expression, the first term represents the initial " puff" irrediately 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 10'3 If insoluble uranium (all particles of which are in the respirable size range)
is assumed and a population density of 160 pecple per square mile (which is characteristic of
the eastern United States) is supposed.17 the consequences of a truck accident involving a
shipment of 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.

In a recent accident (September 1977), a commercial truck carrying 50 steel drums of uranium
concentrate overturned and spilled an estimated 6800 kg (15,000 lb) of concentrate on the
gt-ound and in the truck trailer. Approximately 3 hr after the accident, the material was
covered with plastic to prevent further release to the atmosphere. Using the above formula
and values of wind speed for a fractional airborne release for this 3-br duration of release,
approximately 56 kg (123 lb) of U 03 would be released to the atmosphere. The consequence of3

this accident would be a 50-year dose commitment to the general population of 11 man-rems for
a population density of 160 people per square mile. This dose commitment can be compared
to a 50-year integrated lung dose of 1427 man-rems from natural background.

The applicant has submitted to the NRC an emergency action plan for yellow cake transportation
accidents. This emergency action plan is intended to ensure that personnel, equipment, and
materials are available to contain and decontaminate the accident area.

5.3.2 Shipments of ore to the mill

Uranium ore will be shipped to the ore stockpiles adjacent to the mill in 27-MT (30-ton)
trucks. Equal quantities of ore will be shipped to the mill from the Tony M mine, 7.24 km
(4.5 miles) away, and from the proposed Northeast mine 12 km (7.5 miles) away. The average
shipping distance is approximately 9.7 km (6 miles). Based upon the projected mill capacity

e
Doses integrated over a 50-year cocraitment following exposure.
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of 680 MT (750 tons) of ore daily, approximately 9100 trips would be required annually.
Although the ore will be shipped on private roads, it is assumed that the probability of a
truck accident is in the range cited in the previous section. Therefore, the estimated likeli-
hood of an ore truck being involved in an accident during a one-year period is roughly 0.11;
however, because of the low specific activity and ease with which the contaminant can be
removed, the radiological impact is considered to be insignificant.

Each month the mill will also receive up to 3970 MT (4380 tons) of ore shipped from an ore buying
station located south of Blanding, Utah. The most significant potential impact of transporting
ore from the ore buying station is spillage of radioactive material as the result of trans-
portation accidents. The probability of a truck accident is about 1.6 x 10" to 2.6 x 104 per
mile. It is estimated that eight to ten trucks will transport ore five days per week, 52 weeks
per year. The maximum cumulative distance driven by all trucks with a load of ore on board
is approximately 420,000 km (260,000 miles) per year. Consequently, there is a potential for
the loaded are trucks to have 0.40 to 0.65 accident per year.

The statistics used in this analysis include all types of accidents, and an accident involving
a uranium ore truck would not necessarily result in the spillage of any ore. However, if a
spill did occur, it is unlikely that significant amounts of radionuclides would be released
to the environment.

The trucks used to haul are from the ore buying station conrunonly carry a maximum of 27 MT
(30 tons) of material. Assuming an average ore grade of 0.10% uranium oxide (approximate
average grade of the ore received at the ore buying station to date), a delivery truck would
carry a maximum of about 30 kg (66 lb) of uranium oxide. Even if the entire load were spilled,
it would be difficult for significant amounts of this radioactive material to enter the
environment because it is relatively insoluble and is not likely to be easily dispersed by
wind. In addition, the ore would be valuable and easy to clean up.

5.3.3 Shipments of chemicals to the mill

Truck shipments of anhydrous ammonia to the mill, if involved in a severe accident, could
conceivably result in a significant environmental impact. Weekly shipments of anhydrous
ammonia will be made annually from a supplier located approximately 320 km (200 miles) fromthe mill (ER, p. 7-10).

The annual U.S. production of anhydrous ammonia shipped in that form is approximately
6.9 x 106 MT (7.6 x 10* tons). It is estimated that about 26% of the shipments are made by
truck (the remainder by rail, pipeline, and barge). Assuming that the average truck shipment
is 19 MT (21 tons), approximately 93,000 truck shipments of anhydrous ammonia are made annually.
According to accident data collected by the Department of Transportation, there are about
140 accidents per year involving truck shipments of anhydrous amonia. For an estimated
average shipping distance of 560 km (350 miles), the resulting accident frequency is roughly
2.7 x 10-6 per kilometer (4.3 x 10-0 per mile). Data from the Department of Transportation
also reveal that a release of amonia [an average of 770 kg (1700 lb)] resulted from approxi-
mately 80% of the reported incidents and that an injury to the general public occurred in
roughly 15% of the reported incidents that involved a release (most of the injuries were
sustained by the driver).

Utilizing these data, the probability of an injury to the general public resulting from an
average shipment of anhydrous ammonia is roughly 3 x 10-7 per kilometer (4.8 x 10-7 per mile).
This estimate is probably too high for shipments in the vicinity of the Shootering Canyon mill
because of the relatively low population density. Nevertheless, accepting this estimate,
the likelihood of an injury to the general public resulting from shipments of ammonia to the
mill is predicted to be roughly 5 x 10-3 per year.
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6. MONITORING PROGRAMS

6.1 AIR QUALITY

For one year beginning in July 1977, total suspended particulate matter was monitored at the
applicant's mine camp, which is located in Shootering Canyon approximately 5.6 km (3.5 miles)
north of the proposed mill site. Every sixth day, 24-hr samples were collected at one location
according to the National Air Sampling Network schedule; a high-volume particulate samp'er was
used. No other pollutants were monitored by the applicant. The Utah Bureau of Air Qut.iity
operates a monitoring station for total suspended particulate matter and sulfur dioxide at
Bullfrog Basin Marina, approximately 16 km (10 miles) south of the proposed plant site. The
nearest monitoring station for nitrogen dioxide and ozone is located at Page, Arizona, approxi-
mately 110 km (70 miles) southwest of the site. The applicant will be required to conduct a
monitoring program to collect onsite meteorological data (e.g., wind speed and direction at
1-hr intervals), the results of which will aid in the determination of compliance with 10 CFR
Part 190.

The applicant did not present an operational monitoring program for nonradiological air quality.
Because no significant impacts to air quality due to operation of the facility are expected
(Sect. 4.1), the staff does not require an operational monitoring program for air quality.

6.2 LAND RESOURCES AND RECLAMATION

6.2.1 Land resources

6.2.1.1 Land

The applicant acquired land-use data from the U.S. Bureau of Land Management, the Utah State
University Foundation, and onsite visits (ER, Sect. 6.1). No other special methodology was
required. The staff plans to condition the license to require the licensee to conduct and
document a land use survey on an annual basis.

6.2.1.2 Historical, scenic, and archaeological resources

The existing condition of the site was determined as described in Sect. 2.5.2. As stated in
Sect. 4.2.2, additional monitoring should not be necessary; however, should artifacts or
cultural objects be discovered during the construction stage, the State Historic Preservation
Of ficer must be notified immediately as provided for in the Utah State Antiquitics Act of
1973 and Public Law 93-291.

6.2.2 Reclamation

The applicant's proposed plan to assure reestablishment of the vegetation consists of a visual
inspection of the reseeded areas each summer for three years. If seedlings do not become estab-
lished on the site within a year after seeding or are washed out during the three-year inspection
period, the area will be reseeded.1 The staff believes that these methods are not sufficient to
ensure stand establishment and self-perpetuation and concurs with the methods required by the
State of Utah Division of 011, Gas, and Mining in Reclamation Regulation. Rule M-10, which
indicate that revegetation will be deemed accomplished and successful when the species

1. have achieved a surface cover of at least 70% of the representative vegetative
comunities surrounding the operation (vegetation cover levels shall be determined by
the operator using professionally accepted inventory methods approved by the Division),
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2. have survived for at least three growing seasons,

3. are evenly distributed, and

4. are not supported by irrigation or continuing soil amendments.

The staff believes that by adherence to che reclamation requirements of the State 2 and recom-
mended techniques offered by plummer3 the revegetation procedures and monitoring programs should
be adequate to ensure successful reclamation. Sufficient records must be maintained by the
applicant to furnish evidence of compliance with all monitoring. The applicant will be required
to file a performance bond with the State of Utah to ensure performance of land reclamation.2

6.3 WATER

6.3.1 Surface water

6. 3.1.1 PreoEerational monitorin3

Surface-water samples were collected in July and August 1977 from five stations in the vicinity
of the project site. The locations of these stations are shown on Fig.1.1 and the physical,
chemical, radiological, and bacteriological constituents measured are listed in Table 2.8.

6.3.1.2 Op_erational monitoring

Operational monitoring of surface waters will initially be confined to quarterly samples
from Lost Springs (north of the site) and several seeps along Shootering Creek (ER, Sect. 6.2).
Any surface seepage that develops as a result of the tailings impoundment will also be
sampled and analyzed quarterly. To compare the water quality of these springs and seeps to
baseline conditions, all parameters measured in the preoperational study (Table 2.9) will be
measured in the quarterly operational monitoring program.

6.3.2 Gr_oundwater

6.3.2.1 Preopera tional

Groundwater quality in the local area was determined by the applicant by sampling and analyzing
springs and wells (Fig. 1.1 and Table 2.9). In addition, six wells will be completed near
the tailings impoundment (Fig. 6.1). These monitoring wells will be drilled to the top
of the Carmel Formation, then sampled and analyzed to provide baseline data for comparison
purposes during the operational monitoring program. All of the parameters reported on Table 2.9
will be measured.

6.3.2.2 Operational

The monitoring wells shown on Fig. 6.1 will be sampled on a quarterly basis and the analytical
results compared to baseline data to detect potential grcundwater contamination until reclama-
tion is comaleted. The applicant is also required to submit a plan to mitigate such contamina-
tion if it is observed.

Documented visual ir.spections, at least monthly, shall be made along the Shootering Canyon
sidewall next to the impounda.ent to ensure that no surface seeps have developed. If seepage is
noted, the applicant shall provide a plan to mitigate such seepage.

The applicant shall also continue to monitor the springs and wells shown on Fig. l.1.

6.4 S0ILS

Soils in the vicinity of the proposed plant site and tailings impoundment were initially
delineated on a map; these delineations were based on the reflective differences of land
surfaces from color aerial photographs and on field observations of topography and bare rock.
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Soils were sampled during July and September 1977 (ER, Sect. 6.1) at a total of 21 sites
(Fig. 2.4). Soils were sampled to a depth of 1 m (3 f t) unless bedrock was reached at a
shallower depth. Characteristics recorded at each soil sampling site included slope, erosion,
depth, texture, consistmcy, and color (ER, Sect. 6.1). Based on this information, five
major soil mapping units ere delineated on the proposed tailings impoundment and plant site.
Sieve analysis and ion exchange capacity were conducted on only one sample that was taken in
the vicinity of the western abutment of the tailings dam.

6.5 BIOTA

6.5.1 Terrestrial

Terrestrial ecological characteristics of the site were studied from July 19 to July 22 and
from October 4 to October 7, 1977.1 This study was supplemented by information from the Utah
Division of Wildlife Resources and from the published literature (ER, Appendix E).

Perennial vegetation was surveyed at the tailings impoundment and plant site (Fig. 6.2) using
the line-intercept and belt-transect methods (ER, Appendix E). Density by species was deter-
mined by counting individuals within a belt of I m (3 ft) on either side of the line transact.
Species composition was also recorded within this area. Cover by species (expressed as a per-
centage) was detennined by measuring the distance of the transect intercepted by the plant
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foliage. Estimates of herbaceous cover by species were made within 0.1-m quadrats placed at
2

10-m (33-f t) intervals along each transect. Transects were located by randomly establishing a
starting point and then placing ten 30-m (98-ft) transects in a continuous fashion, generally in
a north-south direction. To further reduce sampling biases, transccts were alternately directed
at a 45' angle from the north-south baseline.

Species composition and relative abundance of smal; mar rials were assessed by placing two live-m

trap grids on the site for three consecutive nights in July and two consecutive nights in
October (Fig. 6.2). In July, grids consisted of six rows and six columns of traps; in
October the design consisted of a 49-trap square grid. All traps were spaced 15 m (49 ft)
apart. The presence of medium-sized mammals (e.g., rabbits or coyotes) was determined from
direct observations ani examination of signs (e.g. , tracks, scat, or dens). Information
regarding use of habitat within the project vicinity by big-game mamals, upland game birds,
and other wildlife species of interest was obtair ed froa the Utah Division of Wildlife Resources
and from published literature. Songbirds were recorded along the same transects as those
used for the vegetation survey (Fig. 6.1). Raptor surveys were conducted by scanning the
slopes of the highly eroded bench to the west and north of the tailings impoundment site.
The presence of amphibians and reptiles was noted on an opportunistic basis.

Information from the Utan Division of Wildlife Resources and from published literature
generally reflects observations and measurements made over a period of years. Supplemented
with onsite investigations following periods of increased soil temperature and precipitation,
the information presented by the applicant should be sufficient to determine the probable
impacts to the terrestrial ecological characteristics of the area due to construction and
operation of the facility.

The applicant has not presented a detailed operational, terrestrial monitoring program.
Vegetation and wildlife in the vicinity will be qualitatively assessed when samples of
vegetation and wildlife are collected for the radiological monitoring (ER, Sect. 6.2). If

any changes in the plants or animals (such as unusual discoloration or dieback of plants or
any unusual changes in the health or behavior of animals) are thought to be due to operation
of the facility, additional investigations will be conducted to confirm the presence and to
determine the cause for such changes. The NRC and Utah Division of Wildlife Resources should
be contacted imediately if any of these unusual changes occur and should be kept informed
of all associated additional investigations. Test results from samples collected in the
vicinity of the facility could be compared to those from unaffected control areas in similar
vegetation types of wildlife habitats at some distance from the facility. The changes could
then be assessed to determine the need for appropriate mitigating measures.

Although potentially harmful amounts of radionuclides and other contaminants in the tailings
impoundment are not expected to result in any significant impacts to waterfowl and shorebirds,
the actual extent of this impact cannot be quantified (Sect. 4.6.1). The staff recommenas,

therefore, that the applicant monitor the use of the impoundment by waterfowl and shorebirds
during the fall and spring migration periods. Daily records should include the number and
species using the impoundment, as well as length of use and behavior. These data should be sub-
mitted to NRC on a yearly basis for evaluation to determine if there is a need for continued
monitoring and/or mitigating measures.

6.5.2 Aquatic

The applicant has neither conducted a sampling program for aquatic biota nor proposed preopera-
tional or operational sampling programs. Because of the lack of aquatic habitat (Sect. 2.6.1),
subsequent paucity of aquatic biota (Sect. 2.9.2), and the low probability that the aquatic
habitat could be impacted significantly by mill construction and/or operation (Sect. 4.6.2), an
aquatic biota monitoring program is not considered necessary by the staff.

6.6 RADIOLOGICAL

6.6.1 Preoper'tional proaram

A preoperational radiological monitoring program is being developed at the proposed Shootering
Canyon Uranium Project to establish the baseline radiation levels and concentrations of radio-
active materials occurring in air, biota, and soil and in regional surface water and local
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groundwater. The sampling program is ongoing, and results are incomplete. The preoperational
monitoring program will conform to that recommended by NRC and shown in Table 6.1.

6.6.2 Operational effluent and environmental monitoring program

The objectives of the effluent monitoring program are to ensure that the proposed mill dis-
charges are as low as reasonably achievable, to develop criteria that can be used in the desigr
of new operational procedures, and to aid in the interpretation of the results of such other
studies as the environmental monitoring program. The procedures for controlling effluent
release and performing monitoring and surveys will conform to applicable U.S. Government regu-
lations. The program that will be implemented (Table 6.2) will consist of me: urements of
radioactivity in the air, surface water and groundwater, soil, and biota.



Table 6.1. Preoperational monitorma program
-.- - . - - - -.- -. .. -

Ty pe
Sample collection Sample measurement

of
sample N umber. Location Type and frequency Test frequency T vpe of measurement

. . - . _ . - -
-. - _

A.r

Particulate 3 Locat ons ante at or near ute Continuous, weekly Quarterly compos tes of samples Natural uranium. Ra 226. T h 230.

boundaries and Pb 210

u anium. Ha ??6 T h 230Pae ticulate 1 Loc,t+ons of f site mcluding Cont:nuous. weekly Quas terly composites of samples Na tur al r

nearest reudences and Pt> 210

Particulate 1 Background location remote from Continuous. weekly Quarterly compos,tes of samples Natueal uranium, R4 226. Ih 230.
and Pb 210sete

Radon gas 5 At same locations where pas teculates Cont.nuous (one week Each 48 he sample Rn222
are sampled per month. same

period each monthl,
samples collected for
48 hr intervals

Wat er

Groundwater 6 Welis located around future taangs Giab. quar terly Quar terly . semiannually Disso'ved natur al uran um, Ra 226,

disposal area and any future mine Th 230, dissolved Pb 210

sites (emphasis on down grad.ent) and Po 210

1 Wells within 2 km of tailings disposal Grab, quarteely Quar terly , sem. annually Total and d'ssolved natural uranium, e
e

(from each well) and mining areas (could be used for Ra 220, Th 230. total and dissolved w

Pte210 and Po 210potatde water or irrigation)

I Well located up gradient from d4posal Grab. quarterly Quar terly. sermannualtv Dissolved natural uramum, Ra-226.

Th 230 dissofved Pt>210area for twckground
and Po-210

Surf ace water i Onsite or of f sce str eams (Shooter mg Grab. quarted y Quarterly suspended and disso!ved natural
urantum, Ra 226 Th 230

ifrom eat h body Creek, Lost Spr ngs Wash. etc |

of water) which may tw potentially con-
tart 1:nated by d'r ect surf ace drain- Gr ab. sem: annually Semeannually Suspended and d<ssolved

I t> 210 and Po 210age or ta'h igs impoundment f ailure

Vegetatinn (f or agel 3 Grazing areas near the m Il <,. e in Grab. three times Three t,mes Natural or an um Ra 2?t). I h 230,
Pb 210 and Po 210dif ferent sectors having the during graz:ng

highest predicted pirticulate season

concentrations duri g milling

over avions

F oud Icrops hvestor k) 3 W, thin 5 km of mill s te Grab, three times One time Natural uranium Ha 226, Th 230.

Pb 210. and Po 210
(of each type) durinq harvest or

slaughter

F ish E ach body of Collection of game fish bf any) Grab. semeannualf y Two times Natural ur an+um. Ha ??6 Th 230,

Pb 210. and Po 210
water f rom streams m the site environs

which may te contam,nated by
surf ace runof f or taihngs im
poundment failure



Table 6.1 (contmued)
-. - . _ - - - . - - . . - _ . - - - . - -- .- .-

Type Sample col'ection Sample measurement
of

Number Location Type and frequency Test frequency Tspe of measurement

Site survey

Gamma dose sate 80 150 m intervals to a distance of Gamma dose rate. One tirne Pressurized ionization chamter er
1500 m in each of eight directaons once prior to properly cabbrated portarde
from a poent equidistance between constt.sction survey instrument

the milbng area and ta.imgs pond
10 t 50 m miervals in both horizontal Gamma dose rate. One time Pressurated ionerat oo chamter

and vertical transverses across the once follo*mg or properly cabbrated ent table
mill.ng areas preparation of surwy snstrument

millmg site
5 At same locations as used for col Gamma dose rate. Quar verly Pressurized sonization chamter or

lection of part,culate samples quar terly properly cabbrated portable
survey mstrument

Sur f ace soil 40 300 m intervals to a distance of Grab. once prior One time All samples for Ra 226 10% of
1500 m in each of eight direct >ons to site constru: tion samples for natural uranium.
from a point equid. stance from Th 230 and Pb 210
mill and ta41'ngs pond sites

6 300-m miervals m both a horizontal Grab. Once following One time All samples for Ra 226. one sample for
and vertical transverse across the site preparation natural uranium. T h 230 and 7
milhng area Pb 210 co

5 At same locations as used for col Grab. once prior to One time Natural uranium Ra 226. Th 230
s

lection of air particulate samples site construct on and Pb 210

Subsurface so 1 profle 5 750 m mtervals in each of four Grab. once prior to One time All samples for Ra 22G one set of
d rections from a po ni eque site construction samples for natural uranium. Th 230
distance from the mill and tailmgs and Pb 210
pond sites

1 At center of mill ty ild.ng area Grab. once followmg One time Natural uranium. Ra 220. T h 230.
site preparation and Pb-210

Sedimen t 2 Upstream and downstream of waters Gr&,b. Once followmg Two times Natural uranium. Ra 226. Th 230
(from each stream) that may rece've surface water run- sprmg runoff and and Pb 210

off from potentially contam nated once in ' ate summer
areas or that could be affected by followmg period of
ta:| ngs impoundment failure entended low flow

Radon 222 flux 10 At center of mill site and at 750 and Two- to three day Each sample Rn 222 flux
1500 m m each of four d rections pereod, one sample
from the site durmg each of three

months (normal
avather)

# Nonradiological chemical parameters listed in Table 2.9.
Source " Branch Posit on for Preoperational Radiological Environmental Monitormg Program for Uranium M lis " U.S. Nuclear Regulatory Commiss.on Memorandum from L. C. Rouse. Ch;ef

of F ue Process ng and F abrication Branch, Jan. 9.1978.s



Table 6.2. Operational radiological environrnental monitormg program

Sample collectionTp MWM Sample measurement

Numtwr Location Method and frequency Test frequency Type of measurement

Air
Particulates 3* At site boundaries and en dif ferent Continuous. weekly or Quarterly composite Nar ral uranium. Ra 226. Th 230u

sectors having the hufiest pre- more frequently as and Pb 210
dicted concen trations required by dust

loading

1 At nearest residence Continuous, weekly or Quarterly composite Natural uranium. Ra-226. Th 230.
more frequently if and Pb 210
required by loading

1 Coritrol location-more than 1 S k m Continuous; weekly Quarterly composite Natural uranium, Ra 226. Th-230,
from mill site in least prevalent or more frequently and Pb 210
wind direction if required by dust

loading

Radon gas f/ Same as for air particulates Cont nuous, at least Each 48 hr sample Rn 222
one week per month
at approiomately the
same penod each
month, samples
collec ',r 48 hr en

intervain E
Particulates 1 Ore crusher stack isokinetic and repre- Sem i.anu al Natural uranium, flow rate

csentative semiannual Semiannual f or Ra 226, Th-230, Pb 210
stack sample first year

1 Yellow cake dryer and packaging Isokinetic and repre- Quarterly Natural uranium, flow rate
Cstock sentative monthly

Semiannual 1 on 2 (1) Ra 226 and Th-230 or
stack sample and (2) natural uranium,
either {1) semiannual Ra 226, and Th 230
stack sample or

Semiannual t r Pb-210(2) semiannual product
(yellow Cake) sampie first year, I or 2

Water
Groundwater 38 Down g adient (hyd'ologically) and Grab; monthly Monthly; quar terly Dassolved natural uranium. Ra 226.

relatively close to the tailings (quarterly af ter af ter first year Th 230, Pty210, and Po 210.
dand TDS8impoundment first year) chemicals

1 Control location--hydrologically up G rab. quarterly Quar ter ly Dissolved naturat uranium Ra 226
gradient (not influenced by tailings Th 230. Pt>210, and Po 210.
seepage) chemicals a.id TDS

1 Each well used f or deinking water or G rab; quarterly Quarterly Total natural uranium. Aa 226
(from each well) watering livestock or crops within Th 230, Pb 210. and Po 210.

62 km of tailings pond or mine chemicals and TDS



Table E.2 (continued)

Sample collection Sample rneasurement
7 g g _

Numter Location Method and frequency Test frequency Type of measurement

Surf ace water 2 Surf ace waters passing through or Grab: quartes ly when Quarterly when Total naturaf uranium, Ra 226,

(from each stream) close to the mill, one sample flowing or f ollowing flowing or follow- Th 230. Pb-210. and Po 210;

upstream and one downstream precipitation event ing precipitation suspended sohds

of locat.on of potential influence event

Direct radiation S Same as for air particulate samples Pressurized ionization Quarterly Measurement of reay and gamma-

chamber, properly exposure rates

cahbrated portable
survey instrument or

thermoluminescent
dosimeters with two or
more phosphors each

Soil S Same as for air particulate samples Grab. annually Annually Natural uran um and Ra 226

Vegetation or forage 3 From animal grarir g areas near mill Grab; three times Each sample Ra 226 and Pb 210

site whch have the highest pre- during grazing

dicted concentration imcluding season (i e., April,

nearest ranches) July, and Octoter)

c5
e

' Program component from Regulatory Guide 4.14. bif a large number of wells are located within 2 km, only those wells nearest ta.hngs impoundment or the mme rieed be sampledD

c To be taken during operation of the stack ventitat.on system and the respective process system. Minimum samphng time,3 hr per stack.
Chemical parameters to be analyzed wili tie determined from an analysis of samples tairen from the ta< lings pond once mill operations have begon.#

*TDS = total dissolved sohds.

s
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7. UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS

7.1 AIR QUALITY

An unavoidable impact of construction and operation of the mill facility will be a slight
increase in particulate matter and ambient concentrations of gaseous emissions. Because the
concentration of these pollutants must meet the Federal and State air quality standards, the
staff feels that they will not contribute significantly to the decline of the regional air
quality.

7.2 LAND USE

7.2.1 . Land resources

7.2.1.1 Nonagricultural

Area land uses will change as a result of the population growth that would be induced by the
proposed mill and any related mining activities. Possible adverse impacts are those that
would result from increased traffic on the highways.

7.2.1.2 Agricultural

Construction and operation of the mill will result in an unavoidable loss of nearly 140 ha
(350 acres) of potential grazing land. Following project termination, about 20% of this total
area will be occupied by the reclaimed tailings impoundment and will be unavailable for grazing.
The remaining land will be reclaimed to permit unrestricted use.

7.2.2 Historical and archaeological resources

The limited, known archaeological resources (lithic scatter) on the lands affected by the
project can be avoided and/or salvaged. Therefore, if the mitigation proposed in Sect. 4.2.2
is followed, adverse impacts should be minimized.

7.3 WATER

7.3.1 Surface water

Erosion of disturbed soils during construction and operation would minimally impact the local
streams and only during heavy, erosion-producing rainfall. No adverse impacts on surface
water caused by groundwater transport of tailings materiais are expected. Overall, no adverse
impacts on surface waters ara expected.

7.3.2 Groundwater

Operation of the proposed mill will result in the use of up to 2.9 x 105 m3 (235 acre-ft) of
water (drawn from the Navajo aquifer) per year. The usage of water by the applicant should
have no adverse effect on other users. Preoperational and operational monitoring of the
groundwater is required (Sect. 6.3.2), and mitigating measures will be taken if groundwater
contamination due to seepage (from tailings to the Entrada aquifer) is observed. No adverse
impact on groundwater is expected.
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7.4 MINERAL RESOURCES

The mining and milling of primary uranium ore deposits will deplete the naturally occurring
higher-grade ore bodies. However, if it becomes profitable to reprocess the mill tailings
for any of the remaining minerals, this can be easily accomplished. Because there are no
other known major mineral deposits of economic value in the mill area, no impacts on other
mineral resources are expected.

7.5 S0ILS

Construction and operation of the mill facility will disturb about 140 ha (350 acres). Topsoil
will be removed from the construction areas and stockpiled for replacement upon termination of
operations. However, a temporary decrease in natural soil productivity is probable (Sect. 4.5).
Some soil will be unavoidably lost, primarily from wind erosion, but proper mitigating measures
(Sect. 4.5) would minimize this impact. Reclamation laws require successful establishment Jf
a soil medium that would be capable of sustaining vegetation without irrigation or continuing
soil amendments (Sect. 3.3.2). Long-term impacts on the soil are not expected to be significant.

7.6 BIOTA

7.6.1 Terrestrial

the proposed project will result in a temporary unavoidable loss of about 140 ha (350 acres)
of vegetation and a concomitant loss of wildlife (Sect. 4.6.1). Although some vegetation and
wildlife loss would be unavoidable, such loss should not result in any long-term adverse impacts.

7.6.2 Aquatic

The impact on limited available aquatic habitat due to mill construction or operation is pro-
jected as insignificant (Sects. 4.6.2 and 7.3.1)- No adverse impacts on aquatic biota are
expected.

7.7 RADIOLOGICAL

Radioactive emissions from transportation, storage, and milling of the ore will increase the
level of radioactivity in the surface environment. However, the size of the increase is small
compared to the natural background level (Sect. 4.7).

7.8 SOCI0 ECONOMIC

The infusion of people into the local area will strain certain public services and the housing
market, unless these areas are expanded rapidly. Both old and new residents will be affected.

The present consumer prices for goods and services in the area of the site will be stimulated
by the project. A rising cost of living primarily affects original residents who have not
increased their income at the same rate as energy-development workers.

The general inconvenience caused by expansion to meet the needs of the new residents - such as
construction activities, temporary buildings, and decline in services - can rarely be avoided in
large projects such as uranium mill construction. The staff expects that such inconveniences
will affect many residents in and visitors to the area of the Shootering Canyon Uranium Project
and, although these impacts cannot be avoided, they can be minimized through cooperative efforts
by Plateau Resources, State governments, and local developers.



8. RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT
AND LONG-TERM PRODUCTIVITY

8.1 THE ENVIRONMENT

8.1.1 Air quality

The short-term increases in suspended particulates during plant construction and the increases
in suspended particulates and chemical emissions associated with mill operation are expected
to have no impact on the long-term quality of the atmosphere in the region.

8.1.2 Land use

The majority of the land used for construction and operation of the mill facility could be
returned to its present use through successful reclamation. The reclaimed tailings impoundment
area, however, under present regulations may be unavailable for further productive use.

Although uranium milling is a short-term activity, a mill tailings disposal site will constitute
a permanent disturbance of the land surface, rendering it unsuitable for future archaeological
investigation. Therefore, any such investigation must be conducted during the initial suridce
disturbance.

8.1.3 Water use

No changes in the surface-water use patterns are expected to occur as a result of mill operation.
Because of the precautions that will be taken to prevent seepage to the Entrada acquifer and
because of the large size of the Navajo acquifer from which water will be drawn, no long-term
effects on regional groundwater availability and quality are expected to occur.

8.1.4 Mineral resources

Although no mineral resources are known to exist on the site, the mining and milling of uranium
ores does not preclude extracting minerals of future economic importance should they be unex-
pectedly discovered in association with uranium occurrences. The uranium mill tailings could
be reworked if economics warrant.

8.1.5 Soils

State regulations require that the reclamation progran be designed to return the soils to a
condition of productivity consistent with their present use, that is, the production of forage
and habitat for livestock and wildlife. The reclamation proaram will begin as soon as practic-
'ble and continue throughout the life of the project. About 30! of the disturbed area could be
reclaimed following construction of the second stage of the impoundment dam. Therefore, these
areas should be in their thirteenth year of reclaimed productivity by the time mill operations
cease.

8.1.6 Biota

8.1.6.1 Terrestrial

Construction of the mill facility is expected to take 14 months. Based on the capacity of the
tailings impoundment, the mill could operate 20 years. Assuming 25 years would be required to
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return the land to its existing climax connunities, the majority of the disturbed areas would
not be returned to their present productivity for nearly 50 years. About 30% of the total
acreage disturbed could be reclaimed following construction of the second stage of the ii" pound-
ment dam. Therefore, the length of time these areas would be disturbed would be somewhat less,
approximately 35 years. Terrestrial vertebrates now inhabiting the project site will either
perish or will escape to undisturbed areas surrounding the mill, where populations will be
controlled by natural means. After reclamation, the more adaptable individuals and species will
repopulate the area as favorable stages in the vegetative succession are reached.

8.1.6.2 Aquatic _

The milling operation should not h3ve any short- or long-term effects on aquatic biota.

8.1.7 Radiological

At the end of milling operations, the tailings will be overlain with sufficient natural cover
material to meet radon and gama release standards and then reclaimed. The reclaimad tailings
area will constitute a source of radon emission of no more than twice the natural background
flux.

8.2 SOCIETY

No significant long-term impacts on the socioeconomic character of existing and future local
communities (e.g., Ticaboo) can presently be attributed with certainty to the project. The
nature of such impacts will depend on the prevailing comunity conditions when operations of
this mill cease:

1. If the local economy and population continues to grow when the operation terminates and
project personnel migrate from the area, the additional housing and public facilities
built to accornodate project-related personnel will help to accomodate needs of the
expanding economy.

2. If, at project termination, the economic activity and populations of communities are
declining and surpluses of facilities and heusing exist, some of the resources initially
invested to accomodate needs of the Shnotering Canyon Uranium Projcct employees will
not have been amortized. This situation could be aggravated if bonds used to finance
public facilities directly attributable to this development have not been amortized
during the operating (or other taxpaying) life of the project.



9. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

9.1 LAND AND MIhERAL

9.1.1 Land

The land cccupied by the reclaimed tailings impoundment nay not be available for future
productive use. This restriction is considered an irreversible conmitment of resources.

9.1.2 Minera_1

The extraction, processing, and eventual use of the uranium oxide produced by the mill are
- -tidered irreversible and irretrievable. Other than the uranium resource itself, several

lion gallons of fuel oil, and other fuels consumed in the mining and milling operations,r.. .
no irreversible or irretrievable commitments of mineral resources are anticipated.

9.2 WATER AND AIR

9.2.1 Water

Groundwater and surface waters are not expected to be impacted by the praposed project. Because
of the large volume of groundwater available, the use of this groundwater for the mill's water
supply is not considered an irreversible or irretrievable commitnent of this resource.

9.2.2 Air
_

Air is not depleted as a result of construction and operation of the mill facility, but there is
a potential for the air quality to be impaired primarily as a result of an increase in total
suspended particulate matter. However, because the otmosphere is self-cleaning of the pollutants
at the anticipated low concentrations, no irreversible or irretrievable commitments of air
resources are expected.

9.3 BIOTA

9.3.1 terrestrial

A total of about 140 ha (350 acres) of soils and associated vegetatior, will be terporarily
disturbed or lost for the life of the project. However, the land and wildlife habitat can be
restored in time to acceptable levels as a result of approved reclamation efforts (Sect- 3.3.2)
Although current regulations require the tailings impoundment area to remain fenced until it is
released from its status as a restricted area, some wildlife will undoubtedly use this araa
after project termination and reclamation. Therefore, this restriction is not considerec -

irreversible commitment of resources.

9.3.2 Aquatic

The staf f does not expect any irreversible or irretrievable commitment of aquatic biota or
habitat from project operation.
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9.4 MATER!'

Chemicals sJ reagents required by the milling process will be consuned and therefore are
considered irretrievable and irreversible comitrents of these resources. Use of these mate-
rials, however, is considered a miror impact, because, in the volumes consumed, the materials
are readily available.



10. ALTERNATIVES

10.1 ALTERNATIVE SITES

The following factors were among those considered in selectim; ar.d evaluating miIl and tail-
ings disposal sites:

1. accessibility, but with limited public exposure (population doses);

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

3. geotechnical, meteorological, and hydrological factors: (1) directica and intensity
of prevailing wind,, (2) presence of mineral resources, (3) subsurface structural
stability (4) aviilability of tailings impoundment construction materials, (5) adequate
quantity and quality of materials available for reclaiming the tailings disposal area
and other disturued surface areas, and (6) suitable surface hydrology characteristics;

4 topographical . actors such as surface suitability for construction of facilities with
minimum alterotion of terrain and the size of the drainage area above the tailings
impoundment;

5. proximity to 1atural and man-mdac areas that could be adversely af fected by the con-
struction, operation, and reclamation activities related to the project;

6. existence of unique habitats that might support protected, threatened, cr endangered
species; and

7. availability of housing and other services to employees.

The staf f has determined that the most important factors to be considered during the site
selection process are those that ensure an acceptable tailings management program. The NRC
tailings management performance objectives for siting and design are listed in Sect. 10.3.1.

10.1.1 Alternative mill and tailings disposal sites

Approximately 901 of the ore for the proposed mill will be supplied by company-owned mines
located nearby in Shootering Canyon. Alternative sites for the mill wJuld be optimally
located with respect to the ore to be processed to minimize haulins dis tances, that is, trans-
portation impacts. The applicant initially outlined an area in the region surrounding the
Shootering Canyon mines in which a search was made for adequate alternative mill sites
(Fig. 10.1). The region considered was bounded by the Glen Canyon National Recreational area
to the south and southwest, the Capitol Reef National Park to the west, Lake powell to the
east, and rugged terrain to the north (except along Highway 276). The northern cutoff (up
Highway 276) was chosen based on the economics of ore transport and the lack of land having
a topography any rore suitable than that included in the study area.1

The study area was further reduced to a 29-km (18-mile) strip along the west side of High-
way 276 as shown in Fig. 10.1. The primary reasons for rejection of other portions of the
initial study area are noted on Fig.10.1. The reduced area was physically searched to
determine where potentially satisfactory tailings disposal sites might be located, and the
potential sites were screened.

The alternative of returning the mill wastes to the mines from which the ore was extracted,
while attractive, was not considered to be feasible, primarily because the nearby mines would
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not have available mined-out areas on a schedule corpatible with tailings disposal require-
ments. In addition, this would make contiguous lower-grade ore bodies less accessible.
[ Disposal of the tailings in mined-out areas is discussed, in detail, in Sect.10.3
(Alternative 4).]
Af ter considering primarily transportation impacts, the staf f has concluded that other poten-
tial alternative sites in this region of southeastern Utah would be no better tnan those
located in the vicinity of the applicant's Shootering Canyon mines.

10.1.2 Alternative tailiras di_sposal sites in the vicinity _of the Shootering Canyoq mines

The long-term integrity of a tailings impoundment requires a stable geologic environment
with a competent foundation and retaining walls. Two fomations in the area have the necessary

Thesestrength, stability, continuity, thickr.ess, and reasonably good engineering properties.
are the Entrada sandstone and the Sumerville Formation. Other geologic horizons such as
the Brushy Basin and Mancos shale are unsuitable for stable tailings disposal sites (Fig. 2.3).

Both the short- and long-term stability requirements for tailings disposal preclude siting in
deep natural drainages that may, at times, carry large volumes of floodoaters. Even tributary
drainages with catchment areas that may generate large runofi *Jmes must be excluded because
diversion structures cannot be expected to remain in place over the long periods of time
required for stable storage of tallings. These criteria were applied to the areas where the
Entrada and Summerville formations outcropped, further reducing the area of potential sites.

The final step in the applicant's screening process was the identification of natural basin
6 tons) of tailingsconfigurations that could be used for storage of the 5.0 x 10b MT (5.b x 10

wastes that would be Created during 20 years of mill operation. The locations of 19 potential
storage basins identified by the applicant are shown in Fig.10.2. These locations were
evaluated by the applicant, and all but five of the 19 sites were excluded from further
evaluation for the reasons given in Table 10.1. The remaining sites (2, 4, 5, 9, and 10 on
Fig.10.2) were then qualitatively evaluated based on engineering and economic characteristics
(Table 10.2). The applicant has proposed site 9 as the optimum tailings impoundment location.
The staf f visited several of the potential sites and independently reviewed information sub-
mitted by the applicant's consultants. Major emphasis was placed on site characteristics that
would help to ens re the long-term stability of the reclaimed tailings impoundment.

10.1.3 Evaluation of alternative mill and tailings disposal sites

The staf f has concluded that no net environmental advantages would accrue if the mill and
tailings disposal facilities were to be located at sites other than the Shootering Canyon site
proposed by the applicant; that is, the site proposed for the projected facilities is better,
from an environmental standpoint, or at least as suitable as other potential locations. It
must be emphasized that this conclusion is possible only because a similar conclusion can be
made concerning the acceptability of the proposed tailings management system (Sect.10.3.2.
Alternative 1), which enhances the environmental suitability of the chosen site.

10.2 ALTERNATIVE MILL PROCESSES

10.2.1 _ Conventional uranium milling processes

The milling processes proposed by the applicant follow conventional procedures and confom
with those comonly used by the domestic uranium milling industry. In general, yellow cake is
produced by the milling of uranium ore via the following procedure: (1) ore preparation
(involving primarily the crushing and grinding of the cre), (2) leaching, (3) separation of
pregnant leach liquids from waste solids (tailings), (4) concentration and purification of the
uranium by extraction from the pregnant leach solution, (5) precipitation of the uranium from
the extract solution, and (6) drying and packaging. The specific manner in which each of
these steps, singly or in combination, is acconplished varies from mill te mill, depending on
differing ore characteristics. Normally, process decisions are based on overall economic con-
siderations, including costs of controlling chemical and radiological effluents to air, water,
and land.
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Table 101. Summary of screemng results for potential plant and taihngs impoundment locations,
Shootermg Canyon Uramum Prosect

. . _ _ . __. ._. . _ _ _ . . _ _ . _ _ . _

Lrx at,on S reen nq resu!ts

1 Screened out fong dam an <s e t 14t r H y sever e de a.naq*' c m't' ol prn!,le;ms,

aesthet:c vns t +v it y

2 Ar < eptable

3 S r e e ed o'et ar ea too sma.1
4 Aco ptalve
5 Acceptotale

poten' al popula ron center revs f or6 Screened out a'r quahty problem for r

s[WCadl d'*s y0
qua t f prob em f or potent 141 populat.on center need for7 St r eened out. a.: n

meoal de 5:gn

8 Sueened our prob!,m w.th upstveam sier f ace dra na pr contr ui. s..were e uoan

po ten t ial

9 Acce ptNe

t0 Acceptable

11 Soeer ed out v,s tAe f r om h.ghwa y. 5xn;r a .tt ,s, quest onat/e w o umer

12 Screened oot v 's bW from highu r, poos access, erus,on probiem
v,s.bie trom h.9 wa y , tong dam aii .s. er ogon pr obNmh13 S:reen< d out

14 Scr eened out sewere finod prafect on requirements, poor topog, aph y. r o
convenient plant sit +s

15 S r oerwd out w verc urf ace de a+ nag. pr ob!enis, poter.t,al eto oi.isc ai niipar.tr

A Scr i r e d out. e' es.on cortr ol pr oblems poor dam foundation arut abutaie nts

0 Sreened out er os on cont'ol problems, poor dam f oundat.on and abut rw nts

C Screened out man y dams requer ed, poor tup.wpauh.c enclosure

Junct.on of H Ays 2 76 St reened not no reasonobu locat,on w.th auentable a4. cess. high vn bd t y,

ar d 95 h.qh l' cod ny porer i al near h ghway
-.

Table 10 2. Engmeermg and economic characteristics of potentially acceptable sites for the Shootermg Canyon Uramum Prciect
_ _ _ _ . _ _ _ . _ . . .__ _ . _ _ _ _ . _ _ . _ _ _ . _ _ . _ _

Loc at 'on
Char ac ter is t ,c

-- 2 4 5 9 10
- - - - - - - - --_ - - _ - - - - _ - _ - - - - _ - - - - - - - - - -

_ _ _ . _ _ _ _ _ .
_ _ . . . _ _ _ . _ _ _ . _ . _ . _ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _

Numtwr of dams requaed 1 or 2 At least 2 At least 2 1 or 2 Poss bly 2

Access teom m ne to plant 7 mars. good 6 5 m.tes. good 6 moes, good 3 5 m.f es. needs 3 * maes. .er y

m ipr ovemen t ge rod

Reqmrements f or flood M nor Sigm fic ant S gmf cant None S.gn.ficant

control protect on

Access for tuht ng Ver y good Good Good Good Good

e gw ptne n t

Gravf y flow f rom E =cenent Adequate Adequa te Adequate Ade q t.a t e

plant to pond

Length of slurry p.pehne Moder a te Moder ate M.yf er ate Yaterate to long Short

Io andation and abutment Ver y goad Good G ood Good Good

quahty

Ava< tam.tv of twa.ld.ng Good Far Fa r to adequate Good Fair to adequate

and reclamatron materials

Ta hngs pond sur f ace area Moderate to f ar ge Moder ate Moder ate Moderatt to la'ge Moder a te

Requirements f or basin Not 1:k ety Not I.kely Not I.kely Not hkely Not hkely

1,ning

Conteof of surf ace M,nor M mor M.nor M nor M1mor

dr manage inflow

Fle=ibil,ty of enpnecong Good F air Fair Good F air

des gn

E m pans.on capat>hty Yes Yes Yes Yes Yes

_ _ _ _ _ . _ _ . _ . _ _
-- ---
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Cru",hing and grinding of ore are needed to reduce overall particle size to ensure efficient
contact with the uranium-dissolving reagent. Normally, the ore is moved from stockpiles to
the crusher by trucks, bulldozers, or by front-end loaders.' Conventional crushing equipment
usually reduces the size of the ore particles to approximately minus 1.9 cm (0.75 in.). Con-
trol of the moisture level in the feed ore is crucial in the crushing process and generally
should be less than 101 to prevent crusher malfunctions. In most mills the crushed ore is
stored temporarily in bins before further processing. Grinding is usually accomplished by
rod or ball mill, with the ore being ground to approximately 28 mesh for acid leaching and to
approximately 200 mesh for alkaline leaching.2 The Shootering Canyon mill will utilize a
crushing system consisting of a stationary grizzly [7.5 cm (3 in.) openings], vibrating screen
[1.9 cm (0.75 in.)], primary jaw crusher, and secondary crusher to reduce the ore particles to
minus 1.9-cm (0.75-in.) mesh size, with approximately 680 MT (750 tons) of the crushed ore
being transferred daily from fine-cre storage bins to the rod mill grinding circuit. The
rod mill will utilize steel rods in a wet grinding process, operating at approximately 701
solids, to reduce the are to sand-sized particles. The ore slurry will be gravity-fed to a
sump and then pumped to the leaching circuit.

The leaching method chosen for extracting the uranium from the ground ore is heavily dependent
on the chemical properties of the ore. Ores containing low 1cvels of basic materials
(primarily lime) are usually leached with sulfuric acid. An alkaline leach reagent (normally
sodium carbonate-bicarbonate solution) is usually used when the lime content of the ore is
high and uneconomical quantities of acid would be required, significantly increasing pro-
cessing costs. In some processes, acid is added in " stages" to minimize excessive initial
frothing and to monitor acid content (pH control). The applicant found the Shootering Canyon
ores to be amenable to an acid leaching process and plans to use a two-stage, multiple-tank
sulfuric acid agitation leaching system. The ore slurry from the grinding mill will be punced
to the first-stage leaching circuit to be mixed and agitated with a strong sulfuric acid leach
solution. The slurry will then be transferred to a decant thickener, with the decant leach
liquor (containing the dissolved uranium) from the thickener being conveyed to a solvent
extraction circuit. The solids from the thickener will be transferred to the second-stage
leaching circuit.

The separation of the pregnant leach solution from waste solids is usually accomplished by
thickening or by filtration. The majority of th* acid leaching mills in the United States use
countercurrent decantation in thickeners for liqu'J-solid separation. 3 The applicant has also
chosen to achieve liquid-solid separation by coustercurrent decantation washing and thickening
methods. (The belt filtration alternative is described in Sect. 10.2.2). The slurry from
the second stage of the leaching circuit will be transported to a series of six thickeners.
The waste solids (tailings), which will be transferred from thickener to thic' will be
discharged from the sixth thickener (underflow slurry containing 55*. water) to ilings
disposal area. The leached solids will be contacted countercurrently with barren dic wash
solution consisting primarily of recycled solvent extraction raffinate, and the resulting
pregnant liquor from the thickener circuit will be collected and pumped to the first stage
of the leaching system. A flocculating agent will be added to each thickener to increase
separation ef ficiency, and the overflow liquid from a sedimentation thickener between the two
leaching stages will be passed through a clarifier and sard filters to remove suspended solids.
The filtered liquid will be fed to a solvent extraction circuit.

Concentration and purification of the uranium from the pregnant leach solution is necessary
for the production of a high-grade uranium product. This process is usually performed by
either a solvent extraction or an ion exchange process. The applicant has chosen a solvent
extraction process in which the aqueous uranium-bearing solution is contacted with an organic
solution into which the uranyl ions will transfer. The uranium-loaded organic solvent will
then be transported to the stripping operation, where the uranium will be stripped from the
solvent with an aqueous ammonium sulfate solution. Most of the depleted aqueous solution
(raffinate) will be recycled to the countercurrent decantation circuit. The barren organic
solution will be returned to the beginning of the solvent extraction circuit.

The milling process generally concludes with the recovery of the uranium from solution by
chemical precipitation. When acid leach methods are utilized, the uranium is precipitated by
neutralization with a base such as amonia, lime, magnesia, or hydrogen peroxide.3 The
precipitate is then dewatered, dried, and packaged. At the Shootering Canyon mill, the
uranium-rich solution from the stripping cperation will be treated with anmonia to neutralize
the solution, precipitating ammonium diuranate (yellow cake). The barren ammonium sulfate
sclution will be filtered and recycled to the stripping stage of the solvent extraction cir-
cult. The precipitate will then be washed, dewatered, dried in a multiple-hearth furnace,



10-7

crushed to minus u.6 cm (0.25 in.), and packaged in shipping containers. The drying, crushing,
and packaging operations will be isolated and enclosed in an area that is maintained at a
negative air pressure to contain and collect (by bag filter and wet scrubbing) most of the

3 3 particles.airborne V 0

10.2.2 Uranium milling processes that produce low-moisture tailings _

There are several alternative uranium milling processes currently in use in other countries
which produce low-moisture tailings that might be amenable to direct burial in unlined dis-
posal retention areas, such as depleted open-pit mines or specially prepared pits. For
example, a dewatering method developed by Burns and Roe /Pechiney/Ugine-Kuhlmann utilizes a
belt filtration process instead of conventional vacuum drum filters or thickeners to separate
the pregnant leach solution from waste solids. The liquid-solid separation method proposed
by the applicant will produce tailings that will be approximately 55% water by weight; the
rate of discharge will be approximately 680 MT (750 tons) of tailings and 832 MT (917 tons)
of liquid per day. If the Pechiney milling technique, which uses a belt filter, were to be
implemented, the " cake" would be washed countercurrently in two stages, with the barren tail-
ings being dewatered to a moisture content of approximately 22% The tailings can be neu-
tralized before filtration or on the belt filtar. The tailings would then be conveyed by
belt or truck to the tallings disposal site. Because the tailings are essentially " dry,"
the area required for tailings storage might be reduced, and the problems associated with the
control and monitoring of seepage from a disposal site might also be decreased. The possi-
bility of using this type of belt filtration process is dependent on consistent physical
characteristics " the ore processed, as this is the basis for the design of the filter.

The applict it considered the use of such a filtering system at the proposed mill but decided
that it wouW be impractical. Because the ores will be leached with acid and a variety of
ores will be processed, the applicant concluded that the leached solids produced would be
dif ficult to filter without experiencing rrajor equipment mair.tenance problems. The applicant
has proposed instead to dewater the tailings by means of a pipe drainage system to be installed
on the bottom of the impoundment. Although the staff is unconvinced that belt filtration is
not feasible, the proposed alternate tailings dewatering procedure is considered acceptable.
This dewatering method is discussed in detail, in Sects. 3.2, 4.3, and 10.3 ( Alternative 1).

10.2.3 Evaluation of proposed milling process

The milling methods proposed by the applicant are conventional, state-of-the-art techniques
utilized in the dorestic uranium milling industry and are as environmentally sound as other
comonly used processing combinations. Further unforeseen developments, such as increased
processing costs due to changes in the characteristics of the ore or c%nges in the relative
costs of reagents, may result in the applicant proposing charges in the mill circuit. When
such changes are suggested, the environmental impacts assoc 1ated with their implementation
will be assessed.

10.3 ALTERNATIVE METHODS FOR TAILINGS MANAGEMENT

10.3.1 Introduction

For the purposes of tnis section, tailings management is defined as control of the tailings and
waste solutions following removal of the uranium values. Engineering techniques to control
pollutants from tailings, both during operational and postoperational stages of a milling proj-
ect, have been proposed. The unique characteristics of each facility must be identified, and
then appropriate environmental controls must be applied. In preparing this section, the staff
has examined alternatives considered by the applicant,"8 as well as alternatives considered
for other mills.9-13 Alternatives presently available or feasible (i.e. , potentially available
with existing technology and at a reasonable cost) are described in Sect. 10.3.2 and evaluated
in Sect. 10.3.3. A list of additional alternatives for tailings management that the staff
has concluded are not feasible with existing technology is presented in Sect. 10.3.4.

The interim stabilization procedure described in Sect. 3.3.1 is applicable to all tailings
management alternatives presented below.
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Each alternative tailings management plan has been evaluated against the following set of
perfomance objectives developed by the staf f:

Siting and design

1. Locate the tailings isolation area remote from people so that population exposures
will be reduced to the naximum extent reasonably achievable.

2. Locate the tailings 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 seepage of toxic materials into the groundwater system
will be eliminated or reduced to the maximum extent reasonably achievable.

During operations

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

Postreclamation

5. Reduce direct gama radiation from the impoundment area to essentially background.
6. Reduce the radon enanation rate from the impoundment area to about twice the emanation

rate in the surrounding environs.
7. Eliminate the need for an ongoing monitoring and maintenance program following

successful reclamation.
8. Provide surety arrangements to ensure that sufficient funds are available to complete

the full reclamation plan.

10.3.2 Feasible alternatives for tailings management

Alternative 1: Disposal of neutralized, dewatered tailings in a natural basin closed by an
impoundment dam

This alternative involves the construction of a tailings impoundment in a natural basin approxi-
mately 0.4 km (0.25 mile) west of the proposed mill site (see Fig. 10.3). The impoundment
would be constructed by building an engineered embankment across the open (southern) end of
the basin (Fig. 10.4). The tailings disposal area would be sized to store 680 MT (750 tons) of
tailings per day produced during 20 years of mill operation [3.2 x 106 3 (2600 acre-f t ) orm
5 x 10' MT (5.5 x 106 tons)] and would be constructed in two stages. The first-stage impound-
ment would be sized to contain the tallings produced by seven years of mill operation, would
cover approximately 16 ha (39 acres), and would require an embankment 26 m (85 ft) high
[crestelevation1351m(4433ft)]. For the second phase, the dam crest elevation would be
raised to 1361 m. [The final dam would be about 36 m (118 f t) high and would be approximately
460 m (1500 ft) long.] The second-stage impoundment would be 28 ha (68 acres) and would be
capable of storing the additional tailings produced during the remaining years of the proposed
operation. The initial (first-phase) and final (second-phase) retention dams, which must be
constructed to meet the safety criteria in Regulatory Guide 3.11, would be zoned embankments.
To minimize erosion, the upstream and downstream zones or " shells" would be constructed of
2:1 sloped segments of pediment boulders, cobbles, gravel, and sand; the sloping core of the
dam would be a compacted mixture of local clay, silt, and sand; the transition zones between
the core and the outer segments or " shells" would be constructed of locally obtained fine
sand (Fig. 10.5). To minimize seepage under the tailings embankment, the core of the dam
would be tied to the compacted soil liner on the bottom of the impoundment. Minimum embankment
freeboard allowances of 4 m (13 ft) and 3.4 m (11 ft) would be maintained, respectively, for
the stage-one and stage-two impoundments to ensure that the impoundment would be capable of
containing the surface runoff resulting from a design flood (probable maximum flood series
preceded or followed by a 100-year flood), with wind, waves, and runup. In addition, the
applicant has proposed construction of emergency spillways (for each dam stage and for final
reclamation) to allow passage of storm runoff exceeding the design flood. (A 50-year, 30-min
storm was assumed to immediately follow the design flood.)



10-9

E S 469S

Ht1E
Os y .*

b

B'

A' POSSIBLE LOCATION [s
5FOR TAILINGS /

DISPOSAL PIT /
1

#APPROX IM A TE
BOUNDARY Of-
PROPOSE D
T At t INGS
POND

i

' . ,

'

B -

.
2

(
, . -

/
4 PROPOSE D '

I PLANT SITE t

J)'

.

DAM
' T

35N/
,

. s
A (3)

,

0 ". %
,

' m,ie
.

f
% # y .

\

F i g . 10. 3. Locations of impoundment pond and pit disposal alternatives for the 3hootering
Canyon Uranium Project. See also Fig. 10.4. Source: Adapted from Plateau Resources, Ltd.,
Ev:k:tien aj' Tallir.ja Disposa Altam:tices, Shooterin) Cm:icn Umbe: Fro.ie c t , lital:, prepared
by Woodward-Clyde Consultants, San Francisco, Calif., Rev. December 1978, Fig. 2.

To minimize seepage and the potential impacts of seepage of tailings liquids from the tailings
impoundment, the applicant has proposed to line the floor of the tailings storage area with
a layer of from 0.6 m (2 ft) to about 3 m (10 ft) of compacted, locally obtained, silty
clay and to construct and operate tailings drainage and neutralization systems. The liner
and neutralization and drainage systems are described in Sect. 3.2.4.7.
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If the drainage system operates as planned during the first phase (first seven years), the
applicant would extend it to the remainder of the disposal area as part of the second phase of
the operation. The major advantages of the drainage system would be a reduction in potential
seepage losses (due to decreasing the hydraulic head above the impoundment liner), a reduction
of project water requirements (equivalent to the amount of tailings liquids recycled to the
mill and used to control dusting), and a lower and more uniform moisture content (which
should shorten the drying-out period prior to reclaiming the impoundment area).

The major benefit to be derived from neutralization is a substantial reduction in the dissolved
solids contained in the tailings solutions. About 901, of the radium, most of the thorium,
and much of the copper, cobalt, aluminum, iron, molybdenum, and vanadium would be precipitated
from solution, as would sulfate in the form of gypsum.14 Should residual contaminants preclude
recycle of a significant portion of neutralized solution to the process, the reduction in
tallings acidity would at least render toxic materials in the wastes less susceptible to
teaching and should increase evaporation from the liquids. If percolation of the tailings
liquid through the waste rock fails to provide adequate neutralization, the applicant is com-
mitted to proposing and instituting procedures to ensure that adequate neutralization occurs.
For example, crushed mine waste rock could be added to the tailings slurry as it leaves the
plant and prior to deposition in the tailings impoundment, or additional waste rock could be
placed on the bottom of the impoundment.

Reclamation would commence af ter cessation of milling operations as soon as the tailings area
had dried sufficiently to allow movement of equipment over the pile. The proposed reclamation
program calls for a 1.8-m (6.0-ft) layer of compacted clayey materials borrowed from an area
near the site and a 0.6-m (2.0-f t) layer of sandy soil material over the tailings area." Staff
calculations show the proposed cover should be sufficient to reduce the radon flux from the
reclaimed area to less than twice background (see Appendix F) and the gamma radiation to back-
ground levels (see Appendix G). A 0.3-m (1.0-f t) layer of coarse gravel and rock will be placed
over the cap for protection against erosion. The cap will be designed to resist damage by
differential settlement of the tailings.

The reclaimed impoundment is designed to mitigate the effects of erosion. The coarse rock and
boulders covering the surfaces of the tailings area and the downstream face of the impoundment
dam will resist gullying and water sheet erosion. Sediment-laden runoff from the 89-ha
(220-acre) drainage basin above the dam will pond over the tailings cap. Ponded water would
be dispersed by the evaporation because the underlying cap would have a low pemeability and
the remaining sediments carried into the impoundment would add to the thickness of the cap.
This process would lead to conditions conductive to natural establishment of a vegetative cover.

Because the cap would be thick [2.75 m (9 ft)) and topped with riprap and because of the aridity
of the region, the staff has concluded that root penetration into the tailings is not likely,
reducing the possibility of adverse impacts associated with the upward migration of radio-
nuclides and toxic elements through plant root systems. The periodic collection of runoff over
the impoundment will prevent dessication of the clay cap and therefore limit the development
of shrinkage cracks. The rapid evaporation of collected runoff and the small hydraulic head
over the cap should eliminate the infiltration of water through the tailings.

With the materials and thicknesses of the liner and cover proposed by the applicant, the total
estimated capital cost of Alternative 1 is about $11.1 million. This figure does not include
capital and operating costs of the drainage and neutralization systems, but these costs are
minor with respect to the cost of the basic alternative. (They have similarly been excluded
from the costs of Alternatives 2 and 3.)

The major benefits that would accrue with implementation of this tailings disposal alternative
are the following:

1. The tailings would be stored in a basin below the normal surface contours of the area.
The tailings and cover would be below grade, and the cover would be topped with a layer
of riprap that should provide a high degree of protection from erosion.

2. The impoundment liner in combination with the tallings drainage and neutralization
systems should ensure that potential for problems with seepage are minimized. Also
minimized should be project water requirements and the length of time between the
cessation of operations and the start of tailings impoundment reclamation,
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Alternative 2: Below-grade disposal of neutralized tailings in a specially excavated oit

Inis alternativt involves the excavation of a pit imnediately north of the proposed mill site
of sufficient size and depth to place below grade a volume of tailings equivalent to that
considered in Alternative 1 and the tailings cover (Fig. 10.3). The applicant proposed and
evaluated a 14.5-ha (35.3-acre), 427-m-diam (1400-ft-diam), circular pit with a maximum depth
of 61 m (200 ft) (see Figs. 10.4 and 10.6). The sides of the pit would have a slope of 3:1,
horizontal to vertical, the maximum slope amenable to the placerent of a liner. To minimize
seepage from the disposal area, the impoundnent would be lined with compacted silty clay
having the same pemeability as the material proposed for Alternative 1. The liner would
have a minimum thickness of 0.9 m (3 ft) near the upper edge of the pit, increasing to 10! of
the final hydraulic head in the deeper portions of the pit. The tailings drainage and neu-
tralization concepts proposed for Alternative 1 would also be utilized. After completion of
fill operations and as the tailings reach sufficient dryness to allow the movement of equipment
over the pile, the tailings would be covered with layers of compacted soil, gravel, and
coarse rock in the same configuration as proposed for Alternative 1 [1.8 m (6 ft) of compacted
stlty clay, 0.6 m (2 f t) of sand and local soils, and 0.3 m (1 f t) of gravel and coarse
rock]. Therefore, the radon gas and gamma attenuation estimates would be the same as for
Alternative 1.

Because (1) the drainage area above the pit would be small [less than 40 ha (100 acres)] and
(2) a large water storage volume would be available until the final year. af the project,
flood protection requirenents from this alternative would be minimized.

The floor of a pit 61 m (200 f t) deep at the proposed location would be either below or slightly
above the elevation of the natural groundwater table [ estimated to be approximately 1311 m
(4300 ft)]. If the groundwater table were to be penetrated during pit construction, dewatering
would be necessary to allow for placement of the compacted soil liner, drainage system, and
mine waste rock. By increasing the diameter, a shallower pit could be constructed with suffi-
cient storage capacity; however, such expansion at the proposed site would require excavation
in Lost Spring Wash to the north and in the unnamed wash to the south of the proposed pit sitc.
The estimated capital cost for this alternative is $31.4 million.

Alternative 3: Combination excavated pit and containment dike

This alternative is similar to Alternative 2, except that the pit would be shallower and the
materials excavated from the pit would be used to construct an above-grade engineered embankment
around the pit to enclose a partially above-grade impoundment (A portion of the tailings and
the tailings cap would protrude above the natural surface contours.) (see Figs. 10.4 and 10.7).
The pit would be constructed at the same location as proposed for Alternative 2 (north of the
mill site, see Fig. 10.3). The excavated area would be about 42.7 m (140 ft) deep. The pit
bottom elevation would be at about 1338 m (4390 ft), and the cnntainmant dike height would
vary from approximately 611 m (20 ft) to 27.4 m (90 ft). [The average embankment height would
be 18.3 m (60 f t), and the dike crest would be at elevation 1400 m (4590 ft).] The external
face of the embankment would be covered with gravel and coarse rock to control water and wind
erosion. The slope of the walls and the liner thicknesses and materials would be the same as
for Alternative 2, and the capping materials and thicknesses and neutralization and drainaga
systems proposed for Alternatives 1 and 2 would be utilized. Flood protection would be
provided by the embankment, which limits the " drainage" area to the area enclosed by the dike
[approximately 14 ha (35 acres)]. However, flooding of the unnamed wash to the southeast of
the impoundment could erode the toe of the embankment at that location. The capital cost of
this alternative is estimated to be $27.9 million.

Alternative 4: Burial of tailings in depleted mines

In this alternative the tailings slurry would be transported by a 6.4-km (4-mile) pipeline from
the mill site to the mines. The pipeline would follow the general course of the ore haul roads.
The slurry would be deposited in worked-out areas in the mines, and specially constructeo
barriers or bulkheads would isolate the disposal areas from active portions of the mines. The
excers tailings fluids would seep into the sandstone walls and floors of the disposal areas.
The potential for groundwater contamination by infiltration of tailings liquid would be minimal
because of the presence of the relatively impemeable Summerville Fomation between the sand-
stone member containing the mines and the Entrada sandstone couifer and because of the distance
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Fig. 10.6. Shootering Canyon Uranium Project tailings disposal study; disposal in excavated pit. Source: Plateau Resources,
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10-15

ES 4698

1 foot totM.S ys. wee .no ,enni. . . w .
yei. . aa no w. +

- -- - 4 -
- __ ._.

--y ,s'/ - , o. .

=.7.',"'...., ?:,2_ . . _
_

- ---
-

~ /\ [ .'_A,.! E ~ ' -
- -- N

UUZU'(p# 3
.o. .. ., , , , , , , , , ._

.
,
% e o. .o.o. .. . .oo .

y- -

'^11!7174 ~
5.ao uone ( Alternatae 3)

Fig. 10.7. Tailings containment structure for the Shootering Canyon Uranium Project:
combined excavated pit and dike. Source: Plateau Resources, Ltd. , E f es 3.'r; 3w h,
Itc; ceca Cec Ew D., Fr . . b, Ox *eriy :r:_ > : n r I M -?t, h , prepared by Woodward-

Clyde Consultants, San Francisco, Calif. , Rev. June 1978, Fig. 4.

between the mines and the water table L72 m (250 ft)]. The carbonate constituents of the
surrounding sandstone would neutralize the acidic effluent within a few feet of the disposal
areas, causing the precipitation of most of the radionuclides and toxic materials from the
solution.

The placement of tailings within the worked-out portions of the mines would minimize losses of
tailings solids to wind and water erosion. The erosion resistance of mine areas would equal
that of the natural formations in the area. Radon from the disposal area could represent a
hazard to mine personnel if not adequately controlled but would not significantly increase the
operational radon releases to the environment. If the mine openings and exploration drill
holes are properly sealed at the close of operations, the long-term radon and gaur.a radiation
releases should be of the same magnitude as the natural background levels prior to mining.

Operational difficulty could be encountered in the implementation of this alternative. The
decision to stop mining a stope is basically an economic one, made when the ore grade drops
celow the point where the uranium values recovered do not cover the cost cf extraction. How-
ever, as market conditions change, the extraction of such lower-grade deposits could become
economically viable, particularly because there would be no additional access development costs.
Historically, mines in Shootering Canyon have experienced intemittent operation due to such
market conditions. The applicant has identified large areas of low-grade reserves contiguous
to the planned mining areas that could not, at present, be extracted economically. Commitment
of mined-out areas to tailings disposal would restrict or eliminate the potential for future
recovery of these neighboring lower-grade deposits.

The costs of implementing this alternative were not estimated by the applicant.

Alternative 5: Solidification of tailings utilizing cement, asphalt, or other chemical fixants

for this option, mill tailings would be fixed with cement, asphalt, or other chemicals to fom
a solid, less-leachable product for disposal. The solidified tailings could then be stored in
an impoundment. The disposal area, which would be reclaimed by covering the material with
layers of overburden and topsoil, would be revegetated to minimize water and wind erosion.

Portland cenent could be utilized to fix either the entire tailings solids (slimes, sands, and
precipitates) or the slimes only. In either case, the tailings would be neutralized (probably
by the addition of lime), and the waste slurry would be dewatered to a minimum of 60% solids
before being mixed with the cement. A minimum of 1 part cement to 20 parts tailings would be
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required for solidification; strength, leaching resistance, and cost will increase as the ratio
of cerent to tailings increases (ref. 14, p. /3). The 1:20 cement to tailings mixture could be
pumped, if necessary, by slurry pipeline to a disposal site.

Neutralized, dewatered (dried) slipes and waste solutions could be fixed with asphalt, and the
final product would contain approximately 60: slime solids (ref. 14, p. 42). When first mixed,
the product would be fluid and could be transported by pipeline to a disposal site. The major
advantages of solidifying tailings in asphalt are (1) leaching resistance is high and
(2) because asphalt is an ef fective radon diffusion barrier, radon exhalation is substantially
reduced.

Connercially available chemical fixants could also be used to solidify the tailings. If this
waste stabilization method were to be inplenented, the chemicals would be blended into the
tailings slurry and the resulting mixture pumped to an impoundment where solidification would
occur within a few days to a few weeks. Eithar the waste material would be entirely entrapped
or the pollutants (prirarily heavy metals) would be chemically bound as insoluble complexes.

Although technologically feasible and environmentally desirable, solidification of tailings
is expensive. Assuming a nominal cost of $10.00 per ton of tailings (corronly quoted costs
range from $7.00 to $36.00 per ton of treated wastes), the staff estimates that chemically
fixing the tailings produced by the mill operation would cost approximately $55 million;
the costs of asphalt or cement fixation would range from about $45 million to 160 million.

10.3.3 Evaluation of alternatives

Alternative 1 is the preferred alternative of the applicant and the staf f. The tailings and
cover would be stored in a natural basin and reclaimed within the natural contours of the
surrounding area. The riprap covering ar.d depositional environment in which the impoundment
would be located give additional assurance that wind and water erosion will be minimized. In
addition, the smail drainage area above the reclaimed tailings area obviates concerns over
dispersion of cover fras flooding, which in other cases could be a severe problem over the
long term. The proposed cover meets the performance objectives for reduction of radon
exhalation and garra radiation and should eliminate the need for an ongoing monitoring and
maintenance program. The liner and tailings drainage and neutralization systems should
essentially eliminate potential problems with seepage.

Storing the tailings below grade (Alternative 2) in a specially dug pit would provide greater
protection against long-tern wind and water erosion of the reclaimed tailings than Alternative 1.
In addition, the proposed cover (same as for Alternative 1) would meet the radon exhalation
and gamma radiation criteria. However, the floor of the required pit would be at or belcw
the water table level at this location, and failure of the liner could result in liquid
wastes reaching the water table. The topography of the site is not amenable to the construction
of a wider and shallower pit, which would provide better groundwater protection. Additionally,
because significant amounts of bedrock would have to be excavated by blasting the permeability
of the sandstone material underlying the pit would probably be substantially increased. The
benefits that this alternative might have over Alternative 1 do not justify the additional
costs.

Alternative 3 involves the storage of dewatered, neutralized tailings in a specially dug pit
enclosed by an engineered embankment constructed of the excavated materials. The major draw-
backs associated with this alternative are the length of the embanknent required to surround
the impoundment [approximately 1341 m (4400 f t)] and, because a portion of the dike would lie
in an unnamed wash southeast of the proposed site, the dam stability could be compromised over
the long term. Although this alternative offers an advantage over Alternative 2 (decreased
potential for groundwater contamination), the increased potential for adverse, long-term
environmental impacts overshadow this advantage. Compared to Alternative 1 no significant
environnental benefits would accrue, and the costs of tailings disposal would be significantly
increased.

Alternative 4 (disposal in depleted mine areas) has the apparent advantage that as long as the
sandstone formations containing the mines remain intact, the possibility of significant dis-
persal of toxic effluents into the atmosphere and/or into the groundwater system would be
remote. The major disadvantage of this alternative is that the commitment of mined-out areas
to tailings disporal would limit future access to contiguous, lower-grade ore deposits.
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Although solidification (Alternative 5) offers some environrental advantages (elimination of
windblown dusts and high resistivity to leaching and to the diffusion of radon), the technology
is not well established, and at present, the costs far outweigh the berefits that night accrue.

For all of the alternatives considered, the applicant would be required to implement an interim
stabilizaticn program to minimize the blowing of tailings to the maximum extent reasonably
achievable.

Based on the above discussion and evaluation of alternatives, the staff believes that the
tailings management plan described under Alternative 1 is the best plan for the Shootering

10.3.1)Canyon site when considered in terms of both the staff's perforrance objectives (Sect.
and economic factors. This alternative represents the most environrentally sound, reliable,
and reasonable method of tailings management for the proposed Shootering Canyon site using
existing comercial technology. It should be noted that the choice of the preferred alterna-
tive is based on present standards and existing technologies. However, if the Generic Envircn-
r: ental Impact Statement on Uranium Milling currently being prepared by the NRC shows that
modification of the chosen alternative is necessary, the plan will be changed accordingly.

10.3.4 Alternatives considered and rejected

Table 10.3 lists some of the additional alternatives ccnsidered and rejected.

Table 1o.3 Alternatives considered and rejected

Reason f ar f ertt onA;ternat v*
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10.4 ALTERNATIVE OF USING AN EXISTING MILL

The option of utilizing existing ore processing mills requires the evaluation of numerous
factors, including (1) the r;ethod and distance of mine-to-mill transport (2) variations in
ore grade, (3) quality of haul roads, (4) total tonnage to be transported, (5) haulage schedules,
(6) traffic and weather conditions, (7) possible interim transfer and storage costs, (8) handling
and milling costs, and (9) environmental costs and benefits.
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The closest currently operating uranium ore processing facilities (in relationship to the
Shootering Canyon ore bodies) are located in Moab, Utah (Atlas Minerals' Moab Mill) and LaSal, Utah
(Rio Algom's Humeca Mill). The Moab mill is approximately 262 highway kilometers (164 miles)
from the Shootering Canyon ore bodies and approximately 131 km (82 miles) from the applicant's
Blanding ore buying station. The Humeca mill is, in highway distance, about 317 km (198 miles)
from Shootering Canyon and 106 km (66 miles) from the Blanding ore buying station. A third mill,
the Energy Fuels Nuclear, Inc. White Mesa facility which is in the planning stage and is currently
being considered for a source material license, has been proposed for a site about 2.5 km (1.5 miles)
from the applicant's Blanding ore buying station. The proposed White Mesa mill would be approxi-
mately 240 highway kilometers (150 miles) from the Shootering Canyon mines.

The staff has concluded that processing the applicant's ores at any of these mills is not feasible
for the following reasons:
1. The Humeca mill utilizes an alkaline leach process. Although the Shootering Canyon ores can

be successfully treated by alkaline leaching (Hydrojet Services, Inc. , processed ores from the
Shootering Canyon area utilizing an alkaline leach facility in the early 1970s), tests con-
ducted by the applicant indicated that higher recovery rates could be obtained with an acid
leaching process (ER, p.10-1). Because most of the ores that would be processed at the pro-
posed mill are low grade (approximately 0.10%), any significant lowering of recovery rates
(which would occur if carbonate leaching were utilized) would adversely affect the economic
feasibility of the proposed milling project, as well as waste a valuable natural resource.
Also, because only ore from a company-owned and operating mine is currently being processed at
the Humeca mill, it is unlikely that the mill has the capacity, processing capability, or
willingness to accept additional ore from another source.

2. The Moab uranium mill has both alkaline and acid leach circuits. The acid leach circuit is
designed to process 545 MT (600 tons) per day of vanadium-bearing ores (average ore grade -
0.25t U 08 and 1.5% V 0 ); therefore, with process adjustments, the Shootering Canyon ores3 25
could be successfully processed at this facility. However, the acid leach circuit was con-
structed to process recently discovered and acquired (by Atlas Minerals) ore deposits that are
within economic shipping distance of the mill; therefore, additional ore could not be processed
unless tne facilities were expanded.

3. The costs of transporting the applicant's ores to either of the three mills would be excessive,
considering the low grade of ore to be shipped.except for the small amount of ore from the
Blanding OBS which could be transported c'eaply to the White Mesa mill (see Sect. 3.1.1).
Assuming an average ore grade of 0.10% and transportation costs of 100 per ton-mile, the staff
estimates that, if the ore is shipped to these mills, costs of producing each pound of U308
would increase by the following amounts for additional transportation costs alone (i.e., does
not include additional costs incurred for toll milling):
a. Moab mill - $5.30 per pound,
b. Humeca mill - $6.35 per pound,
c. White Mesa mill - $4.40 per pound.

Transporting the ores to existing mills could reduce the totai land requirements for processing
the ores. However, the environmental cash associated with uranium ore processing and tailings
disposal would not be decreased and would only be shifted away from the Shootering Canyon area
to the area of the mill receiving the ore. If the proposed mill is not constructed, there is a
high probability that other mills (or expansions in capacity of existing mills) will be proposed
in the area to process the ore now progranned for the applicant's mill.

10.5 ALTERNATIVE ENERGY SOURCES

10.5.1 Fossil and nuclear fuels

10.5.1.1 Introduction

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 uc. Uranium fuel is even cleaner (chemically) than oil or gas and at
present is less expensive, on a themal basis, than any other fuel used to generate electric power.
The following discussion concerns the relative availability of fuels for power generation over
the next 10 to 15 years and a comparison of the health effects of utilizing coal and/or nuclear
fuels as energy sources.
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10.5.1.2 overview of U.S. energy _ usage _and availability

According to the nt im d r , ra ! ? n, published by the Carter Administration in April 1977,
the United States uses rrore energy to produce goods and services than any other nation and
consures twice as much energy per capita as does West Gerrany, which has a similar standard
of livin .35 In 1975, the United States consumed approximately 71 quadrillion btu's
(71 x 10 5), or 71 quad; (q), of energy, with about 93; of this energy being supplied by three
fossil fuels: oil, natural gas, and coal. " Approximately 751 of our energy needs are
supplied by natural gas and oil; however, because domestic supplies of these valuable resources
are limited (about 77 of proved reserves are oil and gas), the amount of oil irported from
foreign sources has increased, undermining our military and economic security.lt Table 10.4
illustrates the disparity between av)ilability and usage of energy sources in the United States.

Table 10.4, Reserves and current consurnption of energy sources
- - - - - - - . _ _ - _ - _ . _

Percentaga of proven U s. ene.gy Percentage of total U S. *nerg t

reserves economutady recoverable ct surrsption conte <butad by

eth e st.ng (19 75) techno!qy each enegy resource

Coal 90 18

01 3 46

Gas 4 28

Nuclear 3 3

Other o 5

Source Tetra Tech. Inc , Ene yv fat r Book - 1977, prepared under the d rection of
the 01 rector. Navy En-gv and Nat,onal Rescmeces Rev arch ard Development Of f ce,
April 19 7 7.

Despite concentrated efforts to slow down our consumption of oil and natural gas, increase the
usage of coal-burning facilities, and further the utilization of nonconventional energy sources,
energy demand forecasts indicate that by the year 2000, approximately 43't of our energy will
still be supplied by oil and gas, 21! by coal, and only a small percentage (7%) by solar, geo-
themal, and oil shale (Table 10.5).17

Table 10.5. Forecast of gross energy consurnption for 1980,1985, aruf 2000
_ _ ______ _ _ ._ _ _ _ _ _ _

1980 1985 2000

F uel
' '#' '#"*# 12

10 Bru 1012 cta 10 Bru12
of gross of gross of gross

Coal 17,150 19 7 21,250 20 6 34.750 21.3

Petr oleum 41,040 47.1 45.630 441 51,200 31.3

Natural gas 20600 23 6 20.100 19.4 19.600 12.o

01 shale 870 08 5,130 35
Nuclear power 4.550 52 11,840 11.4 46.08o 28 2

Hyd opower and

geo ther mal 3.800 44 3,850 3. 7 6.070 37

Totals 87.140 100o 103.540 100.0 163.430 100.0

source: U S. Bureau of V,nes. Un:ved States Energy through the Year 2000. December 1975

Of the 71 q of energy consumed in the United States in 1975, 20 q consisted of electric energy.
An estimated 8.6% of this electric energy was generated using nuclear fuels, but within ten
years this percentage is expected to increase to 261. Coal was used for produ:ing 59; of the
electric energy generated by combustion of fossil fuels in 1975; oil and gas produced 20 and
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21% respectively. Use of oil and gas to genera e electric power has decreased about 101 over
the last three years, a reflecticn of high oil prices and gas unavailability.1"

Current and projected requirements for electric energy (1970-1985) and relative changes in
report.13 are shown inresources used for generation, as estimated in the ici .ct i cc i >** ,

Table 10.6. The evidence available at this time indicates that Of the resources currently
used in electric-power generation (coal, uranium, oil, gas, and hydro), coal and uranium must
be used to generate an increasing share of U.S. energy needs. The supplies of oil and gas
available for electric power generation are decreasing, and the United States does not have
sufficient oil and gas reserves to ensure a long-run supply.

Table 10 6. Estimated relative changes in resources to be used
for generation of projected electric energy requirements

Taermal energy required by years. %
F uei resourm u sed

8 81970' 1974 1980 1981
_._

Coal 45 45 45 4tf
04 and gas 38 34 25 16

#
N aclear 2 4 17 26

Hydro. waste, etc. 15 17 13 12

Total quads of energy
required 15 6 20 25 5 34

* Actu al.
* Est, mated from Federal Energy Admirustration, Narsonal

Energy Outlook, U.S Government Print.ng Of fice, Washing
ton, D C., February 1976.

' Coat usage must increase 77% by 1985 to attatn tNs level.
duranium-fueled reactors furmshed 9 9% of the total U S

production in January 1916.
Sourm: Federal Energy Administration, Prosert Independ-

ence, U S. Government Print.ng Office, Washington, D C.,
November 1974.

With increasing energy demands, both foreign and domestic, expectations are that in the next
few decades the prices of oil and and gas will increase rapidly as reserves of these two
resources become severely depleted. Because of the time lag between initial extraction and
consumption of the resource for energy production (three to five years f rom mine to generation
plant for uranium and coal. five to seven years for construction of a coal generating plant, and
seven to ten years for construction of a nuclear generating plant), the exploitation of both
coal and uranium resources must be integrated with contemporary energy needs. Although coal
and uranium resources are adequate for foreseeable energy needs, major expansion of both
uranium- and coal-producing industries will be required, as neither of these industries is con-
sidered capable of singly supplying future energy requirements.

The detemination of availability of uranium in large enough quantities to fuel the projected
nuclear generating capacity (for 1985 and beyond) is currently a matter of study.iC Results
of those studies are given in Appendix B, which includes an estimate of reactor installation
through the year 2000 and the relative percentage of total electricity-generating capacity
these new installations would represent.

10.5.1.3 Coa lgroduc t i on

Congress and the Carter administration have stressed, via passed and proposed legislation,
the necessity of future decreases in oil and gas demand to alleviate our dependence on foraign
energy sources and to reorient our energy consumption patterns. The Pre w t N k;.cchee
report of Noverrber 1974 and the N2ticu' Eccrn Odtcok of February 1976 both proposed that
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coal production be increased f rom present levels (approximately 650 million tons per year) to
approximately 1.2 billion tons by 1985.16.13 The major expansion of coal production will likely
be in the west (from approximately 92 million tons in 1974 to about 380 million tons in 1935),
because of the low sulfur (low air pollutant) content of most western coals. The pctential for
environmental damage (due to disturbance of generally fragile ecosystems) in the western
United States will be increased. Because the major markets for the coal produced will be located
hundreds of miles from the western mines, transportation costs will be high, as will the envi-
ronmental impacts associated with transportation systems. Currently, transportation costs for
bringing western coal to the eastern United States account for the major portion of the rarket
price. Also, for a given thermal content, transport facilities for U 0e per year are minimal3 Approxi.compared to those for coal because of the much higher energy content of uranium fuel.

3 per year are required for a 1000-MW nuclear plant operating at a plantmately 250 tons of U 03
factor of 0.8. Annual western coal requirements for an equivalent 1000-MW coal plant would be

tons, or the load capacity of at least one unit-train (100 cars of 100 tons0more than 3 x 10
each), per day of plant operation.

10.5.1.4 Uranium fuel production
l" indicate that 140,000 to 150,000 MWe ofEstimates presented in the ' nic 27 > c es M Z ri

nuclear generating capacity will be needed to supply 26% of the total electrical energy used in
1985. The first Prc,h t Ic i * < n $x report ' indicated that nuclear capacity could increasel

to more than 200,000 MWe by 1985. A more recent and lower estimate resulted from lower projec-
tions c. electricity demand, financial problems experienced by utilities, uncertainty about
government policy, and contirued siting and licensing problems. The more recent projections
of uranium requirements are given in Table 10.7.

Table 10 7. Urannam requirements

Lifetime U 0s requnements (tonsi3
We oPratM for specified piant factor

by 1985
o8 o6

_

142,000 960.000 704,000

Source : Federal Energy Administration, National Deryy
Our/ coa. U.S. Government Pnnte Office, Washington, D C.,
February 1976.

Table 10.8 presents estiirates of quantities of uranium available at different recovery cost
levels. Assuming reserves recoverable at a forward cost of production up to $30/lb of U 0s.3

the Department of Energy (DOE) estimated that in January 1978 the total of all variously known
categories of uranium resources was approximately 3.48 x 106 tons.M An estimated 6.9 x 106 tons
of these resources consisted of known reserves; that is, drilling and sampling have established

5 tons ofthe existence of these deposits beyond reasonable doubt.21 Approximately 5.2 x 10
U0 could be recovered from very low grade ore and Chattanooga shale for about $100/lb and
3 3 from seawater for an estimated cost of between $300/lb andapproximatelg4x109 tons of U 033

$750/lb.22,2

Historically, resources of uncertain potential have become established at an average r?te of
71 per year since 1955.19 If this rate were to persist over the next decade, total reserves
would exceed requirements (1,340,000 tons of reserves vs a maximum 960,000 tons required for
lifetime nuclear generating capacity rated at 142,000 MWe) by about 380,000 tons. Assuming
no transfer of possible resources into the " probable" category, probable resources would still
contain 430,000 tons.

Mill capacity in the United States as of January 1978 was 39,210 tons of ore per day. These
mills operated at 79% of capacity in 1977. Uranium oxide output was approximately 14,946 tons,
equivalent to about 2.5 lb of U 0e per ton of ore.3
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Table 10 8 U S. uran um (U 0.) rewaurces3

R e serves * Potential resources (tondg ,, ,,
(tor's) Probable * Poss.ble' Speculat.ve'

$30!!b 690 ouo 1.015Eo 1.I's.ooo 415.000

* Reserves are en known deposits.
8 Probat4e resources have not been drdled and sampled as en tens <vely as

r eser v es.

'Poss,ble and speculat,ve reswces have teen estimated by inference from
gmlogic evidence and hmited samphng

Source Department of Energv, Statistu st Data of the Uranum industry,
Repor t GJO 10c(78). Jan.1,1978.

A survey of U.S. uranium marketing activity completed by ERDA in May 1977^ indicated that
annual contracted deliveries of U 0e for nuclear-powered electric generation plants (assuming3

no recycle of plutonium and uranium and 0.20% uranium-235 enrichrent plant tails assay until
October 1,1980, 0.25E thereaf ter) will exceed annual requirer,ents until 1979 (see Fig.10.8).
Contracted imports of U 0s will exceed contracted exports by a considerable margin over the3

next few years. Through 1990, cumulative contracted imports of U 0s are 47,200 tons (approxi-3

mately 50; of future contracted imports will come from Canadian sources), compared to 13,E00 tons
to be exported. Figere 10.8 illustrates total U 0a requirements , domestic deliveries , imports ,3

and exports thrnunk a90.
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it: M eluity, Division of Uranium Resources and Enrichment, Office of Assistant Director of
Raw Materials, May 1977.
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Cumulative U.S. supplies of U 0e (including accestic and foreign inventories and contract3

conmittncnts) will exceed DCE enrichment feed requirements until 1983. The gap between
cumulative supply and cumulative requirerents is expected to be approximately 58,000 tons by
1985 and widen to approximately 233,000 tons by 1990 (see Fig. 10.9).
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Source: Energy Research and Development Administration, Sw;. y cf United Sutes Urani:e idrket-
f r: ; n + .m ity, Division of Uranium Resources and Enrichment, Office of Assistant Director of

.

Raw Materials, May 1977.

10.5.1.5 Comparison of health effects of the uranium fuel cycle and the coal fuel cycle

25 comparing the health effectsResearch conducted by the U.S. Nuclear Regulatory Commission
associated with the coal fuel cycle (mining, processing, fuel transportation, power generation,
and waste disposal) and the uranium fuel cycle (mining, milling, uranium enrichment, fuel
preparation, fuel transportation, power generation, irradiated fuel transportation, and waste
disposal) indicated that increases in the use of coal for power generation may cause the aaverse
health impacts related to electric energy production to increase. As defined by the study,
health effects are stated in terms of " excess" mortality, morbidity (disease and illness),
and injury among occupational workers and the general public, where " excess" implies illness
and injury rates higher than normal and premature deaths. The estimated excess deaths per
0.8 gigawatt-year electric [GWyr(e)] (i.e., per 1000 MWe power plant operating at 80% of
capacity for one year) were 0.47 for an all-nuclear economy (assumes that all of the elec-
tricity used within the nuclear fuel cycle is generated by nuclear power) and 1.1 to 5.4 if all
the electricity used in the uranium fuel cycle (primarily for uranium enrichment and reactor
operation) came from coal-fired plants. Excess deaths for the entire coal cycle varied from
15 to 120 per 0.8 GWyr(e). Mortality estimates are shown in Table 10.9.

Excess morbidity and injury rates for workers and the general public resulting from normal
operations and accidents in an all-nuclear cycle were estimated to be about 14 per 0.8 GWyr(e),
with injuries to miners from accidents (falls, cave-ins, and explosions) accounting for ten of
these occurrences. If all the electrical power used in the uranium fuel cycle originated from
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Table lo 9 Current energy source excess ! .ty summary per year per 0 8 GWyr(e) power plant

t. t1onal Gener al puboc
- - T c,t a t s

Accident D ,w a se Acodent D wase

Nucfear fuel cycle

6 8
All nuclear o 22' o 14 0 05' o 06 o47

W th 100% of the e!*c enoty uwd in the 034-o 25''' o 14-o 46 o Io"8 o 64 - 4 6' 11-548#

dfuel cycle produced by coal power
(ILs. pr;pulation for nuclear effects. regional pr2pulation foe coal effects)

Coal f uel cycle

#

Reg onal population o 3s-o 65* o-7 128 13-1hf 15-12o

(all nuclet' 32-260Rat.o of coal to nuclear. (with coal powerJ 14-22

'f omarily f atal nonrad ological acc+nts, such as f alls, emplosions, etc.
8Pomarity f atal rad ogenic cancers and leukemras from normal c perat ons at mmes, mills, power plarts and

reprocess ng plants.
'Pnmanly f atal traniputtation accenu (Table S 4.10 CF R Part 51) and serious nuclear acc. dents-
#U S. population for nuclear ef fects. reg >onal populat'on for coal ef fects-
'Pnmanly f atal mmmg accidents, such as cave ms, fires, expM9cns, etc.
#Pomarily coal wor kers pneumoconiosis and related respir ator y d seases 'eadmq to respirator y f a, lure.
'Pnmanly memLers of the general pubhc biled at ra i c:assmgs by coal trams
" Pomanly respiratory f ailure among the sick and elderly from combustion products from power plaors tot

mcludes deaths from waste coal bank fires.
'100% of all electocety consurred by the nuclear f uel cycle produced by cool powe , amounts to 45 MWe per o 8

GWv r(el.
sour ce * R L Gotchy. Health Ettects Artobutat>le to Coal and Nuc! ear Fuel Cycle A|ternatwes. Report

NURE G o332. Doosion of s.te Safety and Environmentat Analvos. Of f ce of Nuclear Reactor Regulatinn, U S.
Nuclear Regulatury Commiss.on. September 1977.

coal-fired plants, these rates would increase to approximately 17-24 per 0.8 GWyr(e). The
estimated excess disease and injury rate for the coal cycle was 57-210 per 0.8 GWyr(e). Coal-
related illnesses among coal miners and the general public and injuries to miners account for
the majority of nonfatal cases. Table 10.10 illustrates these comparative illness and injury
rates.

Although the adverse health effects related to either the uranium fuel cycle or the coal fuel
cycle represent small additional risks to the general public, the study concluded that "
the coal fuel cycle may be more hamful to man by factors of 4 to 260 depending on the ef fect
being considered, for an all-nuclear economy, or factors of 3 to 22 with the assurption that
all of the electricity used by the uranium fuel cycle comes from coal-powered plants "

(ref. 25, p. 13). Additionally " the impact of transportation of coal is based en firm
statistics; this impact alone is greater than the conservative estimates of health effects for
the entire uranium fuel cycle (all nuclear economy) and can reasonably be expected to worsen
as more coal is shipped over greater distance (ref. 25, p. 13)."

10.5.2 Solar, geothemal, and synthetic fuels

M indicate that solar and geothemal sourcesEstimates reported in the UtiemZ &.crw Cattook
will each supply about 1% of U.S. energy requirements by 1985 and about 2% by 1990. Supplies
of spthetic gas and oil derived from coal will probably not exceed 1% of U.S. energy require-
ments as of the year 1990. These projections are based on many considerations. The technology
exists in all cases but not in a proven, commercially viable manner. The potential for proving
these technologies on a comercial scale is great, but timely development will require a favor-
able market as well as governmental incentives. A maximum of fa of projected 1990 energy
requirements is expected to be derived from solar, geothermal, and synthetic fuel resources
combined.



13-25

Table 10.10. Curren energy source summary of excess morbidiey and sniury per o.8 GWyr(el power plant

Occupat,onal General pub |ic
-- Totals

Mos b4 t y lop 2ry Mor bid.t v Ingury

Nuclear fuel cycle

0 #All nuclear 0 84* 12 0.78' o.1 14

With 100% of eiectriory used by the 1.7-41' 13 -14 1.3 -s.38 o 55^ 17-246

fuel cycle produced by coal power'
(U.S. pgawlatton for nocieer ettects; reponal population foe coal effects)

Coal f uel cycle

Regional population 2o - 70' 17-34' 10-100' 10" 57-210

Ratio of coal to nuclear' (allnuclear) 4.1-15
(with coal power}3,4-8.8

'Pnmar rly nontatal cancers and thyroid nodules
6 Primardy nontatal iryuries assoc ated with acc+nts in uranium rmnes, such as rock f ails, explosions, etc.
'Primari'y nonfatal cancers, thyroid nodules, geneticahy related diseases, and nontatal :llnesses following high

radiation doses, such as rad:atron thyroid < tis, prodromal wortting, and temporarv sterility.
# Transpor tatior>related injuries from Table S 4,10 CF R Part 31.
'U S. population for nuclear effects, retorial populat.on fur coal effects.
'Primarily nonf atal d6 eases associats d wnh coal mimng, such as coal work ers pneumoconiosts, bronchitis,

emph ysema, etc.

8Pomardy respirator y daeases among adults and chddren from sulfur emissions from coal fired power pf ants but
includes waste coal bank f:rs

"Primarily injuries to coal niiners from cave ins, fires, explosions, etc.
'Pnmanly nonf atal arqanes amcog memtwrs of the general public from colhsions with coat * rains at radroad

Cro ss i ngs.

'100% of all electrrcrry consumed by the nuclear fuel cycle produced by Co.,I power, amounts to 4s MWe per o 8
G W yr t e t

Source R. L Gotchy, Health Effects Attninstable to Coal and klear Fuel Cycle Altematives, Report
NUR EG o332, Dmsion of Site Safety and Environmental Analysis, Office of Nuclear Reactor Regulat;on, U.S.
Nuclear Reptatory Commission Srptember 197 7.

The 'UtiM Dmra TL# does not set specific goals for increased use of synthetic fuels or
geothemal energy, but does state that, as a possible goal, solar energy will be used in
2.5 million hones by 1985.

10.5.3 By-product uranium

Uranium recoverable as a by-product of phosphate fertilizer and copper pre 4 _ tion is estimated
to be 140,000 tons through the year 2000.21 These reserves are in addition to the 690,000 tons
of $30 uranium available from conventional mining and milling sources.

The following is noted ir a report by the National Academy of Sciences:26

Like all by-product conmodities, by-product uranium is entirely dependent upon
production of the primary commodity, is limited in amount by the level of production
of the primary corriodity, and is unresponsive to the demand for uranium. By-product
uranium could be obtained from the mining of phosphate, copper, and lignite.

Much phosphate is treated with sulfuric acid to produce fertilizer and goes through
a phosphoric acid step. Uranium in the phosphate can be recovered from the
phosphoric acid. . . It has been estimated th=t about 2500 ST V 03 per year3

could be recovered from Florida phosphate mined for fertilizer.

The Bureau of Mines studied the sulfuric acid leaching of low-grade dumps at 14 porphyry
copper mines and concluded that about 750 ST 'J 03 per year could be recovered. This3

would be recovered from rocks whose uranium content ranges from 1 to 12 ppm.



10-26

The Bureau of Mines thought that other porphyry copper deposits night also be possible sources
of by-product uranium.

The staff has studied available data on the potential of uranium production from phosphate
fertilizer production and from copper dump leaching, and estimates that production could27

reach 3000 to S000 MT (4000-6000 tons) per year from phosphoric acid extraction and 400 to
900 MT (500-1000 tons) per year fron copper dump leaching.?',7 Much effort has been expended

to determine the amounts of uranium that might be recovered from coal and lignite. Some uranium
was recovered from lignite ash in the early 1960s, but the lignite itself was not a suitable
fuel for the process; supplementary fuel was needed for the necessary conversion to ash. No
uranium has been recovered as a by-product from the ash of coal- or lignite-fired power plants.
Ash samples continue to be analyzed for uranium, but to date no ash containing trore than 20 ppm

28U 0s has been found, and most ash samples contain from 1 to 10 ppm U 0yi 3

10.5.4 Enerjy_ conservation

is conservation, the cleanest and cheapest sourceThe corr.erstone of the V d sul > c eg r| -

of new energy supply,

if vigorous conservation measures are not undertaken aid present trends continue, energy
demand is projected to increase by more than 30t between now [1977] and 1985. l'

lists the following consuminj segments as being prime tcrgets forT h e N 2 t iem ? Niw P| n

energy conservation:

1. transportation,
2. buildings, including residences,

3. appliances.
4. industrial fuel use, and

5. industries and utilities u ing cogeneration of electricity and low-grade heat.

Part of the L ti u zz wra s r|a, will be the utilization of all possible governmental means
(tax reduction, incentives, ,.,ect subsidy, and legislation and regulation) to change the past
relationship between energy production and use of energy requirements in the United States
where energy usage is two times higher per capita than in other industrial countries for
energy consumption and production and energy use.

The *. :tien i! Ihr,;y r!.m clearly states that both coal and nuclear electrical generation
facilities will be needed to meet estimates of U.S. energy requirements through the year
2000, even if the conservation goals of the FLm are met. The relative amounts of each
energy source used will depend on economic and regional environmental considerations.

10.6 ALTERNATIVE Of NO LICENSING ACTION

Among the alternative actions available to the NRC is the denial of a Source Material License
to the applicant. Classifications of source materials are discussed in 10 CFR Part 40.13(b);
these classifications are based on Section 62 of the Atomic Energy Act of 1954, which specifi-
cally exempts "unbeneficiated ore" f rom control. Under these regulations Plateau Resources Ltd.
could mine the ore but could not process it, thould the NRC deny the Source Material License.

Exercise by the NRC of this option would leave the applicant with three possible courses of
action: (a) mine the ore and have it processed at an existing mill possessing a Scurce
Material License; (b) postpone the project while attempting to remove the objections that led
to the denial of the license; or (c) abandon the project. Alternative (a) has been discussed in
Sect. 10.4. Alternative (b) is essentially the applicant's croposal (merely shif ted in time),
which is the subject of this Statement. Alternative (c), therefore, is the enly alternative
discussed herein.

If the applicant were not awarded a Source Material License, the uranium concentrate it intends
to produce would not become available for use as fuel in nuclear reactors in as timely a
manner. The relationship of electrical energy produced by nuclear reactors to the total U.S.
energy requirements has been discussed in Sect. 10.5.
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The yellow cake produced by the Shootering Canyon mill will be used as fuel in nuclear reactors
that are either operating or under construction. These reactors will produce electric power
for sale to U.S. consue rs. Lack of fuel would require those reactors short of fuel to reduce
their output and could conceivably result in the shutdcwn of sore of them.

The applicant has indicated the effects of lossee of local and regional .conomic benefits that
would occur if the Shootering Canyon mill where not licensed, and has also pointed out the
environrental costs that would not be incurred should no license be issued. Overall, the
benefits accruing from the mill outweigh the costs.
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11. NRC BENEFIT-COST SUMMARY FOR THE SHOOTERING CANYON URANIUM PROJECT

11.1 GENERAL

Implicit in the decision of a utility to construct a nuclear power plant is that the uranium
needed to fuel the reactor is available (Appendix B). For each application to the NRC for a
permit to construct a nuclear power plant, an Environrental Staterent is prepared that includes
a review of the availability of uraniun resources. The uranium to be produced by the Shootering
Canyon mill is among the total U.S. resources considered to be available to the concercial
market for reactor fuel; thus, the uranium from this mill is needed to reet the demands of the
nuclear power industry. In the Environrental Statement, the benefits (the electrical energy
produced) of the nuclear plant are weighed against the economic and environmental costs,
including a prorated share of the environrental costs of the uranium fuel cycle. These incre-
mental impacts in the fuel cycle are justified in terms of the benefits of energy generation.
However, because these costs and benefits are not localized, it is appropriate to review the
specific site-related benefits and costs for an individual fuel cycle facility such as the
Shootering Canyon mill,

11.2 QUANTIFIABLE ECONOMIC IMPACTS

Section 4 of this Environmental Statement treats the quantifiable economic impacts for the
Shootering Canyon Uranium Project. On the one hand, rany nonetary benefits accrue to the com-
munity from the presence of the mill - for example, local expenditures of construction and
operating funds and payments of State and local taxes. Against these ronetary benefits are the
monetary costs to the dif ferent communities involved - for example, costs for new or e*panded
schools and other community services. It is not possible to arrive at an exact numerical
balance between the benefits and costs for any one connunity unit or for the mill because the
distribution of revenues to support services may 7 t be timely or completely consistent with
those geographical locations where impacts occur.

11.3 THE BENEFIT-COST SUMMARY

As stated in Sect.11.1, the benefit-cost sumary for a fuel cycle facility such as the
Shootering Canyon Uranium Project rests on a comparison between the societal benefit of an
assured U 0e supply (ultimately providing electrical energy) and local environmental costs for3

which there are no directly related compensations. For the Shootering Canyon mill, these uncom-
pensated environmental costs are basically two: radiological impact and disturbance of tFe
land. As shown in Sect. 4.7, the radiological impact of the Shootering Canyon mill is acceptable
by current standards. The disturbance of the land, as shown in Sect. 4.2, is a long-term irpact
that is judged to be small in comparison to alternative uses the land may support in the future,

11.4 STAFF ASSESSMENT

The staff has concluded that the adverse environmental impacts and costs are such that use of
the mitigative measures suggested by the applicant and the regulatory agencies involved will
reduce to acceptable levels the short- and long-term adverse environmental impacts and costs
associated with the project.

In considering the energy value of the U 0g produced, minimal radiclogical impacts, minimal3

long-term disturbance of land, and mitigable nature of the impacts of growth on the local
cocTnunities, the staff has concluded that the overall benefit-cost belance for the Shootering
Canyon Uranium Project is favorable, and the indicated action is that of licensing the facility,
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Appendix B

BASIS FOR NRC EVALUATION OF THE SH00TERING CANYON URANIUM PROJECT

B.1 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 fuel cycle consists of several steps:

1. extraction - removing uranium ore from the ground, separating the uranium content from
the waste, and converting the uranium to a chemically stable oxide (nominally U 0e);3

2. conversion or fluorination - changing the U 03 to a fluoride (UFe), which is a solid at3

room temperature but becomes a gas at slightly elevated temperatures, prior to enrichment;

3. enrichment - concentrating the fissionable isotope (uranium-235) content of the uranium
from the 0.7', occurring in nature to the 2 to 4% required for use in reactors for power
generation;

4. fabrication - converting the enriched uranium fluoride to uranium dioxide (00;), forming
it into pellets, and encasing the pellets in tubes (rods) that are assembled into fuel
bundles for use in power generating reactors;

5. nuclear power generation - using the heat resulting from uranium and plutonium fission
to generate steam for use in the reactor 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; and

7. waste management - storage of fission products, spent fuel, and low-level wastes in a
manner that is safe and of no threat to human health or the environment.

Step 6 (reprocessing, involving the recycling of plutonium), which had traditionally been
considered as an essential part of the nuclear fuel cycle, was recently deferred by the
National Energy Plan (NEP)! as a necessary part of the cycle. The U.S. conmitment to advanced
nuclear technologies based on the use of plutonium recovered by the reprocessing of spent
light-water-reactor (LWR) fuel has also been deferred. These policy statements enter into the
staff's evaluation of the need for licensing the Shootering Canyon mill, because without repro-
cessing, all LWR fuel must be derived from the mining and milling of new V 0s from projects3

such as the Shootering Canyon mill and the related uranium mines.

This cycle, as defined by current policy, is portrayed in Fig. B.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. Some plutonium is retained in the spent fuel.

The spent fuel removed from the reactor is stored at the reactor site (and later at the repro-
cessing plant, if policy changes) to " cool." The radioactivity of the fuel is reduced by a
factor of about 10 af ter 150 days storage. Without reprocessing, this spent fuel is considered
waste. Policies and methods regarding its storage and/or disposal are currently under study by
the DOE and NRC.
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Fig. 8.1. The LWR fuel cycle.

B.2 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, the type and amount of radioactive wastes in the spent fuel, and the quantities of
nuclear fuel consumed.

The need for uranium fuel, as dictated by the installation of 380 GWe of nuclear capacity
anticipated by the year 2000, is shown in Table B.l. A 1000-MWe reactor will require =30 MT
of uranium fuel per year at a plant factor of 0.6 and =30 MT of uranium fuel for a plant factor
of 0.8. The term " plant factor" indicates the ratio of the average power load of an electric
power plant to its rated capacity. For a 31 enriched fuel and 0.25% enrichment tails assay,
7.9 times the metric tons of fuel replaced equals the standard totis of U 03 required for a3

1000-MWe power plant. The percentage of total electrical generating capacity over the same
time period that this schedule represents is shown in Table B.2. On the basis of recent state-
ments by the industry and the DOE, the staff believes that this schedule represents a maximum
for nuclear reactor installations between 1990 and 2000 but is reasonably accurate through
1990.2

Cumulative requirements through the year 2000 would be 883,000 MT of uranium as U 0e (Table B.1).3
Table B.3 compares this requirement with available uranium (reserves and probable resources)
for the year 2000 and the 30-year plant lifetimes of the 380 GWe projected for installation by
the year 2000. Requirements and resources are in reasonable balance;3 that is, the sum of
reserves and probable resources is approximately equal to the lifetime requirements of the
380 GWe installed by 2000.
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84Table 8.1. Projected U.S. requirements for U 0s,1976-20003

Annual Cumulative
,

**' '
requ re ents requ rements

(MT) (MT)

1976 43 9,500 9,350

1977 49 10.000 19.100

1978 53 10.000 29.100

1979 57 11.000 40.200

1980 61 11.000 52.000

1981 74 17,500 69.400

1982 87 18.000 87,000

1983 100 20.500 108.000

1984 112 22.500 130.000

1985 127 26.500 157,000

1986 141 28.000 185,000

1987 154 30.000 215.000

1988 167 32,500 248,000

1989 181 35.500 283.000

1990 195 38,000 321,000

1991 210 41.000 362.000

1992 225 43,500 406.000

1993 240 46.500 452.000

1994 260 51,500 504.000

1995 280 54,500 558.000

1996 300 58.000 616,000

1997 320 61.500 678,000

1998 340 65.500 743.000

1999 360 68.500 811,000

2000 380 71.500 883.000

*The annual U 0, requerements were calculated on the basis of3

annual discharges of 28 MT/GWe (0.7 plant f actor) of spent fuel and
replacement of that spent fuel with a 3% enrched fuel with tails assay
of 0.25% in enric5 ment.

bTo convert to short tons, multiply by 1.1.

Table B.2. Comparison of total and nuclear generating capacity, operating in years 1977-2000

"' #' # "''' '"U "P'' ''
Total generating

Year capacity (GWe)* Nuclear, Nuclear,
p,

" # " * " * * * *" #'

Minimum Maximum construction (%) (%)

1978 507 507 49 12 12

1980 544 E27 84 16 14

1985 624 840 127 20 15

1990 734 1131 195 26 17

1995 869 1525 280 32 18

2000 1039 2092 380 36 18

*From "Electre Utilities Study" by TRW for ERDA, Contract E(49-11-3885, pp. 1-19, et seq.
Maumum case is 7.0% compounded annual growth through 1985, then 6.4% to 2000. Minimum case is
3 9% through 1985, then 3.5% to 2000.
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Table B.3. Comparison of U.S. reactor requirements and domestic resource availabihty
bn metric tons of U 0, as of January 1978)* 63

Resource availability
Time period Reactor demand -

At $30 'Itf At sSo it/

Through year 2000 883.000
For 30 year lifetime of 380 GWe 2.051.000
Reservesd 626.000 808.000
Probable resources 921.000 1.180.000
Sum of reserves and probable resources 1.550.000 2.000.000

*To convert to short tons mult+ ply by 1.1.
6 8ased on information presented by U.S. Energy Research and Development Adminatration (now U S

Department of Energy) at the Uranium Industry Seminar. Grand Junction. Colorado. October 1977, and ia
" ERD A Makes Estimate of Higher Cost Uranium Resources." U.S. Energy Research and Development
Administration. June 1978.

' Costs include all those incurred in property exploitatiun and prodottion except costs of money and
taxes.

#Does not include 126.000 MT of U 0, whkh could be produced as a bySroduct of phosphate3

fertilizer and copper production.

In 1977, 23 mills produced about 12,000 MT of U 03 while handling 32,000 MT of ore per day.3

These mills operated at 80 to 85!, of capacity. The U 0a content of the ore was less than31.5 kg/MT (3 lb/ ton; <0.151).'' Ures processed by the Shootering Canyon mill will have a
U 0s content approximating this national average.3

As can be seen in Table B.I. the annual requirement for U 0s in 1981 (17,500 MT) exceeds the3

output of existing uranium mills (12,000 MT). In 1980, the Shootering Canyon Uranium Project
will produce 6i, of the national capacity for tons of ore per day, and its total production of
U 0s through the next 15 years of operation would be about 3% of the national requirements.3

The project will contribute to meeting the demand forecast for the nuclear power industry.

REFERENCES FOR APPENDIX B
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TICAB00 FEASIBILITY ANALYSIS

Introduction

The Ticaboo subdivision should provide a quality of life considerably higher that what the
employees of the Shootering Canyon project would experience in an unplanned trailer camp.
For example, the site plan calls for clustered housing, which minimizes disruption of the
land and maximizes the preservation of open space. The site plan also visually separates
portions of the development from each other (e.g., co;rnercial from residential), which helps
to preserve the resident's sense of privacy. The modular and conventional houses are proposed
to be built with adobe, which will further help the development to blend with its setting.
In addition to the visual aspects of Ticaboo, the applicant's consultants have also been
trying to establish a high-quality school system for Ticaboo with the assistance of Brigham Youn17,1978)gUniversity (representative of Quality Development, Inc., private corrnunication, August .

It is important to study the feasibility of Ticaboo to see whether the applicant's goals can be
achieved under the development currently proposed. A standard feasibility analysis for a
proposed housing development estimates the initial and monthly costs of housing and services
and compares them with the estimated incomes of potential residents. Ordinarily these costs
include marginal costs of utility extension. There is usually an existing housing market
with which the costs can be compared.

In the case of the Ticaboc Subdivision, there are several factors that prevent a standard
feasibility analysis:

1. Because the development is isolated, there is no housing market available for conparison
and no costs are marginal.

2. The development is very small, which makes it impossible to evaluate the proposed services
in terTns of typical service area populations (e.g. , the development really needs only
part of a policeman).

3. A lack of inforination exists on key financial issues, such as costs of housing and
services, financing mechanisms, available income, and assets of proposed residents.

Given the above problems, a definitive cost-revenue-oriented feasibility study is not possible
at this time. Instead, the following evaluation is based on (1) the history of other
comparable developments and (2) qualitative evaluation of the plans provided by the applicant.
The evaluation examines the following issues:

housing costs related to income of purchasers.*

effect of large proportion of mobile homes on development feasibility.*

market for development without the Shootering Canyon Uranium Project,*

financial feasibility of infrastructure development, ande

overall project feasibility.*

Housing Costs Related to incone of Potential Purchasers

Ticaboo is expected to contain about 300 housing units. About 40% will be single-family houses
of modular or conventional construction; another 40% will be mobile homes; the remaining
20% will be in multifamily housing.
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Early estimates fran the applicant and Ticaboo developer indicate a possible problem of
meshing housing costs and available income from expected purchasers of those houses. Monthly
housing costs are estimated to be between $376 and $426 for the modular houses and about
$481 for the conventional houses. Some mobile homes will be provided by the development;
monthly costs for these will be $268.1 It is assumed that multifamily units would rent at
close to the same rate as mobile homes.

In contrast to these housing costs, the developer's consultant projected those portions of
employees' monthly incomes! that would be available for housing expenses. These dollar amounts
represent 25% of the disposable income. (Disposable income is 80% of gross income.) Although
this figure (actually 20% of the gross inco e) is somewhat higher than the 151 spent on housing
by the typical U.S. household, it is still acceptable. In fact many government programs allow
participants to pay 25% of their gross income on housing.

Skill level Monthly income available for housing

Supervisors $347

Mi ne rs 300

Miner assistants 250

Mechanics, electricians, equipcent
operators (A) 280

Mechanics, electricians, equipment
operators, carpenters (B) 260

Laborers and trainees 190

Kitchen, office, and warehouse workers 150

As the cost and income figures reveal, only families with more than one wage earner could be
expected to afford either conventional or modular units. Most employees could afford mobile
homes. The applicant's consultant contends that many of the families will consist of two wage
earners. The question renains whether the secondary wage earner would be employed at the time
of moving to Ticaboo. Most banks would include all family income in estimating the family's
capacity to pay the monthly housing costs; it is unlikely, however, that bankers would include
the potential income of a family member. Therefore, at the least, there is a timing problem
related to the affordability of housing.

The consultant reports that efforts to reduce housing costs are continuing. In addition,
wages are expected to rise soon, when new mining contracts are negotiated. Even if housing
costs are reduced and wages rise, the workers may still have a problem with down payments.
The applicant is considering alternative plans for assisting employees who have difficulty
meeting down payment requirements or who cannot qualify for permanent home financing.
Possibilities would include mortgage guarantees or lease / purchase arrangements involving
properties owned by the applicant.' If incomes and housing costs cannot be made to correlate,
it is likely that the lower-cost housing (mobile homes and multifamily units) will predominate
at Ticaboo.

Other similar developments have faced the problem of mismatched housing costs and worker
income, or reluctance to buy housing, in a variety of ways, all of which involve some
combination of a lease / purchase option. Three examples of such options follow:

. once enough money had been paid to equal a 5 percent down payment on a
bank home mortgage all the rent money was returned to the renter for the home
purchase .

A renter when buying, gets credit for all improvements as well as a year's rent
deducted from his house cost .

At any time during the initial three years a renting employee may purchase his
house, receiving one-half of his base rent as an interest-free loan, which is
forgiven at the rate of 1/30th of the original amount for 36 months.3

It is recomaended that the applicant further consider these options for the Ticaboo development.
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Effect of a Large Proportion of Mobile Homes on Development Feasibility

The goal of the developers of Ticaboo is to provide a high-quality community for the workers
and their families who will be associated with the Shootering Canyon Uranium P mject. This
development is intended to be superior to the traditional trailer camp found at similar
facilities. The developer recognizes a need to allow some room for mobile homes - partly for
the construction workers and partly for single- or low-income pemanent employees. Employees
will be allowed to bring their own trailers.

This raises the question of whether the anticipated 40% mobile homes will have any effect
on the success of Ticaboo. There is no conclusive answer to this question from available
research. Although mobile homes do not preclude the development of a desirable community,
they do add some risk.

The risk at Ticaboo is lessened somewhat because people in remote western areas are accustomed
to living in or near mobile homes. Moreover, Ticaboo attempts to minimize the visual impact
of these homes by grouping them separately from other areas of the development in a location
not readily visible from the road. There may be some aesthetic problem within the mobile
home area (since various sizes and styles are likely to be present), but this can be remedied
with landscaping or some unifying architectural treatment (such as porches).

People are less likely to buy higher-priced hores if mobile homes are available. This situation
is especially likely if services (particularly schools) are not available when the plant
begins full operation. Finally, the development might operate successfully as an all-mobile-
home community if appropriate site planning and infrastructure were provided, but it would not
be the same community as proposed by the developer.

Market for the Development Without the Shootering Canyon Project

The applicant reported that "Ticaboo will be developed regardless of NRC's action on Plateau's
proposed processing facility." The implication is that demand from the neighboring Bullfrog
Marina, Glen Canyon National Recreation Area, is sufficient to provide a market for all the
proposed units. Sufficient evidence has not been provided to support this claim. If it is
true that Ticaboo would have a market other than the employees of the Shootering Canyon project
and their families, the meshing of supply and demand factors related to those workers would
have a less central position in the analysis.

Although it is true that visitations to Bullfrog Marina and surrounding recreation areas
are rising at an annual rate of 201 and that currently about 150,000 visitations are made to
the facility annually, Bullfrog Marina appears to have satisfied much of the demand for over-
night visitors and is expanding its recreational vehicle sites to accommodate additional
vi si to rs. One park official reported that there would probably be some demand for motel
spaces at Ticaboo from Bullfrog Marina visitors. However, he did not feel that Ticaboo
would develop without the Shootering Canyon facility. His judgment was based on the seasonal
cuality of the recreational demand. In his opinion there would be virtually no demand for
a- 'ommodations during the winter months. The official believes that visitation at Bullfrog
M.rina is dependent on external factors, particularly the economy and availability of fuel
for automobiles. Because Bullfrog is 480 km (300 miles) from its prime market areas in Utah
and Colcrado, he feels it would be extremely risky for a development to plan on a primary
market from Bullfrog Marina visitors.

The available evidence does not deny the possibility of a recreational market for Ticaboo
housing; it only challenges the viability of the development without the mill. If there is
such a market, it creates an additional problem: the need to safeguard sufficient housing
for the workers and their families. The applicant indicated awareness of this potential area
of competing demand for housing and is considering a way to mitigate.

Financial Feasibility of Infrastructure Development

A broad range of urban-level services is proposed for Ticaboo, including water, sanitary sewers,
electricity, schools, and police and fire protection. The only health service to be provided
initially is emergency transportation.
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As described earlier in the report, the applicant intends to extend primary responsibility for
Ticaboo to a private developer. This responsibility allots many of the initial capital costs
to that developer. The developer has had the county form a special service district, so that
tax-exempt bonds may be issued to finance water and sewer system development. The developer
also hopes to transfer some costs, such as a garbage truck to the district.

A variety of financing plans have been considered, including county bonds, nonprofit
corporation-issued bonds, leases, and prepayment of sales and use taxes. As stated earlier,
it is not possible to conduct a quantitative evaluation of the feasibility of the financing
methods being considered. The proposals can be comparea, however, with the procedures used
to finance other remote developments. The numerous cases of western mining towns reviewed
in Fcsidential Aspects of Coal Develcpwnt by Dr. William C. Metz3 have a common element
of company investment in the provision of services (as well as in housing). There are two
major reasons for this investment. First, in small, remote developments, it is highly unlikely
that needed services could be paid for from current personal and property taxes received
from the residential development. Even in suburban developments, where the costs of providing
services are cheaper than in remote areas, residential development typically costs the local
government more than it provides in revenues.* Second, although the eventual taxes from the
industrial development will provide a net gain to the area, the payment of this revenue occurs
af ter the major capital investments have to be made. Therefore, the government and taxpayers
are being asked to take the risks that are being incurred by the development.

The likelihood that Ticaboo would, for a short time, be an economic liability, might cause
difficulty in floating general bond issues or gaining support for revenue bonds for the needed
services. Although bond issues are certainly an acceptable financing rethod, dependence on them
might cause Drcject delays that could jeopardize the success of Ticaboo. For example, if
school cunstruction cannot be financed in time to provide schools for the children of employees,
employees will not bring their families, or a larger percentage of unmarried workers may become
af filiated with the facility. If the work force composition is not as projected, it may be very
difficult for the development to sell the housing. To ensure project success, the applicant
may decide to consider additional front-end investment in Ticaboo.

Overall Project Feasibility

Evidence from similar industry-related communities leads to the following conclusion: such
developments can be socially and financially feasible. The element needed to make this true
is initial financial investment from the industry. The cornpany is very likely to recoup

s
The conclusion relative to residential costs vs revenues is reached based upon historical

precedent, as shown in the following three studies, rather than upon evaluation of the specifics
of Ticaboo.

1. A single family suburban development proposed in New Jersey would produce neither
a gain nor loss to its local government; nearly all costs in the case were marginal
increases in utilization of existing capacity, rather than new capital costs.
(George Sternlieb et al. , easiny IdeeIc; cent 2nd Enicipal ccats, Center for Urban
Policy Research, Rutgers University, New Brunswick, N.J. , n.d. , p. 49).

2. A major survey, D:e Use cf end, found that three recent cost-revenue studies show
that "more families with school-age children mean higher property taxes for everyone."
(W1111am K. Rei11y, Ed. , & Use cf and: A Citizene Falicy Guide to Urban Grout %
Thomas Crowell, New York, 1973, p. 227.)

3. A study on remote recreational developments supports national findings that as these
areas become full-time residences and service users, they impose net costs on local
gove rnmen ts. (Judi: h Stoloff, critical &.vivent ! Areas in Tennessee vs. Sem!
lime reelament, State Planning Office, Nashville, Tenn., 1978, pp. 26-43.)

The indication from these sources is that from a local government, cost-revenue viewpoint - based
on the residential development alene - Ticaboo would be a costly development.
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the bulk of this investment either directly, through the sale of houses and community facilities,
or indirectly, through savings produced by lower turnover and greater worker productivity.*

The company needs to make a substantial front-end investment. The local community may not want
to take the risks of incurring large bonded indebtedness when the future of the uranium mine and
mill cannot be guaranteed (see Sect. 4.8). Although the size of this investment cannot be
specified, there is relevant experience from coal and nuclear generating plants. In one study,
the utilities contributed between 0.01 and 1.33% of total project costs to community support
and development activities.4 The only known investment by the applicant to date is an $80,000
loan for planning to the developer of Ticaboo. This loan represents a very small - 0.0002% of
all total capital and operating costs for the Shootering Canyon project.

The feasibility of Ticaboo is likely to be an issue which will be an investment decision for the
applicant, who has already recognized the need to assist the residential development in addition
to building the mine and mill. There is likely to be a need for additional front-end investment
or guarantees. It is not clear how much of the investment will be regained directly from sale
or lease of housing. The company will have to decide what value to place on the potential for
lower turnover, higher productivity, and a superior quality of life for its workforce.

s
Br 'ef descriptions of other western coal and uranium company towns support this view

(W. C. Metz, Residhnti2 Acrcces of Coa? cccc!cp cnt, American Institute of Planners Annual
Conference, Kansas City, Mo., Oct. 10-12, 1977, pp. 8-17.)

1. A mobile home community owned and operated by Amax Coal has cost the company
$1.2 million and more investment is anticipated. The company expects to recoup
this investment within 20 years.

2. A larger development is expected to cost ARCO $10 million. The company expects to
recoup part of this investment and "meanwhile ARCO will be known for having built
a first-class community because it cares about its workers."

3. Energy Development Corporation invested $1.5 million in a small development in Hanna,
Wyoming. While the company lost $0.5 million, the loss was acceptable " because
the attraction of experienced workers was easier and work force turnover was less
than 2 percent."

4. A United States Fuel Company town " is an annual financial burden to the coal
company, costing slightly over $50 thousand a year. The company considers the town
an asset well worth the cost."
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Appendix D

DETAILED RADIOLOGICAL ASSESSMENT

Supplemental information is provided below that describes the models, data, and assumptions
utilized by the staff in performing its radiological impact assessment of the Shootering Canyon
Uranium Project. The primary calculational tool employed by the staff in performing this
assessment is an NRC-modified version of the UDAD (Uranium Dispersion and Dosimetry)
computer code, originated at Argonne National Laboratory.1

0.1 ANNUAL RADI0 ACTIVE MATERIAL RELEASES

Estimated annual activity releases for the Shootering Canyon site are provided in Table 3.5.
Except for the annual average dusting rate for exposed tailings, these releases are based on
the data and assumptions given in Table 3.4 and described elsewhere in Sect. 3 and in Appendix F.
The dusting rate is calculated in accordance with the following equation:

7,, , 3.156 x 10 (D.1)RF ,0.5 . s
,

where

F, is thr. annual average frequency of occurrence of wind speed group e, dimensionless;

A, is the dusting rate for tailings sands at the average wind speed for wind speed group
2s, for particles 120 cm in diameter, g/m sec- ,

2" is the annual dust loss per unit area, g/m year;

73.156 x 10 is the number of seconds per year;

0.5 is the fraction of the total dust loss constituted by particles 120 cm in diameter,
dimensionless.1

The values of R, and F utilized by the staff are as given in Table D.l. The calculatedg
value of the annual dusting rate, y, is 192 g/m? year. Annual curie releases from the
tailings piles are then given by the following relationship:

MA(1 - f,)f,(283)(2.5)(1 x 10-12) , (D.2)c=

where

2A is the assumed beach area of the pile, m ,

f, is the fraction of the dusting rate controlled by mitigating actions, dimensionless;

f is the fraction of the ore content of the particular nuclide present in the tails;
t

S is the annual release for the particular beach area, Ci/ year;

283 is the assumed raw ore activity, pCi/g;

2.5 is the dust-to-tails activity ratio;

1 x 10-12 is Ci/pci.
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Table D.1. Parameter values for calculation of annual dustmg
rate for exposed tashngs sands

Wind speed Average wind Dusting rate, R, Frequency of
group iknots) speed (mpS) (g'm sec F occurrence. F,83

o-3 15 o

4-6 5.5 0

7-10 10.0 3.92 E - / o.1832

11-16 15 5 9 68E 6 0.0906

17-21 21.5 5. 71 E 5 0.0161

>21 28 o 2.08 E -4 0.0057

* Dusting rate as a fur.ction of wind speed is computed by the UDAD
Code. See M. Momens et al.. Urs num Dispersbn and Dosometry (UDAD)
Code, Argonne National Laboratory, in preparation.

8Wind speed frequencies obtained from annual joint frequency presented
in Table 0.2.

Tailings emission calculations are based on the last year of operation. At that time the
tailings impoundment will cover approximately 27.7 ha.2 It is assumed that 100; of this area

will be beach and subject to dust emission. Mitigating action to reduce dusting is assumed
to reduce dust losses by 80:

D.2 ATMOSPHERIC TRANSPORT

The staff analysis of offsite air concentrations of radioactive materials released at the
Shootering Canyon mill site has been based on a full year of meteorological data collected
onsite during the period 8/1/77 through 7/31/ 78.2 The collected meteorological data are
entered into the UDAD code as input, after assemblage and reduction, in the form of a joint
frequency distribution by stability class, wind speed group, and direction. The joint frequency
data employed by the staff for this analysis are presented in Table D.2.

The dispersion model employed by the UDAD code is the basic straight-line Gaussian plume model.1
Ground level, sector-averaged concentrations are computed using this model and are corrected
for decay and ingrowth in transit (for radon-222 and daughters) and f or depletion due to
deposition losses (for pisrticulate material). Area sources are treated using a virtual
point-source technique. Resuspension into the air of particulate material initially deposited
on ground surfaces is treated using a resuspension factor that depends on the age of the
deposited material and its particle size.1 For the isotopes of concern here, the total air
concentration including resuspension is about 1.6 times the ordinary air concentration.

The assumed particle size distribution, particle density, and deposition velocities for each
scurce are presented in Table D.3.

D.3 CONCENTRATIONS IN ENVIRONMENTAL. MEDIA

Information provided below describes the methods and data used by the staff to determine the
concentrations of radioactive materials in the environmental media cf concern in the
vicinity of the Shootering Canyon site. These include concentrations in the air (for
inhalation and direct external exposure), on the ground (for direct external exposure), and
in meat and vegetables (for ingestion exposure). Concentration values are computed explicitly
by the UDAD code for uranium-238, thorium-230, radium-226, radon-222 (air only), and lead-210.
Concentrations of thorium-234, protactinium-234, and uranium-234 are assumed to be equal to
that of uranium-238. Concentrations of bismuth-210 and polonium-210 are assumed to be equal
to that of lead-210.
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Table D.3. Physval characterntics assumed for particulate matenal releases

Actmty source we i,

(cm/sec)

Crusher dusts 1.0 2.4 1.0 1.55

Yellow cake dusts 1.0 8.9 1.o 2 98
Taihngs, ore pile dusts 5.0 (30M 2.4 1.o 7.75

35.0 (70M 2.4 88 54 2
Ingrown Rn daughters 1o o.3 0.3

*Aerodynamsc equivalent diarneter, used n calculating inhalation doses. See M.
Momeni et al., Uranium Dospersen and Dosimetry (UDAD) Code. Argonne National
Laboratory, in preparation.

D.3.1 Air concentration

Ordinary, direct air concentrations are computed by the UDAD code for each receptor location,
from each activity source, by particle size (for particulates). Direct air concentrations
computed by UDAD include depletion by deposition (particulates) or the effects of ingrowth
and decay in transit (radon and daugnters). To compute inhalation doses, the total air
concentration of each isotope at each location, as a function of particle size, is corputed
as the sum of the direct air concentration and the resuspended air concentration:

c (t) = u: m, + c:g e(t) , (D.3)e- .

where

c,tp(t) is the total air concentration of isotope i, particle size p, at time t, pCi/m ;. 3
u

is the direct air concentration of isotope :. particle size r (constant), pCi/m ;3
t. j p

c,_;z,(t) is the resuspended air concentration of isotope r, partic;e size y, at time e,u
3pCi/m .

The resuspended air concentration is computed using a time-dependent resuspension factor,
N(t), defined by

R.,(t) = (1/V )?0-5 exp(~ ht) (for * < l.82 years) , (D.4a)_

A,,(t) = (1/v.)l0-3 (for t 1.82 years) , (D.4b)>
r
.

where

R.,(t) is the ratio of the resuspended air concentration to the ground concentration,
r

for a ground concentration of age t years, of particle size r, m-1;

r is the deposition velocity of particle size p, cm/sec;p

is the assumed decay constant of the resuspension factor (equivalent to a 50-dayA y

half-life) 5.06 yr-I ;

10-5 is the initial value of the resuspension factor (for particles with a deposition
velocity of 1 cm/sec), m-1;

10-3 is the terminal value of the resuspension factor (for particles with a deposition
velocity of 1 cm/sec), m-1;

l.82 is the time required to reach the terminal resuspension factor, years.
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The basic formulation of the above expression for the resuspension factor, the initial and
final values, and the assivied decay constant derive from experimental observations. 3 The
inverse relationship to deposition velocity eliminates mass balance problems involving
resuspension of more than 100! of the initial ground deposition for the 35-am particle size
(see Table D.3). Based on this formulation, the resuspended air concentration is given by

1 - exp[-(A.* + Ap)l.82]
aig ,(t) = 0.01c 10 4C agnf (, ,X

R)

exp(-1.82).*) - exp(-A.*t)
+ 10-9 ', (3.156 x 107) (0.5)'

,z,
t

where Ag* is the effective decay consta F for isotope i on soil (see Eq. D.7) per year; 0.01 is
the deposition velocity of particles tc whish the initial and final values of the resuspension
factor are defined in m/sec; and 3.156 x 107 is sec/ year.

Total air concentrations are computed using Eqs. U.S and D.3 for all particulate effluents.
Radon daughters that grow in from released radon are not depleted due to deposition losses
and are therefore not assumed to resuspend.

D.3.2 Ground concentrations

Concentrations of particulate materials in and on soil are computed from direct air
concentrations. Resuspension of deposited activity is not treated as a loss mechanism and
redeposition is ignored. Ground concentrations are given by

'l - exp(-A *c)'fC - ( c ) = 0. 01 c . y (D.6), ,gm aW-T 'f
where

C ,I. (t) is the ground concentration of isotope i, particle size p, at time t, pCi/m ,2

J

A * is the effective decay constant for isotope i on or in soil, per year;g

i (D.7)A **Af + A*g

where Af is the radiological decay constant, per year; A* is the assumed environmental loss
constant for activity in soil (equivalent to a 50-year half-life),1.39 x 10-2 per year; and
0.01 is m/cm.

In' general, the half-lives of the pertinent isotopes are such that it is appropriate to assume
either complete ingrowth or no ingrowth. However, ingrowth of lead-210 from radium-226 is
treated explicitly asing the standard Bateman formulation.

D.3.3 Vegetation concentrations

Concentrations of released particulate materials can be environmentally transferred to the
edible portions of vegetables, or to hay or pasture grass consumed by animals, by two
mechanisms - direct foliar retention and root intake. Five categories of vegetation are
treated by the staff-modified version of the UDAD code. They are edible above-ground
vegetables, potatoes, other edible below-ground vegetables, pasture grass, and hay.
Vegetation concentrations are computed using the following equation

'l-exp(-(,t,,)'
g p@vg/d , (D 8)

"

'vir " ' p'aip? E +C grv y
.

p
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where

B ,g is the soil-to-plant transfer factor for isotope i, vegetation type e, dimensionless;

C ,, is the resulting concentration of isotope i, particle size .r, in vegetation 9,

pC1/kg;

E, is the fraction of the foliar deposition reaching edible portions of vegetation v,
dimensionless;

F, is the fraction of the total deposition retained on plant surfaces, 0.2, dimensionless;
2P is the assumed areal soil density for surface mixing, 240 kg/m ;

& , is the assumed duration of exposure while growing for vegetation u, sec;
2

Y,, is the assumed yield density of vegetation c, kg/m ;

A is the decay constant accounting for weathering losses (equivalent to a 14-day
g

half-life), 6.73 x 10"' per sec;

0.01 is m/cm.

The value of E., is assured to be 1.0 f? all above-ground vegetation, and 0.1 for all below-
ground vegetables." The valu! of t,. is taken 6- 5e 60 days, except for pasture grass where a
value of 30 days is assumed. The yleid density, Y,,, is L':an to be 2.0 kg/m except for pasture2

grass, where a value of 0.75 kg/m is applied. Values of the sud P nlant transfer coef ficients,2 '

S,,g, are provided in Table D.4

Table D.4. Environmental transfer coefficients

U Th Ra Pb

Plant / soil (9g
Edible above ground 2SE3 4.2E 3 2.oE-2 4.2 E -3

Potatoes 2.5 E -3 4.2E 3 3.2E 3 4.2E 3
Other below ground 2.5 E-3 4.2E 3 2.oE-2 4.2 E -3

Pasture grass 2.5 E-3 4.2E 3 6 6E 2 7.8E-2
stored feed (hay) 2.5 E-3 4.2E-3 6.6E 2 7.8E-2

Beef / feed (Fg), pCag per pCi/ day 3.4 E 4 2.oE4 3.o E-3 2.9E 4

0.3.4 Meat concentrations _

Radioactive materials can be deposited on grasses, hay, or silage that are eaten by meat
animals, which are in turn eaten by ran. For the Shootering Canyon site, it has been assumed
that meat animals obtain their entire feed requirement by grazing (EP, p. F-9). The equation
used to estimate meat concentrations is

C = CF C (D.g)4 ggr;,

where

C is the concentration of isotope i ir. pasture grass, pCi/kg;

C,,.g is the resulting concentration of isotope i in meat, pCi/kg;

F is the feed-to-meat transfer factor for isotope i, pCi/kg per pCi/ day (see Table D.4);g

Q is the assun.ed feed ingestion rate, 50 kg/ day.
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D.4 DOSES TO INDIVIDUALS

Doses to individuals have been calculated for inhalation, external exposure to air and ground
concentrations, and ingestion of vegetables and meat. Internal doses are calculated by the
staf f using dose conversion factors that yield the 50-year dose commitment, that is, the
entire dose insult received over a period of 50 years following either inhalation or ingestion.
Annual doses given are the 50-year dose commitments resulting from a one-year exposure period.
The one-year exposure period was taken to be the final year of mill operation when environmental
concentrations resulting from plant operations are expected to be at their highest level.

D.4.1 Inhalation doses

Inhalation doses have been comp"ted using air concentrations obtained by Eq. D.3 (resuspended
air concentrations are included) for particulate materials, and the dose conversion factors
presented in Table D.S. These dose conversion factors have been computedl in accordance with
the Task Group Lung Model of the International Commission on Radiological Protection.5 Doses to
the bronchial epithelium from radon-2?? ar.J short-lived daughters were computed based on the
assumpticn of indoor exposure at 100% occupancy. The dose conversion factor for bronchial
epithelium exposure from radon-222 is derived as follows:

1 pCi/m' of radon-222 = 5 x 10" working level (WL);*
continuous exposure to l WL = 25 cumulative working level months (WLM) per year;
1 WLM = 5000 millirems 7

Therefore,

**S(1 pCi/m3 of radon-222) 5 x 10 ' - 25 5000 0.625 millirem ,=

pCi/m )
thus the radon-222 bronchial epithelium dose conversion factor is taken to be 0.625 millirem
year-1 pCi-1 m- t

D.4.2 External doses

External doses from air and ground concentrations are computed using the dose conversion
factors provided in Table D.6.1 Doses were computed based on 100; occupancy at the particular
location. Indoor exposure was assumed to occur 14 hr/ day at a dose rate of 70% of the
outdoor dose rate.

D.4.3 Ingestion doses

Ingestion doses have been computed for fresh vegetables and neat (beef, processed pork, and
lamb). Ingestion doses reported are based on concentrations obtained using Eqs. D.8 and D.9,
ingestion rates given in Table D.7, and dose conversion factors given in Table D.8.ld Vege-
table ingestion doses were computed assuming an average 50! activity reduction due to food
preparation." Ingestion doses to children and teenagers were computed and found to be less
than adult doses,

s
One WL concentration is defined as any combination of short-lived radioactive decay

products of radon-222 in I liter of air that will release 1.3 x 105 MeV of alpha-particle energy
during their radioactive decay of lead-210. The conversion factor given is from ref. 6.
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Table D.S. Inhalation dose conversion factors, milbrems year-' pCi ~' m '
^

Particle size = 0.3 um

Ptr210 Po-210

Whole body 7.46 1.29
Bone 2.32E 2 5.24
Kidney 193E2 3 87E 1

Liver 5.91El 1.15El
Mass average lung 6.2 7E l 2.66E 2

Particle sire = 1.0 pm; density = 8.9 g/cm'

U 238 U 234 Th 230 Ra 226 Ph910 Po-210

Whole body 1.44 1 64 1.3 7E 2 3.97E 1 942 1.77
Bor,e 2.42E 1 2.64 E 1 4.90E3 3.97E2 2.8 7E 2 7.22

Kidney 5.53 ti30 137E3 1.40 2.39E 2 5.33E1

Liver 0 0 2.82E 2 4.94 E.2 7.32E 1 1.59E l

Mass average lung 2.13E 3 2.4 2E 3 2.37E 3 3.04 E 2 2.49E l 1.12E 2

Partete size = 1.0 pm; density = 2.4 g/cm'

O.238 U 234 Th 230 Ra 226 Pb-210 Po-210

Whole body 1.65 1 87 1.66E 2 3.40E 1 8.24 1.54

Bone 2.78 E 1 3 03E 1 5 95E3 3.40E 2 2 56E2 6 29
Kidney 6 33 7.22 167E3 1.20 2.13E 2 4.64 E 1

Liver 0 0 3.43E 2 4.22E 2 6.53 E 1 1.38E 1

Mass average lung 2 88E3 3 28E3 3.22E3 4.04 E 2 3.38E 1 1.48 E 2

Particle size = 5.0 pm

U 238 U 234 Th-230 Ra 226 Pb-210 Po 210

Whote body 1.16 1.32 1.01 E 2 4 47El 1.00E1 1.96E

Bone 196El 2.14 E 1 3 60E3 4 47E2 3.11 E 2 7.99

Kidney 4.47 5.10 1.00E3 1.57 2.59E 2 5.89E l

Liver 0 0 2 07E2 5 55E 2 7.93E 1 1.76E l

Mass average lung 1.24E3 1.42E 3 1.38 E 3 1.87 E 2 145E t 7.01 E l

Partmie size = 35.0 pm

U 238 U 234 Th-230 Ra 226 Pb-210 Po-210

Whola body 7.92F-1 9 02E.1 5 77El 4 40E1 9.66 .s'

Bone 1.34 E 1 1.46E 1 2.07E3 4 40E2 3.00E 2 7.84

Kidney 3 05 3.47 5.73 E 2 1.55 2.50E 2 5.79El
Liver 0 0 :.19E2 5 47E 2 7 65E-1 1.73 E 1

Mass aver age lung 3.33 E 2 3 80E 2 3.71 E 2 6 38E1 3 91 2.58 E 1

-
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Table D.6. Dose convernon factors for ?xternal exposure

isotope Skin Whole body

Dose factors for doses from air concentrations,
melbrems year-' pCi~' m'3

U-238 1.05E 5 1.57E 6

Th-234 6 63E-5 5 24E 5

Pa-234 8.57E 5 6 64E-5

U 234 1.36E 5 2 49E-6

Th-230 1.29 E -9 3.E9E 6

R a-226 6 00E 5 4.90E 5

Rn-222 3.46 E.10 2.83E 6

Po-218 8.18E-7 6.34E 7

Pt> 214 2.06E 3 1.67E 3

Bi-214 1.36E.2 1.16 E - 2

Po-214 9.89E-7 7. 66 E- 7

Ptr210 4.17E 5 1.43E 5

Dose factors for doses from gound concentrations,
-smdbrems year'' pCi'' m

U-238 2.13E 4 3.17E 7

Th 234 2.10E 6 1.66 E -6

Pa 234 1.60 E -6 1.24E 6

U-234 2 60E 6 4.78E 7

Th 230 2.20E 6 6.12 E- 7

Ra-226 1.16 E -6 9.4 7 E-7

Rn-222 6.15E 8 5.03 E -8

Po-218 1.4 2 E -8 1.10 E -8

Pt>214 3.89E 5 3.16 E -5

Bi-214 2.18E-4 1.85 E4

Pcv214 1.72E 4 1.33E 8

Pb-210 6.65 E -6 2.27E 6

Table D.7. Assumed food ingestion rates,8 kg/ year

Ould Teen Adult

Fresh vegetables (total) 48 76 105
Ed ble above ground 17 29 40
Poteoes 27 42 60
Other below ground 34 5 5

Meat (beef, processed pork, 28 45 78
and lamb)

* lngestion rates are averages for ty pic al rural farm
households. No allowance is credited for portions of year
when locally grown food may not be available.

Source: J. F. Fletcher and W. L. Dotson, competers,
HERMES - A DigitalComputer Code for Estimating Regional
Radefogocal Effects from the Nuclear Pdwer Industry,
Hanford Engineering Development LaLoratory, Report
HEDL-TME-71 168, December 1971.
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Table D.8. Ingestion dose conversion factors, milbrems/pCi

Age group Organ U 238 U 234 Th-234 Th-230 Ra 226 Pb-210 B 210 Po 210

Infant Whole body 3.33E 4 3.80 E -4 2.00E-8 1.06E 4 107E-2 2 38E 3 3.58E 7 7.41 E -4
Bone 4.47E 3 4 88E 3 6 92E-7 3.80 E -3 9.4 4 E -2 5 28E-2 4.16E 6 3.10 E -3
Uver 0 0 3.77E 8 1.90 E 4 4.76E-5 1.42E 2 2.68E-5 5.93E 3
Kidney 9 28E-4 1.06 E -3 1.39E-7 9.12E 4 8.71 E -4 4.33 E-2 2.08E 4 1.26E-2

Child Whole body 1.94 E 4 2 21 E-4 9 BSE 9 9.9 .-5 9 87E-3 2.09 E -3 1.69E-7 3.67E4
Bone 3.2 7 E -3 3.57 E-3 3 42E-7 3.Sa E-3 8.76E 2 4 75E-2 1.9 7 E 6 1.52E-3

Uver 0 0 1.51 E -8 1.78 E 4 1.84E 5 1.22E 2 1.02E-5 2.43 E -3
Kidney 5 24E 4 5.98E 4 8.01 E -8 8.67 E-4 4.88E 4 3.67 E -2 1.15 E-4 7 56E-3

Teenager Whole body 6.49E 5 7.39 E-5 3.31 E -9 6 00E-5 5.0CE-3 7.01 E4 5.66 E-8 123E 4
Bone 1.09E-3 1.19E-3 1.14E 1 2.16 E-3 4 90E 2 1.81 E-2 6.59E-7 5.09E 4
Liver 0 0 6.68E 9 1.23 E 4 8.13 E -6 5.44 E -3 4.51E 6 1.07 E -3

Kidney 2.50E4 2.85E4 3.81 E -8 5.99 E 4 2.32 E -4 1.72E-2 5.4 8 E -5 3 60E-3

Adult whole body 4.54 E - 5 5.17 E-5 2.13E-9 5.70 E-5 4.60E-3 5.44 E 4 3.96 E -8 8 59E-5

Bone 7.67 E-4 8.36E4 8.01E-8 2.06 E -3 4.60 E -2 1.53 E-2 4.61 E-7 3.56 E 4
Uver 0 0 4.71E 9 1.17 E-4 5.74E 6 4.37 E -3 3.18 E -6 7.56E 4

Kidney 1.75E-4 1.99 E -4 2.67E-8 5.65 E 4 1.63E-4 1.23E-2 3.83E 5 2 "2E-3
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Appendix E

ATM05PHERIC DISPERSION CCEFFICIENTS

Tables E.1 through E.3 list >/Q (sec/m') values calculated by the staff using AIRDOS-II, a
FORTRAN computer code,1 and onsite meteorological data supplied by the applicant (rR, Supplement
S2, Sect. 2.7). Joint frequency distributions of wind velocities and directions sucrarized
by stability class are given in Table D.2 of Appendix D.
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c epa ss d i rm.t t ons . re l e.ne he n" 1 :r.

- . - . _ . __ . - . . _ _ _ -_._ __._ . _ . _ _ _ -. . . - _ _

O t stant e f ree c enter of f at t11tj (t jwinj

34 2D 4. :^ n>> \; n i 4 '" e 8 \v

N H.P4E-5 2 ICE-5 5.17 E -6 ' . 32E -6 6. SE ' ' s ti - 4. 71E -d

'. m 4.2 3f-5 1.'HE-5 ' . 3 7E -6 1. t E -6 2.74f-7 3 SFf-4 1. NE -

NW 2.4fE-5 5. 4 sl .6 .1 - f. -6 4 CE -7 1. J[ -i 4 i ? -S 7.14i-9

WN4 1.93[-5 4.42[-6 9 . F ^. E ' 4. . h E - 7 3 W/E s 3 . . ' 1E > 5. 3'.E 9

4 3. 75E -5 7.L if -6 1 5df-6 6. ' 4f - 7 1 5 >f - 7 4.4:E-s e 2f. F. - 9

d'W 3.4Sf-5 7. 4 4 E -6 1. E 5 E -6 64/1-7 1. E 7 E - 7 5 ZIE -8 9 42E -3

Sw 4. 4]E -5 1. M f - 5 ' i E -6 1. %i. -6 2.Al-7 9. % E -4 2.10E-H
-

55. 1. . ;5 E -4 2.?7E-5 4 t 4E -6 I XE -t 4.54f-7 1.4"E-7 ?.(2i-8

s 1. s 4E -4 ' 7E -5 4 6 4E-6 1.)lf-t 4. f Ei - 7 1.51E-7 2. 8 3E '

55E L 21E -5 7. c cj[ .s i s [ ., ( . q[ . 7 1,7 )[ _7 g , p[ _ a j ,2;[ _g

SE 6. ',2 E -6 1.51E-6 3. 4; E - 7 1.'.f-7 3.L E # 1. 37E a 2.92E-9

f5E 2.14E-5 4. 4 ?f -6 9. 0 r , 3. NE - 7 3.2EE-8 3.13E-d 6.O n - )

E 4 9]f -5 1.11E-5 ?.4?E-6 1.'2E-6 ? . 7M - 7 LE2E-8 1. 9 ;E -8

ENE 4. 01 E -5 9.0t E -6 2.C M -6 8.ARE-7 2.32E 7 8.23E-3 1. 74E -8

NE 3. 20E -5 7. UE - 6 1.94! F 9.82I-7 2.43E-7 A.91E-A 2 UE-3

NNE 6.29E-5 1. 5PE -5 3. t d "-6 1.6EE-6 4.47i-7 1.02E-7 3.5 E E '

_ _ _ _ - _ _ . _ _ _ . _ _ _ . _ _ _ - _ _ . . . -_ _ - . __



E-4

Table E.2. Ar,Nal a ve ra ye , / ') ( sec /in ') a t various d t stanr es f rom the f ac t ilty site f or the 16
torpa ss dir et tloes, r elease hel7t 11 m.
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Appendix F

RADON RELEASES FROM AREA SOURCES

This appendix describes the assumptions, data, and equations used to estimate annual radon-222
releases from the ore storage facility and the tailings impoundment systen. For the tailings
area, radon-222 releases are estimated for both prereclamation and postreclamation conditions.

F.1 AVERAGE SPECIFIC FLUX

Radon release rates from area sources are based on an assumed average specific flux of
1 pCi/m' sec of radon-222 per picocurie pee gram of the parent radium-226. This value has been
used to obtain radon-222 releases from the ore storage pile and the unreclaimed tailings area.
Radon releases from the reclaimed tailings impoundment have been estinated by using this
specific flux to estimate the upward flux at the surface of the tailings, which is then
attenuated by the specified cover materials and depths.

Actual radon fluxes are dependent on a wide range of highly variable site- and time-specific
conditions. These include, for example, topography, wind conditions, humidity, terperatures,
and rainfall as well as characteristics of the host ore or tailings materials such as particle
sizes and distribution, porosity, and most importantly, moisture content. At present there is
no generalized calculational model by which all of these paraneters can be accounted for in the
estimation of radon-222 releases. Thus, the staff has elected to use the average specific
flux identified above. The particular numerical value chosen is based on estimates presented
in refs. I and 2 for radon releases from uranium mill tailings. Haywood et al. have calculated
the average specific flux from tailings materials, based on diffusion coefficients from ref. 3,

2to be 0.35, 0.65, and 1.2 pCi/m sec per picocurie per gram of radium-226 for wet, moist, and
dry tailings respectively.1 Also, Schlager has estinated a specific flux for dry, packed
tallings of 1.6 pCi/m sec per picocurie per gram of radium-226 '7

In view of the above, the staff considers the assumed average specific flu 4 to be a reasonable
estimate for tailings materials, which are subject to large spatial and temporal variations in
moisture content. In light of the proposed plan to maintain moist tailings surfaces, it is
likely to be somewhat conservative. The assumed average specific flux is also applied to obtain
radon-222 releases from the are storage pile. Although the raw ore is generally composed of
rock-like fragments, as opposed to sand grains, and may thus have a reduced fraction of
escaped radon, the ore pile is also subject to continuing physical disturbance as raw ore is
added or removed. In any event, the estimated ore pile radon release is only a small fraction
of that calculated for the tailings area, and offsite exposures are relatively unaffected by
radon from the ore pile.

F.2 RADON FROM ORE STORAGE

For the Shootering Canyon Uraniun Project, the average raw cre concentration of racium-226 is
estimated to be 283 pCi/g. The ore storage facility area is 0.25 ha (0.63 acres), and the
estimated arnual radon-222 release is given by the product

(10_ uc)(283 pCi/g)(2500 rJ)(3.156 x 107 sec/ year;(10-:' Ci/pci)

The estimated radon-222 release is 22.3 Ci/ year.
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F.3 RADON FROM UNRECLAIMED TAILINGS

The radon release from the tailings area is estimated based on the ultirate tailings pile area,
27.7 ha (68.5 acres), and the average radium-226 concentration in the tailings, 282.4 pCi/g.
The average tailings radium-226 concentration is the average raw ore concentration times the
fraction passing through the mill and remaining in the tails 0.998. The estimated radon-222
release rate from the fully developed tailings area is calculated to be 2470 C1/ year.

F.4 RAD 0'4 FROM RECLAIMED TAILINGS

The radon-222 flux at the surface of the tailings material is estimated to be 282.4 pCi/m sec.e

This is also the rate of radon release for the uncovered tailings material. Af ter mill opera-
tion ceases, the tailings area will be reclaimed by the application of cover material. The
proposed tailings pile cover consists of a 6-ft (183-cm) layer of compacted clayey material
and a 2-ft (61-cm) layer of sandy-soil material.

A 1-f t (30.5-cm) cover of coarse gravel and rock is also proposed for purposes of erosion con-
trol. The proposed cover materials will attenuate the radon flux at the surface of the tailings
so that the total radon flux released to the atmosphere is less than twice the estimated back-
ground flux. The attenuated radon flux is estimated by the following relationship:"

e D/( ( /c) .]O.5J=J exp -
g ,

i=1

where

(|(/c),. is the effective diffusion coefficient for cover layer 1, cm /sec;2

is the attenuated radon-222 release flux, pCi/m? sec;-

A is the radon-222 flux at the surface of the tailings material, pCi/m' sec;
is the number of cover layers, dimensionless;t

e is the thickness of cover layer i, cm;
is the radon-222 radiological decay constant, 2.1 x 10-+ sec-1A

Because the clayey cover will actually be a mixture of clay and soil, the effective diffusion
coefficient for that layer is assumed to be equal to that for Mancos Shale,1.2 x 10-3 cm /sec2

(ref. 5). The effective diffusion coefficient for the sandy-soil material is assumed to be
3.6 x 10-2 2cm /sec (ref. 6). Using these effective diffusion coefficients and the cover thick-
nesses specified above, the value of J, the attenuated flux of radon-222 released to the
atmosphere from the reclaimed tallings area, is calculated to be 0.084 pCi/m sec, above background.

Because the background concentration of radium-226 in soil in the area is about 0.9 pCi/g
(ref. 7), the background radon-222 flux from natural soil is estimated to be 0.9 pCi/m sec.2

Thus the estimated flux of radon-222 from tailings materials, af ter reclamation, is estimated
to be less than 10% of the natural background flux. Based on the 27.7-ha (68.5-acre) tailings
pile area, postreclamation radon-222 releases from tailings materials are estimated to amount
to only about 0.73 Ci/ year.
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Appendix G

CALCULATIONS OF TAILINGS PILE GAMMA RADIATION ATTENUATION

Assuming soil to be composed mainly of SiO , the mass attenuation coefficient for a 1- to 2-MeV2

garina ray is 0.0518 cm /g (ref.1). (Most of the dose rate from a typical natural emitter is2

3 ofin this range.2) Based on the radium concentration of 283 pCi/g and the conversion factor
2.5(LR/hr)/(pCi/g), the gamma radiation from the uncovered tailings pile is approximately
6.2 R/ year. Assuming that the gamma radiation level is 6.2 R/ year and that the bulk density
of the soil is 1.6 g/cm , the effect of the 2.45 m (8 ft) of soil materials propcsed (excluding3

the cobble layer) would reduce the gama radiation to approximately 9.424 x 10 " R/ year.

?/7 * **Pb-(Pen / )cz) = exp[-(0.0518 cm /g)(1.6 g/cm )(245 cm)) = 1.52 x 10-92 l
,

0

I = (1.52 x 104)(6.2 R/ year) = 9.424 x 10-3 R/ year

The Nckground radiat'on dose as measured by the applicant is 72.8 mR/ year (ER, p. 2-171).
The ganina radiation from the deposited tailings would be insignificant compared to the natural
gamma background.
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Section Leader 'uti8 arc"b ri.hs ula

Uranium E!1 f.icensing Section l ' '+'"""' W 8 3 7' 3 3 ^ 8
Division of fuel Cycle and Bliterial Safety
Nuclear Regulato g Co: mission
Kashington, D.C. 20555

IE: Shootering Canyon th anita Project , Carfield County

Dear Gialipeison:

On the basis of staff review and reconvendation, the State !!istoric
Prescrration Of ficer has detemined that althoudi a known site (12G\l531,
Lost Spring Duae Site, Garfield Cosnty, Utah) exists in the pmject area,
a detennination t as rende that the site was not significant. 1he basis
for this deter:nination is a report on the test excavation of the site by
the Antiquities Section of the Division of State llistory in Bliy of 1978
(Dytnan:1978). The proposed project hill have no knmai ef fect on any
recogaized or potential National Ce;ister historical, archeoloeical, or
cultural site (s). Please be advised, hos.:ever, that should art i facts or
cultural objects be discovered during the const:uction stage, it is the
responsibility of the Federal ageacy or a comunity receiving block giant
funds to notify this office ir:rediately as provided for in the Utah State
Antiquities Act of 1973 and 1%lic Law 93-291.

.

Should you need assistance or clarification, please call Wilson C. Ebrtin,
Preservation Development Coordinator, State Ilistorical Society, 307 Kest
200 South, Salt Late City, Utah S1101, 533-6017.

incerely,

(4
s ., ,-

J.~ Philip (cene, III
Execut ire Director and
State llistoric Preservation Officer

ICI:br:B599.Gs

cc: Plateas Peources, Ltd. ,141 East First South, Salt take City, Uf S1111

(2) clearance

Enclocure
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