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SUMMARY AND CONCLUSIONS.

This Draf t Environmental Statement was prepared by the staf f of the U.S. Nuclear Regulatory
Conrnission and issued by the Commission's Office of Nuclear Material Safety and Safeguards.

1. This action is administrative.

2. The proposed action is the issuance cf a Source Material License to Energy Fuels Nuclear,
Inc., for the construction and operation of the proposed White Mesa Uranium Project with a
product (U 0a) production limited to 7.3 x 105 kg (1.6 x 106 lb) per year.3

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

a. Impacts to the area from the operation of the White Mesa Uranium Project will include
the following:

Alterations of up to 358 ha (885 acres) that will be occupied by the mill, mill*

facilities, tailings area, and roads.

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

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

.

Socioeconomic effects on the towns of Blanding and Monticello, Utah, where the*

majority of mill workers will be housed during mill construction and operation.

Production of waste material (tailings) from the mill, which will be produced*

at a rate of about 1.8 x 100 kg (2000 tons) per day for 15 years and will be

|
deposited onsite in subsurface pits.

b. S rface 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 j
to the tailings impoundment at about 1.18 m3 (310 gal) per minute. Some 5.9 x 105 m3
(480 acre-f t) of water per year will be utilized by the mill.

- c. There will be no discharge of liquid or solid effluents from the mill and tailings
site. The discharge of pollutants to the air will be. small and the ef fects negligible.
The estimated total annual whole-body and organ dose commitments to the population
within 50 miles of the proposed mill site are presented below. Natural background doses
are also presented for comparison. These dose estimates were based on the projected
population in the year 2000. The dose commitments from nonnal operations of the pro-
posed White Mesa mill will represent only very small increases from those due to
current background radiation sources.

Annual population dose commitments
to the population within an 80-km

(50-mile) radius of the plant site in the year 2000
_

Dose (man-rems /yr)
Receptor organ Plant effluents Natural background

Total body 3.4 7,500
Lung 7.1 7,500
Bone 6.4 7,500
Bronchial 13.2 23,000

epithelium

|

|
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d. Construction and operation of the White Mesa mill will require the commitment of small |

1amounts of themicals and fossil fuels, relative to their abundance.
4

Construction and operation of the White Mesa mill will provide employment and inducede.
Jeconomic benefits for the region, but may also result in some socioeconomic stress.

f. The area devoted to the milling operations will be reclaimed af ter operations cease,
but the approximately 183 ha (450 acres) tailings area may be unavailable for further
productive use. However, when reclamation 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 grazing land. )
iSurf ace and subsurf ace archaeological surveys have identified numerous archaeologicalg

sites within the proposed project area. Because the NRC, in consultation with the
State Historic Preservation Of ficer for the State of Utah, has made the preliminary
determination that these sites are likely to yield infonnation important in the pre-
history of the region, the Secretary of Interior will be requested to render an opinion
concerning the eligibility of these sites for National Register nomination. Each

;lregister eligible site would then be evaluated against the criteria for " adverse effect"
and "no adverse ef fect" set down in 36 CFR 800, " Procedures for the Protection of
Historic and Cultural Properties." All measures pertaining to the mitigation of adverse j
effects to archaeological sites will be addressed in the Final Environmental Statement.

.

1

.

4. Principal alternatives considered are as follows:

a. alternative sites for the mill,
b. alternative mill processes,
c. alternative of using an existing mill,
d. alternative methods for tallings 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 Energy4

Department of Transportation
Environmental Protection Agency
Department of Agriculture
Advisory Council on Historic Preservation
Department of Housing and Urban Development
Utah Board of Health
Utah State Planning Coordinator
Utah Division of 011, Gas, and Mining

6. This Draf t Environmental Statement was made available to the public and to the specified
agencies in December 1978.

7. On the basis of the analysis and evaluation set forth in this Environmental Statement, it is
proposed that any license issued for the White Mesa mill should be subject to the following

| conditions for the protection of the environment.
I

a. The applicant shall construct the tallings disposal facility to incorporate the features
|
I described in Alternative 1 of Sect.10.3 and in Sect 3.2.4.7 and to meet the safety

criteria specified in NRC Regulatory Guide 3.11.

b. The applicant.shall implement an interim stabilization program that minimizes to the
maximum extent reasonably achievable disposal of blowing tailings. The effectiveness of
the control methods used shall be evaluated weekly by means of a documented tailings
area inspection,

iv
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c. The applicant shall implement the environmental monitoring program described in
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. Tne
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 land use (grazing, residences , etc.) in the area surrounding the pro-
posed 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 indi- |
cates that such activity may result in a significant adverse environmental impact |
that was not assessed, or that is greater than that assessed in this Environmental i

IStatement, the applicant shall provide a written evaluation of such activities and
obtain prior approval of the NRC for the activity,

e. The applicant shall comply with the requirements specified in Section 4.2.2 of this docu-
,

ment regarding protection and preservation of cultural resources.
|

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 or damage. |

g. The applicant shall conduct a meteorological monitoring program as specified in
Section 6.1 of this document. The data obtained from this program shall be tabulated
and made available for NRC inspection.

} h. The applicant shall provide for stabilization and reclamation of the mill site and
i tailings disposal areas and mill decommissioning as described in Sects. 3.3 and 10.3 i

of this document. |
1. The applicant shall provide surety arrangements to ensure completion of the mill site '

i and tailings area stabilization, reclamation, and decomissioning plans.

8. The proposed position of the NRC is that, af ter weighing the environmental, economic,
technical, and other benefits of the operation of the White Mesa Uranium Project against
environmental and other costs and after 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 71, above.

As announced in a Federal Register 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
NRC licensing action will be subject to express conditions that approved waste-generating
processes and uranium mill tailings management practices may be subject to revision in
accordance with the conclusions of the final generic environmental impact statement
and any related rule making.

,

V
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FOREWORD

This Draf t Ervironmental Impact Statement is issued by the U.S. Nuclear Regulatory Commission
(NRC), Of fice of Nuclear Material Safety and Safeguards, in response to the request by Energy
Fuels Nuclear, Inc. , for the issuance of an NRC Source Material License, authorizing operation
of the proposed White Mesa Uranium Project. This document has been prepared in accordance
with Comnission 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 by
Energy fuels Nuclear, Inc. (the applicant).

The NEPA states, among other things, that it is the continuing resposibility 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 culturally*

pleasing surruundings;
attain the widest range of bereficial uses of the environment without degradation, risk*

to health or safety, or other undesirable and unintended consequences;
preserve important historic, cultural, and natural aspects of our national heritage*

and maintain, wherever possible, an environment that supports diversity and variety of
individtal 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
ennance the quality of renewable resources and approach the maximum attainable recycling*

of depletable resources.

Further, with respect to major Federal actions significantly afrecting the quality of the humani

I environment, Section 102(2)(C) of the NEPA calls for prep 3 ration of a detailed statement on

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

implemented,
(iii) al terna tives to the proposed action,
(iv) the relationship between local short-term uses of man's environment and the maintenante

and enhancement of long-term productivity, and
(v) any irreversible and irretrievable commitments 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,
Commission representatives (the staff) met with the applicant to discuss items of information
in the Environmental Report, to seek additional information that might be needed for an
adequato assessment, and generally to ensure that the Commission has a thorough understanding
of the projec t. 'n addition, the staf f sought information from other sources to assist in the
evaluation, conducted field inspections of the project site and surrounding area, and met with
State and local officials 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, tho staf f has nade an independent assessment of the consiuerations specified in
Section 102(2)(C) of the NEPA.

xvi

_________ _________
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That evaluation has led to the issuance of this Draf t Environmental Statement (CES) by the
Office of haclear Material Safety and Safeguards. The DES has been distributed to Federal,
State, and local governmental agencies and to other interested parties for corr!ent. A sumria ry
notice has been published in the -.!md , < . regarding the availability of the applicant's
Environmental Report and this DES. Correts should be addressed to

Director, Division of Fuel Cycle and Material Safety
U.S. Nuclear Regulatory Commistior
Wa shington, D.C. 20555

Af ter comments on the DES have been received and considered, the staf f will prepare a final
Environmental Statement that includes discussion of questions and coments submitted by review-
ing agencies or individuals. Further environmental considerations are made on the basis of
these comments and combined with the previous evaluation; the total environmental costs are
then evaluated and weighed agcinst the environmental, 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 actione irb appropriate conditions to protect environmental values.

Single cople of this DES, N'JREG-0494. may t1e ot'tained by wri ting

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

xvii
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1. INTRODUCTION

|
| t
! l.1 THE APPLICANT'S PROPOSAL

Pursuant to Title 10, '< - of r am .g la v (CFR), Part 40.31 and to 10 CFR Part 51,
Energy Fuels Nuclear, Inc. (the applicant), on February 6,1978, applied to the Nuclear
Regulatory Commission (NRC) for an NRC Source Material License to construct ara operate a
uranium processing mill. This mill, hereaf ter refer red to as the White Mesa Uranium Project,
will process ores from independent and company-owned mines. There will be no uranium mining
at the project site.

The project will consist of construction and operation of a mill with a nominal processing
capacity of 1800 metric tons (MT; 2000 tons) per day with provision for recovery of vanadium
as well as uranium.

The applicant presently controls by ownership, lease, or contract, ore reserves of approximately
8f>00 MT (9500 tons) of U O with an a erage ore grade of 0.125; The proposed operatingi

schedule is 24 hr/ day, 340 days per year. At this schedule, there are about 11 years of ore
supply. The applicant has designed for a 15-year project lifettm with the expectation thatu

other ore sources will be discovered later. Based on these figures and a 94? recovery, the
mill will produce approximately 730 MT (800 tons) of U 03 3 per year.

Waste materials (tailingsj from the mill will be produced at about 1800 MT (2000 tons) of
solids per day and stored onsite. Sequential preparation, filling, and reclamation of tailings
impoundment cell s are planned (Sec t. 3.2.4.7) . This will decrease the amount of tailings exposed
(and radon exhaled) dJring operation of the mill.

In accordance with NRC GJides 3.5 and 3.8, the applicant has subrilitted a Source Material
Litense Application (Form AEC-2),1 an Environmental Report (ER),- and supplements to the ER
in response to questions by the NRC staff.

1.2 BACKGROUNO INFORMATION

The proposed Energy Fuels Nuclear, Inc., mill will be located in San Juan County, Utah, about
8 km (5 miles) south of Blanding, Utah (Fig.1.1). Ore for the mill feed will be provided
through two existing ore buying stations, one near Hanksville in Wayne County, Utah, and the
otner adjacent to the planned mill on the same site (Fig. 2.1). These buying stations, owned
by Energy Fuels, purchase ore from independent mines and will also receive ore from company-
owned mines.

The surface area of the project site is owned by Energy fuels Nuclear, Inc., or controlled by
mill site claims. The mill will occupy about 20 ha (50 acres) of the site, including 6 ha
(16 acres) presently cccupied by the existing ore buying station. At the end of the proposed
15-year project lifetime, the tailings disposal cells will occupy approximately another 180 ha
(450 acres).

The purpose of this Environmental Statement is to discuss in detail the environmental ef fects
of project construction as well as monitoring and mitigating measures proposed to minimize the
effects of the project on the immediate area and surrounding environs.

1.3 FEDERAL AND STATE AUTHORITIES ANO RESPONSIBILITIES

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

1-1
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uranium and/or thorium in any form or cres containing 0.05; or more of uranium, thorium, or
combinations thereof). 10 CFR Part 51 provides for the preparation of a detailed Environmental
Statemont pursuant to the National Environmental Policy Act of 1969 (tEPA) prior to the
issuance of an SRC license to authorize uranium milling,

o

The NEPA became ef fective on January 1,1970. Pursuant to Section 102(2)(C), in every r.ajor
Federal action significantly af fecting the quality of the human envircnment, federal aTrncies
must include a detailed statement by the responsible official on

1. the environmental impact of the proposed action,

2. any adverse environmental ef fects 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 environnent and tne maintenance
and enhancement of long-tern productivity, and

1
'

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

This detaile'J Environmental Statemer.t has en prepared in response to the above requ.ro.cnts.

, The State of Utah implements other rules and regalations of fecting the project througn necessary
I permits and approvals provided by State agencies. The Utah Division of Oil, Gas, and Mining

is the responsible agency for all nir e and mill sites within the State under the " Utah Mined
Land Reclamation Act of 1975.' legislation presently awaiting congressional action may make
tailings disposal and area reclamation specifically the responsibility of hRC. In any case
bonding requirements will be established to provide assured funding for reclamation and
stabilization as well as long-tem maintenance costs for such disposal sites

1.4 STATUS OF REVIEWS AND ACTIONS CY FEDERAL AND STATE AGENCIES

The only regulatory action required f rom the NRC is the issuance of a Source Material License.
In addition, before construction and operation of the White Mesa Uranium Project con be
completely implemented, tne State of Utah requires that pentits or licenses be obtained prior
to the initiation of various stages of construction and operation of the nill. The current
status of the'e regulatory approvals and permits is given in Table 1.1.

1.5 NRC MILL LICENS!NG ACTIONS

In June 1976 [? . 41(106): 22430- J431 (June 3, 1976)], the NRC specified that
applicants requesting a Source Material License prior to the NRC's issuance of its generic
environmental impact statement on uranium milling (schedJled for release in 1979) should
address five criteria that will be weighed by the Commission in licensing and relicensir.g
actions. These criteria are considered below as they apply to the White Mese Uranium Project.

1. b. o r- > < l. d > r .e t r. ,'
, > > a

, , , . , , - < + o .
, y ,,

This statement is manifestly true for uranium mflis in general and for the White Mesa
mill in particular. This mill is located near nultiple mining operations producing
low-grade ore ( =0. l3t) . The costs of hauling this cre over longer distances make this
project virtually independent of other milling 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 t,e performed.
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Table 1.1. Stdtas of regulatory approvals and permits required
prior to operation of the White Mesa Uranium Project

Permit or license Granting aority Status 3

NPDES pennit UBWQ(3) - USEPA(b) Not required
Water appropriation certificate USE0(c)

(1) 47943 - (09-689) Granted 10/17/77
(4) 47331 - (09-672) Granted 04/27/77

Water Quality Construction Permit UBWQ(a) - UWPCC(d) EDA (k) 12/01/78
Public. Drinking Water System UBWQ(a) - UWPCC(d) EDA (k) 12/01/78
Air Quality Construction Permit UBAQ(e) - UACC(f) EDA (k) 12/01/78
Solid waste disposal pennit (tailings) UBSWM(g) EDA (k) 12/01/78
Recording of mill site claims BLM(h)
Source Material License USNRC(i) Application under

re ew
Sm itation Facilities UBS(j) EDA (k) 12/01/78
Prevention of Significant Deterioration USEPA(b) EDA (k) 12/01/78

a. Utah Bureau of Water Quality

b. U.S. Environmental Protection Agency
c. Utah State Engineers Office
d. Utah Water Pollution Control Committee
e. Utah Bureau of Air Quality
f. Utah Air Conservation Cocinittee
g. Utah Bureau of Solid Waste m nagement
h. U.S. Bureau of Land Manageuer t
i. U.S. Nuclear Regulatory Conunssion
j. Utah Bureau of Sanitation
k. Expet b.J' Da te of Application (Not app' lied for)

2. i m. k , t h. t h,:

tL tin f: ::w a icr xn e rr . e al, +t m ar u m in an c; thir te; c avir>s ~ ' ***

>nitut.- m i tm > * pfve,wmetUt v .-

t c' t , Ji :nifistu t lp f:ri * e tn ' i t u vr <' ' :!.le ?ith m ;t: *''"<*rir*

in. d liwm ti.la ty v- -

The proposec action involves the construction and operation of a mill to produce yellow
cake from local uranium are bodies. As pointed out in the response to the first criterion,
Uranium mills are normally located close to economically exploitable ore bodies. The ore
would net inely be exploited to provide feed for a more distant mill. As to the coreit-
ment 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 effect any
licensing action with respect to other mills. Air, land, and water resources would be
used locally but not to an extent e preclude the erection and operation of another mill.

3. It like|, * r n .m , en o cntal ir;wts va cla n.! m th an, >uiivi<!;al 'livnin .a

<ution : this ty;i Ml N es tiw r th Ad aaqan , l e- allvared within th,
' n t, xt af the in;iivici;a! q; |ia . tion eithm t a:rerla r '> e> meulat > ri w

. rWi rc e . > ta l r u,M ,

This Environmental Statement contains an assessment of the environmental impacts associated
with the proposed licensing action and their severity, and includes proposed 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 site-specific Environmental Statement. Adverse effects characteristic
of all uranium mills will be evaluated in a forthcoming generic environmental statement.

-
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The major objective of the generic statement is the generation of proposals to mitigate
such effects 1

4. It la iG j that .a n te kn!> ie m e thit i wir in o a . ,
'

r >:<il n lia nen .;;.saticr. an i t ?>
'

! ci - thin t i. a >a

The applicant has considered alternative mill processes, 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 and, presumably, any further technical issues that y

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 m' _ s e notice of June 3,1976, to permit
revision of waste generation, waste management, and other practices.

6. J'cev i: m' li .; rain; a: t i r.,. c; thi *9 m :a > x< in eh * . :i %i>,>r,>

2 ,. >: v en i,, u , . a ,, t ,_ w _e up inia c; ,, , ; , .,. c; . , en ,,
,

tu v > vu . + c ra > e _ a tr < n ic,;,

As previously stated by the NRCi "the full capacity of the existing mills will be required -

to support presently operating nuclear power reactors and those expected to begin operation
in 1977." The White Mesa mill is one of a small number of new mills that have been proposed
in the last several years and a deferral of its operation could edend the time required
for the delivery of fuel to reactors now operating or under construction. This could
adversely af fect the ability of reactors to deliver needed electrical power. Such a short-
fall of electrical energy is generally construed to be harmful to the public interest.

,

| (See also App. B.)
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1 Energy Fuels Nuclear, Inc. , " Application for Source Material License (NRC-2)",
february 6, 1978, revised September 26, 1978.

2. Energy fuels Nuclear, Inc. , "Environn.enta l Report , Whi te Mesa Uranium Project,
5dn Juan County , Utah", January 30, 1978, revised May 15, 1978.

3. Er ergy f uels Nuclear, Inc., letter to NRC, November 8, 1978.

4 " Uranium Milling, Intent to Prepare a Generic Environmental Impac t Staternent," Federal
Re';is ter (41 FR 2?4 30), June 3,1976.
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2. THE EXISTING ENVIRONMENT

2.1 CLIMATE

2.1.1 G.e.neral infl.uences---

| Althougn varying somewhat with elevation and terrain in the vicinity c' the site, the climate
; can gonerally be described as semiarid. Skies are usually clear with at:undant sunshine,

precipitation is light, humidity is low, and evaporation is high. Daily ranges in temperatureI

! are relatively large, and winds are normally light to moderate. Influences that would resul t
in synoptic meteorological conditions are relatively weak; as a result, topography and local
micr0 meteorological ef fects play an important role in determining climate in the region.

Seasons are well defined in the region. Winters are cold but usually not severe, and summers
are warm. The normal mean annual temperature reported for Blanding, Utah, is about 10*C (50 F),
as shown in Table 2.1. January is usually the coldest month in the region, with a normal mean

| montrly temperature of about -3 C (27 F). Temperatures of -18 C (O'F) or below may nccur in
about two of every three years, but temperatures below -26'C (-15#F) are rare. July is gener-
ally the warmest month, having a normal mean monthly temperature of about 23 C (73 F). Temper-
atures above 32 C (97F) are not uncommor in the summer and are reported to occur about 34 days
d year; however, tem.neratures above 33'C (100*F) occur rarely.

2.1.2 Pgc ip i ta ti on

Precipitation in the vicinity of the White Mesa Uranium Project is light (Table 2.2). Norral
annual precipitation is about 30 cm (12 in.). Most precipitaticn in the area is rainfall, with
at.out 252 of the annua ! total in the form of snowfall.

Incre are two ;eparate rainfall seasons in the region. The first occurs in late sucrer and
early autumn ws.n moisture-laden air masses occasionally move in from the Gulf of Mexico,
resulting in -hcwers and thunderstorms. The second rainfall period occurs during the winter
wnen Facific stocms frequent the region.

2.1.3 W i n d.s_

Wind : peeds are generally light to moderate at the site during all seasons, with occasional
c.trong winds durins; late winter and spring frontal activity and during thunderstorms in the
sumner. Southerly wind directions are reported to prevail throughout the year. Summaries of
wind direction and wind speed distributions are given in Tables D.] and D.2 of Appendix D.

2.1.4 .S.t o rps

Thunderstorms are frequent during the summer and early fall when m11st air moves into the area
f rom the Gul f of Mexico. Related precipitation is usually light, but a heavy local storm can

The maximum 24-hr preci |tation reported to haveproduce over an inch J rain in one day. F

fallen during a 30-year pa iod at Blanding was 5.02 cm (1.98 in.). Hailstorms are uncommon in
this area. Although winter stm ms may occasionally deposit comparable amounts of moisture,
naximum short-term precip1tation is usually associated with summer thunderstorms.

Tornadoes have been observed in the general region, but they occur infrequently (see
Sect. 5.1.3.1 for es tima te of probability). Strong winds can occur in the area along with
thunderstorm activity in the spring and summer. The White Mesa site is susceptible to occa-
sional duststorms, which vary greatly in intensity, duration, and time of occurrence. The
basic conditions for blowing dust in the region are created by wide areas of exposed dry top-
soil and strong, turbulent winds. Duststorms usually occur following frontal passages during
the warmer months and are occasionally associated with thunderstorm activities.

2-1

_ - _ - _ _ _ .



_ . - _ . _

2-2

dTable 2.1. Temperature means and entremes at 6tandmg Utah

Meam E x te emes

d Y O'^#Mon th M:,n thl y
- -

a (.
_ highes t y,y lowest y e a,

_

maomum m,rnmum -- _

., p .C 4 '
<p

% "F "C "f

Januar y 39 39 1 -91 15 6 -26 27.4 16 60 1956 -27 -17 1937
F e br u ar y 65 43 7 -64 20 4 01 32.1 19 67 1932 -31 ~23 1933
Match 11.1 51 9 -33 26 1 39 39 0 22 72 1934 17 2 1948
A pr il 170 62 6 09 33.7 89 48.I 28 82 1943 12 11 1936
May 22 2 71.9 5. 2 41.3 13 7 56 6 33 92 1951 -- S 23 1933
June 28 2 82 8 96 43 2 18 9 66 0 38 100 1954 -2 28 1947
July 31.7 89 1 13 8 56 9 278 73 0 39 103 1931 2 36 1934
Augu s t 30 3 IE 5 13 1 55 5 21.7 71 0 37 98 1954 6 42 1950
Se p tem ber 26 2 79 3 8. 7 47.7 17 6 636 35 95 1948 -- 2 29 1934

Oc t ober 19 0 66 2 2. 7 36 9 10.9 51 6 32 90 1937 -10 14 1935
November 10 4 50 8 --4 4 24 1 3.1 375 21 69 1934 -22 -7 1931
Decemtwr 53 41 6 - 7.4 18 6 1.1 30 1 16 61 1949 --- 24 -- 1 1 1935

Annual 17. / G 3. 8 19 35 5 98 49 7 39 103 Jufy 19J1 -- 31 23 Februar y 1933

~ Penod of re<.ord 1931 - 1960 (30 yearo

Sow t e Piateau Hesouren L im,ted Apphcation for Source Matenal Loceow, Tabw 2 2 I, p 2 6, Apr 3.1918

dTable 2 2. Precipitation means and en tremes at Bianding, Utah

T o t al
. _ - . . -

Qu ; { h - -. m,

. ~ . - - - - - - . _ Greatest da lyMran mon thly Maomt,m monthly
yegr

cm in cm m cm er

Januar y 3N 1 20 10.31 4 06 2.64 1 04 1952
F e b< uan y 2 95 1.16 4.39 1 73 2 62 1 03 1937
March 2 38 0 94 5 00 1 97 2 54 1 00 1937
Apol 2 18 0 86 5 41 2.13 2 G9 1.06 1957
May 1 63 0 64 5 11 2.01 2 39 0 94 1947
June 1 39 0 55 5 51 2 17 3 56 1 40 1938
July 2.13 0 84 7.79 3 07 3 35 1.32 1930
Au gu s t 3 02 1 19 12 59 4.96 5 03 1 98 1951

Scotemtmr 3 02 1 19 9.60 3 78 3 07 1 21 1933
October 3 51 1 38 M 70 6 61 3 94 1 55 1940
November 1.88 0.74 5 21 2 05 2 41 0 95 1946

| December 3.20 1 26 9 29 3 06 3 56 1.40 1931
1

' Period of record 1931-1960(30yearsi.
Sour ce Plateau Resources, Ltmited. Apphcarion /or Source Marenal License, Table 2 2 2, p 2 8, Apr.

3,1978

-____- --_-___ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - . _ - - _ - _ _ _ - _ _ . _ _ _ _ _ _ _ _ _ _ - -
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2.2 AIR QUALITY

The proposed mill site lies within the jurisdiction of the Four Corners Interstate Air Quality
Control Region No.14, which encompasses parts of Colorado, /rizona, New Mexico, and Utah. The
air quality of the region is evaluated according to a classifr ation system that was established
in 1971 for all Air Quality Control Regions (AQCR) in the Uniteo States (ER, Sect. 2.7.4.2).
The classification system rates the five major air pollutants (particulate matter, sulfur
dioxide, nitrogen oxides, carbon monoxide, and photochemical oxidseits) as having a priority
of I, II, or III. A priority I rating means that a portion of the region is significantly
violating Federal standards for a particular pollutant and special emission controls are needed.
If the emissions are predominately from a single-point source, then it is further classified as
IA. A priority rating of 11 indicates a better quality of air in the region; a priority III
rating classifies the highest quality. The concentrations that define the classification are
outlined in Table 2.3.

Table 2.3. Federal regional priority classifications based
on ambient air quahty

__

dA!r quality for each priartty group
Pollu tant Avmage time

3 3 3Sulfur oodes Annual >1Go ug/m 60 -f oo pg'm (60 pg'm
3 3 324 hr >4 5S pg tm 260-455 pg 'm <.260 44 m

3 33 hr 1300 ug/m < t 300 pg/m
3 3 3Par ticulatn Annual >95 pg/m 60 - 95 pg/m <60 pg/m
3 3 3

ma t ter 24 hr >325 pg/m 150 -325 pq/m < l 50 pg/m
3 3

Car tx>n 8 hr > l 4 mg/m < 14 mg /m
3 ' 3monox ule I hr >55 mg/m < 55 mg/m

3 3N erogen Annual >11 o ug/m < 11o pg/rn
dio a e

2 3Photochermcal i br >l 95 pg/m <t95 pg m
oxidants

'In the absente of measured data to the contrary, any region containing an area
whose 1970 " urban piace" population exceeds 200.000 will be classihed priority 1. All
others will le classrhed priority ill Hydrocarbon class,fications will be Lime as for
pho tochemical ox Klan ts,

Source- L R. Table 2 7 20.

The priority classifications for the Four Corners Interstate AQCR, which includes the proposed
mill site, are presented below:

Sulfur Particulate Nitrogen Carbon Photochemical
dioxides matter oxides monoxide oxidants (Hcl

Priority
classification 1A IA III III III

The priority IA ratings for particulate matter and sulfur dioxide for the AQCR are due to emis-
sions from fossil-fueled power plants located within the region (CR, Sect. 2.7.4.2). However, #

none of the power plants lie within 50 km (31 miles) of the mill site, which suggests that the
air quality in the vicinity of the site may be better than the priority IA classification
indicates.

The Utah utvision of Health monitors total suspended particulates and sulfur dioxide at a
station located 105 km (66 miles) west-southwest of the site at Bull Frog Marina. Except for
the short-term (24-hr) particulate measurement, all reported values (ER, Table 2.7-21) were
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well below the Federal and State of Utah air quality standards. The 24-hr particulate
violations are believed to have been caused by dust blown by high winds

Based on data collected from four sampling locations on the project site for one year, dust-
2 2 occurring in August.1fall averaged 33 g/m per month; the highest monthly average was 102 g/m

Total suspended particulate monitoring from October 1977 through February 1978 revealed a geo-
metric mean of 18 sg/m .1 Dustfall for this same time period averaged 23 g/m per month. Ifl

2

linear relationship between total suspended particulate matter and dustfall is assumed, thea

annual geometric mean for total suspended particulates is expected tn be 26 ug/mL This value
3is well below the Federal and State air quality standard of 60 pg/m . The maximum 24-hr con-

centrdtion was 79 .g/m , or approximately one-half of the federal and State standard ofl

150 vg/m). Sulfation-rate monitcring for one year at four locations on the site indicate
that sulfur dioxide concentrations at the site vicinity are less than 0.005 ppm.1 The Federal
and State standard for the annual average of sulfur dioxide is 0.03 ppm.

2.3 TOPOGRAPHY

Ihe site is located on a " peninsula" platform tilted sligntly to the soutn-southeast and sur-
ruunded on almost all sides by deep canyons, washes, or river valleys. Only a narrow neck of
land connects this platform with high country to the north, forming the foothills of the Abajo
Mountains Even along this neck relatively deepstream tourses intercept overland flow from the
higher country. Consequently, this platform (White Mesa) is well protec ted f rom runof f flood-
ing, except f or that caused by incidental rainf all directly on tne mesa itself. The land on
thr mesa immediately surrounding the White Mesa site is relatively flat.

2.4 DfMOGRAPHY AND SOCI0 ECONOMIC FROFILE

The site of the proposed White Mesa Uranium Mill is in San Juan County in southeastern Utah
(Fig. 2.1), approximately 8 km (5 miles) south of the city of Blanding. Energy fuels Nuclear,
Inc. , currently operates an cre buying station on tnis property. Energy Fuels also operates an
ore buying station near Hanksville, Utah. It is intended that ore will be transpcrted from

the Hanksville facility to tne croposed mill on Utah Route 95, passing through portions of
Wayne, Garfield, and San Juan counties (ER, pp. 2 4 to 2-7). It should be noted that Plateau
Resources Limited currently operates a uranium ore-buying station in Blanding at a si te located
approximately 3 km (1.9 miles) north of the Energy Fuels' White Mesa site.

Because of its close proximity to the proposed mill si te, the city of Blanding is likely to
receive the largest share of this project's socioeconomic impacts. The comunities of
Monticello and Bluff also are likely to share the effects of mill-induced population increases
and ensuing social impacts. These three communities and Hanksville have been studied for socio-
economic impac ts. The counties of San Juan, Wayne, and Garfield have been examined where effects
are likely to be generalized over a larger area.

2.4.1 Dpmograp y of the area

c.4.1.1 Current population and distribution

r.umpared to most eastern states, Utah is rather sparsely populated with a 1977 population of
1,2/1,300 a 20: increase since 1970. This population represents an overall density of
39,9 persons per square kilometer (15.4 per square nile), but nearly 70L of Utah's population
lives in the counties of Sal t Lake, Utah, and Weber where Sal t Lake City, Frovo, and Ogden,
respec tively, are loca ted.

San Juan County, where the proposed White Mesa mill would tie constructed, has a population of
13,000 (an increase of 35.3% from 1970). Wayne County, the site of the Hanksville ore-buying
station, has a population of 1800 (a 21.41 increase since 1970). Garfield County has a total
population of 3600 (an increase of 14% from 1970). The data in Table 2.4 illustrate that while
these three counties have experienced growth in recent years, their overall density has remained
low.

The closest city to the proposed mill site is Blanding (Table 2.5), which had a 1977 population
of 3075, up 37% from 1970. Monticello, the county seat, has 2208 residents, 54% more than in
1970. Between them, these two communities account for nearly 40% of San Juan County's popu-
lation (ER, p. 2-18). Another 46% of the total is made up of Navajo Indians living on or near
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Fig. 2.1. Regional map of tne White Mesa Uranium Project site. Source: Plateau
' " !? On M 000Resources, Ltd., 4 ,. * :f i " >S e . ht" mte TE> <

Grand Junction, Colo., Apr. 3, 1978.+ >
,

Table 2 4. Area and population for Utah and Wayne, Garfield,
and San Juan counties,1970 and 1977

_ ._..

Iotai pogri ation P000ldM'" P *'n ko m el

'~ ' 6 f r os d'U I d'f d. jgg j g 7 7e
r n nry km' sq nas 1-310 1977 ~ ~ , - '

2( 'u. km ut m te km' sq rme.

Uun. to tai 213,180 82,340 1.059.2/3 1.271,300 20 0 33 4 12 0 40 0 15 4

W a ynt 0444 2.4 m3 1,483 1800 21 4 10 00 18 07
G ar f,ri d 13 60/ 5.217 3.157 3 000 14 0 16 06 18 07
San Juaa 20.412 7.8&l 0 006 13,000 35 3 31 1.2 4i 1G

d Pi nhminar y data
w nar ce U S. Bureau of Crosut 19 /0. Utah Populanor. Work Committae.197 7.

_ _ _ _ . .
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Table 2.5. Population centers near the
White Mesa Uramum Project

Approx srnate d. stance bom

the project s,tm

Blarvling site Han k sv die p re

km mdes km rndes

Cohx ado
Gr and Junction' 2')o 180 260 160
Cor te r' 140 85 346 215
Duranp' 210 130 420 260

Utah
thandmq 8 5 209 130
MonticePo 48 30 225 140
Bluff 32 20 225 14o
Nnk sv ule 225 140 16 to

Moab' 130 80 193 120

New Mexico
F ar mmejton' 260 160 750 290

'Poputanon yeater than 4500 accordmg to 1975 Cemus
reco ds.

budr Ce Adapted frorn E R, Table 2 21.

the Navajo Reservation in southern San Juan County (ER, p. 2-15). The town of Bluff has a
population of 280, more than double its population in 1970 (ER, p. 2-18).

Within a 290-km (180-mile) radius of the proposed mill there are several larger cities that
are important regional centers (See Table 2.5 for distance relationships to the pro. ject sites).
Moab, Utah, the closest and also the smallest, has a population of approximately 4500 according
to 1976 census records (ER, Table 2.2-1). Cortez, Colorado, has a population slightly under
6800 and Durango, Colorado, has nearly 12,000 residents, Both Grand Junction, Colorado, and
Farmington, New Mexico, have populations approaching 28,000.

Approximately 16 km (10 miles) from the Hanksville ore buying station is the town of Hanksville,
which had a 1975 population of 160.

The area within an 8-km (5-mile) radius of the proposed mill is sparsely populated and primarily
agricultural. It is estimated that about 70 to 80 people currently reside here. The closest
currently inhabitated dwelling unit is approximately 5 km (3 miles) north of the site (Appli-
cant's responses to ER questions, Enclosure 2, p. 2), but most area residents live to the
south in the Ute Mountain community of White Mesa. The Blanding airport also lies within this
8-km (5-mile) zone, and approximately 30 to 40 people use that facility daily.

2.1.1.2 _ Projected population and distribution

Between now and the year 2000. Utah's population is expected to rise steadily according to
projections prepared by the Utah Agricultural Experiment Station (Table 2.6). Both high and
low projections assume a gradual decline in mortality and constant fertility. The dif ference
between them is that the high figures also assume a positive net migration while the low
figures are based on no net migration at all. Projections for San Juan County indicate a
much greater growth rate than for the State as a whole (Table 2.6).

According to the city manager of Blanding, a population increase of almost 1500 is expected
within the next three years, bringing the number of city residents to 4540 by 1981 (City Manager
of Blanding, Utah, personal communication, July 10,1978). This estimate represents an increase
of 47.6% over the 1977 population and is based on the assumption that the proposed White Mesa
uranium mill will be built. Monticello's city manager is also predicting growth, but at a
lesser rate than for Blanding. Between now and 1983, an increase of approximately 600 (or
27%) is expected (City Manager of Monticello, Utah, personal communication, July 30, 1978).

.____
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Table 2.6. Population projectrons ,' San Juan, Wayne, and Garfeeld
counties, compared to the State

_ __ _

"f' f'1975'' 1980 1990 2000

Utah
Ho;h 1.216,843 1.420.553 1,803.985 2.I63.927 78,

Low 1,206,584 1,302,815 L484,231 1.655.528 37

San Juan County
High 12,816 17.373 26.002 33.300 16r
Low ~ 12.716 13,954 16,917 19.753 5.

Way nf.8 County

H.gn 1.960 2.660 3.770 4,530 131.1

Low 1.950 2,060 2,31o 2.51o 28.7,

Gas f eld County

High 3.480 3.940 4.670 5.960 71.3

Low 3.4 70 3.760 4,460 5,120 476

# Rgb projections assume a gradual dechne in mortahty, constant fertil.ty, and positive net
migration Low projectrons assume a gradual dechne in mortahty, constant fertikty, and no net
migratlofl.

''U S. Census estimation for 1975 indecates that actual population for the State and all three
counties was below the " low'' projection presented in this table.

Source. ER, Table 2.2 22

,

The Blanding airport, about 5.6 km (3.5 miles) north of the prospective mill site, has plans
to expand its existing runway and storage areas by summer of 1979. An increase in flights
to and from the facility may accompany these improvements (Manager of Blanding City Airport,
personal connunication, Aug. 2,1978). The Ute Mountain Indian community of White Mesa is
currently considering requesting the use of the idle Blanding Launch Site, part of the White
Sands Missile Range, from the U.S. Army. This property, which is approximately 6 km (4 miles)
south of the mill site, would be used for a community center and would not have permanent

'

residents.

2.4.1.3 Transient population

Although the permanent population in southeastern Utah is relatively low, this area receives
a substantial number of tourists each year (Table 2.7). Capital Reef National Park alone had
nearly 0.5 million visitors in 1976. The exact numbers fluctuate from year to year, but the
overall trend appears to be toward increasing visitation. Manti-La Sal Forest, which is six |
miles north of Blanding, is the nearest recreation area. |

2.4.2 ,$ocioeconomic profiles

2.4.2.1 SocialJrofile

Housjng.

Blandin_g. From 1972 to 1975, approximately 12 new units were added each year, but in 1976 that
figure rose to 37.2.3 In 1977, 43 new dwelling units were added, and this accelerated rate of
construction appears to be continuing (City Manager of Blanding, Utah, personal communication,
July 10, 1978). Mobile homes in this area are of ten found on individual lots in single-family
neighborhoods as well as in mobile home parks,

At present, the supply of new housing is keeping up with the number of residences, and the
vccancy rate is very low. Approximately 200 lots are available for single-family houses in
Blanding to afconnodate future growth. There are also around 25 current vacancies in a local
mobile home park (ER, p. 4-18). The supply of rental units in Blanding, as in many small
cities, is low (ER, p. 2-50).

. .
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Table 2.7. Waitor statntics recreation areas in southeastern Utah * .

Am -
--Vesitorsphnusanriy)

___

1972 1973 1974 1975 1976 19 7 7 (January - Septernter)

Glen Canyon National Hecreation Area 60.8

Canyonlands National Park 60 8 62 6 59 0 71.8 80.0 67.3

Mante La Sal Nationaf Forest 105.3 100.9 88.7 76.4 N A'
a(visitor daysi

Capital Heet Nation.,1 Par k 272.0 311 2 234 0 292.1 469 6 364.2
(through August)

Havenweep National Monurnen8 12.1 12 0 11.0 13.2 19 4 16 2

Natural Bodges National Monurnent 58.5 42.7 40 3 48 4 71.9 67.1

_ _ _ , _
-

# Data refer to actual visitations for each area except Mante La Sal National Forest. Heee, data ind,cate recreation visitor
days. A visttor day is the equivalent of one person entering an area for 12 hr.

* Data refer to the Monticello Ranger Datuct only.
' Indicates data not available.
# Data refee to the Square Tower Ruin Unit. near Blanding

Suurce E R. Table 2.2 5.

:

Monticello. During the five years of 1972 through 1976, the supply of housing in Monticello
was fncreasing at approximately six units per year.*i5 In 1977 this figure jumped to around
60 units per year, and between 60 and 80 new units are expected to be constructed in 1978;
however, the demand for housing has not yet exceeded the supply (City Manager of Monticello,
Utah, private connunication, July 20,1978). An expected annexation will double the size of
the city and provide room for at least 150 more single-family homes. Approximately 35 vacancies
now exist in local mobile home parks (ER, p. 4-18). As in Blanding, rental housing is scarce.
A 23-unit apartment is currently being constructed to accommodate some of the demand for this
kind of housing (City Manager of Monticello, Utah, private communication, July 20,1978).

Bluff. Over the last five years, the supply of new housing in Bluf f has increased at a Qte
6TTTve or six new housing units annually and the demand has not exceeded the supply. The
existence of approximtely 70 vacant lots with water connections and available spaces in two
mobile parks within the city limits indicate that Bluf f is capable of accomuodating future
growth (ER, p. 2-56).

I Hanksville. Hanksville currently has no excess housing supply and, because of a lack of vacant
land with connections to the local water system, Hanksville has little capacity for future
expansion (ER, p. 2-74).

1

I
Public services 1

l a ndi ng.. Water is obtained from surface runof f and underground wells, and an 0.11-m /sec Ii

,0T800-gpm) sewage treatment plant is operated by the city.( Water consumption in 1976 averaged
0.023 m /sec (547,000 gpd). The current system is adequate to handle moderate population3

increases, and improvements are being planned to handle the influx of new residents expected by
1981 (City Manager of Blanding, Utah, personal communication, July 10,1978). Sewage treatment
is provided through a lagoon system, and improvements are planned for the near future. Elec-
tricity is provided through a city-owned distribution system; the city also provides solid

|
waste collection and disposal. Propane gas is available through two private distributors, but
there is no natural gas service (ER, p. 2-46). Local streets are maintained jointly by thei

city and county (Treasurer of San Juan County, Utah, personal communication, July 25,1978).

I

_ _ _ _ _ . . _ . . _ _ _ . _ . , _ ,_



-. ~ - -- . - . . -. . . .. - - - .

2-9

Blanding has a full-time police force of three of ficers and an auxillary force of eight, and
a volunteer fire department provides fire protection. Health care is available through the
36-bed San Juan County Hospital in Monticello, a 31-bed nursing home in Blanding, and two local
doctors, one public health nurse, and one dentist. There is a mental health clinic in town
with one full-time therapist (ER, p. 2-47).

Two elementary schools and one high school serve Blanding. The combined capacity of the
elementary schools is 750 students; 630 are currently enrolled. With 874 students, however,
the high school has 174 students more than the planned capacity. The opening of two new high
schools, scheduled for the near future (one in 1978 and one in 1979/1980), should ease the
current overcrowding (ER, p. 2-48).

For recreation facilities, Blanding has four public parks and access to several national parks,
forests, monuments, and recreation areas (Table 2.7), The San Juan County Library is located
just north of Blanding (Treasurer of San Juan County, Utah, personal communication, July 25,1978)

Mon ti cel l_o . Water is supplied by surface runof f and groundwater, and, as in Blanding, there
Is a city-operated water treatment plant. Improvements to the water supply system are being
undertaken to raise its overall capacity (City Manager of Monticello, Utah, personal communi-
cation, July 20,1978). Primary and secondary sewage treatment is provided by a local digestor
plant, and future improvements are planned (ER, p. 2-51). The City of Monticello distributes
electricity supplied by Utah Power and Light to city residents. The transmission system is now

'at capacity, but Monticello's city manager has said that the city is currently considering
ways to expand its service area. Natural gas is available through the Utah Gas Service (ER,
p. 2-54). Monticello currently operates a waste disposal service, and street maintenance is a
joint responsibility of city and county.

Police and fire protection is p, a I by the three full-time police employees and one part-
time police employee. They ar. the County Sheriff's Department and a volunteer fire
department with three trucks (Em and 2-54). The 36-bed San Juan County Hospital and
a small mental health clinic wit .st and one outreach worker are in Monticello.
There is also a public health nui ., <n .

fhere are an elementary school and school in town, both of which are currently oper-
ating at about two-thirds of their ps apacity. The elementary school, which can handle
550 students, now has 365 enrolled. lne high school, designed for 500, serves 370 students
(ER, p. 2-54).

Recreational facilities consist of a city park, a public golf course, and the national areas
listed in Table 2.7.

Bluff. The water system for Bluff consists of three artesian wells and a 760-mi (2 x 105-gal)
'

sTorige tank capable of servicing a population almost double the present one. Sewage treatment
is currently provided through individual septic tanks although construction of a comunity
treatment facility has been proposed (ER, p. 2-%),

Two sheriff's deputies are responsible for local police protection, and fire protection is the
responsibility of an eight-person volunteer fire department. Bluff residents have access to
county health services in neighboring cities, and outreach workers from the Four Corners Mental
Health Agency are available.

One elementary school, with a capacity of 200, provides education for the 104 students.
Recreation facilities are shown in Table 2.7.

Hanksville. A single privately owned well supplies water to Hanksville residents and is
operating at peak capacity although expansion is planned for the near future. No community
sewage is provided. A county dump is available for city waste disposal (ER, p. 2-72). The
Gar-Kane Power Company supplies electricity in this area (ER, p. 2-74).

- - , - - -- - .- - ~-
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Law enforcement is provided by one part-time sherif f and road maintenance is also provided
by the county. Ambulance and emergency medical services are available in town; however, the
nearest medical clinic is in Green River, 97 km (60 miles) to the north. The nearest hospital
is over 160 km (100 miles) away in Moab (ER, p. 2-72).

Hanksville's 50 elementary students attend a local school with an enrollment capacity of 60.
Middle and high schoolers are bused to Bicknell,105 km (65 miles) away. The middle school
has a current enrollment of 105 and a capacity of 120; the high school has 155 students and
the ability to take 200 (ER, p. 2-74).

Culture

A large Navajo Indian population in this part of the state, largely concentrated in the Navajo
Indian Reservation in southern San Juan County, has its own cultural heritage. As shown in
Table 2.8, almost half of the county's residents are nonwhite (46.4%), and most of these are
Navajos. Religion is another significant influence in southeastern Utah. The predominant
Church of Jesus Christ of Latter Day Saints stresses within its beliefs the values of family
life, education, and marriage and provides a focus for community life. Table 2.8 also compares
the age and educational attainment of the three counties and the state as a whole.

*

Table 2.8. Selected demographic characteristics, San Juan County, compared to Utah (1970)

san Jun County Veayne County Garfield County Utah

' Total population 9.606 1.638 3.157 1.059.273

Hace

WNie 5.153 1,033,880
! Other (%) 46 4

, 2.4

f ocation
* Ndian school year 5 io. 7 12.1 12 2 12 5-

comple ted (population
25 years and overi

Percent of populacon wth 27.0 1.2 0.3 2.0
Wss than 5 years

Percent of population mth R8 8.9 8. 7 14.0
4 years of college or more

Age

Median age 18.o 27.3 26.4 23 o ,

Percent under 5 years 13 9 7.4 8.2 10 6 l
Percent 5-I 7 36.o 35 4 32 6 29 6 '

Percent i8-64 45.6 49.3 49.4 52.5
Percent 65* 4. 5 7.9 98 7.3

Source: ER. Tables 2 2 4 anr12.2 21.

|

1

2.4.2.2 Economic profile

Between 1970 and April 1978, the number of nonagricultural payroll jobs in San Juan County
increased by over 1000 - from 1786 to 2452. The relative importance of the various economic
sectors also shifted in that period. Services stayed nearly the same; the relative importance
of trade, transportation, construction, and manufacturing declined slightly; and the signif f-
cance of finance, insurance, and real estate rose a little. The importance of mining and I

!

!
i
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government changed dramatically, however. Employment in government services declined
from 31.6 to 24.5%, while mining climbed from 21.3 to 31.7% of the total.6

: Because total employment increased so greatly, the absolute number of jobs rose in all cate-
gories. The largest increase by far, however, was in mining, which grew from 381.10bs in 1970
to 935 in April 1978. In the one-year period ending April 1978, the largest numerical increases
were experienced in construction, mining, trade, and services (Table 2.9).

Table 2.9. Nonagricultural payroll jobs in San Juan, Wayne, and Garfield
counties from April 1977 to April 1978

April Percent of April Percent of p
197/ total 1978 total

San Juan County
,

Manuf acturing 185 66 197 67 65
Mening 890 31.5 935 31.7 5.1 j

Construction 142 5.0 155 5.2 9.2
]

T ransportation. commerce. utdeties 157 5.6 168 5.7 70

Trade 400 14.2 4 24 14 4 6.o

Finance, ivisurance, real estate 25 o.9 27 0.9 tl o

Services 303 10.7 322 10 9 6.3

Gover nmen t 718 25.5 721 24.5 oB

Total 2820 100 0 2452 1000 47'

I

Wayne County

Manuf acturing 28 6.5 24 G. 5 3,6

Mining 48 11.1 50 11.2 4.2

Construction 63 14.6 64 15.4 9.5

Transpor tation. commerce. utileties 2 o. 5 2 o.4 -

Trade 44 11.4 52 11.6 6.1

Finance, msurance real estate 7 1.6 7 1.6 -

&rv ices 23 53 24 5.4 4.3

Governmen t 211 49.o 214 47.9 1.4

Total 431 1000 447 100.0 3. 7

Garfield County

Manu f actunny 237 19.1 252 10.4 63
Mining 46 3,7 48 37 4.3

'
Construction 57 4.6 62 4.8 8.8
Transpor tation. commerce, utdaties 66 5.3 71 5.4 7.6

Trade 184 14.9 195 15 o 6o
Finance, insurance, real estate 14 1.1 15 1.2 7.1

Services 288 23 3 306 23.6 6.2

Government 347 28 o 350 26.9 09

Total 1234 100.o 1244 100 o 48

Source: Utah Department of Employment Security, nesearch and Anafysis 5ection, adapted from
Quarterly Employment Nessletter of Southeastern District of Utah, January--April 1976.

The mineral industry is extremely important to San Juan County, and uranium production is a
substantial component of this sector. In fact. San Juan County is the largeet producer of
uranium in Utah, and this activity has increased dramatically since 1975 (Utah Geological
and Mineral Survey, private communication, July 17,1978). Natural gas and crude oil are
the other important materials being produced here (ER, p. 2-32).

Tourism is also an important part of San Juan County's economy, a part that has been increasing
steadily in recent years. Detween 1975 and 1977, tourist room rentals increased by 32.5%.

._ __ _ _ . _ - _.
- .
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Total nonagricultural payroll employment in Wayne County was 447 in April 1978 (Table 2.9).
The government employed almost 50% of those workers, and construction, trade, and mining
activities accounted for nearly 40%.

In Garfield County, nonagricultural employment for April 1978 totaled 1244 (Table 2.9). The
government accounted for slightly over 25% of this employment, services for slightly under 25%,
manufacturing for almost 20%, and trade for another 15%.

Between 1973 and 1977, per capita income for the State of Utah rose by 44%, from $4100 to
$5900, increases in per capita income for San Juan County did not keep pace with raises else-
where. Inccme in 1973 was $2400, 58.5% of the State average, and 1977 income was $3400 or
57.6% of the State figure (Table 2.10).

'Between 1970 and 1977, unemployment fell for the State as a whole and for Wayne, Garfield, and
San Juan counties. The State figure went from 6.1 to 5.3%; Wayne County, from 8.5 to 7.2%;
Garfield, from 19.2 to 7.9%; and San Juan, from 10.7 to 8.1% (Table 2.11).

The characteristics of job applicants in San Juan County, where the White Mesa mill is to be
located, are listed in Table 2.12. Most jobs in mining are classified in the " miscellaneous"
section.

The number of retail and wholesale establishments and their sales are shown in Table 2.13 for
San Juan County and the cities of Blanding and Monticello. Since 1967, county wholesale and
retail sales have both nearly tripled 7 Retail sales are almost evenly divided between Blanding
and Monticello, together accounting for 94.3% of the county's total retail activity.

In 1977, San Juan County levied an ad valorem tax of 16 mills on the assessed value of all
property in the county for the general fund. An additf anal 40 mills was collected for the
county school district and a final 2 mills for the countywide water conservation district. The
communities of Monticello, Blanding, and Bluf f also levied an extra 15, 21, and 10 mills,
respectively, on the assessed value of all property within their corporate limits. Finally,'

the Monticello and Blanding Cemetery Districts each collected 2 mills on all property within
those district boundaries. Mines and mills are subject to the above taxes as is all other real
property. The total amount collected from all these funds combined was $5,126,748 (Treasurer
of San Juan County, Utah, personal communication., July 25,1978), two-thirds of which went to i

the County School District. In addition to the property tax, San Juan County also received
'

,

$87,496 in sales taxes.I

I

San Juan County handits its financial affairs through a number of separate funds, the largest
of which is the general fund ( Appendix C). Within this fund, the property tax comprises the
largest single source of revenue, accounting for slightly over 33% of the 1977 total. Shared

i revenues from the State of Utah contributed another 20.1%, and Federal shared revenues and I

in-lieu-of-tax payments added another 15.3%. i

The largest expenditure for San Juan County in 1977 was for road maintenance ($1,176,000)
amounting to slightly over one-half of total county funds. Other large outlays were 11.2%
for health services and 6.4% for the Sheriff's Department.

In the fiscal year ending in June 1977, the largest source of revenue for the city of
Blanding's general fund (Appendix C) was the sale of a general obligation electric ,
water , and sewer-improvement bond issue, yielding $225,000. Tnis was followed by
slightly over $55,000 from sales and use taxes and a little more than $44,000 from property
taxes. Federal revenue sharing and waste collection and disposal fees were the other major
sources of funds, each contributing about $18,000 to the total. Utility operations were
financed through a separate fund.

Blanding's major expenditures in the same year were for public utility capital improvements and
police expenses, each of which cost less than $50,000. Street maintenance cost about half this
amount, and waste collection and airport funds made up the last of the major expenditures.

|

|
___ _ _ - _ _ - - - _ _ , -.



m. _. .. . -. _ . . _ . _ _. . .. . ___ _ . . . _ . _. _ _ . . . . _ . - - _ . ~ _ . _ _ ._ _ . . _ . . . .

2-13

|

l
lTabie 2.10 Per capita locornes for Utah and Warne, Garfield, and .

San Juan counties. 1973-1977

6State or county 1973 19/4 1975 l9 /6' 1977 1

Utah $4,100 $4,500 $4,800 $5.300 $5.900
Wayne 3,100 3.400 3.800 4.100 6.100
Garfield 3,400 3,300 3,500 4.200 5.000
San Juan 2.400 2,700 2.900 2,900 3.400

# Revned.
6 Prelimmary estimate
Source Utah Departrnent of Employment Secunty. Research anti

Analysis Section, adapted f rom Quarrerly Employment Neuletter of
Southeastern District of Utah, January-March 1978.

Table 2.11. Total civihan labor and unernpfoyment for Utah and Wayne,
Garfield, and San Juan counties.1970 ami 1977

State or Labor force Unemployment Unemployment rate
3 d 8county 1970 1977 1970 1977 1970 1977

. _ _ . _ _ _ . _ . . _ _ . _ . . _ _ _ _ . _ _ _ _ _.

Utah 414.248 551,900 25,214 29.500 6.1 5.3
Wayne 664 830 57 63 8. 5 7.2
Garfield 1,483 1,773 285 140 19.2 7.9
San Juan 3,015 4,198 322 341 10.7 8.1

t

# Prehmmary.

Source : Utah Department of Employment Lecunty, Hewarch and Analysis Section,
adapted from Quarterly Employment Newsletter of Southeastern District of Utah,
January-March 1918.

Table 2.12, Occupational characteristics of

job apphcants in the Blanding area,
January-March 1978

includes persons actively seekmg employment,
some of whoin were employed at the time

Prof assional, technical, managerial 44
Clerical, sales 59
Smvice 70
Farm, heeries, forestry 39 i

Processing 5 |
Machme trades 27
Bench woik 56 |
Structus al 156
Miscellaneous 5t

Total 513

Source Utah Department of Employment Security.
Research and Analysis Sechon, adapted frorn Quar.
terly Employment Newsletter of Southeastern Dis-
trict of Utah, January-March 1978.

. _. . . - _ , - - . .
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I Table 2.13. Retail and wholesale actnrity in San Juan County.
Blanding, and Monticello 0976)

' san Juan County Blanding Monticello |

j Number of retad 101 35 40
estabinhments

{
j Retad sales $15,300,ono $7.1 s0.000 $7,280,000

f Number of wholesale 9 3 3

{ estabhshments
d

Wholesale sales $ 5,000.000 NA NA

|

( NA Informata>n is not available.d

Source. Utah Industrial Development Informannn System. Econon"c facts
few San Juan Cuunty. Bimdong. and MonticeHo.1917.

1
<

:

| As in Blanding, Monticello has a separate fund for operating public utilities. Over $350,000
; was spent during fiscal year 1977-1978. Slightly over half of the city's nearly $150,000 in
; general fund revenues for the fiscal year ending June 1978 came from sales and use taxes, while
| property taxes contributed another 25L Unlike the county, both Monticello and Blanding receive
i more of their general funds from sales taxes than from property taxes. The largest expenditure

in 1978 was the $54,800 spent on administration. This figure was followed by the $49,400 spent
for police protection.

I 2.4.2.3 Tansfor_tation

A system of two-lane paved highways and unimproved roads accounts for virtually all transport
of people and products in and out of San Juan County. Although Blanding, Bluf f, Monticello,
and Canyonlands National Park have small municipal airports, there is no rail, bus, or com-
mercial air service (ER, p. 2-30).

U.S. Route 163 receives a greater amount of traffic than any other road in the county. This
highway runs between I-70 on the north [approximately 161 km (100 miles) from the proposed
mill] and U.S. Route 160 in Arizona to the south; the highway passes through Monticello,
Blanding, and Bluff. The heaviest traffic in the county is on this artery just north of
Monticello, where the average daily vehicles were about 2685 in 1975. More recent figures
indicate a 43% increase in traffic in this area between 1975 and 1977 (ER, p. 2-30).

'
Traffic volumes on Utah Route 95 from the Blanding area to Hanksville are much lighter but
have been increasing in recent years (Table 2.14). From 1975 to 1977, an increase of 33% was
observed on Highway 95 south of Hanksville (ER, p. 2-30). U.S. Route 666 from Monticello to
Cortez. Colorado, also carries a significant amount of traf fic.B All of the roads in this area
carry a substantial amount of out-of-state traf fic (Table 2.14).

2.5 LAND USE

2.5.1 Land resources

Southeastern Utah is known as the Canyonlands area; an arid climate and rugged terrain have
limited permanent settlement of this region. Large rock formations and deep, narrow canyons
are characteristic of the area, and these, combined with the Indian ruins found here, are ,

attracting increasing numbers of tourists (ER, p. 2-23). Much of this area is isolated, how-
ever, and the population density is low (Sect. 2.4.1.1).

The site of the proposed White Mesa Uranium Mill consists of 600 ha (1480 acres), approximately
8 km (5 miles) south of the city of Blanding off U.S. Route 163. About one-half of the total
site is scheduled to be actually used for mill operations and tailings disposal. The ii: mediate
area is bordered by both privately owned and Federal land.

.
.- . .
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Table 214. Treffic volumes in 1975 for San Juan County and Blandme Hanksvdie route
- . _ - . - - - - . . - . . . - - . - - - - . . - - - -. .

Appsoorna re

|
I Highwa y Sxpnent
' traf fic count, out of state

powwy.t trathe j

Utah Route 95 Blaneng to Natural Bndges 310 20

Nati Monument
l%tural Bres to Ree 95 10

Hite to Hank sviHe 9 5 - 2510 10 20

U s Route 163 Mon 6cdto io l a sal junction 1490-26/15 20 -35
Monticello to Biareng 8tio -1985 10-25
Blandmq to Utah Route 262 turnot' 740-925 20 -30

- Utah Route 262 to B;att 630 40

! Bluf f to Men.an Hat 560 40

j Utah Route 263 Route 95 to Haik Croumn at 25- 35 20

!
Ginn Canyon

Utah Route 261 rioute 95 to Menteen Hat 130 50
,

!
*Two hipres m this column repeewnt values given for d fferent po'nts aions the route One

19;re necates that a trathc count was taken at only one len.atron'

Sm<ce E R. Tatn 2.2 9
e

{ Much of the land in San Juan County is Federally owned (see Table 2.15). Approximately
| two-thirds of this land is administered by the U.S. Bureau of Land Management for multiple |

uses such as grdzing, mineral extraction, timber production, and wildlife management. Another |,

one-fif th of the Federal land is managed by the National Park Service and slightly less thani

one-sixth is under the control of the U.S. Forest Service (ER, p. 2-25). One-fourth of thev

total area is Indian land. Nearly all of this territory is part of the Navajo Indian Reser--

vation, but a small portion belongs to the Ute Mountain tribe (ER, pp. 2-23 to 2-26). The<

i State owns 6.5% of San Juan County, leaving only 8.3% in private hands (Table 2.15).
!

Tabic 2.15. Land ownership Wayne. Garheid, and San Juan counties.1967
4

Wayne County Garheld County San Juan County

ha aCrel Percentage ha acr es Percentage ha acre 3 Percentage

F ed ra M 2,055 1.338,875 84 2 1,195,842 2,053,729 89.0 1,208,247 2.985,631 59 8

State 59,373 146,651 9.2 90,167 222,712 6. 7 131.707 325.317 65

Ind.an 0 0 0 0 0 a 505,080 1,247,563 25.0
,

Pi iva re 40,472 99.905 6.3 53.578 132,337 4.0 108.664 416,000 8.3

Viban and 2,193 5.416 0.3 3.50 7 8.662 03 6.177 15,253 0.3

transportation

Small water M 133 b 389 960 h 404 097 bd

i Total area 644.146 1.591,040 100 0 1.343.481 3.318,400 100.0 2,019,940 4,991.360 1000
!

' incites water areas et 0 B to 16 ha 12 to 40 acres! and strearns less than 0 20 km (O.I25 mb) in length.
4 6 Less than 01%
I Source E H. Table 2.2 23.

.

In Wayne County, much of the land is Federally owned (Table 2.15). As in San Juan County,
administration is split between the U.S. Bureau of Land Management, the U.S. Forest Service,
and the National Park Service. The State controls 9.2% of the land in Wayne County, and 6.3%

,

is in private hands. There is no Indian land.i

4

t

4
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Garfield County exhibits almost the same ownership pattern as neighboring Wayne County. Federal
land control is exercised by the U.S. Bureau of land Management, the U.S. Forest Service, and
the National Park Service (ER, p. 2-63). State land accounts for 6.7% of the total, and private
land comprises ar.other 4%. There is no Indian land -(Table 2.15).

Because of the arid nature of this area, the primary agricultural use of the non-Federal prop-
erty in all three counties is rangeland (Table 2.16). The land within 8 km (5 miles) of the

.

proposed mill is primarily used for grazing. In addition to the uranium ore buying station
currently operated at the site by Energy Fuels Nuclear, Inc. , nonagricultural land uses in
this area include the Blanding airport, a small commercial establishment, a part of the Ute
Mountain Indian community of White Mesa, several structures connected with the U.S. Army's
Blanding launch Site, and another ore-buying station, operated by Plateau Resources, Inc.
(ER, p. 2-29).

Table 2.16, Land use in Wayne. Garfield, s nd San Juan counties excluding Federalland 196T'
_ __ _ ._ _ _ . . _ . ._. .____ _

Wa yne County Garf ed County San Juan County

ha acres Percentage ha acr es Percentage ha acres PercentJQe

Cropland 8,829 21,815 8.6 13.651 33,732 9.2 59,093 146.010 7.3

Irrigated 8.829 21,815 8.E 12,897 31,869 8. 7 2.8 /8 7.111 04
Nomrntyted 0 0 0 754 1,863 05 fe,215 138,905 6.9

Pas ture o 0 0 1,481 3 660 10 24,497 60,531 3o
H anrrland 69.465 171,645 68.o 91,923 227.139 62.3 511,139 1.263,007 63.0
F orest 4,235 10,464 4.2 24 33 t 60,120 16.5 187,100 462,318 23 0

6O ther 17,277 42,691 16.9 12.302 30,398 83 23,314 51,608 2,9

Urban and 2,192 5.416 21 3300 8.662 2.4 6,173 15.253 08
ir anspor ta tion

Small water # 54 133 389 960 03 403 997

fota! non f eder al 10,205 252,16G 100.0 147,582 364.671 100 0 811,719 2,005L730 100 0

Federal 541.843 1.338,875 1,195.374 2,953,729 1,208,284 2,985430
Total county acreats 643,894 1,591,040 1,342,956 3,318,400 2,020,003 ( 991,360

#Water areas of more than 16 km (40 acres! and rivers wider than o.20 km to 125 mile) are excluded I

8"Othm" mcludes strip mme areas salt flats, mud flats, mushes, rock autcrops, feed lots, farrn roads, ditch iwnks, and msscellan.hu;5 |
agocultu ral land, |

# nclu&s water areas of 0 8 to 16 ha 12 to 40 acres) and streams less than 0.20 km (0.125 m41 in length. Ii

Source. ER. Tables 2,2 8 and 2 2 24. |
|
|

|
|

|2.5.1.1 Mill ownersh_ip

The surface area of the entire 600-ha (1480-acre) project site is currently owned by Energy
Fuels Nuclear, Inc. (ER, p. 2-4).

2.5.1.2 Farmlands

Because the rugged terrain and arid climate of the White Mesa region have restricted development
of cultivated croplands, grazing is the predominant agricultural land use (Table 2.16). Dry
farming produces primarily wheat and beans.

The Federal government owns and administers, through the U.S. Bureau of Land Management,
approximately 60% of the total land area of San Juan County (ER, Sect. 2.2.1.3). This land,

classified as multiple use, is leased for grazing, oil and gas exploration, and mining claims,
and is managed for wildlife and recreation. Tne majority (63%) of the private land in San Juan
County is rangeland (Table 2.16).

|

._ _. ._ .. _ _ . - - - ., ..
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The site for the proposed uranium mill (Fig. 2,2) was previously used for grazing. Also, poten- I

tial grazing land lies on all sides of the applicant's property (Fig. 2.2). Based upon primary |
prodaction for rangeland in fair condition, and assuming 50% of the primary production will be 1

grazed, grazing capacity of rangeland in the vicinity of the site is conservatively estimated at
about .f 9 to 1.24 animal unit months ( AUMs) per hectare (0.28 to 0.5 AUMs per acre);9 that is,
about 0.8 to 1.4 ha (2 to 3.6 acres) of rangeland are required to support one cow or five sheep
for one month per year. The nearest cultivated cropland (alfalfa) occurs 2.4 krr (1.5 miles)
north of the site boundary, and the nearest garden plot lies approximately 1.6 km (1 mile)
north.* |

|

2.5.1.3 Ur, ban areas )

The commcnities of Blanding, Monticello, and Bluff, all within 48 km (30 miles) of the proposed ;
'

; White Mesa mill site, and the town of Hanksville,16 km (10 miles) from the Hanksville ore
buying station, have been discussed in detail in Sects. 2.4.1.1, 2.4.1.2, and 2.4.2.1. The two
largest of these, Blanding and Monticello, have a number of regulations governing land use,
including zoning, subdivision regulations, and building codes (City Manager of Blanding, Utah,
and City Manager of Monticello, Utah, personal communications, July 10, 1978, and July 20, 1978,'

respectively).

2.5.2 HistoricaMc,enic, and archaeological resources

2.5.2.1 Historical sites

Although there are no cultural sites on or adjacent to the proposed mill site which are presently
included in the National Register of Historic Places (National Register), the State Historic
Preservation Of ficer of Utah is considering nominating White Mesa to the Register as an archaeo-
logical district. The applicant will be required to have a historical survey conducted on the
proposed mill site to identify historical sites that may meet National Register criteria. Land-'

marks of southeastern Utah in the National Register are summarized in Table 2.17. Closest to the
,

proposed mill site is the Edge of Cedars Indian Ruin, located in Blanding (approximately three
miles north of the proposed mill site).

2.5.2.2 S_cenic 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 interesting geologic formations, and the Glen
Canyon National Recreation Area on Lake Powell, a man-made lake on the Colorado River. Capitol
Reef National Park contain numerous colorful stone formations. At Natural Bridges Monument, rock
arches span deep canyons, forming the largest natural bridges in the world. These and other
natural and scenic landmarks draw visitors to southeastern Utah every year, In addition, the
area contains an abundnace of Indian ruins and petroglyphs. Newspaper Rock State Park, Edge of
the Cedars State Park, and Hovenweep National Monument are noted areas of scenic and archaeolog-
ical interest (Fig. 2.1). Closest to the proposed mill site is Edge of the Cedars State Park
(historical monument), located in Blanding (approximately three miles nceth of the proposed mill
site).

2.5.2.3 Archaeological sites

'

An archaeological survey of portjens of the project site was conducted in the fall of 1977 by
archaeologists from Southern Utah State College. The total area surveyed contained parts of
Sections 21, 28, 32, and 33 of T37S, R22E, and encompassed 500 ha (1260 acres), of which 73 ha
(180 acres) are administered by the U.S. Bureau of Land Management. The remaining acreage is
privately owned. During* the survey, 57 sites were recorded and all were detennined to have an
affi'iation with the San Juan Anasazi who occupied this area of Utah from about 0 A.D. to
1300 A.D. All but four of the sites were within the project boundaries, Table 2.18 surrmarizes ,

the recorded sites according to their probable temporal positions. The dates of occupation are '

the best estimates available, based on professional experience and expertise in the interpreta-
tion of archaeological evidence. Available evidence suggests that settlement on White Mesa l.

reached a peak in perhaps 800 A.D. Occupation remained at approximately that level until some |
time near the end of Pueblo !! or in the Pueblo II/ Pueblo III transition period, After this 1

period, the population density declined sharply, and it may be assumed that the White Mesa
was, for the most part, abandoned by about 1250 A.D.

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



.

2-18

ES-4581

T37S
*

.
--:.~- s .. ,

, -.

-S , (,._. . .
,- --...--g--... ,-

Morgaret L.yman. Jones
_

1z . U S. , s guy g, y,,,y -
-

:1 n| . . . . . .,. , , ,. .

~. - 'g -J
,

,. ' 'g '
*

.
\ ?, - t- FLa;7|g;g 1 g,h,c7.' /- !-

),Y
. .\ | I

,
8l Redd

i|t 2 28- r
'

21 1- . l .L_'
' ~ o- v;,i20 ~

-

' t -.. . h. :,- } . _
i

' C##' ######## 'I' fl ~

(BLM).iI' j, l,
.'

,
,.f . <

I, .. .

[ s'
- .

L _ _1.r ; .1 - . i

.. 'U.S'^ -

.._|.
*

. . . < ,
.

g. ,
,.

-.
.

f,, '((,Bl.M) -
' ' '

~~ - I c (BLM)
" -

,

.| U. S
~

. iU S.i- ,11: -
*

} ~

(BLM)
-

'

'. US- -

,
e; ,

,

''. 'I -

i
.

, L ' ~ ,.
.

,

"

.- , .,

.j . ._ -
-

,

.
~, . .

;>'

}g''.. ,}} , . ]
'

- . . _ .'
,

_

' ~ '(PROPOSED . , ..,7 * { '
' MILL s .- .

- j

*
'

- ,/'

..
^.% - .- .. -r

_

| ^/ _
- ,oBs - ' ''

R22E
' lBLM) I '!

'
!.3 -,

~ (BLMI
-

US -*

~ U TA H.
| 3_c- -

*

.1 ' ~ -
, , , ,

-

,
-

g
, - . . . .

.
.c"'.

**, ,
* * , y

,.

.,
. ,

.
-

.

,
~ '

- V.- - - - 32 - 33' ""
n~ M ~' k]1.'

.

*BLM. | .,.:/ .)-

<-
.

, .

'

<
- || - ,

, y ; <, t
'

, .

,

-

. .| . ,

-- . .,>

* > . (' BLM ) . ? ,4 )'
,

SX Appt. 1 .
-

- < ..
State A n utri i' EFN -

. s

- US ~ ' US \ ' '
BLM.-

|
.

.s
, ,

.
-

. . t .'
-

. . . / . }
t.

--
. ,

.

' [,h ,, ..(B LM ) '. i ' ' ' ( B LM)". I .,

Fig. 2.2. Land Ownership in the vicinity of the project site (OBS v ore-buying station).
Source: ER, Plate 2.1-3 and Sect. 2.1.

Note: Energy fucis Nuclear currently owns T375 R22E Section 33, SE's, but this quarter section
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Table 2.17 Historic sites in southeastern Utah
included in the " National Register of

Historic Places"

Location Site

San Juan County

Blanding (3 mi north of site) Edge of Cedars Indian Ruin

35 miles southeast of Blanding Hovenweep National Monument

Southeast of Mexican Hat Poncho House

25 miles southeast of Monticello Alkali Ridge

30 miles west of Monticello Salt Creek Archaeological
District-

jaGlen Canyon National Recreation Area Defiance House

14 miles north of Monticello Indian Creek State Parka

Wayne County

Capital Reef National Park on Utah Fruita School House
Route 24

3 miles southeast of Bicknell Hans Feter Nielson Gristmill
60 miles south of Green River, in Harvest Scene Pictograph

Canyonlands National Park
Green River vicinity Horseshoe (Barrier) Canyon

Pictograph Panel

Canital Reef National Park Gifford Barna
Capital Reef National Park Lime Kilna

Capital Reef National Park Oyler Tunnela

Garfield County

46 miles south of Hanksville Stare Ranch

South of Hanksville Susan's Shelter'

Near Panquitch Bryce Canyon Airport Hanger

aPending nominations to the " National Register of Historic Places.."
Sources: U.S. Department of the Interior, " National Register of
Historic Places," Fed. Re is ter, 41(28), Feb.10,1976, and subse-
quest issues througfiT3 ov. 21, 1978.,

The survey crews recorded evidence of structures at 31 of the 57 sites. At 12 sites, depres-
sions, apparently pit houses or kivas, were reported with diameters ranging from 5 to 15 m.
Twenty-seven sites contained evidence of other, presumably surface, structural forms; and at
eight sites, depressions, apparently kivas, combined with surface structures were noted.

Archaeological test excavations were conducted by the Antiquitt is Section, Division of State
History, in the spring of 197832, on 20 sites located in the are to be occupied by tailings
cells 2,3 and 4. Of these sites, twelve were deemed by the State Archaeologist to have sig-
nificant National Register potential and four possible significance. The primary deteminant
of significance in this study was the presence of structures, though storage features and
pottery artifacts were also common.'

In the fall of 1978, a surface survey was conducted on much of the previously unsurveyed portions of
the proposed mill site. Approximately 25 archaeological sites were located duringof which are believed to be of equal or greater significance than the more signif this survey, someicant sites from
the earlier study. Detemination of the actual significance of all untested sites will require
additional field investigation. Requirements for further action by the applicant are discussed
in Section 4.2.2 (Note that Table 2.18 does not contain information obtained during the 1978
surveys.)

1
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Table 2.18. Distribution of recorded sites
accordmg to temporal position

-.--

Appr ooma te
Tempor al position date/

( A. D. ]

Basket Maker Ill 675-850 0

Puebio |

Pueblo I 750-850 11

Pueblo 1/ Pueblo il 850-950 6

Puebioll 950-1100 12

Pue blo ll/ Pueblo lli 1100 -1150 4

Puebic til I160 -1260 6

PeeNo li t b 5

Multicomponent c 3

Uniden t> hed d 5

# ncludes transitional per:ods.l

" Although collections at these locations were lacir-
iny in diagnostic materia', available evidence mdicates
that the site would have been used or accupied no
earher than 900 A.D. and poss:bly later

'Ceiamic collec ticos from each of t hese sites
indicate an accupatron e x tendmg from PuetWo I
through Pueblo 11 and into Pueblo lli
#Four of these sites produced shards that could not

be nientifmd. The 6f th site lacked ceramic mdence
but contamed an ovoid authne at vertmal slabs. This
evidence was not strong enough to just!fy any
nientihcation.

Source: Adapted from E R. Table 2.3 2.

2.6 WATER

2.6.1 Surface water

2.6.1.1 Surface-water description

The proposed mill site is located on White Mesa, a gently sloping (1% SSW) plateau that is
physically defined by the adjacent drainages which have cut deeply into regional sandstoneThere is a small drainage area of approximately 25 ha
formations (Sect. 2.7.1 and Fig. 2.8). Runoff from the
(62 acres) above the proposed site that could yield surface runoff to the site.
project area is conducted by the general surface topography to either Westwater Creek, CorralLocal porous soil conditions,
Creek, or to the south into an unnamed branch of Cottonwood Wash.
topography, and low average annual rainfall (30 cm (11.8 in.)) cause these streams to be inter-
mittently active, responding to spring snownelt and local rainstorms (particularly thunderstoms).
Surface runof f from approximately 155 ha (384 acres) of the project site drains westward and is
collected by Westwater Creek, and runof f from another 155 ha (384 acres) drains east into Corral

The remaining 289 ha (713 acres) of the southern and southwestern portions of the siteCreek. The site and vicinity drainages carrydrain indirectly into Cottonwood Wash (ER, p. 2-143).
water only on an intemittent basis. The major drainages in the project vicinity are depictedTotal runof f from the site (total yield
in Fig. 2.3 and their drainages tabulated in Table 2.19.
per watershed area) is estimated to be less than 1.3 cm (0.5 in.) annually (ER, p. 2-143).

___ _ _ _ _ . - ., ,
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Table 2.19. Dramage areas of project vicinity and region

Drainage area
Basin descnption

Corral Creek at conhuence 15.0 5.8
with Recapt are Creek

Westwater cred at conHuence 68.8 26 6
with Cottonw jod Wash

Cottonwood Wash si USGS 4531 s.205
gago west of prucci site

Cottonwood Wash at conHuence 6860 <332
with San Juan Ruer

Recapture Creek at USGS gage 9.8 3.8
Recapture Creek at canfluence <518 <200

with San Juan Rave
San Juan over at USGS gage (60,000 <23,000

downstream of Bluf f, Utah

Source: E R, Table 2.6 3.

There are no perennial surface waters on or in the vicinity of the project site. This is due to
the gentle slope of the mesa on which the site is located, the low average annual rainfall of
29.7 cm (11.8 in.) per year at Blanding (ER, p. 2-168), local soil characteristics (Sect. 2.8),
and the porous nature of local stream channels. Two small ephemeral catch basins are present
on the site to the northwest and northeast of the present buying station (Sect. 2.9.2).

Corral Creek is an intemittent tributary to Recapture Creek. The drainage area of that portion
; of Corral Creek above and including drainage from the eastern portion of the site is about

13 km2 (5 sq miles). Westwater Creek is also an incermittent tributary of Cottonwood Wash.'

The Westwater Creek drainage basin covers nearly 70 km2 (27 sq miles) at its confluence with
Cottonwood Wash 2.5 km (1.5 miler) west of the proje:t site. Both Recapture Creek and Cotton-
wood Wash are similarly intemittently active, althotch th(y carry water more often and for
longer periods of time due to their larger watershed areas < They both drain to the south and
are tributaries of the San Juan River. The confluences of Recapture Creek and Cottonwood
Wash with the San Juan River are approximately 29 km (18 miles) south of the project site. The
San Juan River, a major tributary for the upper Colorado River, has a drainage of 60,000 km2
(23,000 sq miles) measured at the USGS gage to the west of Bluff, Utah (ER, p. 2-130).

Storm runoff in these streams is characterized by a rapid rise in the flow rates, followed by
rapid recession primarily due to the small stcrage capacity of the surface soils in the area
(Sect. 2.8). For example, on August 1,1968, a flow of 581 m /sec (20,500 cfs) was recorded3

3
, in Cottonwood Wash near Blanding. The average flow for that day, however, was only 123 m /sec
! (4340 cfs). By August 4, the flow had returne1 to 0.5 m /sec (16 cfs) (ER, p. 2-135). Monthly3

streamficw summaries are presented in Fig. 2.4 for Cottonwood Wash and Recapture Creek. Flow
data are not available for the two smaller watercourses closest to the project site, Corral
Creek and Westwater Creek, because these streams carry water infrequently and only in response
to local heavy rainfall and snowmelt, which occurs primarily in the months of April, August,
and October. According to the applicant, flow typically ceases in Corral and Westwater creeks
within 6 to 48 hr af ter precipitation or snowmelt ends. '

1
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2.6.1.2 Su r face-wa te r_nuali ty

The applicant began sampling surface-water qvlity in the project vicinity in July 1977 and
continued through March 1978. Baseline data decribe and evaluate existing conditions at the
project site and vicinity. Sampling of the tempt rary onsite surf ace waters (two catch basins)
has been attempted but without success because of Ae lack of naturally occurring water in
these basins. The basin to the northeast of the propas'd mill site has been filled with we'l
water by the applicant to serve as a nonpotable water Tource during planned construction of
office and laboratory buildings in conjunction with th; proposed mill (approximately six months).
This water has not been sampled by the applicant but presumably reflects the poor quality
associated with local groundwater (Sect. 2.6.2). Sampling of ephemeral surface waters in the
vicinity has necessitated correlation with major precipitation events as these watercourses are
normally dry at other times.

The chemical and physical .sater quality parameters measured by the applicant are listed in
Tat le 2.20. The locations of the surface-water sanple sites are presented in Table 2.21 and
fig. 2.5, and the water quality values obtained for these sample sites are given in Table 2.22.
Water quality samples were collected during the spring at several intermittently (active streams(Fig. 2.5) that drain the project area. These streams include Westwater Creek, S1R,59),
Corral Creek below the small irrigation pond (53R), the junction of Corral Creek and Recapture
Creek (54R), and Cottonwood Creek (58R), Samples were also taken from a surface pond southeast
of the proposed mill (55R). No samples were taken at 52R on Corral Creek or at the small wash;

(S6R) 13cated south of the site.d

Surface-weter quality in the vicinity of the proposad mill is generally poor. Waters in
Westwater Creek (SIR and 59) were characterized by high total dissolved solids (TDS; mean of
674 mg/ liter, and sulfate levels (mean 117 mg of S0, per liter). The waters were typically hard
(total hardness measured as CACO ; mean 223 mg/ liter) and had an average pH of 8.25. Es timated

3
flow rates for Westwater Creek averaged <0.08 m/sec (<0.3 fps) at the time of sampling.

Samples from Cottonwood Creek (58R) were similar in quality to Westwater Creek water samples,
although the TDS and sulfate levels were lower (TDS averaged 264 mg/ liter; S0 averaged3

40 mg/ liter during heavy spring flow conditions [24 m/sec (80 fps) streamflowj.

The concentrations of TDS increased downstream in Corral Creek, averaging 3180 mg/ liter at S3R
a. d 6660 mg/ liter (one sample) at S4R. Total hardness averaged in excess of 2000 mg/ liter, and
pH values were slightly alkaline. Estimated flows in Corral Creek were typically less than
0.03 m/sec (0.1 fps) during sampling,

The spring sample collected at the surface pond south of the project site (SSR) indicated a
TDS conceatration of less than 300 mo/ liter. The water was slightly alkaline with moderate
dissolved sulfate levels averaging 42 mg/ liter.

During heavy runof f, the concentration of total suspended solids in these streams increased
sharply to values in excess of 1500 mg/ liter (Table 2.22).

LevelsHigh concentrations of certain trace elements were measured in some sampling areas.| of mercury (total) were reported as high as 0.002 mg/ liter (53R, 7/25/77; $8R, 7/25/77).i

This level is 40 times the EPA recommended limit for the protection of freshwater aquatic life!

(0.05 vg/ liter). H Total iron measured in the pond (SSR, 11/10/77) was 9.4 mg/ liter, over nine
times the EPA recomended limit of 1 mg/ liter for the protection o# aquatic life. These values ,

appear to reflect groundwater quality in the vicinity (Sect. 2.6.2) and are proLably due to
evaporative concentration and not due to human perturbation of the environment.

2.6.1.3 Surface-water utilization
-

Regional surface water is primarily used for agricultural irrigation and stock-waterirg
Water usage from the San Juan River in Utah alone amounts to approximatelypurposes.

12.2 x 103 ml (9900 acre-ft) per year, Table 2.23 li3ts the existing surf ace water appro-
priations within the project vicinity. Water uses in San Juan County are presented in
Table 2.24.

,
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Table 2,20, Physical and chemscal water gaality par imeters
. _ _ _ . _ _ _ _ _ _ _ . . -- _ _._

Spec 4f.c conductant.e (f eldL micromnos cm Mangarmse

Total suspended sol ds Aluminum
Temperature (f.eldt Ar senic

pH liab. f eld) Bar um,

Hedox potential Boron
Total drssolved sohds Cadmium

| D41sobed os vgen (field Chromium
Oil and grease Copper

Total hardness as CACO Lead
3

Total alka!mely as CACO Mercury3

Carbonate ai CO Molybdenum
3

Chlorvr'e Nick el

Cyanide Selenium

F luoride Str ont+ um

Nitrate as N Vanad um

Sulfate as so, Z>nc

Calcium Silver
Iron, total and dissolved Po 210

Magnestum Pt> 210
,

Ammonia as N Th 230
Phosphorus, total as P Uranium (natural)
Potassium Ra 226

Sibca Gross a
Sod,um Grass J
Chemical ox vg n demand (CODI

a - _ _ _ . - .- _ . . . . _ . _ -

Source E R, Table 6.t 1.

|

Table 2.21. Water sampling stations

Station no. Locat'on ,

- ~ - - -- - . . . _ _ - .

51R Westwater Creek at downstream (south) side of H ghway 95 bodge

S2R Corral Creek at downstream (south) sade of small bridge

SJR Corral Creek at spillway of small earthen dam

S4R Corral Creek at lunct on with Recapture Creek 0 40.km (0.25 m'le)
from end of jeep road

i SSR Sur f ace pond south of mill site,0 20 km (0.125 mde) w - e of
Highway 4 7

56R Small wasb south of mdi site,1.6 km (1.0 mile) west of Highway 4 7

S7R East side of ( ittonwcod Creek, at toep tra>l intersection south

southwest of milt site

S39 East s.de of Cottonwood Creek, at teep trail intersection west-
'

southwest of mill site

S9 East side of Westwater Creek. at jeep trail intersection
. . , . . - - - - _ . - - _ - - - ..- - - - . _ . - - , - - . . -

Source: E R, p. & 1.

.
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Table 2.22. Water quahty of surf ace waters in protect vicmity, Ulanding. Utah

Zero values (0.0) are below detection hrnrts.

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

%mphng for dates as g ven
Par ameter

.

7/25/77 11/10/77 3:23:78 32178* 7.75/77 11/:0 77 3.73*18
_ . . . - . _ . . - _ - _. . _-- --- --. --

_ |A estwaie.r Creek. S 1 R _ _ _ _ Corrat Cregk. S2pC

Field speufic corviuctivity vmhotem 6 490 620 6 b

Field pH 76 8.3

Diswived om vyen
T em per a tu r e.*C 3 l4

E stirnat.rd flow, m/hr Ops) 2I Q 10 02) 39 9 10.03l

Determmation, mg/hter

pH D B2 8 35 b b

TOS (at 100"C) 496 559

Hexion potential 220 llE

Alkannity (n CACO ) 206 2293

Hardness tots (as CACO ) 262 289
3

Cattxanate (as C%i 00 2.3

Aluminum, dew;1ved 0.2 0.10

Ammoma (as N1 KO 1 0.18
Arsenic, totai 0.007
Barium, total < 0. 2 0 22.

Boroc, total 01 <0I
Celmium, torei <0 002 <0 005 f

Calcium, dissolved 75 140

Chloride 17 38

soihum, dmoived 31 60

Saver, dissolved 'r1005
Sottare, dmoived las S0 ) 103 1634

Vanadium, dissolved <0 31 <0 005
Wnganese. d.ssolved 0.030 0.04
Chiomium, total < 0. 01 0.01

Coppe, total <0.005 0.01
Fluorede, dmoaved 03 0. 4

hon, total 0.28 16
, ,

)ir on. dissolved 0.17 0 21

Leul, total <0. 05 <0 05

Magnesium, d.wiived i 1.0 26

Wrcury. total <0 0005 ( 0.00003
Molytxterium, dissolved 0.002

Nittate (as N) <0.05 < 0.06.

Phosphorus, total (as N 106 OM

Potawum, dissolved 28 20
Salemum, dmotved 0 003

Sibca dissolved (as SiO ) 7 92

Strontium, dissolved 0.44 0.76
Uramum, toeal Ias UI 0.006 0 004

Uranium, dessolved (as U) 0.002 0.003
Zinc, dnsolved 0.00 0.04
Total organic carImn 6 7

Chemn:al oxygen demand 23 48

0.1 and grease 1 1

Total suspended sohds 12 47

Determination, pCi/hter

Gran avu A peecision b 0.1111 4.512.0 b b b

Gross beta a precision 0t9 82 11
Ra 726 t pecision 0.220.3 0.2 t 0 3
Th 230 t precision 00104 0.1 t 0 4
Pt>210 t pecision 0722.3 1.1238
Po 210 t precision 01105 0010.7

l

.
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Table 2.22. (Contmundl
. _ _ . _ __ -

Sampimg for dates as gmen
Par ameter

d7/25/77 11/10!'17 3/23'78 3!?3/78 7/25/77 11/10/77 3'23/78

Corrat Creek,53Y " *
' flecapture c eks. S4R

Field srecific conductivity. umhos/cre 2000 2400 3500 3500 d v 6000
Field pH 6. 8 7.9 78 19
Dinolved onyqen
Temprature *C 21.7 8 13 13 14

E stimated flow. m/hr (fps) 98.1(0.09i 21.U (0 02) 65,8 (0 0m 65 8(0 061 10.9(0 01)

Determmation, mg/ister

pH 67 80 8 23 8 15 d d 8 11
TDS (at 100*C) 1350 3160 4095 4130 6660
Redos potential 260 240 190 193 195 i

'Aikahmty (as CACO ) 70 172 236 236 2743

Hardness, total (as CACO ) 853 19to 2200 2200 21003

Cartonate (as CO l 0.0 00 0.0 00 002

Aluminum. dissolved 0.04 <0 1 <0.1 <0.1 <0.1
Ammonia (as N) 0.15 < 0.1 <0.1 0.13 <0.1
Anenic, total < 0.01 0 011 0.013 0.0 t 0.

,

Harium. total 0 36 0.4 0.18 0.22 0. 2') '

|Boron, totaf 0. t 02 0.2 02 0. 2
Cadmaum, total 0.004 0.006 0.01 0.01 0.02
Calcium. dissolwd 150 78 546 571 649 |

r Chlorede 54 152 214 189 556
sodium, dissolved 115 I60 312 315 1205

Sdver, d ssolved 0.004 0.02 0 O! 0.02
'

Sulfate, dissolved las SO ) 803 2000 2596 2854 37604
Vanadium, dnsolved 0 004 <0 01 0 005 ( 0.005 <0 005
Manganese, dnwAed 0 20 0.030 0 05 0 04 0.32
Chronnum, total 0.02 0 01 0 02 0.04 0.04

Copper, total 0.01 0 010 0 02 0.03
Fluoride. dinoivad 0 32 0.6 0.8 08
Iron, total 0 08 0.09 0 09 0.12 0 30
tron diswived 0 12 0 01 0 09 0 04 0 10
Lead, total 0.04 0 15 0.10 0 08 0 14
Magnesium, dissolved 120 20 350 376 353
Mercury, total 0.002 <0.0005 0 00003 0 00009 0 00002
MolytxJenum, diswind 'O.01 0 004 0 003 0.004
Nitrate (as N) 0.21 0.11 0.81 0.81 <0.05
Phosphorus. total las P) 0.21 0 06 <0 02 <0 02 0.06
Potassium, diuolved 13 4.8 69 ti 8 68
&*iemum, dissolved O.16 0 032 0.027 0 005
Sdica. d'uolved (as 540 ) to 2 3 3 112

Su ontium. d.noived 1.9 2.2 5.0 5.1 12
Uramum. tota' (as U) 0.005 0.028 0.046 0 038 0 085
Uranium, dissolved (as Ut 0002 0.028 0 046 0.036 0 082
Zme, dissolved 0.06 0.02 0.02 0 01 0.02
Total organic carbon il 17 18 22
Chemicat ony9en demarxi 79 234 155 61
Od aml yease 1 2 <1 1

iotal suspended sohds 9 6 9 24

Determinatmrt, pCi/ liter

Gross alpha 2 precmon 1512 19i 6 13416.6 0 t iI d d 10129
Goss inta e preemon 180120 0 t 29 95 150 3714 25t 18
Ra 226 i precnion 0.010.3 0.3.02 0.4 t 0.4 0.0910.03 0.210.3
Th-230 t precmon 3.1 t 0.5 O.1 05 1310.6 0 t 0.1 1510.7
Pt>210 t precision s.4 t 2.1 2.4 : 26 1.413.6 011 14 t 3. 7
Po 210 t precmon 0.010.3 0.610.7 0 5 t 0.9 t.411 I

*
.
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Table 2.22. (Contirued)
t

Sampfmq for datas as givun
Parameter

1,75/77 11'10/77 3/23 "18 3'23/78* 7.'75/77 11/10,77 123 la ;

Sur f ace pond. SSH$ Unnamed Wa*, SUF Cottonwmi Cenek S7C

| f aelslipeohe comiuctiv.ty.umhoskm e 100 250 d d 320
'

F eeid uH 68 84 82 -

Diuolved om ygen !
Tempe<4ture 'C 7 20 12

Estimated flow, mhir (fpl 109/(10#

Determination, meis ter

pH e 69 7 04 d d 6.36 i
'

TDS tat 18Ef C) 264 291 296
Ndos potential 280 130 t72
Alkahnity las CACO) 218 638 149
Hardr.eu, total (as CACO ) 67 129 1543

Cart = mate (as Co l 0.0 0.0 23 |a

Alummuen. d.swlsed 20 10 24 |

j Ammonia las NI <0. t 0 19 0.15
Atsame, total 0.008 0027
Bariurn, total <02 0.33 0,66

Boson, tota! 02 01 <0.1
Cadmium. total <0 002 < 0.005 0 006-

Ca'emm, dmolycl 22 72 134
Chlure 8 10 7

Sodium, dnsolved 0.6 54 20 i

Sawr, dessolved (0 005 <0 005
Sutiaie, diuolywt (as S0 1 64 20 3 52.6 +4

Venarhum. dess+erf <0 01 0012 0 012
Marwyioese, dissnaved 0 095 O. I 5 0 69
Chron om, total t'. 04 0 04 0.03

Copper, total 0.006 0 02 0 04
F iurwide, diswived <0.1 01 02
Iron. total 94 11 3.9
Iron, dissolved 1.2 1.0 t.7
Lead, total <0 05 (0 05 0 08

Magnesium, disso#wed 32 88 26
Mercurv, total <0 0n05 0 00005 0.00007
Molytalenum, dowlved 0.002 0 004
H.trata tai N1 4 26 0.05 0 14
Phumhorus, total (as P) 0.04 0.31 0.85

Potassuem, dinoived i4 13 2.3
Gelemum. $ ssolwd <0 005 <0 005
Sibca, $ssolved las S 0d 2 7 10
Steontium, dnsuived 0 10 0M 0 49
Uranium, total 0.004 0002 0 011

Uranium. c'euoived (as UI 0.003 <0002 0 007
lenc. denolved 0 02 0.10 0 060
Total osgame carhon 15 20 10
Chemicali.wygen demand 71 58 60
Oil arul grease 2 1 1

7otal unpended whds 268 210 1600

Determination, pCD1 iter

Ccou alpha a preenion e IIt11 t2fiI d d 32118
Gross ts ta i procesion 15110 27 ! 8 ?? t 11
R4 226 i preopon 02103 0tt09 0.6t15
Th 230 t preemon 00104 09t06 0. 2 .t 0 4
Pte210 t preoston 2612.2 00t38 43137
Pt> 210 t peecisson 02205 00106 00207

.
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Table 2 22. (Contmued)
~

Sampi,ng for dat i as ej vers
Parameter

7 r25 /77 11/10/77 3'23'78 U2398'' 7i?5/77 11/1077 3 7F/8

Cotionwinx1 Creek. S8# Westwater Creek. SF
- . . . . - . - .

Field speedit. wnductmty. Armhove:m 550 445 240 240 d v 320

F ield pH 66 69 81 79 8.0
DisioNed on ywn
Tempv a tur e.*C 35 60 7 7 9

Estimated flow, m he l' psi 0.4 0. 7 80 80 0. ?8

De terminetion, mg/le ter

pH 7.5 82 8 21 8 09 ff d 8 20

TDS tai 180'O W4 504 215 253 M
Redua potentf ai 220 260 210 224 190

Almanmtv !a GCO l 134 195 155 155 141
i

Hardo,*ts, total (ai CaCOp I95 193 148 I54 117
]

Car bonsie (as CO ) 00 00 00 00 00
3

Alummum, diuoNed 30 0. 7 24 0 16 40

Ammoma las N 0.12 <01 0.13 0.16 0.75

Arwn+c. total 0 02 0 041 0 032 0.037

64thtm. total t2 0.2 0 85 11 0.81

Boron, tosol 01 0. 2 01 so1 0.1

Cadmium, tora 0004 <0.002 s0 005 0 01 0.000
Calcium, diwAed 79 54 178 72 172 |
Oilornie 13 24 7 6 18

Sodeum. des 9Aed 30 60 23 21 125

SiNer, dinoNed 0 002 <0005 CD 005 0.006

Sulf ate. d.w)Ned (as sop 664 132 39 1 39 7 85

vanad1um, dinoNed 0.003 <0. 01 <0 005 CORN O 008

Mangarww. diuoNect 0.84 0 065 0.78 0 02 0.60

Chron;um, total 0.14 <0 01 0 04 0.05 0.60
<

Cooper, totat 0.09 0.005 0 05 00'i 0.05 |
'

Fluornk dtw:ived 0 36 0.2 02 02 02

iton. total i f;0 5.9 50 53 44 |
Ison. dissoived I4 0 62 f.9 0 11 25
Lead. total 0.14 0.05 0.10 0.10 0.10

Magnevom, d.swb,ed 24 17 28 17 13

Mercury, total 0.002 (0.0005 0 00006 0 0012 0.00012
Motylnismum. d ssoNed <0 01 0 10 0.002 0 002 0 006

Nitratn (as N1 1 71 0.14 0.13 0 12 0.05
Phosprmros, totai (as Pl 0 05 32 0 96 0 84 0.88

Potawum. $ssoNed 69 32 25 12 3.2

Seternum. d.wAed 0.08 <0.005 <0.005 <0 005
Sabca. dinoNed (as $40 ) 10 8 11 18 112
Strontium, d.sioNed 0 64 0 60 0 56 0 34 0 65

Uranvm. total 0.027 E004 0 0t4 0.014 0.004

Uranium. d'ssolari tas Ui 0.015 0 004 0.008 0 006 0.0C2 !
linc. 4uowd 0 00 0.05 0.06 0 008 0.12

Total orgame carton 7 12 11 16

Ctwmical o.s yten &mared 61 163 111 66

Oil and grease 2 2 2 i
fatal suspended sohds 146 2025 1850 1940

Determmatson, pCdh ter

Gross alpha pres.on 16 +3 2 9 t 1.6 7312.4 23 23 d d

Gross teta t preawan . 72117 0 t to 28 t 11 110 r 6
Ha 220 * presawt 0621.3 11205 1.911.7 20t01
Th 2301 prscision 0.9 e 0.6 0.0104 0.0103 0.2101
Pb 210 t precision 0 8 f 1.9 0 0 t 2.2 2 5 t 4.3 0t1
P&210 t precaion 0010.3 0.610.7 00t06
- - _ . - - - . . . - . - - . . - - . . - - - - - - . - . - . . -

# NephCale sample analpted for quality assuranc.c on ta(hoacfav'ty
# Not enough water m stream to sample adettuatef y

*See tabic 2.21 for locations of sampling stations.
No water m stream to sample.

'Not sampled.
Source Adapted from E H, Table 2 6-7

. , - - . . - - .- . . + . -
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Fig. 2.5, Preoperational water quality sampling stations in the White Mesa project
vicinity. Source: ER, Plate 2.6-10.
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Table 2.23. Current surface water users in prolect vicinity
__

Apphcat <on Apptcation Quantt n
Naine Adens

date num be' ds d we
.- _ _ _ . . . .

_

Corral Creek

F red Hal!, day B!andmg. Utah Augu st 12,1971 40839 0. 5 0 014

Cottonwood Creek or Wash

Witham Keher Moab. Utah November 12,1907 1647 1.0 0.028
Hyrurn Perkins Blut f. Utah June 22.1910 3322 5 49 0.156

U.S. Indian Ignacia, Colorado March t 2,1924 9486 1.18 0.033

Ser vice

U S. inchan Service Ignacia, Colorado March 24,1924 9491 0.738 0 021

U S. Indian Serrvice Ignacia, Colorado March 24,1924 9492 0,298 0 008
Kloyd Perkins Blanding. Utah April 13.1928 10320 1.455 0.041

W,R. Young Blanding Utah October 22,1928 104935 0 0015 0.00004
W R. Young Blanding, Utah October 23.1928 10496 0.0022 0.0006
W. R. Young Blanding. Utah October 22.1928 10497 0.002 0 00005

San Juan Manncello, Utah October 10,1962 34666 12.000 1500
County water (acre-f t) (ha-m)
Conservation district

Earl Perk ins Blanding. Utah April 16,1965 36924 50 0.142

Westwater Creek

Seth Shumway Blandeng Utah January 7,1929 10576 0.005 0.002
H E. Shumway Blanding, Utah Segregateon date. February 28,1970 37101a 0.7623 0.022

Preston Nielson Blanding. Utah Segregation date October 22,1970 37601a 02377 0.007
Parley Redd Blanding. Utah Claim date. October 16,1970 Claim 2373 0,015 0.0004

Kenneth Mcdonald Blanding. Utah Change of Appropriation. 42302 1.0 0.028

June 12.1974
_

Source: ER, Table 2.64

Table 2.24. Water use of San Juan County,1965
- - - - - - . . - -

Consumpoon
U se

3 3in X 10 Acre f t

Irngated crops (5000 acres) 6.785 5,500

Reservoir evaporation t23 100

inciden tal uw 1.603 1,300d

Municipal and industria!" 2,220 1,800
bMinerais 1,357 1,100

bAugmented fish and wndhfe 123 100

Totar 12,211 9 900
_ _ _ . _ _

' incidental uw of vrigation water by nhreatophytes and
other misceltaneous vegetation.

Olncludes evaporation Insses apphcable to these sources of
depletion.

Source: E R, Table 2 6-5.
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2.6.2 G roundwa te r
|

A generalized section of the stratigraphic and water-bearing units in southeastern Uta,h is )shown in Fig. 2.6. Recharge of these aquifers occurs from seasonally variable rainfall infil- 1

trating along the flanks of the Abajo, Henry, and La Sal mountains and along the flanks of |
folds. Recharge water also originates from precipitation on the flat-lying beds where it |

percolatas into the groundwater region along joints.

In the White Mesa area, 39 groundwater appropriations (applications for water wells) are on file
'

with the Utah State Engineers Office for wells lying within an 8-km (5-mile) radius of the pro-1

Ject site. All but one of these wells produce from the Dakota and Morrison fonnations. Thirty-
five of these are for wells which are actually constructed (ER, Table 2.6-1). Most of these
wells produce less than 55 m / day (10 gpm) and are used for domestic, irrigation, and stock-3

watering purposes. The remaining well, which was drilled to a depth of 548 m (1800 ft) by
Energy Fuels Nuclear, withdraws water from the Navajo Sandstone. The majority (31) are hydro-
logically upgradient or cross gradient with respect to the project site. The remaining four j
wells (three onsite and one offsite, south) are on land owned by the applicant. Two of the '

onsite wells are located in the area of the proposed tailings impoundment and will be capped.9
The well which is offsite and south will be capped or used for monitoring purposes.

As is the case throughout most of the Four Corners region, the Blanding area depends largely*

on groundwater for its water supply. A porous soil, underlain by the Dakota Sandstone on top
of a regional aquiclude (the Brushy Basin Member of the Morrison Formation), provides the
Blanding area with a near-surface source of groundwater. This situation is somewhat unconnon
in the highly dissected south-central portion of the Colorddo Plateau.

'In the immediate vicinity, only the Dakota Sandstone and the Salt Wash Member (including the
Westwater Member) are significant aquifers. The Entrada and Navajo formations contain larger
quantities of water, but their depth prohibits common exploitation, in use for domestic water
supplies.

Comb Ridge and the Abajo Mountains are significant areas of recharge for the Salt Wash and
deeper aquifers. General gradients of groundwater movement in these aquifers follow the
regional structure, and the water discharges ultimately in the vicinity of the San Juan Riser.

Because the Brushy Basin Member acts as an aquiclude to the Salt Wash Member in the uplands,
the primary recharge areas for this aquifer are Brushy Basin Wash to the northwest of Blanding,
Cottonwood Creek to the west and southwest of the town, and the upper reaches of Montezuma
Creek, especially along Dodge and Long canyons.

Several permeability tests were conducted at the mill and tailings retention sites. The
results of these tests show a hydraulic conductivity of 1.5 to 3 m (5 to 10 f t) per year (see
Fig. 2,7). The shallow groundwater movement at the mill site is estimated to be about 0.3 to
0.6 cm (0.01 to 0.02 ft) per year teward tne south-southwest and the shallow groundwater move-
ment at the tailings site is about 0.08 to 0.3 cm (0.0025 to 0.01 f t) per year in the same
directien. The values were derived using the following formula based on Darcy's Law:

V Do,=

where

the rate of mcvement of oro;ndwater through the formation,.' =

the hydraulic conductivity of fonnation 1.5 to 3 m/ year (5 to 10 f t/ year),=,
,
t

gradient (calculated as 0.03 at mill site and 0.01 at tailings site),. =

porosity of formation (assumed as 20%).o =

Table 2.25 is a tabulation of groundwater quality of the Navajo Sandstone aquifer. The TDS
range from 244 tn 1110 mg/ liter in three samples taken over a period from January 27, 1977, to '

May 4, 1977. Hign iron (0.57 mg/ liter) concentrations are found in the Navajo Sandstone. The
U.S. Environmental Protection Agency recommends 0.3 mg of dissolved iron per liter for drinking
water.Il Feltis12 noted that the total dissolved solids in the alluvium and at shallow depths

in the Dakota Sandstone, the Burro Canyon Formation, and the Morrison Formation range from
300 to 2000 mg/ liter.

-- - . . . - - - - . _ - - .. - - . .. _ - -
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Tabee 2.25 Wates quality of groundwater en the prosect vicmity'
| 2evo values (0.01 are talow detection i+m+ts
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B'arwfmq mill s.te weil in Navano S,ugtstorw. G2R
j Param,eter

1:21!! ?* 5. 4|17' 7 25?71 12 D5:17 3.23:18j

F.eid weed.c conduct vny, pmhorcm 400 310
| Field pH 69 7.6
' Dmolveed og vpn ..

Tems=rature *C 22.2 11,

3
; f,it. mated flow, m dev Iqum) 100 (20' ..

i
Determination, mg/hter

pH 80 79 77 7.9 8.16
TDS tat 100*C) 244 245 t 110 446 216
Redem potenbal 220 220 211
Alkal.nety tas C4CQ,) 189 IPO 224 185 181

Hardr.ess. total las C4CO 1 196 208 195 1713

! Castaanate tas CO ) 00 0.0 0.0 0.03

Aiummum. dmoived 50.01 <0 1 <0.1s

Ammon.a las N1 00 (O. I <01 0 16
Arsenic. total 0.014 <0 01 <0 01 0 001 '

1

Barnim, tota' <0 0 0 13 (OI O 15 |

Boron, total 0 040 <0.1 0.11 <01 i

|
Cadmium. total 0.0 0 004 < 0 02 <0 005
Calcium, dmoived 51 49 51 57 112
Chlorede 0.0 50 <1 2 4

g Sodrum, dmnivel 80 5.3 23 13

5.lver, dissoaved 0.0 <0 002 0.010 0.006 |
"

Suitate, dasolved !as 94) 24 1/ 17 O 26 7 |
Vanshum, diswived <0.002 0.16 0.005 i

Manganese dinoived 0.010 0.03 0 03 0 03
,

Chromium, to*al 00 0.02 <0.05 0 02 )
Camper. total 00 0 005 <0 010 0 005
Fiuoride. dasole) 0 17 0.1 0.22 0.2 0.2
fron, totas 0 54 0.61 0 35 2.1
le on, dessoaved 051 0.30 23
Lead. total G.0 0 02 <0.05 <c 05

Magnesium, dissolved 17 19 18 15 21

Mercurv. total 0.0 0.0 0 002 <0.00002 0.00004
Molytxtenum, dissolved <0 01 0.010 0,004

Nitrate las N) 0 05 0.12 <0 05 <0.05 <0.05
Phosphorus, total (as P1 0.03 <0 01 <0.02 0 03

Po tamum, damived 3.0 3.2 2.8 24
Selenium, dmoived 00 0 05 0.014 <0 005
Silica. dmorved (as s.0 1 12 5.8 12 6 83

Stronttum, dmolved 0.61 0.5 0 60
Uramum, total 145 Un <0,002 0 16 <0 002

Uiamum, dmo 8ved las UI <0 002 0.03i <0.002
Zmc. dmosved 0.0 0 39 0001 0.12
Total o# game carbon 1.1 16

Chemical onvpn demand <l 66
Oil and greaw 1.0 1

Total sumered soseds 6 1940

Determmation (pCWtar)

Gross alpha i precis,on 7 10212,6 16 t 1.3 19tI4
Gross beta t preces.on <20 73119 8t8 9t8
Ra 226 i prwston 0.110.3 0.610.4 0.3 t 0.3
Th 230 t precaum 0.7221 0.3 t 0.6 0.1104
Pt>210 t precmon f 012.0 0.7121 00t40
Po 210 t precesson 0.0 t 0.3 00ta8 0020.6

* The sprmg in Carel Creek Station No. GIR, was testad on July 25,1977,and again on November 10,
19 71. Because of the low flow, the spring could not tm located.

Utah State Divason of Health Analysis Lab No. 77031.
' Partial arwlysi.s by Haren Research, Inc., Sanvie No. H Al 11503.

i Source Adapted frorn E R, Table 2.6 6

,
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2.7 GEOLOGY, MINERAL RESOURCES, AND SEISMICITY

2.7.1 Ge_oloy
'

2.7.1.1 Regional qeoloy

The proposed project site is near the western margin of the Blanding Basin in southeastern !
| Utah. Thousands of feet of marine and nonmarine sedimentary rocks have been uplifted, moder-
" ately deformed, and subsequently eroded. North of the site is the Paradox fold and fault belt;

,

to the west, the Monument uplif t; to the south is the San Juan River and the Tyende Saddle; and
to the east is the Four Corners platform (the Canyonlands section merges with the Southern
Rocky Mountain province; see Fig. 2.8). The area is characterized by deeply eroded canyons,
mesas, and buttes formed from sedimentary rocks of pre-Tertiary age. Regionally, elevations

! range f rom about 900 m (3000 f t) to more than 3350 m (11,000 f t). With the exception of the
deeper canyons and isolated mountain peaks, the average elevation is approximately 1500 m
(5000 ft).

Exposed sedimentary rocks in southeastern Utah have an aggregate thickness of about 1800 to
2l00 m (6000 to 7000 f t) and range in age from Pennsylvanian to Late Cretaceous.

Shoemaker noted three origins of the structural features seen in the project area' ,

(1) structures related to large-scale regional epeirogenic deformation (Monument Uplif t and
Blanding Basin), (2) structures formed due to diapiric deformation of thick evaporities, and
(3) structures formed due to magmatic intrusions (Abajo Mountains).13 M

|

'2.7.1.2 Blanding site geology

The proposed site is located near the center of White Mesa. The nearly flat surface of the
mesa has a thin veneer of loess and is underlain by resistant sandstone caprock. Surface

r elevations across the site range from 1690 to 1720 m (5550 to 5650 f t). The maximum relief
| between White Mesa and the adjacent Cottonwood Canyon is about 230 m (750 f t).

White Mesa is drained to the west by Cottonwood Wash and Westwater Creek and to the east by
Recapture Creek. There streams are intermittent and flow into the San Juan River. In the
project area, exposed rocks are of Jurassic, Cretaceous, and Pleistocene-Recent age (see Fig.i

'
2.9). The Jurassic to Upper Cretaceous rocks are represented, in ascending order, by the San

. Rafael Group, the Morrison Formation, the Burro Canyon Formation, the Dakota Sandstone, and the
Mancos Shale. The rocks are primarily cross-bedded sandstones, conglomeratic sandstones,

i claystones, mudstones with some sandy shales, and limestor,es. Cenozoic rocks include eoliaq
; loess, stream-born alluvium, colluvium, and talus.
i
' The structure of Wnite Mesa is simple. The Dakota Sandstone and Burro Canyon Formation are

essentially flat with gentle undulations and are comonly jointed. Two joint directions are
I found usually perpendicular to each other.
l.

2.7.2 _ Mineral resources

! 2.7.2.1 Uranium deposits

j Two types of uranium mineralization exist in the region: (1) tabular deposits nearly parallel
I to the bedding of fine-grained to conglomeritic sandstone lenses and (2) fracture-controlled
|. deposits. None of the fracture-controlled deposits have yielded large production.15 The
J

tabular deposits occur in the Chinle, Morrison, and Cutler formations. Vanadium is a common
byproduct of most uranium produced from the Morrison Formation. Principal uranium minerals
are uraninite and coffinite.

2.7.2.2 O_t_her mineral resources

| Seven wildcat oil wells were drilled about 6 km (4 miles) west of the proposed site. All were
dry and were abandoned.

,

|
:

_ . _ _ _ _ ,_ _ . . _ _ ____



. _ - - . _ . _ _ _

2-37

ES 4537

.

iny ea,in ,/ i
~~~

-
r --w- *

,< , N g* .-g

% 'N' , | , ,

'
s fo N+ ;

,

# /+
| kNt e+ br:}s' *''

/ i %}''s
.

4 ,
. A

@ ,a g

\# * 6 |sNo, ,,
, . . . , .

N s ; ( =' - | 18 4,s %,

;; (,N,, .t
e -s-g s

.s to rio .
s ,, +

,4 % />yJ<* % O %alu%

. \ s

i) s' ,s j Ns4+o,e - s ,-.

,s.s s s ,,-e
i .s i s. ! t.

xs\
i .

v
g - s *

s ,x- |#< < , < , .- y',
o

' - a
\

.I. <

e ', r a\ s,. o

,\s
N ;l ,' b, ' y. .. . .'g . me.< uu. ,'s .N *

v..i."t) ,
,

|5,- ;s
t '

*e, t f sC N, :
a*

s e /* s o$
s a i

,k l%e \/ 1 4 ''

4o ,a ,s|
s

; , i ,;.- __- o r s
\ ,,i -

PROJ EC T [. ,* s

,

e , >t ,e . . . . nw .
4...v,4 ,,es , .\/ i s<

* 's /' i '' N '' e\ = AREA 'j u .
l 3 s - i e %

,o \ 7 si |/
e s s.-

**,,$ pv.g .f
408'83 **'

d m.as # +
i ' /L' + /g, ,

b
,J d #e 4

3 + o, =

&. -|- -s)_f Q , Q o-f Q--/--f;-- er
.

'

nnn :
& Q.. ' +

I Y E PI oE / , [,, -
,.e. n .' -

" U " . ,,I saoote -L" E 0 * *

I, [ 'gsG E It ( H
i 1

i g

E X PL AN ATION 25 o 25 50 75

%.---
- - ~

.g, ,,, ,, g g ,g

80u=0 A d r 0F f fCf onic 0+v

h h h

WO40CLth t, SmO*'f f 04 9746 f 4 ACf
OF AstS A40 08 A EC
Das

A u f lCL*NE , $m0si44 f R ACf
08 Amis amo 0'aiCYICm 0F
PL U248

$f eClaf, $Novi=4 Y AACf

0F Ast$ Adeo CintCTiO4 0F
9Lunti

Fig. 2.8. Tectonic index map. Source: ER, Plate 2.4-1.
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worts sTRATICRAPHIC THICKNES5*g 3,3 3 g
(Age) i N IT (ft)

Silt, sand and grave; in arroyos and streamAlluelue 2.j $.
valleys.

Slepe wash, talus and roca rubble rang ir.g

f rom cobbles and boulders to massive blocksh ho loc en e Cot tuvius and Talus 0-15*
a en hoe c Ma and outcrope of resistant

h QLAfFR h RY to
f*Ch-2 Pielstocene

O
Reddish-brown to light urwn, unconsolide-
ted, well-scrted silt to medium-grainedg, gg
sand. partially cemented with caliche ir
some area: reworked partly by water.

Unconiornity
Grav to dark-gray, fiestle, thin-beJJed

Mancos Shale 0- 111. ' ) marine shale with f ossiliferous sandy lime-

s t one in lower s t rata.

Upper 1. l gh t yellowish-brown to light gray-prnwn, 1

Cretaceous tnich bedded to crces-bedded sandstone,
'

'
Dakota Sandstore 30 - ? $ lenticular grar carocnaceous elaystone

CRETACE0t$ and ispute coal; local course basal con *
glomerate.

----- - - - U nc on f o ra t t y --'-----
!.ight-tray and light-brown, massive and
cross-bedded conglomeratic sandstone and

Sur ro Canven Formation 50 -150 interbedded green and gray-green mudstone;mr
Cretaceous locally contains thin discontinuous bed 6 *

of silicified sandstone and limestone
near tcp.

------ Lnconferatty(?
Variegated gray, pale-greer, reddish-brown,
and Purple bentonitic eudstone and silt-

Brushy Basin Member 200-450
stone centaining thin discontinuous sand-
stone and conglomerate lenses.

E
~ laterbedded yellowish- and greenish-gray

S { hestwater Canyon to rich t sh-gray, fine- to course-grainedgg
FJ w Mecibe r arsosic sandstone and greenish-gray to

2 *
3 reddist-brcwn sandy shale and mudstone.

'' E
in terbe dded reddish-gray to lis'at b ro wne

; Recapture Mesher o.;M fine- to medium-grained sandstone andj reddtsbgray salty and sandy claystone.

Lpper int * receded yellowish-brown to pale

"'''*I* ' '" "~I'' * * ""
Salt hash Mesoer 0-330 er t tle saadst ones and greenish- and

A' AAS S IC redjish-g ray mudstone.
L nconf cret ty

hhi te to grayish-brown, massive, cross-
Bluff Sandstone 0-15 9 bedded, fine - to medium-grained eolian

sandstone.
e,

j Susume rv l11e Thin-bedded, ripple-marked reddish-brown25-125y Formation muddy sandstou and sandy shale.

3 Reddish-brown to grayisla-whit e, mass iva ,Fatrada
150-180 cross-bedded, fine- to medium-grained1 Sandst ne" sandstone.

E
* 1rre6ulary bedded reddish-brewn muddy

sandstone and sandv mudstone with local
Carnet Formation 20-100*

M dd le thin beds of brown' to gray limestone and
Jurassic reddish- to greentah-gray shale.

L'nc on f o ral t y i

I
i

|

*To convert feet to meters, multiply feet by 0. 3048.

Fig. 2,9. Generalized stratigraphic section of exposed rocks in the project vicinity.
Source: ER, Table 2.4-2,

l
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Thin, discontinuous beds of impure lignite and coal up to 0.6 m (2 ft) thick occur throughout
the Dakota Sandstone. Although several of these coal beds have been mined on a limited scale
in the Blanding area, most of the coals are too impure for commercial use. M

l Copper deposits are associated with the fracture-contro! led uranium-vanadium deposits in the
Abajo Mountains and with some sedimentary deposits. The copper content may e as high as 3%.
Sand and gravel deposits are mined on the east and south slopes of the Abajo 1ountains for
pavement construction material.

Although water is produced from wells drilled to the Burro Canyon Formation and the Dakota
Sandstone, this water is commonly mineralized and in some localities unfit for human con-
sumption.17 Deep wells drilled to the Entrada and Navajo sandstones yield potable water.15.17

| Several springs in the project vicinity discharge groundwater from the Burro Canyon Formation.
1

2.7.3 Seismicity

Within a 320-km (200-mile) radius of the site, 450 seismic events occurred between 1853 and
1978. Of these, at least 45 had an intensity of VI or greater on the Modified Mercalli Scale.

Within a 160-km (100-mile) radius of the project area,15 earthquakes have been recorded. Of
.

these, only one had an intensity of V, and the rest were IV or less. The nearest event occurred !

in Glen Canyon National Recreation Area, about 70 km (43.5 miles) northwest of the proposed
site. The next closest event occurred about 94 km (58.5 miles) to the northeast. The event of
intensity V occurred on August 29, 1941, just east of Durango, Colorado M It is doubtful that
any of these events would have been felt in the vicinity of Blanding.

Based on the region's seismic history, the probability of a major damaging earthquake occurring
at or near the proposed site is remote. Algermissen and PerkinsM indicate that there is a 90%
probability that horizontal acceleration of 40% gravity (0,4 g) would not be exceeded within
50 years. .

2.8 SOILS

The majority (99%) of the soll on the project site consists of the Blanding soil series (ER,
Sec t. 2.10.1.1) . The remaining 1% of the site is in the Mellenthin soil series. Because the
Mellenthin soil occurs only on the eastern-central edge of the site (ER, Plate 2.10-1), it
should not be af fected by construction and operation of the mill.

The mill and associated tailings disposal ponds will be located on Blanding silt loam, a deep
soll formed from wind-blown deposits of fine sands and silts. Although soil textures are
predominantly silt loam, silty-clay-loam textures are found at some point in most profiles (ER,
Table 2.10-2). This soil generally has a 10- to 13-cm (4- to 5-in.) reddish-brown, silt-loam A
horizon and a reddish-brown, silt-loam to silty-clay-loam B horizon. The B horizon extends
downward about 30 to 40 cm (12 to 16 in.) where the soil then becomes calcareous silt-loam or
silty-clay-loam, signifying the C horizon. The C horizon and the underlying parent material
are also reddish-brown in color.

The A and B horizon both have an average pH of about 8.0, whereas the average pH at the C ,

horizon is about 8.5. Subsoil sodium levels range up to 12% in some areas, which is close to
the upper limit of acceptability for use in reclamation work (ER, Sect. 2.10.1.1). Other
elements, such as boron and selenium, are well below potentially hazardous levels. Potassium
and phosphorus values are high in this soil (ER, Table 2.10-2) and are generally adequate for
plant growth. Nitrogen, however, is low (ER, Sect. 2.10.1.1) and may have to be provided for
reclama tion.

With the well-drained soils, relatively flat topography (Sect. 2,3) and low precipitation
(Sect. 3.2.1), the site generally has a low potential for water erosion. However, the flows
resulting from thunderstorm activity are nearly instantaneous and, if uncontrolled, could
result in substantial erosion. When these soils are barren, they are considered to have a high
potential for wind erosion. Although the soil is suitable for crops, the low percentage of
available moisture (6 to 9%) is a limiting factor for plant growth; therefore, light irrigation
may be required to establish native vegetation during reclamation.

. - _ - , , -
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2.9 BIOTA
4

1 2.9.1 Terrestrial
:

| 2.9.1.1 Flora

j The natural vegetation presently occurring within a 40-km (25-mile) radius of the site is very
| similar to that of the potential,20 being characterized by pinyon-juniper woodland intergrading
! with big sagebrush (Artemenia tridentata) communities. The pinyon-juniper community is domi-
j nated by Utah juniper (,'uniperua osteospemt) with occurrences of pinyon pine (Pinus e.iulic) as
4 a codominant or subdominant tree species. The understory of this comunity, which is usually
j quite open, is composed of grasses, forbs, and shrubs that are also found in the big sagebrush

comun i ties. Common associates include galleta grass (Hilarla Meal-l), green ephedra (Ephedra.

| viridio), and broom snakeweed (Catierrenia aarathmo). The big sagebrush comunities occur in
; deep, well-drained soils on flat terrain, whereas the pinyon-juniper woodland is usually found

on shallow rocky soil of exposed canyon ridges and slopes.

| Seven comunity types are present on the project site (Table 2.26 and Fig. 2.10). Except for
- the small portions of pinyon-juniper woodland and the big sagebrush comunity types, the majority
| of the plant communities within the site boundary have been disturbed by past grazing and/or

treatments designed to improve the site for rangeland. These past treatments include chaining,
,

plowing, and reseeding with crested wheatgrass (4;repyron dessrtorwa). Controlled big sage-i

brush communities are those lands containing big sagebrush that have been chained to stimulate,

i grass production. In addition, these areas have been seeded with crested wheatgrass. Both
grassland comunities I and II are the result of chaining and/or plowing and seeding with'

crested wheatgrass. The reseeded grassland Il community is in an earlier stage of recovery
from disturbance than the reseeded grassland I community. The relative frequency, relative
cover, relative density, and importance values of species sampled in each community are pre-
sented in the ER, Table 2.8-2. The percentage of vegetative cover in 1977 was lowest on the
reseeded grassland II community (10.7%) and highest on the big sagebrush community (33%) (Table
2.27).

;

Table 2.26 Comanumty types and expanse widun the Table 2.27. Ground cover for each community withm the

protect site boundary protect ste boundary

E x pan se Percentar of each type of cover
,

Community type Cornmumty tymf
'

ha ac res Veyrtame com btter Bare gr ound

Pmvon dunwe woodland 5 13 P nyon-qunwr woodtan(f 25 9 1s 6 55 6

&g sarbrush 113 278 8 g savtm ush 33.3 16.9 499
nmeeded grassland i 177 438 Reseeded grassland I 15 2 24 2 61 o

Heseeded gr asojnd il 121 299 Reseeded grasstand il 10 7 95 79 7

Taman sab. 3 7 Tamarisk sab 12 0 20 1 679

| Conocued big ugebmsh 23o 569 Contralled big sagetrush 17 3 15 3 674
Ou tur tud 17 41 D es tur ted 13 2 7.0 80 0

* Rock covered 4.4% of the grovd,

,

| .

Based upon dry weight composition, most communities on the site were in poor range condition in
1977 (ER, Tables 2.8-3 ard 2.0-4). Pinyon-juniper, big sagebrush, cnd controlled big sagebrush
communities were in fair condition. However, precipitation for 1977 at the project site was
classed as drought conditions (ER, Sect. 2.8.2.1). Until July, no production was evidert on

[ the site.

No proposed endangered plant species 21 occur on or near the project site (ER, Sect. 2.8.2.1).
Of the 65 proposed endangered species in Utah, six have documented distributions in San Juan

( County.22 A careful review of the habitat requirements and known distributions of these species
indicates that, because of the disturbed environment, these species would probably rot occur on
the project site.

-- - - - . _.. . -- - - - .- ,



.. .. ..- - - _

2-41 ,

|

ES-4580
,

'~'- .

_ _.
., , .

,,_

,, ,-
'

-;
.

'

e- :

3 ,;,! 'If,a ~' -| -

'

|
". ,' Q. I ~ . , ': '

_ .
- '~- - - -

_

~~ ^ I,
_

')h,- ] , x$ :h N% h- [5$ hA
MXMb \s\ s k'NN xErc z ;~9F 3= 9 <1:

3n i N = = = = -A '
t

5 ,.i - .

1 * s 2 !
-

s\
[ N\ x y_g_1 - v i, ' ' - ,

s,, _

k N 5- _

''
1-, ,

'

.g_|'ib(y* % t _ _,," I-

y s\x g\ x
;i . IW i l'E |

'
''

. _

===|,,= g h g__
' N ~::,.

. ,p ,,= _

,

Ay ?y 'Q \ s y Q&=-s=n~== ~L=? |
*~'

%-:.G;hI
~

L --
kf R yc 2 . ~ ~ -, ,,

- $2$ f [,~O. .I s'N N ..

[Mji3Ed[I~M - .

x\hv\s\\s%]yx\\t I' '-
, ,

(,/ ./
,

\\Ms\ - gfg ' , .

gfa =a g j
, '

,

' '
. ,

\..g' PROPOSED 3s Q . c rN5Mfs. ;+h |\ .x

M IL L Si T Eg\p./ r y - -~ g" - ~g |wiEEn ' ' q -

N QNNs *. N y ,,

(' , ' N'$ \Nh t\ O B,S .
' '

,
_,

,
, ..

\
^ #-- - _~ /'cj ,

m .- s
__ _ ____ _ _ _.. _ _ . _ -_ _ m , , . , . ..-

. ; '

.^ j,67o . ' '_ ,\ , .j' /; Q Q : f_e
_

.

Im.,"4 .ah -> h
*

'}
'

% 'N t r, ,,3gs x;x x o.../ s : ,* A , !

~ \ - : ,,, , 4
,

[[[ "' TYf[^[[^|.
~ -

?''.@:,if ' ' s,,,

'M" 0 2000 gI "

+k<#s-
:; '.3c+_.

' ' 'w:: ~ y :4 ;
-

3 A" i FEET.J p't .t .
-- f

8 i !
i '- p./ N.E . . ' j. ','

'.-(.'N',,..'"
'" , ,- , f,

:W b *d
_ 6 .*.

, .I !# || PINYON-JUNIPER E .iuNieeR1.$.4$7.X.[d,d>:
"

" /YM . .j, ~ ~. .: - ! RESEEDED - CONTROLLEO.

. ..c > : .,, pp- % ,f y E'
. GRASSLAND I BIG S AGE 8 RUSH

'h - [ z~/ . , $ d : ffL
'

TAM ARIX-S ALIX'

0 II$

-[ i- ; 1b
%! V~ +1 ' "' > BIG S AGEBRUSH / OISTUR8ED

'

i- ,
,

Fig. 2.10. Cocmunity types on the White Mesa project site. Source: Energy fuels
Nuclear, Inc. , " Responses to Comments Telecopied from NRC to Energy Fuefs Nuclear, Sept. 25,
1978," Oct. 4,1978. Pla te 2.8-2.
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2.9.1.2 Fauna

Tne applicant has collected wildlife data through four seasons at several locations on the
site (Fig.6.1). The presence of a species was based on direct observations, trappings, and
signs such as the occurrence of scat, tracks, or burrows. A total of 174 vertebrate species
potentially occur within the vicinity of the proposed mill (ER, Appendix D), 78 of which were
confirmed (ER, Sect. 2.8.2.2).

Although seven species of amphibians are thought to occur in the area, the scarcity of surface
water limits the use of the site by amphibians. The tiger salamander (&6petoma tipimes) was
the only species observed. It appeared in the pinyon-juniper woodland west of the project site
(ER, Sect. 2.8.2.2).

Eleven species of lizards and five snakes potentially occur in the area. Three species of
lizards were observed: the sagebrush lizard (Sceloparas graciosas), western whiptail
(cmmidophoma tipts), and the short-horned lizard (Phrynosoma douglassi) (ER, Sect. 2.8.2.2).
The sagebrush and western whiptail lizard were found in sagebrush habitat, and the short-horned
lizard was observed in the grassland, No snakes were observed during the field work.

,

j Fifty-six species of birds were observed in the vicinity of the project site (Table 2.28). The
abundance of each species was estimated by using modified Emlen transects and roadside bird; counts in various habitats and seasons. Only four species were observed during the February;

sampling. The most abundant species was the horned lark ( &cmephila acpestis) followed by the
common raven (Corvus corax), which were both concentrated in the grassland. Avian counts
increased drastically in May. Based on extrapolation of the Emlen transect data, the avian
density on grassland of the project site during spring was about 305 per square kilometer (123
per 100 acres). Of these individuals, 94% were horned larks and western meadowlarks (Starnella

-

i neglecta). This density and species composition are typical of rangeland habitats.23 in late
June the species diversity declined somewhat in grassland but peaked in all other habitats. By
October the overall dive-sity decreased but again remained the highest in grassland.

Raptors are prominent in the western United States. Five species were observed in the vicinity
f of the site (Table 2.28). Although no nests of these species were located, all (except the
' golden eagle, Aquila chepatos) have suitable nesting habitat in the vicinity of the site.

The nest of a prairie falcon (Falco mericanas) was found about 1.2 km (3/4 mile) east of the
site. Although no sightings were made of this species, members tend to return to the same
nests for several years if undisturbed (ER, Sect. 2.8.2.2).

Of several mamals that occupy the site, mule deer (Odoccileas henionus) is the largest species.
The deer inhabit the project vicinity and adjacent canyons during winter to feed on the sage-
brush and have been observed migrating through the site to Murphy Point (ER, Sect. 2.8.2.2).
Winter deer use of the project vicinity, as measured by browse utilization, is among the

,
heaviest in southeastern Utah [61 days of use per hectare (25 days of use per acre) in the

*

| pinyon-juniper-sagebrush habitats in the vicinity of the project site].24 In addition, this
area is heavily used as a migration route by deer traveling to Murphy Point to winter. Daily
movement during winter periods by deer inhabiting the area has also been observed between
Westwater Creek and Murphy Point.2" The present size of the local deer herd is not known.

Other mammals present at the site include the coyote (%is latrass), red fox (Valpas pages),
Igray fox (Urarpon einsroargentcus), striped skunk (Mephulo mephitis), badger (Taxidea taxas),

Nine species of rodents were
longtail weasel (Nustela fwmca) and bobcat (Ly(e rafas).Fccon scas manicalatus) having the greatesti

trapped or observed on the site, the deer mouse
!distribution and abundance. Although desert cottontails (Sylvilagas azihs) were uncommon

in 1977, black-tailed Jackrabbits (Zerus ca?ifornicas) were seen during all seasons. |

25 could occur in the project vicinity.Three currently recognized endangered species of animals
However, the probability of these animals occurring near the site is extremely low. The project
site is within the range of the bald eagle (!ia?iacetas leucocephalus) and the American peregrine
falcon (Talos peregrinas anatan), but the lack of aquatic habitat indicates a low probability
of these species occurring on the site. Although the black-footed ferret (Astela nigripes)
once ranged in the vicinity of the site, it has not been sighted in Utah since 1952 M and the
Utah Division of Wildlife feels it is highly unlikely that this animal is present (ER, Sect.
2.8.2.2).

|

_ _ _ _ _ _ _ _ - . . .- -. - _ .-. _ ._.
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Table 2.28. Berds observed in the vicmity of the proposed White Mesa Uranium Project

S tatewide S t a t ewide

relattve r e' a tt v eg
abundance abundance
and status * and status #

Mallard Cp Pinyon iay CP
Pmta l CP Bushtit CP
Turkey vulture US Bewick's wren CP
Red ta. led hawk CP Mockingb<rd US
Golden eagle CP Mountain bluebird CS
Marsh hawk CP Black ta-led gnatcatcher H.

Merhn UW Ruby crowned kenglet CP
Amer,can kestrel CP Loppsrhead shrike CS
Sage grouse UP Starimg CP
Scaled qua'l Not bsted Yellow rumped warbler CS
American coot CS Western rneadowlark CP
K.lideer CP Red wmged blackbird CP
Spotted sandpiper CS Brewe's blacktxrd CP
Maurnmg dove CS Brown headed cowb,rd CS
Common nighthJwk CS Blue grostmak CS
Whtte throated swif t CS House finch CP
Yellow belhed sapsucker rP American goldtmch CP
Western kingherd 'S Green tailed towhee CS
Ash-throated flycatcher CS Rufoutsided towhee CP
Say's phoebe CS Lark sparrow C5,

Horned lark CP Black' throated sparrow CS
Violet green swallow CS Sage sparrow US
Barn swallow CS Dark eyed junco CW
Cbff swallow CS Chipping sparrow CS
scrub tay CP Brewers sparrow CS
Black belled mague CP White crowned sparrow CS
Common raven CP Song sparrow CP
Common crow CW Vesper sparrow CS

*W H. Behie and M L. Perry, Utah Berds, Utah Museum of Natural H4 story,
Unwersity of Utah. Salt Lake City,1975

Hetatae abundance Status

C = common P = permanent

U = uncommon S = summer res, dent
H = hypothetical W = wmter visitant

Source. E R, Table 2 8 5

2.9.2 A_gua tic biota.

Aquatic habitat at the project site ranges temporally from extremely liinited to nonexistent due
to the aridity, topography, and soil characteristics of the region and consequent dearth of
perennial surface water. Two small catch basins (Sect. 2.61.1), approximately 20 m in diameter,
at located on the project site, but these only fill naturally during periods of heavy rainfall
(spring and fall) and have not held rainwater during the year-long baseline water quality
monitoring program. Although more properly considered features of the terrestrial environment,
they essentially represent the total aquatic habitat on the project site. When containing
water, these catch basins probably harbor algae, insects, other invertebrate forms, and
amphibians. They may also provide a water sourca for small mamals and birds, Similar
ephemeral Catch and seepage basins are typical and numerous to the northeast of the project
site and south of Blanding. The basin to the northeast of the present ore buying station has
been filled with well water to be used during construction of the adjacent office and labora-
tory facilities. Present plans are for it to contain water for approximately six months, This
basin has not been aampled for aquatic biota since filling.

._._ _ --
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Aquatic habitat in the project vicinity is similarly limited. The three adjacent streams
(Corral Creek, Westwater Creek, and an unnamed arm of Cottonwood Wash) are only inte mittently
aClive, Carrying Water primarily in the spring during increased rainfall and snownelt runoff,
in the autumn, and briefly during localized but intense electrical storms. Intermittent water
flow most typically occurs in April, August, and October in these streams. Again, due to the
temporary nature of these streams, their contribution to the aquatic habitat of the region is
probably limited to providing a water source for wildlife and a temporary habitat for insect
and amphibidh species.

No known populations of fish are present either on the project site or in its imediate
vicinity; however, the temporary watercourses in the vicinity (Corral, Recapture, and Westwater
creeks, and Cottonwood Wash) were not sampled for aquatic biota by the applicant during periods
of waterfill. These streams, although ephemeral, might support fish populations during these
times (with fish imigrating up- or downstream from more permanent aquatic habitats). The
closest perennial aquatic habitat to the proposed mill appears to be a small irrigation basin ,

i(approximately 50 m in diameter) about 6 km (3.8 miles) uograde to the northeast. This habitat
was not sampled for biota by the applicant, who reports that the pond is intermittent and prob-
ably does not harbor any fish species.

The closest perennial aquatic habitat known to support fish populations is the San Juan River
29 km (18 miles) south of the project site. Five species of fish Federally designated (or
proposed) as endangered or threatened occur in Utah (Table 2.29). One of the five species, the
woundfin (Pleg ;4mu ep!Hae0ma), does not occur in southeastern Utah where the proposed
mill site is located.27 The Colorado squawfish (Myoho6milus luius) and humpback chub (Gik
@ t), however, are reported as inhabiting large river systems in southeastern Utah. The f

*

bonytail chub (Cik elepw), classified as threatened by the State and proposed as ndangered
by Federal authorities is also limited in its distribution to main channels of large r' vers.
The humpback sucker (razorback sucker; Xyrmhen seems), protected by the State and proposed
as threatened by the Federal authorities, is found in southeastern Utah inhabiting backwater ,

pools and quiet areas of mainstream rivers. The closest habitat suitable for the Colorado
squawfish, humpback chub, bonytail chub, and humpback sucker is the San Juan River, 29 km
(18 miles) south of the proposed site.

Tabte 2.29 Threatened and endangered aquatic species occurring in Utah

Occm'ence
spemes Hab tat L,stmg m

southeastern Utah
. _ _ _ _ _ . - - _ ..- __ - -_ ~ - - ~ - _ . --

Wound!in sitty streams: muddy. sw,f t a,rre,t Federal - endangered * No

Ptegoprena arpnt ssimus areas, Wpn River cntical Mtutat' state -- threatened

Humpback chub Lar ge over sv stemt eddict and F eder ai - endang.fr ed^ Yes

Gda cypha back a a ter State -- endangered
,

|Cohnado Rm squawfish Yarn channeis at irge ener systems Federal - endangered" Yes
I

Pfghexhedos /ucius n Co;orado drainage stJte - endangered

Banyta<t chub Wn channels o' large om svstems Federal - p< wmd Yes
#

Gda elepns n Colmdo dra.nage endangm ed

state + threnened

Humpback socker Backwater pools aad qwet water F eder ai orcpesed Yes 1

0 atothack sucker) areas of mam rivers t hr eatanad |#

Xyrauchen texanus State - threatened
- _ _ . _ . _ _ . _ . - .-. _ _ _ _ _ _ . _ _ _ _ _ _.

8" Endangered and Threatened WHdhte and Plants," Fect Regist 42(211L 57329 (1977L
6"Endarigered and Threatened Wadhfe and Plants." red Regist 42f 13s). 36419-33431 (197 7L
'" Endangered and Threatened WJdhfe and Plan't" Fet/. Regist. 43(79017375-17377 t1973).

.- . - _ _ _ - _ _ . - _ . . _ -
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2.10 NATURAL RADIATION ENVIRONMENT

Radiation exposure in the natural environment is due to cosmic and terrestrial radiation and
to thc inhalation of radon and its daughters. Measurements of the background environmental
radioactivity were made at the proposed mill site using thermoluminescent dosimeters (TLDs).
The results indicate an average total-body dose of 142 millirems per year, of which 68 millirems
is attributable to cosmic radiation and 74 millirems to terrestrial sources. The cosmogenic
radiation dose is estimated to be about 1 millirem per year.2i Terrestrial radiation originates

; from the radionuclides potassium-40, rubidium-87, and daughter isotopes from the decay of
uranium-238, thorium-232, and, to a lesser extent, uranium-235. The dose from ingested radio-
nuclides is estimated at 18 millirems per year to the total body. The dose to the total body
fran all sources of environmental radioactivity is estimated to be about 161 millirems per
year.

The concentration of radon in the area is estimated to be in the range of 500 to 1000 pCi/m',
based on the concentration of radium-226 in the local soil.28.2 3 Exposure to this concentra-
tion on a continuous basis would result in a dose of up to 625 millirems per year to the bron-
chfal epithelium.10 As ventilation decreases, the dose increases; for example, in unventi-
lated enclosures, the comparable dose might reach 1200 millirems per year.

The medical total-body dose for Utah is about 75 millirems per year per person. 31 The total
dose in the area of the proposed mill from ratural background and medical exposure is esti-
mated to be 236 millirems per year.

1
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3. OPERATIONS

3.1 MINING OPERATIONS

The White Mesa Uranium Project will process cres originating in independent and company-owned
mines. Mines within 160 km (100 miles) of Energy Fuels ore buying stations (in Blanding or
Hanksville) are expected to supply virtually all of the are processed by the f acility. Energy
fuels controls reserves of approximately 8600 metric tons (MT) (9500 tons) of U30s with an

(ER, p.l.1). Additional cre will be purchased from independentaverage are grade of 0.1251 U 093

mines. There will be no onsite mining activity. The environmental ef fects of the Blanding
ore buying station (on the project site) are included in this assessment.

3.2 THE MILL

The proposed mill will utilize an acid leach-solvent extraction process for uranium recovery.
Provisions for vanadium byproduct recovery are included in the design The nominal processing*

capacity of the mill is 1800 MT (2000 tons) per day. The expected average ore grade is 0.1251
U0. The process will recover approximately 94% of the uranium in the ore. The proposed mill3 3
would operate on a 24 hr/ day, 340 days per year schedule. Based on the above design para-
meters, the annual U 03 production of the proposed White Mesa mill will be approximately3

730 MT (800 tons). The estimated annual vanacium (V;0s) production is 1480 MT (1630 tons).

3.2.1 External angearance of the mill

The plant buildings will be mainly of pref abricated construction. Although the facility will
resemble the artist's rendition (Fig. 3.1), the final layout may vary, riepending on final
equipment selection.

As viewed from U.S. Highway 163, the mill will consist of a series of long buildings. Portions
of the mill will stand above the natural skyline. The ore buying station, ore stockpiles, and
the natural terrain will obscure the view of portions of the mill. The proposed tailings
impoundment should not significantly alter the landscape as seen from the highway, except
around soil stock piles and borrow areas.

3.2.2 The mill circui t.

3.2.2.1 Uranium circuit

The flow sheet for the uranium circuit of the proposed mill is shown in Fig. 3.2. The ore
would undergo a sequence of crushing, grinding, leaching, counter-current decantation, and
solvent-extraction steps. The extracted uranium would be precipitated, dried, and packaged for
shipment.

All ores would be fed to the mill via the ore buying stations. Because the ores will originate
from many dif ferent mines, blending will be necessary to ensure optimal processing amenability.
This blending will occur as the ore is fed to the mill.

.

Ore received at the ore buying stations is crushed to less than 3.8 cm (1.5 in.) during the
sampling process. As the ore is fed to the mill, a semiautogenous grinding (SAG) mill will
reduce the feed size to smaller than a 28-mesh (0.589 mn or 0.0232 in.) screen. The ore slurry
produced by the SAG mill will be leached in two stages with sulfuric acid, manganese dioxide
(or an equivalent oxidant), and steam in anounts that will produce an acid solution with a
temperature of 71'C (160'F). Acid consumption will be reduced by neutralizing the alkaline

3-1
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Fig. 3.2. Generalized flowchart for the uranium milling process. Source: ER, Plate 3.2-1.

components of the ore with excess acid in the pregnant leach solution in a preleach stage
(Fig. 3.2). It is anticipated that approximately 95% of the uranium contained in the crude ore
will be dissolved over a leaching period of up to 24 hr. The uranium-bearing solution will be
separated from the barren waste by counter-current decantation using thickeners. Polymeric
flocculants will be used to enhance the settling characteristics of the suspended solids. The
decanted pregnant leach solution is expected to have a pH of approximately 1.5 and contain less
than 1 g of U 0R per liter. The barren waste will be pumped to the tailings retention area.3

Solvent extraction will be used to concentrate and purify the uranium contained in the decanted
leach solution. In a series of mixing and settling vessels, the solvent extraction process
will use an amine-type compound carried in kerosene (organic) which will selectively absorb the
dissolved uranyl ior,s from the aqueous leach solution. The organic and aqueous solutions will
be agitated by mechanical means and then allowed to separate into organic and aqueous phases in
the settling tank. This procedure will be performed in four stages using a counter-flow
principle in which the organic flow is introduced to the preceding stage and the aqueous flow
(drawn from the bottom) feeds the following stage. It is estimated that, after four stages,
the organic phase will contain about 2 g of U 00 per liter and the depleted aqueous phase3

(raffinate) about 5 mg per liter. The raffinate will be recycled to the counter-current
decantation step previously described or further processed for the recovery of vanadium (Sect.
3.2.2.2). The organic phase will be washed with acidified water and then stripped of uranium
by contact with an acidified sodium chloride solution. The barren organic solution will be
returned to the solvent extraction circuit, and the enriched stripping solution containing

- .-.
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about 20 g of V 0s per liter will be neutralized with ammonia to precipitate ammonium diuranate |3

(yellow cake). The yellow cake will be settled in two thickeners in series, and the overflow
solution f ront the first will be filtered, conditioned, and returned to the stripping stage.

The thickened yellow cake slurry will be d6 watered further in a centrifuge to red;ce its water
content to about 40L This slurry will then be pumped to an oil-fired mul tiple-hearth dryer
(calciner) at 650*C (1200''F). The dried uranium concentrate (about 90% V 0 ) will be passed3 3
through a hantier mill to produce a product of less than C.6 cm (1/4 in.) size. The crushed
concentrate, which is the final product of the p'. ant, will then be packaged in 55-gal drums for
shipment.

3.2.2.2 By-pr_o_duc t vanadiunr reco_vey

Vanadium, which is present in some of the cres, will. be soluble dJring leaching. The dissolved
vanadium will be present in the uranium raf finate. Depending on its vanadium content, the
uranium raf finate will either be recycled to the counter-current decantation step
(Sect. 3.2.2.1) or further processed for ecovery of the vanadium before recycling.

The vanadium recovery process will consist of a separate solvent extraction step to treat the
uranium raf finate and precipitate the vanadium from the stripping solution. The flowchart
shown in Fig. 3.3 illustrates the process.
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Fig. 3.3. Generalized flowchart showing recovery of vanadium. Source: ER, Plate 3.2-3.
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The uranium raffinate will be pumped to a series of agitators where the electromotive force
(oxidation potential) will be adjusted to -700 mV with sodium chlorate and the pH raised to
1.8-2.0. The solution may possess some turbidity af ter this step and will be filtered prior to
passing to a five-stage solvent extraction circuit. Except for the one additional sta,e of
extraction, the solvent extraction section will be essentially the same as utilized for the
uranium. An amine-type compound carried in kerosene (Sect. 3.2.2.1) will selectively absorb
the vanadium ions f rom the uranium raf finate solutio. The organic solution will then be
strinped of vanadium by contact with a soda ash solution. The barren organic solution wiil be
returned to the solvent extraction circuit, and vanadium will be precipitated from the enriched
stripping solution on a batch basis as ammonium catavanadate.

The varadium precipitate will be thickened and filtered prior to drying in an oil-fired dryer.
The dried precipitate will be subjected to a fusion step at apprcximately 800*C (1500'F) to

(black flake); packaging will be in 55-gal dru~s. Less than 0.005 percent U 0g will
3prod;ce V 032

be cuntained in the vanadium product.M

3.2.3 Nonradioactive wastes and ef fluents

3.2.3.1 Gdseous e Uluents

Milling operations wi!l result in the release of nonradioactive vapors to the atmosphere,

teachinq

>

The leaching of ores in the uranium and circuit will produce carbon dioxide gas, sulfur dioxide
gas, water vapor, and some sulfuric acid mist. Based on the projected calcite concentration in
the ore and process conditions, the applicar.t estimates emissions of carbon dioxide to bc 2200
kg/hr (4800 lb/hr) and emissions of sulfur dioxide and sulfuric acid mist to be 0.023 kg/hr
(0.05 lb/hr) from leaching (ER, p. 3-10). The staff agrees with these es tima te s.

Solvent extraction

The solvent extraction processes used in uranium and vanadium recovery will release organic
vapors consisting of kerosene (95^4) and small quantities of amine and alcohol compounds used in
the extraction, The applicant estimates the organi. losses to be appro ;mately 0.046 kg/hr
(0.1 lb/hr) (ER, p. 3-10). There are no Federal or State emissions standards applichble to
the release of this mixture. However, Federal and State ambient air quality standards have
been set at 160 sg/m , averaged over 3 hr. The applicant states that operation of the prn-l

posed mill will not result in hydrocarbon concentrations exceeding this level (ER, p. 3-10).

P_roduct dryers

The yellow cake and vanadium black flake dryers will burn approximately 11 liters /hr (3 gph)
of No. 2 fuel oil (<li sulfur), producing gaseous effluents containing nitrogen, carbon
dioxide, water vapor, sulfur dioxide, and nitrogen oxides, as well as some ammonia from decom-
position of the concentrate product. Radioactive ef fluent from this source is discussed in'

Sect. 3.2.4.6. The applicant estimates that dryer of f-gas concentrations of sulfur dioxide
and nitrogen oxides will be 0.91 kg/hr (2 lb/hr) and 0.23 kg/hr (0.5 lb/hr) respectively (ER,
p. 3-11)

Because the heat input to the yellow cake and vanadium black flake dryers will be only 4.7 x
109 J/hr (4.5 x 105 Btu /hr), no Federal or State emission standards apply to this source.
However, Federal and State ambient air quality standards will apply to nitrogen oxides, sulfur
dioxide, and particulate concentrations due to dryer operation.

Building and process heating

Steam necessary for building and process heating will be generated from coal-fired boilers.
Approximately 55 MT (60 tons) of coal per day will be required at a heat input of approximately
S.3 x 10M J/hr (5 x 106 Btu /hr). As a result of the boiler combustion, various stack gases
will be released to the atmosphere, including carbon dioxide, water vapor, sulfur dioxide, and
nitrogen oxides.

-- __
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!
! State and Federal emission standards are nut applicable to a steam generating boiler of this
! small size. Likewise, significant deterioration regulations are not applicable; however,
| Federal and State ambient air quality standards will apply to the resulting ambient concentra-
; tiens. The combustion of 55 MT (60 tons) per day of 0.3% sulfur coal would generate approxi-
f Mately 33 kg (720 lb) of sulfur dioxide per day (ER, p. 3-21). Based on an industrial NO.
| emission factor of 10 kg/MT (20 lb/ ton) of coal burned., the staf f estimates nitrogen oxide ~
j em!ssions to be 545 kg/ day (1200 lb/ day). Fly ash emissions from this proposed boiler are

discussed in Sect. 3.2.3.3.

Analyt_ical laboratory

The mill facility will be complemented with an analytical laboratory that will routinely assay
products c f ore, process streams, and final products to assure adequate quality control and
plant operating ef ficiency. The laboratory fume hoods will collect air and mixed chemical
fumes for dilution end venting to the atmosphere. These gases will contain nonradioactive
chemicals, such as CO , hcl, and NO2 lhe volume of gaseous fumes emitted from the laboratory2

; operaticns will be small and, conslutring the dilution in the collection stack and air
j eductors, should be inconsequential (ER, p. 3-22).
!

{ 3.2.3.2 Liguid ef fluents

{ All mill process, mill laundry, and analytical laboratory liquid wastes will be discharged to
' the tailings impoundment for disposal by evaporation (Sect. 3.2.4). Sanitary wastes will be

disposed of by a septic tank a*.d leach field designed and operated in accordance with appli-
catle State of Utah, Division of Health, and U.S. Public Health Service standards and regula-

' tions.
"

Storm run-off from the mill, ore stcrage piles, and ore buying station will be directed to the
interceptor drainage ditch (Fig. 3.4) along the eastern margin of the tailings impoundment.
The staf f recommends that the drainage design be altered to isolate mill site runoff into a
retention pond.

3.2.3.3 Solid tffluents_

Nonradioactive solid wastes will be generated by the coal-fired boiler, the ore buying stations,
and by maintcnance and administrative activities at the mill. Dusts wi'll be emitted from ore
crushing and nandling operations, ore storage piles, unstabilized tailings, and from the
uranium yellow cake and vanadium black flake dryer stacks. With the exception of the black
flake dryer, the dusts from thase sources are contaminated with icw levuls of radioactivity.
Radioactive solid ef fluents are discussed in Sect. ^.2.4.

Building andJrocess Qat_ing

The combustion of coal will produce two ash products, fly ash and bottom ash. With a coal
usage rate of 55 MT (60 tons) per day, the total ash production would be less than 5 5 MT
(6 tons) per day, which will be sent to the tailings retention system. These ash products
would settie with the tailings solids and present no additional waste problems.

:

Stack emissions from the coal-fired boilers will pass through an electrostatic precipitator to
remove fly ash, and less than 86 kg (190 lo) per day of particulate me tter will be released to
the atmosphere. Fly ash deposits from the precipitator will also be sent to the tailings im-
poundment (ER, p. 3-21).

Ortprocessing, maintenance, and administration

Scrap f ron, wood, and other mine trash removed from the ore during crushing operations will be
only slightly contaminated such that it may be disposed of as nonradioactive waste. Tra sh ,
rags, wood scrap, and ether uncontaminated solid debris will result from maintenance and
administrative activities. These materials will be dispored of in land fill areas approved by
the State Division of Hcalth and the a9propriate local authorities.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ _ . - . ._ - . - . -
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Vangtium produc t dryer

When ore characteristics permit, the vanadium recovery circuit will extract the van 3dium from
tne uraniun circuit ef fluent (Sec t. 3.2.2.2). The precipitated vanadium product will be dried
in an oil-fired dryer to give vanadium pentoxide (black fla k e ) . Vanadiu"i pentoxide is toxic.
Therefore, drying and packaging will occur in an isolated building, and emissions will be
controlled by a wet f an scrubber operating at an eq;ivalent venturi scutber pressure of 51 cm
(20 in. ) of water and an ef ficiency of 99, Ine applicant estimtes the particulate release
rate from this source to be 0.23 kg/hr (0.# lb/hr).'

3.2.4 Radioactive e stes and effluents

Mining anj milling of natural uranium releases sone radioactivity to the environment. Uranium-
233 and i ts d3ughter products in the ore are the most significant sources of radiation. The ore
processed by the proposed Wni te Mesa mili is expected to have an average grade of 0.125, uranium
(as U.0-). Ore of this grade has an activity f about 320 _Ci uf uranium-238 per ton of cre.
The u tivity from uranium-235 and i ts daughters is only 51 of that of the uraniuc-238 series and
may be ignored as it is radiologically insignificant.

Ore b eing, shipping, and mill:ng processes offer several pathways for release of radioactive
effluents tn the envirantent (Fig. 3.5). The applicant's existing Hanksville and Blanding ore
tuying s tations and the proposed mill are designed to minimize tne releases through these
patnways. The ore buying stations are the sucject of NPC licensing actions independent from
the m ll so;rce material license, which is the subject of this document. Effluents from the
operation of these st3tions will be consioered only as they impact the environment around the
site. In the following sections each potential effluent source is discussed, and estimates of
efflaent releases based on operatirq data from otner similar facilities will be presented.

3.2.4.1 Cre crushl y aqd_s yyl.ing

Run-of-aine ore will he received at the applicant's are buying stations at Panksville and
Blanding. Cre f rom <. 'ferent mines will be segregated into " lots" to facilitate sampling and
payment. The raw cre will pass through a primary crushcr and be reduced to less than 3.8 cm
(1.5 in.). A fraction of the ore will be subjected to a crushing and sampling process that will
produce a representative sample of the entire ore lot being processed. DJring the sampling
process, radon gas and low-level radioactive are dust will be released.

The Blanding are buyinq station is expected to process 114 NT (125 tons) of ore per hour, opera-
ting on one 8-hr shift per day. All feeders, crushers, screens, chutes, and transfer points are
enclosed in hoods connected via ducts to tne three baghouse dust filters used in the plant. The
filters are cleaned by a reverse jet of air, which knocks the dust into a bin at the bottom of
the baghouse. The collected dust is recombihed with the ore at appropriate points, so the ore
grade is not altered /ER, p. 3-32).

The bag filters have a dJst removal ef ficiency of around 99.5 (ref. 3). Assuming the ore to be
fairly dry ( 6; moisture) and the dust load to the collector to be 0.00C by weight, the dJst
loss from the total crushing and sampling process would be approximately 4 x 10" ' Conserva-
tively assuming tha t the entire mill are demand of 1800 MT per day is processed by the Blanding
sta tion primary crusher, the annual dust emission would be 0.245 Mi per year. At an average
grade of 0.15; U.0c, slightly higher than e y ected, the concentration of uranium-233 in ore

,

would be about 423 pCl/g. Also, the uranium concentration of fine crusher dusts is reported to
t>e about 2.' times the concentration in the gross ore. Based on these data, and the assumption

|
. of secular equilibrium, approximately 2.0 x 10 ' Ci per year of uranium-238 and each radioactive
I d hghter would be released.

Radon-222 gas would be released as a result of disturbance of the ore during processing. Roughly
lot of the equilibrium amount of \ radon is released during crushing and grinding operatior,s.'
Use of this value for the Blanding ore buying station is conservative because secondary crushing
and grinding do not occur. Based on a 101 radon loss, an ore process rate of 18001T per day,
and an equilibrium ore concentration of 423 pC1/g, approximately 26 Ci of radon-222 would bei

I released each year.
l
1
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Fig. 3.5, Radionuclide dispersion pathways relevant to the White Mesa Uranium Project.

3.2.4.2 Tran_sportation of ore to the mill

Crushed are will be transported from the Hanksville buying station to the proposed mill in
canvas-covered dump trucks of 30 ton capacity. The ore will not be heaped in the truck beds but
will be evenly distributed to prevent ore spillage during transportation. The use of a canvas
cover tied over the truck bed will minimize dust loss dJring haulage (ER, p.3-30).

3.2.4.3 Ore pads

Quantities of are will be stored in stockpiles at the applicant's are buying stations at Hanks-
ville and Blanding. These ore buying stations are the subject of two additional licensinq ,

actions separate from the mill application, The effluents from the ore pad at the Blanding are
buying station, however, would act in synergism with the ef fluents from the proposed mill;
therefore, the Blanding ore pad operations and effluents are discussed.

Because of present ore buying operations, the applicant is accumulating ore in a 2.4-ha (6-acre)
area north of the existing Blanding ore buying station. The applicant es tima tes tha t a maximum
of 2.3 x 105 tit (2.5 x lot tons) of ore will be stockpiled at the Blanding site at the time of
mill startup. This quantity of ore would create a pile 6.7 m (22 ft) tall covering the 2.4-ha
(6-acre) stockpile area. During operations, the stockpile would be reduced to under 9.1 x 10"
MT (1 x 105 tons).
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Particulates and radon-222 will be the main atmospheric emissions associated with the ore piles.
Based on the meteorological data and the dusting rates for tailings sands (as a function of wind
speed) presented in Appendix D, and assuming that ore pile dust emissions will be it of those

estimated to be about 1.8 x 10" grained tailings, the annual average are pile dusting rate is
from an equivalent area of fine-

g/m -sec. For a surface area of 6 acres (2.4 ha), accountingl

for side areas and surface roughness, the annual ore pile dust release is estimated to be 162
kg. At a gross are concentration of 423 pCi/g and a fine concentration of 2.5 times that figure,
the annual uranium-238 release from this source would be about 1.7 x 10~4 Ci/yr. The release of
each particulate daughter in secular equilibrium would also be 1.7 x 10'' Ci/yr.

The applicant intends to moisten pile surfaces af ter ore is added or removed and this will act ,

to reduce these releases. As the release estimates presented here are basically proportional to j
the area of the are storage piles, they would not be significantly af fected by changes in the
volume of stored material as long as it is distributed over the same surface area.

Radon-222 will be produced in the pile from decay of radium-226. Most of the radon decays in
place with only a small fraction of the radon escaping the piles via dif fusion. The staff
estimates the annual radon release for the maximum stockpile case to be approximately 240
Ci/ year (see Appendix F). As mill operations progress and the size of the pile decreases to an
equilibrium value under 9.1 x 104 MT, the radon release frem this smaller pile will depend on
pile geometry. The radon flux from the pile surface is vu tually independent of thickness for
thicknesses greater than 3 m (10 ft). Therefore, if the same area [2.4 ha (6 acres)] is main-
tained for the equilibrium pile, the annual radon release would be the same as for the maximum
stockpile, that is, 240 Ci/ year (Appendix F).

Dust control measures such as moistening the surface of the stockpiled ore will also reduce
radon releases because the moisture will decrease the diffusion coefficient. This effect is e

expected to be small.

3.2.4.4 Secondary crushing and grinding

The applicant proposes to use a semiautogenous mill to perform secondary crushing and grinding
of the ore. This process uses larger pieces of ore to crush and grind smaller pieces; thus the
ore essentially grinds itself. Steel balls may be added as necessary to aid in grinding.

Because the semiautogenous mill is a wet process, particulate releases will be small. Assuming
a release fraction of I x 10%%, a gross are concentration of 423 pCi/g, a fine concentration
2.5 times higher, and a processing ra te of 1800 MT/ day, the annual release of uranium-238 and
each daughter in secular equilibrium from secondary crushing and grinding is estimated to be 6.5
x 10' Ci . Based on a release fraction of 20% the annual release of radon-222 gas from this
source is estimated to be 52 Cf.

3.2.4.5 Leaching and extraction

Leaching and extraction are wet processes and should not make any significant contribution to
the release of particulates. Because the residence time of ore in the leaching circuit will t'e
short (12 to 24 hr), radon-222 will not build up to concentrations high enough to give a signifi-
cant gaseous release.

3.2.4.6 Yellow cake drying _and_ packaging

The uranium concentrate (precipitated ammonium diuranate) will be dried at 650'C. The product
(yellow cake) will be about 90% U 0a and will contain about 94% of the uranium in the ore. [n3,

| addition, yellow cake will contain about 5t of the thorium-230 and 0.2% of the radium-226 and
daughters originally in the ore. The uranium product dryer and product crusher will be isolated

l from other mill areas. Emissions will be controlled by wet fan scrutibers operating at an equiva-
lent venturi scrubber pressure of 0.5 m (20 in.) of water with an efficiency of about 99%. The
solution and particulates collected from the scrubbers will be recycled to the No.1 yellow cake
thickener in the mill (ER, p. 3-19). Data presented in Table 9.13 of Reference 2 indicate that
about 1.2% of the annual yellowcake production may be expected to reach the wet fan scrubbers.I

At a gross are grade of 0.15% U 03 and a recovery rate of 94%, the annual production of pure'

3

yellowcake (U 0 ) would be about 863 MT. With a scrubbing efficiency of 99%, the annual yellow-3 3

|
cake release wculd be about 115 kg of which about 104 kg would be U 0 . The uranium-238 release33
rate is then calculated to be about 0.029 C1/yr. Releases of other isotopes would be about'

___ _ _ _ _ _ _ - _ _ _ _ _ _
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1.6 x 10~ 2 C1/yr of thorium-230 and 6.2 x 10 s Ci/yr each of rar.ium-226 and lead-210. Releases
of radon gas from this source are negligible.

3.2.4.7 Tailings retention area

The tailings discharged from the counter-current decantation unit of the mill is a slurry
consisting of 897 kg (1977 lb) of solids and 0.9 m3 (237 gal) of liquid per ton of dry ore fed
to the mill. The tailings liquid contains residual acid from the leaching step and dissolved
solids placed in solution by the leaching and solvent extraction steps. The estimated com-
position of the waste solution is given in Table. 3.1.

Table 3.1. Composition of liquid m plant taihngs
slurry based on laboratory test work

Parameter Amount

Composition ighter)
V o 24

U o 0025
Na 4 90

NH o0653

Cl 3 05
82.2SO4

Cu 1.62

Ca 0 48
Mg 4 oO

Al 4 26
Mn 4 58
Zn o.09
Mo o007
Organics o.2"
pH 1.6 - 2 o

Radiochemical assay (pCi/hter)

Gross alphe emissions 2 5 X 10'
6Gross beta emissions 23 X 10

Th 230 L3 x !05
#Ra 226 2 3 x 10
2Pb 210 2 8 X 10
..

' Measured m gallons per 1000 gai
source ER. p. 3 -12

Both the liquid and solid portions of the tailings will be a source of low-level radiation due
tc the aranium and daughter products lef t in the wastes. Approximately 6% of the original
uranium, 95% of the thorium, and 99.8% of the radium remain with the tailings. The radio-
active components of the waste show generally low solubility and remain mostly in the solids.
The applicant conducted assays of synthetic tailings generated under conditions expected to be
found in the mill and measured the thorium-230 and radium-226 contents at 1.5 x 102 pCi and
3.7 x 102 pCi per gram of solids (ER, p. 3-12). The actual concentrations found in the mill
tailings will depend on the actual grade of the ore fed to the mill. The soluble radioisotope
concentrations are listed in Table 3.1.

Because of the adverse radiological and chemical nature of uranium mill tailings, permanent
environmental isolation is required. The tailings management plan should prevent excessive
release of solids by wind erosion and of liquids by seepage, leakage, or overflow during
operation of the mill. Following the cessation of milling operations, the tailings management
plan should also provide for adequate stabilization of the tailings against long-term erosion
and minimize the 'eaching of radioactive solids, the diffusion of radon-222 gas, and the
direct gamma radiation dose from the tailings. The tailings management plan proposed by the
appllCant is discussed in the remainder of this section. The merits of the proposed impound-
ment and alternative methods are discussed in Sect.10.

. _ , .
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The applicant proposes to build a six-cell impoundment system irnnediately to the west and south |of the proposed mill (Fig. 3.4). The design storage volume of this system is 15 years. The
applicant has also described how the impoundment might be expanded by the addition of three
cells contiguous to the proposed six-Cell system. These potential cells could be proposed if
ore supplies warrant operation of the mill beyond 15 years. The impoundment would be construc-
ted in a swale, a shallow natural basin. A cell would be constructed by excavating the bottom
of the s* Jle and placing an embankment across the swale to form the downstream side of the cell.
Seepage dll be centrolled by state-of-the-art synthetic liners placed over and overlain by
layers of packed silt-sand materials available onsite (see Sect.10.3.2 for description). No
seepage problems with this liner system are anticipated.

The embankments surrounding the cells will be constructed of compacted soil available on the
site. The embankments would vary in height from a meter or more near the ridges of the swale to
as much as 9 m (30 f t) for dikes at the lowest point in the swale. Overflow structures will be
provided for all dikes between the individual tailings cells. The overflow structures will
limit the pond elevation to 1.5 m (5 f t) below dike crest, allowing any excess liquids to spill
into the next completed cell for disposal by evaporation. On completion of fill operations in a
cell, the tailings slurry pipeline will be routed through the structure to the next cell. All
dikes would be 6 m (20 f t) thick at the crest (allowing for an access road on the dike) and
would have slopes no steeper than 3:1 (horizontal to vertical; Fig. 3.6). The final exterior
slopes on the perimeter of the impoundment will have a slope of 6:1 and will be covered with
excavated rock (Fig. 3.7). Because the dikes will not saturate during the brief period a given
cell is in operation, engineered embankments are not utilized.

Geotechnical studies performed for the applicant indicate that the proposed slopes would with-
stand an earthquake with a magnitude of VI on the Modified Mercalli Scale. To prevent overflow ,

"of the impoundment by flooding, interceptor ditches and retention ponds will direct drainage
around the impoundment.

n
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The proposed tailings system features simultaneous construction, operation, closure, and reclama-
tion activities. The first two cells would be constructed before commencement of mill operation,
with tailings being initially deposited in the first cell. The second cell would act as a
downstream catchment area for any release of tailings material in the event of failure of the
first dike. As the 'illing of the first cell nears completion and before any tailings materials
are pumped into the second cell, the third cell would be excavated and lined to maintain a
catchment area downstream of the active cells, After construction of the third cell, water and
slimes would be decanted from the first cell to the second cell to maintain the water balance
and to allow for the deposition of tailings slimes at the bottom of cell 2. After the first
cell is filled to its final grade, the tailings disposal pipeline would be moved to the second
cell. While the second cell is being filled, reclamation of the first cell would commence af ter
the tailings have dried. Except for a small channel, which would be maintained through the cover
of the first cell (and each subsequent cell) for placement of the tailings slurry pipeline, the
first cell would be completely reclaimed. (In the event of a rupture in the tallings pipeline,
the tailings would be contained.) This pittern of operation would continue until the last cell
is constructed. To increase the evaporatne capacity of the system and to allow for complete
filling of the final cell, excess liquids it. 'he last cell would be pumped back to the previous
(fif th) cell . Closure and reclamation of the s ist two cells would be completed as soon as the
tailings surf ace is sufficiently dry for movement of heavy equipment over the pile.

The staf f has examined the water balance for the impoundment and has concluded that careful
water management will be necessary to allow operation of the impoundment on the proposed schedule.
The pond area required for evaporation (water balance) is estimated by the staff to be at least |

33.2 ha (81 acres). The capacity requirements would be dif ficult to meet under the proposed '

plan because the total surface area of most of the cells is less than estimated to be necessary.
The staff has concluded that the impoundment design or operational sequence will nave to be
modified to provide the necessary evaporative capacity.

Ef fluents from the proposed impoundment will consist of wind-blown particulates, and radon-222.
During tailings cell fill operations, wind erosion of the tailings will be minimized by keeping
the entire tailings surface moist by regularly shif ting the location of the slurry discharge
spigot. However, as the final layer of sands are deposited in a cell, the tailings discharge
line will be moved toward the downstream dike, allowing the upper end of the cell to dry out. |Additional drying will be necessary to allow operation of heavy equipment during reclamation of -

the cell. The staff will require the use of crusting agents, water spray, or similar means to
minimize the erosion of the tailings by wind. If no successful mitigating measures are taken,
the annual average dry tailings pile dusting rate, on the basis of data presented in Appendix D,
would be about 1.8 x 10'S g/m -sec which is equivalent to about 2.2 MT/ acre-yr. Corresponding
estimated radioactivity release rates are 1.4 x 10' C1/ acre-yr for U-238, 2.2 x 10~3 Ci/ acre-yr
for Th-230, and 2.3 x 10~8 Ci/ acre-yr for Aa-226 and Pb-210 (each).

As stated above, if liners are used the required pond evaporation area would be 33.2 ha (81
acres). Usage of liners may also substantially increase the period of time necessary for drying
prior to cell reclamation. Due to these uncertainties, the staff has conservatively assumed
(for purposes of radiological impact analysis) that each cell would have an area of 40 ha (100
acres) and that the time interval for drying between the cessation of cell use and the initiation
of reclamation is approximately 5 years. Under these conditions, if each cell can store 2.5
years worth of tailings, there may be 2 cells drying out while a third is being filled. If the
cell being filled is 50% beach, there could be a total of approximately 100 ha (250 acres) of
tallings areas available for dusting. The staff has assumed that control measures to be imple-
mented by the applicant will reduce dust emissions from non-operational cells by 80%. Under these
conditions total annual radioactive particulate releases are estimated to be 0.013 Ci of U-238,
0.20 Ci of Th-230, and 0.21 Ci of Ra-226 and Pb-210 (each).

Radon-222 gas is expected to be released in significant quantities from dry tailings areas.
Releases from saturated tailings, or tailings that are under water, are severely limited due to
the low diffusivity of radon gas in water. The staff assumes that two 40-ha (100-acre) cells
may be drying prior to reclamation while a third cell is being filled. Radon releases from the
driest cell (8% moisture content), the other cell drying out prior to reclamation (15% moisture
content), and the beach area of the filling cell (50% beach, 37% moisture content) are estimated
to be 5550 CI/yr, 2480 Cf/yr, and 30 Ci/yr, respectively (see Appendix F for details). The
total annual radon-222 release is estimated to be 8060 Ci/yr. Radon releases from underwater
tailings materials or reclaimed tailings cells are insignificant in comparison and have been
ignored.

L-_- rm e - em
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3.2.4,8 Uranium concentrate transportation
,

The uranium concentrate will be transported in 55-gal drums by truck because no rail trans- )

portation is available at the site. Uranium shipment, about 2000 drums each year, will result
to an individual of 2 mR/hr at any edge of the truckbed. Under6in an external radiation dose

normal operating conditions, no significant release of radioactive particulates would occur.
However, release could occur during transportation accidents as discussed in Sect. 5.3.1.

3.2.4.9 Source terms

Sections 3.2.4.1 through 3.2.4.8 describe the nature and quantity of radioactive effluents
conservatively estimated to be generated by milling operations at the White Mesa Uranium Project.
Estimates employed in the above discussions were derived from project design parameters and data
from similar mills.W The estimates reflect operation of the fully developed mill and
tailings area. Initial releases from the tailings area will be lower than the estimated values
for several years after startup. Therefore, the use of full-scale operation as the basis for
estimates adds some additional conservatism to the analysis. Table 3.2 gives the design param-
eters used in estimates of radioactive release rates. The source terms for the milling opera-
tions and areas are presented in Table 3.3.

3.3 INTERIM STABILIZATION, RECLAllATION AND DEC0rV11SSIONING

3.3.1 Interim stabilization of the tailings area

Interim mbi&ation 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 requir'td at
the White Mra mill during the 15 years of operation (for in-use and drying cells) and the
years reqNred to dry the final tailings cell af ter operation (see Section 10.2) prior to
reclamation.

As a license condition, the staff will require that the applicant immediately implement an
interim stabilization program which minimizes dispersal (via airborne particulates) of blowing
tailings to the maximum extent achievable. The effectiveness of this control measure shall be
checked at least weekly by means of a documented site inspection.

3.3.2 Reclamation of the mill tailings area

In accordance with the Utah Mined Land Reclamation Act of 1975 and the requirements of the HRC,
the app'licant has prepared a stabilization plan for the tailings area. The goal of the appli-
cant's plan is to meet the performance objectives for tailings management (Sect.10.3.1).

;

The proposed reclamation program calls for a 0.6-m (2.0-f t) layer of compacted Mancos Shale and
a 3-m (10-f t) layer of silt-sand mMerial over the tailings area. The proposed cover is con-
sidered sufficient to reduce the radon flux to twice backgrouno and the gamma radiation to
background levels (see Appendices F and G).

The cover would also be graded and sloped at a grade of 2% or less to prevent impoundment of
surface runof f. A layer of topsoil 0.23 m (0.75 f t) thick will be placed over the cover. The
area would be fertilized and revegetated with a suitable mie of grasses, forbs, and shrubs.
Grasses and shrubs whose root structures would penetrate the cover w|11 not be rianted. The
approximate volumes of material required would be 4,498,400 m3 (5,883,MO g ) of the silt-sand
soll and 461,700 m3 (603.900 yi3) of topsoil. Staged construction, operation, and reclamation
will minimize stockpiling and handling requirements.

The reclamation plans have been developed from recommendations from the U.S. Department of
Agriculture (USDA) Soil Conservation Service and Forest Service (CR, Sect. 9.4). These plans
are also in accordance with the regulations of the State of Utah Division of 011, Gas, and
liining.3B,39

The project site will be revegetated to return it to the original uses of grazing and wildlife
habitation. The soils are relatively uniform and adequate for these reclamation procedures (ER,
Sec* 9.1.1 ) . The reclamation schedule for the project site is depicted in Fig. 3.8. The
tainngs cells will be reclaimed sequentially as each cell is filled, beginning af ter about the
J0th month of operation and every 30 months thereaf ter until termination of project operations.
A .Mancos Shale cap [0.6 m (2 f t)] and on-site clayey-silt soil [3m (10 f t)] will be placed over
tha dried tailings. Except for the rock-lined drainage ditches, rock-filled slopes along theI

edges of the soil-covered tailings cells, and the rock-filled southernmost dike of cell 6, about
23 cm (9 in.) of topsoil will be placed on the surface of all disturbed areas and seeded with a
mixture of grasses, forbs, and shrubs (Table 3.4). Any excess rock will be disposed of at the
ill-ha (274-acre) borrow area prior to its reclamation.

.
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Table 3.2 Principal parameter values used in the;

: radiological assessment of the White fiesa Uranium Project
i

II)Pa rame ter Value

| !. General Data
i A,erage are grade * U 0g 0.153

: Ore concentration, pCi/g U-238 and daughters 423
; Ore processing rate, MT/d 1800

days /yr operational 3404

i
! II. Blanding Ore Crusher

Ore processing rate, MT/d 1000
Fraction released as particulates 4 x 10 7'

Fraction of radon released 0.1
i Dust / ore concentration ratio 2.5

!!!. Ore Storage Piles (2}*

} Actual area, acres 6

.
Ef fective dusting area, acres 7.3

1 Annual average dust loss rate, g/m -sec 1.8 x 10~72

Dust / ore concentratration ratio 2.5

IV. Secondary Crusher
,

Ore processing rate, MT/d 1800
; Fraction released as particulates 1 x 10'
| Fraction of radon released 0.2

Dust / ore concentration ratio 2.5

V. Yellowcake Drying and Packaging
Fraction U to yellowcake 0.94
Fraction Th to yellowcake 0.05
Fraction Ra and Pb to yellowcake 0.002

: Annual U 03 production, MT 8633

Annual yellowcake production, fit 959
Fraction of yellowcake to scrubber 0.012
Scrubber release fraction 0.01

V1. Tailings Mpoundment System (2,3)
Fractior U to tailings 0.06
F actior. Th to tallings 0.95
F action Ra and Pb to tailings 0.998*

A ea, acres per cell 100
Da ing time prior to reclamation, yrs 5

Area subject to dusting, acres 250
Annual average dust loss rate, g/m -sec 1.8 x 10 52

| Dust / tails concentration ratio 2.5

i

! hotes: 1) Parameter values presented here are those selected by the staff
! for use in its radiological impact assessment of the White Mesa Uranium
i Project. They represent conservative selections from ranges of poten-

tial values in instances where insufficient data has been available to
,

i be more specific,

j 2) Appendix F provides additional information regeding the calculation
of raden releases.

3) Ef fective dusting area is 90 acres; 20". of two 100-acre cells drying
i prior to reclamation and 50% of a 100-acre operational cell.

."
4

!

|
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Table 3.3 Estimated annual releases of radioactive materials
resulting from the White fiesa Uranium Project

U}Annual Releases, Ci

Source U-238 Th-230 Ra-226 Rn-222

Blanding ore crusher 2.6 x 10' 2.6 x 10~* 2.6 x 10 " 2.6 x 101
Ore storage piles 1.7 x 10 " 1. 7 x 10''+ 1. 7 x 10 " 2.4 x 102
Secondary crusher 6.5 x 10 " 6.5 x 10'" 6.5 x 10~" 5.2 x 101-

Yellowcake scrubber 2.9 x 10 2 1.6 x 10 3 6.2 x 10~'' O.0
Tailings system 1.3 x 10 2 2.0 x 10'l 2.1 x 10'l 8.1 x 101

TTFliHeases of other isotopes in the U-233 decay chain are included in the
radiological impact analysis. These releases are assumed to be identical to
those presented here for parent isotopes. For instance, the release rate of
U-234 is taken to be equal to that for U-238.

,

Table 3,4 Species, meding rates, and planting depths of tentative
seed mixture to be used in reclamation of the project site

Seedirm rate Depth

kg/ha Ib/ acre crn in.

Grasws
" Luna'' putescent wheatgrats 6.16 5.5 0 -0 64 0-0 25
Fairway (crestech wheaturass 1.68 1.5 0-0.64 0-0.25

Forbs
Yellow sweettiover $ 12 1.0 1,27 -2.54 0.5-- l .0

Palmer penstemon 0,i.? 0.1 0-0.64 0-0.25

Alf ar f a 1.12 1.0 1.27 -2.54 05-1.0

Shrubs
Fourwing satthush 0.56 0.5 064-127 05-1.0

Common winterfat 0.56 05 0 64 l.27 05-I.0

Dig sagetwush 0.I12 01 0 64-1.27 05-1.0

Total 11,424 10 2
_.

$aurce Energs Fuels Nuc' ear. Inc . Source Maretials License Apphcation. White
Mesa Uranium Mill Blanchng. Uuh. Denver. Sept. 26.1978,
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The applicant's selection of seeds is representative of the vegetation on the site prior to i

construction and will suffice in reclaiming the site to the preconstruction land condition. The I

'staged reclamation plan will permit optimizing the seed mixture for a maintenance-free vegetative
cover which will maximize soll stability. In the long-term native vegetation is expected to
return to the area. The seed should be obtained from those areas that have soil characteristics
and climate similar to the project site.M

The mixture of seed will be planted in November with a rangeland drill. Because soil nitrogen
is low (ER, Sect. 2.10.1), it may be necessary to apply an appropriate fertilizer prior to
seeding. The applicant claims that the topsoil will contain sufficient debris so that mulching
will not be required. However, by the time reclamation begins, much of the debris will be
decompos ed. Mulches increase infiltration and reduce erosion and evaporation, thereby encour-
aging seed germination and plant growth. Therefore, 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 staf f 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 proposed
herein. The generic statement will contain the results of ongoing research to assess the envi-
ronmental impacts of uranium mill tallings ponds and piles, and will suggest means for mitigating
any adverse impacts. The current NRC licensing action regarding the White Mesa mill will be
subject to revisions based on the conclusions of the Final Generic Environmental Impact State-
ment 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 decommissioning the mill.

At the time of termination 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 possessary 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 mc x be established across the covered surface.-

3.3.3 Decommissioning

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 White Mesa mill, which will contain
plans for decontamination, dismantling, and removing or burying all buildings, 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 NRC inspections.
Before release of the premises or removal of the buildings and foundations, the licensee must
demonstrate that levels of radioactive contamination are within limits prescribed by NRC and the
then-current regulations. Depending on the circumstances, the NRC may require that the appli-
cant submit an Environmental Report on decomnissioning operations prior to termination of the
license. '

|

,

|
|
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4. ENVIRONMENTAL IMPACTS

'
. 4.1 AIR QUALITY

4,1.1 Construction

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

The maximum expected emission rate for any of the major pollutants (N0 , 50 , CO, and hydro-2 2
carbons) from each piece of construction equipment is less than 0.2 g/sec.1 Using conservative
x/Q (sec/m3) values (Appendix H Table H.1), the staff calculated the annual atmospheric con-
centration of each pollutant per vehicle to be less than 1 pg/m3 at the property boundary in the
direction of the prevailing wind.

Fugitive dust associated with construction of the facility will average about 0.4 to 0.7 MT/ha
(1 to 2 tons / acre) per month.2 Dased on a total of about 200 ha (485 acres) disturbed at any
one time (Sect. 4.2.1), about 170 to 340 g/sec of particulates will be emitted. Annual average

atmospheric concentrations of particulates were calculated by the staf f using (the x/Q values(Appendix H, Table H.1) for the 16 compass directions at a distance of 2.4 km 1.5 miles). The
average of these 16 concentrations indicate that particulate loading due to construction will

3range from 37 to 74 pg/m , thereby occasionally violating the air quality standards (Table 4.1).
However, these are conservative calculations because the x/Q values assume a point source; the
construction activities actually will be widespread, creating many scattered diffuse sources.
Furthermore, the larger dust particles would deposit rapidly, another condition not accounted
for in the calculation. Although dust could cause occasional localized degradation of air
quality at tne site, the duration will be only during the one-year construction phase. To )minimize fugitive dust, the applicant will frequently water exposed areas and heavily traveled 1

3areas, and all vehicles will be operated at a reduced speed .

4.1.2 Opera tion

Air quality during operation of the facility could be affected by atmospheric releases princi-
pally from the building and processing boiler, yellow cake and vanadium dryers, tailings dis-
posal system, and ore stockpiles. The applicant's consultant's estimates of emissions from each
primary source and their release heights are listed in teole 4.2. The staff estimates (Sect. 3)
are somewhat dif ferent, but the conclusions drawn (below) remain the same. In addition,
insignificant quantities will be released from other sources including the coal stockpiles, are
transport systems, and acid leach system. Atmospheric dispersion coefficients (x/Q) for each
release height are listed in Appendix H Tables H.1 through H.4. Assuming all processes are
operating simultaneously, annual atmospheric concentrations of particulates S0 , and NO at2
the property boundary in the direction of the prevailing wind were calculated by the staf f to
be approximately 13, 9, and 4 ag/m3 respectively. These concentrations are well below appli-
cable Federal and State air quality standards (Table 4.1). For reasons stated earlier, the
particulate concentrations are quite conservative. The applicant calculated the atmospheric
concentrations of the major pollutants using the CRSTER program, a program used by the U.S.
Environmental protection Agency." Calculations were for five distances: 2, 4, 6, 8 and 10 km
(3.2, 6.4, 9.7,12.9, and 16.1 miles). Concentrations were the largest at the 2-km (3.2-mile)

3distance and are as follows: particulates, annual average = 0.26 ug/m , 24-hr average =
3 3 33.7 ug/m ; 50 , annual average = 1.1 pg/m , 24-hr average = 15.4 pg/m , 3-hr average =2

3 366.6 ag/m ; NO , annual average = 0.51 pg/m .

Although operation of the mill facility should not have any 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 the lowest discharge rates
that are reasonable and practical. While the degree of control is subject to approval by the
State Air Conservation Committee, the control must be a minimum of 851. Utah regulations also
restrict the sulfur content of coal and oil, used as fuels, to r.0 greater than 1.0 and 1.51
respectively.

4-1
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Table 4.1. Federal and State of Utah air quality standards

d
PoHu tan t Averay ng time Premary standard Secondary standard i

hN:trogen d.oxde Annual 0.05 ppm 0 05 ppm
(100 pg 'm ) (100 g/m')3

Sulfur dmxule Annua! 0 03 ppm
180 pg 'm3)

24 hr 014 pum

(365 99 'm'l
3 hr 0 5 ppm

3(1300 pg m )
3

Smpended par ticulates Annual goametric 75 pg 'm' 60 pg/m

rnean

24 hr 260 pg 'm 150 pq m'

Hydr oc ae bons (coreec ted 3 hr 0 24 ppm' O 24 ppm
3 3

for methanel 6 to 9 AM i t 60 pu m ) I160pq/m )

Photochemical om niant> t he 0 08 ppm 0 08 ppm
li160pg m') i160pq'm )

Carhon monox:de 8 hr 9 ppm 9 ppm

(10 mg m 1 (10 mg m')3

1 S' 35 ppm 35 ppm
(40 mg mh bt0 mg 'mhe

d All standards except annual average are not to be exceeded more than once a year.
# N>trog n dioude is tne only one of the mtrugen oxides considered in the ambient standards
' Max imum 3 he concentration hetweran 6 and 9 AM.
Source E R. Tabie 2 7--19

Table 4.2. Emission rates, sources, and release heights of
mator air pollutants associated with cperation

of the White Mesa mill

Au pollutant Emission rate Releaw beight

und source (g/sec) (mi

Suspended particulate

Bader 1.0 27,4

Yelkw cake dryor 0 05 13 7

Vanadium dryev 0 06 13 7

Taihngs i.01 10
,

Ore stockpnes 1 08 30-60 |
'

SO 2

Boiler 40 27 4 )

Yeunw cake dr ver 0 25 13.7

Vanadium drver 0.25 13 7

NO,
Boder 20 27 4

Yellow cake dryer 0 06 13.7

Vanadium dryer 0 06 13 7

Sources Dames and Moore. " Responses to Comments from the |

U.S. Nuclear Regulatory Commission. June 7, 1978. White Mesa
IUramum Prosect Er'vironmental Report," Denver, June 28,1978.
|Dames and Moor e, " Supplemental Repor t. Meteorology and An

Ouahty. Erwisonmental Report, Wh<te Mesa Uranium Prol.5ct. San Juan
County Utah, for Energy Fuels Nuclear, Inc, * Denver, Sept 6.1978.
Dames and Moore, "Responws to Comments Telecopied from NRC to
Energy F uels Nuclear. 25 September 1978." Denver. Oct. 4.1978.

I
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Regulations promulgated by the U.S. Environmental Protection Aaencyf require any major source of
air pollutants to comply with the Prevention of Significant Deterioration (PSD) regulations.
The White Mesa Uranium Project is currently being evaluated by the appropriate regulatory authori-
ties to ascertain if the project is defined as a major source. If the project is deemed to be a
major source, then the applicant will be required to file for the appropriate PSD permit and to
comply with all regulations therein. Initial indications are that the atmospheric concentrations
of pollutants associated with mill operation will be well within the PSD allowable increments.

4.2 LAND USE
I

4.2.1 Land resources

4.2.1.1 Nonagricultural ,

The proposed White Mesa Uranium Project is not expected to alter the basic pattern of land
ownership in the area (Table 2.15). Area land uses will change, however, as a result of the i

proposed mill. About 600 ha (1480 acres) are owned by Energy Fuels Nuclear, Inc.; roughly
358 ha (885 acres) will be directly used during operations (Sect. 2.5.1) for milling, ore buying,
and tailings disposal. Increased residential and comercial land use is expected in neighboring
communities to serve mill-produced population growth (Sects. 4.8.1 and 4.8,2). The volume of
traffic using the highways in this area is also expected to grow substantially (Sect. 4.8.5), jand mineral extraction is expected to increase in the project area in response to the mill's
demand for uranium ore (Sect. 4.8.1.2). |

4.2.1.2 Agri cul tural

Construction and operation of the facility will disturb about 20 ha (50 acres) directly (Table
4.3). In addition, the tailings will cover a total of about 180 ha (450 acres), and 155 ha
(385 acres) will be used for stockpile and borrow areas. Because the tailings disposal system
will be constructed as six separate cells, with a full cell being reclaimed as a new cell is
opened, a total maximum surface area of about 100 ha (245 acres) will be disturbed at any one
time by the tailings system. Also, a maximum of about 30 ha (80 acres) of borrow area will be
exposed at any given time. Therefore, total land area disturbed at any one time by construction
and operation of the mill facilities will be about 200 ha (485 acres). However, until all
operations have terminated, at least 365 ha (900 acres) will be unavailable for grazing. Based
on the capacity of the tailings cells, the mill has a potential to operate 15 years. The dura- ,

tion of the impact will be somewhat longer than this depending on the time required for construc . !

tion, the length of time between disturbance and reclamation, and the length of time it takes for j
a suitable vegetative cover to become established on each reclaimed area. Therefore, a realistic i

estimate of the amount of time the land will be disturbed is about 20 years. 1

Upon termination of the mill operations, all remaining disturbed areas will be reclaimed to
ultimately) restore the land to its original grazing use (Sect. 3.3.2). Loss of nearly 365 ha
(900 acres of grazing land each year the land i; disturbed represents less than 0.1% of the
private rangeland in San Juan County (Table 2.16). With successful reclamation (Sect.3.3.2),
this land cocId be returned to its original grazing capacity. j

4

4.2.2 Historical and archaeological resources |

I
The project will have no effect on any irnown historical resources; however, as discussed in
Section 2.5.2.1, a historical survey remains to be conducted.

As discussed in Sect. 2.5.2.3, both surface end subsurface archeological surveys have been
conducted on the site since the fril of 1977. While additional field work will be required to
determine the significance of all identified archeological sites, the NRC, af ter consultation
with the Utah State Historic Preservation Officer (SHPO), has determined that, based on the
results of subsurface testing, this area of White Mesa contains numerous sites which are likely
to yield information important in the prehistory of the region, and therefore appear to be
eligible for nomination to the liatior.al Re;ister of Historic Places (National Register). An
opinion concerning the eligibility of the properties will be requested from the Secretary of the
interior. It is anticipated that an affirmative response will be received and that the NRC
will enter into a Memorandum of Agreement under 35 CFR Part 800, Procedures for the Protection
of Historic and Cultural Properties. As a National Register eligible site, each of the signifi-
cant archaeological sites would be evaluated against the criteria for " adverse effect" and "no
adverse effect" in 35 CFR Part 800, and the Advisory Council on Historic Preservation (Advisory
Council) guidelines.

|
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Tahia 4.3. Land disturbed by construction and
operation of the White Mesa Uranium Project

Area 'o be dis!urbed

ha acres

dMal 20 50

Taihngs ceH 1 43 106

Taihnos cell 2 31 77

Taihngs cell 3 25 C3

Taihngs cell 4 25 61

Taihngs cell 5 31 76

Ta.bngs ceH 6 28 68
Topsod stockpdes 8 20
Overburden stockpde 30 75
Huck stoc'kpde 6 15

aBarrow area jjj 774

Total 358 885

# ncludes 6 ha (16 acted occupied by an are buyingi

staliOn
8 A manmum of 32 ha (80 acresi exposed at any

grven time.
Sou i nergy Fuels Nuclear, hv.. "Sovice Mate-

rfal ! Apphcat+0n, Wh,le Mesa Uranium Ma

i Bland,. , .. iah," Enngy F uels Nuclear , Inc , Denm,
Sent. 26,19 78.

I Federal statutes, regulations, and administrative guidelines contemplate that mitigating
measures be taken to protect historic and prehistoric cultural resources either through pro-
grammed avoidance of sites or through excavation by professionally qualified archaeologists.
These measures are imposed not only in all cases where Federal lands are involved, but also in
the case of finns using funds backed by Federal guarantees or where an activity requires a
Federal license. As a Federal licensing authority, NRC will require appropriate mitigating'

measures such as:

l. that each significant archaeological site which is not to be disturbed by facilityj construction or operation be fenced, buried or otherwise protected in a manner agreed to in4

a Memorandum of Agreement prepared under 36 CFR 800;'

2. that adverse ef fects (by facility construction or operation) to each significant
drchaeological site be mitigated in accordance with the provisions of the Memorandum of

| Agreement; and
1

3. that a professional archaeologist be present during land disturbance and that in the
event any unanticipatod archaeological sites or artifacts are located during site prepara-
tion or mill operation, all construction or operation activities in the area of the find
cease, and further action be taken in accordance with the Memorandum of Agreement.

. Because of the potential importance of the archaeological sites on the project area to the
| understanding of the prehistory of the White Mesa region, the NRC will request the comments of
j the Advisory Council and take mitigatory action as appropriate. Since the measures that will be
] taken by NRC will be determined af ter further consultation with others (SHp0, Secretary of the

~ Interior, and the Advisory Council), a precise statement of impacts is not possible at this time.

I
i

9

4.3.1 Surface waters

The construction and operation of the uranium mill should have minimal impact on the surface
2 waters of the project site and vicinity. During construction of the mill, the ground surface
! will be disturbed by grading, excavation, road access, spoil and topsoil storage, and other
j construction-related activities. The soils of the project vicinity are norinally subject to
j erosion due to lack of consolidation and poor vegetative cover (Sects. 2.8 and 2.9.1). During
i

i
. _ . . .-__. _ -- _ _ _. -_ . - -. _ _ ~ . - - -
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periods of flow in local intermittent streams, thh natural erosion is reflected in values of
total suspended solids which reach levels of >l500 mg/ liter (Table 2.22).

i

Sediment carrying runoff tha t can enter local streams will originate primarily from the
,

|
' steep sides of the temporary overburden stockpiles. Table 4.4 lists the effects of Phase I |

construction (mill facilities and the first two retention cells). The net change in tons of
sediment transferred to local streams is about -2500 MT (-2800 tons), or a reduction in total
sediment transfer.

Table 4.4. Effects of Phase I construction

Yearly sediment
I Area product'on to local YeaW net change Yearly change

ureamsha acres MT!ha tons acre MT tons
MT!ha tons acre

Borrow area 12 30 o o ~22 -to - 270 -300
Topsod stockpde siopes 04 1 1t2o 500 1o98 +490 440 490 :
Ov*torden stockpil. sicoes 2 5 1120 000 1o98 +490 222o 2450 |

Topsod centre stockpde 38 9. 3 o 0 -22 -lo - 84 -93
*

Overtucfon centra stoopde 28 70 o o -22 -10 -630 - 700r

T atimgs ce41 43 106 o o -22 -- 10 - 960 -106o
Tadi v}s cedl 2 31 77 o o - 22 -to - 700 -77o

4 Mdl ote dramage 113 280 o o 22 -10 - 2540 -2800
Net 2520 -2783,

1

Sow ce. Dames and Moore. "Remonses to Comments Tetocopied from NRC to E nergy Fuets Nuclear 25 Septamte
1978." Derwer. Oct 4.197R

,

There will be no discharge of rrill effluents to local surface waters. In addition, sanitary
wastes generated by mill operation will be retained in a sanitary drainage field (Sect. 3.2.3.2)
and should not affect surface water quality.

The construction and operation of the proposed uranium mill should not affect local surf ace
waters to any significant extent.

4.3.2 G_roundwater

4.3.2.1 Water usage
_

The applicant has obtained a permit to utilize 5.9 x 105 m i (480 acre-f t) of water per year,
i which will be withdrawn from the Navajo sandstone aquifer. All other wells within 8 km (5 miles)
! produce from other formations. This usage will have no ef fect on other users.

4.3.2.2 Potentiel degradation of groundwater,
1

; The mill will discharge about 1.12 m / min (310 gpm) of liquid to the proposed tailings impound-3

j ment (Fig. 3.4). The chemical and radiological composition of this waste liquid is given in
1 Table 3.1.

The applicant has proposed to line the impoundment with a multicomponent liner (of synthetic and
: onsite clayey-silt materials) to essentially eliminate seepage into the underlying Dakota

formation; therefore, the possibility of groundwater degradation caused by seepage of tailings
liquids is considered to be remote. Af ter reclamation, when deterioration of the liner may havea

occurred, the staf f expects essentially no seepage into the Dakota formation because of the high
net evaporation ra te in the area. Preoperational and operational monitoring of the groundwateri

is required (Sect. 6.3), and mitigating measures will be taken if unexpected groundwater con-i
'

tamination is observed.

. - . - _ _ - _ . - - - - - - - - . - . . . . - _ - . - - - . - - _ . . . . .~-. . . - - . - - . - - - - - - _ - - - - -- .- -
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4.4 MINERAL RESOURCES

Only uranium, vanadium, and copper are present in suf ficient quantities to warrant processing.
At present copper extraction is uneconomic. If this copper, or any other mineral in the ore,
becomes more valuable in the future, the overburden could be removed from the tailings and these
minerals extracted; therefore, this project is not expected to have any impact on the avail-
ability of other minerals.

4.5 SOILS )

Construction of the mill and tailings disposal system will disturb about 360 ha (885 acres)
(Table 4.3). The top 23 cm (9 in.) of soil, removed from the mill site, tailings cells, and
borrow area, will be stockpiled at two locations totaling 7.9 ha (19.5 acres) (Fig. 3.4). The
remaining overburden and rock will be stockpiled at two areas, totaling 30 ha (75 acres) and
6 ha (15 acres) respectively. Removal of topsoll will disrupt existing physical, chemical, and
biotic soil processes. Although topsoil will be replaced upon termination of the project
operations, a temporary decrease in natural soil productivity is probable.8

Removal of topsoil and natural vegetation on the site will accelerate wind and water erosion.
Generally, the duration of these impacts will be only during the construction phase, which is
expected to take one year. To minimize fugitive dust resulting from construction activity, the
applicant will frequently water exposed areas and heavily traveled areas, and all vehicles will
be operated at a reduced soeed. 3 The tailinos impoundment will be constructed as six separate
ceils (Fig. 3.4), only tnree of which will be active at any given time. As the first cell is
filled and reclaimed, the fourth cell will be constructed. This construction sequence will
result in a minimum disturbance of land at any given time. The material excavated from one cell
can be hauled directly to a filled cell and placed over the tallings as part of the required
cover, thus reducing handling of materials.

All mill facilities will be located upstream of the tailings cells. Tailings cells 1 and 2,
which will be constructed simultaneously with the mill facilities, provide dikes that will cap-
ture runoff. Although sediment transfer will be increased within the site, the location of the
mill facilities and tailings cells should minimize sediment transfer from the site, as discussed
in Section 4.3.1. To minimize erosion, the overburden and topsoil stockpiles will be stabilized
by seeding with cereal rye and yellow sweet clover 7 Sunflowers, Russian thistle, and other
annual plants will also become established and will aid in preventing erosion of the stockpiles.

Impacts to soils during operation of the mill include wind and water erosion. Soil over much
o( the site will be stabilized by gravel and the presence of structures. The topography of the
site concentrates some of the surface water at two points directly north of the proposed mill
(Fig. 3.4). During operations, two retention ponds will. be constructed in this area to collect
surf ace runoff frcm the drainage above this point (25 ha (62 acres) above the mill site and that

; from the mill site itself); and the discharge from these ponds will be directed to the east away
from the tallings cells. Also, drainage ditches will be constructed along the east and portions
of the west boundaries of the tailings cells. Rock from excavation of the tailings cells will be
placed as riprap in the drianage channels to help prevent severe erosion. Rock will also be
placed along the dikes of the retention ponds and et the southern dike of cell 6.

Upon termination of the mill operations, all remaining disturbed areas will be reclaimed to
restore the land to preconstruction land uses (Sect. 3.3.2). Reclamation laws require successful
establishment of a soil medium that is capable of sustaining vegetation without irrigation or
continuing soil amendments Assuming reclamation efforts will be successful, long-term impacts
to the soil are not expected to be significant,

4.6 BIUTA

4.6.1 Terrestrial

The primary ecological impact of construction and operation of the mill and tailings disposal
system will result from the loss of habitat. However, the majority (35%) of the vegetation
that will be removed has been previously disturbed to varying degrees by either chaining,
plowing, or reseeding (figs. 2.10 and 3.4; Tables 2.26 and 4.5). Winter deer use of the project
vicinity, primarily pinyon-juniper-sagebrush habitats, is among the heaviest in southeastern

is expected that loss of thit relatively small parcel of land (ghout the region (Sect. 2.5), it
Utah.9 However, because similar rangeland is very common throu

less than 0.1% of the private
rangeland in San Juan County) should not significantly reduce the~ amount of habitat for these
animals.

_ _ _ _ _ _ - - _ _ - _ _ _ _ _ . - -
-
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Table 4 s Commuruty types and approumate

| expanse to be disturbed by construction and
operation of the WNts Mesa miH

Area te be
(MturbedCommumtv twe

|ha ac res

Peyon pnwr woodiand 4 10

B.gs e t m n 49 120

Hew *d gmsied I 53 130

Reseeded grawaod H 81 700

Tamar% sahn i 2

coatrowd big swNah 162 400

D sturtwd* 11 28

innoude are burg stuwo.

Land clearing, operation of heavy equipment, and otner construction activities will destroy
sma!1 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 destruction would not be a significant impact because these
animals comprise a very small percentage of the total regional populations. Habitat that will
be disturbed as a result of construction and operation of the mill represents less than 0.05% of
similar habitat in the county.

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 plantvigor or causing the plants to be less palatable to consumers. Although the
magnitude of these potential impacts is not known, it is expected to be negligible. No signif-
icant deleterious effects have been demonstrated at other construction projects of similar or
greater magnitude, Furthermore, if any impacts do occur 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
i

available lacks specific information concerning noise intensity, frequency, and duration of |

ex po s u re . " Probably, the noisiest period of construction will be during the excavation of the '

tailings cells. The applicant estimates the average sound level during the excavation |
phase to be about 66 dB(A) at 300 m (1000 f t) from the ce-ter of activity. Such noise is not |

expected to sericusly affect the area wildlife. The noise initially may cause migration by some |
wildlife away from the innediate site vicinity, but those that remain or return will generally I

become habituated to construction noises and activities.M |

To balance yearly water inputs with yearly net evaporation, the tailings cell design will require
a surface area of about 28 ha (70 acres) of tailings water. it These liquids will be unsuitable
for use by wildlife due to radionuclides and other contaminants. However, the fencing around
the tailings impoundment will exclude large animals and the acidic nature of the pond (pH of
about 1.8.to 2.0) will make it unsuitable for most aquatic organisms and subsequently an
unattractive feeding place for waterfowl. However, a few waterfowl or other birds may iwst on
the impoundment for a short time during migration. Following termination of the mill oper6tions,
the tailings disposal area would remain fenced until released from its status as a restricted
area and will not be used for any purpose other than tallings stabilization and reclamation,

Increased human population associated with construction and operation of the mill will adversely
affect most wildlife in the area. Greater human population will cause an expansion of munici-
palities for commercial, residential, and recreational purposes. Although some species may
benefit from large human populations, most of the larger mammals and predators will abandon jhabitats in close proximity to intense human activity. Additional stress will be placed on the i

terrestrial biota as a result of greater hunting pressure (both legally and illegally) and
destruction of habitat by off-road recreational vehicles. Increased wildlife losses are
expected to occur as a result of greater vehicular travel on highways,

a

. - . - --- , _ . . _ .- - -



4-8

12 that have documented distributions in San Juan iNone of the proposed endangered plant species
CountyD are expected to occur on the facility site or immediate vicinity. Although the

J

endangeredh American peregrine falcon (Falco peregenus aratum) and bald eagle (#2?iccerne.

i leuexqhalus) range in the vicinity of the site, lack of suitable habitat indicates a lowi The black-probability of these species utilizing the project site for feeding ur nesting.| footed ferret (hsteZa nigrires), which once ranged in the vicinity of the site, has not been
sighted in Utah since 1952,0 and the Utah Division of Wildlife Resources feels that the ,

Therefore, construction and |presence of this species is highly unlikely (ER, Sect. 2.8.2.2).
operation of the proposed mill is not expected to impact any endangered species.

4.6.2 Aqua t i,c_

ihe operation of the uranium mill will not entall direct discharge into any surf ace waters. As
the construction and operation of the proposed uranium mill should not affect local surface
waters to any significant extent, the staff does not predict any adverse impacts on aquatic
h io ta .

4.7 RADIOLOGICAL IMPACTS

r 4.7.1 Introduction
|

| The primary sources of radiological impact to the environment in the vicinity of the proposed
| White Mesa 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 medical procedures, is estimatedi

to he about 236 mrem /yr (see Section 2.10).

This section describes the results of the staf f's analysis of the mill-contributed incremental
radiological impacts to the environment and the population in the vicinity of the White Mesa mill
site. This analysis is primarily based on the estimated annual releases of radioactive materials
given in Table 3.3 and the models, data, and assumptions discussed in Appendix D. Detailed
analyses of the radioicgical impacts of mill operations to nearby individuals and the entire
population within 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 (see
Figure 4.1). Consideration has also been given to the occupational exposure received by mill
employees, and radiation exposure of biota other than man.

4.7.2 Exposure pathways

Potential environmental exposure pathways by which people could be exposed to radioactive mill
effluents are presented schematically in Fig. 4.1. Estimates of dose commitments to man have
been based on the proposed p? int design, and actual characteristics of the site environs. The
staff's analysis has included considerations of radioactive particulate and gaseous releases to
the atmosphere.

There will be no planned or routine releases of radioactive waste materials directly into
surf ace wa ters. While there is a possibility of some seepage of radioactive liquids from the
tailings impoundments into the groundwater system, this possibility is considered remote and no
significant contribution to dose via liquid pathways is expectcd. Furthermore, the applicant
will be required to perform environmental and other monitoring programs to provide early
detection of any seepage that might occur and to take appropriate mitigating measures.

Environwntal expoture pathways of concern for airborne effluents from the White Mesa 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 (vegeta-
bles and meat).

i

I



_. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_

l

!
i

!
l

ORE FROM MINES

U
|

,

ORE PAD, FEED
|

AND GRINDING
s .

# !
97
$

? !
# j1 roy fi

INHALATION i
LEACHING AND Tc MAN

RADON AND PARTICULATES
EXTRACTION !'

, t F .20'RNE DtRECT EXTERNAL m [ ggy
^ l

RAR::. art IV ITY EXPOSURE ]

p@ Z

b h *
gh ps

& U $TAILINGS %

@[g y CSTORAGE "z

[ h RADIOACTIVITY
- IN 50ll

2if $
YELLOWCAKE DRYING ,

AND PACKAGING
f If If

j
RADICACTIVfTY INGESTION MANy ,

IN ( f, d

VEGETATION _.J1 liPRODUCT TO ,

BEEFMARKET +
CATTL

.

Fig. 3.1. Sources of R'adioactive Effluents from the Mill and Exposure Pathways to Man.
,i



-- ...- .- . . -. . . - , . - .-_-- . _ ,

I

4-10

4.7.3 Radiation dose commitments to individuals.

The nearest known resident lives approximately 4.5 km (2.8 mi) NNE of the proposed location of
the mill building (ER, Plate 2,2-1). A mobile home about 3.2 km (2.0 mi) north of the mill was
occupied until recently but has since been moved. The nearest ietidence in the direction of the
prevailing winds is located about 6.4 km (4.0 mi) to the south. Nearby population groups include
the community of White Mesa, about 8.0 km (5.0 mi) to the SW with a population of about 300,
and the city of Blanding, 9.6 Irm (6.0 ful) to the hNE with a population of about 3300 (ER,
Plate 2.2-1).

The nearest potential residence locations are along the northern border of the site, about 1.9 km
(1.2 mi) from the mill building. Substantial tracts of privately held acreage exist in this

All other lands abutting the mill site to the east, south, and west are the property ofarea.
Energy Fuels Nuclear, Inc. cr the U.S. Bureau uf Land Management. The area inmediately to the
north of the mill site,although suitable for residential structures, presently is believed to be
used only for the grazing of meat animals (beef). It is assumed that meat animals could be
9 rated along tne northern site boundary and eaten by the nearest actual residents. The calcu-
lated ingestion doses for consumption of beef grazed at this location are comparable to those
calculated for other locations around the site at which grazing could be expected to occur.

Table 4.6 presents a summary of the individual dose commitments calculated for the nearest actual
residence, the nearest actual residence in the prevailing wind direction, and the nearest poten-
tial residence. At each of these three locations it is assumed that individuals ingest meat
grown at the location of the nearest potential residence, along the northern site boundary.
Table 4.6 also presents the inhalation and external doses calculated for the community of White
Mesa and the city of Blanding.

4.7.4 Radiation dose coamitments to populations

The annual doses to the population estimated to exist within 80 km (50 mi) of the site in the
year 2000 are presented in Table 4.7 along with estimated annual doses to the same population
from natural background radiation sources. population dose connitments resulting from the opera-
tion of the White Mesa uranium mill represent less tnan 1% of the doses from natural backgroued
sources.

4.7.E .Eyaluation of radioTogical impacts on the public

All rad % tion doses calculated to result to the surrounding population from uranium milling opera-
tions at the White Mesa site are small fractions of those arising from naturally occurring i

bauground radiation (see Table 4J). They are also small when compared to the average medical
end dental X-ray exposures currently being received by the public for diagnostic purposes.

Caiculated annual individual dose commitments are only small fractions of present NRC iimits for
radiation exposure in unrestricted areas, as specified in 10 CFR Part 20;" Standards for Protec-
tection Against Radiation." Doe.e commitments to actual receptors are also well below limits
specified in the EPA's ' Radiation Protection Standards for Normal Operations of the Uranium Fuel
Cycle"(40 CFR Part 190), which is to become effective for uranium milling operations in
December 1980. Table 4.8 provides a comparison of maximum calculated annual dose commitments
with the radiation exposure limits of 10 CFR 20 and 40 CFR 190.

As indicated in Table 4.8, radiation dose cormitments to the bor of an individual living at the
nearest potential residence could exceed the 25 mrem /yr EPA limis by about 20t. Thc staff has
also determined that bone doses from the ingestion of meat from animals grazed to the south of
the present site would be in excess of 40 CFR 190 limits; however, the applicant is currently
negotiating to obtain this land and would be able to restrict access by grazing cattlel Meat
and/or vegetable ingestion doses could exceed 40 CFR 190 limits at locations to the east if
dusting of tailings sands is not controlled adequately. Therefore, the staff would require the
applicant to:

1) implement the environmental monitoring program outlined in Table 6.2;

2) perform and document an annual land use survey to determine changes in land use,
e.g., for grazing, residence, and well locations; and

,

3) implement an interim stabilization program for all exposed tailings areas to
minimize tna blowing of tailings. The program would include a weekly, documented
inspection to assess the effectiveness of the control methods being used.

- . - . , __. _ . - . - - . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .
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Table 4.6 Annual dose commitments to individuals from radioactive
releases due to operation of the White Mesa Uranium Mill

Annual dose commitment, mrem
,

Exposure Bronchial |
Location Pathway _ Total Body Bone yng Epitheliuma ;

I

Nearest residence, Inhalation 3. 9x107 1.0 8.9x10 1 1.9x101
-

4.5 km (2.8 mi) NNE External from cloud 1.2x10 1 1. 2 x10 1 1.2x101
External from ground 8.7x10~1 8.7x107 8.7x107 -

Vegetable Ingestion 3.4x10 1 4.0 3.4x107 -

Meat Ingestion 1.0 1.0x101 1.0
Total 2.4 1.6x1F D GET

Nearest residence in Inhalation 1.3x10~2 3.4x10~1 5.5x10~1 2.5x101
prevailing wind External from cloud 2.2x10 1 2.2x107 2.2x10'l -

direction, 6.4 km External from ground 2.4x107 2.4x10~1 2.4x10 1 -

(4.0 mi) S Vegetable ingestion 9.4x10 2 1.1 9.4x107 -

Meat ingestion 1.0 1.0x101 1.0 -

Total T- 6 T7ExTOT U -~~ 2.SxiO*

Nearest potential Inhalation 1.3x10'l 3.5 4.1 7.8x101
residence, 1.9 km External from cloud 2.0x10~1 2.0x10 1 2.0x10~1 -

(1.2 mi) N External from ground 3.2 3.2 3.2 -

Vegetable ingestion 1.3 1.5x101 1.3 -

Meat ingestion 1.0 1.0x101 1,g __

To tal 5.8 T 2xTOT 9.8 7.8x101.

_

Community of Inhalation 2.3x107 6.0x10~1 6.0x10~1 2.0v10'
White Mesa, 8.0 km External from cloud 1.9x10 1 t.9x10'l (;9x10~1 -

(5.0 mi) SW External from ground 1.6x10~1 4.6x107 4. 6 x103 -

To tal ~6 TxTiTI TT 1.3 Gl0
|

City of Blanding Inhalation 7.4x10'3 2.0x10 1 2.4x107 8.1 |
. -

9.6 km (6.0 mi) NNE External from cloud 9.0x10 2 9.0x;0 2 9.0x10 2 _

External from around 1.3x10'l 1.3x10~1 1.3x10 1 -

Total
'

2.3x10 1 4.2x10~' 4.6x10 1 8.1

a00ses to the bronchial epithelium result from the inhalation of the short-lived daughters
of Rn-222.

Table 4,7 Annual Population Dose Commitments
Within 80 km (50 mi)

I
a |Pop.lation doses, man-rem /yr

Organ Plant Ef fluents Natural Background

Total body 3.4 '',500
Bone 6.4 7,500
Lung 7.1 7,500
Bronchial epithelium 132, 23,000

a Based on a pro.jected year-2000 population of 46,500.

b The estimated natural background dose rate to the whole body is
161 mrem /yr. The bronchial epithelium dose from naturally occurring
Rn-222 is assumed to be 500 mrem /yr (sec Section 2.10).

_ . . . - . . - - _
-
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Table 4.8 Comparison of annual dose commitments to i

individuals with applicable radiation protection |

standards

Estimated Applicable Fraction
Loca tion Organ dose, mrer/yr limit, mrem /yr of limit

I. Nearest actual Present NRC regulation (10 CFR Part 20)
residence, 4.5 km

(2.8 mi) hNE Total body 2.4 500 0.005
Bone 16, 3000 0.005
Lung 3.2 1500 0.002

d u
Bronchial 1.5x10' WL 0.033 WL 0.005

epithelium

Future EPA standard (40 CFR Part 190)bj
i

! Total body 1.4 25 0.06
Bone 15, 25 0.6'

'
! Lung 2.2 25 0.09

Bronchial 19. not limited -

eptthelium

11 Nearest potential Present NRC regulation (10 CFR Part 20)
residence. 1.9 km
(1.2 mi) N Total body 5.8 500 0.01

Bone 32. 3000 0.01
Lung 9.8 1500 0.007
Bronchial 3.6x10'' Wl 0.033 WL" 0.01a

epithelium
,

Future EPA standard (40 CFR Part 190)b

Total body 2.5 25 0.1
Bone 29. 25 1.2
Lung 6.5 25 0.3
Bronchial 78, not limited -

epithelium

# adiation standards for exposure to Rn-222 and its short-lived daughters are expressed inR

terms of Working Level (WL) concentrations. One WL is the amount of any combination of short-
lived radioactive daughters of Rn-222 in 1 liter of air that will release 1.3 x 105 MeV
of alpha energy during their decay to Pb-210.

b Doses computed for evaluation of compliance with 40 CFR 190 are less than total doses because
dose contributions from Rn-222 released from the site, and any radioactive daughters that grow
in from released Rn-222, have been eliminated. 40 CFP 190 limits do not apply to Rn-222 or
its radicactive daughters.

|
,

|

|

._. _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ , _ _ _ _ _ . _ . _ , . _ , _ , , _ _ , , , , ,. _. ._ _. __ , I
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l

4.7.6 Occupational Dose,

Uranium mills are designed and built so as 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 liraits in accordance with the requirement of maintaining such exposures

| as low as is reasonably achievable.

f Special studies 21 at selected mills have shown that the exposures of mill workers to airborne
i radioactivity are normally below 25% of the maximum pemissible concentrations given in

Appendix B of 10 CFR 20 and that external exposures are normally less than 25% of 10 CFR 20
of mill exposure data by the NRC staff has indicated that onlylimits.21 W A recent reviewM

a few uranium mill employees may have exceeded, over a one-year period,15 to 20t of the per-
missible exposure to ore dust, 25% of the permissible exposure to yellowcake. or 101 of the
permissible 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 25% of the total permissible exposure.

4.7.7 Radiological impact on biota other than man

Although no guidelines concerning acceptat'le 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 spec'es.2 3-M Doses from gaseous effluents to terrestrial biota
(such as oirds and mammals) are quite similar to those calculated for can and arise from the same
dispersinn 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 SOCI0 ECONOMIC IMPACTS |
|

4.8.1 Demography and settlement pattern

4.8.1.1 Population increase from direct employment

A peak employment of 250 construction workers will be reached in August 1979 and maintained for
three months. Over a 12-month period, there will be an average of 175 employees. Mill opera-
tions are expected to employ 85 workers (Table 4.9). If 60% of the construction workers re-
locate from outside the project area,31 an average cf 105 workers and a peak of 150 workers will
move into the region. If construction workers are accompanied by 0.9 nonworking dependents,"
the population increase attributable to construction will be as shown in Table 4.10.

During operations, 75% of the jobs available could be filled from the " local" labor pool. Up to
30% of these workers may relocate closer to their new place of employment (Vice-President for
Operations, Energy Fuels Nuclear, Inc., personal communication, July 12, 1978). In San Juan
County, there are 2.1 nonworking dependents for every worker.32 If this relationship hcids for
relocations, the population may grow by 120 individuals.

4.8.1.2 Population increase from indirect employment

Indirect employment is the total of new jobs created in industries that supply factors of
production and that produce the goods and services demanded by project workers.32 Between
0.3 and 0.9 indirect employees are generally needed for each construction worker during the
construction phase of an energy project.33 Because there is normally a lag between the crea-
tion of direct jobs and the indirect jobs they induce, it is likely that during the relatively
short construction period in question indirect employment will stay at the low end of the scale
and not rise above 100 (Table 4.9).

Because there are many clerical, sales, and service workers seeking employment in the Blanding
area (Sect. 2.4.2.2), many of the indirect jobs created by mill construction may be filled from
the local area. At most, the same proportion of workers will move in as is expected in the
case of mill operators (47 employees or less). Including nonworking dependents, 146 persons
will move into the area (Table 4.10).

ToDuring mill operation, the proportion of indirect to direct employment will ircrease.
operate at capacity, the White Mesa uranium mill requires 1800 MT (2000 tons) of ore daily,
which will be supplied by area mines. According to the applicant, the ore buying stations
(one located at the proposed mill site and the other in Hanksville) are currently buyingThis fractionslightly over one-fourth of the ore the mill will consume at peak operations.
means that only one-fourth of the miners that will eventually be needed to supply the mill
are already employed. An increase of 220-250 miners over current employment levels is expected
(Table 4,9). If between one-half and two-thirds of these future jobs are filled by persons
moving into the area, then about 110 to 165 miners will migrate in for a total population gain
of 340 to 510, based on 2.1 nonworking dependents for every worker.

. . -. -- . -. -- .- , - - . - .
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] Table 4.9 Employment, White Mesa Uramum Project Table 4.10. Population influx associated with
the White Mesa Uramum Project

|
I Constr uc tion
'

O per a t.on, cmstructior
Average Peak - Oper sons

i A* rage Peak
I

-Direct employment'

! D! rect employment

Maned staf f 25*# in moving worker 1 105 150 57'
t Construction workers 17's 250 Non*urk ng dependents 95 135 1708

| Mdl wor kers 85 Total dveet 200 285 177
0

0To tal d. rect t75 250 110 Indirect employment '

,

Indirect employment in-moving workers 47 47 432-587 '

| Nonwor king deperden ts' 99 99 907-1233
;

Waned sta4 26' Total mdrect 146 646 1339-1820{
"'n9 220 -2W ~ Total m-rnoving workers IU 197 489-644
"'"9"''* Y Tota: ;nflux 316 431 1517-1997

Ser vice (nonbastc) 100 100 578 -62 9'

To tal indir ec t 100 100 829-907' ' Full capacity,
Total emplovment 27C 350 939 -1017 DTo firyf tne total number of nonworking dependents. multiply the

.

number of construction wmrs a<4 operations personnet by 0 9 and
'Reprewnts mereases over current emplovenent. 2.1 respectively.
b Full capacit y- * To hrd the total nurnber of nonworking dependents, muittply the
Sources: ER, p. 413. Energy Fuels Nuclear, Schedu/s o/ nurnber of workers by 2. '.

! Pruiected Msnpower Requirements; Muni D. Vincelette, Vice sourcey ER, p. 413; Energy Fuels Nuclear, Schedile of Protected
President for Operations, Energy f uels Nuclear, Inc., nersonal Manponer Requivmentsc Murif D. v'mcele tt e. %ce Pressdent for

! communication with Mirtin Schweitzer. On R49, National Operations Energy Fuels Nuclear, Inc.. personal communication with
! Laboratory, July f 2,19 7b. ared August 15,1978, r4 Enk J. Mar tin Schweitzer, Oak Ridge Natian i I atnratory, July 12,19 78, ando

Sne ,ehnem ard James E. Metzger, A framework for Projectirwl F.rik J. 'itenchiem and James E. Metzger, A Franework for Protecting
i Employmen! and Population Changes Accompanying Er:er2Y Emolcyment and Population Changes Accompanying Energy Develop- ;

f Developinen t, Argonne National Labor ater y, Argonne, lit , ment, Argeone Nat:onal Laboratory, Argorane, Ill., August 1976. and
~

1976. Mounton West Research Inc., Construction Worker Pro /#e, Old West
Hegional Coram,ssion, Decemner 1975.
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Currently, the Energy Fuels are buying stations employ ten people. Five additional jobs at the |
Blanding station when mill operations start will mean an increase of five in area population. '

The 21 workers employed by Energy Fuels in ore exploration is not expected to change.

In San Juan County's economy, there are 1.6 nonbasic jobs for each basic job. The basic sector
brings in revenues from outside the immediate area. The nonbasic sector provides goods and
services in response to local demand. Because the White Mesa project is expected to add 361 to
391 new basic jobs to the area economy, it can be predicted that 578 to 626 new jobs will be
created in the nonbasic sector. If the proportion of in-migrants taking nonbasic jobs is approxi-
ately the same as described earlier, roughly 300 to 400 jobs in the nonbasic sector will be

taken by persons moving into the area, causing a population increase of 930 to 1240.

4.8.1.3 Total population increase,

About 120 hourly workers and staf f will be involved in mill operations. Nearly 60 of these
employees should be new to the area. Indirect jobs stimulated by the mill are expected to be in
the range of 830 to 910. Tne total population increase would range from approximately 1500 to
2000 (Table 4.10).

4.8.1.4 Distribution of new residents

The 431 new residents expected as a result of construction of the White Mesa Uranium Project
represents 3.3% of the San Juan County population. Their settlement pattern will be determined
by a number of factors including the availability of housing, public services, and amenities in
the surrounding communities and the proximity of those communities to the mill site. Blanding,
Monticello, and Bluff are all within 48 km (30 miles) of the proposed mill and are capable of
absorbing the projected population growth.

Because it is closest to the site, Blanding is likely to experience more in-migration than the
other two communities.

The population influx during the operations period will be much greater than that associated with
construction. The 1500-2000 new residents expected represents 11.5 to 15.4% of San Juan County's
current population.

The majority of mill-related personnel are expected to reside in the three above-named communi-
ties; however, since the mining operations selling ore to the applicant are geographically
dispersed, some in-migrating miners will locate in the outlying rural areas.

4.8.2 Social organization

Studies of other areas impacted by energy projects indicate that rapid population grv. '.h can lead
to inadequacies in the provision of housing and essential public services, such as water and
sewage treatment, education, and health care. An annual growth rate of 15% is often cited as
the point where these problems become severe.3' Assuming that Blanding gets 70% of the popula-*

tion growth induced by the White Mesa uranium mill, Monticello gets 25%, and Bluff receives 5%,
none of these communities will experience even a 10% population increase in the one year
construction period. However, during the three-year period from early 1980, when mill operations
are scheduled to begin, through the end of 1982, when most of the direct and indirect population
increases should have occurred, the number of in-migrants will be much greater (Table 4.11). If

the total population influx reaches 2000, Blanding's rate of growth will average nearly 15%
annually over the three years in question. While Monticello and Bluff will not grow at this
rate, their increases will be substantial (see Sect. 2.4.1.2).

Balanced against this rapid growth are plans for providing additional housing and public services
in the impacted communities. Action from both the public and private sector are anticipated,
which will help reduce the adverse effects that can result from unmanaged growth (Sects. 4.8.2.1
and 4.8.2.2).

4.8.2.1 Housing

During the construction period,197 workers are expected to relocate in the project area. It is
likely that a number of these workers will share acconvriodations; therefore, between 145 and 197
new housing units will be demanded during this time.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ -. -- __
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Table 411. Miltinduced population influx for the communities of Blandmg. Monticello,
and Bluff, assuming a 70 25 5% spht of the in movmg populatior

I ~

Blandmg Monticello Bluf f

Population m 1977 3075 2208 280
i Peak construction pened mf!ux' 302 108 22

| Peak construction-period influx 98% 4.9% 7.7%

as a percentage of 1977 populanon
6Operatiom penal mflux 1050-1400 375-500 75-100

Operations-penod influx as 34.1-45 5% 17,0-22 6% 26 8-35.7%
a percentage of 1977 populatior,

" Peak construction-penod influx js projected to be 431,
6 0perations-period influx is projected in be approximately 1500 -2000.

In the operations period, 489 to 644 new jobs are expected to be filled by in-migrants. Because
these workers are much more likely to become permanent members of the community and to relocate
with their families, it will be assumed that one housing unit is required for each of them.

Table 4.11 projects the future growth of each of these communities using previous assumptions
(Sect. 4.8.2) . If this distribution is used as a guide, roughly 100 to 140 housing units will be
needed in Blanding, 35 to 50 in Monticello, and 7 to 10 in Bluff during the construction period.
During operations, Blanding will need 340 to 450 units, Monticello 120 to 160, and Bluff 25 to 30
(Table 4.12). Although no new workers are anticipated at the Hanksville are buying station,
mining activity in the area may create some demand for additional housing in the town of
Hanksville. Under current conditions this would not be easily accommodated although future
improvements in the local water system (ER, p. 2-74) may make residential expansion possible.

Blanding

In August 1978, plans for a ll7-space mobile home park, scheduled to be ready for occupancy by
February 1979 were approved in a newly annexed portion of the city. At the same time, a 242-
unit subdivision was approved in another newly annexed section; construction is scheduled to
begin in January 1979.

Table 4.12. Housing demand and supply in Blending, Monticello, and Bluff caused by the White Mesa Uranium Project

Construction period Operations pened

Supply supply #
Cit y Demand" Oemand*

Existin/ In proceu Possible Total E xistmg to process Possible Total
6

U!and<ng 100--140 25 149 174 340-450 25 391 200 616
Monticetto 35-40 35 23 58 120-100 35 23 200 258
Bluf f 7-10 20 20 25-30 20 0 -70 20 -90

Total 142 -200 80 172 252 485-640 80 414 400 -470 844 -964

' Assumes a 70 25 5% sphs of the iremovmg population between Blandmg Monticello, and Bluf f.
# As of August I,1978.
' Operations period supply includes those units developed dunng the construction period.
Sources: ER, pp. 4-18 and 2 56, and Philip D. Taylor, President Taylor & Associates. August 17,1978. Terry Patmer,

Palmer Builders, July 13, 1978: Richard Terry, Monticello City Manager, August 4,1978, pnvate ecmmunications with
Metm Schweiuer, Oak Ricky National Laboratory.
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The 117 mobile homo spaces, combined with 25 existing spaces in Blanding (ER, p. 4-18), are
sufficient to satisfy the maximum demand projected for the construction period. In addition, ar

'
32-unit apartment complex is now in the financing stages and local builders estimate that 50 to
60 new single-family houses could be constructed annually for at least the next three years on
the 200 vacant lots estimated to be available within the city limits (Palmer Builders representa-
cive, personal communication, July 13,1978), The total number of potential additional housing
units is around 600, nearly enough to absorb all mill-related growth. Counting only those units
now existing or having city approval, the number is still nearly 400, mid-way between the high
and low projections of Blanding's share of expected growth (Table 4.12).

Monticello

There are 35 vacancies in a local mobile home park (ER, p. 4-18), and a 23-unit apartment
building is being constructed. In addition to these 58 units (more than the 35-50 needed during
construction), 200 single family homes are expected to be built by 1981 (Monticello City Manager,
personal communication, July 20, 1978). This quantity will be more than enough to accomodate
Monticello's expected share of mill-induced growth during the operations period and indicates
that this city has the potential of absorbing additional growth (Table 4.12).

Bluff

The 20 mobile home park spaces now available in Bluff (ER, p. 4-18) can accomodate twice the
projected growth for the construction period and two-thirds of that expected during operations.
Because the town also has 70 empty lots (ER, p. 2-56) suitable for devel,pment, it is possible
that more growth than was postulated may occur here (Table 4.12).

4.8.2.2 Public services

Blanding

Population increases should not strain the existing electricity distribution or solid waste
disposal systems. Streets and recreation facilities are also adequate. Water and sewage systems
are adequate for the 300 new residents expected during the construction period (Clanding City
Manager, personal communication, June 21,1978), but they are_not sufficient for the mill-induced
newcomers. However, expansions in both water and sewer facilities, which are planned for
completion by 1981, should be adequate to provide acceptable services to these in-Migrants.

Additional public safety and health care services are likely to be necessitated by the speratians-
period population influx. Blanding has plans to add a new full-time member to the police force
in fiscal year 1979 (ER, p. 2-47).

Approximately 120 new school age children are expected during the construction period.M,35
During the operations period, 384 to 504 new students will be entering Blanding's schools.35 In
the fall of 1978, a new high school in southeastern San Juan County will relieve current over-
crowding in San Juan High School and leave it approximately 100 students below capacity. The

. opening of a second new high school in fall 1979 in southwestern San Juan County, will leave
roughly 300 vacancies in San Juan High School. Blanding's two elementary schools are currently
120 students below capacity; therefore, the influx of additional students during the construction
period should not present a problem. However, the inficx of 200 to 300 new elementary students
during the operations period will necessitate operating at 80 to 180 students over capacity. The
school district is prepared to provide new facilities as the need arises (San Juan County School
District, personal communication, August 18,1978).

_ Mon t_i cel l o

Existing solid waste disposal and recreation facilities appear adequate to accommodate the
nrojected population influt, as does the local system of streets. Improvements in public safety
and health care facilities are likely to be required. To supply future needs, the community is
currently attempting to expand the city-run electricity transmission system.

The existing sewage treatment plant is currently operating at its design capacity; the growth
associated with mill construction and operations would cause overloading, Improvements are being
planned to allow service for 3000 residents, but completion is not anticipated until at least
mid-1980. The city's share of the associated expenses will amount to roughly one-quarter million

. . - _ .,. _ . _ _ -
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dollars and is likely to be financed through general obligation bonds. The remainder of the
required funds will come from the Federal government. Monticello's water supply system is

. currently operating near capacity. However, improvements to the existing system are scheduled to
be completed by August 1979. Until that time, lack of water is a limitation to growth. After-
ward, the system will be able to accommodate nearly 800 new people. The city's share of project
expenditures will be approximately $600,000, financed by general obligation and revenue bonds
(Monticello City Manager, personal comunication, July 11,1978).

Because both the elementary and the high school are operating at approximately two-thirds
capacity, with room for over 300 students between them, the addition of 140 to 180 n' students
during the operations period should not present a problem.E

Bluff

Most e(isting public services in the town of Bluf f are currently adequate to handle the limited
growth anticipated. The local water system is capable of accommodating a 79% increase in usage.
Sewage disposal is currently handled by individual septic tanks. Public safety, recreation, and
health facilities may all require incremental improvements to keep up with rising population.
Educational facilities are also more than a<' equate for the expected in-migration. Growth beyond
that shown in Table 4.11, however, may strain existing public services and call for improvements
not considered here.

4.8.2.3 Culture

A large proportion of the population of San Juan County is comprised of Mormons and Navajo
Indians. Changes in the relative numbers of these two groups could alter the social climate in
the area of the proposed mill.

In addition to potentially changing the racial and religious composition of the community, a
substantial population influx could also create tensions between established "old-timers" and
" newcomers." As area population grows, long-time residents way feel a loss of intimacy, and
value conflicts may arise between those who favor a more " urban" lifestyle and those who wish to
preserve a small town atmosphere. M However, because the greatest growth will occur during the
operations period, when in-migrants are much more likely to settle permanently than during
construction, it is expected that eventually a mutual accommodation of "old" and "new" values
will occur.

4.8.3 Political organization

Changes in the political as well as the cultural characteristics of an area frequently accompany
rapid growth. Expansion and "professionalization" of local government of ten occur in response to
the changing size and characteristics of the population. This trend is evident in the area of
the proposed White Mesa mill where the city of Blanding has recently hired a full-time city
engineer in response to che accelerating growth rate (Blanding City Manager, personal communi-
cation August 14,1978), and Monticello anticipates the eventual need for more public employees
to handle future in-migration (Monticello City Manager, personal communication, July ll,1978).

The local power structure can also be altered by the growth associated with a project such as the
White Mesa Uranium Mill. Political control may pass from the hands of established residents to
those of newcomers associated directly and indirectly with mill nperations.% As in the cultural
arena, a balance is likely to be reached over time between divergent political interests.,

4.8.4 Economic organization

4.8.4.1 Employment

Peak employnent during the construction of the White Mesa mill is expected to be about 350; of
these workers, approximately 150 are expected to come from the imediate area. During opera-
tions, between 939 and 1017 new jobs are expected to be created directly and indirectly by the
mill. Roughly 300 to 500 of these jobs should be filled by area residents. At 8. h , the

i
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unemployment rate in San Juan County is significantly higher than the state average of 5.31
(Sect. 2.4.2.2), and it is highly probable that mill-induced employment will result in a loweri: 9
of this figure, f

1

!

4.8.4.2 Income i

Of the additional 350 needed during construction, 250 will be construction workers whose wages
are substantially higher than the local mean. The remaining 100 will be employed in lower-paying |

jobs in the nonbasic sector. During operations, nearly 40% of all new workers will be highly
paid miners or mill personnel. According to the Utah State Department of Employment Security,
the average monthly salary for a miner in this state is $1500 to $1833 and for a miller, $1000
to $1500. 6

|

These high-paying new jobs will elevate average per capita income in San Juan County and increase
the amount of money spent in the local comunities. These increased expenditures may lead to the
aVallability of a wider range of goods and services. Competition from the new, high-wage
industries may also have the effect of raising salaries for other jobs. M

4.8.4.3 Tax revenues I

During the construction period, San Juan County will continue to collect property taxes on the
unimproved value of the White Mesa site (Sect. L 4.2.2). Sales tax will also be paid on mate- I

rials purchased in connection with this projec'.. The communities of Blanding, Monticello, and
Bluf f each have this local option tax; outside of their boundaries the local tax goes to the,

i'

county (Utah State Tax Commission representative, personal communication, August 23,1978). |

The applicant estimates that of the $18 millico to be ment on equipment and supplies during
iconstruction, $432,000 in sales tax will accrue to the state, and $81,010 to the iocales in which '

purchases are made. Of the local share, $13,500 will end up in the southeastern counties. The
ore buying stations operated by Energy Fuels Nuclear, Inc., will also pay property taxes during ithis period. 1

Area mines selling ore to the applicant's ore-buying stations will be subject to as many as four
different taxes. Property tax will be levied at the normal county rate on twice the value of
average net proceeds plus the value of the land, if patented, and the personal property and
improvements onsite (Utah State Tax Comission representative, personal communication, July 14,
1978). A 1% mine occupation tax is levied on the gross value of all ore sold, less a standard
exemption. These revenues go to the State general fund. Sales tax will be paid on all purchases,
and a State corporate franchise tax of 4% on net taxable income will supply monies to the State's
Uniform School f und.

Workers will be subject to Federal and State income taxes; the applicant estimates that roughly
$1.3 million will go to the Federal and State governments from construction worker incomes
(ER, p. 4-23). Taxes on the salaries of nonbasic employees will contribute additional income tax
revenues, Workers will also pay sales tax on all purchases and ad valorem taxes on any property
owned in the area. Assuming nationwide expenditure patterns, 38.3% of family income (ER,
p. 5-31), $2.82 million for construction workers alone (ER, p. 4 24), will be spent locally on
personal consumption expenditures. % Sales tax on this will amount to $112,800 for the State and
$21,150 for the jurisdictions in which the purchases are made.

During operations, the mill will pay property taxes of approximately $456,000 to San Juan County
(ER, p. 5-28). Two-thirds of this amount goes to the school district. Sales tax will be paid on
most equipment and materials purchased but not on the raw ore to be processed (Utah State Tax
Comission representative, personal comunication, August 23,1978). Finally, the Federal and
State govarnments will levy corporate franchise and income taxes.

If mining activity increases in the area the tax base of San Juan and neighboring counties will
increase, as will the revenues received by the State. Corporate-owned property would be subject
to the State franchise and Federal income taxes. The ore-buying stations and independently owned
mining operations would continue to pay taxes as outlined above.

San Juan County and the comunities of Blanding, Monticello, and Bluff are also expected to
benefit from increased property taxes due to the construction of new comercial and residential
buildings and rising property values. Sales tax will be paid on roughly $4.5 million in personal
consumption expenditures in the area. M Around $180,000 will go into the State treasury and
$35,000 will be returned to the county or municipality where purchases are made.,

,
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Dur ing bath construction and operations, the State at Utuh receives a substantial portion of the |
tax revenues generated by the White Mesa mill and related activites. The State receives the j

entire mine occupation and corporate franchise taxes and splits personal income taxes with the 1

Federal government. Sales tax revenues are split with local governments, with the majority of i
'the funds being routed to the State governnent (Table 4.13).

Table 4.11 Taxes related to the White Mesa Uranium Project

Construct 4an period Operations penm1

Tax
Entity taxed Receptent N ta= Entity taxed Recipient of tax

Property tax Umrnproved &n Jt,an County White Mesa San Juan County

mail site Mill

Ore buying Ln Juan and Ore buying San Juan and Wayne

stations Wayne counties stations counties

Uramum mines kn Juan and nerghbormy Uranium mines san Juan and neighboong

counties countres

Provertv owning San Juan Courny. Blanding, Property-owning San Juan County,

wor ker s Monticello, and Bluff workers Blandmg, Monticello, and
Bluf f

Sates tax Mai rnatenals Utah, San Juan County. Mal supplies Utah, San Juan County,

Blanding, and Monticello Blandmg, and Manticello

Mine supplies Utah, San Juan County. Mine supplies Utah, San Juac County.

Blanding, a. 'd Monticetto Blandmg. and Monticello ,

Worker purchases Utah, San Juan County, Worker purchases Utah, San Juan County,

Blandmg, and Monticelto Blanding, and Monticello

Mme occupation tax Uranium mmes Utah Uranium mines U tah

Corporate franchise tax Lme uranium U tah Some uranium Utah

mmes mmes and
White Mesa mill

Personal income tax All wor k ers Utah, United States All wor ker s Utah, United States

I
|

1

|

Both San Juan County and its municipalities will receive property and sales tax revenues from the
mill and related activities (Table 4.13). Most purchases are likely to take place in Blanding
dnd Monticello, Which will receive the local option sales tax. During the operations period,
these two communities may share as much as $35,000 annually from personal expenditures, which is

| relatively minor compared to the $456,000 in property taxes which San Juan County will receive
! from the mill itself. The ad valorem taxes paid to the county by area mines could also be

substantial when mining activity is at its peak. Increased property tax revenues will accrue
to the cities of Blanding, Monticello, and Bluff from new houses and businesses, but these added
revenues will be significantly less than the amounts received by San Juan County.

4.8.4.4 Public expenditures

Financing improvements in public services needed as a result of rapid population growth can place
a strain on local governments. Estimates of the required capital investment range from $1000
(ER, p. 5-27) to $5000 for each additional resident." For the 1500 to 2000 in-movers expected
as a result of operating the White Mesa mill, this amount would be approximately $1.5 and
$10 million. As much as another $1000 per person should be expected for operating costs,37
adding an extra $1.5 to $2 million annually to the expenditures of local governments in the
vicinity of the proposed mill. The capital and operating expenses listed above would be shared
by San Juan County and the communities of Blanding, Monticello, and Bluff.

Blanding and Montie,ello are expected to need improvements in their water and sewage systems as
well as in their health and public safety services. Blanding will probably require additional
education facilities, and Monticello will need en expanded electricity distribution system. The
majority of the costs associated with these services will be borne by the impacted municipalities
themselves.

_. -
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Although the largest share of the new tax revenues generated by the White Mesa project will |
accrue to San Juan County, the communities of Blanding, Monticello, and Bluff will receive some 1

of these monies. In addition, other sources are expected to provide funds for needed public {
service improvements. Capital outlays for water and sewage system expansion are expected to '

include Federal and State fulds (hct i.8.2.2), and tap fees will aid in repaying local water i
and sewer improvement bonds. " It is We judgment of the staff that, given all the revenue j
sources available, the impacted cun.munitief will bJ able to provide services for the expected
population influx without long-range fiscal difficulties.

4.8.6 Transgorta tion ;

Both heavy truck and automobile traffic will increase in the area as a result of the proposed
White Mesa Uranium Project; therefore, traf fic congestion, road wear, road noise, and traffic
accidents will also increase.

During the peak construction period, 250 workers are expected to drive to and from the mill site
each day. Because most workers are expected to live north of the site in the cities of Blanding
and Monticello, traf fic will increase substantially on U.S. Route 163. The 100 additional
nonbasic workers expected during this time will also add to traffic on area roads, although a

, large portion of these employees are likely to live and work in the same comunity. Non-work l

i trips will also increase on area roads, as will traffic within the communities of Blanding, l
Monticello, and Bluff.

During the operations period, the number of automobile trips between Blanding and the mill site i
will decrease, but auto traffic in the surrounding area will rise. About 85 hourly mill
employees plus 20 salaried staff and 10 buying station employees will travel to the White Mesa
mill daily along U.S. Highway 163. In addition, approximately 220-250 new miners will be
employed in the area and their trips between home and work will considerably increase traffic
volumes. Finally, about 600 new workers in the nonbasic sector will add to local traffic, even.

though many will reside in their community of employment.

Heavy truck traffic will also increase substantially in the project area. During the operations
period, when area m) .ing is at expected peak levels, approximately 53 round trips per day will be
made between area mines and the Blanding buying station. Another 17 round trips between other
mines and the Hanksville station and an additional 15 round trips between the Hanksville and
Blanding stations will occur each day (ER, p. 5-34).

The heaviest truck traffic will take place on U.S. Route 163 and Utah Route 95, but U.S.
Route 666 and Utah routes 262, "76, 263, and 24 will alsn be affected. In addition to these
paved roads, secondary roads arts also expected to handle up to 15% of total truck traffic (ER,
p. 5-34).

4.8.6 Impact mitigation

Energy Fuels Nuclear, Inc., has expressed concern about maintaining a stable work force and
has instituted programs to mitigate potential negative impacts on the project area. The appli-
cant has cooperated with a Denver-based developer to provide additional housing for expected in-
migrants in Blanding. Preliminary plan approval was received in August 1978 for a ll7-space
mobile home park and a 242-unit single family subdivision (Sect. 4.8.2.1) on land that was
purchased by Energy Fuels Nuclear for resale to the developer (Vice-President for Operations.
Energy Fuels Nuclear, Inc., personal communication, June 27,1978). These dwell 4q units wiil
satisfy a large portion of the total mill-induced housing need. Company benefits, ach as an
annual cash bonus and profit-sharing plan, encourage job stability.

Public action is also being planned to mitigate prospective social impacts at the area of the
proposed mill. Section 4.8.2.2 details the steps being taken by local governments to provide
additional public services to meet expected population increases.

Additional actions can bo taken to further mitigate potential mill-induced impacts. Hiring
unemployed area residents can keep the total population influx down and simultaneously reduce
local w. employment. Negative impacts can be diminished by ensuring that planned improvements to
public services are made before anticipated growth occurs. Early solicitation of Federal and

t
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State aid and early issuance of local bonds can provide funds for needed expansions before
existing services become inadequate.

Both San Juan County and its municipalities have the fiscal responsibility of providing needed
services for new residents. Neither these costs nor the tax revenues generated by the White Mesa
mill and related activities, however, are evenly distributed. The communities of Blanding and
Monticello face substantial capital and operating costs for providing for new residents. A
fraction of the additional taxes accruing to San Juan County and the State of Utah could be
distributed by means of a revenue-sharing arrangement based on the distribution of the costs of
new required services.

Although it is certain that residential and commercial growth will occur in the communities of
Blanding, Monticello, and Bluf f, the form of this growth is dif ficult to predict. Advance land-
use planning should ensure that the spatial structure of eventual growth is compatible with
community goals.

4.8.7 Conclusions

Both positive and negative socioeconomic impacts are probable as a result of the proposed White
Mesa Uranium Project. The reduced unemployment, higher per capita income, increased tax base,
and greater availability of goods and services, all of which are likely to accompany the mill and
its related activities, could be considered benefits for the project area. On the negative side,
public service expenditures will rise, existing cultural and political balances may be changed,
and road traffic and associated impacts will increase as a result of increased road use. Although
most project-related socioeconomic impacts can be mitigated, the distribution of impacts and
responsibility for mitigation of the impacts may not coincide. The importance of a coordinated,
joint planning effort by incoming industrial developers and local and state governments should be
emphasized in order to mitigate some of the adverse impacts of the rapid population change
expected in the Blanding area. The staff has concluded that the potential benefits of the pro-
posed project outweigh the asscciated costs.

t
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S. ENVIRONMENTAL EFFECTS OF ACCIDENTS

The occurrence of accidents related to operation of the White Mesa mill will be minimized
through the proper design, manufacture, and operation of the process components and through
a quality assurance program designed to establish and maintain safe operations. In accordance
with the procedures set forth in the appropriate regulations, Energy Fuels Nuclear, Inc., has
submitted applications containing descriptions of the facility design, the organization of
the operation, and the quality assurance program. These documents, together with the
Environmental Report and supplements, have been 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 i

iof the facility and its records and by requiring reports of effluent releases and deviations
f rom 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
postulated accidents involving radioactive materials and Sect. S.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 to a
realistic evaluation was unavailable, conservative assumptions were used to compute environmental
impacts. Thus, the actual environmental impacts of the postulated accidents would be less,
in some cases, th3n the effects predicted by this assessment.

Exposure pathways considered in estimating dose commitments resulting from accidental releases
were inhalation and imersion in contaminated air. It was assumed that exposure through the
ingestion and s;rface pathways could be controlled if necessary.

5.1 MILL ACCIDENTS INVOLVING RADI0 ACTIVITY |
|

The specific activities of the radioactive materials handled at the mill are extremely low: |

=10-3 Ci/g for the ore and tailings and =10 4 Ci/g for the refined yellow cake prod'ucts.* The
quantities of materials handled, on the bther hand, are relatively large: 773 metric tons i

'(Mf) of yellow cake per year, representing =472 Ci of radioactivity. To be of concern, these,

very low specific activities require the release of exceedingly large quantities of materials;
driving forces for such releases will not exist at the proposed White Mesa mill.

Guidelines have not been published for the consideration of accidents at uranium mills; there-
fore, the postulated plant accidents involving radioactivity are considered here in the follow-
ing 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 radio-
nuclides (i.e., =10-1 Ci/g for plutonium-239 and ~10-1 Ci/g for cobalt-60).

5-1
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i Trivial incidents include spills, ruptures in tanks or plant piping containing solutions or
! slurries, and rupture of a tailings dispc3al system pipe in which the tailings slurry is

released into the tailings pond. Small 'eleases include failure of the air cleaning system
serving the concentrate drying and packa11ng area, a fire or explosion in the solvent extraction

,circuit, and an explosion in the yellow uke dryer. Large releases include a major tornado.
1

Ifor 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,

i 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
3l and from the Internationalin accident situations were taken from AIRD05-II computer code

Comission on Radiological Protection (ICRP)2 and were updated by dose conversion factors
i

based on the lung model of the ICRP Task Group on Lung Dynamics.'

During the three decades of nuclear facility operation, the frequency and severity of accidents,

|
have t>een markedly lower than in related industrial operations. The experience gained from
the few accidents that have occurred has resulted in iroproved engineering safety features and

;

| operating procedures, and the probability of the occurrence of similar accidents in the future ,

j is very low. Based on analysis, it is believed that even if major accidents did occur there
: would probably not be a significant offsite release of contamination and that radiological
|

exposures would be too small to cause any observable ef fect on the environment or any celeter-
ious effect on the health of the human population.

|
|

5.1.1 Trivial incidents

|
The following accidents, due to human error or eouipment failure, would not resul t in the

i release of radioactive materials to the environment.
!

I
i

5.1.1.1 Minor leakage of tanks or piping

Uranium-bearing slurries and solutions will be contained in several tanks comprising the ;
i

I leach, washing, precipitation and filtration, and solvent extraction stages of the mill cir-
cuit. Human error during the filling or emptying of tanks or the f ailure of valves or piping ]

in the circuit would result in spills that might involve the release of several hundred pounds |

of uranium (in the liquid phase) to the room; however, the overflow will be collected in sumps
'

designcd 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
j environment.

|

|_ 5.1.1.2 Major pipe or tank rupture _t

; All mill drainage., including that from chemical storage tanks, will flow into a catchment
i basin upstream from the tailings impoundment site. The mill will deliver approximately

[75.95 MT (84.02 tons)) of3

! 75.3 Mf (83.3 tons) of solids per hour and approximately 76.1 m 1

solution per hour to the tailings cell. Should the rupture of a pipe in the tailings distribu-'

tion 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 neu-
tralized in the catchment basin. Residue from a slurry loss would be cleaned up and the con-'

taminated soll removed to the tailing retention area.

| )

5.1,2 Small releases _ ,

The following accidents, due to human or eoulpment failure, would release small quantities of
radioactive materials to the environment. The estimated releases, however, are expected to be
mali in comparison with the annual release from normal operations,

i

i

s
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5.1.2.1 Failure of the air cleaninisy_ stem serving thegellow cake drytra_ag i

1

Because of safeguard designs, this type of accident is unlikely to occur or go undetected. *
I

loss of water _pressuro to the scrubber or the failure of the fan drive would sound an alarm. In l

the event of electrical or mechanical failure, however, it was estimated that approximately |
14.83 kg (27.97 lb) of U 0;. would be lost from the stack over an 8-hr shif t. All of this3 .
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/ set '

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 1

nearest resident [4.8 km (3 miles) from the point of release] were as follows: to tal -body , '

O 0009 millirem; bone, 0.0'26 millirem; lung, 0.32 millirem; and kidney, 0.008 millirem. The
maximum dose comitments to the potential nearest resident [1.6 km (1 mile) from point of
release] were as follows: total-body, 0.003 millirem; bone, 0.25 millirem; lung, 3.0 millirems;
and kidney, 0.072 millirem.

S.I.2.2 Fire in the solvent extraction circuit I

The solvent extraction circuit will be located in a separate building that is isolated from other j

areas due to the large quantities of kerosene present. From chemical industry data, the i
probability of a major fire per plant-year' is estimated to be 4 x 10 ''. However, at least two

]major solvent extraction circuit fires are documented in the literature, one of which destroyed j

the original solvent extraction circuit at one mill in 1968.4 There have been approximately
540 plant-years of mill operation in the United States, equivalent to about 320 plant-years
handling 390,000 metric tons of ore per year. Thus, judging from historical incidents, the i

likelihood of a major solvent extraction fire at the prooosed mill is assumed to fall in the
range of 4 x 10" to 6 x 10*J per year.'

In the event of a major fire, it is conservatively assumed from previous estimates that
1% of the maximum uranium inventory, or approximately 4.5 kg (10 lb), would be released into
the environment. J 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 1

also assumed that all the material was distributed over a single 22.5* sector, The maximum '

dose commitments to the nearest resident (4.8 km (3 miles) from point of release] were total-
body, 0.0004 millirem; bone, 0.01 millirem; lung, 0.122 millirem; and kidney, 0.003 millirem.
The maximum dose comitments to the potential nearest resident [1.6 km (1 mile) from point of
release] were total-body, 0.005 millirem; bone, 0.15 millirem; lung,1.8 millirem; and kidney,
0.04 mil 1irem.

5.1.3 l._an e releases

incidents that might release large quantities of radicactive mcterials to the environment com-
pared with annual releases from normal operations are considered in this section. By virtue of
complex and highly variable dispersion characteristics, however, the individual impacts will not
necessarily be proportional to the total amount of radioactivity released to the environment.

,

5.1.3.1 Tornado
.

1

The probability of occurrence of a tornacu in the l' square in which the White Mesa mill is I

located is negligible. Using closest availabie cace, the probability is approximately 8 x 104
per year.7 The area is categorized as region 3 in relative tornado intensity" [i.e., for a
" typical" tornado, the wind speed is 385 km/hr (239 mph / ir) of which 305 km/hr (190 mph /hr) is
rotational and 79 km/hr (49 mph /hr) is translational). Une 6f * .;i s strbctures are designed
to withstand a tornado of this intensity,

The nature of the milling operation is such that litt'e rd could be done to secure the facility
with advance warning than could be done without it. Aeord'ngly, a "no-warning" tornado was
postulated. Moreover, because it is not possible to acc r tely predict the total amount of
material dispersed by the tornado, a highly conservative approach was adopted. Because the

-

|
|

1
- , . ,
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yellow cake product has the highest specific activity of any material handled at the mill and as
much as 45 MT of product may be accumulated prior to shipment, it is assumed that the tornado
lif ts 4550 kg (10,031 lb) of yellow cake.

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
distipates, 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 it disperses through an arc of 45'. Due to the small particle sizes postulated, the
settling velocity is assumed to be negligible. I

Tre model predicts a maximum exposure at a distance of approximately 4 km (2.5 miles) fron the
mill, where the 50-year dose comitment to the lungs of an individdal is estimated to be
approx ima tely 1.1 x 10" r em. The 50-year lung dose comnitment 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 lungs.

|

5.1. 3. 2 Tailings dam failure

Because of the multiple cell design (Sect. 3.2.4.7; Fig. 3.4), the short period of cell use
and the low head (<9 m (30 f t)], a large release of tailings and tailings fluid is not credible.

I Small releases would be retained by downstream catchment ponds.

5.2 NONRAD101.0GICAL ACCIDENTS

The potential for environmental ef fects from accidents involving nonradioactive materials at
the White Mesa mill H 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. Because
the vapors are ultimately discharged to the atmosphere in any case, such a failure would
have no effect on the environment.

|
|
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A number of chemical reagents used in the process will be stored in relatively large quantities
on the site. Minor leaks and spillage of reagents will be captured in sumps and returned to
the mill circuit. Major spills could ficw across the mill site and enter the drainage
diversion ditch protecting the tailings impundment. The staf f recomends either the
construction of dikes around storage tanks or the construction of a catchment basin below
the mill for any major spills. Spillage in the mill will be washed down and pumped back
into the mill circuit.

The only chemical that might seriously af fect the environment is ammonia. A break in the
external piping of the annydrous ammonia tank would not result in a release, because, upon a
drop in pressure, an excess flow valve would automatically close, thus preventing any loss.
The line carrying ammonia to the storage tank from the tank truck possibly could be ruptured,
in which case the release rate would be limited to 100 g/sec of the vapor. M Beyond a dis-

3 short-term jtance of 10 km (6 miles), the resulting concentration would be below the 600 pg/m
air quality standard derived from State of Colorado regulations, the most restrictive current

'

regulation.11 Beyond a distance of 700 m (2300 f t) from the mill, concentrations of ammonia
from the accident would be less than the 40,000 ug/m needed to produce a detectable odor and4

would not be noticeable by offsite residents; these concentrations would pose no health risk
because they would be less than the 69,000-ug/mi limit for prolonged human exposure.'-
Thus, the released amonia would not be noticed by of fsite residents and would pose no health
risk to the environment.

1

The solvent extraction and eer units in the vanadium circuit will be similar to the ,

corresponding units in the uranium circuit with respect to fire and explosion potential |
i(Sect. 5.1). Vanadium pentoxide (V;0s) and/or organic complexes of vanadium would be

released as would very minor amounts of thorium-230 and uranium, which may also be present
in the organic solvent. Thorough washing of contaminated areas would minimize the risk
to mill employees. The general public should receive no significant health ef fects from ,

accidents in the vanadium circuit.

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 the
mill to the uranium hexafluoride conversion facility, and (3) shipnents of process chemicals
from suppliers to the mill. An accident for each of these categories has been conceptualized
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 co-.ersion plant, which transforms the yellow cake to uranium hexafluoride
for the enrichmer.t step of the light-water-reactor fuel cycle. An average truck shipment
contains approx 1mately 45 drums, or 16 MT (17.5 tons), of yellow cake. Based upon the White
Mesa mill capacity of 618,200MT(680,000 tons) of ore annually and a yellow cake yield of
773 MT (850 tons), an average of approximately 48 such shipments are required annually.

From published accident statistics.13*l" the probability of a truck accident is in the range of
1.0 x 10" to 1.6 x 10" per kilometer (1.6 x 10" to 2.6 x 104 per mile). Truck accident
statistics include three categories of traffic accidents: collision, noncollision, and other
event. 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 or side. Accidents classified as other events include personal injuries
suffered on the vehicle, records of persons falling from or being thruwn against a standing
vehicle, cases of stolen vehicles, and fires occurring on a standing vehicle. The likelihood

_a _- - - .. . - - -
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!
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 0.13.

i The ability of the materials and structures in the shipping package to resist the combined
} physical forces arising from impa:t, puncture, crushing, vibration, and fire depends on thej' magnitude of the forces. These magni tudes ve r with the severity of the accident, as doesy

{'
classified accidents into eight categories, depending upon the combined stresses of impact,
the frequency with which they occur. A generalized evaluation of accident risks by NRC

puncture, crushing, 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 5.1.
To assess the risk of a transportation accident, the fraction of radioactive material released
in an accident of a given severity must be known. Two models are postulated for this
analysis, and the fractional releases for each model are shown in Columns 3 and 4 of Table 5.1.
Model I assumes complete loss of the drum contents; Model !!, 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.

Table 5.1. Fractional probabihties of
occurrence and corresponding package release

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

in truck accidents

Acc de n Frectional
menty cccurrena Model i Mode! li
categor y of acc6 dent

1 0 55 0 o
11 oJU 10 0of
Ili o 07 Io o.1
IV o 010 10 1o
V o.0028 1.0 1o
VI o.coli 1.0 Io
Vil 8.5E 5 10 1o
Vill 1.5E 5 1.0 1o

Source. U.S. Nuclear Hequiatory Comma
s,on, final Envrronmental Statement on the

iTransportat on of Radocactive Matenals by Air
and Other Models, Report NVnEG ol70. Of
fece of Standards Onelopment. February 1977
(draf t'L

Model I and Model II estimate the quantity of yellow cake released to the atmosphere in the
event of a truck accident 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 several years of actual laboratory and field measurements have been
developed.1" The following empirical expression was derived for the dispersal of the material
to the environment via the air fol. lowing an accident involving a release from the container:

f = 0.001 + (4.6 x 10")[1 - exp(-0.15:e)]J .78 ,

_ _ _ _ _ _ _ _ _ _ . _ ..
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where

j' = the fractional airborne release,

u= the wind speed at 15.2 m (50 f t) expressed in m/sec,

t= the duration of the release, in hours.

In this expression, the first term represents the initial " puff" immediately airborne when
the container is 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 people per square mile (which is characteristic of
the eastern United States) is supposed," 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
ground 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-hr duration of release,
approximately 56 kg (123 lb) of U 0a would have been released to the atmosphere. The3

consequence of 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. The consequence for
the accident area, where the population density is estimated to be 2.13 people per square
mile, would be a 50-year dose commitment of 0.146 man-rem, which can be compared to a 50-year
integrated lung dose of 19 man-rems from the natural background.

The applicant will submit 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

Hanksville and Blanding are ore buying stations servicing small- and intermediate-sized mines
throughout southeastern Utah and southwestern Colorado. Because of the small sizes of the
mines, shipments of ore will be sporadic; therefore, the average shipping distance for the
ore will vary throughout the life of the project. The applicant estimates the radii of the
Hanksville and Blanding buying station service areas to be 160 km (100 miles) and 201 km
(125 miles) respectively. Ore collected at the Hanksville station will be shipped an additional
262 km (163 miles) to the mill at Blanding. Based on projected capacities of the two ore
buying stations, approximately 25% of the total ore requirements would be supplied by the
Hanksville station. On this basis the ore will be shipped an average of 258 km (160 miles).
This value is an upper limit because most of the mines will be well within the service areas.
To deliver 618,200 MT (680,000 tons) of ore in trucks with a 30-ton capacity would require
22,670 trips per year, or a total of 5.84 x 106 vehicle-km (3.63 x 106 vehicle-miles). For
the accident probability cited in the previous section,1.0 x 104 to 1.6 x 104 accidents per
kilometer (1.6 x 104 to 2.6 x 104 per mile), accidents involving ore trucks would occur at
the rate of 7.6 per year. However, because of the low specific activity of the ore and the
ease with which the contaminant can be removed, the radiological impact is considered to be
insignificant.

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. Approximately 17 shipments of
anhydrous anmonia will be made annually in 18 MT (20-ton) loads from a supplier located,

approximately 300 km (200 miles) from the mill.

*

Doses integrated over a 50-year commitment following exposure.
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! The annual U.S. production of anhydrous ammonia shipped in that fonn is approximately
j 6.9 x 106 MT (7.6 x 106 tons). About 26" of the shipments are made by truck (the remainder by
i rail, pipeline, and barge). If the average truck shipment is 19 MT (21 tons), the approximately
| 93,000 truck shipments of anhydrous anoonia are made annually. According to accident data
l collected by the Department of Transportation, there are about 140 accidents per year
i involving truck shipments of anhydrous anronia. For an estimated average shipping distance
! of 560 km {350 miles), the resulting accident frequency is roughly 2.7 x 10-' per kilometer
1

(4.3 x 10- per mile). Data from the Department of Transportation also reveal that a
j release of ammonia [an average of 770 kg (1700 lb)], occurred in approxinately 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 near the White Mesa mill because of the2

! relatively low population density. Nevertheless, if this estimate is used, the likelihood of
! an injury to the general public resulting from shipments of ammonia to the mill is predicted to
j be roughly 1.6 x 10-3 per year.
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6. MONITORING PROGRAMS

6.1 AIR QUALITY

Particulate matter, measured by dustfall samplers, and sulfation rates, measured by lead
dioxide plates, were monitored at four locations on the project site for one year beginning in
March 1977. Beginning in October 1977, total suspended particulates were measured for five.

1 months at one location by a high-volume air sampler. The ore buying station located on the
} project site (Fig. 2.10) began operation in May 1977.
.

i An estimate of 50; concentrations (ppm) was obtained by multiplying sulfation plate data
j (milligrams per 100 cm2 per day) by 0.03.2 In addition to the onsite monitoring, the Utah
i Bureau of Air Quality operates a monitoring station for suspended particulates and sulfur
| dioxide approximately 106 km (66 miles) to the southwest, at Bull Frog Marina. The applicant

will be required to conduct a monitoring program to collect onsite meteorological data, e.g. ,
wind speed and direction at one hour intervals, the results of whicn will aid in the determina-

I tion of compliance with 40 CFR Part 190.
s

f,
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

j expected (Sect. 4.1), the staff does not recommend an operational monitoring program for air
4

qual i ty.

! 6.2 LAND RESOURCES AND RECLAMATION
<

! 6.2.1 Land Resources

1
6.2.1.1 Land

4

The applicant acquired land-use data frcel published reports (ER, Sect.13), discussions with.

j personnel of various Federal, State, and local offices, and onsite visits. The staff would
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 Archeological Resources

The existing condition of the site was determined as described in Sect. 2.5.2. Additional,

j monitoring, will be performed as described in Sect. 4.2.2.

6,2,2 Reclamation

I Reclamation plans are in accordance with the regulations of the Utah Olvision of Oil, Gas and
i mining.I'2 The vegetation on reclaimed areas will be mnitored and maintained until stand estab-

lishment and perpetuation is assured.2 in accordance with the State of Utah Division of 011,'

Gas, and Mining (Reclamation Regulation, Rule M-10), the revegetation will be deemed accomplished
j and successful when the species

1, have achieved a surface cover of at least 70% of the representative vegetativc communities
,

surrounding the operation (vegetation cover levels shall be determined by the operator
! using professionally accepted inventory methods approved by tu Division),

2. have survived for at least three growing seasons,

3. are evenly distributed, and

4. are not supported by irrigation or continuing soil amendments.3,

In addition, the applicant states that aerial photographs will be taken every third year to'

-

monitor the progress of reclamation efforts.2;-
i
;
.
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The staf f feels that the applicant's revegetation procedures and monitoring programs are
adequate to ensure successful reclamation. Suf ficient records must be mairtained try the
applicant to furnish evidence of compliance with all monitoring. The applicant will file a
performance bond with the State of Utah to ensure performance of land reclamation."

6.3 WATER

6.3.1 Surface water

Quarterly monitoring of surface-water quality will continue throughout the life of the project.
Sample locations are described in Table 2.21 and Fig. 2.5, and the chemical and physical |
parameters to be rueasured are given in Table 2.20. Because of the temporary nature of many of
the watercourses in the site vicinity, it is recommended that the applicant take advantage of
seasonal rainfall and snowmelt in scheduling the collection of water samples.

6.3.2 Groundwater

The applicant has supplied chemical constituent data for one sample from each of two abandoned
stock wells on the project site. Water from these wells (G6R and G7R on Fig. 2.5), completed
in the Dakota Sandstone, is of poor quality. Total dissolved solids are in excess of 2000 ppm, i

which would have adverse effects on many crops. Total sulfate is in excess of 1300 ppm compared !
with an acceptable value of 250 ppm; dissolved iron is in excess of 3 ppm compared with an
acceptable value of 0.05 ppm; and lead is in excess of 0.12 ppm compared with an acceptable'

! value of 0.05 ppm.5
? '

Because the available groundwater data cannot be presumed to represent background conditions,
additional sampling in accordance with Table 6.1 will be required. The applicant will be re-
quired to monitor the groundwater from wells installed on the sides of each tailings cell and
from a well installed centrally on each tailings cell embankment to detect potential groundwater i

contamination (as discussed in Sect. 4.3.2.2) until reclamation is completed. The applicant is 1

also required to submit a plan to mitigate such contamination if observed.
|

6.4 SOILS
l

During September 1977, an existing soil survey of the site was field-verified by Lowell
Woodward of Provo, Utah (retired USDA Soil Conservation Service scientist), and a soll
scientist for the applicant's consultant (ER, Sect. 6.1.4.1). At least one soil profile for

,

each mapping unit was located and sampled. Soil analyses for potential uses in reclamation>

operations included contents and characteristics such as texture, water-holding capacity,
saturation percentage, pH, lime percentage, gypsum, electrical conductivity, exchangeable
sodium percentage, sodium adsorption ratio, organic carbon, cation exchange capacity, boron,
selenium and available phosphates, potassium, and r.itrate/ nitrogen (ER, Sect. 6.1.4.1).

-

' 6.5 BIO TA
|

6.5.1 .Te rres trial

Plant comunities at the project site were mapped by aerial photographs and field verification
(ER, Sect. 6.1.4.3). Vegetation on the site was surveyeu during the spring and surrmer of 1977
(Fig. 6.1). Five 1.0-m2 quadrats were placed every 10 m along 100-m transects. The number
cf transects varied depending upon the size and homogeneity of the community. The larger and
more diverse communities had the greatest number of transects. Species collected were ten-
tatively identified in the field and later verified at the Rocky Mountain Herbarium of the
University of Wyoming. The density of each species was determined by counting the number of
individual plants in each quadrat. The percentage of cover for each community was estimated
visually within each quadrat, and all quadrats were then summed and divided by the total
number of quadrats to reach a mean percentage of cover for the entire community. Production
studies were also conducted during the 1977 growing season (April through September) and
expressed as kilograms per hectare (pounds per acre). The number of 1.0-m2 samples taken in
each conynunity on the site to measure production varied from 5 to 40, depending upon the size
and homogeneity of the community.

.
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A census of birds was taken in February, May, late June, and October by roadside counts (ER,
Plate 2.8-3) and a walked-transect count (Fig. 6.1). For the roadside count, all birds were
tallied within a 0.4-km (1/4-mile) radius every 0.8 km (1/2 mile) along the transect. The road-
side count is an adequate method for detarmining the composition and abundance of birds. The
walked-transect counts, described by Emlen,6 are useful for estimating densities in specific
habitats. Raptor nests were investigated by visting possible nesting sites.

Data on big game were based on signs (scat, tracks, etc), direct observations, and information
supplied by the Utah Division of Wildlife Resources (ER, Sect. 6.1.4.3). Livestock information
was obtained from the U.S. Bureau of Land Management. Rabbits and hares were counted along two
roadside transects en two consecutive evenings each season (ER, Plate 2.8-3). A census of small
mammals was taken at three trap grids placed on the site for each of three consecutive nights in
August and October 1977. Each grid consisted of 12 rows and 12 columns of traps spaced 15 m
(49 f t) apart for a total of 144 traps. Sherman live traps were used in the study and all traps
were checked each morning and night. The captured animals were eartagged and released to estimate
the population through a standard capture / recapture method.7 However, not enough animals were
captured to make a meaningful population estimate (ER, Sect. 6.1.4.3). In addition to the grids,
two traps lines censisting of 20 to 26 traps each were placed in pinyon-juniper and tramarisk-
salix habitats to determine relative abundance, diversity and distribution of small mammals
(Fig. 6.1).

Although potentially harmful amounts of radionuclides and other contaminants in the tailings
impoundment are not expected to result in any significant impacts to wildlife, the actual
extent of this impact cannot be quantified (Sect. 4.6.1). Therefore, the staff recommends
that the applicant monitor the use of the impoundment by wildlife. Because surface water is
limited in the area, daily monitoring would be especially important during the fall and spring
migration periods of waterfowl and shorebirds. Daily records should include the number and
species using the impoundment, as well as length of use and behavior. These data should be
submitted to NRC on a yearly basis for evaluation to determine if there is a need for
additional monitoring.

6.5.2 Aquatic

Because of the lack of aquatic habitat (Sect. 2.6.1.1), subsequent paucity of aquatic biota
(Sect. 2.9.2), and the low probability that the aquatic habitat could be significantly
impacted by mill construction and/or operation (Sect. 4.6.2), an extensive, long-term aquatic
biota monitoring program is not considered necessary by the staf f. However, because the
local, ephemeral streams (Corral Creek, Westwater Creek, and Cottonwood Wash) have not been
sampled for aquatic biota during times of water flow, the staff is requiring the applicant to
undertake a biotic survey of these environments under appropriate conditions to characterize
the temporal aquatic biota. Such data as baseline information will be necessary in evaluating
possible co,nstruction and operational impacts.

6.6 RADIOLOGICAL

6.6.1 Preoperational program

A preoperational, radiological monitoring program is being developed at the proposed White
Mesa mill site to establish the baseline radiation levels and concentrations of radioactive

~

materials occurring in air, biota, and soil, as well as in regional surface water and local
groundwater. The sampling program, begun in July 1977, is ongoing, and results are incomplete.
The preoperational monitoring program will conform to that recommended by the NRC and shown in
Table 6.1.

6.6.2 Operational effluent and environmental monitor _ing 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
design of new operational procedures, and to aid in the interpretation of the results of such
other studies as the environmental monituring program. The procedures for controlling ef flu-

; ent release and performing moritoring and surveys will conform to applicable U.S. Government
regulations. The program recommended by NRC will consist of measurements of radioactivity in
the air, surface water and groundwater, soil, and biota and is shown in Table 6.2.

i
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Fi9 6.1. Sampling locations for terrestrial ecological Characteristics in the vicinity
of the White Mesa project. Source: ER, Plate 2.8-1.
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Table 6.1. (coc inue.1)
- . - . - _ _ . - - _ . _ . - _ - - - _ ~ - . - . . _ . -Tvpe Sampie cortection Samotemeasw ement

of
Numtier Locat-on Type and frequency Test +requ+ncy Type cf measurement.

Sete survev

Gamma dose rate 80 150 m a itervais to a d stance of Gamma dose rate. One t,,ne Pressunred ioncat on chamber or
1500 m m each of eight d,rectrons once pr.or to property cabbra:ed portable
from a pomt equid > stance terween construction survey 4nstrument
the malhng area and taihngs pond

10 150 m mtervals m both horizontal Gamma dose rate. One t+me Pressur* red nonerat.on chamtw.
and vertical transverses across the once foHowmg or oroperty cahbrated portable

mill.ng areas preparat.on of survey instrumet

milhng site
5 At some ic:ations es used for cri Gamma dose rate. Quas ter ly Pressurized son zation chamber os

* lect!on of particulate samples quanertv property cabbrate t ponabter

survev mstrument

surface soit 40 300 m mtervals to a distance of Grab. once pnor One time All samples for Ra 226_10% of
1500 m m each of eight direct.ons to site construct on samples for natural uren:um,
trom a pomt equid stance from rh 230. and Pb 210
m:ll and ta4ngs pond sites

6 300 m mtervals m both a hortrontal Grab. once followmg One time Att samples for Ra 226 one sample for e
and vertical transverse actoss the se?e preparation natural urasum. Th 230. and &
m lhng area Pb 210

5 At same locat4ons as used for col Grab. once prm to One time Natura: uranium Ra 226. Th 230.
?ectice of a+r particulate sampies site construct *on and Pb 210

Subsur* ace so.1 prof te 5 750 m mtervais m each of four Grab. once prior to One time Att samples for Rs 22G one set cf
direct:ons from a point eque s.te construction samples for natural uran.um in 230.
distance from the mill and ta'Imgs and Pi>210
pond s.tes

1 At center of m.!t buil&ng area Grab. once follow:ng One time Natural uramum. Ra 226. Th 230
sae preparation and Pt,210

Sediment 2 Upstream and downstream of waters Grab once folfoeng Two t"nes Naturai uramum. Ra 226. T b 230
Urom each streaml that may receive surface water run sprmg runoff and and Pb-210

off from potentially contamirtated once in late summer
areas or that could be affected by followmg period of
ta.1,ngs impoundment fa,Iure en tended low flow

Radon 222 flum 10 At center of rn !I s,te and at 750 and Two- to three day Each sample Rn-222 frux
1500 m m each of four directions penod. one sample
from the s;te durmg each of three

months (normal
weather)

Source "Brera.h Pos: tion for Preoperational Rad:ological Environmental Monitormg Program for Uramum M.!!s ** U S Nuclear Regulatory Commiss on. Memorandum fmm L C. Rouse. Ch ef.

of Fuel Processmg and Fabocation Branch. Jan. 9,1978.
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7. UNAVOIDABLE ENVIRONMENTAL IMPACTS

7.1 AIR QUALITY

An unavoidable impact of construction and operation of the mill facility would be a slight 1,

increase in particulate matter and ambler.t concentrations of gaseous emissions. Because the
concentration of these pollutants would be below the Federal and State air quality standards,
the staf f feels that they will not significantly contribute 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 which
would result f rom increased traf fic on the highwaya.

7.2.1.2 Ag ricul tural
,

,

i

Construction and operation of the mill would result in an unavoidable loss of nearly 360 ha '

(900 acres) of potential grazing land. Followir.g project termination, about 50% of this total
area would be occupied by the tailings disposal system and would be unavailable for grazing
until it had been released from its status as a restricted area. The remaining land would
be reclaimed to permit unrestricted use.

1

|

7.2.2 Historical and archaeological resour_ces

The nature of the archaeological resources on the site is such that their value is expected to
lie primarily in the information they contain, not in their existing location. Therefore,
if the prograin of mitigation outlined in Section 4.2.2 is followed (avoidance of sites when
20ssible, full excavation of those which cannot be avoided, and protection of potential or
currently unidentified sites), adverse impacts should be minimized.

7.3 WATER

; 7.3.1 Surface water i

|

Erosien of disturbed soils during construction and operation would minimally impact the local
streams and only during heavy, ercsior-producing rainfall. No adverse impacts on surface
water caused by groundwater transport of tallings materials are expected. Overall, no adverse
impacts to surface waters are expected.

7.3.2 Groundwater

Operation of the proposed mill would result in the use of about 5.9 x 105ml (480 acre-ft) of
water (drawn from the Navajo aquifer) per year. The usage of water by the applicant should have
no adverse ef fect on other users. Preoperational and operational monitoring of the groundwater
is required (Sect. 6.3.2), and mitigating measures will be taken if unexpected groundwater
contamination is observed.

7-1
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7.4 SOILS

Construction and operation of the mill fr.cility would disturb about 360 ha (885 acres). Topsoil
will be removed from the construction areas and stockpiled for replacement upon termination of
operations. However, a temporary decrease in natural soll 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 Peclamation laws require successful establishment of a
soil medium that would be capable of ostaining vegetation without irrigation or continuing soil
amendments (Sect, 3,3,2). Long-term impacts to the soil are not expected to be significant.

;

7.5 BIOTA

| 7,5,1 Terrestrial

The proposed project would result in a temporary unavoidable loss cf about 360 ha (885 acres)
of vegetation and a concomitant loss of wildlife (Sect, 4.6.1). Al though some vegetation and
wildlife loss would be unavoidable, such loss should not result in any long-term adverse
impacts,

7.5.2 Aqua t ic

i The impact on limited available aquatic habitat due to mill construction or operation is
| projected as insignificant (Sect. 4.6.2 and 7.3.1). No adverse impacts on aquatic biota are

expected.,

! A
i

i 7.6 RADIOLOGICAL >

!
i Radioactive emissions from transportation, storage, and milling of the ore would increase the
i level of radioactivity in the surface environment.

!
I

7.7 SOCI0 ECONOMIC

The infusion of people into the local area would strain certain public services and the housing
market, unless these areas are expanded rapidly. Both old and new residents would be affected.

The present consumer prices for goods and services in the area of the site would 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 in the area of the White Mesa Uranium Project but that these
effects cannot be avoided,

l . - __ ._- _ . , . _ _ _ . . _ . _-_..__a
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8. RELATIONSHIP.BETWEEN SHORT-TERM USES OF THE ENVIRONMENT.

AND LONG-TERM PRODUCTIVITYi

!

|
!

|
8.1 THE ENV 1RONMENT

f 8.1.1 Air quality,
;
j The short-term increases in suspended particulates during plant construction and the increasn

]
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,

4

d 8.1.2 Land use
a

The land on which the mill is located could be returned to its present state and capacity by
i reclamation activities. The tailings area, however, under present regulations may be unavail-

able for further productive use.i

.

While uranium milling is a short-term activity, a mill tailings disposal site will constitute a
permanent disturbance uf the land surf ace, rendering it unsuitable for future archaeological
investigation. Therefore, any such investigation must be conducted prior to the initial surface

;
d i s tu rbance.

8.1.3 Water
1
i Because water for milling operations will be drawn from a deep and lightly used aquifer, no
i changes in the water-use patterns of the area will occur as a result of mill operation.

8,1.4 Mineral resources

! No mineral resources are known to exist on the site. Feworking of tailings for extraction of
4 other minerals could occur if economics warrant.

|
8.1.5 Soils

} The applicant's reclamation program is designed to return the soils to a condition of
' productivity that is consistent with their present and historic usage - that is, the

production of forage and habitat for livestock and wildlife. The program will begin as soon.

as practicable and will continue throughout the life of the project. As a result, about,

] half the disturbed soils should be back in production by the time mill operation ceases.
'

j 8.l.6 Biota
|

j 8.1.6.1 Vegetation
1
~ Revegetation of disturbed areas will begin as soon as practicable and will continue throughout ,~

| the life of the project. A satisfactory vegetative cover 15 expected to be established in two
! or three years. About half the disturbed area will be revegetated by the time mill operations

cease, and the remainder will be revegetated shortly thereaf ter.j

8.1.6.2 Wildlife

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.
Af ter reclamation, the more adaptable individuals and species will repopulate the area as
favorable stages in the vegetative succession are reached,

j 8.1.7 Radiolog ica l
i
' The tallings will be impounded in lined pits. Such enclosures would be overlain with cover
! material to meet radon release standards, and then reclaimed. The reclaimed tailings area

will constitute a source of radon emission of about twice the natural background flux.
.

8-1
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I 8.2 SOCIETY

No significant long-term impacts on the socioeconomic character of local comnunities can
presently be attributed to the project with certainty. The nature of such impacts will depend
on the prevailing connunity 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 acconinodate project-related personnel will F 'p to acconinodate needs of the
expanding economy,

2. If, at project termination, the economic activity a- , opulations of communities are,

declining and surpluses of facilities and housing exist, some of the resources initially
invested to accommodate needs of the White Mesa mill employees will not have been
amortized. This situation could be aggravated if bonds used to fin.ince public facilities
directly attributable to this development have not been amortized during tne operating
(or cther taxpaying) life of the project.*

A loss of long-term productivity may result from disturbance of archaeological sites, he, aver,
the mitigating actions that would be taken should result in preservation of archaeological

, materials that might otherwise have been destroyed. This is consistent with the opinion of the
l

| Utah State Historic Preservation Officer who has advised as follows :
!
; The work to identify significant sites and sites that will be adversely effected
| is nearly complete and while certain sites within the property may be significant
( under the federal criteria, as more fully explained in the State Archaeologist's
i report, you should be aware that the significance of these sites lies not with

'
! their becoming public attractions or monuments, but rather with the information
i they have yielded about certain prehistoric cultures. Sites of this nature are

| plentiful throughout the southeastern part of Utah, but have not been tested,
i It is only the opportunity presented by the desire of Energy Fuels to build a
j uranium mill in this area that permitted us to devote the time and energy
j to a thorough study of such sites, in essence, Energy Fuels project will permit
i the recovery of archaeological data that without the project probably never
j would have been recovered.
.

:

1

|~

|

1

REFERENCES FOR SECTION 8
'

l. Utah State Historic Preservation Of ficer, letter to NRC, dated December 5,1978.

o



-- . . . - . . .- . . . . . - . . . - .

9. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

9.1 LAND AND MINERAL

9.1.1 Land

The land occupied by the reclaimed tailings cells nay not be available for further productive
use. This would be considered an irreversible comkitment of rr_ sources.

Work to reclaim archaeological sites may result in an incomplete recovery of archaeological data
or resources, or in an inadvertent destruction of a portion of those resources.

9.1.2 Mineral

No major irreversible or irretrievable commitments of mineral resources are anticipated other
than (1) the uranium and vanadium that will be recovered; (2) the 23,000 MT (25,000 tons) of
coal that will be burned each year; and (3) the yearly consumption of 6.6 MT (7.3 tons) of
kerosene and 95 m3 (25,000 gal) of fuel oil in processing operations.

9.2 WATER AND AIR
F

9.2.1 Water

Ground and surface waters are not expected to be impacted by the proposed project. Because of
the large volume of groundwater available, use of that water during mill operations is not
considered an irreversible or irretrievable connitment of resources.

9.2.2 A_i r

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 re* ult of an increase in
total, suspended particulate matter. However, because the atmosphere is self-cleaning of
the pollutants at the anticipated low concentrations, no irreversible or irretrievable
conwitments of air resources are expected.

9.3 BIOTA

9.3.1 Terrestrial
i

|
Although a total of about 360 ha (885 acres) of soils and associated vegetation will be l

temporarily disturbed or lost for the life of the project, the land and wildlife habitat can
be restored in time to acceptable levels as a result of approved reclamation efforts
(Sec'. 3.3.2). Current regulations, however, require the tailings disposal area (about 180 ha
(450 acres)) to remain fenced until it is released from its status as a restricted area.
Wildlife will undoubtedly use this area af ter it is fully reclaimed. This restriction is not
considered an irreversible commitment of resources.

9.3.2 Aquatic

The staff does not expect any irreversible or irretrievable commitments of aquatic biota or
habitat fran project operation,

9-1
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| 9.4 MATERIAL RESOURCES
a

! Major irretrievable and irreversible commitments of material resources * incurred per year of
3 MT (5.3 x 103 tons)

,! White Mesa mill operatioit are 6.04 MT (6.66 tons) of sulfuric acid; 4.8 x 10
' of manganese dioxide, 2.47 x 103 MT (2.72 x 103 tons) of scdlum chlorate; 1.92 x 103 MT

(2.12 x 101 tons) of soda ash; 4.39 x 107 MT (4.84 x 10 tons) of ammonium sulfate;2
.

2 MT (1.0 x 102 tons) of
(

2.93 x 102 MT (3.23 x 102 tons) of anhydrous ammonia; and 0.91 x 10
flocculent. In addition small amounts of Isadecanol, Amine, and various laboratory chemicals

;
- will be consumed.
I

-These raterials are not in short supply and are common to many industrial processes.
t
,

:

|

l
!

!

!

!
|
1

}

!
:

i

.

4

!
a

:

a
Assuming 25% of the ore is processed for vanadium.

1

4
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10. AlfERNATIVES

10.1 ALTERNATIVE SITES |

The following factors were among those considered in selecting and evaluating mill and
tailings disposal sites:

1. availability of suitable land; accessibility, but with limited public exposure
(population doses);

2. proximity to producing mines and known nre bodies for reducing haulage costs and ;

decreasing the impacts associated with ore transport-
!

3. geotechnical, meteorological, and hydrological factors: (1) direction and intensity
of prevailing winds (2) presence of mineral resources, (3) subsurface structural
stability, (4) availability of natural tailings impoundment liner materials (5) ade-
quate quantity and quality of materials available for reclaiming the tailings dis-
posal area and other disturbed surface areas, and (6) suitable drainage and flood
characteristics;

|

4. topographical factors such as (1) surf ace suitability for construction of facilities
with minimum alteration of terrain, and (2) minimal drainage area above the tailings
impoundment;

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

I

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

7. availability of industrially important services such as transportation, power, and
communications.

The staff has determined that the most important factors to be considered during the site
selection process are those which ensure an acceptable tailings management program. The NRC
tailings management performance objectives for siting and design are listed in Section 10.3.1.

10.1.1 Alternative Mill and Tailings Disposal Sites

The applicant's Hanksville and Blanding ore-buying stations were located to collect uranium
ore from small producing mines in southeast Utah. The majority of the ore for the mill will
nat be coming from company-owned mines located in close proximity in a specific geographical
area t,ut will be collected thru ore-buying from widely scattered mining operations in the Four,

Corr,crs region. There are, theoretically, a multitude of potential sites in the Blanding -
Hanksville region.

As was the case with the existing ore-buying stations, alternate sites for the mill would be
optimally located with respect to the ore to be processed to minimize hauling distances, i.e.,

transportation impacts.

in addition to the alternative sites discussed below, the following alternatives were evaluated:

1. The alternative of storing the mill wastes in the mines from which the ore was extracted.
This alternative is not feasible for a central milling operation that will be processing
ore from approximately 100 small, widely distributed mines with diverse ownerships.
Adequate control of the transportation, handling, and storage of the tailings would be
difficult, and accessing and monitoring the effects of the tailings on the scattered,
site-specific environments would be both dif ficult and expensive.

2. The alternative of milling the ore purchased at the buying stations at existing uranium
mills (see Section 10.4 for discussion).

The applicant evaluated two basic siting options: (1) locating the mill and tailings impound-
ment in the Hanksville area, and (2) siting the processing and waste disposal facilities in
the vicinity of Blanding.

--- _ _ -- - - . .- - - - . . _ _ -
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3 The option of locating the mill and tailings disaosal facilities in the Hanksville area was |
J considered unacceptable by the staf f for the following reascns: '

u

! 1. Socioeconomic limitations (Section 2.4.2). These limitations include (1) limited capac.
j ity of Hanksville to absorb growth (excess housing is nonexistent); and (2) limited
. availability of oower, communications, and transportation (air and rail) services.
| Hanksville (population 160) could not supoort the population increase that would be
i necessary to implement this project. The population change would be similar to that
i projected for Blanding (Section 4.8.1); however, the impacts would be significantly

greater,

j 2. Increased ore haulage distances. Approximately 75% of the known uranium ore deposits
j available for processing are located near Blanding (ER. p. 10-2).
4

| Based on a consideration of socioeconomic and transportation impacts, the staf f has concluded
! that other potential alternative sites in the soJtheastern Utah region would be no better than

those located in the vicinity of Blanding, Utah. Four alternative mill and waste disposal.

; sites in the Blanding area were evaluated by the aoplicant (Fig. 10. l ): (1) Zekes Hole
{ (Area !), (2) Mesa (Area II), (3) Calvin Black property (Area !!!), and (A) White Mesa
j (Area IV). Zekes Hole is publicly-owned land located approximately 8 km (5 miles) southwest of
j Blanding, adjacent to and on the south side of State Highway 95. The Mesa site alternative is
|

located approximately 6.4 km (4 miles) southwest of Blanding, adjacent to and on the south
; side of State Highway 95 and consists of two sections of public land. The Calvin Black property
i encompasses approximately 290 ha (720 acres) of privately owned land and is located approxi-

mately 3.2 km (2 miles) south of Blanding along the north side of State Highway 95. The Whitei

! Mesa site is composed of 600 ha (1480 acres) of privately owned land and is located approxi-
! mately 10 km (6 miles) south of Blanding on the west side of Highway 163 and is crossed by the o

Black Mesa Road and an existing power line. (The site is owned by Energy Fuels Nuclear).

| These sites were evaluated primarily with respect to the availability of suitable land, hydro-
t logical and topographical considerations, and accessibility of services:
i

1. Availability of Suitable Land. A drawback for the Calvin Black property is that it is
3.2 km (2 miles) from Blanding and there are private residences within a 0.4-km (0.25-mile)'

radius of the site. The White Mesa site, 10 km (6 miles) south of Blanding, on the other'

i hand, is bounded on east, west, and south sides by publicly-owned land and the nearest
potential residence is 1.6 km (1 mile) north (the nearest current resident is aDoroxi.
mately 3 miles north),

2. Hydrological and Topographical Considerations. Cottonwood Wash drains through the middle
2 (1931 of the Zekes Hole site and the drainage at this location is greater than 500 km

square miles). The Calvin Black property lies directly in the Westwater Creek drainage.
The Mesa and White Mesa sites are both located on gently sloping lands and are not crossed
by major drainages.

3. Accessibility of Services. There is limited accessibility to commercial power at the
Zekes Hole and Mesa sites; power is available at the Calvin Black property and White Mesa
sites. The applicant claims that the w.ter supplies at the Mesa site and at the Calvin
Black property might be inadequate to support the proposed mill. Access to roads is not
a problem at any of these sites.

Based on a comparison of the four areas with respect to the characteristics listed above the
staff concluded that the mill site area chosen by the applicant (White Mesa) was as
environmentally suitable (or was better) than any of the other three. |
10.1,2 Alternative Tailings Disposal Sites in the White Mesa Area

The applicant evaluated four potential sites for mill tailings disposal in the White Mesa area
(see Fig. 10.2). At two of the sites (East and West), the tailings would be stored in
canyons; and dams of considerable height would be required as part of the impoundments. At i

the North and South sites, tailings impoundments would cover larger surface areas and would be
shallow, requiring the construction of dikes of low height.

The West site is located in Westwater Creek Canyon. The terrain in the area is steep, and a
15 year impoundment would require a dam approximately 70.1 m (230 ft) high. A single cell,
above grade impoundment, sized to hold 15 years of tailings, would cover a small area
[approximately 28 ha (68 acres)], and the drainage area would be about 340 ha (850 acres).
The applicant rejected this tallings disposal site alternative for the following reasons (ER,
Appendix H, p. 5):

_ - _ _ _ _ _ _ _
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1. Because the dam would have to be quite high to provide the required storage capacity and
the toe of the dam would be in 'the flood plain of Westwater Creek, the long-term stabil-
ity of the impoundment would be questionable.

2. Prevention of excessive seepage into the nearby vertical sandstone canyon walls would be
difficult.

The East site is located in Corral Creek Canyon. A conventional, above grade tailings impound-
ment, designed to hold 15 years of mill tailings, wauld cover approximately 49 ha (120 acres),
would require a dam approximately 36.6 m (120 ft) high, and would have a drainage area of
about 1400 ha (3400 acres). This tailings disposal site alternative was rejected by the
applicant for the following reasons (ER, Appendix H, p. 6):

1. Al though the reservoir surface area would be small, which is beneficial for reclamation
purposes, the drainage area is large; and water erosion over the long term is potentially
severe.

2. Prevention of excessive seepage into the steep, mostly sandstone canyon walls would be
difficult.

The South site, which was picked by the applicant as the optimum site, is downgradient from
the proposed mill site. The area is gently sloping, disturbed rangeland containing a slight
swale in the general area where the tailings impoundment would be placed. The applicant initially
proposed a single-cell, above-grade,15-year impoundment would cover approximately 100 ha (250
acres), would require a dam approximately 19.8 m (65 f t) high, and would have a drainage area of
about 240 ha (590 acres). The proposed impoundment at the South site, which is part of the
tailings management s stem proposed by the applicant is discussed in detail in Sects. 3 and
10.3.2 (Alternative 1 .
The North site is located on gently sloping land upgradient from the proposed mill site. If a
conventional, above grade, dam / pond disposal facility, sized to hold 15 years of mill wastes,
were to be constructed in the area, the applicant estimates that the impoundment would cover
87 ha (215 acres), would require a dam approximately 24.4 m (80 ft) high, and would have a
drainage area of approximately 170 ha (420 acres). With the exception that the tailings would
h to be pumped uphill for a slightly greater distance, there are no significant differences
between this site and the South site.

Assuming that the mill would be located at White Mesa and utilizing the following criteria to
screen feasible site alternatives from a multitude of potential sites in the Blanding area,
the staff located and evaluated three additional alternative tailings disposal sites:

1. To minimize long-term wind and water erosion problems, the areas chosen for further study
contained naturally excavated basins which 1) are almost completely enclosed by substan-
tial rock barriers (such as cliffs) and would require a dam with a small length, and 2)
which would have minimal drainage areas above the tailings impoundment.

2. Only basins that could be impounded to contain at least 15 years of mill tailings and
which could be readily accessed by road or by slurry pipeline were considered.

The three additional alternative tailings disposal sites evaluated by the staf f were 1) Recap-
ture Creek, 2) Brown Canyon, and 3) Alkali Canyon. The Recapture Creek site is located in
Section 26, T375, R22E, east of the Corral Canyon tailings disposal site (" East tite") investi-
gated by the applicant, and east of the White Mesa site bcundary. The Brown Canycn site is
located northeast of the White Mesa mill site in sections 13, 14, and 23, T375, R22E (the
majority of the tailings impoundment would be in section 14). The Alkali Canyon site is
located east-northeast of the White Mesa mill site in sections 10, 11, 14 and 15, R23E, T375.

A tailings impoundment at the Recapture Creek site would cover approximately 37 ha (90 acres)
and would require a dam approximately 48.8m (160 ft) high. At the Brown Canyon site an impound-
ment would cover approximately 84 ha (205 acres) and would require a dam approximately 30.5m
(100 ft) high. A tailings retention area at the Alkali Canyon site would cover approximately
66 ha (161 acres); the dam required would be about 54.9m (180 ft) high. All sites are acces-
sible by road; the haulage distances would be approximately 5.3 km (3.3 mi) to Recapture
Creek, 8.5 km (5.3 mi) to Brown Canyon, and 19.5 km (12.2 mi) to Alkali Canyon.

-. .- - --
- - -
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The tailings retention arcas at these sites would be smaller than the proposed impoundment at
White Mesa,and the local topographies of fer excellent protection from wind and water erosion.
However, the dam heights would be greater, and the canyon walls are steep and consist of highly
permeable and fractured sandstone; the prevention of seepage from the tailings retention areas
would be dif ficul t,and the long-term stability of the dams would be questionable. The s ta f f
concluded that no appreciable additional environmental benefits could be gained by storing
the tailings at these sites.

10.1.3 Evaluation of Alternative Mill and Taillags Disposal Sites

The staff 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 site proposed by the
applicant (White Mesa); i.e. , the site proposed for the projected f acilities is Letter, from a
environmental standpoint, or at least as suitable as other potential locations. It must be
emphasized that this conclusion is only possiole because a similar conclusion can be made
concerning the acceptability of the proposed tailings management system (Section 10.3.2,
Alternative 1), which enhances the environmantal suitability of th chosen site.

10.2 ALTERNATIVE MILL PROCESSES

10.2.1 Conventional Uranium Milling Processes

The milling processes proposed by the applicant are conventional and conform with those
commonly used by the domestic uranium milling industry. In general, yellow cake is produced
by the milling of uranium ore via the following oro:edure: (l) ore preparation (involving
primarily the crushing and grinding of the ore), (2) leaching, (3) separation of pregnant
leach liquids from waste solids (tailings), (4) con:entration and purification of the uranium
by extraction from the pregnant solution, (5) precioitation of the uranium from the leach
solution, and (6) drying and packaging. The specific manner in which each of these steps,
singly or in combination, is accomplished varies from mill to mill, depending on differing ore
characteristics. Normally, process decisions are based on overall economic considerations,
including costs cf controlling chemical and radiological ef fluents to air, water, and laad.

Crushing and grinding of are 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.1 Conventional crushing equipment
usually reduces the size of the ore particles to approximately minus 1.9 cm (3/4 in.). Control
of the moisture level in the feed ore is crucial in the crushing process and generally should
be less than 10% to prevent crusher malfunctions. In most mills the crushed are 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 approx-
imately 200 mesh for alkaline leaching.1 At the White Mesa mill the ore [which has already
been crushed to less than 3.8 cm (1.5-in.) size at the are buying stations) will be fed by a
front-end loader through a primary grizzly to a secondary grizzly and then fed by conveyor
belt to a semiautogenous wet grinding mill. The mill will operate in closed circuit with
screens, with the minus 28 mesh output (underflow from the screens) being pumped to three
mechanically agitated, wet-slurry storage tanks

The leaching method chosen for removal of the uranium from the ground ore is heavily dependent
on the chemical properties of the ore. Ores containing low levels of basic materials (primar-
ily 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 I
uneconomical quantities of acid would be required, significantly increasing processing costs. |
Some processes add acid in " stages" to minimize excessive initial frothing and to monitor acid
content (pH control). The applicant evaluated the affectiveness of acid and alkaline leaching
processes on ores purchased by the ore buying stations (ER, p.10-6). Although some of the
ore could be successfully treated by alkaline leaching, acid leaching usually resulted in |

higher recovery rates; therefore, a conventional sulfuric acid leach process was chosen by the
applicant. The leaching circuit at the White Mesa mill will be designed for the extraction of |
vanadium as well as uranium. The ore will be leached in two stages utilizing sulfuric acid, |manganese dioxide (depending on availability and delivery, an equivalent oxidant such as ;

sodium chlorate might be used), and steam. The overall uranium recovery rate is expected to
be about 95L

The separation of the pregnant leach solution from waste solids is usually accomplished by
thickening or by filtration. The majority of the acid leaching mills in the United States use
counter-current decantation in thickeners for liquid-solid separation.2 The applicant has
also chosen to achieve liquid-solid separatica by counter-current decantation washing and
thickening methods. (The belt filtration alternative is described in Sect. 10.2.2.) Either
conventional, multistage, counter-current thickeners or Enviro-Clear type thickeners will be
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employed. To reduce freshwater requirements, barren raffinate will be added to the final
thickner for washing the leached residue. Polymeric flocculants will be used to increase
separation ef ficiency, and the waste solids (underflow slurry f rom the last thickener
containing 50% water) will be pumped to the tailings impoundment area.

Concentration and purification of the uranium from the pregnant leach solution is necessary
for the production of a high graJe uranium product. Uranium extraction is usually performed
by either solvent extraction or by ion exchange processes. The applicant has decided to
utilize a solvent extraction method where the decanted, aqueous uranium-bearing leach solution
will be contacted with an organic solution consisting of an amine-type compound dissolved in a
kerosene diluent. The dissolved uranyl ions are more soluole in (and transfer into) the
organic solution. Resin-based processes, such as resin-in pulp and resin ion exchange in
clarified solution, were evaluated by the applicant and rejected for economic reasons, pri-
marily because of relatively higher operating costs. The solvent extraction process will De
carried out in a series of mixer and settling vessels, with the organic and aqueous solutions
being mN hanically agitated and separated into organic and aqueous phases in the settling
tanks. 'his separation operation would be performed in four stages using a counter-flow
principle where the organic flow is introduced to the preceding stage and the aqueous flow
feeds the following stage. The depleted aqueous phase (raffinate) sill be recycled to the
counter-current decantation stage or processed for the recovtry of vanadium (Sect. 3.2). The

uranium-loaded extract (organic solution) will be washed and stripped of uranium by contact
with an acidified sodium chloride solution; the resulting barren organic solution will be
returned to 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
neutralizationwithabasesuchasammonia, lime, magnesia,orhydrogenperoxide.2 The precip-
i tate is then dewatered, dried, and packaged. At the White Mesa mill, the uranium-rich
solution from the stripping operation will be treated with ammonia to neutralize the solution,
precipitating ammonium diuranate, or yellow cake. The precipitate will then be thickened,
dewatered by centrifuge, dried in a multiple-hearth, oil-fired dryer (calciner), crushed to
minus 0.6-cm (0.25-in.) size in a hammer mill, and then packaged in 55 gal drums for shipment.
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 wet scrubbing) airborne
U0 particles. As an alternative to the drying, crushing, and packaging operations, yellow3 3
cake slurry can now be shipped directly to a UFc conversion facility. The applicant investi-
gated this alternative processing option but rejacted it because of uncertainties concerning
the long range availability of sufficient capacity at this type of conversion facility.

|

|

10.2.2 Uranium Milling Processes which Produce low-moisture Tailings |

There are several alternative uranium milling processes currently in use in other countries
which utilize leach cycles similar to the conventional procedures described in Sect. 10.2.1.
These milling methods produce low-moisture tailings, which might be amenable to direct burial
in unlined disposal 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 and 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 50% water by
weight; the ratc of discharge will be aoproximately 1800 MT (2000 tons) of tailings and
1800 MT (2000 tons) of water per day. If the Pechiney milling technique, which uses a belt
filter, were to be implemented, the " cake" would be counter-currently washed in two stages,
with the barren tailings being dewatered to a moisture content of approximately 22L The
tailings can be neutralized before or on the belt filter. The tailings would then be
belt-conveyor or truck transported to the tailings 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 possibility of using this type of belt filtration process is dependent on
consistent physical characteristics in the ore processed, as this is the basis for the design
of the filter. The ore to be processed at the White Mesa mill will have a wide range of
physical and chemical characteristics.

The applicant evaluated the ef fectiveness of utilizing a belt filter or disk filter system to
reduce the moisture content of the mill tailings. The filtration circuit evaluated, however,
would not replace the proposed " thickener" liquid-solid separation process but would accept
the tallings from the thickener circuit and segregate the slimes and sands for separate dispos-
al. This alternative tailings disposal method is discussed in greater detail in Sect. 10.3.2
(Alternative 3),

_ . - - _ _ - _ - _ _ _ _ - - - _ - _ - - - - - -
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10.2.3 Evaluation of Proposed Milling Process

fhe milling methods proposed by the applicant are conventional, state-of-the-art techniques
utilized in the domestic uranium milling irdustry and are as environmentally sound as other
commonly used processing combinations. Further unforeseen developments, such as increased
processing costs due to changes in the characteristics of the ore or changes in the relative
costs of reagents, may result in the applicant proposing changes in the mill circuit. When
such changes are suggested, the environmental irrpacts associated with their implementation
will be assessed.

10.3 ALTERNATIVE METHODS FOR TAILINGS MANAGEMENT

10.3.1 In t roduc tion

for the purposes of this section, tailings management is defined as the disposition of the
tailings and waste leach solutions following removal of the uranium values. Engineering
techniques to control pollutants from tailings storage, both during operational and post-
operational stages of a milling project, have been proposed. The unique characteristics of
each f acility must be identified, and then a)propriate environmental controls must be applied.
The staff has examined alternatives considered by the applicant,3~6 as well as alternatives
considered for other mills in preparing this section.M Alternatives presently available or
feasible (i.e., potentially available with existing technology within legal constraints 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 viable
with existing technology is presented in Sect. 10.3.4

Each alternative tailings management plan has been ' evaluated against the following set of
performance objectives developed by the staff:

Siting and design

1. Locate the tailings isolation area remote from people so that population exposures will
be reduced to the maximum extent reascnably achievable.

! 2. Locate the tailings isolation area so that disruption and dispersion by natural forces is
j 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. I

Post reclamation
,
.

| S. Reduce direct gamma radiation from the impoundment area to essentially background.
'

6. Reduce the radon emanation rate from the impoundment area to about twice the emanation
rate in the surrounding environs.

7. Eliminate the need for an ongoing monitoring and maintenance program following successful
reclamation.

8. Provide surety arrangements to ensure that suf ficient funds are available to complete the
full reclamation plan,

i

!
,

!

1

- . . - - - . - - . - - - - - _ - _ _ . _ _ _
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10.3.2 Feasible alternatives for tailings management

Alternative 1: Partially below-grade tailings disposal in impoundments built, filled, and
riflaTihed_in stages _

This alternative involves the construction of a partially below-grade, six-cell impoundment
system in a swale (shallow natural basin) imediately to the west and south of the proposed
mill site. As proposed bj the appitcant, the total tailings disposal area would be sized to

i

contain 1800 metric tons (MT; 2000 tons) per day of tailings produced during 15 years of mill |
opera tion (see Fig. 3.4). The proposed tailings system involves simultaneous construction, i

operation, and reclamation of individual cells. As one cell is being used for tailing '

disposal, the previously used cell will be drying and next cell downgtadient will serve as an
emergency ca tchment basin (Sect. 3.2.4,7). An individual cell would be sized to hold approxi-
mately 2,5-years production of tailings and would cover approximately 28 ha (70 acres) of
surf ace area. Cells would be constructed by excavating the bottom of the impoundment and by
building successive embankments across the open (southern) end of the swale to contain the tail-
ings. Except for cell 1, which should have a sufficiently large surface area to make the cutting
of bedrock unnecessary, the excavation of a limited amount of bedrock material (0.3 to 0.9 m
(1 to f t) desp), in addition to overburden soil, would be necessary. Because a high degree of
weathering is anticipated at these depths, excavation would be accomplished by rf pping; no blast-
ing would be used for excavation of the rock (except for localized lenses of unweathered rock),
The dikes would be homogeneous, compacted, earth-filled embankments constructed from soils
present in the overburden at the tailings disposal site. The embankments would vary in height
from approximately 4.6 m (15 f t) for cell 1 to 8.5 m (28 f t) for cell 6, where the dikes cross
the lowest part of the swale. Each dike would be 6.1 m (20 f t) thick at the crest to allow
for an access road and would have side slopes no steeper than 3:1 (horizontal to vertical)
(Fig. 3.6). Overflow structures 1.5 m (5 ft) deep would be built into the dikes between the
individual cells to maintain a freeboard allowance of at least 1.5 m (5 f t). The downstream
slope of the final, southernnost dike (cell 6) is the only dike that would ultimately have an
exposed face (af ter final reclamation) . therefore, to reduce the potential for excessive -
erosion of this embankment af ter cessation of mill operations, a 6:1 sloped layer of rock fill
would be used in the construction of the downstream segment of this dike (Fig. 3.7). |
Additionally, to minimize water and wind erosion during operations, excavated rock would be
used to protect drainage channels and storm retention ponds and to cover the exterior slopes
on the perimeter of the impoundment. The entire tallings retention system would cover
approximately 180 ha (450 acres) of surface area if the mill were to operate at 1800 MT per
day for 15 years; the total af fected acreage (includes land needed for stockpiling and borrow
areas) would be approximately 338 ha (835 acres).

To prevent seepage of liquid wastes from the impoundment f acilities, the applicant would line
all interior surfaces of each cell with a state-of-the-art synthetic liner such as Hypalon
reinforced with a nylon scrim (the final liner and liner system specifications will be reviewed
by the staff prior to approval for use). To prevent puncturing of the synthetic liner, a

' smooth (projection free) subliner of locally obtained clayey-silt soil would be placed over
the excavated rock surfaces of each cell floor. The entire synthetic liner surface (including
the liner on the upstream portion of the dikes) would be qverlain with 30.5 cm (12 in) of
clayey-silt soll to minimize liner deterioration caused by winds, sunlight, and the tailings
materials and also for protection from operating equipment, Since: 1) the cell floors would be
flat (27, slopes, or less), 2) the cells would be shallow impoundments, and 3) dense, relatively
incompressible materials (Mancos Shale and Dakota Sandstone) would underly the liner, dif fer-
ential settlement should not be of suf ficient severity to compromise the liner integrity.

The expected net evaporation rate at the site is 1.56 m (5.13 f t) per year, and the total
liquid transported with the tailings would be 5.84 x 105 ma (474 acre-ft) per year. On the
slightly sloping impoundment surfaces, the staf f expects the tailings to drain and settle to a
void fraction approachinn 34, which would contain pore water at 50% of saturation. This

,

quantity would be effect k ly bound by capillary forces at 0.17 m 3 3 '(0.17 ft ) of water for
each cubic meter (foot) of settled tailings or about 7.0 x 104 ma (57 acre-ft) per year. With
no seepage, equilibrium between input and evaporation would be achieved with about 33 ha
(81 acres) of ponded liquid. Because the surface areas of some of the proposed cells would be
less than 33 ha, the staff has concluded that corrective measures, such as pumping tailings
solutions from one cell to another to increase the liquid surface area, may have to be insti-
tuted to satisfy water balance requirements.

_ _ _ . _ - - _ _ _ . _ _ _ _ _ . . -. . - . _ -
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During operations, retention ponds and interceptor ditches would be constructed to divert I
1surface drainage away from the impoundment area. These retention ponds would be placed north

of the mill site, with the discharges from these ponds being directed eastward, away from the I

tailings cells. Interceptor ditches, sized to pass the probable maximum flood, would be J
constructed north, east, and west of the tailings retention area. Riprap, consisting of
excavated rock, would be placed in the ditches to aid in preventing erosion. Over the long term,
the intarceptor ditches and the retention ponds would fill with silt and become revegetated.
The small drainage area upgradient from the reclaimed tallings impoundment (upgradient drailage
area is 0.065 sq. km. (0.025 sq. mi .)) obviates concerns over dispersion of the cover from
flooding.

Reclamation would be implementec sequentially for the six tailings cells as each cell is
inactivated and as soon as an individual cell has dried suf ficiently to allow the movement of
equipment over the pile. To reduce radon gas emanation and gamma radiation from the tailings
to acceptable levels, the applicant proposes to cover the tailings with a 0.6-m (2-f t) layer
of compacted Mancos shale obtained from offsite deposits, 3.0 m (10 ft) of onsite clayey-silt
material, and 23 cm (9 in.) of topsoil.* 1he compacted shale would be designed and construc-
ted to prevent damage by differential settlement. To revegetate the tailings area, the appli-
cant has proposed to seed the tailings cover with a mixture of grasses, forbs, and shrubs.

Because the cap would be almost 4 m (13 ft) thick, the staff has concluded that root penetra-
tion into the tailings is not likely, reducing the possiblity of adverse impacts associated
with the upward migration of radionuclides and toxic elements through plant root systems.
Although the disposal area would be located in a relatively arid region, the proposed cover
is not expected to develop significant shrinkage cracks because the clay content of the soils
to be util f zed is low (except fnr the imported, remolded Mancos Shale),

The reduction of the gamma radiation that results from capping a tailings pile is dependent on
the cegree of compaction and mass stopping power of the cover fnaterial. As shown in
Appendix G, the 3 m (10 f t) of clayey-silt liner alone, excluding the shale cover, was calcu-

4lated t'y the ;taff to reduce the gcmma radiation from the tailings to approximately 1 x 10
millf roentgens per year, thus meeting the performance ob jective for reduction of gamma
radiation.

The ladon flux at the surface of uncovered tailings was calculated by the staff to be approx 1-
mately 439 pCi/m +sec. The covering scheme proposed by the applicant [0.6 m (2 f t) of Mancos2

Shale, overlain with 3 m (10 ft) of clayey-sitt material and 23 m (9 in.) of topsoil] was esti-
mated by the staff to reduce the radon emanation rate from the Yetlaimed tallings area to approti-
mately 1.16 pC1/m2 sec and meets the intent. of the nerformance objective for reduction of radon
exhal a t ion , (See Appendix F for calculations and assumptions utilized to derive the above figures.)

Discounting and deflating the expected costs to 1978 dollars (10% discount rate and 8% rate of
of inflation per annum), the total estimated costs for this alternative is approximately
$24.7 mfillon. (The costs for the synthetic liner and the Mancos Shale component of the cover
are estimated at $6.51 and $2.73 million, respectively.)

The major oenefits that could accrue with implementation of this tailings disposal alternative
are the following:

1, The tailings would be stored in a trough beluw the normal surface contours of the area.
Although the tailtngs cover is only partially below grade (at least 5 feet below grade),
the slight grade (<2%) on the cover should provide a high degree of protection from wind
and water erosion. The entire area would be revegetated; and a layer of riprap would be
placed on all exposed slopes around the impoundment, further minimizing potential erosion
problems. Although the downstreen side of the last dike (on cell 6) has an exposed face,
it will have a 6:1 slope and will be constructed of rcck overburden

2. The cellular design allows staged reclaintion, minimizing the quantity of tailings exposed
at any one time. Overburden storage and handling requirements are also reduced, i.e.,

overburden removed during excavation of later cells can be transported directly to cells
being reclaimed.

3. The low dikes and the shallow depth of the cells increases dike stability.

* Energy Fuels Nuclear, letter to NRC, dated October 16, 1978.

_ _ _ _ _ _ _ _ _ _ _ _ ____- ~_~ _. - - . ~ ,
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Alternative 2: Below grade burial in a specially excavated pit

This alternative involves the excavo lon of a basin of sufficient size and depth to store all
of the tailings and tailings cover completely below grade. The impoundment would be lined
with a synthetic liner to minimize seepage from the disposal area. After completion of fill
operations and as the tailings reach suf ficient dryness to allow tne movement of equipment
over the pile, tFe tailings would be covered with compacted Mancos Shale, locally obtained
soil, and topsoil in the same configuration as proposed for Alternative 1 [0.6 m (2 ft) of
Mancos Shale, 3 m (10 ft) of soil, and 23 cm (9 in.) of topsoll]. Therefore, the radon gas
and gamma attenuation estimates would be the same as for Alternative 1.

In the versian of this alternative proposed by the applicant, the tailings would be stored
below grade, but the tailings cever would protrude above grade. However, a true below-grade
disposal system would have to include the cover below grade, which would require modifica-
tions in the applicant's proposed plan. Further excavation downward would significantly increase
costs and would require extensive blastiag to remove unweathered Dakota Sandstone Implement-
ing either version of this alternative Muld be advantageous as no retention embankment would be
requireq; thus the probability of release and dispersion of tailings would be minimized.

The estimated cost of Alternative 2 is $32.6 million (discounted to 1978 dollars). This does
not include the cost of the additional excavation of bedrock that would be required to make the

sys tem "below grade" . The benefits that this alternative might have over Alternative i do not
justify the additional costs.

Alternative 3: Filtered tailings disposal

This alternative features partially below-grade burial of dewatered tailings in unlined basins
or trenches. Dewatering would be accomplished by either horizontal belt-type or disc-type
vacuum fil ters. The filtration circuits would not replace the proposed " thickener" liquid-
solid separation process but would accept the tailings fran the thickener circuit and segre-
gate the liquids and solids for separate disposal (see Fig.10.3). The dewatered tailings
would be transported to the disposal area either by truck or by a portable conveyor system,
The liquid filtrate would be discharged to three 28-ha (70-acre) lined evaporation ponds.
Af ter completion of milling operations, the pords would dry out. Soluble residue and con-
taminated clays and underlying materials would be removed from the pond areas and buried in
the tailings disposal area. The evaporation ponds would be constructed above grade, would vary
from 1.8 m (6 f t) to 2.4 m (8 ft) in depth, and would be lined with a clayey-silt material
available onsite.

The total volume of tailings produced over ,the 15 years of project operation would approach
6.88 x 10+ m3 This volume would cover an area of 160 ha (400 acres), 4.E m (15 ft) deep. To
balance excavation quantity (4.74 x 10o m3) and cover requirements, the applicant proposes to
construct a 160-ha (400-acre) impoundment, 3 m (10 f t) deep. This design would result in a
tailings projecting 1.5 m (5 f t) above grade and the tailings cover completely above grade.
The cover scheme proposed in Alternative I would be utilized (0.6 m (2 f t) of Mancos Shale,
3 m (10 f t) of clayey-silt material, and 23 cm (9 in) of topsoil).

The major disadvantages associated with the implementation of this alternative are as follows:

1. The tailings would be partially above grade, and the long-term stability of the
reclaimed tailings impoundment would be questionable.

2. The absence of an impermeable liner under the evaporation pond increases the possibility
of long-term leaching of toxic elements from the tailings. (The impermeability of
the compacted clayey-silt material has not been proven.)

3. The reliability of the filter system would be questionable due to the wide variety of
ores to be processed by the proposed mill.

The total cost of this alternative is a function of the dewatering system and tailings transport
system chosen. With haulage of dewatered tallings by truck or by conveyor belt and filtration
by horizontal belt or disc filters, the costs range from approximately $24.7 to $25.0 million.
(The cost of Mancos Shale cap would be approximately $2.4 million.)

- . _ - _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . . . .- . - . -
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Alternative 4: Solidification of tailings utilizing cement, asphalt, or other chemical fixants

In this option, mill tailings would be fixed with cement, asphalt, or other chemicals to form
a solid, less leachable product for disposal. The solidified tailings could then be stored in
an impoundment. The disposal area- would be reclaimed by covering the material with layers of
overburden and topsoil and revegetating it to minimize water and wind erosion.

Portland cement could be utilized to fix either the entire tailings sclids or the slimes only.
In either case, the tailings would be neutralized (probaoly 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 required for solidification; strength,
leaching resistance, and cost increase as the ratio of cement to tailings increases (ref,11,
p. 43). The 1:20 cement to tailings mixture could be pumped, if necessary, via a slurry pipe-
line to a disposal site.

Neutralized, dewatered (dried) slimes and waste solutions could be fixed with asphalt, and the
final product would contain approximately 60% slimes solids (ref. 11, p. 42). When first
mixed, the product would be fluid and could be shipped via a pipeline to a disposal site. The
major advantages of solidifj ing tailings in asphalt are (1) leaching resistance is high and )
(2) radon exhalation is reduced bec5use asphalt is an ef fective radon diffusion barrier,

Commercially available chemical fixants could also be used to solidify the tailings. If this ,

waste stabilization method were to be implemented, the chemicals would be blended into the |

tailings slurry and the resultant mixture pumped to a licensed impoundment where solidifica- I

Ition would occur within a few days to a few weeks. The waste material would either be entirely
entrapped or the pollutants (primarily heavy metals) would be chemically bound in insoluble
complexes.4

)

Although theoretically leasible and environmentally desirable, solidification of tailings is
expensive. The applicant investigated the costs of utilizing chemical fixants to solidify the
tailings, finding the costs to range from $7 to $36 per ton of treated tailings.4 If a nominal
cost of $10 per ton of tallings is assumed, chemically fixing the waste material produced by
15 years of mill operation would cost approximately $91.3 million (discounted to 1978 dollars).
The staf f estimates that the costs of asphalt or cement fixation would range from $90 million
to $105 million.

Alternative 5: Conventional above grade tailings disposal using an engineered embankment
to retain the tailings

This alternative consists of creating a tailings impoundment by constructing a dike to enclose
the lower end of the natural basin south of the proposed mill site (Fig.10.4). A full-height )
engineered embankment constructed of borrew material would be used to retain 15 years of mill I

tailings. Because the basin created by the embankment would be filled with tailings by distri-
bution from the top of the dam, construction of the embankment would have to be completed
before the system could be used. The downstream segment of the embankment would be construc-
ted of permeable sand. To minimize seepage, the upstream section would be constructed of
compacted clayey-silt and silty-sand and would be tied into the soil liner on the bottom of
the impoundment. The dam would be approximately 20.7 m (68 ft) high, with a freebc /d allow-
ance of about 1.5 m (5 ft) for wave protection. The tailings reservoir would cover approxi-
mately 103 ha (250 acres). To prevent erosion of the downstream dam slope, 15 cm (6 in) of
gravel, overlain with 30.4 cm (1 f t) of riprap or a 10 cm-thick (4 in-thick) concrete cap
reinforced with wire mesh, would be placed over the downstream segment. The floor of the
impoundment would be lined with 0.6 m (2 f t) of compacted, locally obtained clayey-silt material
to limi t seepage from the impoundment.

After the completion of mill 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
Mancos Shale, cleyey-silt material, and topspil of the same configuration as proposed for
Alternative 1 [0.6 m (2 ft) of compacted Mancos Shale, 3 m (10 ft) of locally obtained soil,
and 23 cm (9 in.) of topsoil] and the area would be revegetated with appropriate plant species.

The total estimated cost for this alternative is $3.6 million (discounted to 1978 dollars) if
riprap is used for slope protection. The cost of the Mancos Shale cap is roughly $1.5 million.

- - - -
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fhe applicant also investig3ted the construction of an engineered embankment in stages, with
each stage being sized to retain the tailings frcm five years of mill cperation. With the
exception that the dam would be exposed to erosion du-ing the operational period (because no
riprap could be adequately placed until the final stage is completed), the impacts of staged
dam construction would be about the same as would occur i f a full-height engineered embankment
were to be used. The cost would be approximately $9.4 million (discounted to 1978 dollars).
This estimate does not include the cost described above for the Manens Shale cap.

Al terna ti ve 6 : Conventional above-grade tailings disposal utilizing an evaporaticn pond for
Horage oTTihiTITwastes

This alternative consists of discharging the tailings slurry into a segmented settling pond,
with liquid waites being decanted into an evapora tion pond. The settling basin and the evapora-
tion pond would be enclosed by engineered embankments (Fig. 10.5). The evaporation pond would
be 1200 m (4000 ft) by 165 m (540 ft), or 20.3 ha (49.5 acres). The main basin would cover
approximately 103.7 ha (253 acres). The maximum height of the settling pond embankments would
be 12 m (40 f t); the dam around the evaporation pond would be about 9 m (30 f t) high. Small
embankments ccnstructed of tailings sands would be constructed in the main basin to create five
segments. Tailings would be delivered to the tops of these dikes, with the excess liquids being
decanted into tne pond area outside the tailings impoundment. As each divided segment is filled
to design capacity, it would be allowed to dry and then covered with a layer of compacted Mancos
Shale, soil material, and tcpsoil of the saae configuration as proposed for Alternative 1. The
main basin and the evaporation ponds would be lined to limit seepage with a 0.6 m (2 f t) liner
of clayey-sil t ma terials. The lengths of the embankments required to surrourd the impoundments
would be approximately 4180 m (13,700 f t) for the settling basin and approximately 1550 m
(5080 f t) for the evaporation pond. The total cost of this alternative would be approximately
$10.7 million (discounted to 1978 dollars), The cost of Mancos Shale cap is $1.8 million.

Al ternative 7: Segregated disposal

In this alternative, tailings sands would be separated from slimes and liquids. The dewatered
sands would be placed in unlined trenches, and the slimes and liqajds would be discharged to
clay- or synthetic-lined evaporation ponds (Figure 10.6).

The sands disposal area would cover approximately 126 ha (310 acres) and would cunsist of a I
series of parallel, unlined trenches. The total excavation requirements for the area would approach
4.18 x 106 ra . Sands would be placed in the trenches by a "Hobile Disposal Unit," which would3

(1) receive the total slurry, (2) remove the sands from the slurry by means of either standard
hydrometallurgical cyclones (hydrocyclones) witn or without a dewatering screen, and
(3) would deposit the moist sands (20 to 25% moisture) in the unlined trenches. The deposited
sands would drain to 15 to 20% moisture, and all drainage would be recycled to the mill. Use
of the hydrocyclone-dewatering screen option would result in drier sands being deposited, thus
minimizing the seepage from the trenches. Each individual trench would be reclaimed after it
is filled. The sands would be leveled to the natural grade and a 2.7-m (9-f t) layer of com-
pacted clayey-silt material would be placed over the sands to limit radon emanation and to
protect the sands against erosion.

$ limes and liquids would be directed to a 36-ha (90-acre) evaporation pond. The applicant has
examined four alternate pond configurations: two above grade (lined with onsite soils), one
partially b? low grade (synthetic-lined), and one below grade (synthetic-lined). Engineered
embankments would be constructed for the above-grade and partially above-grade options, and the
below-grade option would not require embankments.

The major differences in the costs of the alternative configurations are related to the amount
of excavation necessary in construction of the ponds. Dike construction for the above grade

3option would require 1.13 x 106 m of fill materials from onsite borrow areas. The partially
3 3above grade option would result in the excavation of 1.53 x 106 m , with 305,800 m being used

in embankment construction. The below grade option would result in the excavation of
5.35 x 106 m of mater ial, of which 2. 78 x 10^ m3 would be solid rock.3

Reclamation would be achieved by covering the area with a suitable radon diffusion barrier
over the dry slimes. Given the high radium content of the slimes, the staff feels that the
cover configuration proposed in Alternative 1 could be inadequate for the slimes area.

_ . - _ - .
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The cost of this alternative as estimated by the applicant is a function of the slime-sand
separation method and of the slime pond configuration chosen (the increase in costs due to
increases in cover material thickness over the dried slimes is not included): -

I
Hydrocyclones and

;

Hydrocyclones only dewatering screens Evaporation pond
|

$16,720,000 $16,924,000 Above grade slimes

$25,147,000 $25,350,000 Partially below grace
slimes

; $31,368,000 $31,571,000 Below grade slimes
i
i $16,720,000 $16,924,000 Above grade disposal
| with several small ponds
i

!

.

I
s

Alternative 8: Neutralization of tailings

i This alternative consists of treating the acidic *ailings with various bases to yield a
neutral solution. According to ref. 11, pp. 132 and 133, neutralization ". causes the

i orecipitation of 90% of the radium, almost all the thnrium, and much of the iron, rcpper,
cobalt, arsenic, uranium, vanadium, and other heavy metal ions as insoluble oxidet or hydrox-
ides. Seepage from neturallred, campacted tailings covered by a pond, or runoff from

,

neutralized tailings, carries very little rcdium, in contrast to saepage or unoff from unneu-
tralized tailings which may carry dissolved radium."

In Canada, liquid wastes from acid-leach uranium mills are routinely neutralized prior to
; discharge to natural waterways. Neutralization reportedly requires obout 7.3 kg (16 lb) of

limestone (CACO ) and 4.5 to 22 kg (10 to 48 lt) of lime (Ca[0H]2) ver ton of ore.' A theo-3
i retical value of 15.6 MT (34.4 tons) per day of lime for r.n 1800 MT (2000 tons) per day mill

has been reported.53 The White Mesa Uranium Project would be processing approximately 1800 MT
(2000 tons) of ore oer day for 340 days per year; therefore, neutralization could require

! approximately 11,000 MT (12,000 tons) per year nf lime [ assuming 32 MT (35 tons) per day].

| The applicant investigated the possit,ility of introducing milk of lime hto the tailings
stream to neutralize the tailings effluent. Neutralization could be applied to any of tner

tailings disposal alternatives discussed in this section. For alternatises 1, 2, and 6, the'

| applicant estimated that neutralization of the tailings would precipitate about 91 kg (200 lb)
uf salts (including water of hydration) per ton of tailings. The precipitate would be gelati-
nous and of low density, and the total volume of tailings would increase slightly. The total
capital and operating costs far neutralizing 15 years of mill tailings was estimated to be
approximately $18.55 million (discounted to 1978 doll;rs) tar these alternatives.

The applicant also evaluated the consequences of neutralizing the slimes portion of the tailings
produced by segregating the slimes and sands (see Alternative 7). The applicant estimated that
apprcximately 82 kg (180 lb) of salts would be precipitated per ton of tailings, increasing the-
weight of the slimes and reducing the resulting mixture to approximately 40 4 solids. The
applicant also estimated that to maintain an adequate evaporative rate, the evaporation pond
would have to be doubled in size to approximately 73 ha (180 acresl. ( About 36 ha (90 acres) '

I would be needed for unneutralized slimes,) The total capital and operating costs for neutrali-
l zation of only the slimes portion of the tallings were esti.aated to te $16.34 million, assuming

15 years of mill operation and discounted to 1978 dollars.

-
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|
10.3,3 Evaluation of alternative _s_

Alternative 1 is the preferred alternative nt the applicant and the staf f. The tailings would I

be stored completely below grade; and although the cover is only partially below grade
(approximately 5 of the 12.75 f t of cover are below grade), the final grade on the reclaimed
impoundment is slight (<21), and revegetation of the area and the placement of containment material
(riprap or concrete) on all downstream slopes would minimize wind and water erosion. In
addition, thd small drainage area above the reclaimed tailings area obviates concerns over
dispersion of cover from flooding which can be a severe problem over the long term. Therefore,
the proposed cover meets the perfomance objectives for reduction of radon exhalation and gam.na
radiation and should eliminate the need for an ongoing monitoring and maintenance program. The
segmented impoundment design, which allows for staged reclamation, would minimize tailings
exposure during operations. The liner on cell interiors would essentially eliminate seepage.

|

Storing the tailings below grade (Alternative 2) in a specially dug pit would minimize seepage
over long-term wind and water erosion of the reclaimed pile. In addition, the proposed cover
(same as for Alternative 1) would meet the radon exhalation and gamma radiation criteria.
However, to provide sufficient pit capacity to contain both the tailings and cover completely
below grade, significant amourts of bedrock would have to be excavated by blasting, which could
fracture the bedrock increasing its permeability substantially. Because the water table is only
15 to 23 m (50 to 75 f t) below the surface and the pit would be deep (7.6 to 9.2 m (25 to 30 f t)),
any failure of a liner could result in liquid wastes reaching the water table through these
fractures. In addition, the cost of this excavation could be prohibitive.

Alternative 3 involves dewatering the tailings. The major disadvantages for this dewatering
alternative as proposed by the applicant are that the tailings themselves would be partially
above grade and susceptible to long-term wind and water erosion following reclamation and that
the success of filtration, which depends greatly upon the amenability of the ores to the method
chosen for filtration, would be cuestionable because of the variability of the cres. Also, the
clayey-silt liner proposed fce the evaporation pond has not been shown to be capable of reducing
seepage tn the maximum extent reasor. ably achievable.

Alter native 4 involves solidification of tailings. Although this could be environmentally
attiactive, the technnlogy is not well established, and at present, the costs far outweigh any
oenefits tvt might accrue.

Alternative 5 consists of conventional above-grade Jam and pond systems. The reclaimed impound-
ment area would be highly suscept ible to wind and water erosion and would not eliminate the need .

for ongoing mn11toring and maintenenee over the long term. In addition, the proposed clayey-sil t |
li cr has not been shown to be cacable of reducing seepage to the maximum extent reasonably
acnievable, j

Alternative 6 consists of discharging the tailings slurry into a segmented, above-grade settling
pond and transferring the tailings liquids to an enclosed, above-grade evaporation pond. The
reclaimed impoundment would be susceptible to erosion over the long term. Also the preposed |

liner has not been shovi to be capable of reducing seepage to the maximun extent reasonably |r

achievable.

Ali.erna tive 7 involves the segregation of tailings sands from the slimes and liquids and I

disposal of the sands in unlined trenches and storage of the slimes / liquids in clay- or synthetic-
' lined impoundments. Thr slimes ponds would be either above grade, partially below grade, or

below grade. The proposed alternative would result in above-grade systems that would be highly
sasceptible to erosion. Also, the cover over the slimes might not reduce radon exhalation to two

I times background.

I Neutralization of the entire tailings ( Alternative 8) might eliminate the need f or a 11ner
which is needed to prevent seepage. Neutralization of the slimes produced after segregation
of sands from slimes ( Alternative 7) or neutralization of dewaterect tail.9 s ( Alternatives 3
cr 6) would be the Iost effective programs. However, the supplemental ctsts for neutralizatinn
would te high, and are not considered to be justified at the present time by the benefits
gained at the White Mesa site.

,

for all of the alternatives considered, the applicant would be required to implement an interim
stabilizatiot, program to minimize the blowing of tailings to the maximum extent reasonably
achievablo.

_. . __ __ _____ __ _ . ._ _ _ __
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j Based on the above discussion and evaluation of alternatives, the staf f believes that the ;

tailings management plan described under Alternative 1 is the best plan for the White Mesa
site when considered in terms of both the staff's perfonnance objectives (Sect.10.3.1) and
economic factors. This alternative represents the most environmentally sound, reliable, and
reasonable method of tailings management for the proposed White Mesa site using existing
commercial technology. It should be noted that the choice of tne preferred alternative is |

,

t based on present standards and existing technologies. However, if the Generic Environmental |

| Impact Statement on Uranium Milling currently being prepared by the NRC shows that modification
! of De chosen alternative is necessary, the plan will be changed accordingly.

I rl,3. 4 Alternative considered and rejected _

I Table 10.1 lists some of the additional alternatives considered and rejected.
;

-

.

!
i
a

! Table 10.1. Alternatives considered and rejected

$
4

Al terna ti ve Reason for rejection
1 _

3

h Precipitate radioactive and toxic elements Technology is not developed (would

|
to bottom of the tallings pond and require a selectively permeable
consider top of tallings as cover bottomliner)i

Install drains below pond to collect and Technology is not available to allow
i discharge to a local waterwa f seeGage water treatment suf ficient

to attain water that is environ.
mentally and legally acceptable

i for release
2

i offsite disposal in mines control of transportation, unloading,
j storage, and placement of the

wastes in the many small mines as'

well as monitoring and control of"

radon gas emissions, particulate
emissions , gecundwa ter contamination,,

and other detrimental impacts would
be very di f ficult (sect.10.1.1)

f-

covering of the tallings with a synthetic Additional overburden and topsoil
liner material such as concrete, asphalt, would be required to reduce game
or PVi plastic to redJce radon emanation radiation to the natural background

level, to prevent plant root
penetration into the tailings, and
to minimite erosion problems. The
cost of the cap would be excessive,
compared to cost of the soil the
liner would replace. The integrity
of the liner could not be guaranteed

7 over the long-term due to the effects
of f reezing and thawing cycles, settle-
ment of the tailings, and possible
chemical attack by the tailings

Transport of tailings to currently active The environmental hazards and the costs
tailings impoundments

~ of mitigating the adverse impacts
associated with tallings disposal
would only be shif ted from the
Blanding area to annther location.
The clMest active disposal areas are
located in Moab and Lasal. Nei ther
impoundment is capable of holding
the design nutnut of the ornoosed mill.
Additionally, transport of tailings
would incur risks of accidents, dis-
persal of tailings, and exposure to
workers and others along the transport
route

segregate (chemically) the tcaic components Technolel.y is not suf ficleatly
of the tallings and dispose of these developed to implement this .

small quantities as low level waste. al terna tive
Treat " clean" tallings as overburden

.

L
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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 method and distance of mine-to-mill transport, (2) variations in l

ore grade, (3) quality of haul roads, (4) total tonnage to be transported, (5) haulage sched- )
ules (6) traffic and weather conditions, (7) possible interim transfer and storage costs, ,

'(8) handling and milling costs, and (9) environmental costs and benefits.

The nearest currently operating uranium ore processing facilities (in relationship to the
applicant's Hanksville and Blanding are buying stations) are located in Moab, Utah; La Sal,
Utah; and Uravan, Colorado. The approximate highway distances of these mills from the Hanks-
ville and Blanding stations are, respectively, Moab, 189 km (118 miles) and 134 km (84 miles);
La Sal, 243 km (152 miles) and 74 km (46 miles); and Uravan, 339 km (212 miles) and 170 km
(106 miles).e

Although the mill located in La Sal (Humeca) is reasonably close to the Blanding are buying
station, it would have drawbacks as an ore processing alternative for the following reasons:

1. The Humeca mill utilizes an alkaline leach process. Although tests conducted by the
applicant indicated that some of the ores bought by its ore buying stations could be
successfully treated by alkaline leaching, higher recovery rates could be obtained with
acid for the majority of the ores. Because most of the cres are low grade (about j

0.125%), any significant lowering of recovery rates would decrease the economic feasibil- i

ity of ore shipment from the scattered, small mining operations. |

L Currently, only ore from a company owned and company operated mine is being processed;
therefore, it is questionable whether the mill has the capacity, processing capability or
the willingness to accept additional cre.

The mills at Moab and Uravan utilize acid leaching (the Moab mill also has an alkaline leach
circuit); therefore, with process adjustments, acceptable recovery rates could be obtained.
However, primarily because of high haulage costs and the limited capabilities of the mills to
process additional ore, the staf f has concluded that processing the cres at either or at both

6of these mills is not feasible. Assuming that (1| transportation costs are 10c per ton-mile
and (2) the verage grade of the ore bought at the applicant's Hanksville and Blanding cre-
buying stations will be 0.1251, the staff estimates that, if the ore is shipped to these
currently operating mills, costs of producing each pound of U 0, would increase by the following

3amounts for additional transportation costs alone (i.e., does not include incremental cost
for toll milling):

:

1. Moab mill - $3.20 per pound.

2. Humeca mill (La Sal) - $3.04 per pound.

3. Uravan mill - $7.84 per pound.

Transporting the ores to existing mills could reduce the total land requirements for processing
the oras. However, the environmental costs associated with uranium ore processing and tailings
disposal would not be decreased and would only be shif ted away from the Blanding 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 programmed for the applicant's mill. If no mills (or expan-
sions) are constructed, a substantial economic base for the Hanksville-Blanding area will be
removed because many of the small independent mines would not be economically viable.

10.5 ALTERNATIVE ENERGY SOURCES

10.5,' Fossil and Nuclear Fuels |
|

The use of uranium to fuel reactors for generating electric power is relatively new histort-
cally. Coal was the first fuel used in quantity for electrical power generation. Coal use

|

4
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| was reduced because of the ready availability and low price of oil and r3tural gas, which arn
t cleaner-burning than coal and easier to use. Uranium fuel is even cleaner (chemically) than
f oil or gas, and at present is less expensive on a thermal unit basis than any other fuel used
i to generate electric power. The following discussion concerns the relative availability of
1 fuels for power generation over the next 10 to 15 years, since availabili'y will be the key
I factor in the choice of fuel to be used.

Table 10.2 shows the disparity between availability and usage of energy resources in the U. S.
Although these data are for 1974 (more up-to-date figures are not yet available), estimates
from 1974 through 1977 indicate little difference. Gat usage in 1976 decreased slightly (s
1%), and this decrease is continuing; cil, taal, *nd nucloar usage increased slightly.1 '16

h

Table 10.2. Reserves and Current Consumptico of Energy Sources "

Percent of Proven U.S. Enecay Percent of TotaT 0.5. Energy '
Reserves Economically Recon - Consumption Contributed by
able with Existing Technology Each Energy Pesource,

1974 1974

-

Coal 90 18
Oil 3 46
Gas 4 30
Nuclear 3 2
Other 0 4

.

.

For a given thermal content, transport facility r>quirements (trains trucks, e c.) for U 0s3 ;

are minimal compared to those for coal because of the muu higher energy content of uranium j

fuel. Approximately 250 tons of U 03 per year are requircd for a 10004fWe nu., ear plant3
operating at a plant factor of 80%. Annual coal requiremer. .s for an equivalent 10004fde coal
plant would be more than three million tons, or che full capacity of at least one unit-train
(100 cars of 100 tons each) per day of plant operation.

The evidence available at this time indicates that, of the resources currently used in elec- |
tric power generating stations (cual, uranium, oil, gas, and hydro), only coal and uranium '

have the potential for long-range reliability in increa.dng domeatic energy production.
Because of the time lag between initial extraction and the consumption of the resource for
energy production (3-5 years f rom mine to generation plant for uranium and coal, 5-7 years for
construction of a coal-fired generating plant, and 7-10 years for construction of a nu: lear

g
generating plant), the exploitation of both coal and uranium resources must be integrated with
contemporary energy needs. Neither the coal- nor uranium producing industries are considered !
capable of singly supporting the electrical energy requirements projected for the next few '

decades; major expansion of both industries will be required to fill projected needs."

The determination of availability of uranium in large enough quantities to fuel the
nuclear generating capacity (for 1985 and beyond) is currently a matter of study. " projectedResults
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 gen? rating capacity
toese new installations would represent.

10.5. 2 Solar, Geothermal, and Synthetic fuels

Estimates reported in the " National Energy Outlook" " indicate that s11ar and geothermal
sources will each supply about one percent of U 5. energy requirements by 1985 and about two
percent by 1990. Supplies of synthetic gas and oil derived from coal will probably net exceed
one percent of U. 5. energy requirements as of the year 1990. These projections are ba ed on
many considerations. fhe technology exists in all cases, but not in a proven, commercially
viable manner. The potential for proving these technologies on a commercial scale is great,
but timely development will require a favorable market as well as government incentives. A
maximuni of six percent of projected 1990 energy requirements is expected to be derived from
solar, geothermal, and synthetic fuel resources combined. The National Energy Plants does rot
set specific goals for increased use of synthetic fuels or geothermal energy, but does state
that, as a possible goal., solar energy will be used in 2.5 million homes by 1985.

In 1975, the U. 5. consumed about 71 q of energy (1 q = 10 " 8tu); of this total, 20 g consis- -

ted of electric energy. By the end of 1977 an estimated 12% of this 20 q electric energy was

- - . . . - . . . - - -. _ . . _ _ _ . .
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being generated using nuclear fuels; within ten years, the percentage is expected to increase |r

to 20% 4'15

Coal was used to produce 50% of the electric energy generated by the combustion of fossil
fuels in 1975. Relative changes in resources used for electricity generation as estimated ini

is confirms these" Project Independence,"2S are shown in Table 10.3. The National Energy Plan
views of resource depenoence. All information available to date indicates that coal and
uranium must be used to generate an increasing share of future U. S. energy needs because of
decreasing supplies of oil and gas available for electric power generation. The U. S. does
not have sufficient oil and gas reserves tu ensure a long-term supply, but coal and uranium
resources are adequate for foreseeable needs. Currently, rising pr|ces for oil and gas are a
reflection of increasing competition far these two resources, which both may be severely
depleted in the next few decades.

Coal production must be increi. sed to meet projected requirements for the next decade (the
total requirement is seen as 1041 million tons (i 1985 vs. 640 million tons in 1977).14'18
The major expansion of coal prodJction will likely be in the West (from 92 million tons in
1974 to 380 million tons in 1985) because of the low sulfur (low air pollutant) conv.ent of
most western coals. The potential for environmental damage (due to disturbance of generally
fragile ecosystems) in the western U. S. will be increased. Since the major markets for the
coal produced are located hundreds of miles from the mines. transportation costs will be high,
as will the environmental impacts associated with transportation systems. Transportation y
costs for bringing western coal to tho eastern U. S. currently account for the major portion
of the delivered market price.

Table 10.3. Estimated Relative Changes in Resources to be Used for
Electricity Generation through 198518

Percent of Therggil Energy,Reguired in Yeare
D

Fuel Resource Used 1970! 1974b 1980 1985
!

c
I Coal 45 45 45 46

Oil and gas 38 34 25 16
d

Nuclear 2 4 17 26
Hydro, waste, etc. 15 17 13 12:

8Total q's of energy
required 15.6 20 25.5 34

dActual.
b Estimated.18
CCoal usage must increase (from 640 x 108 tons /yr to 1.04 x 109 tons /yr)
by 1985 to attain this level.

duranium-fueled ructors furnished 9.9% of the total U. 5. production in
January 1976, and 12% in January 1977.

'l q = 1015 Blu.

10.5.3 Byrroduct Uranium
'

Uranium recoveranle as a byproduct of phosphate fertilizer and copper production have increased
from 90,000 tons (U 0a in 1974 to 140,000 tons in 1977. These resources are in addition to3
the 808,000 tons (550 forc rd cost) available from conventional mining and milling sources.

28A report. by the National Academy of Sciences states:

"Like all byproducts commodities, byproduct uranium is entirely dependent upon production
of the primary commodity, is limited in amount by the level of production of the primary
commodity, and is unresponsive to the demand for uranium. Byproduct uranium could ber

L 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 that about 2500 short tons of Va0s per year could be..,

recovered from Florida phosphate mined for fertilizer.
A

|4
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" The Bureau of Mines studied the sulfuric acid leaching of low grade dumps at 14 porphyry I

copper mines and concluded that about 750 ST 0 08 per year could be recovered. This3
would be recovered from rocks whose uranium content ranges from 1 to 12 ppm."

The 9ureau thought that other porphyry copoer deposits might also be possible sources of bypro-
duct uranium.

i

! lhe staff has studied available data on the potential of uranium production from phosphate
| fertilizer productionW and from copper dump leaching, and estimates that production could

reach 3000 to 5000 MT (40004C00 tons) per year from phosphoric acid extraction and 400 to'

900 MT (500 1000 tons) per year from copper dump leaching. "'20 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 j
ash. No uranium has been recovered as a byproduct t rom the ash of coal- or lignite-fired
power plants. Ash samples continue to be analyzed for uranium, but to date no ash containing
more than 20 ppm U 0s has been found, and most ash samples contain from 1 to 10 ppm U 0a.203 3

10.5.4 E g y Conservation

lhe cornerstone of tne National Energy Plan (NEP) is conservation, the cleanest and cheapest
source of new energy supply.'

"If vigorous conservation measures are not undertaken and present trends continue, energy
demand is projected to increase by more than 30% between now (1977) and 1985."15

The National Energy I'lan lists the following consuming segments as being prime targets for ,

energy conservation:

1. Transportation.
2. Buildings, including residences.
3. Appliances.

4. Industrial fuel use.
5. Industries and utilities using cogeneration of electricity and low grade heat.

Part of the National Energy Plan will he the utilization of all possible governmental means
(tax reduction, incentivris direct subsidy, and legislation and regulation) to change the past
relationship between energy production and use of energy requirements in the U. S. where
energy usage is two times higher per capita than in other industrial countries for energy
consumption and croduction and energy use.

The National Energy Plan 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 Plan are ret. The relative amounts of each energy
s>ur:e used will depend on econcmic and regional environmental considerations.

10.6 ALTERNATIVE OF NO RELICENSING 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 classificatioqs are based on Section 62 of the Atomic Energy Act of 1954, which specifi-

i
' cally exempts "unbeneficiated cre" from control. Under these regulations Energy fuels could

mine the ore but could not erocess it, should the NRC deny the Source Material License.

Exercise by the NRC of this option would thus leave the applicant with three possible courses
of action: (a) mine the ore and have it processed at an existing mill possessing a Source
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. Alternate (a) has been discussed in
Sect. 10.4. Alternative (b) is essentially the applicant's proposal (merely shifted in time),
which is the subject of this Statement. Alternative (c), therefore, is the only 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.

The yellowcake produced by the White Mesa mill will be used as fuel in nuclear reactors that
are either operating or under construction. These reactors will produce electric power for

_______ - _______-_________-________ _ _ - __ _ _ _ _ - _ - _ _ - _ _ _ . .-
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sale to U.S. consumers. Lack of fuel would require those reactors short of fuel to reduce'

| their output and could conceivably result in the shutdown of some of them.

The applicant has indicated the ef fects of losses of local and regional economic benefits that
would occur if the White Mesa mill were not licensed, and has also pointed out the environ-
mental costs that would not be incurred should no license be issued. Overall, the benefits
accruing from the mill outweigh the costs.

,

i
,

1
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11. NRC DENEFIT-COST SUMMARY FOR THE WHIfE MESA URANIUM PROJECT

11.1 GENERAL

Implicit in the decision of a utility to construct a nuclear power plant is that the uranium
needud to fuel the reactor is available (Appendix B), For each application to the NRC tor a
pennit to construct a nuclear power plant, an Environmental Statement is prepared which includes
a review of the availability of uranium resources. The uranitri to be produced by the White Mesa
mill is among the total U.S. resources considered to be available to the comnercial market for
reactor fuel; thus, the uranium from this mill is needed to meet the demands of the nuclear
power industry. In the Environmental Statement, the benefits (the electrical energy produced)
of the nuclear plant are weighed against the economic rnd environmental costs, includ'ng a
prorated share of the environmental costs of the uranium fuel cycle. These incremental impacts
in the fuel cycle are justified in terms of the benefits 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 White Mesa
mill,

11.2 QUANTIf!ABLE ECONOMIC IMPACTS

Section 4 of this Environmental Statement treats the quantifiable economic impacts for the
White Mesa Uranium Project. On the one hand, many monetary benefits accrue to the community
from the presence of the mill - for example, local expenditures of construction and operating
funds and payments of State and local taxes. Against these monetary benefits are the monetary
costs to the different communities involved - for example, costs for new or expanded
schcols ano other community services. It is not possible to arrive at an exact numerical
balance between the benefits and costs for any one community unit or for the mill because
the distribution of revenues to support services may not be timely or completely consistent
with those geographical locations where impacts occur. ''

11.3 THE SENEFIT-COST SUMMARY

As stated in Sect. 11.1, the benefit-cost summary for a fuel cycle f acility sucn as the White,

Mesa Uranlun project rests on a comparison between the societal benefit of an assured U 0
3 3supply (ultimately providing electrical erergy) and local environmental costs for which there

are no directly related compensations. For the White Mesa mill, these uncompensated environ-
mental costs are basically two: radiological impact and disturbance of the land. As shown
in Sect. 4.7, the radiological impact of the White Mesa mill is acceptable by current standards.
The disturbance cf the land, as shown in Sect. 4.2, is a long term impact that is judged to
be small in comparison to alternative uses the land may support in the future,

11.4 STAFF ASSESSMENT

The staf f has concluded that the adverse environrental impacts and costs are such that use of
the mitigative measures suggested by the applicant and the regulatory agencies involved would
reduce to acceptable levels the short- and long-term adverse environmental impacts and costs
associated with the project.

The White Mesa Uranium Project, along with other energy-related projects in the area, will
create a short-term stress on the political and social systems (including housing and schools)
of the area. The quantity of total tax money appears to the staff to be adequate but the
distribution may not be (see Sect.11.2). This aspect of the project is currently receiving
attention by the institutions directly concerned, and mitigation appears possible.

11-1
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in considering the energy valle of the U 03 produced, minimal radiological impacts, minimal3

long-term disturbance of land, and mitigable nature of the impacts of growth on the local com-
munities, the staf f has concluded that the overall benefit-cost balance for the White Mesa'

Uranium Project is favorable, and the indicated action is that of licensing. ,

i

This assessment is subject, however, to reevaluation in the light of additional information !

regarding archaeological resources and the coments of the Advisory Council on Historic
Preservation. |
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APPENDIX B. BASIS FOR NRC EVALUATION OF THE WHITE MESA MILL PROPOSAL

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 0 ).33

2. Conversion or Fluorination - changing the U)0s to a fluoride (UF ), which is a solid6
at room temperature but becotites a gas at slightly elevated temperatures, prior to
enrichment.

3. Enrichment - concentrating the fissionable isotope (U-235) content of the uranium from
the 0.71. 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 (U0 ),
2forming 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 (U-
235, U-238, Pu) from fission products (waste), with concurrent separation of uranium
from plutonium.

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 con-
sidered as an essential part of the nuclear fuel cycle, was recently deferred by the National
Energy Plan (NEP)1 as a necessary part of the cycle. The U. S. comitment to advanced nuclear
technologies based on the use of plutonium recovered by the reprocessing of spent LWR fuel has
also been deferred. These policy statements enter into the staf f's evaluation of the need for
licensing the White Mesa project mill, because without reprocessing, all LWR fuel must be derived
from the mining and milling of new U 0 from projects such as the White Mesa mill and the

|3 0
related uranium mines.

1
1

This cycle, as defined by current policy, is portrayed in Figure B.l.

Nuclear reactor operation converts about 75% of the tissionable isotope (U-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 15 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.

USE OF NUCLEAR FUEL IN REACTORS

Two types of reactors are currently used to generate essentially all of the nuclear energy sold
in the U.S. 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 dif ferent fuel-burnup rates

8-1
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which, along with other design parameters, affect the quantity of residual fissionable mate-
rials, 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 antici-
pated by the year 2000, is shown in Table B.l. A 1000-MWe reactor will require s 22 MT ofi

uranium fuel per year at a plant factor of 0.6 and s 30 MT 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 3% enriched fuel, and 0.257, enrichment tails assay, 7.9 times
the MT of fuel replaced equals the standard tons of V 03 required for a 1000-MWe power plant.3

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 statements by the industry
and the DOE, the staff believes that this schedule represents a maxinom for nuclear reactor
installations between 1990 and 2000 but is reasonably accurate through 1990.;

0 , 1976-2000 ,ba
Table 8.1. Projected U.S. Requirements for U3 3

Annual Cumulative
Generating U0 V30s3 3
Capacity, Requirements, Requirements,

103 MTYeat GWe MT x

1976 43 9,500 9.35
! 1977 49 10,000 19.1

1978 53 10,000 29.1
1979 57 11,000 40.2
1980 El 11. '.;00 $2.0

,

1981 74 17,500 69.4
1982 87 18,000 87.6
1983 100 20,500 108
1984 112 22,500 130
1985 127 26,500 157

1986 141 28,000 185

1987 154 30,000 215
1988 167 32,500 248 ,

1989 181 35,500 283 |

1990 195 38,000 321
l

1991 210 41,000 362

1992 225 43,500 406
1993 240 46,500 452

1994 260 51,500 504

1995 280 54,500 558

.

1996 300 58,000 616
1997 320 61,500 678

1998 340 65,500 743

1999 360 68,500 811

2000 380 71.;nn 883

ihe annual U 0 requirements ere calculated on the basis of annuala
38

discharges of 28 MT/GWe (0.7 plant f actor) of spent fuel and replace-
ment of that spent fuel with a 3% enriched fuel with tails assay
of 0.25% in enrichment.

bTo convert to short tons, multiply by 1.1.

.



s, --

B-4

Table B.2. Comparison of Total and Naclear Generating Capacity.
Operating in Years 1977-2000

Total Generating Nuclear Generatin L a s h , GWeC

_Capp itit GWed Planned or Under i Nuclear, Nuclear,e

Year Minimum Maximum Actual Construction Estimated Minimum Case Maximum Case
__

-

1978 507 507 49 12 12
1980 544 627 84 16 14
1985 624 840 127 20 15
1990 734 1131 19E 26 17
1995 869 1525 280 32 18
2000 1039 2092 330 36 18

From " Electric Utilities Study" by !b r ERDA, Contract E (49-1)-3885, pp. 1-19, et seq.4

Maximum case is 7.0! compounded annual growth through 1985, then 6.4% to 2000. Minimum case
is 3.91 through 1935, then 3.5% to 2000.

Cumulative requirements through the year 2000 would be 883,000 MT of uranium as V 0,3 (Table 8.1).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 i.e., the sum of reserves and
probable resources is approximately equal to the lifetime requirements of the 380 GWe installed
by 2000.

_

Table B.3. Comparison of U. S. Re0ctor Requirements and Domestic Resource
Availability (in MT L,0 as of January 1978)a,b

3

Resource Availability

C cTime Period Reactor Demand 0 $30/lb 0 $50/lb

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

d To convert to short tons multiply by 1.1.
b Based on information presented by U. S. Energy Research and Development Adminis-
tration (now U. S. Dept. of Energy) at the Uranium Industry Seminar, Grand
Junction, Colorado. October 1977, and in "ERDA Makes Estimate of Higher Cost -

Uranium Resources," U. S. Energy Research and Development Administration, June -

1978,
cCosts include all those incurred in property exploitation and production except -

costs of money and taxes. -

d Does not include 126,000 MT of U 0g which could be produced as a byproduct of3

phosphate fertilizer and copper production.

In 1977, 23 mills produced about 12,000 MT (14,000 tons) of U 0s while handling 32,000 MT3

(35,000 tons) of ore per day. These mills operated at 80 to 851, of capacity. The U 0e content3

of the ore was less than 3 lb/ ton (< 0.15Y,).' Ores processed by the White Mesa mill will have
aU03 content approximating this national average,3

m
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As can also be seen f rom Table B.1, the annual requirement for U 0a in 1981 (17,500 MT) exceeds3

the output of existing uranium mills (12,000 MT). The White Mesa oroject would produce in
1980 6; of the national capacity for tons are per day, and its total production of U 0g through3

the next 15 years of operation would be about 3! of the national requirements. The project will
contribute to meeting the demand forecasted for the nuclear power industry.

<
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SAN J'JAN COUNTY
CE NLRAL FUND

STATEHENT OF REVEnrcES, EXPENDITL' PES. AND COHiPA11 Sus WITit SUDCET
FOR THE YEAR ENDED DECEH3EM 31, 1977

1977 OVER 1976
TOTAL (CNDER) ACTUAL

REVEhUE S EL"XET ACTUAL SCDCET PR IOR YE AR

TAILS:
Ceneral property tanee $ 991.085 $ 846.129
Delinquent prior years' taxes 8.918 13.714
Ceneral sales and use taxes 87,496 74,374
Pesalties and interest on taxes 6,020 5,174

Total taxes (Note 2) S 891,095 $ 993.519 $ 102,414 $ 939,391

LICENSES AND PERMITS;

Bo e i ne s s licensee end permits $ 3.150 $ 3,250

Non-businese licensea and permits 616 463

Total liceness and permits S $ 3.966 $ 3,966 $ 3,713

1h"TERGOVERNMENTAL REVENUES:

Federal grants S $ 11.6)$ $ 11,655 $ 11.692 c3
Federal shared revenus 119,029 119.029 186,671 i

'#
Federal payments in lieu of taxes 445,000 292.902 (152.098)
State granta 14.000 36.392 22.392 9.453
State shared revenuee 550,000 539.818 ( 10,162) 525,572

Crant s f rom other units 114, GOO 114,712 ( 19,288) 92,331

Total intergovernmental revenues $1,143,000 $1,114.528 $( 28,472) $ 825.919

CHARCES M* SERVICES:

Ceneral gavernment 9 11* 350 $ 61.055 $( 18,795) $ 74.9 34.

Public safety 7,, JO 5.814 ( 1.686) 10,591
Streets and public improvements 142,000 155.144 1),144 305,882

Healtk 3.120 3.120 4,1 60
Parks and public property 24.000 12.755 ( 11.245) 2'.,283

Miscellaneous services 19,700 32,8 kk _, 13,1 L4 29,$28

Tot al charges f or services $ 313,05G $ 290,722 $( 22,328) $ 449,378 |

IFINES AND FORFElrURES.
1

Fines S 61,000 [__91.697 $ 30,697 $ 72.202
'

HISCELLANE005 LEVENUES: i

I

Intesest earnings $ 79,409 $ sa,114
Rent s and concessione 38.909 119,276
Sale of materials and supplies 73.172 63,012

Tot al miscellaneous revenuee $ 100.000 $ 198,490 $ 91,490 $ 243,402

TOTAL REVENUES - CENERAL FUND $ 2 ,50f! ,135 $ 2. 68 5.92 2 $ 177,787 $ 2,5 34,0G5

._
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s
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CITY CF BLANDING
Blanding Ci t y, Utah

SCHECULE: "E"

T'ATFME E OF CENEBAL FUND REVEfrJES and FIPEN!!Tt!kES - FISCAL YEAR S ENDED AhE 30, 1976 - 1977

IFTENUE RECEIPTS: June 30, 1976 June 3C, 1977
Corrent Year Propert e Teees $ 37,959.53 5 44,393.9e
Redemption - Prior Yeare Tat es 3,488.70 1,691.72
Sales and Use Tamee 43,336.72 55,31).55
Reetnee Licensee 469.00 450.00
Bottding and Construction Perette 645.8G 1,387.60
Ricycle Permits 7.00 6.00
Other Licenses and Perutte 85.00 245.06
Crente Free Federal Coverrweent 5,947.30 770.00
Federal Revenue Sherina 14,087.00 18, ' ' 7.C0
State Liquor Food Allotment 4.,248.20 4,248,20
Close **C" Road Fund Allotment e,940.83 14,278. 4
Other (-evernmental Crent e 2,056.46 5,t2t.7C
Alrnort R evenue 1,782.33 1,351.e7
Cemet er y let Sales 700.00 260.00
Court Fines and Penelttee 7,679.00 6,718.50
kfeete Collection and Di sposal Fee. 17,451.37 18,4e2.5C
waste Collection and Diepoest Penalttee 30.61 102.t1
Earned intere.* - Close P Road Fund 9C 7.56 4RC.2t
E*-n.d Interest - Revenue Shering Fund 1, 335 .!6 700.33
Earned Interest - Airport Construction Fund 70.12 96.79
Proceede Frow *, ale of C. O. Ronde -- -- 2 2 5,0M .OC n
Ferned Interest - C.O. Bond Funde 577.42 3, Je9. 71 8

ptocellaneone Revenues 318.52 1,193.31 #

Total Recetpre 5150,)83.63 % W ,%7t.05

Coch Account et:t t i t y Ad }uerment e -
Add?

Ceek Contri button - Electric, Water and Sewer Fund, Account Cur ent 7,770.05 .. ..

Deduct:
Discounto Allowed - Weste Collet t f on and Di sposal (134.65) (67.73)

Balanc e - Cash Receipt e $ 158,( 19.0 3 g % ,3ne,32

Add:
inon-Cash Revenuee:

Service Feen ( West e Collect ion and Di sposal)-

R epresent er t we of t'acollect i ble Accounta Charged 127.26 18(.CO
Electric, Water and Sewer Utility Fuut-
Account Current Credit * 11.525.33 9,6 72 J1

Employee Payroll Tames, Bettrement Funde and
Insurance Freetum. Withheld 8.219.99 9,% 5.59

Elected Offtetsle and Firemen Fmploree Beneffra
Allowed; Insurance Prewtuee .. .. 1,527.44

Total Revenue Adjustmente 5 19,872.56 > 21,4X 54

TMA1 CROM prvt WFs $177,ggg,59 p ; $ , e,(4,3g
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CITY OF BLANDIHC

Blandtes City, Utah

SCREDUI.E r "E" STATEPfIrf OF CENFR A1. Ft'ND REVENUES ASD EXPENDITURES - FISCAI YEARS EkDEL JUNE 10. 1976 - 1977 . . . . . . . CONIINUATIOh . . ,, .. . .. , , .
.--.-------------------. - - -- -- - - - - - - - - - --------- -- --------------- -------.---------

EIFFNDITURE CHARCES:
Operating Expendsteres:

Adotatetrattwe 5 6,044.01 5 5,606.53
Municipal Court 2,742.42 3,536.93

Election Expense 188.14 1.Cs 6. 75
Audit Frpenee 589.50 589.50
Police Department Frpense 47,288.56 46,429.58
Fire Department Espense 2,396.21 4,744..?
Inspect ton Department Expenee 60.00 60 C0
Street Deporteent frpense 17,969.27 2t,960.59
Debt Service Redemptione:

veter Bonde - Settes 11-1 47 1,105.00 1,C75.00
Sewer Bonde - Sertoe 12-1-54 1,532.20 1,4 % .50
Itakt Bn de - Sortee 5-t-57 6,522.50 6.275.00
veter Bonde - Sertee 5-1 74 18,887.50 18,168.40

waste Collection and Dt oposal Expense 12,725.04 14,6t r,.e5

Airport Frpense 3,352.04 %,824.35
Close "C'' Road Fund Expense 2,180.M -- --

7Perhe and Recreattoc Espense 75.13 10 ', . %
m

Total Operating Expenditures 512 3,8 5 7.SM 5130,147.77

Other Expenditures:
Serplus Invested in Famed A. ete 7,480.83 11,346.36
Remittance - Employees' withheld Tases and Insurance Pr esrt ome 8,332.04 10, tan.07
Contribution - E!ectric, water and Sewer Acconot Current 154,330.36 AM,1 32

Refunde vaste Collection and Disposal 4.00 -- --

Toret other Expendtrure. 170.147.23 70,42 7.oc

TM AL ETP' NDITUR f S $294,0C5.21 $ 20e ,"> 75.5 7

FICE*S (DFFICIT): Revenue Recet rt e Over Espendi tures (5116,113.62) 219,031.24#

Adjustment :
lacremental Increase in Unappropriated Surplus -
Es,loyees* Insurance Presatume Advanced, incresee (11.72) ( 1,032.76)
Wast e Collection end Disposal Acco. int o Receivetle, Increse, 21.36 25.37
*ayroll Towee Payable, increase 123.76 142.98
Electric, unter and Sewer - Account Current, Increase 135,034.98 35 e72.lt

Met Increase In t'aspproprier ed Surplue 519,054.80 4256,a 4.19

,
-

=

% %

w a
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MONTICELLO

GENERAL FLND

1977-1978
Adjusted

B ud e_e t

Fevenues
Property taxes S 37,536

Sales tax 79,908
Court fines 16,422
Class "C" Road Fund 4,950

State Liquor Allotment 2,702

Business licenses 1,602

Other licenses and permits 2,066 &
Other revenues 2.450

Total Fevenues $147,636
i

Disbursements
Administ ra t ion $ 54,800

Court 3,700

Police 49,400

Fire 1,700

Streets 10,200
Parks 2,000

Total Disbursements $121,800

Transfer to Bond Redemption & Interest Fund 19,500

$141.300

Excess of Revenues over Disbursements and
Trans fe rs 1 6.33_6

i
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APPENDIX 0. DE TAILED RADIOLOGICAL ASSESSMENT

Supplemental information is provided below which describes the models, data, and assumptions
utilized by the staf f in performing its radiological impact assessment of the White Mesa Uranium
Project. The primary calculational tool employed by the staff in perf orming this assessment
is an NRC-modified version of the UDAD (Uranium Dispersion and Desimetry) computer code,
originated at Argonne National Laboratory (Ref. 1).

D.1 ANNUAL RADI0 ACTIVE MATERIAL RELEASES

Estimated annual activity releases for the White Mesa site are provided in Table 3.3. They
are based on the data and assumptions given in Table 3.2 and described elsewhere in Section 3
and in Appendix F, with the exception of the annual average dusting rate for exposed tailings
sands. This dusting rcte is calculated in accordance with the following equation:

M=3.156,x_101 RF
% 3 s

3

where F is the annual average frequency of occurrence of wind speed group s,5 dimensionless;
R is the dusting rate for tailings sands at the average wind speed for wind speedS group s, for particles - 20 ;m diameter, g/m -sec;2

M is the annual dust loss per unit area, g/m -yr;2

3.156 x 10' is the number of seconds per year; and
0.5 is the fraction of the total dust loss constituted by particles ~ 20 <.m diameter,

dimensionless (Ref. 1).

The values of R and F utilized by the staff are as given in Table D.l. The calculatedvalue of the anilual dukting rate, M, is 555 g/m -yr. Annual curie releases from the2

tailings piles are then given by the following relationship:

S = MA (1-f I )(2. (1 ) (D-2)c t

where A is the assumed beach area of the pile, m ,2

f is the fraction of the dusting rate controlled by mitigating actions, dimensionless;c
f s the fraction of the ore content of the particular nuclide present in the tails;E

S is the annual relelse for the particular beach area, Ci/yr;
423 is the assumed raw ore activity, pCi/g;
2.5 is the dust to tails activity ratio; and
lx10'12 is Ci/pCI.

Table D.1 Parameter Values for Calculation of Annual Dusting
Rate for Exposed Tailings Sands

Wind Speed Average Wind DustingRaty) Frequency of(b)proup, knots Speed, trph _ {R g/m:-sec Occurrence
_

0-3 1.5 0 --

4-6 5.5 0 --

7-10 10.0 3.92x10 ' O.2836
11-16 16.5 9.68x10 6 0.1736
17-21 21.5 5.71x10'' O.0D5,

>21 28.0 2.08x10' O.0229

(a) Dusting rate as a function of wind speed is computed by the UDA0 code
(Re f. 1 ) .

(b) Wind speed frequencies obtained from annual joint frequency data
presented in Table 0.2.

D-1

- _ _ _ _ _ _ _ _ _ _ _ - - _ _
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For the White Mesa site, it was assumed that two 100-acre cells would be available for dustinq '

while drying prior to reclamation. Required mitiaatinq actions to reduce dusting were assuned
to reduce dust losses by 80 percent for these cells. It was also assumed that half of a
third 100-acre cell being filled would be beach area and available for dusting. No control
was assumed for the exposed beach area of the operational cell.

4

Dust losses from the six-acre ore storage pile were estimated by assuming they would be about
one percent of thase from an equivalent area of tailings beach.

D2 ATMOSPHERIC TRANSPORT

The staf f analysis of of f site air concentrations of radioactive materials released at the
White Mesa mill site has been based on a full year of meteorological data collected on site
over the period 3/1/77 through 2/28/78 (Ref. 2). The collected meteorological data is entered
into the UDAD code as input, af ter 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
(Ref. 1). Ground level, sector-average concentrations are computed using this model and are
corrected for decay and ingrowth in transit (for Rn-222 and daughters) and for depletion due
to deposition losses (for particulate 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 which depends on the age of the
deposited material and its particle size (Ref. 1). For the isotopes of concern here, the total
air concentration including resuspension is about 1.6 times the ordinary air concentration.

6

The assumed particle size distribution, particle density, and deposition velocities for each
source are presented in Table D.3.

Table 0.3 Physical Characteristics Assumed for Particulate Material Releases

Deposition
Diameter, Density. Wlocity, AMAD , 6

Activity Source um g/cm3 cm/sec um

Crusher Dusts 1.0 2.4 1.0 1.55
Yellowcake Dusts 1.0 8.9 1.0 2.98
Tailings, Ore Pile 5.0 (30%) 2.4 1.0 7.75

Dusts 35.0(701) 2.4 8.8 54.2
,

In-grown Rn Daughters -- 1.0 0.3 0.3
- _ _ _ _ _ _ _

d
Aerodynamic equivalent diameter, used in calculating inhalation
doses (Ref.' 1).

D3 CONCENTRATIONS IN ENVIRONMENTAL MEDIA
1

Information provided below describes the methods and data used by the staff to determine the
concentrations of radioactive materials in the environmental media of concern in the vicinity
of the White Mesa site. These include concentrations in the air (for inhalation and direct
external exposure), on the ground (for direct exterr.al exposure), and in meat and vegetables
(for ingestion exposure). Concentration values are computed explicitly by the UDAD code for
U-238, Th-230, Ra-226, Rn-222 (air only), and Pb-210. Concentrations of Th-234, Pa-234, and
U-234 are assumed to be equal to that of U-238. Concentrations of 81-210 and Po-210 are assumed
to be equal to that o f Pb-210.

D.3.1 Air Concentrations

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 daughters). In order to compute inhalation doses, the total
air concentration of each isotope at each location, as a function of particle size, is computed
as the sum of the direct air concentration and the resuspended air concentration:

.

Cg (t) = Calpd + Cggr(t) (0-3)

- - -
. . . . . . . ..
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where C,jp(t) is the total air concentration of isotope i, particle size p, at time t,
pCi/m',

C is the direct air concentration of isotope i, particle size p, (constant)
aipd pCi/m*; and
aM(t) is the resuspended air concentration of isotope i, particle size p, atC

itime t, pCi/m .

The resuspended air ccricentration is cut"puted using a time dependent resuspension factor,
R(t), defined by

R (t) ' (1/V )10 5 e''Rt ( fo r t _ l.82 yrs) (D-4a)
p p

R (t) = (1/V )l0' (for t 1.82 yrs) ( D-4 t,)
p p

where R (t) is the ratio of the resuspended air concentration to the ground concentration,
p for a ground concentration of age t yrs, of particle size p, m 1;

V is the deposition velocity of particle size p, cm/sec;p
is the assumed decay constant of the resuspension factor (equivalent toA p a 50-day halflife), 5.06 yr;

10 ' is the initial value of the resuspension factor (for particles with a deposition
~

velocity of I cm/sec), m'l;
10 3 is the terminal value of the resuspension factor (for particles with a deposition

velocity of I cm/sec), m 1; and
1.82 is the time required to reach the terminal resuspension factor, yrs.

The besic formulation of the above expression for the resuspension factor, the initial and
final values, and the assigned decay constant derive from experimental observations (Ref. 3).
The inverse relationship to deposition velocity eliminates mass balance problems involving
resuspension of more than 100't 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

C (t) = 0.01 C I ~ **P -(^i*+'R} '0]g aipd

g g)- (A *+A

10 ' exp (-1.82Ag ) - exp (-i *t) ~(D-5)*
j

+
*r .

where A * is the effective decay constant for isotope i on soil (see Equation D-7), yr !; and
-

0.01 is m/cm.

Total air concentrations are computed using Equations D-5 and 0-3 for all particulate effluents.
Radon daughters which grow in from released radon are not depleted due to deposition losses
and are therefore not assumed to resuspend.

0.3.2 Ground Concentrations

Concentrations of particulate materials in and on soil are computed from direct air concentra-
tions. Pesuspension of deposited activity is not treated as a loss mechanism and redeposition
is ignored. Ground concentrations are given by

V I ~ "P (~*i*t)g p(t) = 0.01 Caipd pC g

(0-6)A *
_ g

p(t) is the ground concentration of isotope i, particle size p, at time t, ?Ci/m2;
and

where C

\g* is the effective decay constant for isotope i on or in soil, yr~1;

(D-7)and where A *=Ag + A*g

where A is the radiological decay constant, yr 1; andj

1* is the assumed environmental loss constant for activity in soil (equivalent to a
50-yr half;ife),1.39 x 10 2/yr.

. _ _ _ - - .___ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ -__ _
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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 Pb-210 from Ra-226 is treated
explicitly using the standard Bateman formulation.

D.3.3 Vegetation Concentrations

Concentrations or released particulate materials can be environmantally 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 i
modified version of the UDAD code. They are cdible above ground vegetables, potatoes, other j
edible below ground vegetables, casture grass, and hay. Vegetation concentrations are computed jusing the following equation

,

'

r 1 - exp ( A*t) B-f (D-8)
*

C = 0.01 V C I E -

y x +Cyjp p aip r y jgp
._

Y W
_

l

where B is the soil to plant transfer factor for isotope 1, vegetation type v, dimensionless; Jyj

C is the resulting concentraticn of isotope 1, particle size p, in vegetation v, pCi/kg;yjp
E is the fraction of the foliar deposition reaching edible portions of vegetation v, jy dimensionless;

I

r
.

I
F is the fraction of the total deposition retained on plant surfaces, 0.2, dimens,ct 'ess;

P is the assumed areal soil density for surface mixing, 240 kg/m ; |2'

t is the assumed duration of exposure while growing for veget. tion V, sec
y

2Y is the essumed yield density of vegetation y, kg/m ;y
,

a is the decay constant accounting for weathering losses (equivalent to a 14-day half-
* li fe), 6.73 x 10'7/sec; and

0.01 is m/cm.
!

!
ground vegetabIes (assumed to be 1.0 for all abose grounnd vegetation, and 0.1 for all below
The value of E is

Ref. 4) . The value of t is taken to be 60 days, except for pasture grass
where a value of 30 days is assumed. The yTeld density, Y , is taken to be 2.0 kg/m2 except for
pasture grass, where a value of 0.75 kg/m is applied. VaYuas of the soil to plant transfer2

coefficients, B are provided in Table 0.4.yj,

Table D.4 Environ cients

_
Ra Pb

I. Plant / Soil (B 's)yj

a) Edible Above Ground: 10 2 4.2 x 10 3
b) Potatoes: 10~3 4 2 x 10 3
c) Other Below Ground: x 10 2 4.2 x 10'3
d) Pastu-e Grass: .o x 10 2 7.8 x 10 2
e) Stored Feed (Hay): .6 x ;g 2 7.8 x 10 2

II. Beef / Feed (F '5)bi

pCi/kg per pCi/ day: 0 x 10 3 2.9 x 10 4

D.3.4 Meat Concentrations
s

Radioactive materials car, be deposited on grasses, hay, or sila; vhich are eaten by meat
animals, wMch are in turn eaten by man. For the White Mesa site, it has been assumed that meat
animals obtain their entire feed requirement by grazing, 6 months per year, and by eating local U
grown stored feed the remainder of the year. The equation used to estimate meat concentrations
is

I

_ _ _ _ _ _ _ . _ . - . _ _ _
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Cml " O Ibi (0.5 Cpg, + 0.5 Chi) b 9)

where C is the concentration of isotope i in pasture grass, pCi/kg;pgj

C is the concentration of isotope i in hay (or other stored feed), pCi/kghi,

3

j C ,j 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 pCl/ day (see
bi Table D.4);

;
4

; Q is the assumed feed ingestion rate, 50 kg/ day; and
,

j 0.5 is the fraction of the total annual feed requirement assuced to be satisfied by
1 pasture grass or locally grown stored feed.
[ -'
i D.4 DOSES TO INDIVIDUALS
|
i Doses to individuals have been calculated for inhalation, external exposure to air and ground
{ concer,trations, and ingestion of v;jetables and meat. Internal doses are calculated by the staff
! using dose conversion factors which yield the 50 yr dose comitment, i.e. , the entire dose
i insult received over a period of 50 years folicwing either inhalation or ingestion. Arnual doses
j given are the 50-yr dose commitments resulting from a one-year exposure period. The one-year
! expos. period was taken to be the final year of mill cper ion wnen environmental concentra-
| tions resulting from plant operations are expected to be a eir highest level .
t

| D.4.1 Inhalotion Doses

|' Inhalation doses have been computed using air concentrations obtained by Equation D-3 (resus-
| pended air concentrations are included) for particulate materials, and the dose conversion

factors presented in Table D. . These dose conversion factors have been computed by Argonner

National Laboratory's UDAD code (Ref.1) in accordance with the Task Ground Lung Model of the
! International Comission on Radiological Protection (Ref. 5).

i Doses to the bronchial epithelium from Rn-222 and short-lived daughters were computed based on
the assumption of indoor exposure at 100% occupancy. It was assumed that indoor radon daughter
concentrations would be approximately 50% of the outdoor Rn-222 concentration. The dose
coaversion factor for bronchial epithelium exposure from RN-222 derives as follows

1) I pCi/m3 Rn-222 - 5 x 10 6 Working level (WL),*
I

2) Continuous exposure ' WL = 25 cumulat;ve working level months (WLM) per year.

3) 1 WLM = 5000 mrem (Ref. 6)

| Therefore:

3 Rn-222 x (5 x 10' gh) x (25 () r(5000 Q) = 0.625 mrem I1 pCi/m
I

t and the Rn-222 bronchial epithelium dose conversion factor is taken to be 0.625 mrem /yr per <

3pCi/m .

D.4.2 External Doses

External doses from air and ground concentrations are computed using the dose convers i factors
provided in Table 0.6 (Ref.1). Doses were computed based on 100% occupany at the part1cular
location. Indoor exposure was assumed to occur 14 hrs / day at a dose rate of 70% of the outdoor |
dose rate. ;

D.4.3 Ingestion Doses |

Ingestion doses have been computed for vegetables and meat (beef and lamb). Ingestion doses {
reported are based on concentrations obtained using Equations D-8 and D-9, ingestion rates given j

I
*0ne WL concentration is defined as any combination of short-lived radioactive decay products of
Rn-222 in one liter of air that will release 1.3 x 105 MeV of alpha particle energy during their )radioactive decay to Pb-210. 1

l
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Table 0.5 Inhalation Dosu Conversion Factors (mrem / year /pCi/m )i
.

Particle Size = 0.3 Microns PB210 P0210

' Whole Body 7.46E+00 1.2SE+00
Bone 2. 32 E+02 5.24E+00
Kidne) i.93E+02 3.87E+01

.! Liver S.91E&01 1.15E+01
Mass Average Lung 6.27E+01 2.;6E+02

Particle Size = 1.0 Micrens U238 U234 TH230 RA226 FB210 P0210
Dens i ty = 8.9 g/cm3

Whole Body 1.44E600 1.64Et00 1.37E+02 3.97E+01 9.42E+00 1.77E+00 i

Bone 2.42E+0i 2.64E+0! .4.90E+03 3.97E+02 2.87E+02 7.22E+00 '

Kidney 5.53E+00 6.30E+00 1.37E+03 1.40E*JO 2.39E+02 5.33E+01
Liver 0. O. 2.82E+02 4.94E-02 7.32E+01 1.59E+01
Mass Average Lung 2.13E+03 2.42E+03 2.37E+03 3.04E+02 2.49E+01 1.12E+02

j

Particle Sire 4 1.0 Microns U238 U234 TH230 RA226 PB210 P0210 |Density = 2.4 g/c;n |
l

Whole Body 1.65E+00 1.87E+00 1.66E+02 3.40E+01 8.24E+00 1.54E+00
Cone 2.78E+01 3.03E+01 5.95E+03 3.40E+02 2.56E+02 6.29E+00
tidney 6.339+00 7.22E+00 1.67E+03 1.20E+00 2.13E+02 4.E4E+01
Liver 0. O. 3.43E+02 4.22E-02 6.53E+01 1.38E+01
Mass Average Lung 2.88E+03 3.28E+03 3.22E+03 4.04E+02 3.38E+01 1.48E+02

Particle Size = 5.0 Microns U238 U234 TH230 RA226 PB210 P0210

Whole Body 1.16E+00 1.32E+00 1.01E+02 4.47E+01 1.00E+01 1.96E+00
Bone 1.96E+01 2.14E+01 3.60E+03 4.47E+02 3.llE+02 7.99E+00
Kidney 4.47E+00 5.10E+00 1.00E+03 1.57E+00 2.59E+02 5.89E+01
Liver 0. O. 2.07E+02 5.55E-02 7.93E+01 1.76E+01
Mass Average Lung 1.24E+03 1.42E+03 1.38E+03 1.87E+02 1.45E+01 7.01E+01

Particle Size = 35.0 Microns U238 U234 TH230 RA226 PB210 P0210

Whole Body' 7.92E-01 9.02E-01 5.77E+01 4.40E+01 9.66E+00 1.93E+00
Bone 1.34Et01 1.46E+01 2.07E+03 4.40E+02 3.00E+02 7.84E+00
Kidney 3.05E+00 3.47E+00 5.73E+02 1.55E+00 2.50E+02 5.79E+01
Liver 0. O. 1.19E+02 5.47E-02 7.65E+01 1.73E+01
Mass Average Lung 3.3]E+02 3.80E+02 3.71E+02 6.38E+nl 3.91E+00 2.58E+01

Table 0.6 Dose Conversion factors for External Exposure

Dose Factors for Doses from Air Concentr ations, mrem /yr per pCi/m 3

ISOTOPE SKIN WHOLE BODY

U238 1.05E-05 1.57E-06
TH234 6.63E-05 5.24E-05
PAM234 8.57E-05 6.64E-05
V234 1.36E-05 2.49E-06
TH230 1.29E-09 3.59E-06

} RA226 6.00E-05 4.90E-05
'

RN222 3.46E-10 2.83E-06
P0218 8.18E-07 6.34E-07
PS214 2.0ft-03 1.67E-03
B1214 1.36E-02 1.16E-02
P0214 9.89E-07 7.66E-07
P8210 4.17E-05 1.43E-05,

_
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Table D 6 Cont'd
2Dose Factors for Doses from Ground Concentrations, mrem /yr per pCi/m'

ISOTOPE Sr!N WHOLE BODY

| U238 2.13f-06 3.17E-07
TH234 2.10E-06 1.66E-06
PAM234 1.60E-06 1.24E-06
U234 2.60E-06 4.78E-07
TH230 2.20E-06 6.12E-07

I RA226 1.16E -05 9.47E-07
| RN222 6.15E-08 5.03E-08
! P0218 1.42E-08 1.10E-08

PB214 3.89E-05 3.16E-05
BI21a 2.18E-04 1.85E-04
P0214 1.72E+08 1.33E-08
P2210 6.65E-06 2.27E-06

1

in Table D-7, and dose conversion factors given in Table D-8 (Ref. I and Ref. 7). Vegetable
ingestion doses were computed assuming an average 50% activity reduction due to food preparation
(Re f. 4) . Ingestion doses to childrer, and teenagers were computed but found to be equivalent
to or less than doses to adults.

|

| Table D.7 Assumed Food Ingestion Rates,a kg/yr
!

! Child Teen Adul t

1. Vegetables (Total): 48 76 105

a) Edible Above Ground: 16 29 42
b) Po tatoes 27 42 60
c) Other Below Ground: 5 5 3

II Meat (Beef and Lamb): 28 45 78

DTT data taken from Reference 4. Ingestion rates are averages for typical rural farm house-
holds. No allowance is credited for portions of year when locally or home grown food may not
be available.

.
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APPENDIX F. PADON RELEASE DURItiG MILLING OPERATIONS

F.1 ORE PADS4

The radon-222 release from the ore pad can be estimated by the following data and assumptions:

Area of the ore pads (A) 2.43 x 108 cm (6 acres)2

Thickness of ore piles (c) 670 cm (22 f t) - maximum case; and 305 cm
(10 ft) - equilibrium case

Radium-226 concentration (CRa) 423 pCi per gram of ore

Density of ore (p) 1.6 g/cm 3

Decay constant of radon-222 (A) 2.1 x 10-6 sec -1

D.fu (diffusion coefficient /vcid 2.5 x 10-2 cm2/sec
' fraction)

Radon emanation coefficient (generic 0.2
value given, actual ore from numerous
mines may vary widely) (E).

The radon-222 flux (J) at the surface of an area with a finite depth of uniform material may
be estimated:

J=C cE VA(D /07 tanh[ fA/(D /s)t] ,Ra g

where the symbols are as defined above. '

The hyperbolic tangent factor corrects the infinite thickness radon flux for the thickness
of the pile. Substituting into this correction factor for a 670-cm (22-f t) pile and a
305-cm (10-ft) pile reveal that the radon release is reduced by 4 x 10' h and 0.75%
respectively. This reduction is negligible so the piles may be considered infinitely
thick.

The radon flux (J) for an infinitely thick pile is given by

J=C cE VA(D/0)Ra g

i Substitution of the above values gives

J = (423 pCi/g)(1.6 g/cm )(0.2) f(2.1 x 10-7 sec-1)(2.5 x 10 cm /sec) = 0.031 pCi/cm .sec .3 2 2

2
F -1

,

e
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i Multiplication by the area gives the release rate:
|

JA = (0.031 pC1/cm2 sec)(2.43 x 100 cm2) = 7.54 x 106 pCi/sec = 7.54 uC1/sec = 240 C1/ year .<

,

j This value applied to both the maximum and equilibrium stockpiles, as the flux is a function of
I area rather than thickness.

F.2 TAILINGS IMPOUNDMENT

For fill operations and prereclamation conciitions the impoundment is assumed to have areas of
saturated tailings, areas of moist tailings, and areas of relatively dry tailings. The

; following data and assumptions were used to determine radon-222 release rates from the
j different areas.

Radium concentration (cRa) f solids 423 pCi/g

Density 1.6 g/cm3 ,

|

]
Emanation factor 0.2

cm /sec (ref. 1, Table 9.29) |: /s for dry tailings (81 moisture) 5 x 10-2 2

'

D /" for moist tailings 1 x 10-2 2cm /sec (ref. 1,
Table 9.29)(151 moisture)

D,,/ 0 for satura ted tailings 5.7 x 10-6 2cm /sec
i

(37% moisture) (ref. 1, Table 9.29) <

'The " infinite thickness" flux is calculated by the expression

f 4=cRa"' Y^(B /")c

Substitution of the above values gives

2dry tails = 439 pCi/m -sec;
,

'
1

| J,, moist tails = 196 pCf/m -sec; and2

| 2i.' saturated tails = 4./ pCi/m -sec.'

|
,

| Based on the conservative assumptions of 40 ha (100 acres) dry tails, 40 ha (100 acres) moist
I tail;, and 20 ha (50 acres) saturated tails, the annual radon-222 relece from the tailings
I impoundment system is calculated to be 8064 C1. Radon releases from ponded areas are
i negligible. Radon-222 releases from dry, moist, and saturated tails are 5552 C1/yr,
'

2482 Cf/yr, and 30 Ci/yr, respectively.

F.3 TAIL INGS COVER REQulREMENTS
r

| The following formula was used in calculating the reduction in radon flux produced by the
proposed cover system:>

I

U

J=J exp - VA/(p/0)gxj ,g ,

1 i=1

i

|

|
!
1

!
!

i
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where

i * the ith layer of a multicomponent cover (n is the number of components) ,

A = decay constant for radon-222 (2.1 x 10-6 sec-1) ,

x = thickness of cover layer (cm) ,

J = resulting radon flux af ter attenuation throunh cover (pCi/m sec) ,2r

radon flux at the surface of the tailings (pCi/m .sec)2J =

|
\

'

Th cover proposed by the applicant consists of 61 cm (2 f t) of compacted Mancos Shale overlain
by 305 cm (10 f t) of silt-sand soil and 23 cm (9 in.) of topsoil . The estimated D /v for thesee
materials are 1.2 x 10-3 cm /sec and 2.2 x 10-2,cm /sec respectivefy.22cm /sec, 2.2 x 10-2 2 2

The dry tallings (8% moisture) infinite thickness flux of 439 pCi/m'*sec is assumed to model the
long tenn conditions for the system. Substitution of these values into the equation yieldse

|

J = (439 pCi/m20ec)exp { /(2.1 x 10-')/(2.2 x 1027)(328) /(2.1 x 10-')/(1.2 x 10-3)(61)}
(439 pCi/m .sec)(3.16 x 10-3)2=

,

21.4 pC1/m .sec .=

As reported in the Supplenental Enviromnental Report 3 the average background flux is |20.64 pCi/m .sec. Because of its thickness, the silt-sand material is expected to contribute !

backround flux, so the total radon flux would be essentially twice background. The proposed )
; cover is adequate for areas where there is no sig?1ificant accumulation of slimes. The '

applicant's proposed operating plan should prevent excessive sand-slimes segregation.

|

J

|

'
.

1

I

.

f
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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 1-2 MeV2

ganna ray is 0.0518 cm /g.1 (Most of the dose rate from a typical natural emitter is in2

this range.2) Assuming the garria radiation from the uncovered tdilings pile to be approxi-
mately 12 R/ year (same as for Bear Creek project) and the bulk density of the soil to be

31.5 g/cm , the effect of the 3.28 m (10.75 f t) of soll materials proposed (excluding the
shale layer) would reduce the gamma radiation ta approximately 10.3 pR year.

I/I, = exp[-(pen /n)ax] = exp[-(0.0518 cm /g)(1.5 g/cm3)(328 cm)] = 8.5 x 10422 ;

i = (8.5 x 10-12)(12 R/ year) = 10.3 pR/ year

The background radiation dose as measured by the applicant 3 is 77.7 mR/ year. The garna
radiation from the deposited tailings would be insignificant compared to the natural
ganna background.

REFERENCES FOR APPENDIX G
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APPENDIX H

ATMOSPHERIC DISPERSION COEFFICIENTS

Tables H,1 through H.4 list x/Q (sec/m ) values calculated by the staf f using AIRD05-II,3

a FORTRAN computer code,1 and onsite meteorological data supplied by the applicant.2
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Table H. l. Armual average x/Q (sec/m 9 at v41)us distances for the 16 compass
direc tion' , release neight I es

_ _
I
|

WinJ DM tim e f rem e f fl uent M
To w d 3h 790 943 1096 1400 1720 2W

h 7.13E -6 t.2h 6 8. 5 5E - 7 6. 35E- 7 1 9H -7 1,gt.1 1. J f 7J

y 6.19E -6 3.05E 7 6. 34f -7 4.77E-/ 2, % E . 7 grg. 7 1 05E 7

-. h' 6. 6 5L6 I.ItE 1 .i M.L_ _1111-J L 76I- 7. __EddL 7__) h;-J_

Wu 3. 94E -6 f . 8M- 7 4.M2E.7 369E7 2. 25E . 7 1 g.7 g g. g

_W 3. 0GE -6 5.04 7 3. 4 9E - 7 ' 5 E -7 1. 6 3r - 7 1. 7E . y gg_
in 2.54E-6 4.32C-I 3. 01E 7 A 23E-7 1. :-)E . 7 3g.g a gg_n |.

|
54 6.34i-6 1.c5E-6 7. 3 ?g-7 5. g g- 7 al?f -7 ' ' 7 r .1 1. !E 7

y,,, 1.04E-5 1.692-6 1.17! - E P 59r-7 5 34E .7 3 g[_J__LggL

5 5.J1E.5 8.74E-6 5.6?i-6 4. ME -e 2.51E-6 I EtE-6 Uc 7." sun w
ggE 2. 6& -5 4 ; *i-6 3.11! 6 2. ? ?f -6 1 40E 6 9 2 Y. 7 1,7J1 7

SE 2.54E-5 3.93E-6 2. '2E +6 1. 9 dE - 6 1 2 ~ .f 6. . u. . / 4.11 -. - 7

ESE 9 63 -6 1. 5 7E -6 1. OnE -t 7 9 )(. 7 437 1 '' ./ 1. (g- j_ .

E 8.43E-6 I . lli-6 'L 46(- 7 6.g(.; 4g.]_ ,ca 1. .l y - 7

En 6.09E-6 1 03E-t 7.20E 7 5 Bf ? 3 34E 2.' l . D& 7,

1
'

g 1.27E-5 . 16E 6 1. 51I t- 1.121 -6 6.99E 7 4.7?E.7 ' 4 /E -J.

W I 0GE-5 f . / 3E .6 1. 2 i E -t, '). m E 7 S.Qg J ] q.1_2 p l E - 7
1

!

x table H.2. Annual average 1/Q (sec/m ) at various distances for the 16 compani

directions, release height 6 m
___ _

Wind Di s Wee f rom e f f luen tJ)
| Tow 4c) 3.15 790 910 13 % 1100 1770 2400

3 7.10!-6 1.54E 6 1. 01E -6 8.1 K - 7 5. iqE 7 3.41] 12L]_
! gg 5.10E-6 1.11!-6 7. 93E ? 5.~J 3E 7 3.74' 2. 5 3E - 7 1. n -1
t

y 6.61 E 4 1. 4.lE -6 1. c2E -6 7.60t-7 4. 7at - 7 3. 7 n - 7 1.69E.7

3. 91 E -6 8.4dE-7 5. 9]E- 7 d . 4N .7 L 8?E-7 1.91E-7 t ay)E-7p

W 2.94E-6 6. 7CE-1 4. 75f -7 3. 6]E . 7 2.71E.7 1.43E.7 _Li7 hit _
m 2. 34 E -6 5.53E-7 3 95E 7 2,95E-7 19.4 7 Ig]E L j gt;,g,_

y,4 6. 05E -6 1. 4 4 E -6 1.M-6 7. 6')E 1 4 77!-7 3djh7_ ,,yg.[_

$5w 9.24f-6 2. 34E -6 1.6 7t -6 I.246-6 1. g % . 7 pr. 7 gg7

5 4. 5 9E - 5 1.22E 5 3. 6 3E-6 6 4?E-6 t ged ?.6% -6 1. 3 /E 1__.

y 2.42E 2 6. 4 9E -6 4.6]E 6 3.15E 6 2.17E -6 1.46:-6 MLL
2.18f 5 * /M-6 4. llE -6 3.06E-6 1.e/E-6 l M.E -o 6.5?E 7$ E- .

_

ESE 8.6|E-6 2.2}F 6 1. 5M-6 1.18f -6 7.4 tE / 4 M 1E.7 2. 56 E - 7

7.52E-6 1. ME -6 1.34E-6 9. 9 /E - 7 6J i-7 4.22E 7 7.19f-7

5.57E-6 1.34E-6 9. 53E - 7 7.17E + 7 4.54E 7 3 07E-7 1.61E-7Eg

1.20E-5 '. 77E-6 1. 97E 6 1. 4 7E -6 9. 3CE 7 6.27E 7 3. 2 8E - 7

G . 58E -6 2.17Z -6 1.54E-6 1 !6E-6 7. 30E- 7 4.94E-7 2.59f-7g

- . . . .. ._ _ . . _ . . _ . , . ~ , . . . . , . . , ,_ . . _ - _
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T4hle H. 3. Annu&l averdge y/Q (Sec/m') dt various distance 5 for the 16 canpd55
directions, release height 13.7 m

s-w

Wind D h td%e frcmefflant_(d _ _ _

Tc+trd 335 7 10 90 135 140') 1121 2400

N 3.92EJ. 1,1 ?! -6 9. 31E 7 7. 4 3E -7 5.06E 7 3 fC 7 JM .L . *

ya 2.81E 6 8.7dE-7 6.84f-7 5.45E-7 3. 71 E - 7 2 64E-7 1.4SE-7 _
a 3. 6 7E -6 1 ljE-6 8. fiCE - / 7.01E-7 4. 7 7E-7 3DE' I 90f-7

m 2.22E-6 6.1 )? - 7 5. 25 E .7 4.1 f4 - 7 2 32E-7 2. 00E '' l.12E-7

W l.29E-6 4. 76E 7 3. 84E - 7 ) 11E.7 ?. lg- 7 IEd_JjM __

y 9.58E-/ 3. 8 3f - / 3. l lE - 7 2. 5 5_E - 7 ,1.79E-7 1.30t-7 7.43L-f __

sa 2.15E -6 9 - y,E - 1 7. 85 F - 7 6. 51 E - 7 4.63E-7 ) 19(-7 WR_
Ssa 2. 21 E -6 1. 3/E 6 1.lHE-6 1. 00E -6 7. iN -7 W-L _J h L

s 5. 82E -6 6.28E-6 5. 70E 6 4.95E-h 3.70( -6 2. 7F-4 1. QE 6

e,t[ 3. I lf-6 3. 3f.E 6 3. 0 5E -6 2.65E-6 1. 9 7E -6 1 4M .0 8. 7 H - 7

SE 3. 2 5E -6 LO2E 6 2. 7 3f -6 2. U E -6 f . 76E -6 1. 32f -6 7. 75E - 7

1. 76E -6 i 25E-6 1.10E-6 9. 36E - 7 6. P ;E - 1 5.1 h - 7 2. 9 9E - 73E_
g 2.1 X -6 i .12E -6 9.61E 7 6.11E-7 5 ME.7 4. E; 7 2.52. -7

gy 2.04E-6 9. 9'd 7 7 3aC-/ 6.09E ' 4.32E-1 3.16E-7 1.82!-7

HE 5. ME -6 1.94E-6 1. 5 /f -6 1. 20E -6 8. 96 E - 7 6. 5JE - 7 3 70f-7
4. 74E -6 1.60E 6 1. 2 7E 6 1. 02E -6 7. 09E -7 5.10E-7 2.8iE-1gg

Table H.4. tinNal average ,/1 (sec/m') at various distances for the 16 ceppass
directions, reledse height 27.4 m

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

n i mi N s t c om f rv e f f l ue n t (*1__
h ard 335 70 940 1095 1420 1723 2400 ,_.

g 2.06E-6 4. 0 ?l-7 6. 38E -/ 5.20 -7 3.72E-7 2. SHd 1.75 M _
1. 3 5E -6 5.8dE 7 4.6?E 7 3.64E 7 <. 16t-7 2. 0'iE - ? 1. 30f -7gg

1.82E 6 7.62E 7 6.06E 1 4'M1 3. HE 7 2 %E 7 1.6/E-7y__

1. C 7E -6 4.6H 7 3 69E 7 J . 0 , t. / 2.15E-/ 1.61E 7 9.93E-8g
5,6M-7 76 E ./ 2. /E-1 1. 91 E - 7 1.44E 7 1.11 7 7.43E.d,

g ,, 1.95E-7 2. 0 7E - 7 1. / K - 7 1. 4 ut - / l.14E-7 9. r ; -8 6.04E J _ .
y 7.4 K 7 4. 74E 7 4. 05E - / 3. 5 3E - ? 2. 7M -7 2. 2 7E - 7 1.56E-7

g,g 5.62E 7 S. l E-7 4. 7 3E ,7_ 4. 3dE 7 3. 7_5E- 7 3. 2 3rg7 J,,3 7f, .J_

$ 1.G2E-6 1. 5 X -6 1.57E 6 1.61E 6 1.56E-6 1. 44 E - 6 1.15 E - 6

j,g 5.01E / ?. 9]E 7 8. 4 H 7 8,64E-7 8. 33E - 7 1.72E-1 6 12E -1

$g 1 43E-7 7.94E 7 8.0!E 7 8:03l 1 7. 5K - 7 6.97E d 5. 4 8L ,. _
4.8SE 7 --7 3. 90E - / 3. 7 t E -7 3.29E 7 2. 9Gf - 7 2.19E-74.12Et..s g

E
7.67E 7 4. 6'JE - 1 4.15 E - 7 3.74E-7 3. l l E-7 2. f,4E - 7 1.91E-7

7.59E-7 4. 4 7E - 7 3.82E -7 3. 3?E -/ 2.62E-7 2.1 PI - 7 1. 4 Sf - 7gg
I
'

2. 4 5E -6 1.12E-6 9.15 E - 7 7. 72E -7 5. 8 K -7 4. 60E - 1 3.64E 7g

2.28E-6 9. 86 E - 7 7. 96 E - 7 6. 6 2E -7 4.88E-7 3. 78E - 7 2.44E-7g,g
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