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INTRODUCTION

This document prepared by Energy Fuels Nuclear, Inc. (EFN), presents EFN's plans and
estimated costs for . 2 reclamation of Cells 1-I. 2. 3. and 4. and for decommissioning ot the
White Mesa Mill.

Uhe uranium processiny sections of the mill will be decommissioned as follows:

The uranium and vanadium processing areas of the mill, including all equipment, structures and
support tacilities will be decommissioned and disposed of in tailings or buried on site as
appropriate.  All equipment, including tankage and piping; agitation, process control
instrumentation and switchgears; and contaminated structures; will be cut up, removed. and buried
in tailings prior to tinal cover placement. Concrete structures and foundations will be demolished
and removed or covered with soil as appropriate. These decommissioned areas would include,
but not be limited to. the following:

. Coarse ore bin and associated equipment, conveyors and structures.

. Grind cireuit including semi-autogenous grind (SAG) mill, screens. pumps and cyclones.

. I'hree pre-leach tanks to the east of the mill building, including all associated tankage,
agitation equipment, pumps, and piping.

. Seven leach tanks inside the main mill building, including all associated agitation
equipment, pumps and piping.

. Counter-current decantation (CCD) circuit including all thickeners and equipment, pumps
and piping.

. Uranium precipitation circuit, including all thickeners, pumps and piping.

. Two yellowcake dryers and all mechanical and electrical support equipment, including
uranium packaging equipment.

. Clarifiers to the west of the mill building including the preleach thickener and claricone.
. Boiler and all ancillary equipment and buildings.
J Entire vanadium precipitation, drying, and fusion circuit.
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All external tankage not included in the above list including: reagent tanks for the storage

of acid. ammonia, kerosene, water, or dry chemicals, and the vanadium oxidation circuit.

. Uranium and vanadium selvent extraction (S8X) circuit including all SX and reagent
tankage, mixers and settlers, pumps. and piping.

. SX building.

’ Mill building.

. Office building.

. Shop and warehouse building.

. Sample pla building.

The sequence of demolition would proceed so as to allow the maximum use of support areas of
the facility, such as the otfice and shop areas. It is anticipated that all major structures and large
equipment will be demolished with the use of hydraulic shears. These will speed the process,
provide proper sizing of the materials to be placed in tailings, and reduce exposure to radiation
and other safety hazards during the demolition. Any uncontaminated or decontaminated
cquxpmem 0 be consndered for salvage w:ll be released in accordance wnth the NRC document

, ¢ i Byprodugt or S aterials, dated September 1984 and in
;ompham.e \Mzh xhe uondmons of Source Matenal Llcense SUA-1358. As with the equipment
tor disposal, any contaminated soils from the mill area will be disposed of in the tailings facilities
in accordance with Section 4.0 of Attachment A, Plans and Specifications.

HUSERS:MFM\W PMRRRECL AMWM 96\FNLDRAFTNTRO RPT'\February 28. 1997




Page [-5
Revision 1 0)

Energy Fuels Nuclear. Inc
White Mesa Mill Reclamation Plan

[he estimated reclamation costs for surety are summarized as follows:

White Mesa Reclamation
Cost Summary

irect Cost M§
Mill Decommissioning [.485
Cell 1 Reclamation 738
Cell 2 Reclamation 1.736
Cell 3 Reclamation 2.216
Cell 4A Reclamation 115
Misc. Items (Project General) 2043

Subtot irect 8335

Protit Allowance 10% 833
Contingency 15% 1.250
Licensing and Bonding 2% 167
Long Term Care Fund 585
Total Surety Requirement: 11170

REPORT ORGANIZATION

General site characteristics pertinent to the reclamation plan are contained in Section 1.0.
Descriptions of the facility construction, operations and monitoring are given in Section 2.0. The
current environmental monitoring program is described 1: Section 2.3. Seismic risk was assessed

in Section 2.6.3.

the Reclamation Plan including descriptions of facilities to be reclaimed and design criteria, is
presented in Section 3.0. Section 3.0 Attachments A, B, and C are the Plans and Specifications,

Quality Plan for Construction Activities, and Cost Estimates, respectivel*

H :USERS MFM\WPMRR . RECLAMWM 96FNLDRAFTINTRO RPT\February 28, 1997




Page [-4

Revision 1.0

Energy Fuels Nuclear. Inc.

White Mesa Mill Reclamation Plan

Supporting documents. which have been reproduced as appendices for ease of review. include:

. Semi-Arnnual Effluent Report, White Mesa Mill. SUA-1358, Docket No. 40-8681,
(Julv through December 1995) and Semi-Annual Effluent Report, White Mesa

Mill, SUA-1358, Docket No. 40-8681, (January through June 1996) Energy Fuels

Nuclear, Inc.

ill, July 1994. Titan

Environmental Corporation (Titan).

. Points of Compliance, White Mesa Uranium Mill, September 1994. Titan.

. Tailin over Desi White Mesa Mill. October 1996. Titan.

. Neshaps Radon Flux Measurement Program. White Mesa Mill, 1995, October

1995. Tellco Environmental.
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1.0 SITE CHARACTERISTICS

The White Mesa Mill is located in southeastern Utah (see Figure 1-1), approximately six miles south

of Blandiig, Utah (see Figure 1-2).

The Enviroumental Report ("ER") (Dames and Moore 1978b) has been reproduced, with minor
revisions. to describe site characteristics. The Final Environmental Statement ("Final ES") (U.S.
NRC 1979) has also been used, where noted below, for descriptions of the preoperational
environment. Section 2.0, Site Characteristics, contains certain pertinent sections reproduced from
the Final ES with minor changes in syntax. Where these sections were reproduced. the ER or Final

ES section numbers are referenced in parentheses after the section title.

Section 1.0.1, Regional Geology, and Section 1.6.2, Blanding Site Geology, were reproduced from
the ER with minor changes in syntax. Section 1.6.3, Seismic Risk Assessment, summarizes the
results of static and pseudostatic analyses performed in September of 1996. T..ese analyses were
based on the most recent data available as well as previously collected data, and were used to
establish . - stabuity of the side slopes of the tailings soil cover. Complete details of the tailings

cover design are provided in Appendix D, Tailings Cover Design, White Mesa Mill (Titan

Envirnnmental Corporation, 1996).

The Semi-Annual Effluent Report for July through December, 1996 (EFN, 1996) is reproduced in
Appendix A. Many of the graphs in the Stemi-Annual Effluent Report show data from late 1979 or

carly 1980 to the present. The word "current” is used to describe these data and/or updatcs. The

ic Evaluation of White Mesa Uranium Mill (Titan, 1994) is reproduced in Appendix
B. Points of Compliance, White Mesa Mill (Titan, 1994) is reproduced in Appendix C. Tailings
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(Titan, 1996) is reproduced in Appendix D. Appendix E is the most

recently completed radon monitoring report.
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1.1 CLIMATE

Text on climate and associated tables are adapted. with minor revisions. from the Final ES. New
table numbers are added to the text below to correspond to sections in this Reclamation Plan, but
the original table numbers from the Final ES are cited on the modified tables. for ease of

reference.

1.1.1  General Influences (Final ES Section 2.1.1)

Although varying somewhat with elevation and terrain in the vicinity of the site, the climate can
generally be described as semiarid. Skies are usually clear with abundant sunshine, precipitation
is light. humidity is low, and evaporation is high. Daily ranges in temperature are relatively
large. and winds are normally light to moderate. Influences that would result in synoptic
meteorological conditions are relatively weak: as a result, topography and local

micrometerological effects 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 50° F (10°
C). as shown in Table 1.1-1 (Table 2.1 in the Final ES). January is usually the coldest month
in the region, with a normal mean monthly tempeiature of about 27° F (-3° C). Temperatures
of 0° F (-18° C) or below may occur in about two of every three years, but temperatures below
-15° F (-26° C) are rare. July is generally the warmest month, having a normal mean monthly
temperature of about 73° F (23° C). Temperatures above 90° F (32° C) are not uncommon in
the summer and are reported to occur about 34 days a year; however, temperatures above 100°

F (38° C) occur rarely.
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1.1.2 Precipuation (Final ES Section 2.1.2)

Precipitation in the vicinity of the White Mesa Uranium Project is light (Table 1.1-2) (Final ES
Table 2.2). Normal annual precipitation is about 12 inches (30 cm). Most precipitation in the

arca is rainfall, with about 25 percent of the annual total in the form of snowfall.

There are two separate rainfall seasons in the region. The first occurs in late summer and early
autumn when moisture-laden air masses occasionally move in from the Gulf of Mexico, resulting
in showers and thunderstorms. The second rainfall period occurs during the winter when Pacific

storms frequent the region.

1.1.3 Winds (Final ES Section 2.1.3)

Wind speeds are generally light to moderate at the site during all seasons, with occasional strong
winds during late winter and spring frontal activity and during thunderstorms in .ie summer.

Southerly wind directions are reported to prevail throughout the year.

1.1.4 Storms (Final ES Section 2.1.4)

Thunderstorms are frequent during the summer and early fall when moist air moves into the area
from the Gulf of Mexico. Related precipitation is usually light, but a heavy local storm can
produce over an inch of rain in one day. The maximum 24-hour precipitation reported to have
fallen during a 30-year period at Blanding was 1.98 inches (5.02 cm). Hailstorms are uncommon
in this area. Although winter storms may occasionally deposit comparable amounts of moisture,

maximum short-term precipitation is usually associated with summer thunderstorms.
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Tornadoes have been observed in the general region. but they occur intrequently. Strong winds
can oceur in the area along with thunderstorm activity in the spring and summer. The White
Mesa site is susceptible to occasional dust storms, 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 topsoil and streng, turbulent winds. Dust storms usually occur following frontal

passages during the warmer months and are occasionally associated with thunderstorm activities.
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TAL. e 1.1-1

Temperature means and extremes at Blanding, Utah®

Means Extremes
Daily Daily Record Record
Month maximum minimum Monthly highest Year fowest Year
oC °F oC of oC °F o oF o oF
January 39 39.1 -9.1 15.6 -2.6 27.4 16 60 1956 -27 -17 1937
February 6.5 43.7 -6.4 204 0.1 32.1 19 67 1932 -31 -23 1933
March L1 519 -33 26.1 39 39.0 22 72 1934 17 2 1948
April 17.0 62.6 0.9 33.7 89 48.1 28 82 1943 12 B 1936
May 222 719 52 41.3 13.7 56.6 33 92 1951 -5 23 1933
June 282 828 96 49.2 189 66.0 38 160 1954 -2 28 1947
July 31.7 89.1 13.8 56.9 278 73.0 39 103 1931 2 36 1934
August 303 86.5 13.1 55.5 21.7 71.0 37 98 1954 6 42 1950
September 26.2 79.3 8.7 47.7 17.6 63.6 35 95 1948 -2 29 1934
October 19.0 66.2 2.7 36.9 10.9 516 32 90 1937 -10 14 1935
November 10.4 50.8 -4.4 24.1 3.1 375 21 69 1934 -22 -7 1931
December 53 41.6 -74 18.6 1.1 30.1 16 6l 1949 -24 -11 1935
Annual 17.7 638 1.9 35.5 98 49.7 39 103 July 1931 -31 -23 February 1933

*Period of record: 1931-1960 (30 years).

Source: Adapted from U. S. NRC (1979) Final Environmental Statement, Page 2-2, Table 2.1.
Original Source: Plateau Resources, Limited, Application for Source Material License, Table 2.2-1, p. 2-6, Apr. 3, 1978.
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TAL. ¢ 1.1-2

Precipitation means and extremes at Blanding, Utah®

Total
Month Mean monthly Maximum monthly Greatest daily Year
cm in. cm in. cm in.
January 3.04 1.20 10.31 4.06 2.64 1.04 1952
February 295 1.16 4.39 1.73 2.62 1.03 1937
March 2.38 0.94 5.00 1.97 254 1.00 1937
April 2.18 0.86 5.41 2.13 2.69 1.06 1957
May 1.63 0.64 5.11 2.01 2.39 0.94 1947
June 1.36 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
August 3.02 1.19 12.59 4.96 5.03 1.98 1951
September 3.02 1.19 9.60 3.78 3.07 1.21 1933
October 3.51 1.38 16.79 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 3.66 3.56 1.40 1931

*Period of record: 1931-1960 (30 years).

Source: Adapted from U. S. NRC (1979) Final Environmental Statement, Page 2-2, Table 2.2.
Original Source: Plateau Resources, Limited. Application for Source Material License, Table 2.2-2_ p. 2-8. Apr. 3, 1978.
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1.2

TOPOGRAPHY
The following text is reproduced from Section 2.3 of the Final ES.

The site is located on a "peninsula” platform tilted slightly to the south-southeast and surrounded
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 deep stream courses intercept overland flow from
the higher country. Consequently, this platform (White Mesa) is well protected from runoff
flooding, except for that caused by incidental rainfall directly on the mesa itself. The land on

the mesa immediate'y surrounding the White Mesa site is relatively flat.

1.3 ARCHEOLOGICAL RESOURCES

The following discussion of archeological sites is adapted from Section 2.5.2.3 of the Final ES.

1.3.1 rcheological Sit

Archeological surveys of portions of the entire project site were conducted between the fall of
1977 and the spring of 1979. The total area surveyed contained parts of Section 21, 22, 27, 28,
32, and 33 of T37S, R22E, and encompassed 2,000 acres (8G9 ha), of which 200 acres (81 ha)
are administered by the U. S. Bureau of Land Management and 320 acres (130 ha) are owned
by the State of Utah. The remaining acreage is privately owned. During the surveys, 121 sites
were recorded and all were determined to have an affiliation with the San Juan Anasazi who
oc upied this area of Utah from 0 A.D. to 1300 A.D. All but 22 of the sites were within the

project boundaries.

H USERSMFM\WPMRR'RECLAMWM .96\ FNLDRAFT'SECTO! RPT'February 28, 1997
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Table 1.3-1. adapted trom Final ES Table 2.18. summarizes the recorded sites according to their
probable i« mporal positions. The dates of occupation are the best estimates available, based on
protessional experience and expertise in the interpretation of archeological evidence. Available
evidence suggests that settlement on White Mesa reached a peak in perhaps 800 A.D. Occupation
remained at approximately that level until some time near the end of Pueblo II or in the Pueblo
11/Pueblo I1I transition period. After this period, the population density declined sharply, and 1
may be assumed that the White Mesa was. for the most part, abandoned by about 1250 A.D.

Archeological test excavations were conducted by the Antiquities Section, Division of State
History, in the spring ot 1978, on 20 sites located in the area later to be occupied by tailings cells
2. 3 and 4. Of these sites, 12 were deemed by the State Archeologist to have significant National
Register potential and four possible significance. The primary determinant of significance in this
study was the presence of stictures, though storage features and pottery artifacts were also

common.

In the fall of 1978, a surface survey was conducted on much ot the previously unsurveyed
portions of the proposed mill site. Approximately 45 archeological sites were located during this
survey, some of which are believed to be of equal or greater significance than the more
significant sites form the earlier study. Determination of the actual significance of all untested

sites would require additional field investigation.

H USERS MFM\WPMRR'RECLAMWM 96\FNLDRAFT.SECTO! RPT\February 28, 1997




TABLE 1.3-1

Distribution of Recorded Sites According to Temporal Position

Temporal position Approximate dates (A.D.)a Number of sites
Basket Maker I1I 575-750 2
Basket Maker [11/Pueblo | 575-850 27
Pueblo | 750-850 12
Pueblo 1/Pueblo Il 850-950 13
Pueblo 11 950-1100 14
Pueblo I1/Pueblo 111 1100-1150 12
Pueblo 111 1150-1250 8
Pueblo I1+ b 5
Multicomponent c 3
Unidentified d 14
a Includes transitional periods.

b Although collections at these locations were lacking in diagnostic material, available
evidence indicates that the site would have been used or occupied no earlier than 900 A.D. and
possibly later.

¢ Ceramic collections from each of these sites indicate an occupation extending from Pueblo
[ through Pueblo 1I and into Pueblo II1.

d These sites did not produce evidence strong enough to justify any identification.

Source: Adapted from Dames & Moore (1978b) (ER), Table 2.3-2, U. S. NRC (1979) Final
Environmental Statement, Page 2-20, Table 2.18, and from supplementary reports on project
archeology.
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Pursuant to 10 CFR Part 63.3, the NRC submitted on March _8, 1979, a request to the Keeper

of the National Register for a determination of eligibility for the area which had been surveyed

and tested. The area contained 112 archeological sites and six historical sites. The determination

by the Keeper of the National Register oa April 6, 1979, was that the White Mesa Archeological

District is eligible for inclusion in the National Register.

1.3.2 Current Status of Excavation

Archeological investigations for the entire mill site and for Cells 1-I through Cell 4 were

completed with the issuance of four separate reports covering 30 sites, excluding re-investigations.

(Lindsay 1978, Nielson 1979, Casjens et al 1980, and Agenbroad et al 1981).

The sites reported as excavated are as follows:

6380 6394
6381 6395
6384 6396
6385 6397
6386 6403
6387 6404
6388 6420
6391 6429
6392 6435
6393 6436

Sites for which excavation has not been required are:

6379 6441
6382 6443
6405 6444

7658
7659
7660

6437
6684
6685
6686
6697
6698
6699
6754
6757
7754

HUSERSMFM\WPMRR' RECLAMWM 96\ FNLDRAFT'SECTO!| RPT\February 28, 1997

7690
7691
7693




Page 1-14

Revision 1.0

Energy Fuels Nuclear. Inc.

White Mesa Mill Reclamation Plan

6379 6441 7658 7690
6382 6443 7659 7691
6405 6444 7660 7693

The sites remaining to be excavated are (continued):

6408 6445 7661 7696
6421 6739 7665 7700
6427 6740 7668 7752
6430 7633 7675 7876
6431 7655 7684 8014
6432 7656 7687

6439 7657 7689

1.4  SURFACE WATER

The tollowing description of undisturbed surface water conditions is adapted from Section 2.6.1 of
the Final ES. Since construction, the mill has been designed to prevent runon or runoff of storm
water. No perennial surface water drainages exist on the site. The description of surface water
quality in subsection 1.4.2 reflects baseline sampling perfoimed in July 1977 - March 19/8.

“ontinuous monitoring of surface water is not possible due to lack of streamflow.

1.4.1 Surface Water Description (Final ES Section 2.6.1.1)

The 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 sandstone formations. There is a small
drainage area of approximately 62 acres (25 ha) above the site that could yield surface runoff to the

site. Runoff from the project area is conducted by the general surface topography to either
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snowmelt and local rairstorms (particularly thunderstorms). Surtace runoff from approximately
384 acres (133 ha) of the project site drains westward and is collected by Westwater Creek. and
runott from another 384 acres (135 ha) drains eust into Corral Creek. The remaining 713 acres
(289 ha) of the -vuthern and southwestern portions of the site drain indirectly into Cottonwood
Wash (Dames & Moore. 1978b, p. 2-143). The site and vicinity drainages carry water only on
an intermittent basts. The major drainages in the project vicinity are depicted in Figure 1.4-1 and
their drainages tabulated in Table 1.4-1. Total runoff from the site (total yield per watershed

area) is estimated to be less than 0.5 inch (1.3cm) annually (Dames & Moore, 1978b. p. 2-143).

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 11.8
inches (29.7 ¢m) per year at Blanding (Dames & Moore, 1978b, p. 2-168), local soil
characteristics and the poreus nature of local stream channels. Prior to construction, three small

ephemeral catch basins were present on the site to the northwest and northeast of the scale house.

Corral Creek is an intermittent tributary to Recapture Creek. The drainage area of that portion
of Corral Creek above and including drainage from the castern portion of the site is about 5
square miles (13 km’). Westwater Creek is also an intermittent tributary of Cottonwood Wash.
The Westwater Creek drainage basin covers nearly 27 square miles (70 km’) at its confluence
with Cottonwood Wash 1.5 miles (2.5 km) west of the project site. Both Recapture Creek and
Cottonwood Wash are similarly inter nittently active, although they carry water more often and
tor 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 18 miles (29 km) south of the project site. The San
Juan River, a major tributary for the upper Colorado River, has a drainage of 23,000 square miles

H USERSMFM WP MRR'RECLAMWM 96.FNLDRAFT'SECTO| RPT' February 28, 1997
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(60.000 km’) meusured at the USGS gauge to the west of Bluff. Utah (Dames & Moore, 1978b.
p. 2-130).
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. TABLE 1.4-1

Vrainage Areas of Project Vicinity and Region

Drainage area

Basin description

km- sq. miles
Corra' - at confluence 15.0 58
with Recapture Creek
Westwater Creek at contluence 68.8 26.6
with Cottonwood Wash
Cottonwood Wash at USGS <531 <205
gage west of project site
Cottonwood Wash at confluence <860 <332
with San Juan River
Recapture Creek at USGS gage 9.8 38
Recapture Creek at confluence <518 <200
‘ with San Juan River
San Juan River at USGS gage <60,000 <23,000
downstream at Bluff, Utah
Source: Adapted from Dames & Moore (1978b), Table 2.6-3
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Storm runott in these streams is characterized by a rapid rise in the flow rates, followed by rapid
recession primarily due to the small storage capacity of the surface soils in the area. For
example. on August 1. 196%, a flow of 20,500 cfs (581 m’/sec) was recorded in Cottonwood
Wash riear Blanding. The average flow for that day. however. was only 4.340 cfs (123 m''sec).
By August 4, the flow had returned *o 16 cfs (0.5 m’/sec) (Dames & Moore, 1978b, p. 2-135.
Monthly streamflow summaries are presented in Figure 1.4-2 for Cottonwood Wash and
Recapture Creek. Flow data are not available for the two smaller water courses 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. Flow typically ceases in Corral and Wastwater Creeks within 6

to 48 hours after precipitation or snowmelt ends.

1.4.2 Surface Water Quality (Final ES Section 2.6.1.2)

Sampling of surface water quality in the project vicinity began in July 1977 and continued
through March 1978. Baseline data describe and evaluate existing conditions at the project site
and vicinity. Sampling of the temporary on-site surface waters (two catch basins) has been
attempted but without success because of the lack of naturally occurring water in these basins.
The basin to the northeast of the mill site has been filled with well water to serve as a nonpotable
water source during constructinn of office and laboratory buildings in conjunction with the mill
(approximately six months). This water has not been sampled but presumably reflects the poor
quality associated with local groundwater. Sampling of ephemeral surface waters in the vicinity
was possible only during major precipitation events, as these streams are normally dry at other

times.
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The locations of the surface water sample sites are presented in Figure 1.4-3. The water quality
values obtained for these samnle sites are given in Dames & Moore (1978b) Table 2.6-7, and
LU.S. NRC (1979) Table 2 22. Water quality samples were collected during the spring at several
intermittently active streams that drain the project area. These streams include Westwater Creek
(SIR, S9) Corral Creek below the small irrigation pond (S3R), the junctior. of Corral Creek and
Recapture Creek (54R), and Cottonwood Creek (S8R). Samples were also taken trom a surface
pond southeast of the mill (S5R). No samples were taken at S2R on Corral Creek or at the small

wash (S6R ) located south of the site.

Surface water quality in the vicinity of .he mill is generally poor. Waters in Westwater Creek
(S1R and S9) were characterized by high total dissolved solids (TDS; mean of 674 mg/liter) and
sulfate levels (mean 117 mg of SO, per liter). The waters were typically hard (total hardness
measured as CaCO;; mean 223 mg/liter) and had an average pH of 8.25. Estimated water

velocities for Westwater Creek averaged 0.3 fps (0.08 m/sec) at the time ot sampling.

H-USERS MEM'WP'MRR:RECLAMWM 96\ FNLDRAFT'SECTOI RPT\February 18, 1997
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Samples trom Cottonwood Creek (S8R) were similar in quality to Westwater Creek water
samples, although the TDS and sulfate levels were lower (TDS av-ragea 264 myg liter; SO,

averaged 40 mg-liter) during heavy spring flow conditions {80 fps (24 msec) water velocity].

I'he concentrations of TDS increased downstream in Corral Creek, averaging 3.180 mgrliter at
S3R and 6,660 mg/liter (one sample) at S4R. Total hardness averaged in excess of 2,000
my/liter, and pH values were slightly alkaline. Estimated water velocities in Corral Creek were

typically less than 0.1 fps (0.U3 - ') during sampling.

The spring sample collected a the surface pond south of the project site (SSR) indicated a TDS
coneentration of less than 300 mg/liter. The water was slightly alkaline with moderate dissolved

sulfate lv els averaging 42 mg/liter.

During heavy runoff, the concentration of total suspended solids in these streams increased
sharply to values in excess of 1,500 mg/liter (U.€ NRC 1979, Table 2.22). High concentrations
of certain trace elements were measured in some sampling areas. Levels of mercury (total) were
reported as high as 0.002 my/liter (S3R, 7/25/77; S8R, 7/25/77). Total iron measured in the pond
(SR, 11/10/77) was 9.4 mg/liter. These values appear to reflect groundwater quality in the
vicinity and are probably due to evaporative concentration and not due to human perturbation of

the environment.

1.5 GROUNDWATER

The following descriptions of groundwater occurrence and characteristics in and around the White
Mesa Mill is a summary and compilation of information contained in documents previously
submitted to and reviewed by the U.S. NRC. These include the Final ES, the Hydrogeologic
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L\an of White Mesa Uranium Mill ("Hydrogeologic Evaluation”) (Titan. 1994a). Points of
‘hite Mesa Uranium Mill ("POC™) (Titan. 1994b), the Semi-Annual Effluent Repon
for July through December 1995 ..ad the Semi-Annual Etfluent Report for January t

1996 ("Semi-annual Eftluent Reports”) (Energy Fuels Nuclear, Inc.).

['he Hydrogeologic Evaluation referenced numerous technical studies: Regional geologic and
geohydrologic data were obtained primarily from U.S. Geologic Survey (U'.S.G.S.) and State of
Utah publications; Site-specific information was obtained from the 1978 Environmental Report
(Dames & Moore); a 1992 groundwater study report submitted to the NRC by Umetco; a 1991
groundwater hydrology report on White Mesa prepared by Hydro-Engineering; and reports by
D’Appolonia (1981, 1982, and 1984). See the Hydrogeologic Evaluation, transmitted herewith
in its entirety as Appendix B, for complete data tables, lists of ieferences, and technical details

desc. .oed in this section.

This section is primarily an adaptation of the Hydrogeologic Evaluation. For ease of reference,
a copy of the Hydrogeologic Evaluation is included as Appendix B. The POC is included as
Appendisx C. The Hydrogeologic Evaluation tocused on description and definition of the site
hydrostratigraphy, and occurrence of groundwater as it relates to the natural and manmade
safeguards which protect groundwater resources from pot. 1tial leakage of tailings cells at the site.
The POC summarized and statistically analyzed the available groundwater database, and proposed

a revised groundwater monitoring and data review program.
The tindings of the Hydrogeologic Evaluation indicated that the tailings located in the existing

disposal cells are not impacting groundwater at the site. In addition, it does not appear that future

impacts to groundwater would be expected as a result of continuing operations.
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These conclusions are based on chemical and hydrogeologic data which show that:

l. The chemistry of perched groundwater encountered below the site does not show
concentrations or increasing trends in concentrations of constituents that would

indicate seepage from the existing disposal cells;

!J

The useable aquifer at the site is separated from the facility by about 1,200 feet of

unsaturated. low-permeability rock;

3 The useable aquifer is under artesian pressure and. therefore, has an upward pressure
gradient which would preclude downward migration of constituents into the aquifer;

and

4. The tacility has operated for a period of 16 years and has caused no discernible

impacts to groundwater during this period.
Continued monitoring of groundwater at the site are performed to verify that past, current, and future

operations will not impact groundwater. The existing monitoring program and results are presented

in the Semi-annual Effluent reports (Appendix A).
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1.5.1  Site Description

As shown on Figure 1.1-2, White Mesa Uranium Mill is located in southeastern U'tah,
approximately six miles south of the town of Blanding. It is situated on White Mesa. a tlat area
bounded on the east by Corral Canyon, to the west by Westwater Creek, and to the south by
Cottonwood Canvon. The site consists of the uranium processing mill, and tfour engineered lined

. ilings disposal cells.

-y .

The White Mesa Uranium Mill site is located near the western edge of the Blanding Basin within
the Canyon Lands section of the Colorado Plateau physiographic province (Figure 1.5-1,
Hydrogeologic Evaluation Figure 1.1). The Canyon Lan!s have undergone broad, fairly
horizontal uplift and subsequent erosion which have produced the region’s characteristic
topography represented by high plateaus, mesas, buttes and deep canyons incised into relatively
flat lying sedimentary rocks of pre-Tertiary age. Elevations range from approximately 3,000 feet
in the bottoms of the deep canyons along the sout western margins of the region to more than
11.000 feet in the Henry. Abajo and La Sal mountains located to the northwest and northeast of
the facility. With the exception of the deep canyons and isolated mountain peaks, an average
elevation slightly in excess of 5,000 feet persists over most of the Canyon Lands. The average

elevation at the White Mesa Uranium Mill is 5,600 feet mean sea level (MSL).
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1.5.2.1 Stratigraphy

Rocks of Upper Juras<ic and Cretaceous age are exposed in the canyon walls in the vicinity of
the White Mesa Urantum Mill site. Tnese rock units (Figure 1.5-2, Hydrogeologic Evaluation
Figure 1.2) include. in descending order, the following. Eolian sand of Quaternary Age and
varying thickness overlies the Dakota sandstone and Mancos shale on the mesa. A thin deposit
of talus derived from rock falls of Dakota sandstone and Burro Canyon formation mantles the
lower valley flanks. Underlying these units are the Cretaceous Age erosional remnants of Mancos
shale. Dakota Sandstone. and Burro Canyon formation. Erosional remnants of Mancos shale are
only found north of the Mill site. The Brushy Basin, Westwater Canyon, Recapture and Sait
Wash Members of the - per Jurassic Age Morrison formation are encountered below the Burro
Canyon formation. The Summerville formation, Entrada Sandstone and Navajo Sandstone are

the deepest units of concern encountered at the site.

1522 Local Geologic Structure

In general, the rock formations of the region are flat-lying with dips of | to 3 degrees. The rock
tormations are incised by streams that have formed canyons between intervening areas of broad
mesas and buttes. An intricate system of deep canyons along and across hog-backs and cuestas
has resulted from faulting, upwarping and dislocation of rocks around the intrusive rock masses,
such as the Abajo Mcuntains. Thus the region is divided up into numerous hydrological areas

controlled by structural features.
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The strata underlving White Mesa have a regional dip of 1:2 to 1 degrees to the south; however,
local dips of 5 degrees have been measured. Haynes. et al (1972) includes a map showing the
structure at the base of the Dakota formation. Approximately 25 miles to the north, the Abajo
Mountains., formed by igneous intrusions., have caused local faulting, upwarping. and
displacement of the sedimentary section. However, no faults have been mapped in the immediate

vicinity of White Mesa.

1.5.3 Hydrogeologic Setting

On a regional basis, the formations that are recognized as aquifers are: Cretaceous-age Dakota
Sandstone and the upper part of the Morrison formation of late Jurassic age; the Entrada
Sandstone, and the Navajo Sandstone of Jurassic age; the Wingate Sandstone and the Shinarump
Member of the Chinle formation of Triassic age; and the DeChelle Member of the Cutler

f rmation of Permian age.

Recharge to aquifers in the region occurs by infiltration of precipitation into the aquifers along
the tlanks of the Abajo, Henry and La Sal Mountains and along the flanks of folds, such as Comb
Ridge Monocline and the San Rafael Swell, where the permeable formations are exposed at the

surface (Figure 1.5-1, Hydrogeologic Evaluation Figure 1.1).

Seventy-six groundwater appropriation applications, within a five-mile radius of the Mill site, are
on file with the Utah State Engineer’s office. A summary of the applications is presented in
Table 1.5-1 and shown on Figure 1.5-3. The majority of the applications is by private individuals
and for wells drawing small, intermittent quantities of water, less than eight gpm, from the Burro
Canyon formation. For the most part, these wells are located upgradient (north) of the White

Mesa Uranium Mill site. Stockwatering and irrigation are listed as primary uses of the majority
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of the wells. It is important to note that no wells completed in the perched groundwater of the
Burro Canyon tormation exist directly downgradient of the site within the five-mile radius. Two
water wells which available data indicate are completed in the Entrada/Navajo sandstone (Clow.
1997), exist approximately 4.5 miles southeast of the sit¢ on the Ute Mountain Ute Reservation.
These wells supply domestic water for the Ute Mountain Ute White Mesa Community. situated
on the mesa along Highway 191 (see Figure 1 5-3). Data supplicd by the Tribal Environmental
Programs Office indicate that both wells are completed in the Entrada/Navajo sandstone, which
is approximately 1.200 feet below the ground surface. Insufficient data are available to define

the groundwater flow direction in the Entrada/Navajo sandstone in the vicinity of the mill.
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Map
No.

[ 18]

Water Right

Nielson, Norman and Richard C.

Guymon, Willard M.
Nielson, J. Rex
Nielson. J. Rex
Lyman, Fred S.
Plateau Resources

Plateau Resources

Nielson, Norman and Richard C.

Lyman, George F.

Holt, N.E., McLaws, W.
Perkins, Dorothy

Energy Fuels Nucl~ar, Inc.
Energy Fuels Nuclear, Inc.
Utah Launch Complex
Energy Fuels Nuclear, Inc.
Energy Fuels Nuclear, Inc.
Energy Fuels Nuclear, Inc.
Energy Fuels Nuclear, Inc.
Jones, Alma U.

Energy Fuels Nuclear, Inc.
BLM

Hailiday, Fred L.

Perking, Paul

Redd, James D.

Brown, Aroe G.

Brown, George

Table 1.5-1
Wells Located Within A 5-Mile Radius of
The White Mesa Uranium Mill

SEC

11
10
10
10
10
15
15
14

15

15
21

1

(%)

TWP

378
378
378
378
378
378
378
378
378
378
378
378
378
378
378
378
378
37S
378
378
B

Y]

378
378
378
378
378

RNG

o
[
m

(394
9
m

CFS

0.0t5
0.015
0.015
0.013
0.022
0015
0.015
0.015
0.015
0.007
0.015

0.6

0.015
0.6
0.01
0.015
0.015
0.1
0.015
0.015

USE

IDS
S
1DS

IDS

@

O C U O O v w w

DSO

@)

IS
ID
ID
IS
IDS

Depth
(ft.)

150-200
82
160
165
120
740
135
150-200
135
195
150
1600
1820
650
1885
1850
1800
1600
200
1600
170
180
180
200




Table 1.5-1
Wells Located Within A 5-Mile Radius of
The White Mesa Uranium Mill

40
41

42

43
44
45
46
47
48
49

51

52

(continued)
Water Right SEC TWP  RNG CFS USE Depth
(ft.)

Brown, Llo M l 378 22E 0.004 IDS 141
Rentz. Alyce M. 1 37S 22E 0.015 ID 18C
Rogers, Clarence 2 378 22E 0.015 S 142
Perkins. Dorothy 2 378 22E 0.015 S 100-200
Brandt JR. & C.J. 1 378 22E 0.015 IDS 160
Montella, Frank A. 3 378 22E 0.015 IDO 190
Snyder, Bertha 1 378 22E 0.1 IDS 196
Martineau, Stanley D. i 378 22E 0.015 ID 160
Kirk, Ronald D. & Catherine A. 1 378 22E 0015 IDS 160
Palmer, Ned J. and Marilyn ! 378 22E 0.015 IDS 0
Grover, Jess M. 1 378 22E 0.015 S 160
Monson, Larry 1 378 22E 0.015 IDS 140
Neilson, Norman and Richard 1 378 22E 0.015 IS 132
Watkins, Henry Clyde 1 378 22E 0.015 IS 150
Shumway, Glen & Eve 15 378 22E 0.015 IS 60
Energy Fuels Nuclear, Inc. 21 378 22E 0.600 0] 1600
(not drilled)

Energy Fuels Nuclear, Inc. (#1) 28 378 22E 1.100 0 1860
Watkins. Ivan R 1 378 22E 0.200 185
Waukesha of Utah 3 378 2LE 0.015 D 226
Simpson, William 3 378 2E 0.030 ID 180
Guyman, Willard M. 2 378 22E 0.030 S 164
Harrieson, Lynda 2 378 NE 0.012 IDS
Hurst, Reed 2 378 22E 0.015 D 100-300
Kaer, Alvin 2 378 22E 0.015 IDS 100-300
Heiner, Geraid B. 2 378 22E 0.015 ID 75
Laws, James A. 2 378 22E 0.015 IDS 100-300




Table 1.5-1

Wells Located Within A §-Mile Radius of

The White Mesa Uranium Mill

(continued)
Map Water Right SEC TWP RNG CFS USE Depth
No. (ft.)

53 Laws, J. Parley 2 378 22E 0.015 IDS
54  Anderson. Dennis & Edith 2 378 22E 0.015 IDS 160
55 Guymon, Eugene 2 378 22E 0.1n0 IDS 130
56 Guymon, Eugene 2 378 22E 0.015 S 130
57  Guymon, Dennis & Doris 2 378 22E 0.030 IDS 210
58 Guymon, Eugene 2 378 22E 0.115 IDS 100-200
59  Guymon, Eugene 2 378 22E 0.115 IDS 100-200
60 Perkins, Dorothy 2 378 22E 0.015 IDS 140
61  Watkins, Ivan R. | 378 22E 0.015 IDS 145
62 Roper. Lloyd 34 368 22E 0.015 ID 180
63  Smith, Lee & Marylynn 34 368 22E 0.060 IDS 170
64 McDonald, Kenneth P. 34 36S 22E 0.015 IDS 734
65 Brake, John 34 368 22E 0.015 ID 250
66 Brake, John 34 368 22E 0.015 IS 150
67 Redd, Parley V. & Reva V. 34 368 22E 0.015 IS 200
68 C & C Construction 34 26S 22E 0.015 IS 190
69 Guymon, Dean W. 2 378 22E 0.015 IDS 180
70  Phillips, Elizabeth Ann Hurst 34 368 22E 0015 1 165
71 Howe, Leonard R. 3 378 22E 0.015 0] 160
72 Shumway, Mark Eugene 3 378 22E 0.015 ID
73 Shumway, Mark Eugene 3 378 22E 0.015 IDS 150
74  Lyman, Henry M. 3 378 2E 0.100 IDS 200
75  Uta Mountain Ute 23 28s 22E 0.535 D -
76  Ute Mountain Ute 23 388 22E 0.1606 D 1515

Notes:

D - Domestic O - Industrial RNG - Range

I - lrrigation SEC - Section CFS - Cubic Feet Per Second

S - Stockwatering

TWP - Township
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The well vield from wells completed in the Burro Canyon formation within the White Mesa site is
generally lower than that obtained from wells in this formation upgradient of the site. For the most
part, the documented pumping rates from on-site wells completed in the Burro Canyon formation
are less than 0.5 gpm. Lven at this low rate, the on-site wells completed in the Burro Canyon

formation are typically pumped dry within a couple of hours.

This low productivity suggests that the White Mesa Uranium Mill is located over a peripheral {ringe
of perched water; with saturated thickness in the perched zone discontinuous and generally
decreasing beneath the site, and with conductivity of the formation being very low. These
observations have been verified by studies performed for the U.S. Department of Energy’s disposal
site at Slick Rock, which noted that the Dakota Sandstone, Burro Canyon formation, and upper
claystone of the Brushy Basin Member are not considered aquifers due to the low permeability,

discontinuous nature, and limited thickness of these units (U.S. DOE, 1993).

1.5.3.1 Hydrostratigraphy

The site stratigraphy is described above in Section 1.5.2.1. The detailed site stratigraphic column
with descriptions of each geologic unit is provided on Figure 1.5-2. The following discussion,
adapted from the Hydrogeologic Evaluation, focuses on those geologic units at or in the vicinity of

the site which have or may have groundwater preseiit.

The presence of groundwater within and in proximity to the site has been documented in three strata:
the Dakota Sandstone, the Burro Canyon formation, and the Entrada/Navajo Sandstone. The Burro
Canyon formation hosts perched groundwater over the Brushy Basin Member of the Morrison

formation at the site.

H USERS MFM\WP'MRR'RECLAMWM 96 FHLDRAFT'SECTO! RPT\February 28, 1997
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The Entrada/Navajo Sandstones form one of the most permeable aquifers in the region. This aquifer
is separated from the Burro Canyon formation by the Morrison formation and Summerville
formation. Water in this aquifer is under artesian pressure and is used by the site's operator for
industrial needs and consumption. The artesian conditions present in this aquifer are discussed in

Section 1.5.6.4.

Geologic cross sections which illustrate the stratigraphic position of the Entrada/Navajo Sandstone
aquifer and intervening strata are shown on Figures 1.5.3-1, 1.5.3-2, and 1.5.3-3 (from
Hydrogeologic Evaluaticn Figures 2.1, 2.2, and 2.3, respectively). The summary of the borehole
information supporting the site's stratigraphy. description of the drilling information and boring logs
are presented in Appendix A of the Hydrogeologic Evaluation. With the exception of six deep water
supply wells installed at various locations around the site and completed in Entrada/Navajo
Sandstone, all of the boring data are from wells drilled through the Dakota/Burro Canyon Sandstones
and terminated in the Brushy Basin Member. The drilling and logging data indicate that the physical
characteristics of the bedrock vary considerably, both vertically and laterally. The following sections

discuss the relevance of those strata and their physical characteristics to the site's hydrogeology.
Dakota Sandstone

The Dakota Sandstone is a low- to moderately-permeabie formation that produces acceptable quality
water at low production rates. Water from this formation is typically used for stock water and/or

irrigation.

The Dakota Sandstone is the uppermost stratum in which the tailings disposal cells are sited. At the

ground surface, the Dakota Sandstone is overlain by a veneer of reddish-brown clayey or sandy silts

H .USERS\MFM\WPMRR\RECLAMWM 96\FNLDRAFT\SECT01 RPT\February 28, 1997
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with a thickness of up to 10 feet and extends to depths of 43 to 66 feet below the surface
(D'Appolonia, 1982). The Dakota Sandstone at this site is typically composed of moderately hard
to hard sandstones with random discontinuous shale (claystone) and siltstone layers. Th: sandstones
are moderately cemented (upper part of formation) to well cemented with kaolinitic clays. The
claystones and siltstones are typically 2 to 3 feet thick, although boring WMMW-19 encountered

a siltstone layer having a thickness of 8 feet at 33 to 41 feet below the ground surface.

Porosity ot the Dakota Sandstone is predominately intergranular. Laboratory tests performed (see
Table 1.5.3.1-1, from Hyvdrogeologic Evaluation Table 2.1) show the total porosity of the sandstone
varies from 13.4 to 26.0 percent with an average value of 19.9 percent. The formation is very dry
to dry with volumetric water contents varying from 0.6 to 7.1 percent with an average value of 3.0
percent. Saturation values for the Dakota Sandstone vary from 3.7 to 27.2 percent. The hydraulic
conductivity values as determined from packer tests range from 9.12E-04 centimeters per second
(cm/sec) to 2.71E-06 cm/sec with a geometric mean of 3.89E-05 cm/sec (Dames & Moore, 1978,
Umetco. 1992). A summary of hydraulic properties of the Dakota Sandstone is presented in Table

1.5.3.1-2 (Hydrogeo'ogic Evaluation Table 2.2).

HUSERS'MFMWPMRR\RECLAMWM 96\FNLDRAFT-SECTO! RPT February 28, 1997




Table 1.5.3.1-1
Properties of the Dakota/Burro Canyon Fermation

White Mesa Uranium Mill

Mousture Mosture Dry Unit Retained
Conient Coment Weight Porosity Panicle | Saturation | Moisture
Formation Well No. and Sample Interval | (Percent) | Volumetric | (Ibsicu ft) | (Percent) . Sp. Gr. | (Percent) | (Percent)
Dakota WMMW-16 | 26.4'-38.¢ I 33 1352 179 264 132 51
WMMW-16 | 37.8 -38.4 04 08 1274 2.4 2.63 37 63
WMMW-17 | 270'-27§ 03 06 1388 13.4 257 48 5.1
WMMW-17 | 49.0'-49.5 36 7.1 1219 26.0 2.64 272 9.6
Burro Canyon | WMMW-16 | 45.0'-45.% 56 126 1409 16.4 270 772
WMMW-16 | 47.5'-48.0 26 5.9 142.8 12.0 2.60 489 44
WMMW-16 | 53.5'-54.1' 07 14 1290 199 258 71 6.4
WMMW-16 | 60.5' - 61.0° 0.1 0.2 1179 273 261 08 99
WMMW-16 | 65.5' - 66.0' 26 55 1315 19.3 262 282 71
WMMW-16 | 73.0'-73.§" 0.1 03 1303 20.6 263 13 5.5
WMMW-16 1 82.0'-82 4 0.1 0. 1343 185 2.64 06 48
WMMW-16 | 90.0'-90.T 0.1 03 iol.S 20 2.64 128 09
WMMW-16 { $1.1'-91 4 52 98 118.1 29.1 267 338
WMMW-17 | 104.0'- 1045 0.2 04 161 .4 1.7 2.67 26.6 0.8
Average: 1.65 3.4 13§ 17.6 2.63 21 5.5

Adapted from: Table 2.1, Hydrogeologic Evaluation.
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Table 1.5.3.1-2
Summary of Hydraulic Properties

. White Mesa Mill
Boring/Weli Interval Document Conductivity  Conductivity
Location Test Type (fe. - ft.) Referenced (ft./yr.) (em./sec.)
Soils
6 Laboratory Test 9 D&M 1.2E~0] 1.2E-05
7 l.aboratory Test 4.5 D&M 1.0E~01 1.0E-05
10 Laboratory Test 4 D&M 1.2E +01 1.2E-05
12 {.aboratory Test 9 D&M | 4E+02 I 4E-04
16 {.aboratory Test 4.5 D&M 2.2E-01 2.1E-08
17 Laboratory Test 45 D&M 9.3E+01] 9.0E-05
19 L.aboratory Test 4 D&M 7.0E+0] 6.8E-05
22 Laboratory Test 4 D&M 3.9E+00 3.8E-06
Geometric 2.45E+01 2.37E-05
Mean
Dakota
' Sandstone
No. 3 Injection Test 28-33 D&M ) 5.68E+02 5S.49E-04
No. 3 Injection Test 33425 D&M 2.80E+00 2.71E-06
No. 12 Injection Teut 16-22.5 D&M 5.10E+00 4.93E-06
No. 12 Injection Test 22.5-37.5 D&M 7.92E+01 7.66E-05
No. 19 Injection Test 26-37.5 D&M 7.00E~00 6.77E-06
No. 19 Injection Test 37.5-52.5 D&M 9.44E+02 9.12E-04
Geometric 4.03E+01 3.89E-05
Mean
Burro Canyon
Formation
No.3 Injection Test 42.5.52.5 D&M 5.80E+00 5.61E-06
No. 3 Injection Test 52.5-63 D&M 1.62E+01 1.57E-05
No.3 Injection Test 63-72.5 D&M 5.30E+00 5.13E-06
No. 3 Injection Test 72.5-92.5 D&M 3.20E+0C 3.09E-06




Table 1.5.3.1-2
Summary of Hydraulic Properties

. White Mesa Mill
(continued)

Boring/Well Interval Decument Conductivity  Conductivity
Location Test Type (ft. - ft.) Referenced (ft./yr.) (cm./sec.)
No. 3 Injection Test 925-1075 D&M 4.90E+00 4.74E-06
No 3 Injection Test 122 3-142 D&M 6.00E-01 5.801-07
No 9 Injection Test 27.5-42 8 D&M 2.70E-00 2.61E-06
No 9 Injection Test 42.5-59 D&M 2.00E~00 1.93E-06
No 9 Injection Test 59-72.5 D&M 7.00E+01 6.77E-07
No. 9 Injection Test 82.5-107.5 D&M 1.10E+Q0 1.06E-06
No. 9 Injection Test 107.:-132 D&M 3.00E+01 2.90E-07
No. I2 Injection Test 37.5-575 D&M 9.01E+0] 8.70E-07
No. 12 Injection Test 57.5-82.5 D&M 1. 40E+00 1.35E-06
No. 12 Ingection Test 82.5-102.5 D&M 1.07E+01 1.03E-05
No. 28 1jection Test 76-87.5 D&M 4.30E+00 4.16E-06
. No. 28 Injection Test 87.5-107.5 D&M 1.00E+0] 2.90E-07
No. 28 Injection Test 107.5-132.5 D&M 2.00E+01 1.93E-07
WMMW| 17)  Recovery 92-112 Peel 2) 3.00E+00 2.90E-06
WMMW3 (7) Recovery 67-87 Peel 297E-00 2. 87E-06
WMAMWS (7)  Recovery 95.5-133.5 H-E 1.31E+01 1.27E-05
WMMWS {7)  Recovery 95.5-133.5 Peel 2.10E-01 2.03E-05
WMMW 1 (7)  Recovery 90.7-130.4 H-E (3) 1.23E+03 1.19E-03
WMMW 1| (7)  Single well drawdown 90.7-130.4 Peel 1.63E+03 1.58E-03
WMMWI2 {7)  Recovery 84-124 H-E 6.84E+01 6.61E-0S
WMMW]2 (7)  Recovery 84-124 Peel 6.84E+01 6.61E-05
WMMW 4 Single well drawdown 90-120 (5) H-E 1.21E+03 1.16E-03
WMMW 14 Single well drawdown 90-120 (6) H-E 4.02E+02 3.88E-04
WMMWI5 Single well drawdown 99-129 H-E 3.65E+01 3.53E-05
WMMW15 (7)  Recovery 99-129 Peel 2.58E+01 2 49E-05
WMMW 16 Injection Test 28.5-31.5 Peel 9.42E+02 9.10E-04

' WMMWI16 Injection Test 45.5-51.5 Peel 5.28E+01 5.10E-05




E

Table 1.5.3.1-2
Summary of Hydraulic Properties
White Mesa Mill

(continued)
Boring/Well Interval Document Conductivity  Conductivity
Location Test Type (ft. - ft.) Referenced (ft./vr.) (cm./sec.)
WMMWi6 Injection Test 655-71 .8 Peel 8.07F -01 7 80E-05
WMMWIL6 Injection lest 85 5-91.5 Peel 3.00F -0l 2.90E-03
WMMW17 Injection Test 45-50 Peel 3 10E+00 3.00E-06
WMMW 17 Injection Test 90-95 Peel 3.62E~+00 3.50E-06
WMMW 17 Injection Test 100-108 Peel 5.69E+00 5.50E.06
WMMWIS Injection lest 27-32 Peel 1.14E +02 1. 10E-04
WMMW18 Injection Test 85-90 Peel 2.69E+0] 2.60E-05
WMMWI8 Injection Test 120-125 Peel 4.66E~00 4.50E-06
WAMWI9 Injection Test 55-60 Peci 8.69E +00 8.40E-06
WMMWI9 Injection Test 95-100 Peel 1 45E~00 1.40E-06
Geometric 1.05E+01 1 01E-05
Mean
ntrada Navajo
Sandstones
WW-I| Recovery ) [YAppolonia  (4) 3.80E+02 3.67E-04
WW-I| Multi-weil J;awd;)wn D'Appolonia 4.66E+02 4.50E-04
WW-1.23 Multi-well drawdown D'Appolonia 4.24E+02 4.10E-04
Geometric 4.22E+02 4.08E-04
Mean

(n
(2)
(3)
)
(5
(6)
(7)

D&M - Dames & Moore, Environmental Report, White Mesa Uranium Project, January, 1978

Peel - Peel Environmental Services, UMETCOQO Minerals Corp., Ground Water Study, White Mesa Facility, June 1994,
H-E= Hydro-Engineering, Ground-Water Hydrology at the White Mesa Tailings Facility, July, 1991.

D'Appolonia. Assessment of the Water Supply System, White Mesa Project, Feb. 1981,

Early test data.

Late test data.

Test data reanalyzed by TEC.

Adapted from: Table 2.2 Hydrogeologic Evaluation.
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Burro Canyon Sandstone

Directly below the Dakota Sandstone. the borings encountered sandstones and random discontinuous
shale layers of the Burro Canyon formation to depths of 91 to 141 teet below the site. The
importance of this stratum to the site's hydrogeology is that it hosts perched water beneath the site.
Beneath the Burro Canyon formation, the Brushy Basin Member is composed of variegated
bentonitic mudstone and siltstone; its permeability is lower than the overlying Burro Canyon
formation and prevents downward percolation of groundwuier (Haynes, et al, 1972). Observed
plasticity of claystones (Umetco, 1992) forming the Brushy Basin Member indicates low potential
for open fractures which could increase permeability. Section 1.5.3.2 contains a summary of a

drilling program carried out in response to agency requests to obtain additional hydrogeologic data.

Previous investigators have seldom made a distinction between the Dakota and Burro Canyon
Sandstones. However, examination of borehole cuttir s, cores and geophysical logging methods
has allowed separation of the two formations. Although similar to the Dakota, the Burro Canyon
formation varies from a very fine- to coarse-grained sandstone. The sand grains are generally poorly
sorted. The coarse-grained layers also tend to be conglomeratic. The grains are cemented with both
silica and kaolin, but silica-cemented sandstones are dominant. The formation becomes argillaceous

near the contact with the Brushy Basin Member.

The saturated thickness in the Burro Canyon formation varies across the project area from 55 feet
in the northern section to less than 5 feet in the southern area. Some wells are dry, which suggests
that the zone of saturation is not continuous. Saturation ceases or is marginal along the western and
southern section of the project. The extent toward the east is not defined, but its maximum extent

is certainly not beyond the walls of Westwater Creek and Corral Canyons where the Burro Canyon
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formation crops cut. Perched groundwater elevations and saturated thickness of this formation are
shown on Figures 1.5.3.1-4 and 1.5.3.1-5, respectively (from Hydrogeologic Evaluation Figures 2.4

and 2.5).

Hydraulic properties of this stratum have been determined from 12 single, well-pumping/recovery
tests and from 30 packer tests. A summary of the hydraulic properties is given in Table 1.5.3.1-2
(Hydrogeologic Evaluation Table 2.2). These tests indicate the hydraulic conductivity geometric

mean to be 1.0E-05 cm/sec. The physical properties of the Burro Canyon Sandstone are summarized

in Table 1.5.3.1-1. Based on the core samples tested, the sandstones of the Burro Canyon formation
vary in total porosity from 1.7 to 27.6 percent, the average being 16.0 percent. Volumetric water
content in these sandstones ranges from 0.1 to 7.1 percent, averaging 2.2 percent, with the fine-
‘ graine.! materials having the higher moisture content. Porosities in the claystone layers vary from

16.4 to 29.1 percent with saturation valuces ranging from 33.8 to 77.2 percent.

. H USERS\MFM\WPAMRR RECLAMWM 96\FNLDRAFT\SECTO! RPT\February 28. 1997

e —



- -
- -
-~
rd
Y
rd

s
b JRS

S
; e
: ,, s {)
! / aw

DaMtb L AND MUWIRE 198 [{

WATER Uk 0 WE L7

EAISTING MOtRTORINS NELL

EASTites WATER vl WELLT

NELLS

ST

N
v

i
t
!
!
i
|
¢

|

HEs,

[PAPRGH O pA AT,

FEOGETRT
t- iGAR Y

T P /
I - -:'.. ..‘B-."-- - » b- /.

i AN
5

LRI I

- e ey

US il e B‘Ofléng

-
|
|
|
|

! LA
' Q
| i

Y

N

L
]
¢
‘_\.Q

FIGURE 1221~

Ahite Mesa M|
Site Fion Mop shoning
Monitor We'lls ard Borings

SCALE

<4000

feet




Page 1-46

' Revision 1.0
Energy Fucls Nuclear. Inc.

White Mesa Mill Reclamation Plan

Brushy Basin Member

The Brushy Basin Member of the Morrison formation is the first aquitard isolating perched water
in the Burro Canyon formation from the productive Entrada/Navajo Sandstones. The Brushy Basin
Member, in contrast to the overlying Nakota Sandstone, is composed of bentonitic mudstone and

claystone L inited site-specific hydraulic property data are available for the Brushy Basin Member.

The thickness of the Brushy Basin Member in this region reportedly varies from 200-450 feet
(Dames & Moore, 1978). This stratum was penetrated by six water supply wells [see Figure 1.5.3.1-
I (Hydrogeologic Evaluation Figure 2.1)Jand Appendix A of the Hydrogeologic Evaluation) and its

thickness was estimated at 275 feet. Borings which terminate in the Brushy Basin Member

. encounter moderately plastic dark green to dark reddish-brown mudstones. Plastic bentonitic
mudstone is not prone to develop fracturing. Hence, competency of this strata, as an aquitard, is very
likely.

Entrada/Navajo Aquifer

Within and in proximity to the site, the Entrada/Navajo Sandstones are both prolific aquifers. Since
site water wells are screened in both aquifers, they are, from a hydrogeologic standpoint, treated as
a single aquifer. The Entrada/Navajo Sandstone is the first useable aquifer of significance
documented within the project area. This aquifer is present at depths between 1,200 and 1,800 feet
below the surface and is capable of delivering from 150 to 225 gpm of water per well (D'Appolonia,
1981).
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Water is present under artesian pressure and is documented to rise by about 800 to 900 feet above
the top of Entrada/Navajo Sandstone contact with the overlying Summerville formation. The static
water level is about 400 to 500 feet below the surface (Figures 1.5.3.1-2 and 1.5.3.1-3). Section

1.5.6.4. provides a more detailed discussion regarding the artesian conditions of this formation.

The thickness of the strata separating this aquifer from water present in the Burro Canyon formation
is about 1,200 feet. This confining layer is competent enough to maintain pressure of 900 feet of

water or 390 pounds per square inch (psi) within the Entrada/Navajo Aquifer.

The positioning of this ~quifer and its hydraulic head versus other strata is shown on Figures 1.5.3.1-
2and 1.5.3.1-3. In-situ hydraulic pressure of groundwater in the Entrada/Navajo Aquifer is strong
evidence of the confining (i.e. "aquitard”) properties of the overlying sedimentary section. Due to
the presence of significant artesian pressure in this aquifer, any future hydraulic communication

between perched water in the Burro Canyon formation and the Entrada/Navajo Aquifer is unlikely.
1.5.3.2 Data Collected in 1994

This subsection contains a summary of a 1994 dnilling program carried out in response to a request
by the U. S. Nuclear Regulatory Commission (NRC) and th. U. S. Environmental Protection Agency

(EPA) to further investigate the competence of the Brushy Basin member of the Morrison formation

and to provide additional hydrogeologic data. Three vertical and four angle core holes were drilled.

H USERS\MFM\WPMRR:RECLAMWM 96 FNLDRAFT SECTO! RPT\February 28, 1997
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The three vertical holes (WMMW-20, WMMW-21, and WMMW-22) wcre drilled downgradient of
the existing monitoring wells. Constant head packer tests were conducted over intervals within the
Brushy Basin member to gain information about the horizontal hydraulic conductivity of this unit.
Selected cores samples of the Brushy Basin member were analyzed for vertical hydraulic
conductivities. The three vertical holes were drilled to sufficient depth to penetrate 20+ feet of
Brushy Basin Member. Four core holes were drilled along the edge of tailings ponds No. 3 and No.
4. The cores were examined to determine if open fractures were present. Few fractures were
observed, and where noted, they were closed and infilled with gypsum. Packer tests were conducted
during the drilling of the holes to gain further information about the hylraulic conductivity of the

rocks.

Upon completion of drilling, all the geotechnical holes were logged using wireline geophysi 1
methods. A video camera survey was performed in three of the four core holes. The holes were then

plugged and abandoned.

Selected cores of the Brushy Basin from all the holes were sent for laboratory measurement of the
vertical permeability. The results of these tests are presented in Table 1.5.3.2-1. The hydraulic
conductivities calculated from these tests vary from 7.10E-06 cnv/sec to 8.90E-04 cm/sec in the
Dakota formation, from 9.88E-07 cm/sec to 7.70E-04 cm/sec in the Burro Canyon formation and
trom 2.30E-07 cm/sec to 1.91E-06 cm/sec in the Brushy Basin member. Thr.e packer tests run
within the Brushy Basin member yielded "No Take.” Due to the low hydraulic conductivities,
measurements could not be made with the equipment available. The hydraulic conductivities of
these zones can be expected to be lower than the zones in which actual mcasurements were made.

It can, therefore, be assumed that the hydraulic conductivities of these zones are less than 2.30E-07
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cm/sec. Packer tests tend to retlect horizontal hydraulic conductivities which can be expected to be

greater than vertical hydraulic conductivities of the same zone.

Slug tests were conducted in wells WMMW-20 and WMMW-22. The test results are shown in
Table 1.5.3.2-1. A hydraulic conductivity of 3.14E-06 cm/sec was calculated for WMMW-20 and
9.88E-07 cm/sec (essentially 1.0E-06 cm/sec) for WMMW-22,

Cores from the Brushy Basin were sent to Western Engineers of Grand Junction, Colorado for
horizontal and vertical permeability determination. The results of these tests are shown on Table
1.5.3.2-2. The vertical hydraulic conductivities of the cores vary from 5.95E-04 to 7.28E-11 cm/sec.

The geometric mean of the vertical permeabilities is 1.23E-08 cm/sec.

For the few analyses conducted for horizontal permeabilities, the results ranged from 1.09E-07 to

6.14E-10 cm/sec and the geometric mean of these values was calculated to be 6.72E-09 cm/sec.

Packer tests were conducted over zones within the Dakota, Burro Canyon and Brushy Basin units.
The cores and video surveys of the drill holes showed that the few closed hairline fractures present
in the Burro Canyon and Dakota Formations do not substantially affect the hydraulic conductivity

of the formations.
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Well No

WMMW-20

WMMW-21

WMMW-22

GH-94-1

GH-94-2A

GH-94-3

Interval
110.3-114.5

87.0-90.0

109.5-117.0

130.0-140.0
76-120

54.0-40.0
40 -50.0
70.0-80.0
92.0-100
103.0-110.0
130.0-140.0
163.0-165.0

34.0-40.0
32.5-40.0
50.0-56.0
60.0-70.0
70.0-80.0
80.0-90.0
138.0-144.0

155.0-161.0
138.0-144.0

TABLE 1.3.3.2-1
Summary of Borehole lests. 1994 Drilling Program
White Mesa Project. San Juan County, Utah

Type of Test
Constant Head

Slug

Con:ant Head

Constant Head

Slug

Constant Head
Constant {ead
Constant Head
Constant Head
Constant Head
Constant Head

Constant Head

Constant Head
Constant Head
Constant Head
Constant Head
Constant Head
Constant Head

Constant Head

Constant Head

Constant Head

Formation
Brushy Basin

Burro Canyon

Brushy Basin

Brushy Basin

Burro Canyon

Dakota
Dakota
Burro Canyon
Burro Canyon
Burro Canyon
Brushy Basin

Brushy Basin

Dakota
Dakota
Dakota
Burro Canyon
Burro Canyon
Burro Canyon

Brushy Basin

Brushy Basin

Brushy Basin

Hydraulic Hydraulic
Conductivity Conductivity
gpdft"2 cm sec
0.005 2.30E-07
0.015 5.29E-06
0.17 8.1SE-06
-No Take-
0.06 3.14E-06
0.16 7.10E-06
1.18 5.60E-0S
0.01 9.88E-07
13.1 6.20E-04
15.84 7.70E-04
36 1.70E-04
-No Take-
0.66 3.10E-05
18.72 8.90E-04
2.30 1.10E-04
1.04 4 90E-05
4.18 2 00E-04
3.02 1.50E-04
-No Take-
0.07 3.26E-06
0.06 2.70E-06




Well No.

W MMW-20

WMMW-21

WMMW-22

GH-1

GH-2A
GH-3
GH-4

Well No.

WMMW-20

WMMW-21
WMMW-22

Interval Tested (ft)

92.0-92.5

95.4-96.0

104.0-104.4
105.0-105.5
109.5-110.0
94 .8-95.3

106.5-107.0
114.5-115.0
122.2-1227
126.3-127.2
133.3-133.7
137.3-137.8
163.0-163.5
165.0-165.5
161.0-161.5
157.0-157.5
158.0-158.5

interval Tested (f)

95.4-96.0
105.0-105.5
94.8-95.3
137.3-137.8

TABLE 1.5.3.2-2
Results ot Laboratory Tests

Formation Tested

Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin

Formation Tested

Brushy Basin
Brushy Basin
Brushy Basin
Brushy Basin

Vertical
Permeabilities
cm:sec

7.96E-11
2.96E-09
243E-09
7.28E-11
1.02E-09
5.78E-06
6.38E-10
1.46E-07
1.08E-06
6.94E-10
2.11E-09
5.95E-04
1.68E-08
6.76E-07
6.73E-09
9.42E-10
2.17E-09

Horizonal
Permeabilities
cm/sec

1.09E-07
6.14E-10
8.31E-10
3.67E-08
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154 Climatological Setting

The climate of southeastern Utah is classitied as dry to arid continental. The region is generally
typified by warm summer and cold winter temperatures, with precipitation averaging less than 11.8
inches annually and evapotranspiration in the range of 6..5 inches annually (Dames and Moore.,

1978).

Precipitation in southeastern Utah is characterized by wide variations in seasonal and annual rainfall
and by long periods of no rainfall. Short duration summer storms furnish rain in small areas of a few
square miles and this is frequently the total rainfall for an entire 1.1onth within a given area. The
average annual precipitation in the region ranges from less than 8 inches at Bluff to more than 16
inches on the eastern flank of the Abajo Mountains, as recorded at Monticel! ». The mountain peaks
in the Henry, La Sal and Abajo Mountains may receive more than 30 inches of precipitation, but

these areas are very small in comparison to the vast area of much lower precipitation in the region

1.5.5 Perched Groundwater Characteristics

The perched water in the Burro Canyon formation originates in the areas north of the site as shown
by the direction of groundwater flow from north to south (see Figure 1.5.5-1). The thickness of
saturation is greatest in the northern and central sections of the site and reduces toward the south.
The configuration of the perched water table and map of saturated thicknesses are provided on
Figures 1.5.5-1 and 1.5.5-2, respectively. The topography of the Brushy Basin Member which
defines the bottom of the perched water is shown on Figure 1.5.5-3 (Hydrogeologic Evaluation

Figure 2.6).
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The groundwater from the Burro Canyon formation Jdischarges into the adjacent canyons (Westwater
Creek and Corral Canvon) as evidenced by springs and productive vegetation patterns. Some part
of the groundwater flow may enter the Brushy Basin Member via relief fractures which occur in
close proximity to the canyons. The location of the canyons which bound the White Mesa on the

west, ¢ast and south are shown on Figure 1.5.3-1.

The geometric mean of the hydraulic conductivity of the saturated part of Burro Canyon formation
is 1.0E-05 cm/sec. The water yield per well is very low, as documented by nine pumping tests, and
is typically below 0.5 gpm. In contrast to the very lc'v pumping rates observed in eight wells, Well
WMMW-11 produced a higher yield on the order of 2 gpm. This higher yield may be attributable
to the presence of localized high-permeability material, such as a lense of coarser material acting as
a drainage gallery. Localized fracturing could also cause a similar effect, but few fractures have

been documented during drilling of this or other wells (Umetco, 1992; Dames & Moore, 1978).
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H Well Name

I WMMW-I

 WMMW-2

W IMW-3

| WMMW-4

f WMMW-6
| wMMWw-7
WMMW-8

WMMW-11
§ WMMW-12
WMMW-13
i WMMW-14
WMMW-135
WMMW-16
WMMW-17

WMMW-18

f wMMW-19

#9-1

Table 1.5.5-1
Monitoring Well and Ground Water Elevation Data
White Mesa Uranium Mill

Water Level

Date Perforations Depth Elevation Above Elevation §
Instatled _ ’ (ft.) (ft.-MSL) | LDS (ft.) (fi.-MSL) §

92-112 11'19/92 ss12.17 2.0 5648.22
85128 11°19/92 5503.43 1.8 561349
67-87 11:19/92 5471.58 20

9212 111992 K 5530.15 1.6 5622.57

98 §-133.% 1171992 108.32 0.6 560933
This well was destroyed during construction of Cell 3.
This well was destroyed during construction of Cell 3.

This well was destroyed during construction of Cell 3.

90.7-130.4' 11'19/92 102.53  5508.%5 24 5611.08
84124 11:19/92 109.68  5499.77 0.9 5609.45

'his well was destroyed during construction of Cell 4A.

90'-120° 11:19/92 105.34  5491.05 0.0

99'-129' 111992 108.28  5490.34 08

78.5'-88.5 7/12/92
90'-100' 11:30/92
103.5-133. 5  11/30/92

lor-13r 10,1292

10°-30' 3/4/91 . 5622.83
39.7"-59.7" 3/4/91 / 5622.58
11.3-31.3 3i4:91 5633.58

39.2-59.2' 3491 1 563339

1 Well locations provided on Figure 1.5.3-1.
2 LDS = leak detection system.
3 ft.-MSL. = feet - mean sea level.

. .dapted from: Table 2.3, Hydrogeologic Evaluation
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1.5.5.1 Perched Water Quality

Groundwater monitoring of the Burro Canyon formation saturated zone has been conducted at the
White Mesa facility since 1979. Table 1.5.5-1 (Hydrogeologic Evaluation Table 2.3) provides a list
ot wells that have been ~onstructed for monitoring purposes at the facility. Figure 1.5.3.1-1 indicates
the locations of thes:  :lls. The water quality data obtained from thcse wells are provided both in
tabular and graphica. rm in Appendix B of the Hydrogeologic Evaluatior, with more recent data
in the Semi-annual Effluent Report for July through December 1995 and the Semi-anpual Effluent
Repont for January through June 1995 (Energy Fuels Nuclear, Inc).

Examination of the spatial distribution and temporal trends (or lack thereof) in concentrations of

analyzed constituents provides three significant conclusions:

I The quality of perched water throughout the site shows no discernible pattern in

variation,

19

The water is generally of poor quality [moderately high values of chloride, sulfate,
and totally dissolved solids (TDS)], and

3. Analytical results show that operations at the White Mesa Uranium Mill have not

impacted the quality of the perched water of the Burro Canyon formation.

To arrive a these conclusions, comparisons of the water chemistries from the various wells were
analyzed in the Hydrogeologic Evaluation by graphical techniques. The purpose of the comparisons

was to determine if trends in chloride, which would be associated with water from the tailings ponds,
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were increasing in the perched water of the Burro Canyon formation. The trilinear plot and the Stiff
diagram were used t> conduct a preliminary evaluation of differences or similarities in water quality
data between wells. The following is a summary of the conclusions drawn in the Hydrogeologic

Evaluation.
Temporal and Spatial Variations

The trilinear plots and Stiff diagrams presented in the Hydrogeologic Evaluation (Figures 2.7-2.10)
show that the water from all wells is of the sulfate (anion) type. The cation definition of the water
type is variable. Of the 13 wells analyzed for water chemistry, four fall in the calcium-sulfate type
category, four fall in the (sodium plus potassium)-sulfate type, two samples classify as the
magnesium-sulfate type. Five samples have no dominant cation type. However, these five samples

tend to classify more closely to the (sodium plus potassium)-sulfate and calcium-sulfate types.

The spatial variability of water quality data within the Burro Canyon formation is illustrated on
Hydrogeologic Evaluatién Figures 2.7 through 2.13, and the data Tabled in Appendix B of the
Hydrogeologic Evaluation. Upgradient Monitoring Wells WMMW-1, WMMW-18, and WMMW-
19 varied in sulfate concentrations from 676 to 1736 milligrams per liter (mg/l). Likewise, chloride
concentrations in these wells varied from 12 to 92 mg/l. Across the site, sulfate and chloride
concentrations vary with no discemible pattern to the variations. Details regarding chemistry of the

Burro Canyon formation water can be found in Appendix B of the Hydrogeologic Evaluation.

Variability of water within the Burro Canyon formation is the result of slow moving to nearly
stagnant groundwater flow beneath the site. These conditions are likely leading to dissolution of

minerals from the Brushy Basin Member and the formation of sulfate-dominated waters.
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Statistical Analysis

Because of tlie variable groundwater chemistry in the Burro Canyon formation baseline data,
comparison of individual well groundwater chemistries to a single background groundwater well is
not an appropriate method of monitoring potential disposal cell leakage or groundwater impacts.
Water quality baseline and comparisons to that baseline established on a well-by-well basis has been
proposed in the POC, as this method will best provide a meaningful representation of changes in

groundwater chemistry .

Based on a review of water quality data gathered from 1979 through 1992, which are presented in
the Hydrogeologic Evaluation, and considering the apparent vanability of chemical composition of
perched water and the absence of any impact from operations, EFN proposes to apply, an intra-well
approach for assessing water quality trends. This approach, described in Appendix C, the Points of
Compliance (POC) report (Titan, 1994), involves determination of background concentrations for

a number of selected wells.
1.6 CEOLOGY

The following text is copied, with minor revisions, from the Environmental Report (Dames and
Moore, 1978b) (ER). The text has been duplicated herein for ease of reference and to provide
background information concerning the site geology. ER Subsections used in the following text are

shown in parentheses immediately following the subsection titles.

The site is near the western margin of the Blanding Basin in southeastern Utah and within the

Monticello uranium-mining district. Thousands of feet of multi-colored marine and non-marine
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sedimentary rocks have been uplifted and warped, and subsequent erosion has carved a spectacular
landscape for which the region is famous. Another unique feature of the region is the wide-spread

presence of unusually large accumulations of uranium-bearing minerals.

1.6.1 Regional Geology

The following descriptions of regional physiography; rock units; and structure and tectonics are

reproduced from the ER for ease of reference and as a review of regional geology.

1.6.1.1 Physiography (ER Section 2.4.1.1)

The project site is within the Canyon Lands section of the Colorado Plateau physiographic province.
To the north, this section is distinctly bounded by the Book Cliffs and Grand Mesa of the Uinta
Basin; western margins are defined by the tectonically controlled High Plateaus section, and the
southern boundary is arbitrarily defined along the San Juan River. The eastern boundary is less
distinct where the elevated surface of the Canyon Lands section merges with the Southern Rocky

Mountain province.

Canyon Lands has undergone epeirogenic uplift and subsequent major erosion has produced the
region's characteristic angular topography reflected by high plateaus, mesas, buttes, structural
benches. and deep canyons incised into flat-laying sedimentary rocks of pre-Tertiary age. Elevativiis
range from approximately 3,000 feet (914 meters) in the bottom of the deeper canyons along the
southwestern margins of the section to more than 11,000 feet (3,353 meters) in the topographically

anomalous laccolithic Henry, Abajo and La Sal Mountains to the northeast. Except for the deeper
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canyons and isolated mountain peaks, an average elevation in excess of 500 feet (1.524 meters)

persists over most of the Canyon Lands section.

On a more localized regional basis, the project site is located near the w ‘stern edge of the Blanding
Basin, sometimes referred to as the Great Sage Plain (Eardly, 1958), lying east of the north-south
trending Monument Uplift. south of the Abajo Mountains and adjacent to the northwesterly-trending
Paradox Fold and Fault Belt (Figure 1.6-1). Topographically, the Abajo Mountains are the most
prominent feature in the region, rising more than 4,000 feet (1,219 meters) above the broad, gently

rolling surface of the Great Sage Plain.

The Great Sage Plain is a structural slope, capped by the resistant Burro Canyon formation and the
Dakota Sandstone. almost horizontal in an east-west direction but descends to the south with a
regional slope of about 2,000 feet (610 meters) over a distance of nearly 50 miles (80 kilometers).
Though not as deeply or intricately dissected as other parts of the Canyon Lands, the plain is cut by
numerous narrow and vertical-walled south-trending valleys 100 to more than 500 feet (30 to 152+
meters) deep. Water from the intermittent streams that drain the plain flow snuthward to the San
Juan River, eventually joining the Colorado River and exiting the Canyon Lands section through the

Grand Canyon.

1.6.1.2 Rock Units (ER Section 2.4.1.1)

The sedimentary rocks exposed in southeastern Utah have an aggregate thickness of about 6,000 to
7,000 feet (1,829 to 2,134 meters) and range in age from Pennsylvanian to Late Cretaceous. Older
unexposed rocks are known mainly from oil well drilling in the Blanding Basin and Monument

Uplift. These wells have encountered correlative Cambrian to Permian rock units of markedly
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diftering thacknesses but averaging over 5,000 feet (1,524 meters) in total thickness (Witkind. 1964).
Most of the wells drilled in the region have bottomed in the Pennsylvanian Paradox Member of the
Hermosa formation. A generalized stratigraphic section of rock units ranging in age from Cambrian
through Jurassic and Triassic (?), as determined from oil-well logs, is shown in Table 1.6-1.
Descriptions of the younger rocks, Jurassic through Cretaceous, are based on field mapping by

various investigators and are shown in Table 1.6-2.

Paleozoic rocks of Cambrian, Devonian and Mississippian ages are not exposed in the southeastern
Utah region. Most of the geologic knowledge regarding these rocks was leamed from the deeper oil
wells ¢ 1lled in the region, and from exposures in the Grand Canyon to the southwest and in the
Uinta and Wasatch Mountains to the north. A few patches of Devonian rocks are exposed in the San
Juan Mountains in southwestern Colorado. These Paleozoic rocks are the result of periodic
transgressions and regressions of epicontinental seas and their lithologies reflect a varicty of

depositional environments.

In general, the coarse-grained feldspathic rocks overlying the Precambrian basement rocks grade
upward into shales, limestones and dolomites that dominate the upper part of the Cambrian.
Devonian and Mississippian dolomites, limestones and interbedded shales unconformably overlay
the Cambrian strata. The complete absence of Ordovician and Silurian rocks in the Grand Canyon,
Uinta Mountains, southwest Utah region and adjacent portions of Colorado, New Mexico and

Arizona indicate that the region was probably epeirogenically positive during these times.

The oldest stratigraphic unit that crops out in the region is the Hermos formation of Middle and Late
Pennsylvanian age. Only the uppermost strata of this formation are exposed, the best exposure being

in the canyon of the San Juan River at the "Goosenecks" where the river traverses the crest of the

H USERS:MFM\WPMRR'RECLAMWM.96\FNLDRAFT'SECTO01 RPT\February 28, 1997




Page 1-66

Revision 1.0

Energy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

Monument uplitt. Other exposures are in the breached centers of the Lisbon Valley, Moab and
Castle Valley anticlines. The Paradox Member of the Hermosa formation is sandwiched between
a relatively thin lower unnamed member consisting of dark-gray shale siltstone, dolomite, anhydrite,
and limestone, and an upper unnamed member of similar lithology but having a much greater
thicknes,. Composition of the Paradox Member is dominantly a thick sequence of interbedded slat
(halite), anhydrite, gypsum, and black shale. Surface exposures of the Paradox in the Moab and

Castle Valley anticlines are limited to contorted residues of gypsum and black shale.

Conformably overlying the Hermosa is the Pennsylvanian and Permian (?) Rico formation,
composed of interbedded reddish-brown arkosic sandstone and gray marine limestone. The Rico
represents a transition zone between the predominantly marine Hermosa and the overlying

continental Cutler formation of Permian age.

Two members of the Cutler probably underlying the region south of Blanding are, in ascending
order, the Cedar Mesa Sandstone and the Organ Rock Tongue. The Cedar } fesa is a white to pale
reddish-brown, massive, cross-bedded, fine-to medium-grained eolian sandstone. An .regular
fluvial sequence of reddish-brown fine-grained sandstones, shaly siltstones and sandy shales

comprise the Organ Rock Tongue.

The Moenkopi formation, of Middle (?) and Lower Triassic age, unconformably overlies the Cutler
strata. [t is composed of thin, evenly-bedded, reddish to chocolate-brown, ripple-marked, cross-

laminated siltstone and sandy shales with irregular beds of massive medium-grained sandstone.

A thick sequence of complex continental sediments known as the Chinle formation unconformably

overlies the Moenkopi. For the purpose of making lithology correlations in oil wells this formation
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is divided into three units: The basal Shinarump Member, the Moss Back Member and an upper
undivided thick sequence of variegated reddish-brown, reddish- to greenish-gray, yellowish-brown
to light-brown bentonitic claystones, mudstones, sandy siltstone, fine-grained sandstone, and
limestones. The basal Shinarump is dominantly a yellowish-grey, fine- to coarse-grained sandstone,
conglomeratic sandstone and conglomerate characteristically filling ancient stream channel scours
eroded into the Moenkopi surface. Numerous uranium deposits have been located in this member
in the White Canyon mining district to the west of Comb Ridge. The Moss Back is typically
composed of yellowish- to greenish-grey. fine- to medium-grained sandstone, conglomeratic
sandstone and conglomerate. [t commonly comprises the basal unit of the Chinle where the
Shinarump was not dcposited, and in a like manner, fills ancient stream channels scoured into the

underlying unit.
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TABLE 1 6.
SENERALZED STRATIGRAPHIC SECTION CF SUBSURFACE ROCKS BASED <h CiIL-WwEL. .0GS

After Stokes. 1954, Witkind. 19684, Huff and Lesure. 1988, Johnson and Thordarson * 968)

Stratgraphic Thudt'{\oa'
_Age Ut L) Descnption
b
Gien Canyon Group:
Jurassic and Navsjo Sandytone 300 - 400 Buff to light gray. massive, cross-bedded, frisbie
Triassic (?) sandstone
‘ Tnassic (?) Kayenta Formation 100 - 150 Reddish-brown sandstone and mudstone and
_ occarional conglomerate ienses
.Y Tnsssic Wingste Sandstone 250 - 350 Hrown, massive, cross-bedded,
§ Ined sandstone
3 Chinie Formation
y Undivided 600 - 700 Variegatd claysions with some thin beds of
sitsione and limesione
Moss Back Member 0-100 Light colcred. conglomerstic ssndatone and
conglomerie
Shinarump Member 0-20 Yeliowish-gray, fing t0 coarse-grained sandstone:
conglomersiic sandsions and congiomersis
-—-——-——--u--—-um--------u-—---—-—-
Middis (7) and Mosnkopi F.. mation %0 - 100 Reddieh-brown mudstons and fine-grained
Lower Trisssic sandstone
' -----—----—---oum------------------
T
Permian Cutier Formation:
Organ Rock Member 0-600 Reddish-drown, sendy mudstons
Cadar Mesa 1100- 1400  Redgiah-brown, massive, fine 10 medium-grened
Sandsions Member sandsions
Penngyivanian Rico Formation 480 Rad and gray caicareous, ssndy shale: gray
a_;\)dm limestons and sandsione
(
Penngylvanien Hermoss Formation:
Uppsr Momtar 1000 - 120G Gray, massive imasione: some shale and
sandstone
g Peradox Member 1200 Haiite, snhydrita, gypsum, shale, and siltstone
3 Lower Member 200 Limesione, silsione, end shale
L

R R T e

Mississippian Leadville Limestone 500 Whiis 10 tan sucroee © crystaliine imesione
Devonian Ourgy Limesione 100 Ligt gray snd tan, ihin-beddad limaatone and
dolomite
Zilbert Formation 200 Gray and brown dolomite and limestone wilh thin
beds green shale end sandstons
-----------O'--Um"---""'-----""---'
Cambrian Ophir Formation and 600 Gray ond brown limestons and dolomite,
. Tintic Quarzite feldapathic sandeione and arkoss

* To convert feet 10 melars, mulliply by 0.3043. Average thickness given i rangs is not shown.




TABLE ' &
GENERALIZED STRATIGRAPHIC SECT Q¢ OF EXPGSED ROCKS e THE PRQOLETZT v!CH™Y

(ARer Haynes ot ai 1962 Wriund 1964 HuUf and Lesure. 1965)

ERA SYSTEM SERIES STRATIGRAPHIC  THICKNESS® LITHOLOGY
(Age) UNIT ®)

) . Sk, send and gravel in aroyos and streem
| Alluvium , 225 valioys.

: Siope wash, taius and rock rubble ronging
Colluvium end Talus 0-15 trom cobbies and bouiders to massive biocks

falien from ciffs and outc of ressstan rock

Reddish-brown 1o light-brown. uncongolidated.

0-22+ well-sorted silt to medium-grained sand.
pertally cemented with caliche 1n some sres,
reworked partly by water

CENO20C

" QUATERNARY

SN GIURE U |

; { ' .Gray to dark-gray. flasie, thin-bedded manne
i : Mancos Shale 0-11(" ‘shele with fosoiiferous sandy imeatons in
: , ; lowar strats.
‘ Upper | ‘wambmmm.
. [Cretaceous ! ‘thick bedded to cross-bedded sandstone,
, Dakots Sandetone 30-75 ‘conglomeratic sandetone; ntsrbeddad this
: | Henticular gray carbonsceous claystone and
. CRETACEQUS i limpure coal, local course besal conglomerate.

‘Light-gray and light-brown. massive and
cross-bedded conglomerstic sandstone snd
; Burro Cenyon Formation : 50 - 150  interbedded grean and gray-green mudetone;
ilocaily containg thin discontinuous beds of
‘wilicifled sandetons and limestons neer top.

I
i
1
z
|
e

Upper interbedded yeliowieh-brown 0 pele
Jurseeic Sak Waeh Member 0-3%0 reddish-brown fine-grained to congiomeritic

}—+— Unconformity
! \Whita to grayieh-brown, maseive,
; | Bif Sandetone | O - 130+  crose-beddod, fine- to medium-grained eolian
Jursssic i ’ _sandstons.

Summoerville [ iThin-bedded, rippie-marked reddish-brown
F ormation 25-125 muddy sendstons and sandy shale.

f
i
, !
I 1
. ¢ : Reddish-brown to grayieh-whita. maseive.
; , ] s"""'l ’ | 15G- 180 cross-badded, fine- to medium-gramed
i ‘—‘———"l mwwmm&w:‘m
: Micidie . Cemn . . 'sendstone and sandy mudsetone '
‘ i Jurmesic ' | o Formation - 20 - 100+ mamummmmm
v } i i N to gresnish-gray shaie.

“To convert feat to meters, mulliply fest by 0. 3048.
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In the Blanding Basin the Glen Canyon Group consists of three formations which are, in ascending
order, the Wingate Sandstone, the Kayenta and the  vajo Sandstone. All are conformable and their
contacts are gradational. Commonly cropping out in sheer clitfs, the Late Triassic Wingate
Sandstone is typically composed of tuff to reddish-brown, massive, cross-bedded, well-sorted. fine-
grained quartzose sandstone of eolian origin. Late Triassic (?) Kayenta is fluvial in origin and
consists of reddish-brown, irregularly to cross-bedded sandstone, shaly sandstone and, locally, thin
beds of limestone and conglomerate. Light yellowish-brown to light-gray and white, massive, cross-
bedded, friable, fine- to medium-grained quartzose sandstone typifies the predominantly eolian

Jurassic and Triassic (?) Navajo Sandstone.

Four formations of the Middle to Late Jurassic San Rafael Grour 'inconformably overly the Navajo
Sandstone. These strata are composed of alternating marine and non-marine sandstones, shales and
mudstones. In ascending order, the formations are the Carmel formation, Entrada Sandstone,
Summerville formation, and Bluff Sandstone. The Carmel usualiy crops out as a bench between the
Navajo and Entrada Sandstones. Typically reddish-brown muddy sandstone and sandy mudstone,
the Carmel locally contains thin beds of brown to gray limestone and reddish- to greenish-gray shale.
Predominantly eolian in origin, the Entrada is a massive cross-bedded fine- to medium-grained
sandstone ranging in color from reddish-brown to grayish-white that crops out in cliffs or hummocky
slopes. The Summerville is composed of regular thin-bedded, ripple-marked, reddish-brown muddy
sandstone and sandy shale of marine origin and forms steep to gentle slopes above the Entrada.
Cliff-forming Bluff Sandstone is present only in the southern part of the Monticello district thinning
northward and pinching out near Blanding. It is a white to grayish-brown, massive, cross-bedded

eolian sandstone.
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In the southeastern Utah region the Late Jurassic Morrison formation has been divided in ascending
order into the Salt Wash, Recapture, Westwater Canyon, and Brushy Basin Members. In general.
these strata are dominantly fluvial in origin but do contain lacustrine sediments. Both the Salt Wash
and Recapture consist of alternating mudstone and sandstone; the Westwater Canyon is chiefly
sandstone with some sandy mudstone and claystone lenses, and the heterogenous Brushy Basin
consists of variegated bentonitic mudstone and siltstone containing scattered thin limestone,
sandstone, and conglomerate lenses. As strata of the Morrison formation are the oldest rocks
exposed in the project area vicinity and are one of the two principal uranium-bearing formations in
southeast Utah, the Morrison, as well as younger rocks, are described in more detail in Section

1.6.2.2.

‘ The Early Cretaceous Burro Canyon formation rests unconformably (?) on the underlying Brushy
Basin Member of the Morrison formation. Most of the Burro Canyon consists of light-colored,
massive, cross-bedded fluvial conglomerate, conglomerate sandstone and sandstone. Most of the
conglomerates are near the base. Thin, even-bedded, light-green mudstones are included in the
formation and light-grey thin-bedded limestones are sometimes locally interbedded with the

mudstones near the top of the formation.

Overlying the Burro Canyou is the Dakota Sandstone of Upper Cretaceous age. Typical Dakota is
dominantly yellowish-brown to light-gray, thick-bedded, quartzitic sandstone and conglomeratic
sandstone with subordinate thin lenticular beds of mudstone, gray carbonaceous shale and, locally,
thin seams of impure coal. The contact with the underlying Burro Canyon is unconformable whereas
the contact with the overlying Mancos Shale is gradational from the light-colored sandstones to dark-

grey to black shaly siltstone and shale.
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Upper Cretaceous Mancos Shale is exposed in the region surrounding the project vicinity but not
within it. Where exposed and weathered, the shale is light-gray or yellowish-gray, but is dark, to

olive-gray where fresh. Bedding is thin and well developed; much of it is laminated.

Quaternary alluvium within the project vicinity is of three types: alluvial silt, sand and gravels
deposited in the strcam channels; colluvium deposits of slope wash, talus, rock rubble and large
displaced blocks on slopes below cliff faces and outcrops of resistant rock; and alluvial and
windblown deposits of silt and sand, partially reworked by water, on benches and broad upland

surfaces.

1.6.1.3 Structure and Tectonics (ER Section 2.4.1.3)

According to Shoemaker (1954 and 1956), structural features within the Canyon Lands of
southeastern Utah may be classified into three main categories on the basis of origin or mechanism
of the stress that created the structure. These three categories are: (1) structures related to large-
scale regional uplifting or downwarping (epei .genic deforation) directly related to movements
in the basement complex (Monument Uplift and the Blanding Basin); (2) structures resulting from
the plastic deformation of thick sequences of ¢vaporite deposits, salt plugs and salt anticlines, where
the structural expression at the surface is not reflected in the basement complex (Paradox Fold and
Fault Belt); and (3) structures that are tormed in direct response to stresses induced by magmatic

intrusion including local laccolithic domes, dikes and stocks (Abajo Mountains).

Each of the basins and uplifts within the project area region is an asymmetric fold usually separated
by a steeply dipping sinuous monocline. Dips of the sedimentary beds in the basins and uplifts

rarely exceed a few degrees except along the monocline (Shoemaker, 1956) where, in some

HAUSERS'MFM\WPAMRR\RECLAMWM 96\FNLDRAFT\SECT0! RPT\February 28, 1997




Page 1-74

Revision 1.0

Energy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

instances, the beds we nearly vertical. Along the Comb Ridge monocline, the boundary between the
Monument Uplift and the Blanding Basin, approximately eight miles (12.9 kilometers) west of the
project arca, dips in the Upper Triassic Wingate sandstone and in the Chinle formation are more than

40 degrees to the east.

Structures in the crystalline basement complex in the central Colorado Plateau are relatively
unknown but where monoclines can be followed in Precambrian rocks they pass into steeply dipping
faults. It is probable that the large monoclines in the Canyon Lands section are related to flexure of
the layered sedimentary rocks under tangential compress.on over nearly vertical normal or high-
angle reverse faults in the more rigid Precambrian basement rocks (Kelley, 1955; Shoemaker, 1956;

Johnson and Thordarson, 1966).

The Monument Uplift is a north-trending. elongated, upwarped structure approximately 90 miles
(145 kilometers) long and nearly 35 miles (56 kilometers) wide. Structural relief is about 3,000 feet
(914 meters) (Kelley, 1955). Its broad crest is slightly convex tu the east where the Comb Ridge
monocline defines the eastern boundary. The uniform and gently descending western flank of the

uplift crosses the White Canyon slope and merges into the Henry Basin (Figure 1.6-1).

East of the Monument Uplift. the relatively equidimensional Blanding Basin merges almost
imperceptibly with the Parad.x Fold and Fault Belt to the north, the Four Comers Platform to the
southeast and the Defiance Uplift to the south. The basin is a shallow feature with approximately
700 feet (213 meters) of structural relief as estimated on top of the Upper Triassic Chinle formation
by Kelley (1955), and is roughly 40 to 50 miles (64 to 80 kilometers) across. Gentle folds within
the basin trend westerly to northwesterly in contrast to the distinct northerly orientation of the

Monument Uplift.

HAUSERSIMFM\WP\MRR\RECUAMWM 96\ FNLDRAFTN\SECTO! RPT\February 28, 1997




Page 1-75

Revision 1.0

Energy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

Situated to the north of the Monument Uplift and Blanding Basin is the most unique structural
feature of the Canyon Lands section, the Paradox Fold and Fault Belt. This tectonic unit is
dominated by northwest trending anticlinal folds and associated normal faults covering an area about
150 miles (241 kilometers) long and 65 miles (104 kilometers) wide. These anticlinal structures are
associated with salt flowage from the Pennsylvanian Paradox Member of the Hermosa formation and
some show piercement of the overlying younger sedimentary beds by plug-like salt intrusions
(Johnson and Thordarson. 1966). Prominent valleys have been eroded along the crests of the
anticlines where salt piercements have occurred or collapses of the central parts have resulted in

intricate systems of step-faults and grabens along the anticlinal crests and flanks.

The Abajo Mountains are located approximately 20 miles (32 kilometers) north of the project area
on the more-or-less arbitrary border of the Blanding Basin and the Paradox Fold and Fault Belt
(Figure 1.6-1). These mountains are laccolithic domes that have been intruded into and through the
sedimentary rocks by several stocks (Witkind, 1964). At least 31 laccoliths have been identified.
The youngest sedimentary rocks that have been intruded are those of Mancos Shale of Late
Cretaceous age. Based on this and other vague and inconclusive evidence, Witkind (1964), has

assigned the age of these intrusions tu the Late Cretaceous or early Eocene.

Nearly all known faults in the region of the project area are high-angle normal faults with
displacements on the order of 300 feet (91 meters) or less (Johnson and Thordarson, 1966). The
largest known faults within a 40-mile (64 kilometer) radius around Blanding are associated with the
Shay graben on the north side of the Abajo Mountains aad the Verdure graben on the south side.
Respectively, these faults trend northeasterly and easterly and can be traced for approximate
distances ranging from 21 to 34 miles (34 to 55 kilometers) according to Witkind (1964). Maximum

displacements reported by Witkind on any of the faults is 320 feet (98 mcters). Because of the
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extensions of Shay and Verdure fault systems beyond the Abajo Mountains and other geologic
evidence, the age of these faults is Late Cretaceous or post-C retaceous and antedate the laccolithic

intrusions (Witkind, 1964).

A prominent group of faults is associated with the salt anticlines in the Paradox Fold and Fault Belt.
These faults trend northwesterly parallel to the anticlines and are related to the salt emplacement.
Quite likely, these faults are relief features due to salt intrusion or salt removal by solution
(Thompson, 1967). Two faults in this region, the Lisbon Valley fault associated with the Lisbon
Valley salt anticline and the Moab fault at the southeast end of the Moab anticline have maximum
vertical displacements of at least 5,000 feet (1,524 meters) and 2,000 feet (609 meters), respectively,
and are probably associated with breaks in the Precambrian basement crystalline complex. It is
possible that zones of weakness in the basement rocks represented by faults of this magnitude may
be responsible for the beginning of salt flowage in the salt anticlines, and subsequent solution and
removal of the salt by groundwater caused collapse within the salt anticlines resulting in the

formation of grabens and local complex block taults (Johnson and Thordarson, 1966).

The longest faults in the Colorado Plateau are located some 155 to 210 miles (249 to 338 kilometers)
west of the project area along the western margin of the High Plateau section. These faults have a
north to northeast echelon trend, are nearly vertical and downthrown on the west in most places.
Major faults included in this group are the Hurrican, Toroweap-Sevier, Paunsaugunt, and Paradise
faults. The longest fault. the Toroweap-Sevier, can be traced for about 240 miles (386 kilometers)

and may have as much as 3,000 feet (914 meters) of displacement (Kelley, 1955).

From the later part of the Precambrian until the middle Paleozoic the Colorado Plateau was a

relatively stable tectonic unit undergoing gentle epeirogenic uplifting and downwarping during
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which seas transgressed and regressed, depositing and then partially removing layers of sedimentary
materials. This period of stability was interrupted by northeast-southwest tangential compression
that began sometime during late Mississippian or early Pennsylvanian and continued intermittently
into the Triassic. Buckling along the northeast margins of the shelf produced northwest-trending
uplifts, the most prominent of which are the Uncompahgre and San Juan Uplifts, sometimes referred
to as the Ancestral Rocky Mountains. Clearly, these positive features are the earliest marked

tectonic con'rols that may have guided many of the later Laramide structures (Kelley, 1955).

Subsidence of the area southwest of the Uncompahgre Uplift throughout most of the Pennsylvanian
led to the filling of the newly formed basin with an extremely thick sequence of evaporites and
associated interbeds which comprise the Paradox Member of the Hermosa formation (Kelley, 1956).
Following Paradox deposition, continental and marine sediments buried the evaporite sequence as
epeirogenic movements shifted shallow seas across the region during the Jurassic, Triassic and much
of the Cretaceous. The area underlain by the Paradox Member in eastern Utah and western Colorado
is commonly referred to as the Paradox Basin (Figure 1.6-1). Renewed compression during the
Permian initiated the salt anticlines and piercements, and salt flowage continued through the

Triassic.

The Lara. nide orogeny, lasting from Late Cretaceous through Eocene time, consisted of deep-seated
compressional and local vertical stresses. The orogeny is responsible for a north-south to northwest
trend in the tectonic fabric of the region and created most of the principal basins and uplifts in the

eastern-half of the Colorado Plateau (Grose, 1972; Kelley, 1955).

Post-Laramide epeirogenic deformation has occurred throughout the Tertiary; Eocene strata are

flexed sharply in the Grand Hogback monocline, iine-grained Pliocene deposits are tilted on the
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flanks of the Detiance Uplift, and Pleistocene deposits in Fisher Valley cont»in three angular

unconformaties (Shoemaker, 1956).

1.6.2 Blanding Site Geology

The following descriptions of physiography and topography: rock units; structure; relationship ot
earthquakes to tectonic structure; and potential earthquake hazards to the project area are reproduced

tfrom the ER for ease of reference and as a review of the mill site geology. (See Figure 1.6-2)

1.6.2.1 Physiography and Topography (ER Section 2.4.2.1)

The project site is located near the center of White Mesa. one of the many finger-like north-soutl.
trending mesas that make up the Great Sage Plain. The nearly flat upland surface of White Mesa is
underlain by resistant sandstone caprock which torms steep prominent cliffs separating the upland

from deeply entrenched intermittent stream courses on the east, south and west.

Surface elevations across the project site range from about 5,550 to 5,650 feet (1,692 to 1,722
meters) and the gently rolling surface slopes to the south at a rate of approximately 60 fect per mile

(18 meters per 1.6 kilometer).

Maximum relief between the mesa's surface and Cottonwood Canyon on the west is about 750 feet
(229 meters) where Westwater Creek joins Cottonwood Wash. These two strcams and their
tributaries drain the west and south sides of White Mesa. Drainage on the east is provided by

Recapture Creek and its tributaries. Both Cottonwood Wash and Recapture Creeks are normally
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intermittent streams and flow south to the San Juan River. However. Cottonwood Wash has been

known to flow perennially in the project vicinity during wet years.

. HAUSERS\MFM\WPAMRR\RECLAMWM 96\FNLDRAFT\SECTOI RPT\February 28, 1997




'.I‘ - ,.}\'Ly

~
"
S
eee

n ':/\
Z ’ O /" o
@ £ cvenqs »

—

FOD 72 ),

7!
A1

Kdb 1\

Z'. o o \i ',"\‘.'
NTAG ,’Jm N ! \(’ ")'

\ |
=Km
o4, .:,""

S i

REFERENCES: GeOL

OGY, IN PART, AFTER HAYNES ET AL., 1962. BASE MAP PREPARED FROM PORTIONS

'. Laamme PP
i

OF THE BLANDWG, BRUSHY BASIN WASH, BLUFF, AND MONTEZUMA CREEK US.G.S.

15-MINUTE TOPOGRAPHIC QUADRANGLES.

CONTACT, DASHED WHERE
APPROXIMATE

. EXPLANATION
' Qae LOESS
’ Km 'MANCOS SHALE N
Kdb DAKOTA AND BURRO CANYON A
FORMATIONS (UNDIFFERENTIATED)
Jmb MORRISON FORMATION:
BRUSHY BASIN MEMBER
JmMW  WESTWATER CANYON MEMBER _+-
I
Jmre RECAPTURE MEMBER

after Jretco 985

3000 ] 3000 ¢000

SCALE IN FEET

ENERSY PUEBLS NUCLEAR, INC.

@ Coloracdeo Plateav Operations
2764 Compans Drive, Ste 20! @rand amction, CO 81506

FIGURE | 6-2

nhite Mesa Milisite
&eology >F Surrounding Area

DESIGN. DRANN:, R /on viom SEET
cHED BY DATE Feop 999 ,
o
APP SCALE., As Hhorn
I _




Page |-81

Revision 1.0

Enc gy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

1.6.2.2 Rock Units (ER Scetion 2.4.2.2)

Only rocks of Jurassic and Cretaceous ages are exposed in the vicinity of the project site. These
include, in ascending order, the Upper Jurassic Salt Wash, Recapture, Westwater Canyon, and
Brushy Basin Members of the Morrison tormation: the Lower Cretaceous Burro Canyon formation:
and the Upper Cretaceous Dakota Sandstone. The Upper Cretaceous Mancos Shale is exposed as
isolated remnants along the rim of Recapture Creek valley several miles southeast of the project site
and on the eastern flanks of the Abajo Mountains some 20 miles (32 kilometers) north but is not
exposed at the project site. However, patches of Mancos Shale may be present within the project
site boundaries as isolated buried remnants that are obscured by a mantle of alluvial windblown silt

and sand.

The Morrison formation is of particular economic importance in southeast Utah since several

hundred uranium deposits have been discovered in the basal Salt Wash Member (Stokes, 1967).

In most of eastern Utah, the Salt Wash Member underlies the Brushy Basin. However, just south
of Blanding in the project vicinity the Recapture Member replaces an upper portion of the Salt Wash
and the Westwater Canyon Member replaces a lower part of the Brushy Basin. A southern limit of
Salt Wash deposition and a northern limit of Westwater Canyon deposition has been recognized by
Haynes et al. (1972) i1. Westwater Canyon approximately three to six miles (4.8 to 9.7 kilometers),
respectively. northwest of the project site. However, good exposures of Salt Wash are found

throughout the Montezuma Canyon area 13 miles (21 kilometers) to the east.

The Salt Wash Memb.r is composed dominantly of fluvial fine-grained to conglomeratic sandstones,

and interbedded mudstones. Sandstone intervals are usually yellowish-brown to pale reddish-brown
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while the mudstones are greenish- and reddish-gray. Carbonaceous materials ("trash") vary from
sparse to abundant. Cliff-forming massive sandstone and conglomeratic sandstone in discontinuous
beds make up to 50 percent or more of the member. According to Craig et al. (1955), the Salt Wash
was deposited by a system of braided streams flowing generally east and northeast. Most of the
uranium-vanadium deposits are located in the basal sandstones and conglomeratic sandstones that
fill stream-cut scour channels in the underlying Bluff Sandstone, or where the Blutf Sandstone has
been removed by pre-Morrison erosion, in similar channels cut in the Summerville formation.
Mapped thicknesses of this member range from zero to approximately 350 feet (0-107 meters) in
southeast Utah. Because the Salt Wash pinches out in a southerly direction in Recapture Creek three
miles (4.8 kilometers) northwest of the project site and does not reappear until exposed in

Montezuma Canyon, it is not known for certain that the Salt Wash actually underlies the site.

The Recapture Member is typically composed of interbedded reddish-gray, white, and light-brown
fine- to medium-grained sandstone and reddish-gray, silty and sandy claystone. Bedding is gently
to sharply lenticular. Just north of the project site, the Recapture intertongues with and grades into
the Salt Wash and the contact between the two cannot be easily recognized. A few spotty
occurrences of uriniferous mineralization are found in sandstone lenses in the southern part of the
Monticello district and larger deposits are known in a conglomeratic sandstone facies some 75 to 100
miles (121 to 161 kilometers) southeast of the Monticello district. Since significant ore deposits
have not been found in extensive outcrops in more favorable areas, the Recapture is believed not to

contain potential resources in the project site (Johnson and Thordarson, 1966).

Just north of the project site, the Westwater Canyon Member intertongues with and grades into the
lower part of the overlying Brushy Basin Member. Exposures of the Westwater Canyon in

Cottonwood Wash are typically composed of interbedded yellowish- and greenish-gray to pinkish-

1 \USERS*MIFM\WPMRR\RECLAMWM 96\FNLDRAFT\SECTO!.RPT\February 28, 1997




Page 1-83

Revision 1.0

Energy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

gray, lenticular. fine- to coarse-grained arkosic sandstone and minor amounts of greenish-gray to
reddish-brown sandy shale and mudstone. Like the Salt Wash, the Westwater Canyon Member is
fluvial in origin, having been deposited by streams flowing north and northwest, coalescing with
streams from the southwest depositing the upper part of the Salt Wash and the lower part of the
Brushy Basin (Huff and Lesure, 1965). Several small and scattered uranium deposits in the
Westwater Canyon are located in the extieme southern end of the Monticello district. Both the
Recapture Member and the Westwater Canyon contain only traces of carbonaccous materials, are
believed to be less favorable host rocks for uranium deposition (Johnson and Thordarson, 1966) and

have very little potential for producing uranium reserves.

The lower part of the Brushy Basin is replaced by the Westwater Canyon Member in the Blanding
area but the upper part of the Brushy Basin overlies this member. Composition of the Brushy Basin
is dominantly variegated bentonitic mudstone and siltstone. Bedding is thin and regular and usually
distinguished by color variations of gray, pale-green, redd: -n-brown, pale purple, and maroon.
Scattered lenticular thin beds of distinctive green and red chert-pebble conglomeratic sandstone are
found near the base of the member, some of which contain uranium-vanadium mineralization in the
southernmost part of the Monticello district (Haynes et al., 1972). Thin discontinuous beds of
limestone and beds of grayish-red to greenish-black siltstone of local extent suggest that much of

the Brushy Basin is probably lacustrine in origin.

For the most part, the Great Sage Plain owes its existence to the erosion of resistant s.:..dstones and
conglomerates of the Lower Cretaceous Burro Canyon formation. This formation unconformably(?)
overlies the Brushy Basin and the contact is concealed over most of the project area by talus blocks
and slope wash. Massive, light-gray to light yellowish-brown sandstone, conglomeratic sandstone

and conglomerate comprise more than two-thirds of the formation's thickness. The conglomerate
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and sandstone are interbedded and usually grade from one to the other. However, most of the
conglomerate is near the base. These rocks are massive cruss-bedded units formed by a series of
interbedded lenses, each lens representing a scour filled with stream-deposited sediments. In pl. ces
the formation contains greenish-gray lenticular beds of mudstone and claystone. Most of the Burro
Canyon is exposed in the vertical cliffs separating the relatively flat surface of White Mesa from the
canyons to the west and east. In some places the resistant basal sandstone beds of the overlying
Dakota Sandstone are exposed at the top of the cliffs, but entire cliffs of Burro Canyon are most
common. Where the sandstones of the Dakota rest on sandstones 2nd conglomerates of the Burro
Canyon, the contact between the two is very difficult to identify and most investigators map the two
formations as a single unit (Figure 1.6-2). At best, the contact can be defined as the top of a silicified
zone intl * upper part of the Burro Canyon that appears to be remnants of an ancient soil that formed

during a long period of weathering ;rior to Dakota deposition (Huff and Lesure, 1965).

The Upper Cretaceous Dakota Sandstone disconformably overlies the Burro Canyon formation.
Lc :cally, the disconformity is marked by shallow depressions in the top of the Burro Canyon filled
with Dakota sediments containing angular to sub-rounded rock fragments probably derived from
Burro Canyon strata (Witkind, 1964) but the contact is concealed at the project site. The Dakota
is composed predominantly of pale yellowish-brown to light gray, massive, intricately cross-bedded,
fine- to coarse-grained quartzose sandstone locally well-cemented with silica and calcite; elsewhere
it is weakly cemented and friable. Scattered throughout the sandstone are lenses of conglomerate,
dark-gray carbonaceous mudstones and shale and, in some instances, impure coal. In general, the
lower part of the Dakota is more conglomeratic and contains more cross-bedded sandstone than the
upper part which in normally more thinly bedded and marine-like in appearance. The basal
sandstones and conglomerates are fluvial in origin, whereas the carbonaceous mudstones and shales

were probably deposited in back water areas behind beach ridges in front of the advancing Late

HAUSERS\MFM\WP\MRRIRECT AMWM 96\FNLDRAFTSECTO! RPT\February 28, 1997




Page 1-85
Revision 1.0

Energy Fuels Nuclear, Inc.
White Mesa Mill Reclamation Plan

Cretaceous sea (Huff and Lesure, 1965). The upper sandstones probably represent littoral marine
deposits since they grade upward into the dark-gray siltstones and marine shales of the Mancos

Shale.

The Mancos shale is not exposed in the project vicinity. The nearest exposures are small isolated
remnants resting conformably on Dakota Sandstone along the western rim above Recapture Creek
4.3 10 5.5 .niles (6.9 to 8.9 kilometers) southeast of the project site. Additional exposures are found
on the eastern and southern flanks of the Abajo Mountains approximatel, 16 to 20 miles (26 to 32
kilometers) to the north. It is possible that thin patches of Mancos may be buried at the project site
but are obscured by the mantle of alluvial windblown silt and sand covering the upland surface. The
Upper Cretaceous Mancos shale is of marine origin and consists of dark- to olive-gray shale with
minor amounts of gray, fine-grained, thin-bedded to blocky limestone and siltstone in the lower part
of the formation. Bedding in the Mancos is thin and well developed, and much of the shale is
laminated. Where fresh, the shale is brittle 1d fissile and weathers to chips that are light- to
vellowish-gray. Topographic features formed by the Mancos are usually subdued and commonly

displayed by low rounded hills and gentle slopes.

A layer of Quaternary to Recent reddish-brown eolian silt and fine sand is spread over the surface
of the project site. Most of the loess consists of subangular to rounded frosted quartz grains that are
coated with iron oxide. Basically, the loess is massive and homogeneous, ranges in thickness from
a dust coating on the rocks that form the rim cliffs to more than 20 feet (6 meters), and is partially
cemented with calcium carbonate (caliche) in light-colored mottled and veined accumulations which

probably represent ancient immature soil horizons.
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1.6.2.3 Structure (E.R. Section 2.4.2.3)

The geologic structure at the proj. ct site is comparatively simple. Strata of the underlying Mesozoic
sedimentary rocks are nearly horizontal; only slight undulations along the caprock rims of the upland
are perceptible and faulting is absent. In much ot the area surrounding the project site the dips are
less than one degree. The prevailing regional dip is about one degree to the south. The low dips and
simple structure are in sharp contrast to the pronounced structural features of the Comb Ridge

Monocline to the west and the Abajo Mountains to the north.

The project area is within a 1 latively tectonically stable portion of the Colorado Plateau noted for
its scarcity of historical seismic events. Tl.e epicenters of historical earthquakes from 1853 through
1986 within a 200-mile (320 km) radius of the site are shown in Figure 1.6-3. More than 1,146
events have occurred in the area, of which at least 45 were damaging; that is, having an intensity of
VI or greater on the Modified Mercalli Scale. A description of the Modified Mercalli Scale is given
in Table 1.6-3. All intensities mentioned herein refer to this table. Table 1.6-3 also shows a
generalized relationship between Mercalli intensities and other parameters to which this review will
refer. Since these relationships are frequently site specific, the table values should be used only for
approximation and understanding. Conversely. the border between the Colorado Plateau and the
Basin and Range Province and Middle Rocky Mountain Province some 155 to 240 miles (249 to 386
km) west and northwest, respectively, from the site is one of the most active seismic belts in the

western United States.

Oniv 63 non-duplicative epicenters have been recorded within a 120 mile (200 km) radius of the
project area (Figure 1.6-4). Of these, 50 had an intensity 1V or less (or unrecorded) and two were

recorded as intensity V1. The nearest event occurred in the Glen Canyon National Recreation Area
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approximatly 38 miles (63 km) west-northwest of the project area. The next closest event occurred
approximately 53 miles (88 km) to the northeast. Just east of Durango, Colorado, approximately 99
miles (159 km) due east of the project area, an event having local intensity of V was recorded on
August 29, 1941 (Hadsell, 1968). It is very doubtful that these events would have been felt in the

vicinity of Blanding.

Three of the most damaging earthquakes associated with the seismic belt along the Colorado
Plateau's western border have occurred in the Elsinore-Richfield are about 168 miles (270 km)
northwest of the project site. All were of intensity VIII. On November 13, 1901, a strong shock
caused extensive damage tfrom Richfield to Parowan. Many brick structures were damaged;
rockslides were reported near Beaver. Earthquakes with the ejection of sand and water were
reported, and some creeks increased their flow. Aftershocks continued for several weeks (von [{ake,
1977). Following several weeks of small foreshocks, a strong earthquake caused major damage in
the Monroe-Elsinore-Richfield area on September 29. 1921. Scores of chimneys were thrown down,
plaster fell from ceilings, and a section of a new two-story brick wall collapsed at Elsinore's
schoolhouse. Two days later, on October 1, 1921, another strong tremor caused additional dumage
to the area's structures. Large rockfalls occurred along both sides of the Sevier Valley and hot
springs were discolored by iron oxides (von Hake, 1977). It is probable that these shocks may have

been perceptible at the project site but they certainly would not have caused any damage.

Seven events of intensity VII have been reported within 320 kilometers (km) around Blanding, Utah,
which is the area shown in Figure 1.6-3. Of these, only two are considered to have any significance
with respect to the project site. On August 18, 1912, an intensity VII shock damaged houses in
northern Arizona and was felt in Gallup, New Mexico, and southern Utah. Rock slides occurred near

tlie epicenter in the San Francisco Mountains and a 50-mile (80 km) earth crack was reported north
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of the San Francisco Range (U. S. Geological Survey, 1970). Nearly every building in Duice, New
Mexico, was damaced to some degree when shook by a strong earthquake on January 22, 1966.
Rockfalls and landslides occurred 10 to 15 miles (16 to 24 km) west of Dulce along Highway 17
where cracks in the pavement were reported (Hermann et al., 1980). Both of these events may have
been felt at the project site but, again. would certainly not have caused any damage. Figure 1.6-4

shows the occurrence of seismic events within 200 km of Blanding.
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Nut telt Marginal and long-peniod cffects of farge earthquakes (for details see text)
Felt by pcrﬁuns at rest on upper floors, or favorably placed

Feltindoors  Hanging objects swing  Vibration like passing of light trucks  Duration
estimated  May not be recogmized as an earthquake.

Hanging objects swing  Vibration like passing of heavy trucks or sensation of a jolt like a
heavy ball stnking the walls  Standing motor cars rock. Windows, dishes, doors rattle
Glasses clink  Crockeny clashes  In the upper range of IV wooden walls and frame creak

Felt outdoors  direction estimated. Sleepers wakened. Liquids disturbed Some spilled
Small unstable vbjects displaced or upset. Doors swing close, open  Shutters, pictures move
Pendulum clocks stop. start, change rate

Felt by all. Many frightened and run outdoors  Persons walk unsteadily  Windows, dishes.
glassware hroken Knickknacks, tooks, etc off shelves  Pictures off walls. Furniture moved
or overturned  Weak plaster and masonry D cracked Small bells ring (church, schoot).
Trees. bushes shaken (visibly, or heard to rustie - CFR)

Difficult to stand  Noticed by drivers of motor cars  Hanging objects quiver. Furniture
broken. Damage to masonry D including cracks Weak chimneys broken at roof line. Fall of
plaster. loose bricks. stones, tiles, cornices (also unbraced parapets and architectural
omaments - CFR) Some cracks in masonry € Waves on ponds. water turbid with mud.
Small slides and caving in along sand or gravel banks. Large bells ring Concrele irrigation
fitches damaged

Steening of motor cars atfected. Damage to masonry C, partial collapse Some damage to
masonry B, none is masonry A Fall of stucco and some masonry walls Twisting, fall of
chimneys, factory stacks, monuments, towers, elevated tanks. Frame houses moved on
foundations if not bolted down. loose pancl walls thrown out. Decayed piling broken off.
Branches broken from trees. Changes in flow or temperature of springs and wells. Cracks in
wet ground and on steep slopes

General panic Masonny DD destroyed. masonry C heavily damaged Sometimes with
complete collapse, masonry B seriously damaged (General damage to foundations - CFR)
Frame structures. if not bolted. shifted off foundations. Frames rocked. Serious damage to
reservoirs  Underground pipes broken. Conspicuous cracks in ground. 1n alluviated areas
sand and mud ¢jected, carthquake fountains, sand craters

Most masonny and frame structures destroyed with their foundations. Some well-built
wouden structures and bridges destroyed. Serious damage to dams, dikes, embankments.
l.arge landslides  Water thrown on banks of canals. rivers, lakes, ¢tc. Sand and mud shifted
horizontally on beaches and flat fand. Rails bent slightly

Rails bent greatly  Underground pipelines completely out of service

Damage ncarly total. Large rock masses displaced. Lines of sight and level distorted.
Obyects thrown into the air
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From Fig. 11.14

Note

Masonry A, B.C. D To avoid ambiguity of language. the quality of masonry, brick or otherwise, is specified by the following lettering

(which has no connection with the conventional Class A, B, C construction)

. Masonry A Good workmanship, mortar, and design reinforced, especially laterally, and bound together by using steel,
concrete, ctc , designed to resist lateral forces.

. Masonoy B Good workmanship and mortar; reinforced, but not designed to resist lateral forces.

. Masonry € Ordinary workmanship and mortar, no extreme weaknesses such as non-ded-ia corners, but masonry is

neither reinforced nor designed against horizontal forces.

. Masonry D Week materials such as adobe, poor montar, low standards of workmanship, week horizontally.

*From Richter (1958) 'Adapted with permission of W. H Freeman and Company by Hunt (1984).

t Average peak ground velocity, emv/s
tAverage peak acceleration (away from source).
¥Magnitude correlation
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1.6.2.4 Relationship ot Earthquakes to Tetonic Structures

The majonity of recorded earthquakes in Utah have occurred along an active belt of seismicity that
extends from the Gulf of California, through western Arizona, central Utah. and northward into
western British Columbia. The seismic belt is possibly a branch of the active rift system associated
with the landward extension of the East Pacific Rise (Cook and Smith, 1967). This belt is the

Intermountain Seismic Belt shown in Figure 1.6-5 (Smith, 1978).

Itis significant to note that the seismic belt forms the boundary zone between the Basin and Range -
Great Basin Provinces and the Colorado Plateau - Middle Rocky Mountain Provinces. This block-
faulted zone is about 47 to 62 miles (7> to 100 km) wide and forms a tectonic transition zone
between the relatively simple structures of the Colorado Plateau and the complex fault-controlled

structures of the Basin and Range Province (Cook and Smith, 1967).

Another zone of seismic activity is in the vicinuty of Dulce. New Mexico, near the Colorado border.
This zone. which coincides with an extensive series of tertiary intrusives, may also be related to the
northern end of the Rio Grande Rift. This rift is a series of fault-controlled structural depressions
extending southward from southern Colorado through central New Mexico and into Mexico. The

rift 1s shown on Figure 1.6-5 trending north-south to the east of the pr- - ct area.
Most of the events south of the Utah border of intensity V and greater are located within 50 miles

(80 km) of post-Oligocene extrusives. This relationship is not surprising because it has been
observed in many other parts of the world (Hadsell, 1968).
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In Colorado. the Rio Grande Rift zone is one of three siesmotectonic provinces that may contribute
encrgy to the study area. Prominent physiographic expression of the rift includes the San Luis
Valley in southern Colorado. The valley is a haif-graben structure with major faulting on the east:m
flank. Extensional tectonics is dominant in the area and very large earthquakes with recurrence
intervals of several thousand years have been projected (Kirkham and Rodgers, 1981). Mountainous
areas tu the west of the Rio Grande rift province include the San Juan Mountains. These mountains
are a complex domicil uplift with extensive Oligocene and Miocene volcanic cover. Many faults
are associated with the collapse of the calderas and apparently have not moved since. Faults of
Neogene age exist in the eastern San Juan Mountains that may be related to the extension of the Rio
Grande rift. Numerous small earthquakes have been fclt or recorded in the western mountainous

province despite an absence of major Neogene tectonic faults (Kirkham and Rodgers, 1981).

The third seismotectonic province in Colorado, that of the Colorado Plateau, extends into the
surrounding states to the west and south. In Colorado, the major tectonic element that has been
recurrently active in the Quaternary is the Uncompahgre uplift. Both flanks are faulted and
carthquakes have been felt in the area. The faults associated with the Salt Anticlines are collapsed
features produced by evaporite solution and flowage (Cater, 1970). Their non-tectonic origin and
the plastic deformation of the salt reduces their potential for generating even moderate-sized

earthquakes (Kirkham and Rodgers, 1981).

Case and Joesting (1972) have called attention to the fact that regionai seismicity of the Colorado
Plateau includes a component added by basement faulting. They inferred a basement fault trending
northeast along the axis of the Colorado River through Canyonlands. This basement faulting may
be part of the much larger structure that Hite (1975) examined and Warner (1978) named the

Coloruuo lineament (Figure 1.6-6). This 1,300-mile (2,100 km) long lineament that extends from
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northern Arizona to Minnesota is suggested to be a Precambrian wrench-fault system formed some
2.0to 1.7 billion years before present. While it has been suggested that the Colorado lineament is
a source zone for larger carthquakes (m = 4 to 6) in the west-central United States, the observed
spatial relationship between epicenters and the trace of the lineament does not prove a casual relation
(Brill and Nuttli, 1983). In terms of contemporary seismicity, the lineament does not act as a
uniform earthquake generator. Only specific portions of the proposed structure can presently be
considered seismic source zones and each segment exhibits seismicity of distinctive activity and
character (Wong, 1981). This is a reflection of the different orientations and magnitudes of the stress
fields along the lineament. The interior of the Colorado Plateau forms a tectonic stress province, as
defined by Zoback and Zoback (1980), that is characterized by generally east-west tectonic
comyj ression. Only where extensional stresses from the Basin and Range province of the Rio Grande
rift extend into the Colorado Plateau would the Colorado lineament in the local area be suspected
of having the capability of generating a large magnitude earthquake (Wong, 1984). At the present
time, the well defined surface expression of regional extension is far to the west and far to the east

of the project area.

Recent work by Wong (1984) has helped define the seismicity of the whole Colorado T'lateau. He
called attention to the low level (less than M, = 3.6) but high number (30) of earthquakes in the
Capitol Reef Area from 1978 to 1980 that were associated with the Waterpocket fold and the
Cainville monocline, two other major tectonic features of the Colorado Plateau. Only five
earthquakes in the sequence were of M, greater than 3, and fault plane solutions suggest the swarm
was p rduced by normal faulting along northwest-trending Precambrian basement structures (Wong,
1984). The significance of the Capitol Reef seismicity is its relatively isolated occurrence within
the Colorado Plateau and its location at a geometric barrier in the regional stress field (Aki, 1979).

Stress concentration that produces earthquakes at bends or junctures of basement faults as indicated
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by this swarm may be expected to occur at other locations in the Colorado Plateau Province. No
inference that earthquakes such as those at Capitol Reef are precursors for larger subsequent events

1s implied.

1.6.2.5 Potential Earthquake Hazards to Project

The project site is located in a region known for its scarcity of recorded seismic events. Although
the seismic history for this region is barely 135 years old, the epicenual pattern, or fabric, is basically
set and appreciable changes are not expected ‘0 occur. Most of the larger seismic events in the
Colorado Plateau have occurred along its margins rather than in the interior central region. Based
on the region's seismic history, the probability of a major damaging earthquake occurring at or near
the project site is very remote. Studies by Algermissen and Perkins (1976) indicate that southeastern
Utah, including the site, is in an area where there is a 90 percent probability that a horizontal

acceleration of four percent gravity (0.04g) would not be exceeded within 50 years.

Minor earthquakes. not associated with any seismic-tectonic tresids, can presumably occur randomly
at almost any location. Even if such an event with an intensity as high as VI should occur at or near
the project site, horizontal ground accelerations would not ¢xceed 0.10g but would probably range
between 0.05 and 0.09g (Coulter et al., 1973; Trifunac and Brady, 1975). These magnitudes of
ground motion would not pose significant hazards to the existing and proposed facilities at the

Project Site.
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1.6.3 Seismic Risk Assessment

In addition to general estimates of earthquake hazards, such as those offered by Dames and Moore
(1978b), and summarized above, a more detailed analysis of the relationship between the project area
and regional seismicity was performed. As can be seen in Figure 1.6-3, a map based on the
seismologic data base from the National Geophysical Data Center of the National Oceanic and
Atmospheric Administration (NOAA 1988), many events occur within the Intermountain Seismic
Belt and within the Rio Grande rift. Since the Colorado Plateau Province (and particularly the
Blanding basin portion, in which the project site lies) is a distinctly different tectonic province, the
historical sample chosen for magnitude/frequency estimates was limited to a radius of about 120
miles (200 km) from the project. This sample included a region which is more representative of the

seismicity of the Colorado Plateau.

Static and pseudostatic analyses were performed to establish the stability of the side slopes of the
tailings soil cover. These analyses, together with analyses of radon flux attenuation. infiltration,
freeze/thaw etfects. and erosion protection, are summarized below, and are detailed in Appendix D,

the Tailings Cover Design report (Titan, 1996).

The side slopes are designed at an angle of SH:1V. Because the side slope along the southern section
of Cell 4A is the longest and the ground elevation drops rapidly at its base, this slope was determined

to be critical and is thus the focus of the stability analyses.

The computer software package GSLOPE, dcveloped by MITRE Software Corporation, was used
to determine the potential for slope failure. GSLOPE applies Bishop's Method of slices to identify

the critical failure surface and calculate a factor of safety (FOS). The slope geometry and properties
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of the construction materials and bedrock are input into the model. These data and drawings are
included in the Stability Analysis of Side Slopes Calculation brief included as Appendix G of the
Tailings Cover Design report. For this analysis, competent bedrock 1> designated at 10 feet below
the lowest point of the foundation [i.c., at a 5,540-foot elevation above mean sea level (msl)]. This
is a conservative estimate, based on the borehole logs supplied by Chen and Associates (1979).

which indicate bedrock near the surface.

1.6.3.1 Static Analysis

For the static analysis, a Facior of Safety ("FOS") of 1.5 or more was used to indicate an acceptable
level of stability. The calculated FOS is 2.91, which indicates that the slope should be stable under
static conditions. Results of the computer model simulations are included in Appendix G of the

Tailings Cover Design report.

1.6.3.2 Pseudostatic Analysis (Seismicity)

The slope stability analysis described above was repeated under pseudostatic conditions in order to
estimate a FOS for the slope when a horizontal ground acceleration of 0.10g is applied. The slope
geometry and material properties used in this analysis are identical to those used in the stability
analysis. A FOS of 1.0 or more was used to indicate an acceptable level of stability under
pseudostatic conditions. The calculated FOS is 1.903, which indicates that the slope should be stable
under dynamic conditions. Details of the analysis and the simulation results are included in

Appendix G of the Tailings Cover Design report.
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In June of 1994, Lawrence Livermore Nauonal Laboratory ("LLLNL.") (1994) published a report on
seismic activity in southern Utah, in which a horizontal ground acceleration of 0.12g was proposed
for the White Mesa site. The evaluations made by LLNL were conservative to account for
tectonically active regions that exist, for example, near Moab, Utah. Although. the LLNI. report
states that "...[Blanding] is located in a region known for its scarcity of recorded seismic events,” the
stability of the cap design slopes using the LLNL factor was evaluated. The results of a sensitivity
analysis reveal that when considering a horizontal ground acceleration of 0.12g, the calculated FOS
is 1.778 which is still above the required value of 1.0, indicating adequate safety under pseudostatic

conditions. This analysis is also included in Appendix G of the Tailings Cover Design report.

1.7 BIOTA (ER Section 2.9)

1.7.1 Terrestrial (ER Section 2.9.1)

1.7.1.1 Flora (ER Section 2.9.1.1)

The natural vegetation presently occurring within a 25-mile (40-km) radius of the site is very similar
to that of the potential, being characterized by pinyon-juniper woodland intergrading with big
sagebrush (Artemisia tridentata) communities. The pinyon-juniper community is dominated by Utah
juniper (Juniperus osteosperma) with occurrences of pinyon pine (Pinus edulis) as a codominant or
subdominant tree species. The understory of this community, which is usually quite open, is
composed of grasses, forbs, and shrubs that are also found in the big sagebrush communities.
Common associates include galleta grass (Hilaria jamesii), green ephedra (Ephedra viridis), and
broom snakewood (Gutierrezia sarothrae). The big sagebrush communities occur in deep, well-

drained soils on flat terrain, whereas the pinyon-juniper woodland is usually found on shallow rocky
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soil of expused canyon ridges and slopes.

Seven community types are present on the project site (Table 1.7-1 and Figure 1.7-1). Except for
the small portions of pinyon-juniper woodland and the big sagebrush community types, the majorit-
of the plant communities within the site boundary have been disiurbed by past grazing aad/or
treatments designed to improve the site for rangeland. These past treatments include chaining.
plowing, and reseeding with crested wheatgrass (Agropyron dese.torum). Controlled big sagebrush
communities are those lands containing big sagebrush that have been chained to stimulate grass
production. In addition, these areas have been seeded with crested wheatgrass. Both grassland
communities | 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
reseedad grassland | community. The relative frequency, relative cover, relative density, and
importance velues of species sampled in each community are presented in Dames and Moore
(1978b), Table 2.8-2. The percentage of vegetative cover in 1977 was lowest on the reseeded

grassland Il community (10.7%) and highest on the big sagebrush community (33%) (Table 1.7-2).

Based up« 1 dry weight composition, most conimunities on the site were in poor range condition in
1977 (Dames & Moore (1978), Tables 2.8-3 and 2.8-4). Pinyon-juniper, big sagebrush. and
controlled big sagebrush communities were in fair condition. However, precipitation for 1977 at the
project site was classed as drought conditions (Dames & Moore (1978b), Section 2.8.2.1). Until

July, no production was evident on the site.

No designated or proposed endangered plant species occur on or near the project site (Dames &
Moore (1978b), Section 2.8.2.1). Of the 65 proposed endangered species in Utah, six have

documented distributions on San Juan Countv. A careful review of the habitat requirements and
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known distributions of these species indicates that. because of the disturbed environment, these

species would probably not occur on the project site.

. H 'USERS MFM'\W P MRR'RECLAMWM 96\FNLDRAFT\SEC TO 1 RPT\February 28 1997




{/

P
- o.ld
g

]
R
oo
o
rTy
[ :
]

ey W N W

i

R

N | B
A |

) A
NN N
I, )
N
' . ,'
[ 7

v

-
«%
(BRI Yoo
MILLSITE ’
LLAIMB
-:'/ r‘n AN S
Y A
750 e T~
‘ ’
[

"6 TR

-

AN

"
L pey

e
[

TR
™

P

-

Pinacﬂ—_)un;per
Reseeced Grassiara |
Reseeded Srassiand
Big Sagecrusn
Zorntocliea Big Sageprien

Disturoed

.--‘_,— -r“ .

‘ /
! } '
| NI
Y I['f ! /!/ .%;.‘J
'1 i : : ,
| j
{ !II ')
: !
- JR S9N
1
; [}
; o ) ! n
! - )r
i 370! / I ..{
J"Ef.’ . i
/ ’ D
J ,/ /'
t
- - n ‘\ \‘
o "N
Lol 33] i o
i oy a‘-———-————- -y 1 -
“”.-MW-H S —— ¢
! ' (
/ . .
f , '
h;]' \
. 4
. - l‘ o
x\ k ‘
- . AN
Y 5 =y
R
: o
v Q 4

. by . [
‘\.r”,‘.‘t f‘\?\: bV}

Pl O
~ S

- en e At bkl o e A

2000 Q prlale o)

scoie ~ feet

ENERGY FUELS NUCLEAR INC.

Colorade Piate . Operations
2764 Compass Drive 5Ste 20! Srong anctior. CO 21506

FiouRE |7
/egetation community Types

cn the Nhite Mesa Site

DESi1&N: DRANN: R 7/an Hor:_ SHEET
CHRD BY oATE. Feb, 1947 ,

2
AP SCALE AS Shonn |




' TABLE 1.7-1

Community Types and Expanse Within the Project site

Boundary
Expanse
Community Type Ha Acres

Pinyon iper Woodland 5 13
Big Sagebrush 113 278
Reseeded Grassland | 177 438
Reseeded Grassland 11 121 299
Tamarisk-salix 3 7
Controlled Big Sagebrush 230 569
Disturbed 17 41

TABLE 1.7-2

Ground Cover For Each Community Within the Project Site Boundary

Percentage of Each Type of Cover

Community Type Vegetative Cover Litter Bare Ground
Pinyon-juniper Woodland* 25.9 15.6 55.6
Big Sagebrush 333 16.9 49.9
Reseeded Grassiand I 15.2 242 61.0
Reseeded Grassland [ 10.7 9.5 79.7
Tamarisk-salix 12.0 20.1 67.9
Controlled Big Sagebrush 17.3 15.3 674
Disturbed 13.2 7.0 80.0

*Rock covered 4.4% of the ground.
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1.7.1.2 Fauna (ER Section 2.9.1.2)

Wildlife data have been collected through four seasons at several locations on the site. 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 mill
(Dames & Moore (1978b). Appendix D), 78 of which were conii. ned (Dames & Moore (1978b),

Section 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 (Ambystoma tigrinum) was the only
species observed. It appeared in the pinyon-juniper woodland west of the project site (Dames &

Moore (1978b), Section 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 graciosus), western whiptail (Cnem’ fophorus tigris). and
the short-horned lizard (Phrynosoma douglassi) (Dames & Moore (1978b), Section 2.8.2.2). The
sagebrush and western whiptail lizard were found in sagebrush habitat, and the short-homned lizard

was observed in the grassland. No snakes were observed during the field work.

Fifty-six species of birds were observed in the vicinity of the project site (Table 1.7-3). 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 (Eremophila aepestis) tollowed by the
common raven (Corvus corax), which were bot! icentrated in the grassland. Avian counts

increased drastically in May. Based on extrapolation of the Emlen transect data, the avian density
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on grassland of the project site during spring was about 123 per 100 acres (705 per square
kilometer). Of these individuals, 94 percent were horned larks and western meadowlarks (Sturnella
neglecta). This density and species composition are typical of rangeland habitats. In late June the
species diversity declined somewhat 1 grassland but peaked in all other habitats. By October the

overall diversity decreased but again remained the highest in grassland.

Raptors are prominent in the western United States. Five species were observed in the vicinity of
the site (Table 1.7-3). Although no nests of these species were located, all (except the golden eagle.
Aquila chrysactos) have suitable nesting habitat in the vicinity of the site. The nest of a prairie
falcon (Falco mexicanus) was found about 3/4 mile (1.2 km) 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

(Dames & Moore (1978b), Section 2.8.2.2).

Of several mammals that occupy the site, mule deer (Odocoileus hemionus) is the largest species.
The deer inhabit the project vicinity and adjacent canyons during winter to feed on the sagebrush and
have been observed migrating through the site to Murphy Point (Dames & Moore (1978b), Section
2.8.2.2). Winter deer use of the project vicinity, as measured by browse utilization, is among the
heaviest in southeastern Utah [25 days of use per acre (61 days of use per hectare) in the piny .n-
juniper-sagebrush habitats in the vicinity of the project site]. In addition, this area is heavily used
as a migration route by deer traveling to Murphy Puint to winter. Daily movement during winter
periods by deer inhabiting the area has also been observed between Westwater Creek and Murphy

Point. The present size of the local deer herd is not known.

Other mammals present at the site include the coyote (Canis latrans), red fox (Vulpes vulpes), gray

fox (Urocyon cineroargenteus), striped skunk (Mephitis mephitis), badger (taxidea taxus), longtail
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weasel (Mustela frenata), and bobeat (Lynx rufus). Nine species of rodents were trapped or observed
on the site, the deer mouse (Peromyscus maniculatus) having the greatest distribution and
abundance. Although desert cottontails (Sylvilagus auduboni) were uncommon in 1977, black-tailed

jackrabbits (Lepus californicus) were seen during all seasons.

Three currently recognized endangered species of 1mals could occur in the project vicinity.
However, the probability of these animals occurring near the site is ex' :mely low. The project site
is within the range of the bald eagle (Haliaeetus leucocephalus) and t + .\merican peregrine falccn
(Falco peregrinus anatum), but the lack of aquatic habitat indicates a ! -w probability of these species
occurring on the site. Although the black-footed ferret (Musetela nigripes) once ranged in the
vicinity of the site, it has not been sighted in Utah since 1952, and the Utah Division of Wildlife

feels it is highly unlikely that this animal is present (Dames & Moore (1978b), Section 2.8.2.2).

1.7.2  Agquatic Biota (ER Section 2.9.2)

Aquatic habitat at the project site ranges temporally from extremely limited to nonexistent due to
the aridity, topography and soil characteristics of the region and consequent dearth of perennial
surface water. Two small catch basins (Dames & Moore (1978b), Section 2.6.1.1), approximately
20 m in diameter, are 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. One additional small basin was completed in 1994 to serve as a diversionary
teature for migrating waterfowl. Although more properly considered features of the terrestrial
environment, the 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.
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TABLE 1.7-3
Birds Observed in the Vicinity of the White Mesa Project

Species Relative Abundance and Status’ Species Relative Abundance md Status'’

Mallard cp Pinyon Jay cp
Pintail cp Bushtit cp
Turkey Vulture uUs Bewick's Wren CP
Red-tailed Hawk Ccp Mockingbird us
Golden Eagle CP Mountain Bluebird CS
Marsh Hawk CcpP Black-tailed Gnatcatcher H

Merlin Uw Ruby-crowned Kinglet cp
American Kestrel CP Loggerhead Shrike CSs
Sage Grouse up Starling cp
Scaled Quaui Not Listed Yellow-rumped Warbler CS
American Coot CS Western Meaduwlark Ccp
Killdeer cp Red-winged Blackbird cp
Spotted Sandpiper Cs Brewer's Blackbird CP
Mouming Dove CS Brown-headed Cowbird Cs
Common Nighthawk Ccs Blue Grosbeak CSs
White-throated Swift CS House Finch CpP
Yellow-bellied Sapsucker Ccp American Goldfinch cp
Western Kingbird CS Green-tailed Towhee S
Al -throated Flycatcher CS Rufous-sided Towhee cp
Say's Phoebe CS Lark Sparrow CS
Horn ' Lark cp Black-throated Sparrow S
Violet-green Swallow CS Sage Sparrow t'c
Barn Swallow cs Dark-eyed Junco cw
Clitf Swallow CS Chipping Sparrow CS
Scrub Jay CcP Brewer's Sparrcw CS
Black-billed Magpie CP White-crowned Sparrow (]
Common Raven cp Song sparow CP
Crmmon Crow cw Vesper Sparrow s

‘W. H. Behle and M. L. Perry, Utah Birds, {-tah Museum of Natural History, University of Utah, Salt Lake City, 1975

Relative Abundance

Status

C = Common
U = Uncommon

H = Hypothetical

Source: Dames & Moore (1978b), Table 2.8-5

P = Permanent
S = Summer Resident

W = Winter Visitant
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They may also provide a water source for small mammals and birds. Similar ephemeral catch and

scepage basins are typical and numerous to the northeast of the project site and south of Blanding.

Aquatic habita. in the project vicinity is similarly limited. The three adjacent streams (Corral Creek,
Westwater Creek, and an unnamed arm of Cottonwood Wash) are only intermittently active, carrying
water primarily in the spring during increased rainfall and snowmelt runoff, in the autumn, and
briefly during localized but intense electrical storms. Intermittent water flow most typically occurs
in April, August, and October in those streams. Again, due to he temporary nature of these steams,
their contribution to the aquatic habitat of the iegion is probably limited to providing a water source

tor wildlife and a temporary habitat for insect and amphibian species.

No populations of fish are present on the project site, nor are any known to exist, in its immediate
vicinity. The closest perennial aquatic habitat to the mill appears to be a small irrigation basin
(approximately 50 m in diameter) about 3.8 miles (6 km) upgrade to the northeast. This habitat was
not sampled for biota and it has been reported that the pond is intermittent and probably does not

harbor any fish species.

The closest perennial aquatic habitat known to support fish populations is the San Juan River 18
miles (29 km) south of the project site. Five species of fish Federally designated (or proposed) as
endangered or threatened occur in Utah (Table 1.7-4. One of the five species, the woundfin
(Plegopterus argentissiumus), does not occur in southeastern Utah where the mill site is located. The
Colorado squawfish (Ptychocheilus lucius) and humpback chub (Gila cypha), however, are reported
as inhabiting large river systems in southeastern Utah. The bonytail chub (Gila elegans), classified
as threatened by the State and proposed as endangered by Federal authorities, is also limited in its

distribution to main channe's or large rivers. The humpback sucker (razorback sucker; Xyrauchen
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texanus), 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 18 miles (29 km) south of the site,

. HAUSERS\MFM\WPMRR\RECLAMWM 96:FNLDRAFT\SECT(1 RPT\February 28, 1997




TABLE 1.7-4

' Threatened and Endangered Aquatic Species Occurring in Utah
Listing Occurrence
Species Habitat in
Southeastern Utah
Woundtin Silty streams; muddy, swift-current Federal - endangered® No
Plegopierus Argentissimus areas, Virgin River critical habitat*  State - threatened
Humpback Chub Laryge river systems, eddies, and Federal - endangered® Yes
Gilu Cypha backw-ter State - threatened
Colorado River Squawfish Main channels of large river systems Federal - endangered® Yes
Prvchochelus Lucius in Colorado drainage State - threatened
Bonytail Chub Main channel: of large river systems Federal - proposed Yes
Gila Eleguns in Colorado drainage endangered®

State - threatened

Humpback Sucker Backwater pools and quiet-water Federal - proposed Yes
(razorback sucker) areas of main rivers threatened:
Xvrauchen Texanus State - threatened
‘ a "Endangered and Threatened Wildlife and Plants,” Fed Regist. 42.211): 57329 (1977).

b "Endangered and Threatened Wildlife and Plants," Fed. R. sist. 42(135): 36419-39431 (1977).

¢ "Endangered and Threatened Wildlife and Plants,” Fed Regist. 43(79). 17375-17377 (1978).
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1.8 NATURAL RADIATION

The following sections describe background levels of natural radiation and refer the reader to recent

reports containing current radiation monitoring data.

1.8.1 Backyround (ER Section 2.10)

Radiation exposure in the natural environment is due to cosmic and terrestrial radiation and to the
inhalation of radon and its daughters. Measurements of the background environmental radioactivity
were made at the mill sitc using thermoluinescent 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. 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 radionuclides is estimated at 18 millirems per year to
the total body. The dose to the total body from 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 1,000 pCi/m’, based
on the concentration of radium-226 in the local soil. Exposure to this concentration on a continuous
basis would result in a dose of up to 625 millirems per year to the bronchial cpithelium. As
ventilation decreases, the dose increases; for example, in unventilated enclosures, the comparable

dose might reach 1,200 millirems per year.
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The medical total body dose for Utah is about 75 millirems per year per person. The total dose in
the area of the mill from natural background and medical exposure is estimated to be 236 millirems

per year.

1.8.2  Current Monitoring Data

The most recent data for radon, gamma, vegetation, air and stock sampling, groundwater, surface
water, meteorological monitoring, and soil sampling discussed in the following sections are found
in the Semi-Annual Effluent Reports for July through December 1995 (Semi-Annual Effluent
Report, 1995) (Energy Fuels Nuclear, Inc. 1996) and the Semi-Annuz! Effluent Report for January
through June 1995 (Semi-Annual Effluent Report, 1995) (Energy Fuels Nuclear, Inc., 1995), which

are reproduced in Appendix A.

1.8.2.1 Environmental Radon

Until 10 CFR 20 standards were reduced to 0.1 pCi/l, environmental radon concentrations were
determined by using Track Etch detectors. There was one detector at each of five environmental
monitoring stations with a duplicate at BHV-2, the nearest residence. See Appendix A, the Semi-
Annual Effluent reports, for maps showing these locations. After 1995, with concurrence of the
NRC, environmental radon concentrations are no longer measured at these locations due to the lack

of sensitivity of available monitoring methods to meet the new 10 CFR 20 standard of 0.1 pCi/l.
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1.8.2.2 Environmental Gamma

(Gamma radiation levels are determined by Thermal Luminescent Dosimeters (TLDs). The TLDs
are placed at the five environmental stations located around the perimeter boundury of the mill site

discussed above. The badges are exchanged quarterly. The data are presented in Appendix A.

1.8.2.3 Vegetat ' Samples

Vegetation samples are collected at three locations around the mill periphery. The sampling
locations are northeast, northwest, and southwest of the mill tacility. Vegetation samples are
collected during early spring, late spring, and fall. Vegetation results are included in Appendix A.
No trends are apparent, as the Ra-226 and Pb-210 concentrations at each sampling location have

remained consistent.

1.8.2.4 Environmental Air Monitoring and Stack Sampling

Air monitoring at the White Mesa Mill is conducted at five high volume (40 standard cubic feet per
minute) stations located around the periphery of the mill. These locations are shown in Appendix
A. BHV-] is located at the northern mill boundary at the meteorological station site. BHV-2 is
further north at the nearest residence. BHV-3 is the background station located approximately three
to five miles due east of the mill. BHV-4 is south of Cell 3 and BHV-5 is just south of the ore

storage pad. Appendix A, the Semi-Annual Effluent reports, contain air monitoring data.

The results of the first quarter 1996 stack samples are presented in Appendix A. These samples were
collected during the period between January 27, 1996 and February 3, 1996. Samples were collected
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tfrom the North Yellowcan . . yer. the South Yellowcake Dryer, and the Yellowcake Baghouse. The
Demister Stack and Gnizzly Stack were not sampled because they were not in operation during that
time. The matenial being processed during that time for recovery of the source matenial content was
a uranium calcium fluoride solid in powder form, which requires no grinding. No second quarter
1996 gas samples were collected on any process stack. because material processing and drying
operations ceased on March 23, 1996, Graphical representation of uranium release rate is presented
in Appendix A. The south yellowcake dryver and vellowcake baghouse have only been sampled

twice. No graphs had been generated for those data.

Pursuant to NRC License Amendment MNo. 41 for the White Mesa Mill Source Material License No.
SUA-1338. air particulate radionuclide monitoring at BHV-3 was discontinued at the end of the third
quarter 1995. Sufficient data were accumulated over a 12-year period to adequately establish
background radionuclide concentrations. As a result of Amendment No. 41, the air particulate
radionuclide concentrations at each monitoring site are calculated by subtracting the appropriate
quarterly background average. Appendix A tables show the radionuclide concentrations at each
location with background concentrations subtracted, and the results of the dose calculations,
including the 50-year dose commitment to the nearest residence. Appendix A shows the yearly dose

to the nearest resident. which is very low. No apparent trends are evident.

1.8.2.5 Groundwater

Appendix A tables list the groundwater monitoring data and the Quality Control (QC) results. No

trends are apparent.
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1.8.2.6 Surface Water

The results of surface water monitoring are presented in Appendix A. Cottonwood Creek is sampled
Semi-annually and Westwater Creek is sampled on an annual basis. No water flowed in Westwater
Creek during 1996. No trends are apparent.

1.8.2.7 Meteorological Monitoring

The Semi-Annual Air Quality and Meteorology Monitoring Report provided by Enecotech is

included in Appendix A.
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2.0 EXISTING FACILITY

The following sections describe the construction history of the White Mesa Mill; the mill and mill
tailings management facilities: mill operations including the mill circuit and tailings management;

and both operational and environmental monitoring.

2.1 Facility Construction History

The White Mesa uranium/vanadium mill was developed in the late 1970's by Energy Fuels Nuclear,
Inc. (EFN) as an outlet for the many small mines that are located in the Colorado Plateau and for the
possibility of milling Arizona Strip ores. At the time of its construction, it was anticipated that high
uranium prices would stimulate ore production. However, prices started to decline about the same

time as mill operations commenced.

As uranium prices fell. producers in the region were affected and mine output declined. After about
two and one-half vears, the White Mesa Mill ceased ore processing operations altogether, began
solution recycle. and entered a total shutdown phase. In 1934, a majority ownership interest was
acquired by Union Carbide Corporation's (UCC) Metals Division which later became Umetco
Minerals Corporation {Umetco), a wholly-owned subsidiary of UCC. This pai:inership continued

until May 26, 1994 when EFN reassumed complete ownership.

2.1.1  Mill and Tailings Management Facility

The Source Materials License Application for the White Mesa Mill was submitted to the U. S.

Nuclear Regulatory Commission (NRC) on February 8, 1978. Between this date and the date the
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first ore was fed to the mill grizzly on May 6. 1980, several actions were taken including: increasing
waill design capacity, permit issuance from the Environmental Protection Agency and the State of
Utah, archeological clearance for the mill and tailings areas, and an NRC pre-operational inspection

on May 5, 1980.

Construction on the tailings area began on August 1. 1978 with the movement of earth from the area
of Cell 2. Cell 2 was completed on May 4, 1980, Cell 1-1 on June 29, 1981, and Cell 3 on September
2. 1982. In January of 1990 an additional cell. designated 4A, was completed and placed into use

solely for solution storage and evaporation.

In the following subsections, an overview of mill operators and operating periods are followed by

descriptions of the operations of the mill circuit and tailings management facilities.

2.2.1 Operating Periods

The White Mesa Mill was operated by EFN from the initial start-up date of May 6. 1980 until the
cessation of operations in 1983. Umetco. as per agreement between the parties. became the operator
of record on January 1, 1984. The White Mesa Mill was shut down during all of 1984. The mili
operated at least part of each year from 1985 through 1990. Mill operations were again ceased
during the years of 1991 through 1994. EFN reacquired sole ownership on May 26, 1994 and the
mill operated again during 1995 and 1996. Typical employment figures for the mill are 118 during

uranium-only operations and 138 during uranium/vanadium operations.
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222 Mill Circuit

While originally designed for a capacity of 1,500 dry tons per day (dtpd.), the mill was boosted to

the present rated design of 1980 dtpd. prior to commissioning.

The mill uses an atmospheric hot acid leach followed by counter current decantation (CCD). This
in turn is followed by a clarification stage which precedes the solvent extraction (SX) circuit.
Kerosene containing iso-decanol and tertiary amines extract the uranium and vanadium from the
aqueous solution in the SX circuit. Salt and soda ash are then used to strip the uranium and

vanadium from the organic phase.

After extraction of the uranium values from the aqueous solution in SX, uranium is precipitated with
anhydrous ammonia, dissolved. and re-precipitated to improve product quality. The resulting
precipitate is then washed and dewatered using centrifuges to produce a final product called
"yellowcake.” The yellowcake is dried in a hearth dryer and packaged in drums weighing

approximately 800 to 1.000 Ibs. for shipping to converters.

After the uranium values are stripped from the pregnant solution in SX, the vanadium values are
transterred to tertiary amines contained in kerosene and concentrated into an intermediate product
called vanadium product liquor (VPL). An intermediate product, ammonium metavanadate (AMV),
is precipitated from the VPL using ammonium sulfate in batch precipitators. The AMV is then
filtered on a belt filter and, if necessary, dried. Normally, the AMV cake is fed to fusion furnaces
when it is converted to the mill's primary vanadium product, V,0, tech flake, commonly called

"black flake."
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The mill processed 1,511,544 tons of ore and other materials from May 6. 1980 to February 4. 1983.
During tlie sccond operational period from October 1, 1985 through December 7. 1987, 1,023,393
tons were processed. During the third operational period from July 1988 through November 1990,
1.015.032 tons were processed. During the fourth operational period from August 1995 tiarough
January 1996, 203.317 tons were processed. The fifth and most recent operational period from May
1996 through September 1996, processed 3,868 tons of calcium fluonide matenal. Inception to date
material processed through September 1996 totals 3,757,154 tons. This total is for all processing

periods combined.

2.2.3 Tailings Management Facilities

Tailings produced by the mill typically contain 30 percent moisture by weight, have an in-place dry
density of 74.2 pounds per cubic foot. have a size distribution with a predominant -325 mesh size

fraction. and have a high acid and flocculent content.

The tailings tacilities at White Mesa currently consist of four cells as follows:

e Cell 1, constructed with a 30-millimeter (ml) PVC earthen-covered liner, is used for the
evaporation of process soiution.

*  Cell 2, constructed with a 30-millimeter (ml) PVC earthen-covered liner, is used for the
storage of barren tailings sands.

* Cell 3. constructed with a 30-millimeter (ml) PV earthen-covered liner, is used for the
storage of barren tailings sands and solutions.

* Cell 4A, constructed with a 40-millimeter (ml) HDPE liner, is currently used only for the

storage of solutions.
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Total estimated design capacity of Cells 2, 3. and 4A is approximately six million (mm) cubic yards.
y

2.2.3.1 Tailings Management

Constructed in shallow valleys or swale areas, the lined tailings facilities provide storage below the
existing grade and reduce potential exposure. Because the cells are separate and distinct, individual
tailings cells may be reclaimed as they are filled to capacity. This phased reclamation approach
minimizes the amount of tailings exposed at any given time and reduces potential exposure to a

minimum.

The perimeter discharge method involves setting up discharge points around the east, north, and west
boundaries of the cell. This results in low cost disposal at first, followed by higher disposal costs
toward the end of the cell's life. The disadvantage to this method is that reclamation activities cannot
take place until near the end of the cell's life. This disadvantage was recognized and led to the

development of the final grade method.

Slurry disposal has taken place in both Cells 2 and 3. Tails placement accomplished in Cell 2 was
by means of the above described perimeter discharge method, while in Cell 3 the final grade method,
described below, has been employed.

The final grade method used in Cell 3 calls for the slurry to be discharged until the tailings surface
comes up to final grade. The discharge points are set up in the east end of the cell and the final grade
surface is advanced to the slimes pool area. When the slimes pool is reached, the discharge points
are then moved to the west end of the cell and worked back to the middle. An advantage to using
the tinal grade method is that maximum beach stability is achieved by (1) allowing water to drain

from the sands to the maximum extent, and (2) allowing coarse sand deposition to help provide
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stable beaches. Another advantage 1s that radon release and dust prevention measures (through the

placement of the initial layer of the final cover) are applied as expeditiously as possible.

2.2.3.2 Liquid Management

As a zero-discharge facility, the White Mesa Mill must evaporate all of the liquids utilized during

processing. This evaporation takes place in three areas:

. Cell 1, which is used for solutions oniy;

. Cell 3. in which tailings and solutions exist; and

Cell 4A, which is currentlv for the evaporation of tailings solutions only.

The original engineering design indicated a net water gain into the cells would occur during mill
operations. As anticipated, this has been proven to be the case. In addition to natural evaporation,
spray sy stems have been used at various times to enhance evaporative rates and for dust control. To
minimize the net water gain, solutions are recycled from the active tailings cells to the maximum
extent possible. Solutions from Cells 3 and 4 are brought back to the CCD circuit where
metallurgical benefit can be realized. Recycle to other parts of the mill circuit are not feasible due

to the acid content of the solution.

2.3 Monitoring Programs
Operational monitoring is defined as those monitoring activities that take place only during

operations. This is contrasted with environmental monitoring, which is performed whether or not

the mill is in operation.

HAUSERSMFM:-WPMRR RECLAMWM 96 . FNI.DRAFT SECTO02 February 28, 1997




Page 2-7

Revision 1.0

Energy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

2.3.1 Operational Monitoring

In the mill facilities area, the operational monitoring programs consist of effluent gas stack sampling;
daily inspection of process tanks, lines and equipment; and daily inspection of tailing impoundments
and leak detection systems.  Quarterly eftfluent gas stack samples are collected on all mill process
stacks when those process systems are operating. These include the vellowcake dryers No. | and
No. 2. the vanadium dryer stack. their respective scrubber stacks, the demister stack. and the grizzly

stack.

A visual inspection is made daily by supervisory personnel of all process tanks and discharge lines
in the mill and of the tailings management area. In the event of a failure in one of the normal process

streams, corrective actions are taken to ensure that there are no discharges to the environment.

Leak detection systems ("LDS") under each tailings cell are monitored for the presence of solution
weekly. If sufficient solution is present in the LDS of Cells 2, 3, or 4 to be pumped, the solution is

sampled and analyzed for nickel, chlorides. sulfates, potassium. selenium. and pH.

2.3.2  Environmental Monitoring

Environmental monitoring consists of the following: groundwater and surface water samples; air
particulate samples. gamma radiation measurements, soil. and vegetation samples. Refer to the

Semi-annual Effluent Reports contained in Appendix A for sampling location, frequency and

anal) tical results.
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Groundwater

Wells MW-6. MW-7_and MW-8 were plugged because they were under Cell 3, as was MW-13,
under Cell 4A. Wells MW-9 and MW-10 are dry and have been excluded from the monitoring
program. The ten monitoring wells in or near the uppermost aquifer are MW-1, MW-2. MW.3,
MW-4, MW-5 MW-11, MW-12, MW-14, MW-15 and MW-17. These wells vary in depth from
94 to 189 feet. Flow rates in these wells vary from 15 gallons per month to 10 gallons per hour. The
culinary well (one of the supply wells) is completed in the Navajo aquifer, at a depth of

approximately 1,800 feet below the ground surface.

The groundwater monitoring program consists of parameters measured quarterly and semi-annually.
Quarterly parameters include: pH, specific conductance. temperature, depth to water, chlorides.
sulfates, total dissolved solids (TDS). nickel. potassium, and U'-natural. The parameters measured
on a semi-annual basis, in addition to the quarterly parameters, are: arsenic, selenium, sodium,
radium-226. thorium-230, and lead-210. Semi annual parameters which all measured are: all
physical chemical criteria of quarterly sampling as well as additional analyte parameters as. Se Na

and Radionuclides Ra-226, Th-230, and Pb216.

Surface W

Surface water samples are taken from the two nearby streams, Westwater Creek and Cottonwood
Creek. Cottonwood Creek usually contains running wat r, but has also been dry on occasion.
Westwater Creek rarely contains running water, and when it does, it is from precipitation runoff.
Water samples are collected quarterly from Cottonwood Creek and analyzed for TDS and total

suspended solids (TSS). Additional semi-annual water samples are collected at a minimum of four

H USERSMFM:WP MRR:RECLAMWM 96\FNLDRAFT SECTO2 February 28. 1597




Page 2-9

Revision 1.0

Energy Fuels Nuclear, Inc.

White Mesa Mill Reclamation Plan

(4) months apart. These samples are analyzed for TDS, TSS. dissolved and suspended U-nat, Ra-
226. and Th-230.

Currently the program includes sampling water from Westwater Creek once a year, if the creek is
flowing. However, if water is not running, an alternate soil sample is collected from the creek bed.
Water samples from Westwater Creek are analyzed for TDS, TSS, Dissolved and Suspended U-nat.
Ra-226, and Th-230. If a soil sample is collected. it is analyzed for U-nat and Ra-226 (per License

Condition 24C).

Radiati

Natural radiation monitoring includes air particulate sampling, gamma radiation measurements, and
vegetation and soil sampling. Air particulate monitoring is conducted continuously at four
monitoring stations located around the periphery of the mill. Gamma radiation measurements,
vegetation sampling, and soil sampling are conducted at five locations. See Section 1.8 for details

concerning the monitoring program.

Gamma radiation levels are determined at the five environmental monitoring stations and are

reported quarterly. with duplicate samples collzcted at the nearest residence.

Approximately five pounds of "new growth" vegetation samples are collected from areas "northeast
of the mill, northwest of the mill. and southwest of the mill" during early spring, late spring. and late
fall. Sample collection areas vary depending on the growth year (i.e. in low or no moisture years
it may take an area several acres in size to collect five pounds of vegetation, while in "wet" years a

much smaller area is needed). Vegetation is analyzed for radium-226 and lead-210.
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Soils are sampled at cach ot the tive environmental monitoring stations annually 11 August. The

soils are analvzed tor U-natural and radium-226.
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3.0 RECLAMATION PLAN

This section provides an overview of the mill location and property. details the facilities to be
reclaimed. and describes the design criteria applied in this reclamation plan. Reclamation Plans and
Specifications are presented 1in Attachment A.  Attachment B presents the quality plan tor

construction activities. Attachment C presents cost estimates for reclamation.

3.1 Location and Property Description

I'he White Mesa Mill is located six miles south of Blanding. Utah on US Highway 191 on a parcel
of land encompassing all or part of Sections 21, 22, 27, 28, 29, 32, and 33 of T37S. R22E, and
Sections 4. 5. 6. 8.9, and 16 of T38S. R22E, Salt Lake Sase and Meridian descnibed as follows

{Figure 3.1-1)

The south half of Section 21: the southeast quarter of the southeast quarter of Section
22: the northwest quarter of the northwest quarter and lots 1 and 4 of Section 27 all
that part of the southwest quarter of the northwest quarter and the northwest quarter
southwest quarter of Section 27 lying west of Utah State Highway 163 the northeast
quarter of the northwest quarter, the south half of the northwest quarter. the northeast
yuarter and the south half of Section 28; the southeast quarter of the southeast quarter
of Section 29 the east halt of Section 32 and all of Section 33, Township 37 South,
Range 22 East. Salt |.ake Base and Meridian. Lots [ through 4, inclusive, the south
halt of the north half. the southwest quarter. the west half of the southeast quarter, the
west half of the east half of the southeast quarter and the west half of the east half of
the east half of the southeast quarter of Section 4; Lots 1 through 4, inclusive, the

south halt ot the north half and the south half of Section 5 (ail); Lots 1 and 2, the
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south half of the northeast quarter and the south half of Section 6 (E1/2): the
northeast quarter ot Section 8: all of Section 9 and all of Section 16. Township 38
South. Range 22 East. Salt Lake Base and Meridian. Containing approximately

4.871 acres.
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See Figure 3.2-1 for a general layout of the mill yard and related facilities and the restricted area

boundury.
53.2.1  Summary of Facilities to be Reclaimed
The facilities to be reclaimed include the following:

* Cell I (evaporative), Cells 2 and 3 (tailings) and Ceil 4A (solutions only).
»  Mill buildings and equipment.
*  On-site contaminated areas.

‘ +  Off-site contaminated areas (i.c.. potential areas affected by windblown tailings).
The reclamation of the above facilities will include the following:

* Placement of materials and debris from mill decommissioning in tailings Cells 2 and 3.

* Placement of contaminated soils, crystals, and synthetic liner material from Cell | in
tailings Cells 2 and 3.

» Placement o! contaminated soils, crystals and synthetic liner material from Cell 4A in
tailings Cells 2 and 3.

« Placement of an engineered multi-layer cover on Cells 2 and 3.

* Construction of runoff control and diversion channels as necessary.

* Reconditioning of mill and ancillary areas.

* Reclamation of borrow sources.

‘ H USERS'MFMWPMRRIRECLAMWM 96\FNLDRAFT\SEC TO3 RPT February 28, 1997
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3.2.2 Tailings and Evaporative Cells

The following subsections describe the cover design and reclamation procedures for Cells 11, 2, 3.
and 4A. Complete engineering details and text are presented in the Tailings Cover Design report.

Appendix D.

3.2.2.1 Soil Cover Design

A six-foot thick soil cover for the uranium tailings in Cell 2 and Cell 3 was designed using on-site
materials that will contain tailings and radon emissions in compliance with regulations of the United
States Nuclear Regulatory Commission ("NRC") and by reference. the Environmental Protection
Agency ("EPA"). The cover consists of a one-foot thick layer of clay. available from within the site
boundaries (Section 16). below two fect of random fill, available from stockpiles on site. The clay
is underlain by three teet (minimum) random fill sotl, also available on site. In addition to the soil
cover. a minimum three inch (on the cover top) to 12-inch (on the cover slopes) layer of riprap
material will be placed over the compacted random fill to stabilize slopes and provide long-term

erosion resistance.

U'ranium tailings soil cover design requirements for regulatory compliance include:

Attenuate radon flux to an acceptable level (20 picoCuries-per meter squared-per second
[pCi/m*’sec]) (NRC, 1989);

. Minimize infiltration into the reclaimed tailings cells;

. Maintain a design life of up to 1.000 vears or to the extent reasonably achievable, and in any
case for at least 200 years: and

. Provide long-term slope stability and geomorphic durability to withstand erosional forces of
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wind. the probable maximum flood event, and a horizontal ground acceleration of 0.1g due

10 seismic events.

Several models/analyses were utilized in simulating the soil cover effectiveness: radon tlux
attenuation. hydrologic evaluation of infiltration. freeze/thaw effects, soil cover erosion protection,
and static and pseudostatic slope stability analyses. These analyses and results are discussed in detail
in Sections 3.3.1 through 3.3.5. and calculations are also shown in the Tailings Cover Design report,
Appendix D. The soil cover (trom top to the bottom) will consist of: (1) minimum of three inches
of riprap material; (2) two teet of compacted random fill; (3) one foot of compacted clay; and (4)

minimum three feet of compacted random fill soil.

The tinal grading plan is presented in Section §, Figure 5.1-1. As indicated on the figures, the top
slope of the soil cover will be constructed at (0.2 percent and the side slopes, as well as transitional

areas between cells. will be graded to five horizontal to one vertical (SH:1V).

A mintmum of three feet random fill is located beneath the compacted fill and clay layers (see cross-
sections on Figures 5.1-2 and 5.1-3). The purpose of the fill is 10 raise the base of the cover to the
desired subgrade elevation. In many areas, the required fill thickness will be much greater.
However. the models and analyses presented in the Tailings Cover Design report (Appendix D) were
performed conscrvatively, assuming only a three-foot layer. For modeling purposes, this lower,
random fill layer was considered as part of the soil cover for performing the radon flux attenuation
calculation, as it effectively contributes to the reduction of radon emissions (see Section 3.3.1). The
fill was also evaluated in the slope stability analysis (see Section 3.3.6). However, it is not detined

as part of the soil cover for other design calculations (infiltration, freeze/thaw, and cover erosion).

H USERSMFM WEMRRRFCLAMWM 86 ENLDRAFTSECTO3 RPT February 28, 1997
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3.22.2Cel 141

Cell 1-1. used solely for evaporation of process liquids. is the northernmost existing cell and is
located immediately west of the mill. It is also the highest cell in elevation. as the natural
topography slopes to the south. The drainage arca above and including the cell is 216 acres. This

includes drainage from the mill site.

Cell 1-1 will be evaporated to drvness. The synthetic liner and raffinate crystals will then be
removed and placed in the tailings cells. Any contaminated soils below the liner will be removed
and also placed in the tailings cells. Based on current regulatory criteria, the current plan calls for
excavation of the residual radioactive materials to be designed to ensure that the concentration of
radium-226 in land averaged over any area ot 100 square meters does not exceed the background

level by more than:

« 5 pCig. averaged over the first 15 cm of soil below the surface, and

* 15 pCi’'g. averaged over a 15 cm thick layer of soil more than 15 cm below the surface.

Cell 1-T will then be breached and converted to a sedimentation basin. All runoff from the mill area
and immediately north of the cell will be routed into the sedimentation basin and will discharge onto
the natural ground via the channel located at the southwest corner of the basin. The channel is

designed to accommodate the PMF flood.

The HEC-1 model was used to determine the PMF and route the flood through the sedimentation
basin. The peak tlow was determined to be 1,987 cubic feet per second (cfs). A 100-foot wide
channel will discharge the tlow to the natural drainage. During the local storm PMF event, the

maximum discharge through the channel will be 746 cfs. The entire tlood volume will pass through
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the discharge channel in approximately tour hours.

At peak flow, the velocity in the discharge channel will be 3.5 feet per second (fps). The maximum
flow depth will be 2.2 feet. Twenty-tour inches of riprap having 4 nominal (is4,) size of 12 inches
will be placed on the bottom and up the sides of the channel. A free board depth of 0.5 feet will be

maintained for the PMP event.

3.2.23Cell2

Cell 2 wili be filled with tailings and covered with a multi-layered engineered cover to a minimum

cover thickness of six teet. The final cover will drain to the south at a 0.2 percent gradient.

The cover wiil consist ot a minimum of three feet of random fill, followed by a clay radon barrier
of one foot in thickness. and two feet of upper random fill for protection of the radon barrier. A
minimum of three inches of rock will be utilized as armor 1gainst erosion. Side slopes will be

graded to a 5:1 slope and will have one toot of rock armor protection.

3.2.24Cell 3

Cell 3 will be filled with tailings, debris and contaminated soils and covered with the same muiti-

layered engineered cover as Cell 2.

3.2.25Cell 4A

Cell 4A will be evaporated to dryness and the crystals, synthetic liner and any contaminated soils

placed in tailings. Non-contaminated materials in cell 4A dikes will be used to reduce the southern
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slopes of Cell 3 from the current 3:1 to 5:1.

3.23  Mill Decommissioning

A general layout of the mill area is shown in Figure 3.2.3-1.

3.2.3.1 Mill Building and Equipment
The uranium and vanadium sections. including ore reclaim. grinding. pre-leach. leach, CCD. SX,

and precipitation and drying circuits will be decommissioned as follows:

All equipment including instrumentation. process piping. electrical control and switchgear, and
contaminated structures will be removed. Contaminated concrete foundations will be demolished
and removed or covered with soil as required. Uncontaminated equipment. structures and waste
materials from mill decommissioning may be disposed of by sale, transferred to other company-
owned facilities, transferred to an appropriate off-site solid waste site, or disposed of in one of the
tailings cells. Contaminated equipment, structures and waste matenals from mill decommissioning,
contaminated soils underlying the mill areas, and ancillary contaminated materials will be disposed

of in tailings cells.

Debris and scrap will have a maximum dimension of 20 feet and a maximum volume of 30 cubic
feet. Material exceeding these limits will be reduced to within the acceptable limits by breaking,
cutting or other approved methods. Empty drms, tanks or other objects having a hollow volume
greater than five cubic feet will be reduced in volume by at least 70 percent. If volume reduction
i1s not feasible. openings shall be made in the object to allow soils or other approved material to enter
the object.

H USERS\MFMWP IRR RECLAMWM 96 FNLDRAFTNSECTO03 RPT February 28, 1997
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Debris and scrap will be spread across the designated areas to avoid nesting and to reduce the
volume of voids present in the placed mass. Stockpiled soils. and ‘or other approved material shall
be placed over and into the scrap in sufficient amounts to fi!' the voids between the large pieces and

the volume within the hollow pieces to form a coherent mass.
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3.2.3.2 Mill Site

Contaminated areas on the mill site will be primarily superficial and includes the ore storage area
and surface contamination of some roads. All ore will have been previously removed from the ore
stockpile area. Ali contaminated matenials will be excavated and be disposed in one of the tailings
cells. The depth of excavation will vary depending on the extent of contamination and will be

governed by the criteria in Section 4.3.2.1.

Windblown material is defined as mill-derived contaminants dispersed by wind to surrounding areas.
Windblown contaminated material detected by a gamma survey using the criteria in Section 4.3.2.1

will be excavated and disposed in one of the tailings cells.

Disturbed areas will be covered, graded and vegetated as required. The proposed grading plan for

the mill site and ancillary areas is shown on Figure A-3.2-1 in Attachment A.

33 Design Criteria

The design criteria summaries in this section are adapted from Jailings Cover Design, White Mesa
Mill (Titan. 1996). A copy of the Tailings Cover Design report is included as Appendix D. It

contains all of the calculations used in design discussed in this section.

331 Regulatory Criteria

Informauon contained in 10 CFR Part 20, Appendix A, 10 CFR Part 40, and 40 CFR Part 192 was
used as criteria in final designs under this reclamation plan. In addition, the following documents

also provided guidance:

HUSERS MM WP MRR RECT AMWM 96\ FNLDRAFTSECTO3 RPT February 28, 1997
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. Environmental Protection Agency (EPA). 1994, "The Hydrologic Evaluation of Landfill
Performance (HELP) Model, Version 3." EPA/600/R-94/168b, September.

. Nuclear Regulatory Commission (NRC), 1989, "Regulatory Guide 3.64 (Task WM-503-4)
Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings Covers," March.

. NRC. 1980. "Final Staff Technical Position Design of Erosion Protection Covers for
Stabilization of Uranium Mill Tailings Sites." August.

. NUREG/CR-4620, Nelson, J. D., Abt, S. R, et. al., 1986, "Methodologies for Evaluating
Long-Term Stabilization Designs of Uranium Mill Tailings Impoundments,” June.

. NUREG/CR-4651, 1987, "Development of Riprap Design Criteria by Riprap Testing in
Flumes: Phase 1," May.

. U. S. Department of Energy, 1988. "Effect of Freezing and Thawing on UMTRA Covers,"
Albuquerque, New Mexico, October.

3.3.2 Radon Flux Attenuation

The Environmental Protection Agency (EPA) rules in 40 Code of Federal Regulation (CFR) Part 192
require that a "uranium tailings cover be designed to produce reasonable assurance that the radon-
222 release rate would not exceed 20 pCi/m?*/sec for a period of 1,000 years to the extent reasonably
achievable and in any case for at least 200 years when averaged over the disposal area over at least
a one vear period" (NRC, 1989). NRC regulations presented in 10 CFR Part 40 also restrict radon
flux to less than 20 pCi/m*/sec. The following sections present the analyses and design for a soil

cover which meets this requirement.

3.3.2.1 Predictive Analysis

The soil cover for the tailings cells at White Mesa Mill was evaluated for attenuation of radon gas
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using the digital computer program. RADON. presented in the NRC's Regulatory Guide 3.64 (Task
WM 503-4) entitled "Calculation of Radon Flux Attenuation by Earthen Uranium Mili Tailings
Covers." The RADON model calculates radon-222 flux attenuation by multi-layered earthen
uranium mill tailings covers, and determines the minimum cover thickness required to meet NRC
and EPA standards. The RADON model uses the following soil properties in the calculation
process:

» Soil layer thickness [centimeters (cm)];

«  Soll porosity (percent);

+ Density [grams-per-cubic centimeter (gm/cm’)};

»  Weight percent moisture (percent);

* Radium activity (piC/g);

* Radon emanation coefficient (unitless); and

« Ditfusion coefficient [square centimeters-per-second (cm®/sec)).

Physical and radiological properties for tailings and random fill were analyzed by Chen and
Associates (1987) and Rogers and Associates (1988). Clay physical data from Section 16 was
analyzed by Advanced Terra Testing (1996) and Rogers and Associates (1996). See Appendix D

for laboratory test data results.

The RADON mode! was performed for the following cover section (from top to bottom):
* two feet compacted random fill;
» one foot compacted clay; and

« aminimum of three feet random fill occupying the freeboard space between the tailings

and clay layer.

H -USERS:MFM:WPMRR'RECLAMWM 96\FNLDRAFT'\SECT03 RPT February 18, 1997
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The top one foot of the lower random "' clav layer and two foot upper random fill are compacted
to 95 percent maximum dry density. Tk - p riprap layer was not included as part of the soil cover

for the radon attenuation calculation.

The results of the RADON modeling exercise show that the uranium tailings . over configuration
will attenuate radon flux emanating from the tailings to a level of 17.6 pCi/m*/sec. This number was
conservatively calculated as it takes into account the freeze/thaw effect on the uppermost part (6.8
inches) of the cover (Section 3.3.4). The soil cover and tailing parameters used to run the RADON
model. in addition to the RADON input and output data files, are presented in Appendix D as part
of the Radon Calculation brief (See Appendix B in the T1i'ngs Cover Design report, included
herewith in its entirety as Appendix D). Based on the model results, the soil cover design of six-foot

thickness will meet the requirements of 40 CFR Part 192 and 10 CFR Part 40.
3.3.2.2 Empirical Data
Radon gas flux measurements have been made at the White Mesa Mill tailings piles over Cells 2 and

3 (see Appendix D). Currently these cells are partially covered with three to four feet of random fill.

Radon flux measurements, averaged over the covered areas, were as follows (EFN, 1996):

1994 1995
Cell 2 7.7 pCi“i1:” sec 6.1 pCi/m*/sec
Cell 3 7.5 pCi/m*/sec 11.1 pCi/m?/sec

Empirical data suggest that the random fill cover. alone, is currently providing an effective barrier
to radon flux. Thus, the proposed tailings cover configuration, which is thicker, moisture adjusted,

contains a clay layer, and is compacted, is expected to attenuate the radon flux to a level below that
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predicted by the RADON model. The field radon flux measurements confirm the conservatism o:’
the cover design. This conservatism is useful, however. to guarantee compliance with NRC

regulations under long term climatic conditions over the required design life of 200 to 1.000 years.

3.3.3 Inhltration Analysis

The tailings ponds at White Mesa Mill are lined with synthetic geomembrane liners which under
certain climatic conditions, could potentially lead to the long-term accumulation of water from
infiltration of precipitation. Therefore. the soil cover was evaluated to estimate the potential
magnitude of infiltration into the capped tailings ponds. The Hydrologic Evaluation of Landfill
Performance (HELP) model. Version 3.0 (EPA, 1994) was used for the analysis. HELP is a quasi
two-dimensional hydrologic model of water movement across, into, through, and out of capped and
lined impoundments. The model utilizes weather, soil, and engineering design data as input to the
model. to account for the effects of surface storage, snowmelt, run-off, infiltration,
evapotranspiration. vegetative growth, soil moisture storage, lateral subsurface drainage, and

unsaturated vertical drainage on the specific design, at the specified location.

The so1l cover was evaluated based on a two-foot compacted random fill layer over a one-foot thick,
compacted clay layer. The soil cover layers were modeled based on material placement at a
minimum of 95 percent of the maximum dry density, and within two percent of the optimum
meisture content per American Society for Testing and Materials (ASTM) requirements. The top
riprap layer and the bottom random fill layer were not included as part of the soil cover for
infiltration calculations. These two layers are not playing any role in controlling the infiltration

through the cover matenal.

‘The random fill will consist of clayey sands and silts with random amounts of gravel and rock-size
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materials. The average hydraulic conductivity of several samples of random fill was calculated,
based on laboratory tests, 10 be 8.87 x 10”7 cm/sec. The hydraulic conductivity of the clay source
from Section 16 was measured in the laboratory to be 3.7 x 10 cm/sec. Geotechnical soil properties

and laboratory data are presented in Appendix D.
Key HELP model input parameters include:

. Blanding, Utah. monthly temperature and precipitation data, and HELP model default solar
radiati&, and evapotranspiration data from Grand Junction, Colorado. Grand Junction is

located northeast of Blanding in similar climate and elevation;

. Soil cover configuration identifying the number of layers, layer types. layer thickness, and

the total covered surface area;

. Individual layer material characteristics identifying saturated hydraulic conductivity,

porosity, wilting point, field capacity, and percent moisture; and

. Soil Conservation Service runoff curve numbers, evaporative zone depth, maximum leaf area

index. and anticipated vegetation quality.

Water balance results, as calculated by the HELP model, indicate that precipitation would either run-
off the soil cover or be evaporated. Thus, model simulations predict zero infiltration of surface water
through the soil cover, as designed. These model results are conservative and take into account the
freeze/thaw effects on the uppermost part (6.8 inches) of the cover (See Section 1.3 of the Tailings
Cover Design report, Appendix D). The HELP model input and output for the tailings soil cover are
presented in the HELP Model calculation brief included in Appendix D.
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3.3.4 Freeze/Thaw Evaluation

The tailings soil cover of one foot of compacted clay covered by two feet of random fill was
evaluated for freeze’thaw impacts. Repeated freeze/thaw cycles have been shown to increase the

bulk soil permeability by breaking down the compacted soil structure.

The soil cover was evaluated for freeze/thaw effects using the modified Berggren equation as
presented in Aitken w1 Berg (1968) and recommended by the NRC (U.S. Department of Energy,
1988). This evaluation was based on the properties of the random fill and clay soil, and

meteorological data from both Banding, Utah and Grand Junction, Colorado.

The results of the freeze/thaw evaluation indicate that the anticipated maximum depth of frost
penetration on the soil cover would be less than 6.8 inches. Since the random fill layer is two feet
thick, the frost depth would be confined to this layer and would not penetrate into the underlying
clay layer. The performance of the soil cover to attenuate radon gas flux below the prescribed
standards, and to prevent surface water infiltration, would not be compromised. The input data and
results of the freeze/thaw evaluation are presented in the Effects of Freezing on Tailings Covers
Calculation brief included as Appendix E in the Tailings Cover Design report, which is included
herewith as Appendix D.

3.3.5 Soil Cover Erosion Protection

A riprap layer was designed for erosion protection of the tailings soil cover. According to NRC
guidance. the design must be adequate to protect the soil/tailings against exposure and erosion for
200 to 1,000 years (NRC, 1990). Currently, there is no standard industry practice for stabilizing

tailings for 1,000 years. However. by treating the embankment slopes as wide channels, the
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hyvdraulic design principles and practices associated with channel design were used to design stable
slopes that will not erode. Thus. a conservative design based on NRC guidelines was developed.
Engineering details and calculations are summarized in the Erosion Protection Calculation brief
provided in Appendix F in the Tailings Cover Design report, which is included herewith as

Appendix D.

Riprap cover specifications for the top and side slopes were determined separately as the side slopes
are much steeper than the slope of the top wf t2 cover. The size and thickness of the riprap on the
top of the cover was calculated using the Safety Factor Method (NUREG/CR-4651, 1987). while the
Stephenson Method (NUREG/CR-4651. 1987) was used for the side slopes. These methodologies

were chosen based on NRC recommendations (1990).

By the Safety Factor Method. riprap dimensions for the top slope were calculated in order to achieve
a slope "safety factor” of 1.1. For the top of the soil cover. with a slope of 0.2 percent, the Safety
Factor Method indicated a median diameter (D) riprap of 0.28 inches is required to stabilize the top
slope. However, this dimension must be modified based on the long-term durability of the specific
rock type to be used in construction. The suitability of rock to be used as a protective cover must
be assessed by laboratory tests to determine the physical characteristics of the rocks. The sandstones
from the contluence of Westwater and Cottonwood Canyons require an oversizing factor of 25
percent. Therefore, riprap created from this sandstone source should have a Dy, size of a t least 0.34

inches and should have an overall layer thickness of at least three inches on the top of the cover.

Riprap dimensions for the side slopes were calculated using Stephenson Method equations. The side
slopes of the cover are designed at SH:1V. At this slope, Stephenson's Method indicated the
unmodified riprap D, of 3.24 inches is required. Again, assuming that the on-site sandstone will

be used, the modified Dy, size of the riprap should be at least 4.05 inches with an overall layer
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thickness of at least 12 inches.

The potential of erosion damage due to overland flow, sheetflow. and channel scouring on the top
and side slopes of the cover. including the riprap layer, has been evaluated. Overland flow
calculations were performed using site meteorological data, cap design specifications. and guidelines
set by the NRC (NUREG/CR-4620, 1986). These calculations are included in Appendix F of the
Tailings Cover Design report. According to the guidelines, overland flow velocity estimates are to
be compared to "permisstble velocities," which hat > been suggested by the NRC, to determine the
potential for erosion damage. When calculated, overland flow velocity estimates exceed permissible
velocities, additional cover protection should be co-~idered. The per nissible velocity for the tailings
cover (including the riprap layer) is 5.0 to 6.0 fe. per-second (ft./sec.) (NUREG/CR-4620). The
overland flow velocity calculated for the top of the cover is less than 2.0 ft./sec.. and the calculated
velocity on the side slopes is 4.9 ft./sec. Therefore, the erosion potential of the slopes, due to
overland flow/channel scouring. is within acceptable limits and no additional erosion protection is

required.

3.3.6 Slope Stability Analysis

Static and pseudostatic analyses were performed to establish the stability of the side slopes of the
tailings soil cover. The side slopes are designed at an angle of SH:1V. Because the side slope along
the southern section ot Cell 4A is the longest and the ground elevation drops rapidly at its base, this

slope was determined to be critical and is thus the focus of the stability analyses.

The computer software package GSLOPE, developed by MITRE Software Corporation, has been
used for these analyses to determine the potential for slope failure. GSLOPE applies Bishop's

Method of slices to identify the critical failure surface and calculate a factor of safety (FOS). The
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slope geometry and properties of the construction materials and bedrock are input into the model.
['hese data and drawings are included in the Stability Analysis of Side Slopes Calculation brief
included in Appendix G of the Tailings Cover Design report. For this analysis, competent bedrock
1s designated at 10 feet below the lowest point of the foundation [i.e., at a 5,540-foot elevation above
mean sea level (msl)]. This is a conservative estimate, based on the borehole logs supplied by Chen

and Associates (1979). which indicate bedrock near the surface.

3.3.6.1 Static Analysis

For the static analysis, a Factor of Safety ("FOS") of 1.5 or more was used to indicate an acceptable
level of stability. The calculated FOS is 2.91, which indicates that the slope should be stable under
static conditions. Results of the computer model simulations are included in Appendix G of the

Tailings Cover Design report.

3.3.6.2 Pseudostatic Analysis (Seismicity)

The slope stability analysis described above was repeated under pseudostatic conditions in order to
estimate a FOS for the slope when a horizontal ground acceleration of 0.10g is applied. The slope
geometry and material properties used in this analysis are identical to those used in the stability
analysis. A FOS of 1.0 or more was used to indicate an acceptable level of stebility under
pseudostatic conditions. The calculated FOS is 1.903, which indicates that the slope should be stable
under dynamic conditions. Details of the analysis and the simulation results are included in

Appendix G of the Tailings Cover Design report.

In June of 1994, Lawrence Livermore National Laboratory ("LLNL") published a report entitled
Seismic Hazard Analysis of Title [l Reclamation Plans, (L.awrence Livermore National Laboratory,
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1994) which included a section on seismic activity in southern Utah. In the LLNL report. a
horizontal ground acceleration of 0.12g was proposed for the White Mesa site. The evaluations
made by LLNL were conservative to account for tectonically active regions that exist. for example.
near Moab. Utah. Although. the LLNL report states that "...[Blanding] is located in a region known
for its scarcity of recorded seismic events." the stability of the cap design slopes using the LLNL
factor was evaluated. The results of a sensitivity analysis reveal that when considering a horizontal
ground acceleration of 0.12g. the calculated FOS is 1.778 which is still above the required value of
1.0. indicating adequate safety under pseudostatic conditions. This analysis is also included in

Appendix G of the Tailings Cover Design report.

3.3.7 Cover Maternial Cover Material Volumes

Construction materials for reclamation will be obtained from on-site locations. Fill material will be
available from the stockpiles that were generated from excavation of the cells for the tailings facility.
If required. additional matenals are available locally to the west of the site. A clay material source,
identitied in Section 16 at the southern end of the White Mesa Mill site, will be used to construct the

one-foot compacted clay layer. Riprap material will be produced from on-site sandstone.

Detailed material quantities calculations are provided in Attachment C, Cost Estimates for

Reclamation of White Mesa Mill Facilities, as part of the volume and costing exercise.
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10 GENERAL |
T'he specitications presented n this section cover the reclamation of the White Mcsa Mill facilities.

20 CELL 1-FRECEAMATION

21 Seope

The reclamation ot Cell -1 consists ot evaporating the cell to dryness. removing raffinate crystals.

svnthetic liner and any contaminated sons. A sedimentation basin will then be constructed and a

drainage channei provided.

22 Removal of Contaminated Matenals

1
ts

-} Rafttinate Crystals

Rattinate crvsials will be removed trom Cell 1-1 and transported 1o the tailings cell.. It is anticipated
that the crystals will have a consistency similar to a granular material when brought to the cells. with
large oy stal masses being broken down for transport. Placement ot the cryvstals will be performed
as a granular fill. with care being taken to avoid nesting of large sized materiil. Voids around large
material will be tilled with tiner material or ihe crystal mass broken down by the placing equipment.
Actual placement procedures will be evaluated by the QU ofticer during construction ax cry-tal

materials are brought and placed in the ceils.
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222 Syvnthetic Liner

The PVC finer wall be cut up. tolded (when necessary), removed from Cell 1-1, and transported to
the tailings cells. The hiner material will be spread as tlat as practical over the designated area. Atter
placenent. the liner will be covered as soon as possible with at least one foot of soil, crystals or other

materials for protection against wind, as approved by the €)C otficer.

223 Contaminated Soils

The extent ot contamination of the mill site will be determined by a scintillometer survev. If
necessary. a correlation between scintillometer readings and U-nat/Radium-226 concentrations will
be developed. Scintillometer readings can then be used to define cleanup areas and to monitor the
cleanup. Soil sampling will be conducted to confirm that the cieanup results in a concentration of
Radium- 226 averaged over any area of 100 square meters that does not exceed the background level

bv more than:

5 pCrg averaged over the tirst 15 cm ot soils below the surtace, and

I3 pCig averaged over a 13 cm thick layer of soils more than 15 ¢m below the surface
Where sunveys indicate the above cnitenia have not been achieved. the soil will be removed to meet

the criteria. Soil removed tfrom Cell 1-1 will be excavated and transported to the tailings cells.

Placement and compaction will be in accordance with Section 4.0 of these Pl~ns and Specifications.
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224 Sedimentation Basin

Cell 1-1 will then be breached and constructed as a sedimentation basin. All runoff from the mill
area and immediately north of the cell will be routed into the sedimentation basin and will discharge
onto the natural ground via the channel located at the southwest corner of the basin. The channel

is designed to accommodate the PMF flood.
A sedimentation basin will be constructed in Cell 1-1 as shown in Figure A2.2.4-1. Grading will be

pertormed to promote drainage and proper functioning of the basin. The drainage channel out of the

sedimentation basin will be constructed to the lines and grades as shown.
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3.0 MILL DECOMMISSIONING

The tollowing subsections detail decommissioning plans for the mill buildings and equipment; the

mill site: and windblown contamination.

‘»d
—

Mill

The uranium and vanadium processing areas of the mill. including all equipment. structures and
support facilities. will be decommissioned and disposed of in tailings or buried on site as
appropriate.  All equipment. including tankage and piping. agitation equipment. process control
instrumentation and switchgear. and contaminated structures will be cut up. removed and buried in
tailings prior to final cover placement. Concrete structures and foundations will be demolished and
removed or covered with sotl as appropriate. These decommissioned areas would include. but not

be limited to the tollowing:

. Coarse ore nin and associated equipment, conveyors and structures.

. Grind circuit including semi-autogeneous grind (SAG) mull. screens. pumps and
cvclones.

. The three preleach tanks to the east of the mill building, including all tankage,

agitation equipment. pumps and piping.

. The seven leach tanks inside the main mill building. including all agitation
equipment. pumps and piping.

. The counter-current decantation (CCD) circuit including all thickeners and
equipment, pumps and piping.

. Uranium precipitation circuit, including all thickeners. pumps and p:ping.
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. The two yellow cake dryers and all mechanical and electrical support equipment.
including uranium packaging equipment.
. [he clartfiers to the west of the mill building including the preleach thickener (PLT)

and ¢'aricone.

. The boiler and all ancillary equipment and buildings.
. The entire vanadium precipitation, drying and fusion circuit.
. All external tankage not included in the previous list including reagent tanks for the

storage of acid. ammonia. kerosene. water, dry chemicals. etc. and the vanadium
oxidation circuit.
. The uranium and vanadium solvent extraction (SX) circuit including all SX and

reagent tankage. mixers and settlers. pumps and piping.

. The SX building.

. The mill building.

. The office building.

. The shop and warehouse building.
. The sample plant building.

The sequence of demolition would proceed so as to allow the maximum use of support areas of the
tacility such as the office and shop areas. It is anticipated that all major structures and large
cquipment will be demolished wita the use of hydraulic shears. These will speed the process,
provide proper sizing of the matenals to be placed 1n tailings, and reduce exposure to radiztion and
other safety hazards during the demol:tion. Any uncontaminated or decontaminated equipment 1o
be considered (. r salvage will be released in accordance with the terms of License Conditien 14
As with *he equipment for disposal, any ¢ »ntaminated soils from the mill area will be disposed of

in the tailings facilities in accordance with Section 4.0 of the Specifications.
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32 Mill Site

Contaminated areas on the mill site will be primanly superticial and include the ore storage area and
surface contamination of some roads. All ore will have been previously removed from the ore
stockpile area. All contaminated matenals will be excavated and be disposed in one of the tailings
cells in accordance with Section 4.0 of these Plans and Specifications. The depth of excavation will
vary depending on the extent of contamination and will be based on the criteria in Section 2.2.3 of

these Plans and Specifications.

All ancillary contaminated matenals including pipelines will be removed and will be disposed of by

disposal in the tailing cells in accordance with Section 4.0 of these Plans and Specifications.

Disturbed areas will be covered. graded and vegetated as required. The proposed grading plan for

the mill site and ancillary areas is shown on Figure 3.2-1.

Windblown contamination is defined as mill derived contaminants dispersed by the wind to
surrounding areas. The potential areas affected by windblown contamination will be surveved using
scintillometers taking into account historical operational data from the Semi-annual Effluent Reports

(Appendix A) and other guidance such as prevailing wind direction and historical background data.
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3.3.1 Gudance

The necessity for remedial actions will be based upon an evaluation prepared by EFN, and approved
by the NRC. of the potential health hazard presented by any windblown materials identified. The
assessment will be based upon analysis of all pertinent radiometric and past land use information and
will consider the feasibility. cost-effectiveness. and environmental impact of the proposed remedial
activities and tinal land use. All methods utilized will be consistent with the guidance contained in

NUREG-5849: "Manual for Conducting Radiological Surveys in Support of License Termination."

3.3.2  General Methodology

The tacility curr.ntly monitors soils for the presence of Ra-226, such results being presented in the
second semi-annual eftluent report for each vear. Guideline values for these two materials will be
determined and will form the basis tor the cleanup of the White Mesa Mill site and surrounding
areas. For purposes of determining possible windblown contamination. areas used for processing
of uranium ores as well as the tailings and evaporative facilities will be excluded from the initial
:coping survey. due to their proximity to the uranium recovery operations. Those areas include

. The mill building. including CCD. PLT area, uranium drying and packaging,

clarifving. and prelc..h.

. The SX building. including reagent storage immediaiely to the east of the SX
building.

. The ore pad and ore feed areas.

. Tailings Cells No. 2, 3. and 4A.

. Evaporative cell No. 1-1.
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The remaining areas ot the mill will be divided up into two areas for purposes of windblown

determinations:
. The restricted area. less the above areas: and.
. A halo around the restricted area.

The restricted area. as shown on Figure A3.2-1 will be initially surveyved on a 30 x 30 meter grid as
described below in Section 3.3.3. The halo around the restricted area will also be initially surveved
on a 50 x 50 meter grid using methodologies described below in Section 3.3.3. Any areas v hich are
tound to have elevated activity levels will be turther evaluated as described in Sections 3.3.4 and
3.3.5.

3.3

)

3.3.3 Scoping Survey

The scoping survey will be conducted using a calibrated Mount Sopris Model SC-132 scintillometer
(or equivalent) capable of detecting radiation at levels less than or equal to 25 percent of the
guideline value. The meter will be swung from side to side at an elevation of six (6) inches above
the ground level while walking a path within the grid shown in Figure A-3.3-1. These paths will be
designed so that a minimum of 10 percent of the area within the grid sidelines will be scanned. using
an average coverage area for the scintillometer of one (1) meter wide. Grids where hotspots are
encountered or where readings of 75 percent of the guideline level are found will be reclassified as
affected areas. and will be subject to further characterization as described below. Grids where no
readings exceed 735 percent of the guideline value will be classified as unaffected, and therefore will
not require remediation. It is assumed that by following mehodologies that would be utilized during
the tinal survey, that the classification of these areas would stand and would require no further
survey confirmation.
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A sufticient quant:ty of QA samples will be taken to provide a correlation between the meter

readings and the actual Ra-226 concentrations in the soil.
3.3.4 Characterization and Remediation Control Surveys

After the entire subarea has been classified as atfected or unatfected. the atfected areas will be
turther scanned to identify areas of elevated activity requiring cleanup. Such areas will be flagged
and sufficient soils removed to, at a minimum, meet activity criteria. Following such remediation,
the area will be scanned again to ensure compliance with activity criteria. A calibrated Mount Sopris
SC-132 scintillometer (or equivalent ) capable of detecting activity levels of less than or equal to 25

percent of the guideline values will be used to scan all the areas of interest.

® 335 Final Survey

After remediation. the atfected areas deemed to be in compliance with standards will then undergo
a final survey. utilizing a 10 x 10 meter grid system with sample point locations as shown in Figure
A-3.3-2. Again a calibrated Mount Sopris SC-132 sciutillometer (or equivalent) capable of detecting
activity levels of less than or equal to 25 percent of the guideline values will be used, and will be
held at a one meter distance above the systematic sample locations. As with the scoping survey, a
statistically significant quantity of QA samples will be taken at randomly selected points to provide

a correlation between the meter readings and the actual Ra-226 concentrations in the soil.
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4.0 PLACEMENT METHODS

4.1 Scrap and Debris

The scrap and debris will have a maximum dimension of 20 feet and a maximum volume of 30 cubic
feet. Scrap exceeding these limits will be reduced to within the acceptable limits by breaking,
cutting or other approved methods. Empty drums. tanks or other objects having a hollow volume
greater than five cubic feet will be reduced in volume by at least 70 percent. If volume reduction
is not feasible, openings will be made in the object to allow soils. tailings and/or other approved
materials to enter the object at the time of covering on the tailings cells. The scrap, after having been
reduced in ditnension and volume. if required. will be placed on the tailings cells as directed by the

QC officer.

Any scrap placed will be spread across the top of the tailings cells to avoid nesting and to reduce the
volume of voids present 1in the disposed mass. Stockpiled soils, contaminated soils, tailings and/or
other approved materials will be placed over and inio the scrap in sufficient amount to fill the voids
between the large pieces and the volume within the hollow pieces to form a coherent mass. It is
recognized that some voids will remain because of the scrap volume reduction specified. and because
of practical limitations of these procedures. Reasonable effort will be made to fill the voids. The
approval of the Site Manager or a designated representative will be required for the use of materials

other than stockpiled soils. contaminated soils or tailings for the purpose of filling voids.
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42 Contaminated Soils and Raffinate Crystals

The various materials will not be concentrated in thick deposits on top of the tailings, but will be
spread over the working surface as much as possible to provide relatively uniform settlement and

consolidation characteristics of the cleanup matenials.

4.3 Compaction Requirements

The scrap, contaminated soils and other materials for the first lift will be placed over the existing
tailings surface to a depth of up to four feet thick in a bridging lift to allow access for placing and
compacting equipment. The first lift will be compacted by the tracking of heavy equipment, such
as a Caterpillar D6 Dozer (or equivalent), at least four times prior to the placement of a subsequent

lift. Subsequent layers will not exceed two feet and will be compacted to the same requirements.
During construction, the compaction requirements for the crystals will be reevaluated based on field
conditions and modified by the Site Manager or a designated representative, with the agreement of

the NRC Project Manager.

The contaminated soils and other cleanup materials after the bridging lift will be compacted to at

least 80 percent of standard Proctor maximum density (ASTM D-698).
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50 CELLS2.3.AND4A
5.1  EaghCover
A multi-layered earthen cover will be placed over tailings Cells 2, 3. and 4A. The general grading

plan is shown on Drawing 5.1-1. Reclamation cover cross-sections are shown on Drawings 5.1-2

and 5.1-3.

5.2 Mauwrials

5.2.1 Physical Properties

The physical properties of materials for use as cover soils will meet the following:

Random Fill (upper and lower layers)

These materials will be mixtures of clayvey sands and silts with random amounts of gravel and .

size material. In the initial bridging lift. rock sizes of up to 24 inches in diamicier will be allowed.
On all other random fill lifts, rock sizes will be limited to 12 inches in diamc. .. with at least 30
percent of the matenial finer than 40 seive. For that portion passing the No. 40 sieve, these soils will

classify as CL, SC, MC or SM materials under the U'nified Soil Classification System.

Clay Layer Materials
Clays will have at least 40 percent passing the No. 200 sieve. The minimum liquid limit of these
soils will be 25 and the plasticity index will be 15 or greater. These soils will classify as CL or CH

materials under the Unified Soil Classification System.
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3.2.2  Bomrow Sources

The sources for sotls for the cover materials are as follows:

1. Random Fill - stockpiles from previous cell construction activities currently located

to the east and west of the tailing facilities.

ta

Clay - will be imported from borrow areas located in Section 16, T38S, R22E, SLM.

3. Rock Armor - will be produced by using oversize materials in the random fill piles,

using crushing and screening as necessary to produce proper size fractions.

5.3  Cover Construction

5.3 1 General

Placement of cover matenals will be based on a schedule determr ‘ned by analysis of settlement data,
piezometer data and equipment mobility considerations. Settlement plates and piezometers will be

installed and monitored in accordance with Section 5.4 of these Plans and Specifications.

5.3.2 Placement and Compaction

5.3.2.1 Methods

The distribution and gradation of the matenials throughout each fill layer will be such that the fill

will, as far as practicable, be free of lenses, pockets, streaks or layers of material differing
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substantially in texture. gradation or moisture content from the surrounding material. Successive

loads of matenal will be placed on the fill so as to produce the best practical distribution of material.

If the compacted surface of any layer of fill is too dry or smooth to bond properly with the layer of
material to be placed thereon. it will be moistened and/or reworked with a harrow, scarifier, or other
suitable equipment to a sufficient depth to provide relatively uniform moisture content and a
satisfactory bonding surface before the next succeeding layer of earthfill is placed. If the compacted
surface of any layer of earthfill in-place is too wet, due to precipitation, for proper compaction of the
earthfill matenial to be placed thereon, it will be reworked with harrow, scarifier or other suitable
equipment to reduce the moisture content to the required level shown in Table 5.3.2.1-1. It wili then

be recompacted to the earthfill requirements.

No material will be placed when either the materials, or the underlying material, is frozen or when
ambient temperatures do not permit the placement or compaction of the materials to the specified

density, without developing frost lenses in the fill.

5.3.2.2 Moisture and Density Control

As far as practicable. the materials will be brought to the proper moisture content before placement
on tailings, or moisture will be added to the material by sprinkling on the earthfill. Each layer of the
fill will be conditioned so that the moisture content is uniform throughout the layer prior to and
during compaction. The moisture content of the compacted fill will be within the limits of standard
optimum moisture content as shown in Table 5.3.2.1-1. Matenal that is too dry or too wet to permit
bonding of layers during compaction will be rejected and will be reworked until the moisture content
is within the specified limits. Reworking may include removal, re-harrowing, reconditioning,

rerolling, or combinations of these procedures.
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Density control of compacted soil will be such that the compacted material represented by samples
having a dry density less than the values shown in Table 5.3.2.1-1 will be rejected. Such rejected
material will be reworked as necessary and rerolled until a dry density equal to or greater than the

percent of its standard Proctor maximuin density shown in Table 5.3.2.1-1.
To determine that the moisture content and dry density requirements of the compacted fill are being

met, field and laboratory tests will be made at specified intervals taken from the compacted fills as

specified in Section 7.4, "Frequency of Quality Control Tests."

54 Monitoring Cover Settlement

54.1 Temporary Settlement Plates

5.4.1.1 General

Temporary settlement plates will be installed in the tailings Cells. At the time of cell closure, a

monitoring program will be proposed to the NRC. Data collected wil! be analyzed and the

reclamation techniques and schedule adjusted accordingly.
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TABLE A-5.3.2.1-1

Placement and Compaction Criteria

Reclamation Cover Matenals

Allowable Placement
Moisture Content

Maximum Per Cent from Optimum
Cover Layer Lift Thickness Compaction Moisture Content
Lower Random Fill 3 Feet Bridging Lift 80 2
1 Foot 90 2

Clay Layer I Foot 95 Oto+3
Upper Random Fill 2 Feet 95 +2
Riprap

TopofTails 3 Inches

Slope I Inch
Note:

Percent Compaction is based on standard Proctor dry density (ASTM D-698).

Optimum moisture content of a soil will be determined by ASTM D-698 methods.
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5.4.1.2 Installation

At the time of cell closure or during the placement of interim cover, the temporary settlement plates
will consist of a corrosion resistant steel plate 1/2 inch thick and three foot square to which a three

inch diameter corrosion resistant pipe has been welded.

l'he installation will consist of leveling an area on the existing surface of the tailings, and placing
the base plate directly on the tailings. A minimum three feet of initial soil or tailings cover will be

placed on the base plate for a minimum radial distance of five feet from the pipe.

5.4.1.3 Monitoring Settlement Plates

Monitoring of settlement plates will be in accordance with the program submitted to and approved
by the NRC. Settlement observations will be made in accordance with Quality Control Procedure

QC-16-WM, "Monitoring of Temporary Settlement Plates."

6.0 ROCK PROTECTION

6.1  General

The side slopes of the reclaimed cover will be protected by rock surfacing. Drawings 5.1-1, 5.1-2.
and 5.1-3 show the location of rock protection with the size, thickness and gradation requirements

for the various side slopes.

A riprap layer was designed for erosion protection of the tailings soil cover. According to NRC

guidance. the design must be adequate to protect the soil/tailings against exposure and erosion for

USERS\MFM WP"MRR'RECL.AMWM 96 FNLDRAFT'ATTA February 28, 1997




Page A-23

Revision 1.0

Energy Fuels Nuclear. Inc.

White Mesa Mill Reclamation Plan

200 to 1.000 vears (NRC. 1990). Currently. there is no standard industry practice for stabilizing
tailings for 1,000 vears. However, by treating the embankment slopes as wide channels, the
hydraulic design principles and practices associated with channel design were used to design stable
slopes that will not erode. Thus, a conservative design based on NRC guidelines was developed.
Engineering details and calculations are summanzed in the Tailings Cover Design report (Appendix

D).

Riprap cover specifications tor the top and side slopes were determined separately as the side slopes
are much steeper than the slope of the top ot the cover. The size and thickness of the riprap on the
top of the cover was calculated using the Safety Factor Method (NUREG/CR-4651, 1987), while the
Stephenson Method (NUREG/CR-4651, 1987) was used for the side slopes. These methodologies

were chosen based on NRC recommendations (1990).

By the Safety Factor Method. riprap dimensions for the top slope were calculated in order to achieve
a slope "safety factor” of 1.1. For the top of the soil cover, with a slope of 0.2 percent, the Safety
Factor Method indicated a median diameter (D) riprap of 0.28 inches is required to stabilize the top
slope. However, this dimension must be modified based on the long-term durability of the specific
rock type to be used in construction. The suitability of rock to be used as a protective cover must
be assessed by laboratory tests to determine the physical characteristics of the rocks. The sandstones
from the confluence of Westwater and Cottonwood Canyons require an oversizing factor of 25
percent. Therefore, riprap created from this sandstone source should have a Dy, size of at least 0.34

inches and should have an overall layer thickness of at least three inches on the top of the cover.

Riprap dimensions for the side slopes were calculated using Stephenson Method equations. The side
slopes of the cover are designed at SH:1V. At this slope, Stephenson’'s Method indicated the

unmodified riprap Dy, of 3.24 inches is required. Again assuming that the on-site sandstone will be
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used, the modified Dy, size of the riprap should be at least 4.05 inches with an overall layer thickness

of at least 12 inches.

I'he potential of erosion damage due to overland flow. sheetflow. and channel scouring on the top
and side slopes of the cover. including the riprap layer, has been evaluated. Overland flow
calculations were performed using site meteorological data, cap design specifications, and guidelines
set by the NRC (NUREG/CR-4620. 1986). According to the guidelines. overland tlow velocity
estimatcs are to be compared to “permissible velocities." which have been suggested by the NRC,
to determine the potential for erosion damage. [f calculated overland flow velocity estimates exceed
permissible velocities. additional cover protection should be considered. The permissible velocity
tor the tailings cover (including the nprap layer) is 5.0 to 6.0 feet per second (ft./sec.) (NUREG/CR-
4620). The overland tlow velocity calculated for the top of the cover is less than 2.0 ft./sec., and the
calculated velocity on the side slopes is 4.9 ft./sec. Therefore, the erosion potential of the slopes.
due to overland flow/channel scouring. is within acceptable limits and no additional erosion

protection is required. See Appendix D for details.

6.2 Matenials

Materials utilized tor riprap applications will meet the following specifications:

Location D, Size D, Size Layer Thickness
Top Surface 0.4" 0.6" 3
SIOPC Slu'face 4" 8" l?."
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During construction of the tailings frcilities. significant quantities of oversize was produced through
drilling and blasting. as the rocks of the Burro CanyonvDakota were too hard to rip. As these
materials will have to be segregated from the random fill for some applications. it is anticipated that

all rock requirements will be met by crushing and screening the random fill oversize.

Riprap quality will be evaluated by methods presented in NUREG/CR-4620 "Methodologies for
Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings Impoundment.” Size

adjustment will be made in the riprap for materials not meetir.g the quality critena.

6.3  Placement

Riprap matenal will be hauled to the reclaimed surfaces and placed on the surfaces using scrapers,
in a manner to minimize segregation of the material. Placement of the riprap will avoid
accumulation of riprap sizes less than the minimum Dy, size and nesting of the larger sized rock.
The niprap layer will have at least two passes by a D-7 Dozer (or equivalent) in order to key the rock

tor stability.

70 QUALITY CONTROL/QUALITY ASSURANCE

7.1 Quality Plan

A Quality Plan has been developed for construction activities for the White Mesa Project. The

Quality Plan includes the following:

1 QC/QA Definitions. Methodology and Activities.

2. Organizational Structure.
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fd

Surveys, Inspections, Sampling and Testing.

4. Changes and Corrective Actions.
5. Documentation Requirements.
6. Quality Control Procedures.

7.2 Implementation

The Quality Plan will be implemented upon initiation of reclamation work.

73 Quality Control Procedures

Quality control procedures have been developed for reclamation and are presented in Attachment
B of this Reclamation Plan. Procedures will be used for all testing, sampling and inspection
tunctions.

74 Frequency of Quality Control Tests

The frequency of the quality control tests for earthwork will be as follows:

1. The frequency of the field density and moisture tests will be not less than one test for each

5.000 cubic yards of placed fill material (clay or random fill).

2 There will be at least two field density and moisture tests for each lift of fill material placed.
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Gradations and Atterberg limits of compacted fill materials will be performed at a frequency

(VW)

of not less than each 10.000 cubic vards of placed clay or each 20,000 cubic vards of

compacted random fill.

4. Frequency of laboratory standard Proctor compaction tests will be such that maximum
densities are determined for the range of materials being placed in the fill; however.
frequency of compaction tests will not be less than one test for each 5,000 cubic vards of

compacted fill material.

5. For riprap materials. each load of material will be checked against standard piles for

gradation prior to transport to the tailings piles.
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1.0 GENERAL
i1 SCOPE OF QUALITY PLAN

I'he following Quality Plan for Construct: ... ...vities ("Quality Plan"i describes how the

Construction Quality Control Quality Assurance ("QC/QA") activities are implemented.
his Quality Plan includes the following:

(h Organizational Structure:
(2 Surveys. Inspections, Sampling and {esting:

(3 Changes and Corrective Actions: and

. (4) Documentation Requirements.
1.2 QUALITY PLAN OBJECTIVES
The objectives of the Quality Plan are as follows:

(1) Quality Control: To venty that the construction is in accordince with the Flans and
Specifications.

(2) Quality Assurance: To provide cross-checks and auditing functions on Quality
Control.

(3 Monitoring: To provide the required information and data to evaluate the effects of

Construction Activities.
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1.3 DEFINITIONS

Compliance Report: A report prepared by the QU Officer ("QCO”) upon completion of a
Construction Segment. A Compliance Report requires the approval of the Site Manager. Any
subsequent Construction Segment that 1s dependent upon successtul completion of a specitic
Construction Segment cannot be intiated until a Comphiance Report is prepared and approved for
the previous dependent Construction Segment. Compliance Reports are to be completed on Form

No. F-23 which is attached in Pant V.

Construction Tusk: A basic construction teature of a Construction Project involving a specific

Construction Activity.

Construction Project: The total authorized approved Project that requires several Construction

Segments to complete.

Design Change: Changes made in a Construction Project that alters or changes the intent of the
Plans and Specifications. Design changes require approval of the Design Engineer and the Site
Manager or a designated representative. Design Changes are to be reporied on Form No. F-26,

which is attached in Pant V.

Field Change: Changes made during ¢ astruction to fit field conditions that do not alter the intent
of the Plans and Specifications. Field Changes require approval of the Site Manager or a designated

representative. Field Changes are to be reported on Form No. F-25. which is attached in Part V.

I'inal Construction Report- A report prepared by the Site Manager or a designated representative

upon completion wi a Construction Project. This report will be submitted to the NRC.
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4  QUALITY CONTROL/QUALITY ASSURANCE

141 Methodology
411 Flow of Activities

Figure | shows the general relationships of Quality Control and Quality Assurance activities in the
performance of the Construction Activities for a given work area. The Quality Control Activities
implemented with standardized QC procedures, provide the necessary tests and observations for the
construction, sampling and monitoring process. Quality Assurance audits and reviews will provide

oversight of the QC Activities.
1.4.1.2 Compliance Reports

For each project, the Quality Plan requires a Compliance Report at the successtui completion of a
Construction Segment.  The Construction Tasks making up a Construction Segment will be
determined to be in compliance with the Plais and Specifications by the QCO A Compliance
Report will then be prepared by the QCO with a copy t¢ the NRC Project Manager, and submitted
to the Site Manager for approval, before the next dependent phase of construction can begin. The
Site Manager will review Quality Control data. Quality Assurance documentation, and review any

observations before approving the Compliance Report.

After the Construction Project has been completed. a Final Construction Report will be prepared by

the Site Manager or a designated representative for submittal to the NRC.
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142 Quality Control

1.4.2.1 General

Quahty Control ("QC™") will be conducted by the QCO or a designated representative. Hereinatter

referred 1o as the QUO. The QUO will implement the QC Program.

1.4.2.2 Quahity Control Activities

Quality Control requirements for a Construction Project are presented in the Specifications.

T'he Qualitv Control Activities will be implemented with standardized Quality Control Procedures.
The Quality Control Procedures include field sampling. testing. observations and monitoring

procedures. and laboratory testing procedures. The Quality Control Procedures are listed and are

included in Part VI

143 Quality Assurance

1.4.3.1 General

Quality Assurance ("QA") will be conducted by the QAO or a designated representative. The QAO

will implemc.at the QA Program
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1.4.3.2 Quality Assurance Activities

The QA tunctions will be implemented by the QAO by performung the following activities.

14321 Pre-qualification of QC' Technicians

Each QC Technician ("QCT") will be pre-qualified by a QAO, who is 1 knowledgeable specialist
in the area of qualification. The QAO will determine the areas of expertise of the respective
technician and maintain a QA file on the technician. Areas of competency will be identified and

training needs noted for the respective technician.

14322 Veritication of Fftectiveness of QC Program

The effectiveness of the QC Program will be verified by the QAO by performing the following

audits:

(h Test and Sampling Procedures. Test procedures will be audited on a quanterly basis by
appropnate specialists. This will entail direct observation of test methods and sampling, and

performing random duphcate tests.

(2) Fquipment. Equipment will be inspected and checked regularly. Calibration certificates will

be verified and maintained in the fil:s.

(3)  Calculations and Documentation. Calculations from tests and monitoring will be spot
checked randomly from the files. Documentation will be checked for accuracy and

completeness.
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.44 Decumentation

Each QA activity and audit will be documented in writing. Audit reports will be prepared by the
QAO and submitted to the Site Manager. These will be kept in the White Mesa project files, and

made available for review by the NRC Project Manager.

1.5 MONITORING

Monitoring functions fall under the responsibilities of - QCO. Scheduled monitoring and
observations shall be made at the intervals required in the Plans and Specifications by Quality
Control Technicians ("QCTs") under the direction of the QCO. Monitoring records will be reviewed
by the QCO and will be available for review by the NRC. The QAO will audit monitoring records
on an unscheduled basis. Monitoring records originals will be maintained in the White Mesa Project

Files.

2.0 ORGANIZATIONAL STRUCTURE

21 SCOPE

The following items are covered in this section:

(1) A description of the Quality Control Organization.

(2)  The classification, qualifications, duties, responsibilities and authority of personnel.

(3 The individual who will be responsible for overall management at the site for Quality
Control.

(4 The specific authonty and responsibility of all other personnel regarding the Quality Plan.
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(5) A program for information flow among workers, construction management and inspectors

about various QC’'QA. and health and safety requirements.

tJ
tJ

ORGANIZATION

A schematic diagram of the organization for implementation of the Quality Plan is shown on Figure

B-2. The Site Manager. the QCO, and the QAOQO. play major roles.

2.3 DUTIES AND QUALIFICATIONS OF PERSONNEL

2.3.1 Personne} Designations

The Site Manager or a designated representative will be referred to as the "Site Manager.”

The Quality Control Officer or a designated representative will be referred to as the "QC Officer
("QCO")."

The Quality Assurance Officer or a designated representative will be referred to as the "QA Officer

("QAQO")."

2.3.2  Sue Mauager
2.3.2.1 Duties. Responsibilities and Authority

The Site Manager will oversee the Construction Project and will be responsible for the conduct,

direction and supervision of the W rk. As shown on the organizational chart, the Site Manager
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will have ultimate responsibility for all construction and QC/QA Activities. The Site Manager will
appoint all personnel. and interact as required with the QAO. the QCO and the NRC Project

Manager.

In the absence of the Site Manager. a designated representative will assume the duties of the Site

Manager.

2'3'4 EVJ l- , g\ I ngr I"Qg‘Q")

2.3.4.1 Duties, Responsibilities and Authority

The QCO will be responsible for overall implementation and management of the Quality Control
Program for the Construction Project. The QCO will supervise Field and Laboratory Quality
Control Technicians, and will coordinate with the Document Control Manager, the Office Staff and
the Health and Safety Officer. The QCO will have specific authority and responsibility with regard
to all other personnel for the Quality Plan. The QCO will have the authority to reject work or
matenial. to require removal or placement, to specify and require appropnate corrective actions if it
is determined that the Quality Control/Quality Assurance, personnel. instructions. controls, tests,
records are not conforming to the Plans and Specifications. The signature of the QCO is required

on all Compliance Reports ("CR's") required in the Specificaticns.

The QCO will be familiar with the existing White Mesa Facilities, and QC/QA methodology.
Responsibilities of the QCO will include the following:
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Provide overall surveillance of Quality Control requirements.
Be familiar with all documents. requirements, equipment and procedures relating to project
construction.
Provide and document Quality Control Technician ("QCT") training.
Evaluate and approve all reports.
Assure schedules are met and adequately documented.
Schedule data reduction activities.
Arrange consultation with additional staff, the QAQ, Site Manager. and/or NRC Project
Manager to help find solutions to unsolved problems.
Identify invalid. unacceptable, or unusable data.
Take corrective action if Quality Control procedures indicaie the construction is not meeting
the requirements of the Specifications.
Assure all documentation is complete, accurate, and up to date.

Interact and cooperate with QA Technicians

In the absence of the QCO, a designated representative will assume the duties of the QCO. In

addition. the designated representative may be assigned some of the duties, responsibilities and

authority of the QCO.
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2.3.6  Quality Assurance Officer ("QAQ")

2.3.6.1 Duties

The QAO. who may be an independent consultant, will implement the Quality Assurance functions

which includes pre-qualification of QCTs, verification of test procedures and results by spot retests,

equipment checks, and review of calculations and documentation and Compliance Reports (CR's).

The QAO should be familiar with the construction process and be qualified in construction testing.

Responsibilities of the QAO will include the following:

(h

(4)
(5)

Be familiar with all documents, requirements, equipment and procedures relating to project
construction.

Certify that the QCO is qualified to conduct the various test and monitoring procedures and
observations. and document same.

Through spot checks. retests, equipment checks and review of calculations and
documentation verify test procedures. monitoring and observations are being performed
correctly and accurately in accordance with the Specifications.

Consult with the QCO. and the Site Manager to help solve problems.

Prepare QA reports for review by the Site Manager and NRC Project Manager.

23.7 Designated Representative of the Quality Assurance Officer

In the absence of the Quality Assurance Officer ("QAQ"), the designated representative of the QAO

will assume the duties of the QAO. In addition. certain specialists may be designated to assume

some of the duties of the QAO.
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2.3.8  NRC Project Manager
The NRC Project Manager will represent the NRC's interests in the Construction Project. The NRC

Project Manager may choose to review selected procedures, personnel qualifications, equipment.

calculations, and documentation.

239 Quality Control Technicians ("QCT")

2.3.9.]1 Duties

The Quality Control Technicians ("QCTs) for implementation of tl.e Quality Plan will be classified

as follows:

(1) Construction Quality Control Technicians - Field.

(2) Construction Quality Control Technicians - Laboratory.
A QCT may be qualified for and perform the duties in more than one classification.
2.3.9.2 Qualifications
The QCO will supervise (or may appoint a supervisor) for each classification to provide scheduling,
oversee equipment calibrations, enforce documentation requirements, and provide for preliminary

document review. The number of QCTs in each classification will depend on the project needs as

the work progresses.
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The Construction QCTs will satisfactorily complete a training program and receive on-the-job

training as required under the direction of the QCO.

A procedure verification program will be implemented by the QAO for all Construction QCTs.
24 PROGRAM FOR INI ORMATION FLOW

241 view

The Plans and Specifications for the Construction Project describe the work to be performed, the
QC/QA. and the monitoring requirements. These documents will be reviewed and approved in depth
by licensee personnel. including the QCO and Site Manager.

2.4.2  Information Flow

2.4.2.1 Internal Information Flow

As shown on the Organization Chart (Figure B-2), the Construction Superintendent gives
instructions to the Construction Foremen, who supervise the construction workers. The Construction
Superintendent may directly supervise all or some of the construction workers.

The QCO monitors the construction work and completes the forms and reports as given in the

Quality Control Procedures. The QCO ensures that all key personnel receive the required

information.
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Section 4.0 below. "Changes and Corrective Actions.” outlines the procedure for implementing

changes and corrective actions.

2.4.2.2 Informd.tion Flow to NRC

All reports of sampling, tests, inspections and construction records will be maintained in the White
Mesa Project files. These documents will be available to the NRC Project Manager at all times. The

NRC Project Manager will have the right to inspect and reproduce any documents as needed.

A list of the required reports is shown on Table B-I. These reports will be kept in the White Mesa

Project Files.

3.0  SURVEYS. INSPECTIONS, SAMPLING AND TESTING

3.1 SCOPE

The tollowing items are covered in this Section:

(1)  Methods and procedures for surveys, inspections, sampling and testing during various
construction tasks.

(2) The necessary qualifications of individuals perforning surveys. inspections, sampling and

testing.

(3) The number and type of surveys, inspections and/or tests to be conducted.

HAUSERSMFMIWPMRR\RECLAMWM 96\FNI. DRAFTNATTB\February 28, 1997




TABLE B-1

REQUIRED REPORTS

REPORT TYPE FREQUENCY ORIGINATOR APPROVAL
Construction Activities Daily during Construction QC Technician  QC Officer
Sampling, Field and Report for each respective QC Technician  QC Ofticer

[.aboratory Testing

*Compliance Report

test

Upon completion of Construc-
tion Segment

*Final Construction Report  After completion of the

Construction Project

. * Reports to be submitted to the NRC

QC Officer

QC Officer
Site Manager

Site Manager

Site Manager
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32 QUALITY CONTROL PROCEDURES

Quality Control Procedures will be written to meet the following objectives:

(1)  To describe the equipment, calibration and methods/procedures to be followed in performing
surveys, sampling and testing.

(2) To describe the procedures to observe construction activities.

(3) To describe the procedures for monitoring.

All Quality Control Procedures for sampling, testing, and monitoring w:.! be conducted by the QCO

and/or QCTs. The results will be reviewed and approved by the QCO before being delivered to the

Document Control Officer ("DCQO") for reproduction, distribution, and filing.

All boundary surveys will be made and documented by a registered land surveyor. Construction

surveys will be made and documented by appropriately trained QCTs.

33  FREQUENCY AND TYPE

The number and type of survey, observations, inspections and/or tests are specified in the Plans and

Specifications.

40  CHANGES AND CORRECTIVE ACTIONS

4.1 SCOPE

The methodology for dealing with changes and corrective actions is detailed in this Section.
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4.2 AUTHORITY OF PERSONNEL

The Site Manager and/or the QCO will have the authority to reject material or work. to require
removal or replacement, to specify and require appropriate actions if it is determined that the Quality
Control/Quality Assurance, personnel, instructions, controls. tests, records are not conforming to the

Plans and Specifications.

43  METHODOLOGY

431 Field and Design Changes

Changes in locations or alignments of construction features that do not alter design concepts will be
approved by the Site Manager or a designated representative. These changes will require a Field

Change Order (Form F-25).

Changes in design concepts will be approved and documented by the Design Engineer, will be

approved by the Site Manager. These changes will require a Design Change Order (Form F-26).

All changes will be recorded in the Final Construction Report including "as-built" drawings for the

work.

4.3.2  Corrective Actions

The QCO will require corrective actions if tests and observations indicate the work is not conforming

to the intent of the Plans and Specifications. Appropriate corrective actions will be determined by
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Page B-17

. Revision 1.0

Energy Fuels Nuclear, Inc.
White Mesa Mill Reclamation Plan

reviewing pertinent Quality Control records. Contemplated corrective actions will be brought to the

attention of the Site Manager and the Construction Superintendent.
50  DOCUMENTATION

5.1 SCOPE

Documentation requirements will include the following:

(nH The identification of the person who has authority to provide for the submittal and/or storage
ot all survey, test and inspection reports.
(2) Specification of reporting requirements, forms, formats, and distribution of reports.
. (3) A description of record keeping to document construction methods and resuits, surveys,
sampling, testing and inspection of construction. Samples of forms and records will be
included.

4) Documentation of corrective actions.

5.2 PERSONNEL

wn
o
—

5.2.1.1 Duties

The Document Control Officer ("DCO") will be appointed by the Site Manager. Responsibilities

will include:

‘ HAUSERS\MFM\WPAMRR\RECL.AMWM 96\FNLDRAFT\ATTB'February 28. 1997
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(h Maintaining permanent files for the Construction Project. All tests, surveys, monitoring and
report originals will be maintained in the project files.
(2) Instituting and overseeing data reproduction and distribution. A distribution list will be

prepared for cach project number and will be reviewed and approved by the QCO.
53 FORMS

All test results. sampling, surveys, and monitoring will be documented on the forms for those
particular procedures where applicable. Specific surveys require a notebook prepared for data
recording. Each Construction Field QCT will complete a Construction Activities report for each
day's work. Forms will be comrleted so that all important data are recorded. Data required on all
forms and notebooks includes project number, date, technician's signature, and the signature of the
’ supervisor or a designee, who has reviewed and approved the work. The DCO will return all

incomplete forms to the appropriate supervisor to be properly filled out.

Forms F-23, F-25. and F-26 follow.
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QUALITY PLAN NO. QP-GEN-1-WM
PART V Page 20

Form No. F+~26
DESIGN CHANGE ORDER
Project No. Date

Drawing No.

Specification Mo.

Design feature

Change in design

Reason

Initiated by:

Approvals:

Site Manager

NRC Project Manager

Design Enginger




. . QUALITY PLAN NO. QP-GEN-1-WM

PART V Page 19
Form No. F-25
FIELD CHANGE ORDER
Project No. Date
Drawing No.

Specification No.

Design feature

Modifications

Reason

In{tiated by:

Approved by:

Site Manager
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Form No. F-23
- COMPLIANCE REPORT
Project No. Date

Construction Segment

Drawing No.

Specification No.

Description of Completed Construction Segment

By: QC Officer

Approvals

Site Manager

NRC Project Manager




TYPICAL FLOW CHART FOR CONSTRUCTION PROJECT
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ATTACHMENT C

B COST ESTIMATES
FOR
RECLAMATION
OF
WHITE MESA FACILITIES

BLANDING, UTAH

PREPARED BY
ENERGY FUELS NUCLEAR, INC.
THREE PARK CENTRAL
1515 ARAPAHOE STREET, SUITE 900

DENVER, COLORADO 80202
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® | White Mesa Mill
Surety Requirements Summary
Revision of 12/1/49e

[Description ] [ Factor | L _Amount |
Mill Decommissioning 1,484 551
cell 2 1,725,852
Cell 3 2,215,999
Cell 4A 114,756
cell 1 T38,3M
Miscellaneous(w/o LTC) 2,045,035
Subtotal Direct Costs 8,324 564
Profit Allowance 10.00% £32.456
Contingency 15.00% 1,250,185
Licencing & Bonding 2.00% 166,641
. Long Term Care Fund 565,300
Total Surety Requirement 11,170,198

Amounts are in 1986 Dollars
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P. 001

TEL:303 595 0930

-22 96!FRI) 16:34  ENERGY FUELS

,

ﬁiﬁg United States
Nuclear Regulatory Commission

Today’s dollars:

November's6 CPI-U
December/718CPI-U

$250,000x

However, CPI-U data for September, October,
November 96 not available at this time.

® Procedure for Determinizg Minimum Long-Term Care Fund

- Coet adjustment for most recent months for which CPI data
does not exist is based on last available CPI-U figure, and
applied to remaining months

4 November 14, /.
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Task a8 u. 12/108

$214,380
Unis Cosl Sessline Cost | Act Cost | Mem Cosf | Work | Ovi ok | Bossibew Work | Act Work | Rem
13,002
13,619
11,616
13,991
14,771
Y]
521,989 | 17529
s17a20 | 1752

Total Cost

Yask Name
Lowsr Random Fill (12°)

3

- -

U

Nam. Work

F FEX EX X |
ML

A

7t
1984
1968
198
1968
1960

$857,151
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$250,7%2
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i Task Name Total Cost
"Rock Protection” continued
[ | Nesowce Name Uniis | Cost | Besslee Cosl | Act Cosf | Rem Cost | Work | Ovt Work | Bessiine Work | Act Work | Rem Work
€ | 14G Mokwgrader 1 [17] (1] $0 $T44 15 [ () o [T
19 | Operators (] $1.42¢ g1 ) srae | 11em o 1188 Y 1190
15 | 700 Moot Tnex 4 $3,50¢ $3,4¢1 0 $3.50¢ s, o (™ o [
16 | 208 Loscer 1 $1.402 $1,.68 20 $1.002 15 on 15 o 15
17 | Mook Procuction Cost 20| s1e832 335,79 $0 s14.832 2 on £~ o [+
38 | Sutier Melntensnce Cost 10 31,180 $1,100 30 $1.100 | 1188 on 1980 ” 1100
& Quallty Control 73532 _
(| Resowoe Name Uniis | Cost | Beesiwe Cost | Act Cost | Rom Cost | Work | OW Work | Bessline Work | Act Work | Rem Work
#4_| Qualily contol contrector 1] sriss $3.a%2 30 373832 | 1106 o 1708k o 1198h
® Dewalaring , $5,000
D [ ResowcoName | Unis | Cost | Beselns Cost | Act Cost | Rem Cosf | Work | Ol Work | Baceline Work | Act Work | Rem Work
13_| Oswetering Costs S| stec0 35,000 30 $5000 | 2008 o 2000 M 2000
S0 Remove Fencing $1.908
10 | Aescurce Name | Unie Cost | BessiimeCosl | AcLCosi | Rem Cosl | Work | OVt Wark | Baseline Work | Act Work | Rem Wik
10 | Opersiors 4| s18%8 31,096 %0 ST | 160n [ ) ™ 000
51 Remove Linerto Cell 3 $87.670
"0 | Aeeowce Name Units Coal Basaling Cosf | AcL Cost | Mom Cosl | Work | Ovi Work | Bessline Work | Act Work | Rem Work
7 | Opevaiors 3| S0 313,263 30 $10,900 | 008 [ 7 [ 908
15 | 790 Hes! Trk 2] sarest 32613 %0 837450 | ovea on Seon o o08h
16 | 908 Losdwr 1| ssare $13, 104 ) 830,130 | 3som & 237 o 0m
38 _| Sulier Maintenence Cost 19 $5,000 $10,000 80 35,000 | som on 10088 o 2000
s2 Qualty Contral $20,150
[ | Resowce Newe Uniis | Cost | Baessiine Cost | Act Cost | Rem Cosl | Work | O Work | Baseleo Work | Act Work | Rom Work
14_| Quallly contol contrecior 63 | $201%0 $20,150 ] $20,150 | 3256 [ 3260 oh 3250
(] MISCELLANEOUS ITEMS $2,30,33
54 Long Term Care Fund Allowance $565,300
[ D | Rescwce Nawe Unils Cost Bassline Cosf |  oaf | Rem Cosf | Work | Ovi Wark | Beseline Wark | Ac Work | Rem Work
21 _| Long Term Caro Fund G083 | $505300 $851,200 , 30 $585,300 h oh o o A
56 Butier Machinery Mobiization $131,000
© | Resowce Newe Unis Coet Besslino Cost | Act. Cost | Rem Cost | Work | O Work | Bassline Work | Act Work | Rem Work
28 | Mlobikzeiion per 10k dollars 13.1 | $131,000 $137,000 $0 $131,000 on 0 [ o o
56 Temporery Office Facillies $67,500
[ _| Assowce Neme Unis T Cost | Bessine Cost [ Act Cost | Rem Cost | Work | Ovt Work | Bessline Work | Act Work | Rem Work
48| Ofice ballera(Techwicad s | $87.300 30 $0 | #97,8500 | 31200 o oh [ 312000




J
o ®

Task as or 12/198

Whaesl Wash Facifities $150,672

[ _| Aosoarce Nawwe | Unin Cost | Besetino Cosl | Act Cost | Rem Cost | Work | OV Work | Beselne Wark | Act Work | Rem Work

7 | Opemiors 2| 3106872 %0 %0 | 100672 | €300 o on on #320n

18_| Whostwash costs 10] 350,000 % ] 350,000 0 o o o 08

Managerial Support $1,088,083 ,

Maneger/Enginesr $300,000

(10| Resowce Name Units Cosl | Dessline Cont | Act Cost | Rem Cosf | Work | OVt Work | Besstine Work | Act Work | Rem, Work

77| Manapestnginear 1] $380,000 $200,731 $0 | 5390000 | &2e0m [ ) [ 62400

Radistion Safety Oficer | $225,000

D_| Aescwce Nawe Unie | Cost | Basstie Cosi | Act Cost | Rem Cost | Work | O Wk | Beseline Work | Act Work | Rem Work

| Redeion Saltgy Ofcer 1] 3228000 3178467 %0 | $225000 | 6240m () 4066h oh 62400

D0 | AeecwcoNamo | Unis | Cost | Basslino Cosl | Act Cost | Rem Cost | Work | OW Work | Baseiiee Work | Act Work | Rem Work

3 | Seovelery 1] 380,000 370,183 ] 390,000 | 6240h [ ) ) 62400

Clark 358,450

[ | AesourcoName | Unis | Cosi | Bessiine Cost | Act Cost | Rem Cost | Work | OW Work | Bassliee Work | Act Work | Rem Work

% | Gk 1] 355408 58,406 ) AR ) ) ) )

Ervironmenial Technicien $83,577

(D _| Resowce Neme Unis | Cosi | Bessine Cost | Act Cost | Rem Cost | Work | Ot Work | Baseine Work | At Work | Rem Work

(37| Emdoamentel Techniclen 1] sasr7 $83,577 ) U AR ) o ) on %6

Maintenance Foreman $105,000 , .

_”B... Resowce Name Units Cost Bossiine Cost | Act Cosf | Mem Cost | Work | Owi Work | Baselive Work | Act Work | Rem Work

33| Aaiwinsance Foremen 1] ses000 $85,000 %0 | 3168000 | &2eom [ 20000 ) 62408

Chamist $45,000

(| RescwrcoNeme | Uniis | Cost | Bessiiwe Cost | Act Coat | Mam Coat | Work | OV Work | Bassiine Work | Act Wark | Rem Work

36| Ghomist 1] 35000 $46,000 [ $66,000 | 3000h o 26008 () 20008

Secuty ’ $180000

(0| Resowce Newe Uniis Cosl | Besoitne Cosl | Act Cost | Rem Cosf | Work | OVt Work | Beseliee Work | Act Wark | Rem Work

34 | Secwly Persomnel S| 8100000 $110,588 80 3780 600 107200 [ 502% [ 87200

Sefety Enginssr $80,000

[ | ResowcoNems | Units | Cost | Bassiine Coat | Act Cosl | Rem Cost | Work | OW Work | Bessiiee Work | Act Work | Rem Wark

35 | Saiely Exginoer 1] 300,000 $40,000 ) 580,000 | 41008 o 20000 ) 41008

Misc Materisls end Supplies $234,000

D | ResoucoName | Unils Cost Baseline Cost | Act Cost | Rem Cost | Work Ovt Work | Bassline Work | Act Work | Rem Work

S7_| Misc Supplies 11 8234000 3182478 $0 $234000 | 62400 on 4088h on 62400
Page 10
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laceamon  oF s_o% oL =S
Siope Helght| Length °A° CLAY °C° OO
No. fest fost | MaA [vOoL (D) ! ABA [ VOL (YD) | ARGA {VOL (YD)| AREA | vor (D) | amEiA Ner (YO
1 [Cell 3 North dike 12 26000 (2160 20800 | 1440 13887 629 601Q 1400 1940! TS 1460
2 |Cell 2 North Dike 1 400 19 ) 10 2 19 BO %0 1000 | 229 TO
3 [Cell 3 st Dike a SO0 80 m 40 14 129 b 400 141 s %0e
4 Cell 2 Eank Dike 1 1.290 19 o 1.0 46 19 847 30.0 1,204 229 1042
% [Celt 2 South Dike 3 3.500 o0 o °90 1167 119 2209 | %00 6,401 2285 4219
& Ceoll 3 rest Dike 2 1,100 o0 244 40 168 129 SO% 400 1,680 1% 1,130
7 |Coll S South Dihe 16 1,730 (3840 24801 (2960 16099 829 93547 |180L0 11667 | IS 9519
& Coll 3 South Dike 99 1,700 22019 145680 1310 95,77 | 1S ‘2438 (4100 286% | 2SS 19590
1 [Cell 9 East Dike ¢ 800 3540 1.600 %0 1061 329 %43 800 2a2%© 413 1407
10 [Ceoll 4 raet dike 2 1200 |T93 95287 [ S290 2O s 5222 12500 111N 19295 S80
11 [Coll 4 South Dike L 11400 14413 74744 | HI1O 44000 | 1978 21867 (9800 1IN 1723 5444
12 |Celd 4 Esat Dike 14 1900 (2940 14,136 | W0 .49 128 94Mm |18000 71704 8135 4219
Total Msterisl Reguirements | 18,000 19,501 1,984 4,250 100,900 $5.2%0

NOT:

Valise shoun in the "Ares” coMmn are the CROBS SECTIONAL AREA for thg compenart in SGUARE FEET,

Valios shoun I the “Voume® coMvm are the componart's Irea x length comertad to CUBIC YARDS.
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— NoT To ScaeE —

~
%. Saoumn -R.aul
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Toe VoeRi€s OF TS ESTIMAOTE A Cocc Closrs
Wi Be THE SamMa

Pae Wi BE Toowed Tuamar Hawbuma oF Canoom
P 400 Wi B m&ﬂm

Onuy Vg o MPofliE uPHMeVT Wiu. BEC 4 Tle
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637E Scraper
D8N Dozer

D7H Dozer

825C Compactor
980 F Loader
988 F Loader
769C Haul Truck
2458 Excavator
651 Water Wagon
5000 gai Water Truck
14G Maintaniner
16G Maintainer

12/9%

BCLPHGLT CosTy - Naw Fuae s gquip Tentac

RATE MTCE FUEL FUEL @ TOTAL

MONTHLY | MHOURLY |EXPENDABLES| USAGE $0.08 COST
21,630 122.90 2.01 24.0 20.64 145.55
10,815 61.45 1.08 8.5 7.31 69.84
9,270 52.67 0.88 7.0 6.02 59.57
9,785 55.60 1.03 14.0 12.04 68.67
10,300 58.52 1.08 9.0 1.74 67.34
15,450 87.78 1.34 120 10.32 99.44
9,270 52.67 1.39 9.0 1.74 61.80
16,480 93.64 1.29 140 12.04 106.96
10,300 58.52 1.75 18.0 15.48 75.75
5,665 32.19 0.67 10.0 8.60 41.46
7,725 43.89 0.98 5.5 4.73 49.60
11,330 64.38 1.13 8.5 7.31 72.82




637t Scraper
D8N Dozer

D7H Dozer

825C Compactor
980 F Loader
988 F Loader

769C Haul Truck
2458 Excavator

651 Water Wagon
5000 jal Waier Truck
14G Maintaniner
16G Maintainer

ufee

Equ iPMELT losts irH 3% INcRensE

RATE MTCE FUEL FUEL@ TOTAL

MONTMLY | HOURLY |EXPEMDABLES| USAGE %0.78 CosT
21,630 122.90 2.01 24.0 18.24 143.15
10,815 61.45 1.08 8.5 6.46 68.99
9,270 52.67 0.88 7.0 5.32 58.87
9,785 55.60 1.03 14.0 10.64 67.27
10,300 58.52 1.08 9.0 6.84 66.44
15,450 87.78 1.34 12.0 9.12 98.24
9,270 52.67 1.39 9.0 6.84 60.90
16,480 93.64 1.29 14.0 10.64 105.56
10,300 58.52 1.75 18.0 13.68 73.95
5,665 32.19 0.67 10.0 7.60 40.46
7,725 43.89 0.98 55 4.18 49.05
11,330 64.38 1.13 8.5 6.48 71.97




WEESE PETROLEUNM
80X 888
. DOVE CREEXK, COLORADO 81324
970-677-2424
NOVEMBER 25, 1996

ENERGY FUELS  _
ATTENTION: RICK VANKORTON
1€: 91D PRICE OF DIESEL FUEL DELIVERED TO BLANDING, UTAHN

#2 DIESEEL FUEL $.8143

FREIGHT 9. 0423
elasse

¢#1 DIESEL FUEL 5.91423

FREIGHT $.0423
eo0539

PRICE SUBJECT TO CHANGES WITH RACK PRICES

)

) NOV 2 6 1996 |7
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MINE/PROECT Nhite Mesa Reclamation Date 6/21/98 2 Calcby RymbHorn = Sheet ___of

EQUIPMENT OPERATING COSTS INCLUDING FUEL CONSUMPTION

Based on the Butler Machinery Guote of 3/8/98, EFNI is responsible for:

¢ Tires

e &round Engaging Components (&GEC)
o Fuel

Based on the length of the project, EFNI would qualify for a 159% discount off of the quoted
Butler rates. This analysis assumes that the dlecount, when taken with no credit for the
lower overtime rates, will more than offset the tire and GEC costs. Fuel lon

consumpt
(shown in gai/nr) has been added st rates quoted in the area for off-road diesel fuels.

RATE MTCE ] FUEL | FUEL@ | TOTAL |
TMONTHLY | HOURLY |ExPENOASLES| usace %0.7¢ cosT
. y3TE Scraper 21,000 | 119382 1.9 240 | 10324 | 18451 |
DEN Dozer 10800 | 5466 1.08 Y ) 646 | 6111
™ Dozer 4000 | Si.14 088 7-) 832 | 8191 |
A2BC, Compactor 4800 | 5598 1.00 140 | 1064 | 6562
5O F Loader 10,000 | %6.62 1.0% 40 664 | 64T
F Loader 18,000 | &% 3 180 120 412 | W68 |
169C Aauil Truck 4000 | 8114 158 40 624 | 5493
2458 Excavator 16,000 | 0. .28 140 | 10.64 | 102.80
51 Fater Nagon 10,000 | 96.62 110 180 | 19.60 | 1220
oW reter Truck §3500 | 1.9 068 | 100 | 160 | 34%0 |
146 Maintaniner 7800 | 4261 0.8 Y] 418 | 4174
166 Maintainar M.000 | 6280 110 Y] 646 | 1006

Pusi consumption is based on the Cat Performance Handbook using medium load factore
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11.22:96 FRI 08:43 FAX 1 7ol 208 1717 BUTLER MACHRINERY dout

® FAX TRANSMISSION

BUTLER MACHINERY COMPANY
- | 35 | PAGE DRIVE, PO BOX 9550
FARGO ND 58 | 0€
800-873-8858
701-208-1727
Fax: 701-298-1717

RA VAN HCRY
To: RICK VAN HORN Date: November 22, 1996
ENERGY FUELS
Fax #: Pages: 1, including this cover sheet.
From: JOEL NIKLE

COMMENTS :
RICK:

. PER OUR TELEPHONE CONVERSATION YESTERDAY RRFERENCE OUR PROPOSAL
DATED MAY 8, 1995, BUTLER MACHINERY COMPANY AGREES TO A 3%
INCREASS FOR ALL RATES QUOTED.
THESE NEW RATES WOULD BR VALID UNTIL THE EMD OF 1996.

IF YOU HAVE ANY QUESTIONS, PLEASE GIVRE ME A CALL.

SINCERELY,




~TRT 08 95 d1.4/FM BUlLER MACHINERY CO P.1

Butler Machinery Co.
1351 Page Drive
B“t er PO Box 8559
Fargo, ND 858106
(701) 232-0033
FAX (701) 208-1717
FAX TRANSMISSION NOTE

DATE: May 8, 1995

TO: Mr. Rick Van Horn

FROM: __Joel Nikle

NUMBER OF PAGES 3 (INCLUDING THIS PAGE)

IN CASE OF PROBLEM, CALL.: Joel (701) 232-0033

) IF CHECKED, PLEASE CONFIRM RECEIPT OF DOOUMENT

COMMENTS:
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MAY 8, 1993

ENERGY FUELS NUCLERR, INC.
ATTN: RICK VAX EORN

2764 CONPOSE DRIVE, SUITE 101
GRAND JUNCTION, CO 81306

DEAR RICK:

THANK YOU FOR TEE INVITATION 70 QUOTE ENERGY FUELS WUCLEAR, INC.
(EFNI) THE EQUIPNENT WEEDED FOR TEEIR MINING PROJECT IN BLANDING,
UTAR. BUTLER MACEINERY COMPANY (BUTLER) RESPRCTFULLY SURMITS OUR
PROPOSAL FOR A MAINTAINED FLEET OF CATERPILLAR MACRINES.

LISTED ON ATTACEMENRT A, TOU WILL FIND TRE MODELS, QUANTITIES,
MONTHLY RENTAL RATES, HOURS ALLOWED PER MONTH, EXCESS HOUR
CHARGE, GUARANTERD NUMBER OF MONTES RATES ARE BASED UPON, TOTAL

PREIGHT CHARGES AND THE MAINTENANCE RATE PER HOUR FOR MATERIALS
oMLY .

. ALL RATES SNOWN ON ATTACEMENT A DO NOT INCLUDE AMNY STATE, LOCAL,
PROPERTY OR ANY OTEER TAXRS THAT MAY AR APPLICABLE.

RAZES ARE BASED UPON ZLECTRIC EOUR METER RERADINGS WHICH ARE
ATTACEED 7O TER DASE OF RACE MACHNINE. RATES ARE BASED 0N 176
EOURS OF USE RACH MONTE. ZXICESS NOUR CEARGES, IF ANY, WILL BE
CALCULAYED AND INVOICED AT THE END OF THE PROJRCT. THERE WOULD
B8 BO CREDIT ISSURD FOR ANY ZOURS UMDER TRE ALLOWED DURING THE
TERM OF TRIS PROPOSAL. IF EFNI ELECTS TO DOUBLE SEIFT MACRINES,
THEENW BUTLER WOULD INVOICE THOSE ROURS AT TEE END OF EACH MONTR.
(TO FPIGURE TRE DOUBLE SEIFT RATES, TAKE THR EICESS NOUR RATR
SHRONN OW ATTACHMENT A TIMES TEE NUMBER OF BOURS).

RATES ARE BASED UPON A MININUM GUARANTEE OF 3 MONTES AMD A
MCEAQE. DRAL- IF ZVNI WERR 70 GUARAWIGE A LOWGER REWIAL TERM FOR
WES LISTED ON ATTACEMENT A, THRN BUTLER WOULD ALLOW TAE
FOLLONING ADDITIONAL DISCOUNTS OM THE MONTELY RENTAL RATES AND
EXCE3S BOUR CRARGHS RETROACTIVE TO DAY GME: 1. POR A KINIMUN OF
6 MONTES RENT, DEDUCT 58, 2. FOR A MININUM OF 9 MONTES RENT,
DEDUCT 108, OR 3. POR A MINIMUM OF 12 NOWTHS RENT, DEDUCT 15%.

BAMLE RSN

THE NAINTEWANCE RATES PER BQUE LISTED OM ATTACEMENT A INCLUDES
TER MATERIAL PART I 7, SUCE AS AIR, OIL, AND PURL PILTERS,
LUBRICANT OSLS. GREASE, am-rmn, BATTERIEG, FAN BELTS, LIGETS

@ Ao iaxs-ur oIls. BUTLER WOULD INVOICE RFNI ACTUAL NOURS USED ON

¥  MACEINES AT THR BMD OF EACE MONTE.

',"ir s Sanrg. 94002 . 14792 G Fote. 53200 Maps Gy, 37700 S Hh. 11100 N Som L. 31101
WAl Am L Mt Wy 2. Soag § 1391 8 400 %, 1O, Coomen A 128 G Y r.n Ik

"8 om 8300 0k ? P00 5§ 20 bm 12200 °0 e 20 PO Gon 1207 n - 1712 277 1308
L AR SR LN 892 0N T8 4230 0% 342 408 40% 136 3210 409 1149200 Lt Tma e
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Y 8, 1998
'‘MGY FURLS NUCLEAR, INC.
a8 2

OUR NOMTHELY MAINTERANCE CEARGE WOULD BE $20,750.00, WEICE INCLUDES OUR
LABOR, SPECIALIZED LUBE TRUCKS, SUPPORT VENICLES AND EQUIPMENT,
SPECIALIZED TOOLING, SCHEDULED OIL SAMPLING, PARTS TRAILERS AND
INVENTORIES, MILEAGE AND TRAVEL EXPEMSE. BUTLER WILL PROVIDE TWO (2)
FULL-TINE MAINTENANCE TECAWICIANG ON SITE FIFTY (50) HOURS PER WERK ON A
SCHEEDULE TO BE DETERMINED, MONDAY THROUGH PRIDAY. EFNI NOULD HAVE 10
SCHEDULE TEE MACEINES AVAILABLE FOR A TINE FRAME YET TO BE DETERMINED
ADEQUATE FOR BUTLER MNAINTEMANCE PERSOENNEL TO PERFORM TER REQUIRED
MAINTEMANCE. DBUTLER WOULD INVCICE EFNI FOR THE MONTELY MAINTENANCE
CHARGE AT THE BEGINNING OF ERACHE NONTH.

REPALIRS:

BUTLER WOULD BE RESPONSIBLE FOR ALL REPAIRS INCLUDING PARTS AND LABOR OX
OUR MACHNINES OTHER THAN PAILURES CAUSRD BY DAMAGES OR MIS-USE. REPAIRS
INCLUDE ITEMS AS MINOR AS STARTERS, ALTERMATORS, WATER PUNPS, KYDRAULIC
HOSES, ETC. T0 THR MAJOR ITENS SUCE AS ENGINES, TRAREMISSIONS,
DIFFERENTIALS, BRAKES, HYDRAULIC PUMPS AND CYLINDERS, EIC. IF TIME
PERMITS AMD EFNI REQUESTS BUTLER'S TECENICIAN TO PERFORK REPAIRS OR

VAINTEMANCE ON TARIR MACHINES, OUR BOURLY CHARGE WOULD BR $45.00 PER HOUR
'8 NATERIALS.

T

FAEIGHT CHARGES INCLUDE BOTH DELIVERY AND RETURN, ASSEMBLY, AND
DISASSEMBLY OF EQUIPMENT.

PROVIDE THE OPERATORS AS NEEDED T0 OPERATE MACEINES AS STATED
IN CATRERPILLAR'S OPERATING GUIDE. BUTLER WILL PROVIDE, AT B0 EXIPENSE TO
EFNI, QUALIFIED TRAINING IMNSTRUCTORE FOR THER PURPOSES OF TRAINING
OPERATORS. THEIS TRAINING WOULD TAKE PFLACE ON THE JOBSITE AT TEE INITIAL

START UP OF TER JOB AND WOULD INCLUDE CLASSROOM, WALK AROUND, AND IN IRON
DEMONSTRATIONS .

%'Hﬁ“ amm!mrmmmmmxmmmmlmcl

B, TRIS INCLUDRS GLASS BREAKAGE, BENT HANMDRAILS, STEP LADDERS,

. EZC. BUTLER'S NORMAL POLICY FOR REFPAIRING DAMAGES TO RENTAL

muuu IS TO REFAIR THREN WEEN THE RERTAL PERIOD IS CONPLETED, NONEVER,
IF TEE DAMAGED ITEM I8 OF A SAFETY CONCERM, WE WOULD REPAIR TER DAMAGRS
AS S00M AS POSSINLE AFTER TRET OCCURRAD. AN ITEMIZIERD LIST GF THER PARTS
AND LABOR REQUIRED WOULD BE PROVIDED TO EFNI PRIOR 70 STARTING THE
"SAIR, AND INVOICED AT CURRENT LIST PRICES PFLUS FREIGHT UPON COMPLRTION.
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\Y 8, 1998
IRGY PURLS NUCLEAR, INC.
4B 3

UMDERRCARRIAGE AMD TIRES: EFRI WOULD 58 RESPOMSIBLE POR ALL TIRE WEAR
IMCLUDING TIRE DAMAGES OX THRE MACHINES WITE AN ASTERISK LISTED ON
ATTACEMENT A. EQUIPNENT NOULD HAVE TO BE RETURNED WITH SAME BRAND AND
MODXL TIRES AS WHEN DELIVERED, OR PRORATED ACCORDINGLY BY PERCEKTAGE OF
TIRE WEAR AND CONDITION AT TERMINATION OF RENTAL PERIOD.

UPOR DELIVERY OF MACHRINES, A REPRESENTATIVE OF BUTLER, A REPRESENTATIVE
OF RFNI AMND A REPRESENTATIVE FROM AN INDEPEMDEWT TIRE DEALER OR
MANUFACTURER WOULD JOINTLY VERIPFPY IN WRITING THR CONDITION, PERCENTAGE OF
WEAR, AMD TIRE VALUE. UPON TERMINATION OF RENTA®., WE WOULD AGAIN HAVE
THE REPRESENTATIVES MENTICNED AROVE DETERNINE THE CONDITION, PERCENTAGE
OF WEAR, AMND TIRE VALUES. ANY DIFFERENCES MOTED, WOULD THEM BE CHARGRD
OR CREDITED TO EFHI INCLUDING BOTH MATERIALS AMD LABOR.

UNDERCARRIAGE NEAR ON ALL TRACK TYPE MACHINES WOULD B3 BUTLER'S EXPRNSE.
QROUD ENGAGING TOOLS:

BFNI WOULD BR RESPONSIBLE FOR ALL PARTS RELATING TO GROUND RNGAGING TOOLS
G.%.2.), 1.B. CUTTING EDGES, RIPPER TIPS AND PROTECTORS, BUCKET TIPS AND

. \PTERS, EDGES BETWEEN ADAPTERS, WEAR PLATRES ON BOTTOM OF BUCKETS AND

4 MOUNTING HARDWARE. BUTLER WOULD IMSTALL TEESE ITEMS OX AN AS NEEDED
sASIS AT THE CURRENT CATERPILILAR LIST PRICE PLUS PREIGET AT N0 ADDITIONAL

LABOR COSTS. ALL NACEINES WOULD 8K DELIVERED WITE NEW G.E.T. ITEMS AMND
ARE 7O BE RETURNED ¥WITH NENX.

WE WISH TO TEANK EPNI AND IO0OU FOR GIVING UE THE OPPORTUNITY TO PRESENT
QUR PROPOSAL AND FOR ALL THR CONSIDERATION WE RECRIVE.

SINCERELY YOURS,
BUTLER INERY CONPANY

A =

JORL W. NIKLE
AENTAL PLEET MAMAGRR

JWNM/del
cc: OSCAR SWENSOM, RENTAL FLERT MARKETING MAMAGER




ATTACHN..¥T A
ENERGY FUELS NUCLEAR, INC. 5
EQUIPMENT NEEDED FOR JOB IN BLANDING, UTAH x
MAY 8, 1885 8
MINIMUM 5‘
GUARANTEED TOTAL™ '
BAONTHLY HOURS EXCESS NUMBER OF FREIGHT MAINTENANCE &
RENTAL ALLOWED HOUR MONTHS RATE CHARGES RATE §
MODEL QrY RAIE PERMONYH CHARGE DBASEDUPON TJTO&FROM _PERHOUR _
*§37E 4 $21,000 EA. 176 BA, $66 EBA. 3 EA. $10,000 BEA. $1.95 RBA. E
D9N/RIPPER 1 13,000 176 42 3 8,000 1.30 8
28N/ RIPPER 1 10,500 176 34 3 7,000 1.05 =
DIH/RIPPER 1 9,000 176 28 3 6,000 -85 g
125C i 9,500 176 30 3 7,000 1.00 &
80P 1 10,000 176 32 3 7,000 1.05
‘988F  § 15,000 176 48 3 8,000 1.30
769C 4 $,000 BA. 176 BA. 28 BA. 3 RA. 7,000 EA. 1.35 BA.
45B ) | 16,000 176 50 3 12,000 1.25
0,000 GALION 1 10,000 176 30 3 8,000 1.70
ATER WAGON
,000 GALLOW 1 5,500 176 18 3 3,000 1]
ATER WAGON
1G/RIPPER 1 7,500 176 2¢ 3 5,000 .95
G/RIPPER 1 11,000 176 34 3 6,000 1.10

S'd

* PLUS TIRE WEAR
‘INCLUDBS ASSEMBLY AND DISASSEMBLY
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TRAVEL TMES FOR CAT 764C TRUCKS

BASED ON PROBCTED WAk ROUTES
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m Rust Geotech Inc.

A WMX Technotogees Company Phone 970 248 6200
PO Box 14000 * 2537 B% Aoad Far 970 248 640
Grand Junction. Coworado 81502-5504

May 22, 1995

COVER LETTER
EOR

REQUEST FOR PROPQSAL RFP-]1348

TO ALL OFFERORS

SUBJECT:

Dear Offerors:

Request for Proposal (RFP) #1348 for Construction of an RCRA-
Type Repository in Monticello, Utah

Rust Geotech Inc., Operating Contractor for the U.S. Department of Energy
(DOE), Grand Junction, Colorado, cordially invites your firm to submit a
proposal for the subject construction project.

‘ This solicitation includes the following documents:

I. Cover Letter and Payment and Performance Bond Forms.

II. Exhibit A) Statement of Work and Drawings in support of the
repository and associated construction, remediation, operation
and maintenance.

I11. Exhibit B) General Proposal Instructions: This document
contains general administrative information pertaining to the
proposal as a whole as well as evaluation criteria.

Iv. Exhibit C) Business Proposal Instructions: This document

covers business data such as pricing, terms, period of
performance, and includes the following:

a. Schedule A ooL H;ge Decision UT940009, Dated September
9, 1994,

b. Schedule B Notice of Requirements for Affirmative
Action.

c. Schedule C Unit price/lump sum proposal.
d. Schedule D Minimum Requirements for Small Business and

STall Disadvantaged Business Subcontracting
Plan.
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e. Schedule E Contract Pricing Proposal Cover Letter (Form
1411).

f. Schedule F Proposal Bond

g. Schedule G Proposal Representations and Certifications
(GJ-PROC-113). These are to be executed by
an official authorized to bind the offeror
and are made a part of this proposal.
Return one completed and signed copy with
your proposal.

h. Schedule H Organizational Conflicts of Interest (GJPO-
PPM-1333). This is to be executed by an
official authorized to bind the offeror and
is made a part of this proposal. Return one
completed and signed copy with your
proposal.

i. Schedule I Terms and Conditions (GJ-PROC-111), dated
May, 1995. These Terms and Conditions will
be included in any subcontract resulting
from this solicitation.

VI. Exhibit D) Technical Proposal Instructions. This document
contains a list of technical information and documentation
required. Pricing is NQT to be included in this technical

proposal.
VII. Site Specific Specifications: Engineering Document E02926AB.

VIII. Signature Page with Subcontract Schedule

Performance of the Work by the Subcontractor

The Subcontractor shall perform on the work site, and with its own
organization, work equivalent to at least twelve (12) percent of the total
amount of work to be performed under the subcontract. This percentage may
be reduced by supplemental agreement tc this subcontract if, during the
performance of the work, the Subcontractor requests a reduction and the
Contractor determines it would be in the best interest of the Government to

do so.

Pre-Propos»? Conference and Site Inspection

A pre-proposal conference and inspection of the work site(s) will be
conducted on June 13, 1995, beginning at 9:00 A.M. at the Rust Geotech
Office in Monticello, Utah. Answers to questions addressed to the
Subcontract Administrator, received no later than June 8, 1995, will be
addressed. A1l questions, including those arising during the site
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inspection, shill be submitted in writing to the Subcontract Administrator;
a written response will be sent to all prospective offerors.

Schedules

Refer to detailed sections within the Specifications to acquire scheduling

data.
The construction schedule shall be as follows:

2tart Date Completion Date

November 1, 1995 June 30, 2000
Estimate

The Rust in-house estimate for the total solicitation package is between
$25,000,000.00 and $50,000,000.00. The in-house estimate will not be
revealed.

If any of the documentation that you submit for this proposal is considered
proprietary to your firm, please so identify. Geotech will take every
precaution to ensure the security of the information. See the General
Proposal Instructions, Exhibit B, for additional information.

Your response is due no later than close of business, 4:30 P.M. MST, July
19, 1995. Should your firm desire not to offer a proposal, please send
notification of your decision. Response should be transmitted as follows:

U.S. Mail: Air or Surface Carriers:
Rust Geotech Inc. Rust Geotech Inc.

ATTN: S. H. Johnson ATTN: S. H. Johnson
Subcontracts Subcontracts

P.0. Box 14000 2597 B 3/4 Road

Grand Junction, CO 81502-53536 rrand Junction, CO 81503

Labels identifying the RFP, and defined as Technical Proposal and Business
Progosa]. should affixed to the outside of the respective proposal
packages.

Should any additional information be required, please contact the
undersigned at 970/248-6113.

Sincerely,

Stephen H. Johns&é

Subcontract Administrator

shj/ib fpcov:oul




SCHEDULE A

RFP - 1348

DOL WAGE DECISIONS




General Decision Number UT940009
Superseded General Decision No. UT930009
State: Utah

Construction Type:

HEAVY

County(ies):

BEAVER IRON SEVIER
CARBON JUAB UINTAH
DAGGETT KANE WASHINGTON
EMERY PIUTE WAYNE
GARFIELD SAN JUAN

GRAND SAN PETEZ

HEAVY CONSTRUCTION PROJECTS

. Fodification Number Tublication Date
0 02/11/1994
1 04/01/1994
2 09/09/1994

UT940009 - 1 09/09/1994




COUNTY(ies):
IRON SEVIER

BEAVER
CARBON JUAB UINTAH
DAGGETT KANE WASHINGTON
EMERY ) PIUTE WAYNE
GARFIELD - ' SAN JUAN
GRAND SAN PETE
= BOIL0.182B 01/01/1994
Rates Fringes
BOILERMAKERS 18.48 7.89
CARP0O722B 10/01/1993
Rates Fringes
MILLWRIGHTS 19.27 2.65
* TRONQ027G 07/01/1994 ‘
Rates Fringes
IRONWORKERS:
Structural 17.75 4.46
SUUT2007A 03/01/1983
‘ Rates Fringes
. CARPENTERS 10.81
CEMENT MASONS 11.52
ELECTRICIANS 13.52 2.71
IROITWORKERS:
Reinforcing 11.00
LABORERS (including
pipelayers) 7.65 1.60
PIPEFITTERS 12.60
POWER EQUIPMENT OPERATORS:
Backhoes 10.00
Cranes 10.43
Dozers 13.10
Graders 12.67
Loaders 11.26
Scrapers 10.00
Trackhoes 10.00
Tractors 9.42
TRUCK DRIVERS 9.42

........................................... o ————————————
WELDERS - Receive rate prescribed for craft performing operation
to which welding is incidental.

T A R D D D T WD WD - W D G G W W WD W G WD ) I WP G D D W WD G R AP R WD WD N Y D o A W W W D GV G R D W G U WY WP T " =

Unlisted classifications needed for work not included within
. the scope of the classifications listed may be added after

UT940009 - 2 09/09/1994




. award only as provided in the labor standards contract clauses
(23 CFR S.5(a) (1) (v)).

- . W T e S G W W D D GED GID D N G AOD S MR T WS e R D G G G P G T W S D I M N D G G I WS G R GO SN G I D WD W WE G O WD WS W AR PGS P W e

In the listing above, the "SU" designation means that rates
listed under that identifier do not reflect collectively

bargained wage and fringe benefit rates. Other designations
indicate unions whose rates have been determined to be

prevailing.
END OF GENERAL DECISION

UT940009 - 3 09/09/1994
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