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TABLE 6.4. Seismic and Geothermal Disruption Parameters for Mill in the Wyoming Basins
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7.0 COLORAOD PLATEAU

The Colorado Plateau is a regional uplift of approximately 333,000 kmZ
that roughly circles the Four-Corners area of Utah, Colorado, New Mexico, and
Arizona {Fiqure 4.1), Historically, the region has heen the nation’'s largest
uranium producer., Numerous mines and mills are located in the Grants Mineral
District of northeastern New Mexico as well as in the Paradox Basin of south-
eastern Utah and southwestern Colorado. This area has great potential for
production capacity in the future (U.S. Oepartment of Energy 1980}.

Eroded plateaus and badlands characterize the terrain. Harsh winters and
mild summers are typical of the semiarid climate. Between 20 to 40 cm (8 to
16 in.) of precipitation falls per year, Strong winds are common throughout
the area, and wind and water erosion are the natural phenomena with the
greatest disruptive potential in the Colorado Plateau. A slight chance of
disruption from seismic activity and tornados exists,

7.1 REGIONAL CLIMATOLOGY AND METEOROLOGY

Annual evaporation greatly exceeds annual precipitation, giving the
Colorado Plateau a semiarid ciimate. The region has cool summers and harsh
winters, with wide fluctuations in daily and vearly temperatures. Gusty
winds, thunderstorms, tornados, and freezing and thawing are climatic charac-
teristics of the region that could disrupt uranium mill tailings piles.

Precipitation in the Colorado Plateau ranges between 20 to 40 cm/year (8
to 16 in.) with the greatest amount occurring in the late summer as convec-
tional rain storms, Severe blizzards are common during the winter, usually
appearing as dry frontal snow storms and containing little moisture. Annual
pan evaporation in the region ranges between 150 to 250 cm (60 to 98 in.).
Summer highs near 40°C and winter Tows around -18°C are common. Mean annual
freeze-free days range beween 12C to 150 (Argonne National Laboratory 1979).

Winds in the region are typically from the west-northwest and average
between 2.5 to 4.5 m/sec throughout the year. Local qusts can range up to
30 m/sec. Tornados occasionally result from summer thunderstorms within the
Colorado Plateau. Tornado frequency data collected for the region indicate
that the mean annual incidence of tornados per 26,000 km? ranges hetween
0 to 2 {Nelson and Shepherd 1978).

7.2 REGIONAL HYDROLOGY

Surface water occurs in the Colorado River drainage basin, except for in
the southeast corner of the Colorado Plateau. Tributaries to the basin
include the Dolores River, San Miguel River, and San Juan River. Uranium-
producing areas near Grants, New Mexico (in the southeastern reqion of the
plateau), are drained by tributaries of the Rio Grande River.
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Because of the Colorado Plateau's semi-arid climate, virtuaily all
surface water is confined to major drainage basins and is fed by mountain
snowmelt and springs. Surface runoff does not exceed 1.27 cm/year
{0.5 in./year) anywhere in the region. Wide variations in river flow rates
occur because rains in the region are irregular and often come as thunder-
storms, This phenomenon has important implications in the assessment of mill
tailings stabilization and will be evaluated on a site-specific basis,

Although uranium-producing areas of the Colorado Plateau are underiain by
clastic sediments that may provide aquifers, Tow precipitation prevents
recharge and Timits ground water. Large aquifers occur within 300 km of the
Four Corners area; however, a majority of the uranium-producing provinces do
not fall within this radius. Current knowledge of hvdrologic conditions
oeneath uranium-producing areas is incomplete. It is generally acknowledged
that iow precipitation and impermeable rocks 1imit ground-water accumulation
and transmission (Cooley et al. 1969).

7.3 REGIONAL SOILS

Soils of the Colorado Plateau can be classified under one of three
orders: Aridisols, Endisols, or Mollisols. Aridisols and Endisols dominate
in uranium-producing regions. Aridisols cover much of northeastern Arizona
and southeastern Utah; Endisols are generally restricted to western Colorado
and northwestern New Mexico., Endisols alsc occur in river valleys and in less
arid areas of the western Colorado Plateau. Mollisols occur primarily on the
southern and western fringes of the Colorado Plateau in central Arizona and
west-central Utah.

7.4 REGIONAL GEOLOGY AND GEOMORPHOLOGY

The Colorado Plateau is a regional physiographic and structural province
characterized by high plateaus, sedimentary basins, uplifts, intrusives, and
volcanic fields. Rocks ranging in age from Precambrian to Recent are repre-
sented in the region, with the most commen outcrops being Paleozoic and
Mesozoic sediments. Although Tocal deformation occurred during the Laramid
Orogeny (60 to 80 million years ago), the Colorado Plateau has remained
relatively stable throughout much of geologic time.

Surface rocks are primarily Paleozoic and Mesozoic sandstone, Timestone,
and shales. Volcanic tuff of the Cenozoic age also occur in the Grants ura-
nium belt as well as in the San Juan and Uinta Basins. In addition, Precam-
brian granitic and metamorphic basement rocks crop out in the Uncompahgre and
Zuni uplifts and in the Grand Canyon, Tertiary intrusives are common in local
mountain ranges (U.S. Department of Energy 1980).

During much of Paleozoic time the region was a marine basin undergoing
deposition. Vertical displacement of crustal blocks in late Paleozoic time
resulted in the ancestral Uncompahgre and Zuni uplifts. Regional uplift of
the entire plateau during late Mesozoic and early Cenozoic times formed a
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number of local basins and uplifts. This uplift also halted regicnal deposi-
tion and started erosional processes that have carved the area into buttes,
mesas, plateaus, and canyon lands.

7.5 REGIONAL SEISMICITY ANO GEOTHERMAL POTENTIAL

As a regional unit, the Colorado Plateau has experienced retatively few
earthquakes during recorded history. Most seismic activity occurs along
regional boundaries rather than within the physiographic province.

Earthquakes greater than intensity V (MM) have been recorded southwest of
Albuquerque, New Mexico, in a line roughly parallel to the southeast border of
the Colorado Plateau. The eastern edge of the plateau has alsc experienced
seismic activity that is believed to be related to faults along the San Juan
Basin (Argonne National Laboratory 1%79). Boundaries of the Colorado Plateau
in Utah and Arizona have experienced earthguakes greater than intensity V(MM}.
Areas considered to have high seismicity potential are restricted to extreme
northwest portions of the Colorado Plateau and are far removed from uranijum-
producing centers (Coffman and Von Hake 1973).

Geothermal potential is restricted to fringes of the plateau. Signifi-
cant subsurface igneous systems occur near Flagstaff, Arizona, and Los Alamos,
New Mexico. Surface hot springs are associated with the Los Alamos geothermal
activity (U.S.G.S. 1979).

7.6 MILL SITE CHARACTERISTICS

Thirteen operating mills are located in the Colorado Plateau., Five mills
are found in the Grants mineral district of northeastern New Mexico, and other
mills are situated in southwestern Colorado and southeastern Utah, Together
these mills process about 32,800 MT/day (36,100 tpd) of uranium ore. This
region is the largest producer of uranium oxide. Important physical charac-
teristics of mills in this region are summarized in Table 7.1.

7.6.1 Uravan Mill {Union Carbide Corp.)

The Uravan Mill is located in western Colorado, 80 km {50 miles) south of
Grand Junction, in an area of rugged canyons and mesas. Vanadium is the major
mill product; however, yellowcake is also produced by using a hot, highly
oxidizing, two-stage acid leach. Uranium mill tailings are currently retained
in two unlined disposal areas located in a bench along the San Miquel River
and the Hieroglyphics Canyon. The heights of the tailings pond retention dams
are 43 m (140 ft) and 32 m (105 ft), respectively, Overall slopes for the
embankments range from 1.5H:1V to 2.5H:1V. The pond occupies approximately
32 ha (80 acres). Union Carbide has proposed to build a new tailings area by
1983 (Geotechnical Engineers, Inc. 1980).
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7.6.2 Lisbon Mill (Rio Algom Co.)

The Lisbon Valley Mine/Mi1l complex is located about 48 km (30 miles)
southeast of Moab, Utah, in a mountainous area. Alkaline-leach methods are
used to process about 640 MT/day {700 tpd) of ore. After precipitation of
sodium diuranate from the pregnant liquor, the precipitate is redissolved with
sulfuric acid, The uranium values in the acid are then reprecipitated with
anhydrous ammenia to form ammonium diuranate, After drying and calcining, the
yellowcake product is formed. An earth-fill, clay-core dam retention system
serves as a storage system for radiocactive wastes, The dam is erected across
a natural basin. It has a crest length of 440 m (1450 ft) and was originally
14 m {45 ft) high, Plans are being generated fo add an additional 8 km
{25 ft) to the top., The slope ratios are 2,5H:1V on the downstream side and
2H:1V on the upstream side, At the cessation of operation, the pile will be
graded, covered with earth and topsoil, and seeded (U.S. Nuclear Regulatory
Commission 1976).

7.6.3 Moab Mill (Atlas Minerals Corp.)

The Moab Mill is located in a mountainous region about 5 km (3 miles)
northwest of the city of Moab, Utah. The mill originally used acid leach, but
the process was changed to alkaline leach (using the same resin-in-pulp equip-
ment). In 1968, a new acid-leach, solvent-extraction process circuit was
added, which recovers 550 MT/day (600 tpd) of uranium ore., The alkaline-leach
circuit recovers 540 MT/d (590 tpd) of high lime uranium ore. Vanadium also
is recovered. A tailings pond impounds both ligquid and solid wastes, The
tailings impoundment is enclosed by four embankment walls composed primarily
of tailings. Additional tailings dikes will probably have to be built. After
a two-year, post-operational drying period, the pond will be shaped and con-
toured with final slopes no greater than 10H:3V. The tailings will be capped
with clay and overlain with silty fine sand, and 0.3 m {1 ft) of gravel or
topsoil. After covering, the area will be revegetated {U.S. Nuclear Regulatory
Commission 1979b).

7.6.4 White Mesa Mill (Energy Fuels Nuclear, Inc.)

The White Mesa Mill is jocated about 8 km (5 miles) south of Blanding,
Utah, on a neariy fiat peninsula platform that tilts slightly to the southeast.
The mill began gperations in 1980, using acid-leach, solvent-extraction
metheds to process 1800 MT/day {2000 tpd) of ore and to yield both vanadium
and uranium products,

A six-cell tailings impoundment system occupies about 142 ha {350 acres)
of the site, The tailings cells are constructed by excavating the bottom of a
natural depression and placing a series of retention dikes made of compacted
s0il across the excavated area to form the downstream sides of each cell. The
dams have a maximum height of 13 m {42 ft), a crest of & m {20 ft), and slopes
no greater than 3H:1V, The final exterior slope of the last embankment will
nave a slope of GH:1V.

38



M1l

Lharacteristics

Lacatimn

Tvpe of Pand

Tailings Area fha)

Tailings Rimen-
ginng ‘Ll

Rio_Algom(2)

32°1R'N
1097174y

"

14

1NN0D x 730

TARLE 7.1.
Piateay
atlas(n.2) Resources{d)
32°3A'N 377473
1N0° 3R 'y 110741
A A
a7 7?8

950 x 730

Tqhankment {Pond Earth fi11, Tailings,
TvDe A' Material clayv-tore 5and,
gravel
S1ne ?.hH 1Y 1.5H: 1Y
Hright I 21 73
Site E]eya§ion 2165 1220
{MSL~~mit
Leach Proress Alkaline Slkaline
and acid
are Pr?c§ss Rate A40 1100
MT i dawt 5
fat il.S, Nurlear Reagulatory Commissinn (19760

by LS. Nanlear Regulatory Commission (1879pY

fcy Atlas Zorporation 11975100

Naclear Regulatory Commission (1979¢)
. Nac tear Requlatory “ommission (19794)
FY 3tAenlania (19790

RS,
A

i} Seotechnical Engineers, Inc (1980)

inl Ploneer Miclear,

T Sokig 119800

inc.,

11979)

43N x /7D

Earth, sand,
arave ]

PH:TY
36

1460

Aeid

630

Pignacr(h)

Urayan

IRT2N
108°20'W
C
hl)}

790 x 790

1730

Acid

a0

f1975)
1.S. Atomic Enerqgy Commission {1989

Enerqy
Faels yee L)
Nuclear!®sf}  Uravan
37730'N 3RC22'N
10930 'W 108745 W
A lsix celld A
135 32
1826 x 670 NA
Native soils NA
BH: 1y ZH: 1Y
3 to 13 32 to 43
1710 NA
Arid Acin
1ann 1200
! tnited Nuclear Corp.
Names and Moore (1081}
Kerr-McGee Nuclear Corp. {1981)
Earth Science Associates {1980}

Physical Characteristics of Mills in the Colorado Plateau

] United
§phio{1j Nuc]equJ}
351NN 35°35'N

107°20'W 108735 W

A A

25 80

B1% x 760 30 x 180

Earthen Native clav
and coarse
compacted
tailings

NA 3H: 1Y

30 21

2160 2130

Acid Acid

1500 3600

Y 1J.S. Nuclear Requlatory Commission [1980c)
Civil Svstem, Inc. (1979}
Hydro-Engineering (19811

| Topograohic maps shown in Appendix
J.S. Nuclear Regulatory Commission {1980b}

) Kerr-

Anaconda(, 1) mcGeel™!
35°15'N 35723'N
107°57'W 107750°W
AC A
A = 110 100
A = /10 x 1220 1200 x 1300
= 1200 x 130N
Compacted Coarse
clay tailings

and

s 1imes
1.5H:1V NA
NA 30
2010 2130
Arid Acid
6200 6300

KEY

‘

Na--hectare
m--meter
H:¥-~horizontal:vertical
MSL--mean sea lavel
MT--metric tonne

Gulf Minera)

Resources! ")

1N7°39'K
3727

b

a0

NA

2200

Acid

3700

NA-- not availahle
Type of pond:
J--natural

39

quwgf{fll_
107217 W
35770 W
)

AN

1070 x 760

2010
4rid

2000

A--ahove ground, with trenches
or excavater pits
C--Tined cells or frenches

Homestace

3571%N
IN7°57 4
i
a1
AON w1200
Natu=al snilg
and noarsa
tajlings
1.64:1Y

24

2010
Alexline

1100







As the first cell is filled and reclaimed, the next cell downstream is
filled with tailings, while a third cell is constructed and lined with a PVC
liner. Reclamation of each cell includes a 0.6-m (2-Ft) clav cap with 4 m
(12 ft) of local soils. Reclaimed slopes will be riprapped; slopes will be no
steeper than 6H:1V (U.S. Nuclear Regulatory Commission 1979d).

7.6.5 Shootering Canyon Mill {Plateau Resources Limited)

The proposed Shootering Canyon site is to he located ahout 8 km (5 miles)
south of Mt, Elisworth in southeastern Utah. B8luffs and mesas are typical of
the landscape in the proposed mill vicinity. The mill is designed to process
ore at a rate of 680 MT/day (750 tpd) using conventional acid-leach, solvent-
extraction methods of recovery.

The tailings pond is an 1l-ha (28-acre) impoundment located in a natural
basin, The impoundment is closed by an engineering embankment 36 m high by
460 m long (118 ft high by 1500 ft Tong). The floor and the sides of the
basin will be lined with a compacted clay-silt-sand material. A dewatering
system will be installed in the lower portion of the tailings impoundment.
The proposed reclamation program calls for 3 m {9 ft) of compacted clay cover
and 0.3 m (1 ft) of sand, aqravel, and cobbles {riprap). The riprap will also
cover the downstream face of the dam with a 2H:1V slope. Sediment-laden
runoff from the drainage basin above the dam will pond over the cover and
evaporate, leaving additional sediment to protect the cover. After reclama-
tion, two spillways will be constructed. Both spillways will have crest
elevations 1 m (3 ft) above the cap of the tailings pond (U.S. Nuclear
Regulatory Commission 1979c).

7.6.6 San Miguel Project (Pioneer Uravan, Inc.)

The proposed San Miguel Mill is to be located in the Disappointment
Valley, 6 km (4 miles) east of Slick Rock, Colorado. The ore will be treated
using conventional sulfuric acid-leach, solvent-extraction methods. The mil]
tailings will be handled through a dry-disposal, continuous reclamation method.
The tailings disposal system will consist of a series of 10 north-south strip
cuts, 76 m {250 ft) wide and 760 m {2500 ft} Jong. Each pit will have a depth
of 9 m (30 ft). The total tailings area will occupy 70 ha {172 acres). Back-
filling, grading, and revegetation of the reclamation cover probably will be
accomplished throughout the 1ife of the project {Pioneer Nuclear, Inc. 1979).

7.6.7 Bluewater Mill {Anaconda Co.}

Anaconda's Bluewater uranium mill is located in the San Jose River Valley
Belt, about 16 km {10 miles) northwest of Grants, New Mexico. Mesas surround
the mill to the north, east, and south. The mill uses an acid-leach, solvent-
extraction process; however, magnesium oxide is used as the precipitation
agent rather than ammonia.
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Tailings are currently transported via a slurry pipeline into a natural
basin to the north of the plant area. The tailings pond has retention dams on
all sides. ATl dams have a 4 to 9-m (12 to 30-ft) crest and a 1.5H:1V to 2H:1V
slope. Riprap lines part of the north-facing dam. The maximum height of the
tailings pile is 18 m {60 ft) (Anaconda Company 1969).

A new below-grade disposal system is being planned for use in 1984, The
proposed system will consist of a series of parallel trenches. As each trench
is filled with tailings, an adjacent trench will be excavated and the excavated
material will be used as backfill for the previous trench. The trenches will
be 90 m (300 ft) wide, up to 2280 m (7500 ft} long, and 15 to 20 m (50 to
70 ft) deep. Reclamation cover will vary from 3 to 13 m (10 to 40 ft) in
depth. Final slopes will be no greater than 10H:1V (Dames and Moore 1981).

7.6.8 Church Rock {United Nuclear Corp.)

The Church Rock Mil11, 32 km {20 miles) northeast oF Gallup, New Mexico,
is characterized by rolling hills., The mill, which processes 3640 MT/day
{4000 tpd) of ore through an acid-leach process, opened in 1977.

The tailings pond is formed by a dam built from native clays and compacted
coarse tailings. The dam wiil ultimately be approximately 21 m (70 ft) high
and 3 km {2 miles) long, with a total tailings area of 83 ha (204 acres)
(United Nuclear Corp. 1975).

7.6.9 L-Bar Mill (Sohio Petroleum Co.)

The L-Bar Mill site is located about 29 km {18 miles} north of Laguna,
New Mexico, and is characterized by fliat terrain, The mill hegan operation in
1976 with a capacity of 1500 MT/day (1650 tpd) of ore. The mill uses a
sulfuric acid-leach, solvent-extraction circuit, followed by precipitation
with ammonia, to process the uranium. Tailings are transported as a slurry
from the mill to a 65-ha {160-acre) tailings pond. The pond is an above-ground
impoundment built of natural materials, with an engineered starter dam (Sohio
Western Mining Company 1980).

7.6.10 Mt. Taylor Project {Gulf Mineral Resources)

The Mt. Taylor Uranium Mill Project is located in northwestern New Mexico,
approximately 48 km {30 miles) northeast of Grants. The proposed miil, sched-
uled to begin operations in 1983, will process 3800 MT/day (4180 tpd) of ore
through acid-leach methods. A 10-km (6-mile} pipeline will transport tailings
to an impoundment located in La Polvadera Canyon, a natural canyon bordered on
three sides by high bluffs providing protection from wind and storm damage. A
series of trenches will be excavated into bedrock units of predominantly shales
and silt stones. Berms will be constructed at intervals along the trench
bottom to promote settling of slimes. The trench will be filied with tailings
to 5 ft below existing ground level. Reclamation of the tailtings burial will
begin after a trench is filled and covered with mine spoil. The area will be
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graded and covered with topsoil. The reclaimed trench area will have a 15-m
(50-ft) cover and will be contoured to about 8H:1V slopes (Earth Science
Associates 1980).

7.6.11 Marquez Project {Bokum Resources)

The Marquez Project Mill, scheduled to begin operations in the near
future, is about 5 km (3 miles) northeast of Marquez, New Mexico., The mill
site is located on top of Mesa Marquez; however, the proposed tailings disposal
area is Incated below the mesa, in a valley. The tailings will be deposited
in six trenches, excavated sequentially. Each trench will be filled to a
level below the lowest point of the adjacent ground surface, and on reclama-
tion, covered with at least 3 m (10 ft) of soil. After reclamation, the pond
will have a gentle, broadly convex surface. Slopes near trench areas will be
about 10H:1V and slopes near non-trench areas will be 8H:1¥. The toe of the
reclaimed slopes is to be riprapped at selected locations (U.S. Nuclear
Regulatory Commission 1980c).

7.6.12 Ambrosia Lake Mill (Kerr-McGee Nuclear Corp.)

The Ambrosia Lake Mill is Tocated about 40 km {25 miles) north of Grants,

New Mexico. The mill extracts uranium and molybdenum through a conventional
sulfuric acid-leach, solvent-extraction process and has a rated capacity of
6350 MT/day {6980 tpd). Tailings are deposited into a svstem of 21 tailings
and decantation ponds covering 140 ha (350 acres). The pile will reach a
maximum height of 30 m (100 ft). After operations have ceased, the tailings
area will be contoured to a slope of 5H:1V and covered with clay or dirt.

Some areas will be riprapped with locally available stone.

7.6.13 Homestake Mill (Homestake Mining Company)

Homestake Mill is located about 16 km (10 miles) northwest of Grants, New
Mexico. It currently processes about 2300 MT/day (2530 tpd) of uranium ore,
along with an 8% vanadium by-product. The mill uses an alkaline leach process
after fine-grinding the ore. Tailings are discharged via a pipeline into an
above-grade impoundment covering an area of 105 ha (260 acres). In April,
1980, the tailings material reached a height of 26 m {85 ft) (U.S. Nuclear
Regulatory Commission 1980b).

/.7 PRECIPITATION AND POTENTIAL FLOOD STRESSES

Flood parameters for this region are summarized in Table 7.2, Mean
annual precipitation ranges from 18 to 36 cm (7 to 14 in.). However, data
indicate that all sites are susceptible to flash filooding. Thus, a most
important factor is the proximity of a site to a stream. The Moab, Shootering
Canyon, and Marquez sites are the most vu?nerab1e Reported maximum values
For stream flow for the Moab site are 2190 m3/sec (78,300 cfs) with a
velocity of 3 to 5 m/sec {10 to 15 fps).
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7.8 EOQLIAN OISRUPTION POTENTIAL

The sites are characterized hy moderate winds. Extreme wind velocities
range from 23 to 36 m/sec (58 to 90 mph) for the sites studied. Tornado
probabilities are very low. Eolian disruption parameters are summarized in
Table 7.3,

7.9 SEISMIC AND GEQTHERMAL DISRUPTION POTENTIAL

Volcanic activity poses a potential hazard along the borders of this
reqgion. The Mt. Taylor, Bluewater, Marquez, and L-Bar sites are ]TSS than
160 km (100 miles) from an igneous system greater than 10,000 x 1018 J,
Seismic risks are also relatively high; for example, maximum ground accelera-
tion for the Pioneer Uravan site was reported at 0.2 g (see Table 7.4).
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