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1.0 GEOLOGY

The project area (Figure 1) is included in 1:24,000-scale Geologic Map of the Copper Creek
Benches Quadrangle, Garfield County, Utah (Jackson and Noller, 1991). Geologic and
hydrologic summaries presented below are based on that publication, exploration drilling
conducted at the mine property, documents prepared for the Shootaring Canyon uranium mill

closure and reclamation, and other referenced publications of a more regional nature.

1.1 Regional Geology

The project site is located within the Colorado Plateau physiographic province, which is
characterized by wide areas of nearly flat-lying sedimentary rocks interrupted by abrupt
monoclinal folds that form broad basins and uplifts. Tertiary igneous intrusions have formed
mountain ranges in various parts of the Plateau, but the topographic relief over the majority of the
Colorado Plateau is the result of erosion of deep canyons into the flat-lying sedimentary rocks.
Land surface elevations near the project area are generally between about 4,000 and 6,000 feet,

but elevations up to about 11,000 feet occur in the adjacent Henry Mountains.

The project site is near the southern end of the Henry Mountains basin, a roughly elliptical
structure approximately 100 miles north-south by 40 miles east-west, bounded on the west by the
Waterpocket Fold and on the east by the Monument Upwarp. The basin contains sedimentary
rocks of the Late Proterozoic, Paleozoic and Mesozoic Eras; the oldest exposed sedimentary
rocks are Permian in age. The sedimentary rocks are intruded and domed upward by Tertiary
igneous intrusives forming the Henry Mountains, including Mount Ellsworth west of the site and
Mount Hillers north of the site. The Henry Mountains intrusives deform the sedimentary rocks
east and north of the project site and, in effect, bound the portion of the larger structural basin in
which the project site is located. The sedimentary rocks are upturned almost to vertical to the
north and east against the intrusives. Fault development in the area is associated with the intrusive
igneous centers. Vertical and sub-vertical faults commonly have a northeasterly or northwesterly
strike and do not generally extend far from the intrusive bodies. Bedding-plane faults are also

common near the intrusives.
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1.2 Site Geology

The project site is approximately five miles west of Mount Ellsworth and nine miles south of
Mount Hillers. The site is characterized by relatively flat benches cut by deep canyons including
and tributary to Shitamaring Canyon (Figures 1 and 2). Shitamaring Creek drains to the south.
Elevations generally range from 4,500 to 5,200 feet. The mine entrance (Figure 1) is in
Shitamaring Canyon at an elevation of about 4,550 feet, and the proposed evaporation pond is
located about one mile northwest of the mine entrance, on a bench between Shitamaring Canyon

and Hansen Creek Canyon at an elevation of about 4,900 feet.

Geologic structure is relatively simple in the project area, with the sedimentary strata dipping
gently (1 to 2 degrees) to the west and west-northwest, toward the axis of the structural basin. No
major faulting or joint systems have been mapped in the project area, but minor faults were
encountered in the subsurface during mining activities in the 1980s. At the site of the Shootaring
Canyon uranium mill about three miles south of the project site, the surficial sedimentary rocks
reportedly exhibit limited sets of joints that are widely spaced, steeply dipping and sealed with
calcite and gypsum. Joint trends are northwesterly and northeasterly, coinciding with the regional

structural pattern (Hydro-Engineering, L.L.C., and Environmental Restoration Group, Inc., 2005).

Sedimentary rocks of Proterozoic through Mesozoic age are present in the project area. Those of
Jurassic through Cretaceous are notable because of exposure at the land surface or hydrologic
significance in the subsurface. Rocks exposed at the land surface (Figure 2) are predominantly
sandstones and minor mudstones of Middle and Upper Jurassic age; Lower Cretaceous
sandstones and minor mudstones are exposed at the west and north margins of the project area.
The main parts of the uplands are formed on the Upper Jurassic Salt Wash and Brushy Basin
Members of the Morrison Formation. The higher buttes on the uplands at the western and
northern margins of the project area are capped by the Lower Cretaceous Dakota Sandstone.
Older sedimentary rocks are present only in the subsurface within the project area. The
stratigraphic section from the land surface down through the base of the Triassic rocks is shown
on the cross-section presented in Figure 3. Lithologic descriptions for the project area are

presented below.
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2.2 Site Hydrogeology

Groundwater at the project site is known to be present in the Salt Wash Member of the Morrison
Formation, the Entrada Sandstone, and the Navajo Sandstone. Groundwater in the Salt Wash
Member is under unconfined (water table) conditions throughout the project area. The mining
conducted in the 1980s in the basal sandstones of the Salt Wash Member encountered
groundwater only in the northwestern, structurally lower areas of the mine. Mine workings at
elevations less than approximately 4,450 to 4,500 feet were below the water table, and mine
workings above that elevation were dry. The entire Salt Wash Member was unsaturated where the
base of the unit was above an elevation of 4,450 to 4,500 feet. Historical records indicate that
pumping rates for mine dewatering ranged from approximately 15 gallons per minute (gpm) to
approximately 120 gpm. The structural dip of bedrock formations (1 to 2 degrees west-northwest)
at the project site, the elevations of the pre-mining water table and of the base of the Salt Wash
Member, and outcrops in the vicinity suggest that groundwater flow within the Salt Wash

Member is to the south-southwest, parallel to the strike of the unit.

Groundwater is reportedly obtained by two water wells completed in the Entrada Sandstone
within the project area. Records from the Utah Division of Water Rights (DWR) provide basic
information on a well permitted to Harold Ekker and drilled in 1954 to a depth of 470 feet.
Blanchard (1986) assigned it to the Entrada Sandstone. The well is located in the southeast
quarter of the southwest quarter of the southeast quarter of section 16, Township 35 South, Range
11 East, which is approximately one-fourth mile east of the Tony M Mine entrance. The well was
described in DWR records as being located in Shitamaring Canyon 400 feet up from the junction
with Moqui Canyon. Moqui Canyon could not be identified on available topographic maps of the
area. The well reportedly produced 20 gpm; no static water level was reported. The log of the
well indicates that it penetrates red shale to 240 feet, brown sand, “water sand” to 243 feet, sandy
shale and red sandy shale to 380 feet, fine sand and “water sand” to 425 feet, and then red sandy
shale to 470 feet. This corresponds with the lithologies predicted for a well starting in the upper
part of the Summerville Formation. The log also suggests that sandstones in the Summerville may
be saturated and yield small amounts of groundwater, but that the thick shales comprising most of
the Summerville would function as aquitards separating groundwater in the overlying Salt Wash
Member from groundwater in the underlying Entrada Sandstone. Copies of available information

regarding the well are presented in Appendix A.
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The other Entrada Sandstone well listed by Blanchard (1986) is reportedly in the southwest
quarter of the southeast quarter of the southeast quarter of section 16. It has a total depth of 500
feet, a static water level of 120 feet, and yields 30 gpm with 20 feet of drawdown. This appears to
be the well listed by the DWR database as being in the northeast quarter of the northeast quarter
of the northwest quarter of section 21 of the same township, very slightly south of the location
assigned by Blanchard. The log available from the DRW database lists red sandstone from 60 to
500 feet and a static water level of 120 feet below the land surface. Based on the elevation of the
top of the Entrada Sandstone at the wellsite, groundwater in the Entrada at this location is under
confined conditions. Records obtained from the DWR database contain a lithologic log for a well
drilled by Exxon Minerals Co., U.S.A. in 1978, supposedly in the north center of section 21,
Township 35 South, Range 11 East, less than one-half mile south of the project site. The log,
however, is not consistent with the geology of the stated location, given that the uppermost
formation penetrated by the well is the Mancos Shale, which is above the Dakota Sandstone and
has been removed by erosion from the stated location of the well. The well was drilled to a depth
of 1,300 feet and encountered the Entrada Sandstone from approximately 1,190 to 1,300 feet. The

water level rose to 1,260 feet below land surface in one hour, but a static level was not reported.

Hydro-Engineering, L.L.C., and Environmental Restoration Group, Inc. (2005) provide
information on a number of monitoring wells constructed in the Entrada Sandstone two to three
miles south of the project area. Groundwater in the Entrada Sandstone at that location is under
unconfined (water table) conditions, and the depth to groundwater in the monitoring wells ranges
from approximately 150 to 300 feet. Potentiometric surface elevations range from 4,240 to 4,270
feet and indicate that the direction of groundwater flow is south-southwest under a gradient of

about 60 feet per mile.

A well drilled into the Navajo Sandstone in the same quarter-quarter-quarter section as the Ekker
well mentioned above is listed by Blanchard (1986, Table 6). The well was drilled in 1975 to a
depth of 1,000 feet. It yielded 75 gpm and had a static water level 140 feet below the ground
surface. No log is available, and the well could not be identified in the DWR database. Based on
the reported static water level and the depth to the top of the Navajo Sandstone (approximately
850 feet) at the well location, groundwater in the Navajo appears to be under confined conditions
at the well location. Blanchard (1986, Figure 10 and Table 6) presents data on potentiometric
surface elevations in the combined formations of the Glen Canyon Group. His data indicate that

groundwater flow in the Navajo Sandstone beneath the project site is generally to the southeast
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under a gradient of 100 to 200 feet per mile.

2.3 Groundwater Quality

Groundwater quality data from within the project area are available for the Salt Wash Member of
the Morrison Formation, the Entrada Sandstone and the Navajo Sandstone. Groundwater samples
representative of the Salt Wash Member were collected from the Tony M Mine workings. The
results of the laboratory analyses are presented in Tables 1 and 2; copies of the laboratory reports
are included in Appendix B. The chemical quality of groundwater from the Salt Wash Member of
the Morrison Formation is poor, according to the results of analysis of five recent groundwater
samples collected from mine workings in the project area (Tables 1 and 2). Total dissolved solids
concentrations range from 1,820 to 5,810 milligrams per liter (mg/L), with magnesium and
sulfate the predominant major-ion constituents. A copy of laboratory reports with complete

listings of the analytical data is included in Appendix B.

Groundwater from the Entrada and Navajo Sandstones is of much better quality (Table 1), based
on chemical analytical data reported by Blanchard (1986, Table 8) and Hydro-Engineering,
L.L.C., and Environmental Restoration Group, Inc. (2005, Figures 7-3 and 7-4). Total dissolved
solids concentrations in samples from the Entrada Sandstone ranged from 176 to 368 mg/L.

Sodium and bicarbonate were the predominant major ions.

The one groundwater sample from the Navajo Sandstone reported by Blanchard (1986) had a
total dissolved solids concentration of 237 mg/L (Table 1). Sodium and bicarbonate were the

predominant ions.

@ TETRATECH,INC.
November 3, 2006 Page 11










