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3.2 Geology and Depositional Environment

3.2.1 Regional Geology

The permit area is located in the Great Plains Physiographic province on the southwestern flank

of the Black Hills Uplift in southwestern South Dakota. To the west of the permit area is the
Powder River Basin of Wyoming. The regional geologic map of this region is shown on

Figure 3.2-1.

3.2.1.1 Regional Structure

The dominant structural feature in this region is the Black Hills Uplift. This uplift is of Laramide

age (65 million years ago) and is an elongate northwest trending dome about 125 miles long and

60 miles wide. Igneous and metamorphic Precambrian-age rocks are exposed in the core of the

uplift and are surrounded by outward-dipping Paleozoic and Mesozoic rocks that form cuestas
and hogbacks around the core of the uplift. Folds constitute the major structural features in the

Black Hills. During the early Cretaceous period, minor deformation along concealed northeast-

trending remnant structures of Precambrian age affected the courses of the northwest-flowing

streams and their tributaries, thereby influencing the location of the fluvial sandstone deposits of

the Inyan Kara Group.

3.2.1.2 Regional Stratikraphy

The oldest rocks in the region are Precambrian metamorphic rocks and granites. These form the

core of the Black Hills Uplift and are exposed at the surface of this structural feature. Overlying

these crystalline rocks as one moves radially outward from the core of the uplift are
2,000-3,000 feet of Paleozoic sediments. This sedimentary sequence contains several regional

aquifers, including the Deadwood Formation of Cambrian age, the Mississippian Madison

Limestone and the Pennsylvanian/Permian-age Minnelusa Formation.

Mesozoic sediments include the Triassic-age Spearfish Formation and the Sundance Formation,
Unkpapa Sandstone, and Morrison Formation of Jurassic age. A thick sequence of Cretaceous-

age sediments completes the Mesozoic section.

The Early Cretaceous sediments of the Inyan Kara Group consist of the Lakota and the Fall

River formations. The Inyan Kara Group is a transitional unit, exhibiting a change from
terrestrial to marine deposition. The basal Lakota Formation (Chilson Member) is a fluvial

sequence, which grades upward into marginal marine sediments where the Cretaceous Seaway
inundated a stable land surface. Basal units of the Lakota Formation scour into clays of the
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underlying Morrison Formation and display the depositional nature of a large braided stream

system, crossing a broad, flat coastal plain and flowing toward the northwest. Younger fluvial

sand units of the Lakota become progressively thinner and less continuous and are separated by

thin deposits of overbank and floodplain silts and clays. At the top of the Lakota is the Fuson

Member. The Fuson consists of shale with minor beds of fine-grained sandstone and siltstone.

The Fuson separates the underlying Lakota Formation from the overlying Fall River Formation.

The Fall River consists of thick, widespread fluvial sands in the lower portion, grading to

thinner, less continuous, marginal sands in the upper part. The Cretaceous Lakota and Fall River

Formations are the hosts of the roll-front uranium mineralization in the Black Hills region.

Following deposition of the Fall River, this region was covered by the North American

Cretaceous Seaway, which resulted in the accumulation of vast thicknesses of marine sediments

(from 3,000-5,000 feet thick). These marine sediments are represented by the Skull Creek Shale,

Newcastle Sandstone, Mowry Shale, Belle Fourche Shale, Greenhorn Formation, Carlile Shale,

Niobrara Formation and Pierre Shale. In Late Cretaceous time, the modem Rocky Mountain

Uplift began, forcing the retreat of the Cretaceous Seaway.

Unconformably overlying the Cretaceous sediments in the Black Hills region is the Tertiary-age

(Oligocene) White River Group. This thick sequence is primarily composed of tuffaceous

mudstones and siltstones, with minor amounts of fluvial, coarse sandstone, lacustrine limestone

and gypsum, and tuff beds. The tuff beds were deposited from volcanic eruptions to the west

(Larson and Evanoff, 1998). The majority of the White River sediments have been removed by

erosion and the remainder can be found as erosional remnants. This unit is thought to be the

source of the uranium deposits found in the Black Hills region and the Powder River Basin of

Wyoming.

The most recent sediments in the region are Quatemary-age deposits consisting of local material

derived as a result of post-Laramide-uplift erosion. Recent deposits include alluvium and

floodplain terrace deposits.

Figure 3.2-2 provides a stratigraphic column of the Black Hills.

3.2.2 Site Geology

The site surface geology is shown on Figure 3.2-3. The Fall River Formation crops out across

the eastern part of the permit area and the Skull Creek Shale, Mowry Shale, and Belle Fourche
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Shale (collectively referred to as the Graneros Group) crop out across the western part of the

permit area. The formations dip west and southwest at 2 to 6 degrees.

The geology of the permit area was developed through the interpretation of data gathered from

thousands of exploration drill holes. For each drill hole there was a suite of down-hole

geophysical logs run to characterize natural radioactivity and the lithology of the sediments in
the subsurface. Resistivity and self potential define the rock types encountered in the subsurface

(sandstone, siltstone, shale, etc.). This is further enhanced by a geologist's description of the
drill cuttings. Figure 3.2-4 is an example of a "type log" from the permit area. Appendix 3.2-A

provides a listing of the drill holes within 1 mile of the permit area.

3.2.2.1 Site Structure

The structure across the permit area is simple and shows sediments dipping gently 2 to 6 degrees

to the southwest. This is illustrated by structure contour maps on the tops of the Unkpapa

Sandstone (Plate 3.2-1), the Morrison Formation (Plate 3.2-2), the Chilson Member of the
Lakota Formation (Plate 3.2-3), the Fuson Shale (Plate 3.2-4), and the Fall River Formation

(Plate 3.2-5). Isopach maps also are provided for the Morrison Formation (Plate 3.2-6), Chilson

Member (Plate 3.2-7), Fuson Shale (Plate 3.2-8), Fall River Formation (Plate 3.2-9), Graneros

Group (Plate 3.2-10) and Alluvium (Plate 3.2-11).

The Dewey Fault, a northeast to southwest trending fault zone, is present approximately one mile

north of the permit area. The Dewey Fault is a steeply dipping to vertical normal fault with the

north side uplifted approximately 500 feet by a combination of displacement and drag. The U.S.
Geological Survey (USGS) considers an area 7 miles southeast of the permit area as the Long

Mountain Structural Zone. This northeast-southwest trend contains several small, shallow

surface faults in the Inyan Kara Group. No faults were identified along this trend on subsurface

structure maps of the underlying Madison Limestone, Minnelusa Formation or the Deadwood

Formation.

Despite the presence of faulting north and south of the site, there are no identified faults within

the permit area. There is some folding in the areas surrounding the permit area. East of the

permit area is a northwest-southeast trending anticline that ends in a closed structure called the

Barker Dome. To the west is the Fanny Peak Monocline. This monocline is the structural

boundary between the Black Hills Uplift and the Powder River Basin.
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3.2.2.2 Site Stratigraphy

The sedimentary rocks of primary interest that underlie the permit area range in age from Upper

Jurassic to Early Cretaceous. The Upper Jurassic Morrison Formation is considered to be the

lowermost confining unit for ISR operations (see discussion below). The uranium mineralization

is contained within the Inyan Kara Group (specifically within the Fall River Formation and

Chilson Member of the Lakota Formation). The depth of ore targeted for ISR ranges from 200 to

800 feet. The Graneros Group is the uppermost confining unit for ISR operations. Figure 3.2-4

is a type log for the permit area, illustrating the relationship between these sedimentary units.

Figure 3.2-2 demonstrates the relationship between these sedimentary units and underlying

rocks, ranging in age from Jurassic to Precambrian.

Plate 3.2-12 is a cross section index map for nine geologic cross sections (Plates 3.2-13 through

3.2-21) covering the permit area. In addition to showing the scaled vertical location of each ore

body proposed for uranium recovery, the nine cross sections also illustrate the continuity of the

Graneros Group, the Fuson Shale and the Morrison Formation, the major confining units, across

the entire permit area:

1) The Graneros Group is the uppermost confining unit and overlies the Fall River
Formation. This marine shale sequence has a maximum thickness of 550 feet in the
permit area. The Graneros Group is composed of several geologic formations including
the Skull Creek, Newcastle (not present in the permit area), Mowry and Belle Fourche.

2) The Fuson Member is the confining unit between the Fall River Formation and the
Chilson Member of the Lakota Formation. The Fuson Shale is a low-permeability shale
unit within the Fuson Member that ranges in thickness from 20 to 80 feet across the entire
permit area and crops out east of the permit boundary.

3) The Morrison Formation is the lowermost confining unit and underlies the Chilson
Member of the Lakota Formation. This low-permeability shale unit that ranges in
thickness from 60 to 140 feet across the entire permit area crops out east of the permit
boundary.

The nine cross sections presented in Plates 3.2-13 through 3.2-21 also provide detailed lithologic

interpretations of the host sandstones within the Fall River Formation and the Chilson Member

of the Lakota Formation. These interpretations show that interbedded clay beds are found

locally within both the Fall River and Chilson sandstones and may be sufficiently continuous as

to further subdivide the Fall River and Chilson into discrete, mappable fluvial sandstone

packages (i.e., Upper Fall River, Lower Fall River, Upper Chilson, etc.). These interbedded clay

beds may act as confining units within individual well fields. However, they cannot be

considered as regional confining units because they are discontinuous. This will be confirmed
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through delineation drilling and aquifer pump tests. Potential use of these interbedded clay beds,

as they relate to operational fluid control and monitoring, will be addressed in hydrogeologic

data packages prepared for each well field (refer to Section 5.3.3.4).

The three major confining units (Graneros Group, or uppermost confining unit, Fuson Shale, and

Morrison Formation, or lowermost confining unit) are depicted on Figure 3.2-4 in their typical

relationship to the host sands, which are in the Fall River and Lakota formations.

The following is a brief description of the formations of interest in the permit area:

Sundance Formation and Unkpapa Sandstone - The Sundance Formation is composed

primarily of shale and sandstone with an average thickness of 280 feet thick near the permit area.

Where present, the Unkpapa Sandstone is 50 to 80 feet thick and consists of well sorted, fine-

grained, eolian sandstone.

Morrison Formation - The Upper Jurassic Morrison Formation was deposited as floodplain

deposits. It is composed of waxy, unctuous, calcareous, noncarbonaceous massive shale with

numerous limestone lenses and a few thin, fine-grained sandstones. Within the permit area, this

formation has an average thickness of approximately 100 feet and is the lowermost confining

unit for ISR operations. The confining properties of the Morrison Formation are well

documented. An article entitled "Clay Mineralogy of the Morrison Formation - Black Hills

Area," published in the Bulletin of the American Association of Petroleum Geologists, Vol. 40,

No. 5, by Ronald Warren Tank (1956), provides an excellent description of Morrison clays in

this area. The Morrison Formation is an extensive, low-permeability, terrestrial clay unit, with

illite being the dominant clay mineral. Illite is a stable clay mineral that is usually deposited in

fairly stagnant waters in an alkaline pH. The continuity, thickness, and lithology of the Morrison

Formation ensure hydraulic isolation of the overlying Chilson sandstones from any potential

aquifers below the Morrison.

Exploration holes drilled to evaluate the economic geology of the Lakota Formation were

generally not continued the additional 100 feet required to penetrate the entire Morrison

Formation. Powertech (USA) drilled eight holes that penetrated through the Morrison Formation,

and records indicate that 16 historical TVA exploration holes penetrated the entire Morrison

Formation. Two electric logs from plugged and abandoned oil test holes in the permit area also

were used to assist with evaluation of the Morrison Formation. Table 3.2-1 provides a listing of

these 26 identified Morrison Formation penetrations.
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Table 3.2-1: Drill Holes Penetrating the Morrison Formation

Hole No. Easting (ft) Northing (ft) Elevation (ft amsl)
1. CATI 1028330 444666 3738
2. DRJ90 1037602 438720 3762
3. FBR31 1038131 433097 3800
4. RONA81 1033459 429385 3688
5. PM159 1032551 433100 3651
6. DWT48 1025864 444053 3702
7. DWT49 1025235 442634 3661
8. ELT14 1017626 444849 3617
9. DWT40 1022610 445875 3681
10. DWW190 1032799 450521 3760
11. DWW192 1033149 450479 3740
12. DY12 1025946 450088 3820
13. DY17 1027335 455821 3818
14. DY308 1012901 445124 3616
15. HDA1 1028537 448585 3780
16. TRM38 1035605 441152 3749
17. DB07-11-31 1038312 429998 3731
18. DB07-11-16C 1035139 429992 3698
19. DB08-11-18 1035133 429986 3700
20. DB08-32-12 1022352 439368 3590
21. DB08-32-11 1020339 443666 3627
22. DB08-5-1 1017626 444849 3629
23. DB08-1-7 1042271 434137 3913
24. DB09-21-1 1028628 453319 3822
25. AP140 047 05095 1038166 433840 3792
26. API40 047 05093 1032429 423452 3576
Note: Coordinate system is NAD 27 South Dakota State Plane South
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Plate 3.2-2 is a structure contour map of the top of the Morrison Formation. This map shows the

Morrison Formation generally dipping 2V2 degrees to the southwest - away from the

southwestern flank of the Black Hills Uplift. The irregular contour lines on Plate 3.2-2 in the

Dewey and Burdock portions of the permit area may indicate some minor scouring into the top

of the Morrison Formation and subsequent deposition of the Lower Chilson sands. This minor

scouring has not cut deeply into the Morrison clays, and the overall 60- to 140-foot thickness of

this formation has not been significantly affected.

A good understanding of the Morrison Formation is important to the Dewey-Burdock Project.

For this reason, in addition to providing the structure contour map of the Morrison Formation,

Plate 3.2-6 provides an isopach map of the Morrison Formation. This map was based on the

26 drill holes that fully penetrated the Morrison Formation and shows the thickness of the

Morrison varying from approximately 60 to 140 feet beneath the permit area. Also shown on

this isopach map is the location of cross section A-A'-A", which is shown on Plate 3.2-22.

Cross section A-A'-A" depicts the surface to the base of the Morrison Formation based on 10 of

the drill holes used in the development of the isopach map. The electric logs shown on this cross

section illustrate a consistently thick sequence of Morrison clays across the permit area. Copies

of all electric logs from test holes that penetrate the Morrison Formation are provided in

Appendix 3.2-B. The A-A' portion of the cross section traverses the permit area in an "updip"

direction through the initial proposed well field in the Dewey area. Due to the 22 degree dip,

the Fall River Formation is shown to rise from a depth of 550 feet below ground surface in the

Dewey area and crop out along the eastern edge of the permit area near A' (drill hole DB08-1-7).

The A'-A" portion of the cross section proceeds in a "downdip" direction from the outcrop and

continues through the initial proposed well field in the Burdock area.

Cross section A-A'-A" also illustrates the presence of the project's uppermost confining unit (the

Graneros Group) and the Fuson Shale confining unit between the Fall River Formation and the

Chilson Member of the Lakota Formation. The thickness of the Graneros Group ranges from

0 feet at its outcrop within the eastern portion of the permit area to over 550 feet in the

southwestern portion of the permit area. The Fuson Shale ranges from 20 to 80 feet thick

throughout the permit area.

Inyan Kara Group - This Group consists of the Lakota Formation and the Fall River Formation.

Sandstones within these two formations are hosts to all the uranium mineralization for the

project.
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Lakota Formation - The Lakota Formation consists of three members: from lower to upper

they are the Chilson Member, the Minnewaste Limestone Member and the Fuson Member.

The Chilson Member (commonly referred to as the Lakota Sandstone) is composed largely of

fluvial deposits. These deposits consist of sandstone, shale, and siltstone. The member consists
of a complex of channel sandstone deposits and their laterally fine-grained equivalents. The

Chilson Member consists of two units: a basal carbonaceous black mudstone and an overlying
unit of channel sandstones with laterally fine-grained equivalents and interbedded shales. The

sandstones are very fine to medium grained and well sorted and were deposited by a northwest

flowing river system. The massive sandstone is made up of numerous individual sand-filled

channels, which contain the uranium deposits.

The isopach map of the Chilson Member of the Lakota Formation (Plate 3.2-7) shows the

thickness of the channel sandstones and interbedded shales within the Chilson Member.
Thicknesses vary from 100 to 240 feet. In some cases the thickness of the Chilson may be

greater than shown on Plate 3.2-7; drilling was usually stopped in the lower carbonaceous shale

unit of the Chilson Member and typically did not reach the Morrison Formation.

The Minnewaste Limestone Member, although present in the region, is not present in the permit

area. Darton (1909) noted that the Minnewaste Limestone is some 20 feet thick at its type
locality at the falls of the Cheyenne River (25 miles east of the permit area, now under Angostura

Reservoir). In USGS Professional Paper 763 (Gott et al., 1974), the Minnewaste Limestone is

described in the type locality as being a pure limestone, but grading out laterally to a sandy
limestone and to a calcareous sandstone at its margins. Gott et al. also state that it is

discontinuous west and northwest of the type locality (toward the permit area).

A review of all drill hole and geologic lithology logs confirms the Minnewaste Limestone does

not occur within the permit area. Geologic cross section E-E' (Plate 3.2-17), along the

northeastern portion of the permit area, illustrates the geologic section where, if present, the
Minnewaste Limestone would occur. If present, this limestone unit would occur immediately

beneath the Fuson Shale confining unit and above the Chilson Member of the Lakota Formation.
A limestone would have a characteristically high (off-scale) response on the resistivity curve on

the electric logs. This response is not present on geophysical logs within the permit area. As
shown on cross section E-E' (Plate 3.2-17), no limestone is present.
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The Fuson Member is the uppermost member of the Lakota Formation. The shale-siltstone

portion of the Fuson (Fuson Shale) has been used to divide the Lakota Formation from the Fall

River Formation.

For clarification, the Fuson Shale is differentiated from the Fuson Member of the Lakota

Formation by Powertech (USA) for the purpose of characterizing the site geology. The Fuson

Shale has been mapped by Powertech (USA) and consists of 20 to 80 feet of low-permeability

shales and clays, which generally occur at or near the base of the unit. The Fuson Member of the

Lakota, in comparison, has been mapped based on outcrop by the USGS and others to be from

40 to 80 feet thick and consisting of interbedded fluvial shales, clays, mudstones, and sands.

The Fuson Member is described as having a lower discontinuous sandstone unit at its base and

an upper discontinuous sandstone at the top of the member. If present the lower sandstone unit

was mapped as Lakota sandstone. Similarly if the upper sandstone was present it was mapped as

Fall River sandstone. The isopach map of the Fuson Shale shows the thickness of the shale-

siltstone unit ranging from 20 to 80 feet (Plate 3.2-8). It shows thinning of the shale under the

overlying channel sandstones of the Fall River Formation.

The shales and mudstones within the Fuson Shale are highly stratified. Due to this stratification,

the vertical permeability is estimated to be several orders of magnitude smaller than the

horizontal permeability. Measurements of vertical permeability from core samples and estimates

from pumping tests are provided in Section 3.4.2.1.2.

The Fuson Member, being of fluvial origin, locally contains sand deposits (Schnabel and

Charlesworth, 1963). The presence of the sand facies within the Fuson Member does not

diminish the confining capacity of the Fuson Shale within the Fuson Member as defined and

mapped by Powertech (USA). The geologic map of the Burdock quadrangle (Schnabel and

Charlesworth, 1963) indicates that the Fuson Shale may pinch out in some areas. In particular,

the interpretive fence diagram presented by Schnabel and Charlesworth shows an area

approximately 1½ miles east and northeast of the permit area, across Bennett Canyon, in the E/2

Section 30, T6S, R2E, where the Fuson Member pinches out. However, based on available

borehole logs, the Fuson Shale is continuous and no less than 20 feet thick throughout the entire

permit area. The pervasive occurrence and continuity of the Fuson Shale throughout the permit

area is shown on the geologic cross sections (Plates 3.2-13 through 22).
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Fall River Formation - The Fall River formation is composed of carbonaceous interbedded
siltstone and sandstone, channel sandstones, and a sequence of interbedded sandstone and shale.
The lower part of the Fall River consists of dark carbonaceous siltstone interbedded with thin

laminations of fine-grained sandstone. Channels were cut into this interbedded sequence by

northwest-flowing rivers and fluvial sandstones were deposited. These channel sandstones occur
across various parts of the permit area and generally contain the uranium deposits. Overlying the
channel sandstones is another sequence of alternating sandstones and shales. The sandstones are

cross-bedded to massive, fine to medium grained, and well sorted.

The isopach map of the Fall River Formation (Plate 3.2-9) shows a range of thickness of 120 to
160 feet. The thickening of the formation indicates the presence channel sandstones. Along the
northeastern portion of the permit area, this formation is exposed on the surface and erosion has

taken place.

Graneros Group - The Cretaceous Graneros Group consists of several geologic units, including

the Skull Creek Shale, Newcastle Sandstone (where present), Mowry Shale, and Belle Fourche
Shale, which act as a single confining unit overlying the Inyan Kara. In the permit area, the

thickness of the Graneros Group ranges from zero at the outcrop of the Fall River to more than

500 feet (Plate 3.2-10).

Skull Creek Shale - The Skull Creek Shale, which directly overlies the Fall River Formation,
consists of dark gray to black shale, organic material, and some silt-sized quartz grains. The

Skull Creek Shale has a thickness of approximately 200 feet. The Skull Creek Shale and
overlying Mowry Shale have been removed by erosion from the eastern parts of the permit area.

Mowry Shale - At the permit area the Skull Creek Shale is directly overlain by the Mowry Shale.

The Mowry Shale consists of light gray marine shale with minor amounts of siltstone, fine-
grained sandstone, and a few thin beds of bentonite. Dark gray to purple and black iron and

manganese concretionary zones are common within the shale.

The Newcastle Sandstone, which is normally present between the Skull Creek Shale and the
Mowry Shale, is absent across the permit area. Extensive drilling in the permit area has

encountered no Newcastle Sandstone.

Belle Fourche Shale - The uppermost unit of the Graneros Group is the Belle Fourche Shale.

This 300-foot thick unit consists of thin-bedded gray to black soft shale, containing black to
reddish-brown ironstone concretions, which are particularly abundant in the basal 20-30 feet.
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There is bentonite production from the lower part of the Belle Fourche Shale, but not within the

permit area.

Terrace Deposits - Along the sides of drainages are relatively thin and flat-lying terrace deposits

representing floodplains and former levels of streams. The terraces are primarily overbank

deposits of clay and silt with gravel beds. Gravel deposits consist of boulders and pebbles of

chert, sandstone, and limestone.

Alluvium - The most recent sedimentary units deposited within the permit area are the

Quaternary-age alluvium deposits. Alluvium is present in the major drainages and their

tributaries. The alluvium consists of silt, clay, sand and gravel. An isopach of the alluvium is

presented as Plate 3.2-11.

3.2.3 Clarification of Breccia Pipes

Powertech (USA) evaluated the potential for breccia pipes in and around the permit area and

concluded that there is no evidence of breccia pipes. The detailed evaluation is presented in

Appendix 3.2-C and summarized below.

Breccia pipes have been studied and mapped in the southern Black Hills and are known to

originate in anhydrite and gypsum sequences within the upper portion of the Minnelusa

Formation. Dissolution of these evaporite sequences by underlying Minnelusa and/or Madison

artesian water created solution cavities into which overlying Permian sediments collapsed. The

aerial extent of dissolution is limited to a few miles downgradient from the Minnelusa outcrop.

The probable maximum downgradient limit of dissolution, or dissolution front, has been mapped

by the USGS and is more than 6 miles northeast of the permit area. There is no evidence of

dissolution of the Minnelusa in the permit area based on evaluation of an electric log from an

abandoned oil and gas test well within the permit area. In areas where there has been no

dissolution, there is no geologic foundation for the creation of breccia pipes in overlying

sediments.

Further evidence against the presence of breccia pipes is presented in Appendix 3.2-C and

includes exploration drilling, field investigations for breccia pipes, an evaluation of Inyan Kara

water temperatures, regional pumping tests, and evaluation of CIR imagery. Further, calibration

of the groundwater model presented in Appendix 5.6-A does not support inflow to the Inyan

Kara from deeper formations including through breccia pipes.
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3.2.4 Ore Mineralogy and Geochemistry

Uranium deposits within the permit area are classic, sandstone, roll-front type deposits, located

along oxidation-reduction boundaries, similar to those in Wyoming, Nebraska and Texas. These

type deposits are usually C-shaped in cross section, with the concave side of the deposit facing

updip, toward the outcrop. Roll-front deposits are a few tens of feet to 100 or more feet wide and

often thousands of feet long. It is generally believed that these epigenetic uranium deposits are

the result of uranium minerals leached from the surface environment, transported downgradient

by oxygenated groundwater and precipitated in the subsurface upon encountering a reducing

environment at depth. These roll-front deposits are centered at and follow the interface of

naturally occurring chemical boundaries between oxidized and reduced sands (see Figure 3.2-5).

Roll-front deposits similar to those in the permit area are described in NRC (2009).

Within the permit area, roll-front deposits occur at depths ranging from less than 100 feet in the

outcrop area of the Fall River Formation up to 800 feet in sands of the Chilson Member of the

Lakota Formation in the northwestern part of the permit area. The mineralized sandstones are

typically fine to medium-grained quartz sands that are moderately to very well sorted and show

sub-angular to sub-rounded grain angularity. Scattered pyrite concretions up to 1" in diameter
are sometimes present as are very thin carbonaceous stringers and very well cemented calcite

zones.

There is a geochemical "footprint" associated with these uranium roll-front systems, consisting

of 1) a reduced zone, 2) an oxidized zone, and 3) an ore zone. The following is a geological and

geochemical description of each of these zones for uranium deposits within the permit area.

Information included in this description was obtained from a 1971 petrographic study of core

from the Dewey portion of the permit area by Homestake-Wyoming Partners utilizing

microscopic, thin section, polished section, X-ray powder diffraction and spectrographic

analyses (Honea, 1971).

Reduced Zone - This zone represents the original character of the Inyan Kara sediments,
unaffected by any mineralizing events. Today, it is the unaltered portion of the system,
ahead of or down-gradient of the roll front. Reduced sandstones are gray in color, pyritic
and/or carbonaceous. Organic material consists of carbonized wood fragments and
interstitial humates. Pyrite is abundant within the host sandstones and present as very
small cubic crystals or as very fine-grained aggregates. Marcasite is also present as
nodular masses in the sandstones. This disseminated pyrite resulted from replacement of
original iron (magnetite or similar minerals) and organic material. This early-stage pyrite
precipitation contains trace amounts of transition metals (Cu, Ni, Zn, Mo and Se) and
resulted from either biogenic (bacterial) or inorganic reduction of groundwater sulfate.

September 2012 3-21 Dewey-Burdock Project



Hematite

Hematite
Magnitite

Alteration
Envelope

Siderite
Sulfur-S

Ferroselite
Goethite

Ore Stage
Uranium

Uraninite
Pyrite
FeS

Selenium
llsmannite

Ore-Stage Reduced
Pyrite Sandstone

Molybdenite Pyrite
Pyrite Jordisite

Jordisite Calcite
Calcite

This figure is provided to fulfill the
requirements of ARSD 74:29:02:11(1).

Figure 3.2-5

Conceptual Model of
Uranium Roll Front Deposit

Dewey-Burdock Project

Source: DeVoto (1978).



PowERnTch (USA) INC.

Plagioclase and potassium feldspar clasts are fresh and, with the exception of localized
areas of calcite cementing, calcite is sparse - averaging only 0.15%. A heavy mineral
suite (ranging from trace to 3%) of tourmaline, ilmenite, apatite, zircon and garnet is
typical of those found in mature, siliceous sandstones.

Oxidized Zone - This portion of the system, behind or upgradient of the roll front, is
characterized by the presence of iron oxides resulting in a brown, pink, orange or red
staining of host sandstones. The oxidized zone marks the progression of the down-
gradient movement of mineralizing solutions through the host sandstones. In the vicinity
of the oxidized zone, original iron has been altered and is present as hematite or goethite
as grain coatings, clastic particles or as pseudomorphs after original pyrite. Goethite is
considered to be metastable and is found near the oxidation/reduction boundary, while
the more stable hematite is found greater distances upgradient from the roll front. The
heavy mineral leucoxene - a white titanium oxide - is also present as a pseudomorph of
ilmenite. All organic material has been destroyed in the oxidized zone, where quartz
particles show solution or etching effects and feldspars have been replaced with clays.

In the oxidation process of the original pyrite, it is believed the transition metals (Cu, Ni,
Zn, Mo and Se) were liberated and incorporated into the mineralizing solution. This
solution was slightly alkaline, initially having a positive oxidation potential. Uranium
was in solution as the anionic uranyl dicarbonate complex. Other metals associated with
uranium were also carried in anionic complexes. In the vicinity of the permit area, the
oxidized zone in Inyan Kara sands has been mapped over a lateral distance of 15 miles
and found to extend up to 4-5 miles down-dip from the outcrop.

Ore Zone - This portion of the system is located at the oxidation/reduction boundary
where metals were precipitated when mineralizing solutions encountered a steep Eh
(oxidation/reduction potential) gradient and a strongly negative oxidation potential.
Sandstones in this zone are greenish-black, black, or dark gray in color. The primary
uranium minerals are uraninite and coffinite, which occur interstitial to and coating sand
grains and as intergrowths with montroseite (VO(OH)) and pyrite. Other vanadium
minerals (haggite and doloresite) are found adjacent to the uranium mineralization,
extending up to 500 feet into the oxidized portion of the system. Overall, the V:U ratios
can be as high as 1.5:1. The high concentrations of uranium and vanadium within the ore
zone indicate the original source of these metals was external to the Inyan Kara
sediments.

Transition metals were also precipitated at or adjacent to the oxidation/reduction
boundary. Native arsenic and selenium are found adjacent to the uranium, in the oxidized
portion of the front - filling pore spaces between quartz grains. Molybdenum is found as
jordisite adjacent to the uranium on the reduced portion of the front. The relatively low
concentrations of transition metals indicate their source could have been internal to the
Inyan Kara sediments rather than having been introduced from overlying tuffaceous
material which is believed to be the source of the uranium and vanadium.
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Late-stage deposition of calcite and pyrite also appear to be part of the ore-forming
process. Filling of pore spaces by nodular and concretionary calcite is found with the
uranium mineralization and extending out into the reduced portion of the front. It is
believed that uranium was transported as a uranyl dicarbonate complex and carbonate
deposition took place along with the precipitation of uranium. Late-stage, coarse-
grained, nodular or concretionary pyrite is also found associated with uranium ore and
adjacent to the uranium in the reduced portion of the front.

3.2.5 Historical Exploration and Mine Workings

3.2.5.1 Historical Oil and Gas Activities

No formerly producing or actively producing oil and gas wells exist within the permit boundary

or within 2 km of the boundary. Within this overall area, the locations of 13 plugged and

abandoned oil test wells have been identified, 3 of which are within the permit area. The

locations of these abandoned test wells are depicted on Figure 3.2-6.

3.2.5.2 Historical Uranium Activities

The first uranium mines in the Edgemont District were developed in the 1950s by prospectors

who followed mineralized Fall River outcrops into the subsurface by driving declines into the

mineralized sandstones. Susquehanna Western Inc. consolidated all mining operations in the

district in the 1950s and operated underground mines, surface mines, and the Edgemont Mill.

Refer to Section 1.3 for the history of uranium exploration in and around the permit area. In total,

more than 4,000 exploration drill holes were completed on this project. Figure 3.2-7 is a map

showing the location of all known drill holes. Appendix 3.2-A provides a listing of the drill holes

within 1 mile of the permit area.

There are historical uranium mine workings, including surface and underground mines, along the

eastern portion of the permit area. Underground workings are associated with four former,

shallow underground uranium mines and two open-pit adits. The locations of historical surface

and underground mining operations in the Triangle Mine area and the Darrow Mine area are

depicted on Figure 3.2-8. Susquehanna Western Inc. often drove adits short distances into open-

pit walls to recover additional uranium ore that was adjacent to the pit. These types of

underground workings were common at historical surface mines and were considered to be

extensions of the open-pit mining operations.

All of the underground workings within the permit area are associated with open-pit remnants

that are clearly visible or, in the case of the Triangle Mine, have been backfilled and partially

September 2012 3 -24 Dewey-Burdock Project



Legend
Permit Boundary

C3 2 km Search Radius

BNSF Railroad

N P&A Oil and Gas Well

P roposed Affected Area Boundary,
Deep Disposal Well Option

• Proposed Affected Area Boundary,
Land Application Option

This figure is provided to fulfill the requirements
of SDCL 45-"B-10(4).

Feet N
0 2,500 5,000 10,000

0 1,000 2,000 3.000
Meters

Figure 3.2-6
Plugged and Abandoned

Oil and Gas Wells within 2 km
of the Permit Boundary

Dewey-Burdock Project

C seesAseOF 0REAM U55vý;

oPhAnER M y

DATE 06-Nov-2012

FLE POWERTECh (USA) Ih.

December 2012 3-25 Dewey-Burdock Project
December 2012 3-25 Dewey-Burdock Project



18 15 14 13

23 2419 22

25

T7S
RIE

6

7 8 9

18 17 16 13

This figure is provided to fulfill the requirements of ARSD 74:29:02:11(1).

Legend
Permit Boundary

Drill Hole Locations

Feet
0 2,500 5,000

0 1,000 2,000
Meters

Figure 3.2-7

Dewey-Burdock Drill Hole Map

Dewey-Burdock Project
SIGNATURE / ,.

OF PREPARER

PREPARERF. L. Lichnovsky
DATE 24-Sep-2012

FILE ExploreDrillHoles.mxd
POWERTIECH 1USA) INC.

September 2012 3-26 Dewey-Burdock Project
September 2012 3-26 Dewey-Burdock Project



Legend
Permit Boundary

Processing Plants

BNSF Railroad

County Roads

C3 Open Pit Uranium Mines

V Spoil Piles

Potential Well Field Areas

Fall River

C3 Upper Chdson

03 Middle/Lower Chilson

Ore Bodies

A Lower Fall River

A Upper Chilson

A Middle/Lower Chleson

This figure is provided to fu the requirements
of SDCL 45-68-8 and 45-6B-9.

Feet N
0 1,0o0 2,000 4,000

0 500 1,000
Meters

Figure 3.2-8
Location of Historical

Mine Workings

Dewey-Burdock Project

PRE RF. Llchnovsky

DATE 11-Sep-2012

FILE dIOWE~rFECh lS) INC.

September 2012 3-27 Dewey-Burdock Project
September 2012 3-27 Dewey-Burdock Project



POWERTeChI (USA) INc.

reclaimed. There are no underground mines within the permit area that are not associated with,

adjacent to, or extensions of the open pits, all of which are within the upper Fall River

Formation. The underground mines consisted of declines (downward sloping ramps) ranging in

depth from 0 to 80 feet below land surface. The adits (horizontal tunnels) were driven into the

sidewalls of the historical open-pit mines. All underground workings were conducted within

sandstones of the Fall River Formation at or above the water table and above the Fuson Shale

confining unit such that these workings did not penetrate or otherwise compromise the integrity

of this confining unit. Refer to Section 3.2.2.2 for a description of confining units relative to

ISR. These workings will not be affected by Powertech (USA)'s proposed ISR operations, since

Powertech (USA) will not develop well fields within Fall River Formation sandstones in this

portion of the permit area (refer to Section 5.3.3.7) and the Fuson Shale confining unit is intact

and undisturbed (refer to Section 3.2.2.2). The following discussion provides detailed

information on the surface and underground workings.

Triangle Mine Area

As shown on Figure 3.2-8, the Triangle Mine was an open-pit mining operation along the

northeastern border of the permit area in the NE¼ Section 34, T6S, RIE. Immediately east of

this open pit was the Triangle underground mine. Although maps of the Triangle underground

workings are not available, Powertech (USA) has obtained a description of this operation

through personal communication with Donald Spencer (2011), a local rancher who worked in

this underground mine.

Mr. Spencer advised that he worked in the Triangle underground mine in 1957-58. He showed

Powertech (USA) personnel the location of the decline that was used to access the mine. The

decline is located approximately 1,000 feet southeast and updip of the eastern boundary of the

Triangle open pit in the NW¼ Section 35, T6S, RIE (see Photo A). Photo locations are depicted

on Figure 3.2-8. As shown in the photo, the haulage road from the decline is still visible, but the

entrance to the underground workings has been covered for safety reasons. There were about

1,000 feet of underground workings in the mine. The depth of these workings ranged from

outcrop to 70 feet below ground surface. The mineralized sandstone of the Fall River Formation

was unsaturated near the ground surface. Approximately 70 feet below the surface, the Fall River

sands became saturated, resulting in 2-3 feet of water in the mine, requiring dewatering. Near

the end of the underground workings, a vent shaft was installed approximately 400 feet from the

eastern highwall of the Triangle open pit to provide air to the underground workings

(see Photo B). Powertech (USA) measured the depth to the bottom of this vent shaft in April
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Photo A: Former Triangle Underground Mine Decline

Photo B: Triangle Underground Mine Vent Shaft
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2011 and found it to be 68 feet below ground surface with approximately 3 feet of groundwater.

Mr. Spencer stated that after the Triangle surface mine was completed, an adit was driven into

the eastern wall of the pit to recover additional ore. This adit connected the open pit with the

abandoned underground workings.

In 1960, Susquehanna Western Inc. began to develop the Triangle surface mine. A description

of the mining zone was obtained through personal communication in 2011 with James F. Davis,

the Susquehanna Western Inc. geologist who directed the delineation drilling for this mine

(Davis, 2011). Mr. Davis stated a single mineralized front progressed from the underground

mine area through the surface mine area in an east-west direction. In the western portion of the

surface mine area, the trend abruptly turned to the north and the grade of the mineralization

quickly diminished. The Triangle surface mine area is down-dip from the underground

workings; therefore, the depth to the mining horizon increased steadily. Mr. Spencer recalls the

depth of the Triangle open pit to have been approximately 120 feet below ground surface.

Figure 3.2-9 is an electric log from an historical exploration drill hole located approximately

200 feet north of the mined area. The gamma activity shown in the type log corroborates the

portion of the Fall River sand that was mined in the Triangle Mine and its position relative to the

Fuson Shale confining unit. The top of the mineralized sand unit in the type log is at a depth of

125 feet below ground surface. The single mineralized front present within this sand unit

correlates to Powertech (USA)'s F13 interval, which is the upper mineralized zone within the

Lower Fall River sand, the bottom of which is approximately 45 feet above the Fuson Shale. All

mining took place well above the Fuson Shale, which averages 50 feet thick in this area.

Accordingly, these historical mining operations did nothing to compromise the integrity of the

Fuson Shale confining unit.

Darrow Mines Area

Figure 3.2-8 depicts the location of the Darrow Mine surface pits in the eastern portion of the

permit area. These pits were developed within unsaturated sandstones of the Fall River

Formation at depths ranging from 50 to 90 feet below ground surface. As illustrated on

Figure 3.2-8, the Freezeout underground mines were located approximately '/2 mile north of the

Darrow surface mines. These historical underground mines are outside of the permit area in the

SW'/ Section 36, T6S, RIE. Freezeout No. I and Freezeout No. 2 each have approximately

1,000 feet of underground workings. Plan view maps obtained from TVA show the underground

workings at Freezeout No. 1 were accessed by two declines, and access to the workings of

Freezeout No. 2 was provided by three declines. Photos C and D show the current condition of
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Photo C: Former Freezeout Mine Decline

Photo D: Former Freezeout Mine Decline
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the declines for the Freezeout mines. The haulage roads are still visible but the access ways or

portals to the underground workings have collapsed or have been covered. Figure 3.2-10

illustrates how these shallow underground mining operations were used to recover ore in this

rugged terrain. It is important to note that the workings were above the water table and followed
the dip of the mineralized sandstones. Accordingly, these mining operations did not intersect or

compromise the integrity of the underlying Fuson Shale confining unit.

Figure 3.2-8 shows the location of the Darrow underground mine, approximately 500 feet

northwest of Darrow Pit No. 2, in the NE¼ of Section 2, T7S, RIE. According to personal
communication with Donald Spencer (2011), this underground mine consisted of approximately

1,200 feet of workings within a 250-foot x 700-foot area, which also was accessed by declines.

The surface in this area has been reclaimed and all evidence of mining operations has been

removed.

Figure 3.2-11 is a plan view map of the Darrow underground workings taken from a TVA drill
hole map. This map shows the locations of many Susquehanna Western Inc. drill holes and air

vents for the underground workings. Also shown on this map are five TVA drill holes, one of
which is located less than 20 feet from one of the underground drifts. The electric log from this

drill hole (DRA-36) is an excellent representation of the mining horizon in these underground

workings and is shown in Figure 3.2-12. The gamma trace on this type log again corroborates

that the top of the mining zone for this underground mine was at a depth of 73 feet below ground

surface. The base of the mineralized sand lies 23 feet above the top of the Fuson Shale, which is
more than 50 feet thick in this area. The Darrow underground mine workings were restricted to
the mineralized sand interval, and these mining operations did not intersect or compromise the

integrity of the underlying Fuson Shale confining unit.

Maps obtained from TVA show the locations of two adits within Darrow Pit No. 2 in the NE¼

Section 2, T7S, R1E (Figure 3.2-8). Although not classified as underground mines, these adits

consisted of two separate horizontal tunnels that were driven into the pit walls in order to access
additional uranium ore that was not recovered in the surface mining operations. These two adits

total approximately 650 feet of workings. Because of the horizontal nature of the adits, these

workings were conducted at elevations equal to or above the elevation of the bottom of the pit

and were considered to be an extension of the surface mining operations. These small operations

did not intersect or compromise the integrity of the underlying Fuson Shale confining unit.

September 2012 3-33 Dewey-Burdock Project



SW NE
Freezeout 1

Freezeout 2

.00ý
Bennett

,pe,

A. Shallow ore bodies in Fall River

B. Declines developed to access
Fall River ore bodies.

Figure 3.2-10
Schematic - Underground

Workings - Freezeout Mines

This figure is T g74:29:02:11(1).



This figure is provided to fulfill the requirements
of ARSD 74:29:02:11(1 ).

Figure 3.2-11
Plan View - Darrow
Underground Mine

Dewey-Burdock Project
SIGNATURE •

OF PREPARERLegend
DRR 52

o Boreholes

Feet
0 50 100 200

0 10 20 40 60

PREPAREW . L. Lichnovsky

DATE 11 -Sep-2012

FILEMine-DarrowPlanView.dwg POWERTECh (USA) INC.Meters
Source: TVA drill hole map

i -.



Gamma Resistivity

Upper Fall River Sand

Shale

Lower Fall River Sand

Fuson Shale

Upper Chilson Sand This figure is provided to fulfill the
requirements of ARSD 74:29:02:11(1).

Shale

Middle Chilson Sand

Shale

Lower Chilson Sand
(Resources in the Burdock Well Field 7
are located in this sand unit. )

Vertical Scale

50 15

10
Feet 25 Meters

5

0

Morrison
Formation

Figure 3.2-12
Type Log,

Darrow Underground

Dewey-Burdock Project
SIGNATURE
OF PREPARER /

PREPARE. L. Lichnovskyl

DATE 24-Sep-2012

Fhilne.DarrowUGTypeLog.dwg POWERTEch (USA) INc.

o aw~
September 2012 3-36 Dewey-Burdock Project



POWERTECh (USA) INC.

As demonstrated above, neither the surface mining activity nor the shallow underground
workings intersected or compromised the integrity of the underlying Fuson Shale confining unit.

Cross section F-F' (Plate 3.2-18) illustrates the continuous Fuson Shale confining unit
throughout this area. In addition, outcrop examinations of the Fuson Shale in Bennett Canyon,

½2-mile updip from the Darrow Mine area, reveal the presence of continuous, low-permeability
mudstones and shales.

3.3 Soils

Powertech (USA) conducted baseline soil sampling and mapping covering the permit area. Soils
within the permit area are typical for semi-arid grasslands and shrublands in the Western United

States. Parent material included colluvium, residuum, and alluvium. Most soils are classified
taxonomically as Aridic Argiustolls, Aridic Ustorthents, and Aridic Haplusterts.

A detailed soils investigation report is included in Appendix 3.3-A. The following information is
provided as a summary of the information in the full report. A soil map for the permit area
(Plate 3.3-1) was developed using the information presented in Appendix 3.3-A.

3.3.1 Methodology

BKS Environmental Associates, Inc. (BKS) of Gillette, WY performed the 2007 soil survey field
work and compiled the resulting report. All soil analysis was handled by Energy Labs in Gillette,

Wyoming. Construction of the soil map was completed according to techniques and procedures

of the National Cooperative Soil Survey. A total of 10,557 acres were included in the final soil
mapping of the permit area. Series were sampled and described by coring with a mechanical
auger, i.e., truck-mounted Giddings. The physical and chemical nature of each horizon within

the sampled profile was described and recorded in the field. Each hole augured for series and
map unit verification was plotted on the soils map included with this report. Sampled soil

material was placed in clean, labeled, polyethylene plastic bags and kept cool to limit chemical

changes. Samples were kept out of direct sunlight and transported to Energy Labs for analysis.

Stripping depths for the Dewey-Burdock Project were evaluated during mapping and sampling.

Soil depths within a given mapping unit will vary based on any combination of the five primary
soil forming factors, i.e., climate including effective precipitation, organisms, relief or
topography, parent material, and time. Subtle differences in any one of the previously mentioned

factors will impact development between series and within series designation but may not be as
noticeable as when topography is a major factor. The proposed topsoil salvage depths for the

September 2012 3-37 Dewey-Burdock Project



POWERTECI (USA) INc.

permit area are based on laboratory data of the samples found within the permit area, as well as

field observations and knowledge of the soils in Custer and Fall River counties, South Dakota.

3.3.2 Soil Survey Results and Discussion

The general topography of the area ranged from nearly level uplands to very steep hills, ridges

and breaks of dissected shale plains. The soils within the permit area were generally a clayey or

very fine texture throughout with patches of sandy loam on upland areas and fine, clay textured

soils occurring in or near drainages. The permit area contained deep soils on level upland areas

with shallow and very shallow soils located on hills, ridges and breaks.

Table D-7. 1.1 in Appendix 3.3-A summarizes the soil mapping unit acreages within the permit

area. Note that this table includes a "Disturbance Areas" column, which was based on an initial

estimate of the ore body and perimeter monitor ring extents and does not reflect the actual area

proposed for disturbance by Powertech (USA). When the soil mapping was completed,

Powertech (USA) had not yet designed the proposed facilities and potential well field areas to

the level of detail presented in this application. Refer to Section 5.3.7 for a discussion of the

anticipated disturbance acreage within the permit area.

Laboratory soil texture analysis did not include percent fine sands. Field observations of fine

sands within individual pedestals as well as sample site topographic position were used in

conjunction with laboratory analytical results to determine series designation. In several of the

pedestal sampling locations, laboratory analysis yielded finer than expected textures (based upon

field observations).

Within the permit area, suitability of soil as a plant growth medium is generally affected by

physical factors such as texture (clay percentage) and saturation percentage. Chemical limiting

factors included selenium (Se), calcium carbonate content (based upon field observations of

strong or violent effervescence), SAR, EC, pH, and boron (B). Marginal material, according to

Wyoming Department of Environmental Quality (WDEQ) Guideline 1, was found in 26 of the

33 profiles. Unsuitable material, according to WDEQ Guideline 1, was found in 14 of the

33 profiles. Based on laboratory analysis and field observations, marginal material parameters

primarily consisted of texture (clay percentage), calcium carbonates, EC, and SAR.

Based on the 2007 fieldwork with associated field observations and subsequent chemical

analysis, the recommended topsoil average salvage depth over the permit area was determined to
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be 1.63 feet (refer to Table D-7.1.6 in Appendix 3.3-A). Approximate salvage depths of each

map unit series ranged from 0.0 to 5.0 feet.

Based on the soil mapping unit descriptions, the hazard for wind and water erosion within the

permit area varies from negligible to severe. The potential for wind and water erosion is mainly

a factor of surface characteristics of the soil, including texture and organic matter content. Given

the very fine and clayey texture of the surface horizons throughout the majority of the permit

area, the soils are more susceptible to erosion from water than wind.

3.3.3 Prime Farmland

Prime farmland was assessed by Dan Shurtliff, the Acting State Soil Scientist out of Huron,

South Dakota. Prime farmland designations are located in Addendum D-7-E of Appendix 3.3-A.

Soil series Alice, Ascolon, Barnum, Boneek, Haverson, Norka, Nunn, Satanta, and Tilford have

been listed as Prime Farmland if irrigated. The following sections contain prime farmland if

irrigated:

" Township 6 South, Range 1 East, Sections 27, 30, 31, 32, 34, and 35
* Township 7 South, Range 1 East, Sections 1, 3, 4, 5, 10, 12, 14, and 15.

The soil series Kyle, Lohmiller, Nunn, Pierre, Satanta, and Stetter have been listed as Farmland

of statewide importance. These soils were located in Sections 2, 3, 4, 5, 10, 11, 12, 14, and 15 in

Township 7 South, Range 1 East.

3.4 Groundwater

3.4.1 Regional Hydrogeology

In this section, groundwater occurrence and flow are described specifically as they relate to the

Dewey-Burdock Project. While the permit area is generally similar to the Black Hills regional

setting, the site hydrogeology has several unique characteristics as described below.

3.4. L 1 Regional Hydrostratigraphic Units

The Black Hills Uplift is the principal recharge area for the regional bedrock aquifer systems in

southwestern South Dakota and northeastern Wyoming. The stratigraphy of the Black Hills area

is summarized on Figure 3.2-2. Figure 3.4-1 provides an overview of the hydrogeologic setting

and general hydrogeologic flow within the Black Hills. Regionally, four aquifers are utilized as

major sources of water supply. These are the Inyan Kara Group, Minnelusa Formation, Madison

Limestone, and Deadwood Formation. Table 3.4-1 summarizes hydraulic properties of major
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Figure 3.4-1
Diagram Showing a Simplified

View of the Hydrogeologic
Setting of the Black Hills Area
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Table 3.4-1: Estimates of Hydraulic Properties of Major Aquifers from Previous
Investigations

Hydraulic Total
conutvt Transmissivity Storage porosity/ Area representedSo r e(odutvtyd (ft1) coefficient effective A e e rs ne

(ft~d)porosity

Rahn, 1985 ...... 0.03/0.01 Western South Dakota

Galloway and Strobel, 2000 450- 1,435 0.10/-- Black Hills area

Downey, 1984 250- 1,000 Montana, North Dakota, South
Dakota, Wyoming

Rahn, 1985 0.10/0.05 Western South Dakota

Konikow, 1976 -- 860 - 2,200 Montana, North Dakota, South

Miller, 1976

Blankennagel and others, 1977

Woodward-Clyde Consultants,
1980

Blankennagel and others, 1981

Downey, 1984

Plummer and others, 1990

Rahn, 1985

Cooley and others, 1986

Kyllonen and Peter, 1987

Imam, 1991

Greene, 1993

Tan, 1994

Greene and others, 1999

Carter, Driscoll, Hamade, and
Jarrell, 2001

2.4x10-
5

0.01 -5,400

1.9

3,000 2xlO"4 - 3x10-4

-- 5,090

-- 250-3,500

2xlO"
5

-- 1.12xl0 6 -3xl10 5

Dakota, Wyoming

-- Southeastern Montana

-- Crook County, Wyoming

-- Eastern Wyoming, western South
Dakota

-- Yellowstone County, Montana

-- Montana, North Dakota, South
Dakota, Wyoming

-- Montana, South Dakota, Wyo-
ming

0.10/0.05 Western South Dakota

Montana, North Dakota, South
Dakota, Wyoming, Nebr.

-- Northern Black Hills

-- Black Hills area

0.35/-- Rapid City area

0.05 Rapid City area

-- Spearfish area

-- Black Hills area

1.04

9.0X 10-
6

4.3 - 8,600 --

1,300 - 56,000 0.002

a- I,,,JJ --

-- 2,900 - 41,700

-- 100-7,400

3x10-4 - lxlO3

Blankennagel and others, 1977

Pakkong, 1979

Woodward-Clyde Consultants,
1980

<2.4x10"5 - 1.4 Crook County, Wyoming

-- Boulder Park area, South Dakota

-- Eastern Wyoming, western South
Dakota

880

30-300 6.6x105' - 2.OxIO4
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Table 3.4-1: Estimates of Hydraulic Properties of Major Aquifers from Previous
Investigations (Continued)

Hydraulic Total
Sodrucvity Transmissivity Storage porosity, Area represented

Source conductivity (ft2d) coefficient effective
(f/d) porosity

Rahn, 1985 ...... 0.10/0.05 Western South Dakota

Kyllonen and Peter, 1987 -- 0.86 - 8,600 .... Northern Black Hills

Greene, 1993 -- 12.000 0.003 0.1/-- Rapid City area

Tan, 1994 32 ...... Rapid City area

Greene and others, 1999 -- 267 - 9,600 5.0x10-
9 

- 7.4x10
5  

-- Spearfish area

Carter, Driscoll, Hamade, and -- 100- 7,400 .... Black Hills area
Jarrell, 2001

Rahn, 1985 ...... 0.08/0.05 Western South Dakota

Niven, 1967 0- 100 ...... Eastern Wyoming, western South
Dakota

Miller and Rahn. 1974 0.944 178 .... Black Hills area

Gries and others, 1976 1.26 250-580 2.1x10"5 - 2.5x10 5  
-- Wall area, South Dakota

Boggs and Jenkins, 1980 -- 50 - 190 1 .4x lOr - I.Ox04 -- Northwestern Fall River County

Bredehoeft and others, 1983 8.3 -- !.0xl0
5  

-- South Dakota

Rahn, 1985 ...... 0.26/0.17 Western South Dakota

Kyllonen and Peter, 1987 -- 0.86 - 6,000 .... Northern Black Hills

Source: Driscoll et al. (2002)
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aquifers determined in previous investigations. In addition to these four major aquifers, other

units including the Precambrian, Minnekahta Limestone, Sundance Formation, and Unkpapa

Sandstone are utilized locally as sources of water supply at or near the outcrop areas in the

central portion of the Black Hills. Within the permit area, none of the deeper regional aquifers

below the Sundance Formation is used as a water supply, mainly because of the availability of

shallower sources and/or the poor water quality in the deeper aquifers. There are no water supply

wells within 2 km of the permit area completed in aquifers below the Sundance Formation. The

closest municipal wells are the Edgemont Madison wells, which are approximately 15 miles to

the south-southeast of the center of the permit area.

In the 1990s, the USGS undertook an extensive study focusing on the evaluation of the

hydrologic significance of selected bedrock aquifers in the Black Hills area - specifically the

Deadwood, Madison, Minnelusa, Minnekahta, and Inyan Kara aquifers. In these evaluations, the

USGS placed priority on the Madison and Minnelusa aquifers, both of which are used

extensively elsewhere in the region for water supplies.

While the review of regional hydrology is prudent and necessary for this application, it should be

noted that the site hydrology within the permit area is unique compared to the regional Black

Hills hydrology. In this regard, intermediate groundwater flow systems in the Fall River

Formation and the Chilson Member of the Lakota Formation are independent of the regional

flow system. These intermediate flow systems have their origin in the areas within the eastern

portion of the permit area (Fall River) and immediately to the east and north of the permit area
(Fall River and Chilson) where the Fall River and Chilson crop out at the land surface. Both of

these flow systems are recharged directly by precipitation and infiltration of surface runoff along

the outcrops in and near the eastern portion of the permit area.

3.4.1.2 Invan Kara Aquifer

At distance from the central core of the Black Hills Uplift, the Inyan Kara Group typically

contains the first significant aquifer encountered. The Inyan Kara includes two sub-aquifers, the

Chilson Member of the Lakota Formation and the Fall River Formation, which are separated by
the Fuson Shale confining unit. Refer to Section 3.2.2.2 for a description of confining units

relevant to ISR. The Inyan Kara aquifer is heterogeneous, which results in the two sub-aquifers

exhibiting large variations in their hydraulic characteristics at some locations. Regionally, the
Inyan Kara ranges from 250 to 500 feet thick, exhibits a large effective porosity (17 percent), and

can yield considerable quantities of water from storage (Driscoll et al., 2002). Within the Black
Hills, the transmissivity of the Inyan Kara ranges from 1 to 6,000 ft2/day (Table 3.4-1). The
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