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Inyan Kara is confined below by the Jurassic Morrison Formation and above by the Cretaceous
Graneros Group.
3.4.L3

MinnelusaAquifer

The Minnelusa Formation consists of interbedded siltstone, sandstone, anhydrite, and limestone.
The Minnelusa aquifer occurs primarily in saturated sandstone and anhydrite beds within the
upper part of the formation (Williamson and Carter, 2001). Within the Black Hills, the
Minnelusa ranges in thickness from 375 to 1,175 feet (Driscoll et al., 2002). The porosity is
dominantly primary porosity within the sandstone beds, although secondary porosity is present in
association with fractures and dissolution features (Williamson and Carter, 2001).

Various
studies have found the transmissivity of the Minnelusa to range from 1 to 12,000 ft2/day
(Table 3.4-1). The Minnelusa aquifer is confined above by the Opeche Shale and below by the
lower permeability layers at the base of the Minnelusa.
Locally, the Minnelusa produces oil and gas in the Barker Dome to the east of the permit area.
3.4.1.4

Madison Aquifer

The Madison Limestone, also known as the Pahasapa Limestone, is the source of municipal
water supplies in numerous communities within the Black Hills including Rapid City and
Edgemont.
The hydraulic characteristics of the Madison aquifer have been extensively studied; aquifer
characteristics of the Madison based on the numerous regional investigations are summarized in
Table 3.4-1. The Madison aquifer is mainly a dolomite unit and is characterized by extensive
secondary porosity resulting from fractures and associated karstic features (Williamson and
Carter, 2001). The thickness of the Madison ranges from 200 feet in the southern Black Hills to
1,000 feet regionally. In the Rapid City area, Greene (1993) found the transmissivity to vary
between 1,300 and 56,000 ft 2/day. The aquifer varies from unconfined at its outcrop areas to
confined, where reported storativity values range from 10-3 to 10-6 (Table 3.4-1). Regionally,
water quality data indicate that low permeability layers within the overlying Minnelusa
Formation isolate the Madison from the Minnelusa. At some locations distant from the permit
area on the core of the Black Hills Uplift, these confining layers may be absent or exhibit poorly
confining hydraulic characteristics such that communication between the Madison and
Minnelusa occurs. Regionally, the Madison may be in direct communication with the underlying
Deadwood aquifer where the Whitewood and Winnipeg confining units are absent; locally,
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however, the available data indicate that the Madison Limestone and Deadwood Formation are
isolated beneath the permit area (refer to Class V UIC application, Appendix 3.4-A).
3.4.1.5

Deadwood Aquifer

The Cambrian Deadwood Formation overlies the Precambrian basement and consists of basal
conglomerates, sandstone, limestone, and mudstone. The Deadwood ranges from zero to
500 feet thick (Driscoll et al., 2002). Rahn (1985) estimated the effective porosity of the
Deadwood to be about 5 to 10 percent. In the northern Black Hills, the effective porosity is
presumably lower where the formation has undergone hydrothermal alteration. The
transmissivity of the Deadwood is estimated to be in the range of 250 to 1,000 ft2/day
(Table 3.4-1; Downey, 1984). Regionally, the Precambrian rocks act as a lower confining unit to
the Deadwood although a localized direct connection between the two units can occur at or near
the outcrop areas (Williamson and Carter, 2001). Regionally, the Deadwood may be in contact
with the overlying Madison aquifer except where the Whitewood and Winnipeg Formations are
present and act as semi-confining units (Strobel et al., 1999). As noted, available data indicate
that the Madison Limestone and Deadwood Formation are isolated beneath the permit area.
3.4.1.6

MinorAquifers

Minor aquifers in the Black Hills include the Minnekahta Limestone, Sundance Formation,
Unkpapa Sandstone, Newcastle Sandstone, and Quaternary alluvium. Where present and
saturated, these units can yield small amounts of water. In isolated locations distant from the
permit area, beds within the confining units also may contain water-bearing units (Driscoll et al.,
2002). These minor aquifers are generally not widely utilized because of the availability of more
reliable water-supply sources.
3.4.1.7

Rezional PotentiometricSurfaces

As part of its 1990s study of the hydrologic significance of selected bedrock aquifers, the USGS
developed 1:100,000-scale potentiometric contour maps for the Inyan Kara, Minnekahta,
Minnelusa, Madison, and the Deadwood (Strobel et al., 2000a thru 2000e). These maps provide
a basis for evaluating regional groundwater flow direction and hydraulic gradients in the Black
Hills. Figures 3.4-2 and 3.4-3 depict the regional potentiometric contour maps of the Madison
and Minnelusa aquifers, respectively. In the development of these potentiometric maps,
structural features such as faults and folds were considered. Of significance, no major structural
features were identified in or within the immediate vicinity of the permit area other than the
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Dewey Fault, which is located north of the permit area, and the Long Mountain Structural Zone,
which is located approximately 7 miles south of the permit area.
Based on the USGS potentiometric contour maps, regional groundwater flow within the five
selected bedrock aquifers is generally consistent and radially outward from the central Black
Hills highlands toward the plains. All five of the aquifers are hydraulically unconfined (partially
saturated) near their outcrops in the central highlands and become confined by the overlying
strata with distance away from the central highlands. Locally, the potentiometric surface of the
aquifers may be above land surface.
The Black Hills are relatively arid with the annual precipitation ranging from about 12 to
28 inches regionally and averaging approximately 16 inches in the permit area. While most
precipitation can be accounted for as surface runoff and evapotranspiration, regionally, the
percentage of precipitation that recharges the aquifers is estimated to vary from 30 percent in the
northwestern Black Hills to 2 percent or less in the drier southwestern Black Hills, which
includes the permit area.
Other sources of recharge to individual units can occur from leakage between aquifers. In
general, the potentiometric elevation increases with depth within the stratigraphic section, which
provides an upward potential for groundwater flow and limits the potential for downward
recharge, which occurs regionally but not locally.
Most interconnection between aquifers appears to be associated with the thinning or absence of
confining units between aquifers. Some investigators have suggested that solutioning and
subsequent collapse (i.e., karsting) of the overlying strata may provide a pathway for upward
groundwater movement (Gott et al., 1974). This is reported to occur some 6 miles northeast of
the permit area, but no evidence of karsting has been observed in the permit area. A detailed
analysis of the potential occurrence of breccia pipes and karsting north and east of the permit
area is presented in Appendix 3.2-C.
3.4.2

Site Hydrogeology

The main aquifers to be utilized by the Dewey-Burdock Project (the Fall River and Chilson) are
recharged locally and are isolated from the deep regional flow system in the Paleozoic
formations that typically characterize regional groundwater flow and are the focus of numerous
USGS research studies.
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In the permit area, the sedimentary rocks dip gently to the southwest at 2 to 6 degrees. As the
land surface is generally flatter than the dip of the underlying bedrock strata, younger strata crop
out at the ground surface sequentially from east to west.
The structure is illustrated by the structural contour maps on top of the Fall River (Plate 3.2-5),
Chilson Member of the Lakota (Plate 3.2-3) and Unkpapa Sandstone (Plate 3.2-1). Based on the
logs for thousands of exploration holes, no major faults or other structural features have been
identified within the permit area.
3.4.2.1

Site HvdrostratigraphicUnits

Refer to Figure 3.2-2 for a regional stratigraphic column and Section 3.2.2.2 for a more detailed
discussion of the site stratigraphy. The Fall River Formation and Chilson Member of the Lakota
Formation are the principal sources of water in the vicinity of the permit area for domestic,
livestock, and agricultural uses. These same formations are the host rocks for the uranium
mineralization within the permit area. Within the permit area, the deeper regional aquifers are
not used as a source of water supply mainly because of their depth of occurrence, availability of
shallower sources, relatively low productivity, and low historical water demands. 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 south-southeast of the center of the permit area.
In the following discussion, the site hydrogeological characterization focuses on groundwater
occurrence and the groundwater flow regimes above the Morrison Formation. The Morrison
Formation is the lowermost confining unit for ISR operations within the Dewey-Burdock Project
(refer to Section 3.2.2.2). Because of the low vertical permeability, thickness and continuity of
the Morrison Formation across the entire permit area and due to the existence of an upward
hydraulic gradient between the underlying Unkpapa Sandstone and the Inyan Kara, the proposed
ISR activities will not impact any of the formations below the Morrison Formation. The only
exception is potential pumping from the Madison or another suitable deep formation for aquifer
restoration makeup water and for CPP water supply or use of the Minnelusa and/or Deadwood
for management of wastewater in Class V disposal wells.
The Morrison Formation is underlain, in turn, by the Unkpapa Sandstone, Sundance Formation
and Spearfish Formation. Based on the results of limited exploratory drilling, the Spearfish in
the permit area averages approximately 320 feet thick and due to its low vertical permeability is
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considered a hydrologic barrier between the overlying Jurassic and Cretaceous aquifers and the
underlying Paleozoic aquifers.
The Spearfish Formation is overlain by the Sundance Formation, which consists of a 250 to 450foot thick sequence of red shale and siltstone. In the permit area, the Sundance consists mainly
of shale and sandstone with an average thickness of 280 feet. In turn, the Sundance is overlain
by the Unkpapa Sandstone. Where present, the Unkpapa consists of 50 to 80 feet of well-sorted,
fine-grained, aeolian sandstone. Since there is not an intervening confining unit separating the
two, the Sundance and Unkpapa are generally considered to be a single hydrostratigraphic unit.
The Sundance/Unkpapa is used locally as a water supply within the permit area.
3.4.2.1.1

Morrison Formation

The Morrison Formation, because of its low permeability and continuity beneath the permit area,
is the lowermost confining unit for the proposed ISR operations. The Morrison averages
100 feet thick and is composed of waxy, calcareous, non-carbonaceous massive shale with
numerous limestone lenses and a few thin, fine-grained sandstones. Analyses of core samples
within the permit area have shown the vertical permeability of the Morrison clays to be very low
and to range from 9 x 10-9 to 3 x 10-8 cm/sec (0.012 to 0.043 millidarcies; see Table 3.4-3).
3.4.2.1.2

Inyan Kara Group

The Jurassic Morrison Formation is unconformably overlain by the Inyan Kara Group, which
consists of the Lakota and the Fall River Formations. The sandstone packages within the Fall
River Formation and Chilson Member of the Lakota Formation are the host rocks to the uranium
mineralization at the Dewey-Burdock Project. The Inyan Kara consists of interbedded
sandstone, siltstone, and shale. Based on measured outcrop sections and drill hole data, the
Inyan Kara averages about 350 feet thick in the permit area.
The Lakota Formation regionally consists of three members which are, from oldest to youngest,
the Chilson, Minnewaste Limestone, and the Fuson members. The Minnewaste Limestone
Member is not present in the permit area.
Chilson Member
The Chilson Member consists of a complex of fluvial channel sandstone deposits and their finegrained lateral equivalents and varies from about 100 to 240 feet thick. The Chilson Member is
confined below by the Morrison Formation and above by the Fuson Shale. Analyses of core
samples of Chilson sandstones within the permit area indicate these units exhibit high horizontal
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permeabilities, ranging from 2.6 x 10-3 to 4.1 X 10-3 cm/sec (2,697 to 4,161 millidarcies; see
Table 3.4-3).
Fuson Member
The Fuson Member is the uppermost member of the Lakota and separates the Chilson Member
from the Fall River Formation. As discussed in Section 3.2.2.2, Powertech (USA) has
differentiated the Fuson Shale from the Fuson Member of the Lakota Formation for the purpose
of characterizing 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 (Plate 3.2-8).
The shales and mudstones within the Fuson Shale are highly stratified. Due to this stratification,
the vertical permeability is several orders of magnitude smaller than the horizontal permeability.
Based on analyses of core samples from the Fuson Shale within the permit area, vertical
permeabilities range from about 7.8 x 10-9 to 2.2 x 10-7 cm/sec (0.008 to 0.228 millidarcies; see
Table 3.4-3). Estimates of vertical hydraulic conductivity of the Fuson Shale from the 1979
pumping tests conducted in the Fall River and Chilson near Burdock range from 4.6 x 10-8 to
1 x 10-7 cm/sec (Boggs and Jenkins, 1980). Well field-scale pumping tests will be conducted
after NRC license and LSM permit issuance and the results contained in the well field
hydrogeologic data packages (refer to Section 5.3.3.4). This additional testing will provide
additional quantification of the low hydraulic conductivity of the confining units.
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 Fall River ranges
from about 120 to 160 feet thick.
The Fall River is confined above by the Graneros Group, a thick sequence of dark shales that
varies in thickness from zero, where the Inyan Kara outcrops near the eastern edge of the permit
area, to more than 500 feet in the northwestern portion of the permit area. Because of its
thickness and low permeability, the Graneros Group precludes vertical migration of water
between the Inyan Kara, overlying alluvial aquifers, and the ground surface.
3.4.2.1.3

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
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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). The members comprising the Graneros Group are described in Section 3.2.2.2.
Analyses of core samples of the Skull Creek clays indicate low vertical permeabilities on the
order of 6.8 x 10-9 cm/sec (0.007 millidarcies).
3.4.2.1.4

Terrace Deposits and Quaternary Alluvium

The most recent sedimentary units within the permit area are the Quaternary alluvial deposits
present along the major drainages and their tributaries. The alluvium varies from 0 to 50 feet
thick and consists of an unconsolidated mixture of silt, clay, sand and gravel.
An isopach map depicting the thickness of the alluvium in the Beaver Creek and Pass Creek
drainages is shown on Plate 3.2-11.
3.4.2.2

GroundwaterOccurrenceand Flow

Potentiometric contour maps for the Fall River and the Chilson Member of the Lakota are shown
on Figures 3.4-4 and 3.4-5, respectively. These maps were prepared using water level
measurements taken over a 5-day period from April 25 through April 29, 2011. The data used to
generate Figures 3.4-4 and 3.4-5 are presented in Appendix 3.4-D.
The potentiometric surface map for the Fall River (Figure 3.4-4) shows a relatively uniform
hydraulic gradient across the permit area, with the potentiometric levels decreasing to the
southwest. The potentiometric surface for the Chilson (Figure 3.4-5) shows a slight flattening of
the hydraulic gradient across the northwestern portion of the permit area but with heads also
decreasing to the southwest.
3.4.2.2.1

Groundwater Flow Systems

Based on the regional and site-specific hydrogeological characterization, groundwater
occurrence and flow in the permit area can be subdivided into three main components, or flow
regimes. These include the deep regional flow system, a shallow perched groundwater flow
system, and an intermediate groundwater flow system that includes the Fall River and Chilson
aquifers.
As described in Driscoll et al. (2002), there are multiple deep regional groundwater flow systems
within the Paleozoic section. These regional flow systems are associated with the permeable
strata within various geologic formations at depth within the Deadwood, Madison, Minnelusa,
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Sundance/Unkpapa, and the minor aquifers. These deep regional flow systems and associated
aquifers are isolated from the shallower formations that are the target of the proposed ISR
operations in the Inyan Kara Group in the permit area by low-permeability layers, or confining
beds.
Shallow, perched groundwater systems exist within the alluvium associated with Beaver Creek,
Pass Creek, and Bennett Canyon. These alluvial systems are perched above the top of the
Graneros on the western portion of the permit area. Groundwater flow within the alluvium is
controlled by the configuration of the drainage channel on the top of bedrock and in most
situations is generally parallel to surface drainage patterns. In the case of Bennett Canyon, the
alluvium directly overlies the Chilson Member of the Lakota. As such, the alluvial groundwater
is a potential source of recharge to the underlying Chilson. Bennett Canyon is approximately
mile east of the easternmost potential well fields within the permit area.

V2

Intermediate groundwater flow systems exist within the Fall River Formation and the Chilson
Member of the Lakota. These intermediate flow systems have their origins in the areas within
the eastern portion of the permit area (Fall River) and immediately to the east and north of the
permit area where the Fall River and Chilson crop out at the land surface. Both of these flow
systems are recharged directly by precipitation that falls on the land surface and by infiltration of
surface runoff, primarily in the Pass Creek and Bennett Canyon drainages north and east of the
permit area, respectively.
Within the permit area, the Fall River and the Chilson dip gently to the southwest at 2 to
6 degrees away from their outcrop areas. As a result, groundwater flow within the Fall River and
the Chilson generally occurs from the northeast to the southwest toward the Powder River Basin.
On a broad regional basis, water from lower Cretaceous aquifers including the Inyan Kara
eventually moves northeastward to discharge areas in eastern North Dakota and South Dakota
(Whitehead, 1996).
3.4.2.2.2

Groundwater Recharge and Discharge

The hydrologic characterization for the permit area included the measurement of water levels in
wells completed in the Inyan Kara, overlying alluvium, and the underlying SundancelUnkpapa.
The current data collection programs began in 2007 and are continuing.
Potentiometric surface maps for the Fall River and Chilson (Lakota) are shown on Figures 3.4-4
and 3.4-5, respectively. The water level data collected to date from the Unkpapa within the
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permit area do not have sufficient spatial variability or temporal consistency to construct a
potentiometric contour map of the Unkpapa. Information available to date shows substantially
higher potentiometric head in the Unkpapa than in the Fall River and Chilson. Powertech (USA)
anticipates that, with installation of additional wells, the monitoring in the Unkpapa conducted as
part of the operational groundwater monitoring network (Section 5.5.2) will provide sufficient
information to construct an Unkpapa potentiometric contour map prior to operations.
Alluvial groundwater flow systems occur within the alluvial deposits in the Pass Creek and
Beaver Creek drainages, which are within the permit area, and in Bennett Canyon, which is
located on and beyond the eastern edge of the permit area. Where these alluvial deposits overlie
the Fall River and Chilson in Bennett Canyon, they represent a potential source of recharge to
these underlying units.
The Pass Creek watershed north of the permit area is a major source of recharge to both the Fall
River and Chilson where they are exposed at the land surface or subcrop beneath the alluvium.
The Fall River Formation rises to the north and east and crops out at the ground surface. To the
southwest the Fall River Formation dips at a steeper angle than the ground surface and is mantled
by the overlying Graneros Group. The primary recharge areas for the Fall River and Lakota
(Chilson) are where they are exposed at the ground surface and are shown on Figure 3.4-6. The
areas where the Fall River subcrops below the surface alluvium and crops out near the eastern
edge of the permit area also are recharge areas for the Fall River sands. A similar area of
recharge occurs north of the permit area where Pass Creek alluvium crosses the subcrops of the
Fall River and the Chilson. Recharge was observed during runoff events in 2011 where flowing
streams disappeared into the Fall River and Chilson sandstones.
The recharge areas for the regional groundwater flow systems within the Minnelusa Formation,
Madison Limestone, and Deadwood Formation are in their outcrop areas further to the east on
the flanks of the Black Hills Dome. As a result of the rise in elevation, the older formations
outcrop closer to the center of the dome at higher elevations and exhibit greater potentiometric
elevations. Because of this, the potentiometric levels within the geologic section increase with
depth, as noted previously.
3.4.2.2.3

Groundwater/Surface Water Interactions

Powertech performed extensive investigation into all surface water features within the permit
area. This included field investigations during the initial baseline monitoring period and the use
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of color infrared (CIR) imagery. All surface water features and sources of groundwater flow to
the surface are believed to have been identified within the permit area.
Extensive site investigations undertaken by Powertech (USA) and others have revealed no
known natural springs within the permit area. With one exception, groundwater discharging to
the ground surface is limited to flowing artesian wells, which will be controlled and mitigated as
described in Section 5.6.3.2. The only feature identified that was indicative of groundwater
discharge from exploration drill holes at or near surface was the "alkali area" in the southwestern
comer of the Burdock portion of the permit area (N/2 NE/4 Section 15, T7S, R1E). This is an
area of known discharge from the Fall River and Chilson to the surface through abandoned
exploration holes documented by TVA. The significance of this area as it relates to ISR
operations will be evaluated further after NRC license and LSM permit issuance during
delineation drilling and well field-scale pumping tests prior to any well field development.
Recharge areas for the Fall River and Chilson are described in the previous section and include
outcrop areas and areas where these formations subcrop below the alluvium. Downgradient of
the known recharge areas, there is no evidence of surface discharge from the Fall River via seeps
or springs. The following paragraphs describe the investigations performed to evaluate potential
groundwater/surface water interactions.
Potentiometric Surface Evaluation
Powertech (USA) has evaluated areas where the potentiometric surfaces of the Fall River and
Chilson are above the ground surface as an indicator of the potential for groundwater discharge
to the alluvium. Those areas within the Beaver Creek and Pass Creek drainages where the
potentiometric surfaces for the Fall River and Chilson are above the ground surface are depicted
on Figures 3.4-7 and 3.4-8, respectively. Note that the potentiometric surfaces are anticipated to
be above ground surface to the west and southwest of the areas depicted on Figures 3.4-7 and
3.4-8; the boundaries shown in these directions are due to the data extents. The potential for
groundwater discharge to alluvium from an operating well field is limited to those areas where
the well field overlaps alluvium and the potentiometric surface of the Fall River or Chilson is
above the base of the alluvium.
Alluvial Drilling Program
An alluvial drilling program was completed in May 2011 to further address potential discharge to
the alluvium from underlying aquifers. Nineteen borings were drilled into the alluvium along
Beaver Creek and Pass Creek, many of which were dry. Three borings were completed as
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alluvial monitor wells. The thickness of the saturated alluvium in these wells ranged from 10 to
12 feet. The alluvium in the Pass Creek drainage up to 50 feet thick; in the Beaver Creek
drainage, the alluvium is up to 30 feet thick.
A potentiometric surface contour map for the Pass Creek and Beaver Creek alluvium is shown
on Figure 3.4-9. An isopach map for the alluvium is shown on Plate 3.2-11. The potentiometric
surface within the alluvium shows typical down-valley gradients consistent with the surface
topography. The water level data lack any anomalous readings such as would be expected in the
case of bedrock discharge to the alluvium.
Results of the alluvial drilling program (occurrence/lack of water; potentiometric levels and
water quality data) did not indicate any areas of discharge to the alluvium from underlying
aquifers but rather were consistent with limited recharge occurring from surface waters in the
upland portions of the permit area. The results from the May 2011 alluvial drilling program in
the Beaver Creek and Pass Creek drainages are consistent with the historical field observations in
that neither the past field investigations nor the recent drilling program identified any areas other
than the "alkali area" noted above where there was evidence to suggest groundwater discharge
into the alluvium or at the ground surface from the underlying bedrock formations.
CIR Imagery
To further evaluate possible groundwater discharge to the alluvium within the Beaver Creek and
Pass Creek drainages, CIR satellite imagery was obtained from the National Agriculture Imagery
Program (NAIP) of the USDA Farm Services Agency for the permit area and vicinity. The
imagery was photographed in 2010 and produced with a resolution of one meter. CIR imagery is
commonly used to delineate areas of active vegetative growth; in semiarid regions such as the
permit area, such areas often are indicative of enhanced water supply, such as occurs with
irrigation or subirrigation.
CIR imagery for the permit area and vicinity is presented in Figure 3.4-10. The CIR imagery
was examined visually for any anomalies that may suggest groundwater discharge at or near the
surface, such as from upward flow through an open borehole or natural spring. Within the
permit area, there are several flowing artesian wells that at times are allowed to discharge
groundwater to the surface. These areas generally are visible on the CIR imagery. The "alkali
area" has a noticeable signature on CIR (ponded water surrounded by discolored soils) and is
depicted on Figures 3.4-11 and 3.4-12.
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Figure 3.4-9
Potentiometric Contour Map, Pass
Creek and Beaver Creek Alluvium
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Figure 3.4-10
Color Infrared Imagery (2010 Data)
Dewey-Burdock Project
SIGNATURE
OFPREPAER
PREPARER
DATE

2012
Septemher 201]2
September

3-63
3-63

Hal Demuth
14-Sep-2012
PeWERTECh
eRSAI
INC.
Dewey-Burdock Project
Dcwey-Burdock Project

FULENAE
2012 OR PA, 3.4-TUN-d

Legend
Project Boundary

Key MaD

I Fig

2 7-23 Area

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

a

250

N

Feet
500

1,000
300

100 Mees200
Meters

0

Figure 3.4-11
Color Infrared Imagery (2010 Data)
Alkali Area near Burdock
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Figure 3.4-12
Photograph of Alkali Area,
Looking South, near Burdock
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The CIR imagery clearly shows two springs outside the permit area near the town of Dewey
along the Dewey Fault (Figure 3.4-13). These locations were later verified by Powertech (USA)
personnel and the springs were sampled for water quality analysis. Results of those samples
indicate the spring water most closely resembles Fall River water quality; those data clearly
distinguish the spring water from the alluvium and Unkpapa. The results of this investigation
strongly support the use of CIR data to identify areas of groundwater discharge, and with the
exception of the "alkali area," support the lack of such discharge from exploration boreholes
within the permit area. Powertech (USA) will continue to use CIR imagery to assess the
potential for groundwater discharge to the surface or alluvium within the permit area. The
obvious evidence of groundwater discharge in the "alkali area" suggests that if similar situations
existed at other locations in the permit area they would be readily detectable.
Well Field Delineation Drilling and Pump Testing
Further evaluation during the planned delineation drilling and well field-scale pump testing prior
to the development of each well field will demonstrate adequate confinement to prevent potential
upward groundwater movement through unplugged or improperly plugged boreholes or natural
geologic features (refer to Section 5.3.3.3).
Historical Mining Areas
As discussed in Section 3.2.4.2, historical mining operations (surface [open pit] and
underground) were conducted in the in the vicinity of the Dewey-Burdock Project. All those
operations were conducted in the Fall River Formation. In all cases, the mining operations were
above the Fuson Shale and in areas that will not be utilized by Powertech (USA) for ISR
operations in the Fall River. The approach to well field development with respect to historical
mining operations is described in Section 5.3.3.7.
The bottoms of the Darrow pits, with the exception of Pit #2, are above the Fall River
potentiometric surface. These Darrow pits are usually dry but occasionally contain water that
collects from runoff events. Darrow Pit #2, however, usually contains water suggesting that the
base of the pit may be below the potentiometric surface of the Fall River. The pH of the water in
Darrow Pit #2 is low (i.e., acidic) suggesting that surface drainage may be influencing the water
chemistry in the pit. This implies that at least a portion of the water in Darrow Pit #2 is derived
from surface runoff.
The bottom of the Triangle Pit is below the potentiometric surface of the Fall River. The
Triangle Pit is therefore hydraulically connected to the Fall River Formation.
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Figure 3.4-13
Color Infrared Imagery (2010 Data)
Springs near the Town of Dewey
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3.4.2.2.4

Partially Saturated Conditions

The uppermost portion of the Fall River Formation crops out in the eastern portion of the permit
area in the vicinity of the Darrow pits, and the full section crops out further east in Bennett
Canyon. In these areas, the Fall River is geologically unconfined. As the Fall River rises to the
east, it becomes partially saturated as the top of the formation rises above the groundwater table,
as shown on Plate 3.2-13 (Cross Section A-A'). The approximate boundaries between fully
saturated and partially saturated conditions in the Fall River and underlying Chilson are shown in
Figures 3.4-14 and 3.4-15, respectively. As the Fall River dips basinward to the southwest, the
potentiometric surface is above the top of the formation, as shown on Plate 3.2-13. Beneath the
Beaver Creek and Pass Creek drainages, the potentiometric surface for the Fall River is above
the ground surface.
Similarly, the Chilson Member rises in elevation to the northeast and subcrops beneath the
alluvium in Bennett Canyon. The potentiometric surface elevation for the Chilson is projected to
be below the top of the formation on the eastern edge of the permit area. Only in this limited
area, the Chilson, although geologically confined by the overlying Fuson Shale, is partially
saturated (i.e., the water table is below the top of the formation).
Refer to Section 5.3.3.6 for a description of well field development with respect to partially
saturated conditions. After NRC license/LSM permit issuance but prior to well field
development, delineation drilling and well field pumping tests will be conducted to fully
characterize the existing geologic and hydrogeologic conditions and to confirm sufficient head is
available to perform normal ISR operations.
3.4.2.2.5

Hydraulic Isolation of Aquifers

Regionally, the Inyan Kara Group is geologically confined. In the permit area, the Graneros
Group shale serves as the overlying confining unit above the Fall River in the western portion of
the permit area. There are no major aquifers above the Inyan Kara. Below the Inyan Kara, the
Morrison Formation serves as a confining unit. In the permit area, results from recent pump tests
show that the Morrison effectively confines the underlying Unkpapa aquifer since no
measureable drawdown in the Unkpapa was observed while pumping in the Inyan Kara. For a
more detailed discussion on the regional and site hydrostratigraphic units see Sections 3.4.1.1
and 3.4.2.1.
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As described in the previous section, the only area where the Fall River Formation is
geologically unconfined is in the eastern part of the permit area in the general vicinity of the
Darrow pits. Powertech (USA) does not propose to conduct ISR operations in the Fall River in
this area (refer to Section 5.3.3.7). The Chilson throughout the permit area is physically and
hydraulically isolated from the overlying Fall River Formation by the Fuson Shale.
Based on Powertech (USA)'s borehole and geophysical logs for thousands of exploration holes,
the Fuson Shale is continuous and no less than 20 feet thick throughout the entire permit area.
An isopach map showing the thickness and continuity of the Fuson Shale throughout the permit
area is presented as Plate 3.2-8. The pervasive occurrence and continuity of the Fuson Shale
throughout the permit area are shown on the geologic cross sections (Plates 3.2-13 through
3.2-22).
3.4.2.3

Summary of PreviousPumping Tests

This section describes the pumping tests previously conducted by TVA and Powertech (USA).
Section 5.3.3.3 describes the pre-operational pump testing that will be conducted for each well
field.
3.4.2.3.1

Summary of TVA Pumping Tests

TVA conducted groundwater pumping tests from 1977 through 1982 as part of its uranium mine
development project near the towns of Edgemont and Dewey. The results of these tests are
summarized in two reports provided in Appendix 3.4-E: "Analysis of Aquifer Test Conducted at
the Proposed Burdock Uranium Mine Site" (Boggs and Jenkins, 1980) and "Hydrogeologic
Investigations at Proposed Uranium Mine near Dewey, South Dakota" (Boggs, 1983).
Two pumping tests conducted by TVA at the Burdock site in 1977 were unsuccessful. The
results of these tests were considered inconclusive because of questionable discharge
measurements, improperly constructed observation wells, and malfunctioning pressure gauges.
No data from the 1977 tests are available.
TVA conducted two successful pumping tests in 1979 near the Burdock portion of the permit
area and one in 1982 about 2 miles north of the Dewey portion of the permit area. The results of
these tests are described below.
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