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2.7.2.1 Regional Hydrogeology

Four major aquifers are utilized as groundwater resources in the Black Hills. These main
aquifers are the Inyan Kara, Minnelusa, Madison, and Deadwood. The groundwater hydrology
is influenced by distribution and variation in recharge, leakage between overlying and underlying
hydrogeologic units, lateral flow within the aquifers, and discharge to pumping wells, artesian

wells, and springs.

Regionally, the general direction of groundwater flow is downdip or radially away from the
central part of the Black Hills where the aquifers are recharged via infiltration from local rainfall.
The aquifers transition from unconfined at the outcrop areas to confined away from the central
highlands. At some distance away from the highlands the groundwater often is under sufficient

pressures for artesian conditions and flowing artesian wells to exist.

Refer back to Figure 2.2-2, which provides an overview of the hydrologic setting and general

hydrogeologic flow within the Black Hills.

‘ 2.7.2.1.1 Regional Hydrostratigraphic Units

This section summarizes the aquifers in the Black Hills, including general characteristics and
hydraulic properties. Hydrologic units of interest within the Black Hills area are shown on the
stratigraphic column in Figure 2.2-4. Additional information on the geologic units within the
study area is provided in Section 2.6. Table 2.7-13 (from Driscoll et al., 2002) summarizes

hydraulic properties of major aquifers determined in previous investigations.
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Table 2.7-13: Estimates of Hydraulic Conductivity, Transmissivity, Storage Coefficient,
and Porosity of Major Aquifers from Previous Investigations

[fAd, feet per day; t°Ad, Teet squarcd per day; --, no daty; <, less thaa)

Hydraulic Total :
Transmissivity Storage porosity/

Source con?'t:;;l)lvity (ng, d) coeflicient effective Area represented
porosity

T T

Rahn, 1985 - - R 0.03/0.01

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

Downey, 1984 -

Montana, North Dakota, South
Dakota, Wyoming
Rahn, 1985 - - 0.10/0.05 Western South Dakota
Kounikow, 1976 - 860 - 2,200 - - Momtana, North Dakota, South
: Dakota, Wyoming
Miller, 1976 - 0.01 - 5,400 - - Southeastern Montana
Blankennagel and others, 1977 24x107-19 - -~ -- . Crook County, Wyoming
Woodward-Clyde Consultants, - 3,000 2104 - 3x10 -- Eastern Wyoming, western South
1980 Dakota
’ ‘ Blankennagel and others, 1981 - 5,090 2x10°° - Yeliowstone County, Montana
Downey, 1984 - 250 - 3,500 - -- Montana, North Dakota, South
. Dakota, Wyoming
Plummer and others, 1990 - - 1.12x10°% - 3x10°5 - Montana, South Dakota, Wyo-
ming
Rahn, 1985 -- - - 0.10/0.05 Western South Dakota
Cooley and others, 1986 1.04 - -- -- Montana, North Dakota, South
: Dakota, Wyoming, Nebr.
Kyllonen and Peter, 1987 -- 4.3 -8,600 - - Northern Black Hills
Imam, 1991 9.0x10°¢ - - - Black Hills area
Greene, 1993 - 1,300- 56,000 0.002 0.35/--  Rapid City area
Tan, 1994 5-1,300 - - 0.05 Rapid City area
Greene and others, 1999 - 2900 - 41,700 3x104- 1x1073 . -- Spearfish area
Carter, Driscoll, Hamade, and - 100 - 7,400 - -~ Black Hills area

Jarrell, 2001

Blankennagel and others, 1977 - Crook County, Wyoming

Pakkong, 1979 - 380 -- - Boulder Park area, South Dakota
Woodward-Clyde Consultants, - 30-300 6.6x10°9 - 2.0x10" -- Eastern Wyoming, western South
1980 . Dakota
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Table 2.7-13: Estimates of Hydraulic Conductivity, Transmissivity, Storage Coefficient,
and Porosity of Major Aquifers from Previous Investigations (concl.)

Hydraulic Transmissivity Storage p:rzlsltyl
Source conductivity (tid) - coafficlant effective Area represented
(tvd) . porosity
| - | Mindsaoguie=Contmed o
Rabm, 1985 -~ - - 0.10/0.05 Western South Dakota
Kylloncn and Peter, 1987 - 0.36 - 8,600 - - Northern Black Hills
Greene, 1993 -- 12,000 0.003 0.1/~ Rapid Gty area
Tan, 1994 32 - -- -- Rapid City area
Grecne and others, 1999 -- 267 - 9,600 5.0x10°7 - 7.4x1 0'S -- Spearfish arca
Carter, Driscoll, Hamade, and - 100- 7,400 - - Black Hills area
Jarrell, 2001
[ Minmskahta aquites |
Rahn, 1985 -- - . - 0.08/0.05 Western Sonth Dakota
[ {inyan Kerajaguifer ]
Niven, 1967 0-100 -~ - - Eastern Wyomiug, western South
Dakota
Miller aud Rahn, 1974 0.944 178 - - Black IHills area
' Gries and others, 1976 1.26 250-580 . 21x107.2.5x10° -~ Wall area, South Dakota
Boggs and Jenkins, 1980 - - 50-190 1.4x103 - 1.0x10 - Northwestern Fall River County
Bredehoeft and others, 1983 83 -- 1.0x10°% - A South Dakota
Rahn, 1985 -- - - 0.26/0.17 Western South Dakota
Kyllonco and Peter, 1987 -; 0.86 - 6,000 - - Northern Black Hills

2.7.2.1.2 Inyan Kara Aquifer

On the prairie away from the central Black Hills, the Inyan Kara is typically the first significant
aquifer encountered. The Inyan Kara aquifer is comprised of two sub-aquifers, the Lakota and
the Fall River, which are separated by the Fuson shale confining unit. Regionally, the Inyan
Kara ranges from 250 to 500 feet. The Inyan Kara is a very heterogeneous formation, which
results in the two (2) aquifers exhibiting a large variation in local characteristics. Regionally; the
Inyan Kara exhibits a large effective porosity (0.17) and the aquifer can yield considerable water
from storage (Driscoll et al., 2002). Within the Black Hills, transmissivity of the Inyan Kara
ranges from 1 to 6,000 ft/day. This high variability is an indication of the complex
heterogeneity of the Inyan Kara formation. The Inyan Kara is confined below by the Morrison
Formation (50-100 ft thick) and above by Cretaceous Graneros Group shale.
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2.7.2.1.3 Minnelusa Aquifer

The Minnelusa Formation consists of interbedded siltstone, sandstone, anhydrite, and limestone

(SDSM&T, 1963). 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 ft*/day

(Table 2.7-13). The Minnelusa aquifer is confined above by the Opeche Shale and below by

lower permeability layers at the base of the Minnelusa formation.

2.7.2.1.4 Madison Aquifer

Within the Black Hills, the Madison Limestone, also known as the Pahasapa Limestone, could be
considered the most important aquifer because it is the source of municipal water in numerous
communities including Rapid City and Edgemont. The hydraulic characteristics of the Madison
Limestone aquifer have been studied for several decades in the region and Table 2.7-13

' summarizes the regional findings. The Madison aquifer is mainly a dolomite unit 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 widely between 1,300 and 56,000 ft’/day. The aquifer varies from
unconfined at its outcrop areas to confined, where reported storativity values range from 10~ to
10 (Table 2.7-13). Regionally a paleosol and low permeability layers within the overlying
Minnelusa Formation act to confine the Madison. Locally, these confining layers may be absent
or their hydraulic characteristics are higher such that intercommunication between the Madison
and Minnelusa occurs. The Madison may be in connection with the underlying Deadwood
aquifer when the Whitewood and Winnipeg confining units are absent. '

2.7.2.1.5 Deadwood Aquifer

Overlying the Precambrian, the Cambrian Deadwood Formation consists of basal conglomerates,
sandstone, limestone, and mudstone. The thickness of the Deadwood is between zero (0) and
500 feet (Driscoll et al., 2002). Rahn (1985) estimated the effective porosity of the aquifer to be
0.05. In the northern Black Hills the effective porosity is presumably lower, in areas where the
O formation has undergone extensive hydrothermal alteration. The transmissivity of the Deadwood

DV102.00279.01 2-152 February 2009
Dewey-Burdock Technical Report



O Powertech (usa) Inc.

within the region is 250 to 1,000 ft2/day (Table 2.7-13) (Downey, 1984). Regionally, “the
Precambrian rocks act as a lower confining unit to the Deadwood aquifer,” although local
connection can exist (Williamson and Carter, 2001). The Deadwood aquifer is in contact with
the overlying Madison aquifer except where the Whitewood and Winnipeg formations are
present and act as semiconfining units (Strobel et al., 1999). ‘

2.7.2.1.6 Minor Aquifers

In addition to the major aquifers, minor aquifers around the Black Hills include the Minnekahta
Limestone, Sundance/Unkpapa, Newcastle Sandstone, and alluvium. Where present and
saturated, these units may yield small amounts of water. Locally, beds within the confining units
may also contain aquifers (Driscoll et al., 2002). Typically, these minor aquifers are not heavily

utilized because of more reliable sources in adjacent aquifers.

2.7.2.1.7 Regional Hydraulic Connection of Aquifers

Because of the geologic variability across the Black Hills, several mechanisms can serve to
create hydraulic connection between aquifers. Most interconnection appears to be associated
with the thinning or absence of confining units between aquifers, which has been documented in
local and regional geologic studies (Miller, 2005). Analyses of regional aquifer tests conducted
around the Black Hills provide direct evidence of aquifer interconnection or separation. A few

examples are mentioned below.

* Recent pumping tests within the Deadwood aquifer near Jewel Cave indicate that
vertical leakage through a confining layer is occurring in that area (Valder, 2006).

* In Rapid City, Rahn (1989) points to different artesian pressures reported in Sioux
Park wells, installed into different hydrogeologic units, as evidence that the units are
hydraulically separated. '

* Studies by Long and Putnam (2002) of paired Madison and Minnelusa wells at the
City Quarry site indicate hydraulic connection between these units. The variation in
yields between areas indicates that locally the interlaying layers may not provide
hydraulic separation between the two units. Both well tests and outcrop observations
show the variability of hydraulic connection between the Deadwood, Madison, and
Minnelusa aquifers.

* Various sources have also suggested that breccia pipes serve as a path between
aquifers. The majority of these features are believed to originate within the
Minnelusa Formation and extend upward as high as the Inyan Kara (Gott et al.,
1974). These breccia pipes are the result of dissolution of significant thicknesses of
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anhydrite from the upper Minnelusa and subsequent collapse. The ‘greatest
concentration of these breccia pipes has been noted within a few miles of the outcrop,
although groups of pipes can be concentrated along joints and may extend as “high in
the stratigraphic section as the Lakota Formation” (Braddock, 1963). Gott, Wolcott,
and Bowles (1974) believed that these breccia pipes allowed large quantities of water
to migrate upwards from the Minnelusa into the Inyan Kara.

'2.7.2.1.8 Regional Potentiometric Surfaces

As part of the Black Hills Hydrology Study, the USGS developed 1:100,000-sca1e potentiometric
maps for five aquifers including the Inyan Kara, Minnekahta, Minnelusa, Madison, and
Deadwood (Strobel et al, 2000). The purpose of these maps is to show the potentiometric
surface of the aquifers and to serve as a tool for evaluating groundwater flow directions and
hydraulic gradients in the Black Hills area. The potentiometric maps were created by contouring
elevations of water levels in wells cdmpleted in their respective aquifers. Structural features
such as folds and faults were also considered in the contourihg of the potentiometric surfaces. In
areas where the potentiometric. contours have been inferred (dashed), deviations between the
map and actual water levels may occur. The following conclusions can be drawn from analysis
of the figures: | '

* Regional flow within the different units is consistent for all units. Flow is radially
outward from the central highlands toward the plains.

* Near the outcrop, the aquifers are unconfined. With distance, the aquifers are
confined and have water levels above the top of the formation, and locally above the
land surface.

2.7.2.1.9 Regional Groundwater Recharge

Aquifers in the Black Hills are recharged by infiltrating precipitation, streamflow losses, and
minor seepage from other aquifers. The relative contribution of each of these recharge
components is variable in the Black Hills. For instance, recharge is dominated by precipitation
on the western limestone plateau, while streamflow dominates in parts of the southern hills
(Carter et al., 2000). '

The Black Hills are relatively arid with rainfall ranging from 12 to 28 inches per year in the area.
Most precipitation can be accounted for as surface runoff or evapotranspiration. Regionally, the
percentage of precipitation that recharges the aquifers varies from 30 percent in the northwestern

Black Hills to approximately 2 percent in the drier southwestern Black Hills.
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Streamflow losses can contribute to aquifer recharge if connection between the stream and
underlying aquifer exists. Generally, surface water recharge to groundwater is limited to
relatively shallow alluvial aquifers in relatively close proximity to the streams. The exception to

this rule occurs in areas where karstic features provide preferential pathways for recharge into
the subsurface.

Other sources of recharge to individual units can occur from leakage between units. Regionally,
water elevations increase with depth, which provides an upward potential for ground-water flow.
This limits the potential for downward recharge. Locally these flow head relationships can be
reversed due to pumping of wells, thus creating localized zones where the potential for

downward leakage exists.

2.7.2.1.10 Regional Groundwater and Surface Water Interactions

Throughout the Black Hills there are numerous springs in both the Madison and Minnelusa

formations. These springs provide the headwaters for many streams in the western hills (Long

and Putnam, 2002). Where these streams cross aquifer outcrops along the eastern Black Hills

they lose flow into the subsurface through sinkholes and re-emerge downstream in springs and
' wells (Rahn, 1971 and Long and Putnam, 2002).

In alluvial aquifers, flow is often exchanged between subsurface and surface water. Many of the
streams in the Black Hills are losing streams from which stream water infiltrates into the alluvial
aquifers. Streams also can be gaining streams, in which they have increased discharge due to
inflow from an alluvial aquifer.

The maximum amount of streamflow loss that occurs is known as the loss threshold. When
streamflows are less than the loss threshold, then the discharge is the maximum that can be
absorbed as recharge. If streamflow is greater than (or equal to) the loss threshold, then recharge

equals the loss threshold and the stream will flow over the entire outcrop area.

Hortness and Driscoll (1998) conducted a study of streamflow loses across the Black Hills.

Several factors that have been theorized to affect loss rates include streamflow rate, duration of

flow across a loss zone, or deposition of large amounts of sediment. These observations are

consistent with factors known to influence recharge into the surface: volume of water available,

the time period during which recharge can occur, and connectivity with the subsurface as

represented by thickness of overlying sediments. Hortness and Driscoll (1998) found no
O evidence that loss thresholds were affected by upstream flow rates.
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2.7.2.2 Site Hydrogeology

This section focuses on Site Hydrogeology in comparison to documented regional characteristics
of hydrostratigraphic units, which are presented in Section 2.7.2.1.1. Only hydrogeologic units
younger than and including the Spearfish Formation (Permo-Triassic age) are described here for
two reasons: | '

* With the exception of the town of Edgemont, which has two Madlson wells, deeper
aquifers are not used as a source of water in this area.

* Federal and State permit guidance requires that this assessment focus on the mined
unit (the Inyan Kara Group) and on the hydroge010g1c units immediately above and
below the proposed mined unit.

2.7.2.2.1 Site Hydrostratigraphic Units

The site hydrostratigraphic units are consistent with the regional units discussed above. The
surficial geology and hydrostratigraphy at the site are shown in Figure 2.6-2, and Figure 2.2-3,
respectively. Analyses of water quality data for the units are provided in Section 2.7.3.

D 2.7.2.2.2 Spearfish Formation Confining Unit

In general, the Spearfish Formation is characterized by a thick sequence (250 to 450 feet) of red

- shale and siltstone. Based on the few exploration holes that have penetrated the entire thickness
of the formation in the PAA, the Spearfish is an average of 320 feet thick. This thick sequehce
of shalé serves as a hydrologic barrier or confining unit preventing nearly all vertical flow
between the Paleozoic aquifers and the Jurassic/Cretaceous aquifers.

2.7.2.2.3 Sundance and Unkpapa Aquiférs

Overlying the Spearfish formation, the Sundance and Unkpapa aquifers are considered aquifers
of minor importance within the Black Hills. These aquifers are a source of water within the
PAA. The Sundance Formation is composed primarily of shale and sandstone with an average
thickness of 280 feet thick near the project site. Where present, the Unkpapa is 50 to 80 feet of
well sorted, ﬁne-grained, eolian sandstone. For the pufpose of this study, the Sundance and
Unkpapa aquifers are considered equivalent as there is no intervening confining unit separating
the two.
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2.7.2.2.4 Morrison Formation Confining Unit

1y

Overlying the Sundance and Unkpapa aquifers is the Morrison Formation. The Morrison is a
shale layer approximately 100 feet thick, which serves as an underlying confining unit between
the Inyan Kara and the Sundance aquifers (and the Unkpapa where it exists). A core sample was
collected from the upper Morrison; results of geotechnical testing indicate that the shale has a
relatively low vertical permeability of about 6.0 x 107 feet/day.

2.7.2.2.5 Inyan Kara Aquifer

The Inyan Kara aquifer is the principal aquifer in the region. Locally, the Cretaceous Inyan Kara
Group is consistent with its regional characteristics and is composed of two formations: the
Lakota (Fuson and Chilson members) and Fall River. In general, the Inyan Kara consists of
interbedded sandstone, siltstone, and shale. Based on several measured outcrop sections within
the Dewey Quadrangle, the Inyan Kara Group averages 350 feet thick. The Fuson member of
the Lakota, underlying the Fall River, varies in thickness from 40 to 70 feet. Throughout most of
the region, the Fuson is expected to be an effective interaquifer confining unit. Locally,
however, results of aquifer tests at the project site indicate that the Fuson Shale is not an
O effective barrier in some locations. It is possible that, “interaquifer connection here could result
“from as-yet-unidentified structural features or old open exploration holes”. As such, the Inyan
Kara is treated in this report as one aquifer with the Fall River and Lakota representing sub-
aquifers. The Inyan Kara is confined above by the Graneros Group, a thick sequence of dark
shale that varies in thickness from zero (0) feet where the Inyan Kara crops out to more than 500
feet thick in the plains, preventing the. vertical migration of water between the Inyan Kara and

alluvial aquifers.

2.7.2.2.6 Graneros Group Confining Unit

The Graneros Group is composed of several geologic formations including the Skull Creek,
Newcastle, Mowry, and Belle Fourche. The group acts as a single unit that confines the Inyan
Kara aquifer. In the PAA, the thickness of the Graneros is zero (0) at thekoutcrop but increases
westward to more than 500 feet thick. A core sample was collected from the lower Skull Creek
shale; results of geotechnical testing indicate that the shale has a very low vertical permeability
of 1.5 x 107 ft/day. ‘
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2.7.2.2.7 Alluvial Aquifers

For the purpose of this report, the alluvial aquifers in the vicinity of the project site consist of any
saturated alluvial material along Pass Creek, Beaver Creek, and the Cheyenne River. In general,
the thickness of the alluvial material varies from zero (0) to 25 feet, although it can reach 40 feet.
Based on water level measurements in five alluvial piezometers, the upper 10 to 15 feet of the
alluvium is unsaturated. The alluvial material is typically unconfined although localized areas of
confinement may exist where weathered shale and other material has slumped on top of the
alluvium. Groundwater level data and groundwater samples were collected for laboratory
analyses.

2.7.2.2.8 Groundwater Flow

The hydrologic investigation of this site included measurement of water levels in wells
completed in the Inyan Kara aquifer, the overlying alluvial aquifer, and the underlying aquifer
(Sundance/Unkpapa). The data were used to assess groundwater flow direction as indicated by
groundwater elevations, to construct potentiometric surfaces and to calculate hydraulic gradient.
Data collection and analyses were started in 2007 and are ongoing in order to document pre-
development conditions and changes in potentiometric head before, during, and after operations.
Appendix 2.7-A lists water level data collected from wells completed in the Inyan Kara aquifer
during this study.

Water level data weré collected as follows:

* Monthly water levels were measured in wells listed in Table 2.7-14 and shown in
Plate 2.5-1. This table summarizes the wells by formation as determined by well
completion information or, if well completion information was not available, through
analyses of water quality information. These wells were selected to provide water
level data upgradient and downgradient of the proposed mine areas.

*  Water levels were measured in monitoring wells listed in Table 2.7-14 as follows:

— Static water levels were measured at most wells prior to sample collection with
regard to a reference elevation, usually a mark on the well or on a permanent
structure above or near to the well.

—  When possible, free-flowing wells were measured with a 15 Ib/in’ (p51) or 30 psi
N.L.S.T.-certified pressure gauge.

— The well was shut in and the pressure was allowed to stabilize before a reading -
was recorded.
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Pressure values were recorded to within at least 0.1 psi and typically to within
0.01 psi.

Wells with subsurface water levels were measured using an electric water level
tape with measurements reported to within at least one tenth of a foot and
typically to within a hundredth of a foot.

» Exceptions to this procedure included:

Domestic wells that could not be accessed at the well head or were behind a
pressure tank (well numbers 7, 8, 13, 16, 18, 42).

Free-flowing wells that could not be sealed due to leaks caused by corrosion and
age (wells 2, 635, 4002).

Free-flowing wells that could not be sealed due to poor valve fittings or cracked
valves (well 696).

Free-flowing wells where existed the possibility of rupturing a line when
pressurized due to age (well 7002).

Wells that contained pumps and pump tubing making‘ it difficult to retrieve a
water level tape (well 619).

* Water level measurements from pumping and monitoring wells that were taken
during the aquifer tests are given in the aquifer test report (see Appendix 2.7-B).
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Table 2.7-14: Well Data

SD State Plane 1983 Screened
1D East (ft) North (ft) Formation Depth, ft | interval, ft Use
675 10153403 406352.2 Alluvium 14.4 4-14 Piezometer
676 999245.0 439891.6 Alluvium 22.5 12 -22 -Piezometer
677 991947.3 434035.9 Alluvium 14.5 4-14 Piezometer
678 995023.4 4318349 Alluvium 14.5 4-14 Piezometer
679 1000303.0 446248.3 Alluvium 39 29-39 Piezometer
49 987330.6 444022.8 Fall River 600 unknown Stock
607 980219.4 416377.6 Fall River unknown unknown Piezometer
610 989998.0 447969.6 -__FallRiver 680 630-672 Piezometer
613 9905234 453775.8 Fall River 580 504-580 Piezometer
622 991174.5 454033.8 Fall River 520 503 - 580 Piezometer
631 1002575.7 449309.8 Fall River 80 30-80 Stock
681 988728.3 4437253 Fall River 600 585 - 600 Pump Test Well
688 1003425.8 429974.4 Fall River 255 245 - 255 Piezometer
694 997116.1 426836.1 Fall River 392 377-392 ~_Piezometer
695 990783.4 439312.5 Fall River 508 493 - 508 Piezometer
698 1004307.8 435651.1 Fall River 205 180 - 205 Piezometer
O 614 990583.8 453770.2 Fuson 620 609-620 Piczometer
12 995376.8 434378.5 Lakota 805 unknown _ Stock
38 992726.9 442289.6 Lakota 494 unknown Stock
608 980228.9 416454.6 Lakota unknown unknown Piezometer
609 990133.3 447808.3 Lakota 1000 903-966 Piczometer
615 990571.0 453708.9 Lakota 800 712 - 800 . Piezometer
619 .. 1003106.9 437045.9 Lakota 280 unknown Stock
650 1012180.5 433331.4 Lakota unknown unknown - Stock
680 1003476.6 429969.1 Lakota 436 426 - 436 Pump Test Well
689 988715.0 443789.2 Lakota 730 715 -1730 Piczometer
697 990748.4 4393474 Lakota 682 667 - 682 Piezometer
3026 1012037.4 432833.2 Lakota 196 166 - 196 Stock
8002 1004651.5 418556.4 Lakota 500 unknown - Stock
628 990894.7 449719.2 Inyan Kara unknown unknown Stock
668 999428.2 4274503 Inyan Kara
, 8003 1004520.9 418530.8 Inyan Kara unknown unknown Garden

Maps of the current potentiometric surface for the Fall River (Figure 2.7-14), Lakota
(Figure 2.7-15), and Unkpapa (Figure 2.7-16) aquifers have been generated using water level
data collected in the area from September 2007 through June 2008 (Appendix 2.7-A). The
regional USGS map “Potentiometric Surface of the Inyan Kara Aquifer in the Black Hills Area,
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~ South Dakota” was used as a general guide in areas where water level data are unavailable
(Strobel et al., 2000).

The general pattern of groundwater flow is, as expected, away from the highlands and is similar
for all aquifer local units. Throughout the southwestern Black Hills including the study area, the
groundwater gradient is generally southwestward. Analyses of regional information indicate that
similar flow patterns should exist from ground surface to the Precambrian aquifer.

Appendix 2.7-A summarizes water levels and elevations measured in Fall River and Lakota
wells. These paired wells, plus data gathered during the pumping tests, provide the capability to

assess site-specific aquifer connections as follows:

* Analyses of water levels reported from wells near recharge or outcrop areas
demonstrate that water levels in the Lakota Formation are somewhat higher than in

* the Fall River.
+ With increasing distance from the recharge areas, this difference in head appears to
diminish. '
' * Review of pumping test data from the Dewey area indicates that pumping a well
located within the Fall River does not impact the Lakota heads. Where the Fuson is

an ineffective confining unit, water could flow upward into the Fall River Formation.
Because of this uncertain connectivity, the Fall River and Lakota Formations are
considered to be one aquifer (the Inyan Kara aquifer) in this report.
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If the aquifer materials were homogeneous, groundwater would flow in the direction of the

gradient. Within the PAA, it is likely that groundwater flow is partially controlled by
interfingering channels and heterogeneous beds.

North of the site, the Dewey Fault is believed to affect groundwater movement. At its greatest,
the Dewey Fault has more than 400 feet of offset. This offset would place the Lakota Formation,
south of the fault, against the impermeable Spearfish Formation north of the fault. Based on
TVA’s Dewey pumping test, the fault behaved as an impermeable zone and resulted in
drawdown greater than would occur in an infinite aquifer (Boggs, 1983).

It is common practice in the area to allow artesian wells to continuously flow to prevent freezing.
Undoubtedly, this practice has resulted in a decline in potentiometric head over decades.

2.7.2.2.9 Site Groundwater Recharge and Discharge

Groundwater may recharge or discharge from the site under the following mechanisms:

* Recharge via infiltration of precipitation
' « Discharge via evapotranspiration
* Recharge or discharge to streams or springs
* Recharge or discharge into overlying or underlying hydrogeologic units
-+ Recharge or discharge along the Dewey fault zone
» Discharge to wells
» Recharging groundwater flow into the study area
» Discharging groundwater flow out of the study area.

The first three mechanisms are limited to unconfined alluvium in stream channels with depths
less than 100 feet. The remaining mechanisms apply from the highland outcrop to the PAA, as
the units transition from unconfined outcrops to confined units. Recharge to confined
groundwater is primarily from precipitation recharge at the outcrop. Most of this recharge
occurs at the highland outcrops, as shown in Figure 2.7-17. Based on data from Carter et al.
(2001), an average of 0.3 to 0.5 inches of precipitation (2 to 3 percent of 16 in/yr) that falls each
year recharges the Inyan Kara aquifer. ”
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. 2.7.2.2.10 Site-Specific Groundwater/Surface Water Interactions

Near the PAA, there are several possible modes of interaction between groundwater and surface
water. Groundwater becomes surface water where free-flowing artesian wells discharge into
surface water impoundments. There are no natural springs in the PAA. The only other major
avenue for interchange is along the alluvium where Pass Creek crosses the Inyan Kara outcrop.
Here, the alluvium may either gain or lose flow to the underlying aquifer. There is currently no
stream loss data for Pass Creek to quantify this interaction.

2.7.2.2.11 Hydraulic Properties of the Inyan Kara at the Project Site

This section describes past and recent aquifer pumping tests and the insight on hydraulic
properties that were gained.

2.7.2.2.12 Summary of Previous Pump Test Results

The TVA conducted groundwater pumping tests from 1977 through 1982 as part of a uranium
mine development project near the towns of Edgemont and Dewey, South Dakota. TVA
produced two summary pumping test reports, "Analysis of Aquifer Tests 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). In
addition, TVA prepared a Draft Environmental Statement (DES) for the proposed Edgemont
Uranium Mine in 1979. ’

TVA first conducted two unsuccessful tests in 1977 at the Burdock test site. The results of the
1977 tests were considered inconclusive because of various problems including questionable
discharge measurements, some observation wells improperly constructed, and some pressure
gauges malfunctioned. No data from the 1977 tests are currently available.

TVA conducted three successful pumping tests, two in 1979 near the current Burdock Project
Area, and one in 1982 about two miles north of the current PAA. The results of these successful
tests are described in separate sections, below. However, no data for these tests, in particular

electronic records of drawdown, are available, other than information contained in the reports.

2.7.2.2.12.1 Dewey Proposed Action Area

The Dewey test was conducted in 1982 northeast of Dewey Road at the location shown on
Figure 2.7-18. The test consisted of pumping in the Lakota formation for 11 days at an average
O rate of 495 gallons per minute [gpm]. The test developed the following information:
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Transmissivity of the Lakota averaged about 4;400 gallons per day per foot (gpd/ft)
which is equivalent to 590 feet squared per day (ft*/day).

Storativity of the Lakota was about 1.0 x 10™* (dimensionless).

There was response between the Fall River and Lakota formations through the

intervening Fuson shale-siltstone member that was manifested at relatively late time
(3000 to 10000 minutes). )

The vertical hydraulic conductivity of the Fuson aquitard using the Neuman-
Witherspoon ratio method (Neuman and Witherspoon, 1973) was 2 x 10* fi/day;
storativity of the Fuson Member was not determined and specific storage was about 7
x 107 .

A barrier boundary, or a decrease in transmissivity due to lithologic changes with
distance from the test site, or both, were observed; a possible geologic feature
corresponding to a barrier was noted to be the Dewey Fault Zone, located about 1.5
miles north of the test site, where the Lakota and Fall River formations are
structurally offset.
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2.7.2.2.12.2 Burdock Project Area

The Burdock tests were conducted in 1979 near Dewey Road at the location shown on
Figure 2.7-18. The Burdock tests consisted of separate pumping tests from the Lakota (Chilson)
and Fall River Aquifer, respectively in April and July of 1979. The tests used the same pumping
well with packers to altemately isolate screens open to the respective formations. Test durations
were 73 hours for the Lakota test and 49 hours for the Fall River test. Pumping rates were about
200 gpm from the Lakota aquifer and 8.5 gpm from the Fall River. The reason for the

unexpected low pumping rate from the Fall River aquifer was not specified in the TVA report.
The tests developed the following information:

* Interpreted transmissivity of the Lakota was based on analysis of later time data and
inferred decreasing transmissivity with distance from the test site due to changes in
lithology; overall transmissivity averaged about 1,400 gpd/ft (190 ft*/day) and
storativity about 1.8 x 10 (dimensionless); maximum transmissivity from early time
data was about 2,300 gpd/ft (310 ft*/day). ‘

. Transmissivity of the Fall River averaged about 400 gpd/ft (54 ft*/day) and storativity
: ' about 1.4 x 10” (dimensionless).

* There was communication between the Fall River and Lakota formations through the
intervening Fuson shale-siltstone member; leaky behavior was observed in the Fall
River formation and believed to exist in Lakota although “leakage effects in the
Lakota” drawdown data are masked by the conflicting effect of a decreasing
transmissivity in site vicinity” (p. 16 in Boggs and Jenkins, 1980).

» The vertical hydraulic conductivity of the Fuson aquitard the Neuman-Witherspoon
ratio method (Neuman and Witherspoon, 1973) ranged from 10™ to 10 fi/day;
storativity was not determined, and specific storage was assumed to be about 10 ft™.

2.7.2.2.13 2008 Pumping Tests

In 2008 pumping tests were performéd at both the project areas, along with laboratory tests on
related core samples, to determine aquifer properties at the site. A work plan (Knight Piésold,
2008a) was prepared and distributed to interested representatives of state and federal agencies,
including the South Dakota DENR and the EPA.

A detailed description of the aquifer testing methodology and analysis of the results are
. contained in the aquifer test report (Knight Piésold, 2008b), Appendix 2.7-B. The report results
are briefly summarized in the following sections.
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2.7.2.2.14 Burdock Project Area
2.7.2.2.14.1 Summary of Burdock Pumping Test Results

A summary of aquifer parameters for the 2008 Burdock pumping test (conducted in the Chilson
member of the Lakota formation) and related laboratory core testing is as follows:

« Nine determinations of transmissivity (Table 2.7-15) ranged from 120 to 223 ft*/day
with the median value of 150 ftz/day.

» Four storativity determinations (Table 2.7-15) ranged from 6.8 x 10° to 1.9 x 10™
with the median value of 1.2 x 10™.

* The radius of influence of the pumping test determmed by a distance-drawdown plot
was 2,100 ft.

* The pumping well in the lower Lakota formation was determined to be moderately
efficient: 80 to 83 percent by the empirical distance-drawdown method and
65 percent the USGS (Halford and Kuniansky, 2002) theoretical method.

» Laboratory measurements of horizontal and vertical hydraulic conductivity
(Table 2.7-16) were made on sandstone layers similar to that tested in the pump test;
measured horizontal hydraulic conductivity ranged from 5.9 to 9.1 ft/d, the mean
value was 7.4 ft/d and the mean ratio of horizontal to vertical hydraulic conductivity
in Burdock area sandstone was 2.47:1. :

+ Laboratory measurements of horizontal and vertical hydraulic conductivity
(Table 2.7-16) were made on shale layers from the two major confining units for the
Lakota formation in the pump test area with the following results:

— Fuson Shale: the laboratory core data indicate vertical permeabilities of about
2x 107 to 1 x 10°® cm/sec (average 2.7 x 10™ ft/d) for shale samples from within
the Fuson member overlying the Lakota formation.

— Morrison Shale: the laboratory core data for the shales in the underlying Morrison
formatlon indicate vertical permeabllltles of 9 x 10 to 3 x 10® c/sec (average
6.0 x 107 ft/d).

* The range of hydraulic conductivities determinable from test transmissivities was 0.9
to 15.0 ft/d, which is considered an appropriate range that is also verified by the
sandstone core sample results falling in the middle of the range; it is noted that the
lower end of the hydraulic conductivity range is probably appropriate for use with the
entire formation thickness (shale layers included) and the upper end represents the
most permeable sandstone layers such as the ore zone areas tested in the pump test.
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Table 2.7-16: Laboratory Core Analyses at Project Site

Air Intrinsic Water Hydraulic
Confining Permeabilityo) Particle Conductivityeys) Core Core
Sample © Depth Stress Porosity ka Density Ku Kn Kv
Number (ft) (psig) (%) (mD) : (g/ems) Notes (cm/s) (ft/day) (ft/day)
DB 07-11- Burdoc
11C k
1H 252.20 600 10.50 1.040 2.356 Fuson Shale 8.0073E-07
v 252.35 600 10.15 0.228 2.356 Fuson Shale 1.7555E-07
4H 412.30 600 9.68 ) 0.041 2.511 Fuson Shale 3.1567E-08
4V 41245 600 9.59 0.015 2.514 Fuson Shale 1.1549E-08
DB 07-29-1C Dewey
2H 480.70 600 8.90 0.078 2.613 Skull Creek 6.0055E-08
shale .
v | 48080 600 9.30 0007 | 2610 | SulCreck 5.3896E-09
3H 609.10 600 12.26 : 0.073 2.603 Fuson Shale 5.6205E-08
v 609.10 600 10.84 0.008 2.793 Fuson Shale 6.1595E-09
DB 07-11- Burdoc
14C k
‘ | SH 423.60 600 29.56 3,207 2.645 Lakota Sand 2.4692E-03 7.0
5V 423.35 600 30.34 1,464 2.645 Lakota Sand 1.1272E-03 3.2
6H 430.20 600 31.90 4,161 2.640 Lakota Sand 3.2037E-03 9.1
6V 430.35 600 30.16 939 2.646 Lakota Sand 7.2297E-04 2.1
7H 453.50 600 10.86 1.000 2.519 Morrison Shale 7.6994E-07
v 453.45 600 11.82 0.043 2.543 Morrison Shale 3.3107E-08
DB-07-11- Burdoc
16C k .
8H 420.40 600 30.50 2,697 2.643 Lakota Sand 2.0765E-03 59
8V 420.10 600 30.17 1,750 2.651 Lakota Sand 1.3474E-03 38
9H 455.90 600 6.99 0.004 . 2.536 Morrison Shale 3.0797E-09
EAY 455.45 600 7.65 ' 0.012 2.556 Morrison Shale 9.2392E-09
10H 503.30 600 12.96 0.697 2474 Morrison Shale 5.3665E-07
10v 503.45 600 No data
DB 07-32-4C Dewey
11H 573.25 600 29.15 2,802 ) 2.641 Fall River Sand 2.1574E-03 6.1
11V 573.40 600 29.04 619 T 2.645 Fall River Sand 4.7659E-04 1.4
Summary
Average Lakota Sand K, Kv 74 3.0
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2.7.2.2.14.2 Burdock Pumping Test Conclusions

The Burdock pumping test in 2008 may be directly compared to the 1979 TVA test for the
Lakota (Chilson) aquifer as the tests were nearly at the same location (Figure 2.7-18). The
average transmissivity and storativity values determined from the TVA tests were 190 ft*/d and
1.8 x 10 (see p. 17 in Boggs and Jenkins, 1980). Comparing median transmissivity of 150 ft*/d
and storativity of 1.2 x 10™*determined in the 2008 test to the TVA test, the new aquifer
parameters for the lower Lakota are respectively about 80 and 70 percent of the 1979 results.
Because transmissivity and storativity depend on aquifer thickness, comparing the results
suggests that there may be some scaling effect between the tests due to the differing lengths of

screened intervals.

Therefore, the 1979 TVA test transmissivity of 190 ft*/d is considered representative of the entire
Lakota aquifer for a regional application, such as a groundwater flow model where an average
hydraulic conductivity of about 1 ft/d over a thickness of 170 ft could be specified. The 2008
test provides specific data at the operational-scale of a prospective ISL well field where local

hydraulic conductivities of up to 15 ft/d could be specified for the most permeable ore zones

. horizons.

Within the Lakota formation, vertical communication throughout the entire formation is
indicated by the delayed response at the upper Lakota observation well (11-19). The 160 minute
delay in response at the upper Lakota observation well 11-19 is attributed to lateral and vertical
anisotropy due to the shale interbeds seen on the conceptual stratigraphic cross-sections for the
pump test site (Knight Piésold, 2008b). The extent and continuity of the shale interbeds are
unknown. Whether the shale interbeds in the Lakota aquifer are Sufﬁciehtly thick and
continuous to serve as vertical confinement for ISL operations will probably need to be evaluated
by analyzing cores from borings as well fields are drilled.

The 2008 test indicates that the lower and upper iaonions of the Lakota formation behave as a
single, confined, leaky aquifer. Confinement and leakage from the overlying Fuson member is
evident in the matches to the Hantush-Jacob type curves seen most clearly at observation wells
11-14C and 11-2. Theée results are more definitive than the 1979 TVA test where confined,
leaky behavior for the Lakota was predicted but not demonstrated with curve match results.

Hydraulic communication through the Fuson member between the Lakota and Fall River
aquifers is evidenced by the response at observation well 11-17, screened in the lower Fall River
' formation. The first response in the lower Fall River is interpreted as a Noordbergum effect
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where water levels monitored above the pumping zone aquitard temporarily increased due to
three-dimensional deformation caused by ground water withdrawal from a confined aquifer
(Hseigh, 1997). The Noordbergum effect appears characteristic of the Inyan Kara formation
based on its occurrence in a 1985 pumping test in the Eastern Black Hills near Wall, South
Dakota (Rahn, 1985) and also the previous TVA test at the Burdock site (Boggs and Jenkins,
1980). However, drawdown continued at the Fall River observation well 11-17, indicating that
leakage was established through the underlying Fuson formation. '

The laboratory core data indicate an average vertical permeability of 9.3 x 10® (2.7 x 107 f/d)
for shale samples from within the Fuson member. The shale core permeability values are about
one to two orders of magnitude less permeable than the pumping test values determined in the
1979 TVA test at Burdock, where the vertical hydraulic conductivity of the Fuson aquitard was
calculated using the Neuman-Witherspoon ratio method to be about 10° f/day (see pg. (i) in
Boggs and Jenkins, 1980). |

The potentiometric surface in the Fall River aquifer is close to that in the Lakota aquifer at the
Burdock pump test site, indicating some local connection between the two formations through
‘ the intervening Fuson. member. In other locations in the Inyan Kara, the Fuson member is
known to have sandstone layers that are downcut into the Lakota member (Gott et al., 1974).
Therefore, determining the degree of vertical confinement for ISL operations by the Fuson will
probably need to be evaluated by analyzing cores from borings as well fields are drilled, and
with wF:ll field-scale pumping tests that are proposed to be conducted prior to startup of each

particular mine unit.

The aquifer tests in 1979 and 2008 indicate that the Lakota formation is a confined aquifer with a
leaky confining layer, which is demonstrably the Fuson member. The laboratory core data for the
shales in the underlying Morrison formation indicate an average vertical permeability of
2.1x 108 cm/sec (6 x 107 ft/d). Together with the pump test data, the core data indicate that the
underlying Morrison formation and overlying Fuson member can serve as aquitards for ISL
operations.

- For the Lakota sandstone, the laboratory core data indicate an average horizontal hydraulic
conductivity of 7 ft/d, and as high as 9.1 ft/d. Interpretation of the test results calculates that
horizontal permeability may be as great as 15 ft/d throughout one of the ore zones. Within the
lower Lakota formation, the test results indicate transmissive response between pumping and

. observation wells up to 250 feet apart with 17 feet of drawdown. Response was nearly 3 feet of
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drawdown at 1,290 ft distance. This indicates the aquifer was stressed to produce good quality
analytical results. '

2.7.2.2.15 Dewey Project Area
2.7.2.2.15.1 Summary of Dewey Pumping Test Results

A summary of aquifer parameters for the 2008 Dewey pumping test (conducted in the Fall River
formation) and related laboratory core testing is as follows:

«  Ten determinations of transmissivity (Table 2.7-17) ranged from 180 to 330 ft*/day
with the median value of 255 ft*/day.

« Five storativity determinations (Table 2.7-17) ranged from 2.3 x 10” to 2.0 x 10™
with the median value of 4.6 x 107>.

* The radius of influence of the pumping test determined by a distance-drawdown plot
was 5,700 feet. 4 '

* The pumping well in the Fall River formation was determined to be highly efficient:
93 to 95 percent by the empirical distance-drawdown method and 81 percent by the
. USGS (Halford and Kuniansky, 2002) theoretical method.

+ Laboratory measurements of horizontal and vertical hydraulic conductivity
(Table 2.7-16) were made in core sample from the sandstone layer similar to that
tested in the pump test; measured horizontal hydraulic conductivity was 6.1 ft/d, and
the ratio of horizontal to vertical hydraulic conductivity was 4.5:1.

* [Laboratory measurements of horizontal and vertical hydraulic conductivity
(Table 2.7-16) were made on shale samples from the two major confining units
overlying and underlying the pump test area with the following results:

— Skull Creek shale: laboratory core data for the shale sample from the overlying
Skl;ll Creek formation indicate a vertical permeability of 5.4 x 10 cnvsec (1.5 x
10™ ft/d).

— Fuson Formation: laboratory core data for the shale sample from the underlying
Fuson formation indicate a vertical permeability of 6.2 x 10® cm/sec (1.8 x 107
ft/d). '

2.7.2.2.15.2 Dewey Pumping Test Conclusions

The Dewey pumping test in 2008 in the Fall River aquifer is not directly comparable to the 1982
TVA test because the underlying Lakota aquifer was tested in 1982. As demonstrated above for
‘ the Lakota aquifer (Sectidn 2.7.2.2.14.1), a scaling effect may be assumed between total
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formation transmissivity and storativity (i.e., regional-scale) and the 2008 operational-scale test.

However, there are several lines of evidence that the 2008 test transmissivity and storativity

results are representative of the entire Fall River aquifer at the Dewey test site, as follows:

» Thickness of the sandstone layer screened by the pumping well is about one-half the
total formation thickness (see drawings 4.1 and 4.2 in Knight Piésold, 2008b).

+ Response at the stock tank well (GW-49at 1,400 ft distance) was ‘within the
acceptable range for a confined aquifer; this is interpreted to indicate that the effects
of partial penetration (due to elevation differences between the pumping well screen
and the observation well open to the upper half of the aquifer) were diminished at the
1,400 ft distance and 40 minute response time.

» The delay in response at the upper Fall River observation well 32-9C was a relatively
brief, 11 minutes (see Table 4.2 in Knight Piésold, 2008b), compared to 160 minutes
in the Burdock test; together with (2) above, these responses suggest that the vertical
anisotropy due to shale interbeds overlying the lower sandstone layer does not extend
laterally for more than about 1,400 feet.

The 2008 test indicates that the lower and upper sandstone portions of the Fall River formation
behave as a single, confined, aquifer with some form of lateral barrier due to changing lithology,

‘ such as a channel boundary. The TVA test in 1982 observed a barrier boundary in the
underlying Lakota formation which was attributed to either a change in lithology or the Dewey
Fault zone. Apparently, both the Lakota and Fall River formations in the general Dewey Project
Area are highly transmissive and show barrier bouhdaries. These test results are more definitive
than the 1982 TVA test concerning the proximity of the barrier boundary, because the 2008
radius of influence was about one mile compared to greater than two to three miles distance to
the fault zone.
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Table 2.7-17: Summary of Aquifer Hydraulic Characteristics for the Dewey Pumping Test

Dewey Test Site Pumping Test Interpretations
Well | Radial Dist. Interpretation Transr;;issivit uoru' Storativity Note
Well 1.D. Type (ft) Method (ft2/day) (unitless) (unitless)
Ore zone (lower Fall River Sandstone)
32-3C Pumping | 0.25 (0.33) Theis DD¢1) 250 3 1.2E-060) N
CJDD3) 250 <0.01 - -
Pumping Well Efficiency = 80%3)
CJ Recovery (3) 270 <0.01 } }
325 Obs #1 243 Theis DD(1) 294 . 3.3E-05 -
Theis Recovery(1) 260 <0.01 _ _
CJ Recovery() 280 <0.01 } )
32-4C Obs #2 467 Theis DD 333 - 5.6E-05 -
CJ Recovery ) 120(@) <0.01 )
29-7 Obs #3 2,400 Theis DD2) 178 . 2.0E-04
‘ CJ Recovery 3) Insufficient recovery for analysis -
' Fall River Aquifer Stock Well (Screened in top half of Fall River) ]
‘ GW-49 Stock 1,400 Theis DD(1) 177 .. 2.3E-05 -
CJ Recovery (3) 110 <0.05 _ }
Upper Fall River Sandstone
329C . Obs 41 Theis DD(1) 217 _ 1.6E-02 -
CJ Recovery (3) 150 <0.05 N -
Lakota Sandstone Layer
32-10 Obs 61 No response during pumping test. -
Unkpapa Formation
32-11 Obs 50 No response during pumping test. ) . -
Distance Drawdown (32-5, 32-4C, 29-7, GW-49)2) 218 <0.05 4.6E-05 r2=0.78 (4 point line)
Pumping Well Efficiency = 93% to 95% '
Summary: Median 255 4.60E-05
Average/Geometric Meanw) 251 ) 5.23E-05

Notes/References: DD = drawdown, CJ = Cooper -Jacob,r MObs = Observation Well
(1) Calculated by automated curve fitting in Aquiferwin32 software (ESI, 2003).
(2) Knight Piésold spreadsheet after methods in Driscoll (1986).
(3) Spreadsheet methods in U.S. Geol. Surv. Open File Rept. 02-197, Halford and Kuniansky (2002).
(4) Average value calculated for Transmissivity, Geometric Mean value calculated for Storativity.
(a) only slope satisfying u ‘criterion occurs after intersection with barrier boundary.
' (b) not accepted due to anomalous response at well, see text.
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‘Vertical flow throughout the entire Fall River Formation is indicated by the delayed response at
the upper Fall River observation well (32-9C). Within the Fall River Formation, the 11 minute
delay in response at the upper observation well is attributed to lateral and vertical anisotropy due
to the shale interbeds seen on the conceptual stratigraphic cross-sections for the pump test site
(see Drawings 4.1 and 4.2 in Knight-Piésold, 2008b). The extent and continuity of the shale
interbeds are not known. Whether the shale interbeds. in the Fall River Aquifer are sufficiently
thick and continuous to serve as vertical confinement for ISL operations will need to be

evaluated by analyzing cores from borings as well fields are drilled.

Leakage from a confining layer, presumably the Fuson member, was observed in the 1982 TVA
test of the Lakota formation. However, the leakage was observed only relatively late in the TVA
tests, at 3,000 to' 10,000 minutes, with a much greater pumping rate (495 gpm) and radius of
influence.  The large-scale vertical hydraulic conductivity value of 2 x 10* ftday
(7.1 x 10® cm/sec) determined in the 1982 TVA regional test at Dewey - using the
Neuman-Witherspoon ratio method is sufficiently impermeable to be considered an aquitard or
aquiclude.

‘ Hydraulic flow through the Fuson member between the Fall River and underlying Lakota
aquifers is not indicated by the 2008 response at observation well 32-10. The 2008 test
demonstrates that vertical leakage through the Fuson may not occur over a mile-wide radius. As
described in Section 4.1, the Lakota and. Fall River aquifers at the Dewey test site appear to be
locally hydraulically isolated by the intervening Fuson member with nearly 40 feet head
difference. =~ The laboratory core data indicate a very low vertical permeability of
6.2 x 10° cmvsec (1.8 x 107 ft/d) for the shale sample from within the Fuson shale member.

The laboratory core data for the shale sample from the Skull Creek formation, overlying the Fall
River formation, indicate a very low vertical pefmeability of 5.4 x 10® covsec (1.5 x 107 ft/d),
also appropriate for an aquitard or aquiclude.

For the Fall River sandstone, the laboratory core data indicate a horizontal hydraulic conductivity
of 6.1 ft/d, and interpretation of the test results calculates that horizontal permeability may be as
great as 17 ft/d throughout one of the ore zones. Within the lower Fall River formation, the test
results indicate transmissive, rapid response (two to three minutes) between pumping and
observation wells up to 467 feet apart with nearly 10 feet of drawdown. Response was nearly 9

feet of drawdown at 1,400 feet distance. This indicates the aquifer was stressed to produce good

' quality analytical results.
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2.7.2.2.16 Hydraulic Connection of Aquifers at the Project Site

Regionally, the Inyan Kara is a confined aquifer. At the project site, the Graneros Group shale
serves as the overlying confining unit that prevents upward migration. There are also no major
aquifers above the Inyan Kara from which connection could occur. Below the.Inyan Kara, the
Morrison Formation serves as a relatively impermeable confining unit. At the project site,
results from recent pump tests show that the Morrison effectively confines the Unkpapa aquifer
below since no measurable drawdown in the Unkpapa was observed while pumping in the Inyan
Kara. However, a minor amount of communication between the Inyan Kara and underlying
aquifers (including the Unkpapa, Sundance, and Minnelusa) may occur in yet undiscovered areas
where the Morrison is thin or absent or along undiscovered breccia pipes. For a more detailed
discussion on the regional and site hydrostratigraphic units see Sections 2.7.2.1.1 and 2.7.2.2.1.

Within the Inyan Kara, the Fuson member of the Lakota is expected to be an effective
interaquifer confining unit. Results of aquifer tests at the project site indicate that the Fuson
Shale is not an effective barrier in some locations (Boggs and Jenkins, 1980). Locally
unidentified structural features or more likely old, unplugged exploration holes enhance this
. interaquifer connection. The exact location of these potentially unplugged holes is
undeterminable. However, over 95 percent of exploration holes never penetrated deeper than the
lower Lakota and upper Morrison, so this potential venue of connection is limited to within the
Inyan Kara itself. Flow from these open holes could potentially reach the ground surface,
although swelling of overlying clays and associated collapse are probably preventing this
situation from occurring. Because of such interaquifer connection, the Inyan Kara is treated in

this report as one aquifer with the Fall River and Lakota representing sub-aquifers.

2.7.2.2.17 Groundwate'r Use

The following sections describe the regional, site, and operational water use in the PAA.

2.7.2.2.18 Regional Groundwater Use

The PAA is located at the southwestern edge of the Black Hills. The major aquifers of the Black
Hills are the Precambrian, Deadwood, Madison, Minnelusa, and Inyan Kara (see Section
2.7.2.1.1). Within Fall River and Custer Counties, each of these aquifers is used, with wells
generally being drilled into the next underlying aquifer below the surface. There is no public

data available to quantify the use from each of these aquifers within Fall River or Custer County.
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2.7.2.2.19 Operational Water Use

During ISL operations (including both production and restoration) nominal bleed rates of
.5-1 percent are expected to be maintained over the life of the project. Instantaneous rates may
vary in the range of 0.5 percent to 3 percent for short durations, from days to months. All
effluent systems for treating bleed streams are designed for continuous operation at the
maximum bleed rate of 3 percent. However, over the life of the project, a reasonable estimate of
.5-1 percent, or slightly less, bleed is believed appropriéite and sufficient to maintain a the cone
of depression necessary within any production or restoration acitivity ISL circulates significant
quantities of water through the ore zone but consumes only a small fraction of that amount
because most water is reinjected back into the deposit. During operations, 0.5 to 3 percent of the
solution extracted from the aquifer will be “bled” from the system to ensure a cone of depression
is maintained and that no leach fluids are released from the recovery area.

It is anticipated that no more than two well fields, typically one at the Dewey site and one at the
Burdock site will be in production at one time, with another two in restoration. Reclamation will
begin as soon as each well field has been depleted of uranium, beginning approximately two
years after the start of operations. When one well field is depleted, it will be reclaimed at the

same time production continues in another well field along the ore front.

2.7.2.2.20 Water Requirements for the Proposed Action Facilities

Water requirements of the CPP and other facilities are estimated to have a maximum requirement
of 65 gpm. As this requirement is relatively large, it is expected that most of this water will be
derived from a water supply well in the Madison formation. Some of this water may be
withdrawn from the Inyan Kara formation, but if so, it will not occur in a fashion to affect any
well field operations.

2.7.2.2.21 Water Usage with Reverse Osmosis and without Revers
Osmosis | .

Total net water use for production operations (as wellfield purge) will be in the range
20-120 gpm from the Inyan Kara. Each production site will consume between 10 and 60 gpm as
well field purge. During restoration operations, water consumption will be greater from the
Inyan Kara. However, net withdrawal from the Inyan Kara formation will also remain at the
range of 0.5 to 3 percent of total restoration flow during groundwater treatment via RO method
of restoration (Table 2.7-18). It is expected that the restoration activities will also be split

between the two sites. Net withdrawal during these restoration operations (as well field purge) is
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expected to be a total of 2.5 to 15 gpm from the Inyan Kara. At each site, Dewey and Burdock,
1.25 to 7.5 gpm will be the net withdrawal during restoration operations. Net water usage from
the Maddison using a (RO) unit to restore groundwater following production, approximately

167 gpm of the 500 gpm (without RO utilization; Table 2.7-19), will need to be made up with
Madison aquifer water.

The actual flow rates of water leaving the Inyan Kara formation during restoration operations is
expected to be in the range of 150-500 gpm. Nearly all of this water will be “made-up” by
injection of water from these two sources:

Madison formation

The Madison aquifer is a source of fresh water and could potentially be utilized for the Proposed
Action. Powertech (USA) would utilize the Madison Limestone, which occurs at depth
throughout the entire project boundary, as a source of fresh make-up water for restoration
purposes. As described below, it is very likely that the Madison aquifer can provide a source of
water at the desired rate and quality sufficient for the needs of Powertech (USA) to ensure timely
and successful ISL restoration goals. Depending on the exact aquifer restoration process
. Powertech (USA) may need to produce up to 500 gpm from the Madison aquifer. In the case of
land application disposal of water during restoration, S00 gpm of make-up water will be required
from the Madison aquifer. Utilizing RO, approximately one-third (or 167 gpm) of the 500 gpm
will need to be made up with Madison aquifer water. '

Inyan Kara formation

This is providing that make-up water is withdrawn from wells that are located far enough from
operating well fields so as to not affect the cone of depression within the operating well fields.

The actual net difference between fluid produced and fluid injected must be maintained at a rate
equivalent to the 0.5-3 percent bleed rates described above. With RO process used for treating
well field bleed streams, permeate will be reinjected and will substantially lower the requirement
for makeup waterfrom the Madison; such use of RO typically reduces make-up water
requirements to approximately 1/3 of the water that would be required without RO
(Table 2.7-19).
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