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

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

3.3.2 Soil Survey Results and Discussion

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

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

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

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

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

Table D-7.1.1 in Appendix 3.3-A summarizes the soil mapping unit acreages within the permit

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

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

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

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

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

anticipated disturbance acreage within the permit area.

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

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

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

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

field observations).

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

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

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

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

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

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

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

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

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

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

map unit series ranged from 0.0 to 5.0 feet.

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

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

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

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

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

3.3.3 Prime Farmland

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

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

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

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

irrigated:

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

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

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

Township 7 South, Range 1 East.

3.4 Groundwater

3.4.1 Regional Hydrogeology

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

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

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

3.4.1.1 Regional Hydrostratigraphic Units

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

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

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

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

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

Limestone, and Deadwood Formation. Table 3.4-1 summarizes hydraulic properties of major
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Table 3.4-1: Estimates of Hydraulic Properties of Major Aquifers from Previous
Investigations

Hydraulic TotalHydulic Transmissivity Storage porosity, Area represented
conductivity (ft21d) coefficient effective(ftld) pm

P006

Rahn. 1985

Galloway and Strobel, 2000

Downey. 1984

0.03/0.01

0.10/--

Western South Dakota

Black Hills area450- 1,435

250-1,000

-- 860-2,200

Montana. North Dakota. South
Dakota, Wyoming

0.10/0.05 Western South DakotaRahn. 1985

Konikow, 1976

Miller, 1976

Blankennagel and others. 1977

Woodward-Clyde Consultants.
1980

Blankennagel and others. 1981

Downey. 1984

Plummer and others. 1990

Rahn. 1985

Cooley and others. 1986

Kyllonen and Peter, 1987

Imam, 1991

Greene, 1993

Tan. 1994

Greene and others. 1999

Carter, Driscoll, Hamade, and
Jarrell. 2001

Blankennagel and others. 1977

Pakkong, 1979

Woodward-Clyde Consultants,
1980

2.4xi0-5

0.01 - 5,400

-1.9

3.000 2x10-4 - 3x104

2xl9 5-- 5.090

-- 250-3,500

-- .]2xl0-6- U105

1.04

0.1(

Montana, North Dakota, South
Dakota, Wyoming

-- Southeastern Montana

-- Crook County, Wyoming

-- Eastern Wyoming. western South
Dakota

-- Yellowstone County. Montana

-- Montana. North Dakota. South
Dakota, Wyoming

Montana. South Dakota. Wyo-

ming

0/0.05 Western South Dakota

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

-- Northern Black Hills

-- Black Hills area

35/-- Rapid City area

).05 Rapid City area

-- Spearfish area

-- Black Hills area

-- Crook County, Wyoming

-- Boulder Park area, South Dakota

-- Eastern Wyoming, western South
Dakota

4.3 - 8,600

9.0x 10-6

1,300 - 56,000 0.002

3xl0 - lxlV'

0.

0J -

-- 2,900 -41,700

1- 00-7,400

<2.4xl0"5 - 1.4

880 --

30- 300 6.6x10-
5

- 2.0x10
4
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Table 3.4-1: Estimates of Hydraulic Properties of Major Aquifers from Previous
Investigations (Continued)

Hydraulic Total
Hyodaucvicy Transmlssivity Storage porosity/ Ar represented

Source conductivity (ft2/d) coefficient effective
(d)porosity

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

Kyllonen and Peter. 1987 -- 0.86 - 8.600 .... Northern Black Hills

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

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

Greene and others, 1999 -- 267 -9,600 5.0x10-9 - 7.4x10-5  
-- Spearfish area

Carter. Driscoll, Hamade. and 100- 7.400 .... Black Hills area
Jarrell, 2001

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

Jnans Kam aquifer

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

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

Gries and others. 1976 1.26 250-580 2. 1 x 10 5 - 2.5x!0 5  
-- Wall area. South Dakota

Boggs and Jenkins, 1980 -- 50- 190 l.4xlI0 5 
- 1.0xlO4  

-- Northwestern Fall River County

Bredehoeft and others. 1983 8.3 -- 1.0x0"5  
-- South Dakota

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

extensively elsewhere in the region for water supplies.

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

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

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

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

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

portion of the permit area (Fall River) and immediately to the east and north of the permit area

(Fall River and Chilson) where the Fall River and Chilson crop out at the land surface. Both of

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

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

3.4.1.2 Invan Kara Aquifer

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

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

Chilson Member of the Lakota Formation and the Fall River Formation, which are separated by

the Fuson Shale confining unit. Refer to Section 3.2.2.2 for a description of confining units

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

exhibiting large variations in their hydraulic characteristics at some locations. Regionally, the

Inyan Kara ranges from 250 to 500 feet thick, exhibits a large effective porosity (17 percent), and

can yield considerable quantities of water from storage (Driscoll et al., 2002). Within the Black

Hills, the transmissivity of the Inyan Kara ranges from 1 to 6,000 ft2/day (Table 3.4-1). The
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Inyan Kara is confined below by the Jurassic Morrison Formation and above by the Cretaceous

Graneros Group.

3.4.1.3 Minnelusa Aquifer

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 ft2/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 Minor Aquifers

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. L 7 Regional Potentiometric Surfaces

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 Hydrostratigraphic Units

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 450-

foot 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 fine-

grained 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

September 2012 3-50 Dewey-Burdock Project



POWIERTECk (USA) INC.

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 Groundwater Occurrence and 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 ½/

mile east of the easternmost potential well fields within the permit area.

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 Sundance/Unkpapa.

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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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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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 Previous Pumping 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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Burdock Area

The Burdock tests were conducted in 1979 near S. Dewey Road at the location shown on

Figure 3.4-16. The Burdock tests consisted of separate pumping tests from the Lakota (Chilson)

and Fall River in April and July of 1979. The tests used the same pumping well with packers to

alternately isolate screens open to the respective formations. Test durations were 73 hours for

the Lakota (Chilson) test and 49 hours for the Fall River test. Pumping rates were about

200 gpm from the Lakota (Chilson) aquifer and 8.5 gpm from the Fall River. The reason for the

unexpectedly low pumping rate from the Fall River aquifer was not specified in the TVA report.

Based on review of the testing results by Powertech (USA), significant conclusions from the

TVA testing indicate:

" Transmissivity of the Chilson based on the analysis of late time data averaged about
1,400 gpd/ft (190 ft2/day) and storativity was determined to be approximately 1.8 x
104 (dimensionless).

* Transmissivity of the Fall River averaged about 400 gpd/ft (54 ft2/day) and storativity
approximately 1.4 x 10-5 (dimensionless).

* The vertical hydraulic conductivity of the Fuson aquitard calculated using the
Neuman-Witherspoon ratio method (Neuman and Witherspoon, 1972) ranged from
1 x 10-3 to 1 x 104 ft/day; storativity was not determined, and specific storage was
assumed to be about 10-6 f]-1.

" The reported "leaky aquifer" response likely is related to (1) Well 668 that is
completed in both the Chilson and Fall River and can provide a direct communication
pathway, and/or (2) the presence of open boreholes that may provide communication
between the Fall River and Lakota (Chilson) in a limited area near the Burdock test,
or communication between the Fall River and land surface. The test results do not
support a leaky confining zone (Fuson Shale).

Dewey Area

The Dewey test was conducted in 1982 northeast of S. Dewey Road at the location shown on

Figure 3.4-16. The test consisted of pumping in the Lakota Formation (Chilson) at an average

rate of 495 gpm for 11 days. The significant results are as follows:

* Transmissivity of the Chilson averaged about 4,400 gpd/ft (590 ft2/day).

* Storativity of the Chilson was about 1.0 x 10-4 (dimensionless).

The vertical hydraulic conductivity of the Fuson aquitard using the Neuman-
Witherspoon ratio method (Neuman and Witherspoon, 1972) was 2 x 10 4 ft/day;
storativity of the Fuson Shale was not determined and specific storage was about
7 x 10-7 ft-'.
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A barrier boundary or 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 Chilson and Fall River Formations are
structurally offset.

3.4.2.3.2 2008 Pumping Tests

In 2008 pumping tests were performed in the Dewey and Burdock portions of the permit area

(Figure 3.4-16), along with laboratory tests on related core samples, to assess aquifer properties.

A work plan (Knight Pi~sold, 2008a) was prepared and distributed to interested representatives

of state and federal agencies, including DENR and EPA.

A detailed description of the aquifer testing methodology and analysis of the results are

contained in the aquifer test report (Knight Pidsold, 2008b; Appendix 3.4-F). The report results

are briefly summarized in the following sections.

Burdock Area

Summary of Burdock Pumping Test Results

Pump testing was conducted within the lower Lakota (Chilson) at pumping well DB07-1 1-11 C.

Three observation wells were monitored in the same horizon. An observation well was also

monitored in the upper Chilson. Single observation wells were monitored in the overlying Fall

River and underlying Unkpapa. The well was pumped at an average rate of 30.2 gpm for

4,320 minutes (3.0 days).

Drawdown at the pumping well was approximately 91 feet, and between 3.1 feet and 17.0 feet in

the lower Lakota (Chilson) observation wells. The upper Lakota (Chilson) well response was

delayed, but 3.4 feet of drawdown was observed in this well. Approximately 1 foot of

drawdown was observed in the overlying Fall River well and no response was observed in the

underlying Unkpapa well.

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 follows:

" Nine determinations of transmissivity (Table 3.4-2) ranged from 120 to 223 ft2/day with
the median value of 150 ft2/day.

" Based on 170 feet of saturated thickness in the aquifer, hydraulic conductivities range
from 0.7 ft/day to 1.3 ft/day, with a median value of 0.9 ft/day.
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Table 3.4-2: Summary of Aquifer Hydraulic Characteristics for the Burdock Pumping
Test

J 1 ~~Radiall
Well dial Interpretation Transmnissivity u or u' Storativity NoteW Type Dis) Method (ft2/day) (unitless) (unitless)

Ore zone (lower Chilson Sandstone)
0.25

11-11C Pumping (0.33) Theis DD(l) 145 - 2.9E-09(a)

CJ DD (3) 150 <0.01

Pumping Well Efficiency = 65%(3)

CJ Recovery (3) 140 <0.0 I

15-Nov Obs#1 243 Theis DD(I) 67 - 1.30E-03

CJ Recovery (3) 100 <0. I

11-14C Obs #2 250 Theis DD(I) 128 - 6.80E-05

H-J DD(l) 120 - 6.90E-05

Theis Recovery(]) 174 <0.0 I

CJ Recovery (3) 160 <0.01 -

2-Nov Obs #3 1,292 Theis DD(!) 223 - 1.90E-04

H-i DD(I) 185 1.70E-04

CJ Recovery (3) 260 <0.15

Upper Chilson Sandstone

19-Nov Obs 50 Theis DD(2) 260 L.OOE-0!

CJ Recovery (3) 190 <0.15

Fall River (lower sandstone layer)

17-Nov Ohs 50 Noordberfum Effect and response cannot be interpreted analytically

Unkpapa Sandstone

18-Nov Ohs 35 No response durinn umping test.

.2 0.76
Distance Drawdown (I I-14C, I-I15, 11-02)2) 145 <0.08 2.20E-04 (3 point line)

Pumping Well Efficiency = 61% to 63%

Summary: Median 150 1.20E-04

Average/Geometric Mean(5) 158 1.12E-04

TVA(4) 190 1.80E-04
(i) Calculated by automated curve fitting in AquiferWin32 software (ESI, 2003).
(2) Knight Pidsold spreadsheet after methods in Driscoll (1986).
(3) Spreadsheet methods in U.S. Geol. Surv. Open File Rept. 02-197, Halford and Kuniansky (2002).
(4) Summary values from p. 17 in Boggs and Jenkins (1980).
(5) Average value calculated for Transmissivity, Geometric Mean value calculated for Storativity.
(a) Storativity not valid at pumping well.
(b) Based on 6 inch casing (8 inch borehole).

'158' = Accepted value based on conformance with theory discussed in the text.
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* Four storativity determinations (Table 3.4-2) ranged from 6.8 x 10-5 to 1.9 x 1 0 4 with the
median value of 1.2 x 10-4.

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

* Laboratory measurements of horizontal and vertical hydraulic conductivity (Table 3.4-3)
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/day, the mean value was
7.4 ft/day and 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 3.4-3)
were made on shale layers from two major confining units for the Lakota (Chilson) in the
pump test area with the following results:

o Fuson Shale: the laboratory core data indicated vertical permeabilities of about
2 x 10-7 to 1 x 10-8 cm/sec (average 2.7 x 1 0 -4 ft/day) for shale samples from
within the Fuson Shale.

o Morrison Shale: the laboratory core data for the shales in the underlying Morrison
Formation indicated vertical permeabilities of 9 x 10-9 to 3 x 10-8 cm/sec (average
6.0 x 10-5 ft/day).

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 3.4-16). The

average transmissivity and storativity values determined from the TVA tests were 190 ft 2/day

and 1.8 x 1 0 4 (see p. 17 in Boggs and Jenkins, 1980). Comparing the median transmissivity of

150 ft 2/day and storativity of 1.2 x 1 0 -4 determined in the 2008 test to the TVA test, the new

aquifer parameters for the lower Chilson are respectively about 80 and 70 percent of the 1979

results. Because transmissivity and storativity depend on aquifer thickness, comparison of the

results suggests that there may be some scaling effect between the tests due to the different

lengths of screened intervals.

The 1979 TVA test transmissivity of 190 ft2/day is considered representative of the entire

Chilson aquifer for a regional application (Table 3.4-2).

Previous conclusions and interpretations from this pump test submitted to NRC and EPA

indicated that the Chilson behaved as a leaky aquifer system (e.g., a drawdown response was

observed in the overlying Fall River observation well and the Chilson wells consistent with a

leaky system based on a match of the data to the Hantush-Jacob solution). Further review of the
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Table 3.4-3: Laboratory Core Analyses at Project Site
Air Intrinsic Water

Confining Ai nrni atceHydraulic Core Core
Sample Depth Porosity Permeability(l) Particle N sductivit KorK
Number (ft) Stress (%) ka Density Notes Conductivity Kh Kv

(psig) D(g/cm3) Kw(2)(3) (ft/day) (ft/day)
(cm/s)

DB 07-11-IIC Burdock
IH 252.20 600 10.50 1.040 2.356 Fuson Shale 8.0073E-07
IV 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 412.45 600 9.59 0.015 2.514 Fuson Shale 1.1549E-08

DB 07-29-IC DeweyDB O-29 lC~~L ______ _________ -- Skull Creek
2H 480.70 600 8.90 0.078 2.613 Shale 6.0055E-08shale

2V 480.80 600 9.30 0.007 2.610 Skull Creek 5.3896E-09
shale

3H 609.10 600 12.26 0.073 2.603 Fuson Shale 5.6205E-08
3V 609.10 600 10.84 0.008 2.793 Fuson Shale 6.1595E-09

DB 07-11-14C Burdock
5H 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 7.6994E-07I _ I _ I I I Shale

7V 453.45 600 11.82 0.043 2.543 Morrison 3.3107E-08
Shale

DB-07-11-16C Burdock
8H 420.40 600 30.50 2,697 2.643 Lakota Sand 2.0765E-03 5.9
8V 420.10 600 30.17 1,750 2.651 Lakota Sand 1.3474E-03 3.8

9H 455.90 600 6.99 0.004 2.536 Morrison 3.0797E-09Shale

9V 455.45 600 7.65 0.012 2.556 Morrson 9.2392E-09
Shale

IOH 503.30 600 12.96 0.697 2.474 Morrison 5.3665E-07
Shale

IOV 503.45 600 No data

DB 07-32-4C Dewey

IIH 573.25 600 29.15 2,802 2.641 Fall River 2.1574E-03 6.1

11V 573.40 600 29.04 619 2.645 Fall River 4.7659E-04 1.4
Sand

Summary
Average Lakota Sand Kh, Kv 7.4 3.0

(1) Assumed air temperature = 70TF.
(2) Assumed water temperature = 52.8°F, water density = 0.999548 g/cm 3, and water dynamic viscosity = 0.012570 g/cm-s.
(3) K. = k. x (pwg/Jiw), and 1.0 mD = 0.987 x 10l" cm 2
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site geology and hydrology suggest that those interpretations were not representative of site

conditions.

The laboratory core data from samples collected within the permit area indicate an average

vertical permeability of 9.3 x 10-8 cm/s (2.7 x 1 0 -4 ft/day) for shale samples from the Fuson Shale

(Table 3.4-3). The shale core permeability values are about one to two orders of magnitude

smaller 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 1 x 10-3 ft/day (see pg. i in Boggs and Jenkins, 1980).

For the Lakota (Chilson) sandstone, the laboratory core data from samples collected within the

permit area indicate an average horizontal hydraulic conductivity of 2.5 x 10-3 cm/sec (7 ft/day)

and range as high as 3.2 x 10-3 cm/sec (9.1 ft/day, Table 3.4-3). Pump test results indicate an
average horizontal hydraulic conductivity of approximately 0.9 ft/day (3.2 x 1 0 4 cm/s).

Site-wide geologic data (logs, cross-sections and isopach maps) clearly demonstrate the

continuity of the Fuson Shale across the permit area. Those data, combined with data from the

pump tests and core results, indicate that the leaky behavior observed in the 2008 Chilson test
likely is the result of(1) communication between the Chilson and Fall River via Well 668 that is

completed in both sands, and/or (2) the presence of open boreholes that may provide

communication between the Fall River and Lakota (Chilson) in a limited area near the Burdock

test.

Dewey Area

Summary of Dewey Pumping Test Results

Pump testing was conducted in the lower sandstone interval of the Fall River at pumping well

DB07-32-3C. This well was pumped at a rate of 30.2 gpm for 3.1 days (4,440 minutes). Three

observation wells between 240 and 2,400 feet from the pumping well were monitored in the

same horizon. An upper Fall River observation well was also monitored. Single observation
wells were monitored in the underlying Lakota (Chilson) and Unkpapa aquifers.

Drawdown at the pumping well was 44.8 feet, and drawdown in the lower Fall River observation

wells varied with distance from the pumping well to between 1.5 and 13 feet. Drawdown in the

upper Fall River approximately 40 feet from the pumping well was approximately 4 feet. No

drawdown response was observed in the underlying Lakota (Chilson) or Unkpapa aquifers.
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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 3.4-4) ranged from 180 to 330 ft2/day
with a median value of 255 ft2/day.

* Based on 140 feet of saturated thickness in the Fall River, hydraulic conductivities
range from 1.3 ft/day to 2.4 ft/day, with a median value of approximately 1.8 ft/day.

" Five storativity determinations (Table 3.4-4) ranged from 2.3 x 10-5 to 2.0 x 10-4 with
a median value of 4.6 x 10-5.

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

* Laboratory measurements of horizontal and vertical hydraulic conductivity
(Table 3.4-3) 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
Skull Creek Shale (Graneros Group) indicate a vertical permeability of 5.4 x 10-

cm/sec (1.5 x 10-5 ft/day).
o Fuson Shale: laboratory core data for the shale sample from the underlying Fuson

Shale indicate a vertical permeability of 6.2 x 10-9 cm/sec (1.8 x 10-5 ft/day).

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 (Chilson) aquifer was tested in 1982.

The 2008 test indicated 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, likely the result of the Dewey Fault Zone. Apparently, both the

Chilson and Fall River Formation in the general Dewey area are highly transmissive and show

barrier boundaries. 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 1 mile, or

about '/ to ½/2 the distance to the fault zone.

Confinement provided by the Fuson Shale between the Fall River and underlying Chilson

Member of the Chilson was demonstrated by the 2008 testing. The Chilson and Fall River

aquifers at the Dewey test site are hydraulically isolated by the intervening Fuson Shale with

nearly 40 feet of head difference between the two units. The laboratory core data indicate a very
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Table 3.4-4: Summary of Aquifer Hydraulic Characteristics for the Dewey Pumping Test
Radial

Well Dist. Interpretation Transmissivity u or u' Storativity Note
Well I.D. Type (ft) Method (ft/day) (unitless) (unitless)

Ore zone (lower Fall River Sandstone)

32-3C Pumping (0.25) Theis DD") 250 - 1.2E-06'
(0.33)

CJ DD"3 ' 250 <0.01

Pumping Well Efficiency = 80%(3)

CJ Recovery'3 ' 270 <0.0 I

32-5 Obs #1 243 Theis DD"1' 294 - 3.30E-05

Theis Recovery"' 260 <0.01

CJ Recovery' 3) 280 <0.01

32-4C Obs #2 467 Theis DD"' 333 5.60E-05

CJ Recovery' 3' 120'") <0.01

29-7 Obs #3 2,400 Theis DD'2) 178 2.00E-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") 177 2.30E-05

CJ Recovery13) 110 <0.05

Upper Fall River Sandstone

32-9C Obs 41 Theis DD(" 217 1.60E-02

CJ Recovery 3') 150 <0.05 -

Chilson Sandstone Layer

32-10 Obs 61 No response during pumping test.

Unkpapa Sandstone

32-11 Obs 50 No response during pumping test.

Distance Drawdown (32-5, 32-4C, 29-7, GW-49)12) 218 <0.05 4.60E-05 r2 
= 0.78 (4 point line)

Pumping Well Efficiency = 93% to 95%

Summary: Median 255 4.60E-05

Average/Geometric Mean'4) 251 5.23E-05
Notes/References: DD = drawdown, CJ = Cooper -Jacob, Obs = Observation Well
(I) Calculated by automated curve fitting in AquiferWin32 TM software (ESI, 2003).
(2) Knight Pidsold 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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low vertical permeability of 6.2 x 10-9 cm/sec (1.8 x 10-5 ft/day) for a shale sample from the

Fuson Shale within the permit area (Table 3.4-3).

The laboratory core data for the shale sample from the Skull Creek Shale, which overlies the Fall

River Formation, indicate a very low vertical permeability of 5.4 x 10-9 cm/sec (1.5 x 10-5

ft/day), which is representative of an effective aquitard or aquiclude (Table 3.4-3).

For the sandstone of the Fall River Formation, the laboratory core data indicate a horizontal

hydraulic conductivity of 6.1 ft/day (2.2 x 10-3 cm/s, Table 3.4-3). Based on pump test results,

the average horizontal conductivity is approximately 1.8 ft/day (6.4 x 10 4 cm/s). Within the

lower Fall River Formation, the test results indicate transmissive, rapid response (2 to 3 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 a 1,400-foot distance. This indicates that the aquifer

was stressed to produce good quality analytical results.

3.4.2.4 Groundwater Use

The four principal aquifers used as major sources of water supply in the Black Hills include the

Deadwood, Madison, Minnelusa, and Inyan Kara. Each of these aquifers is used to varying

degrees, depending on location, depth of occurrence and location related to population.

The estimated groundwater use in Custer and Fall River counties is summarized in Table 3.4-5.

Within the permit area, the Inyan Kara Group, which includes the Fall River Formation and

Chilson Member of the Lakota Formation, is the principal source of water for livestock, domestic

use and other purposes.

Historical records and field investigations conducted within the permit area and surrounding 2-

km area were used to develop the well inventory. An initial investigation of the wells was

completed in 2007, and additional surveys were conducted in 2011 to evaluate the use and

condition of the wells. A total of 109 wells have been identified within 2 km of the permit area.

There also are 27 wells with historical records that currently are not present at the surface and

17 wells with historical records that have been visually confirmed as plugged and abandoned.

Appendix 3.4-B contains the well inventory summary tables, and Appendix 3.4-C contains the

detailed well inventory, well completion records and associated documentation. Plate 3.4-1

depicts existing wells within 2 km of the permit area.

Table 1 in Appendix 3.4-B summarizes the well inventory. Listed wells have one of the

following uses:
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Table 3.4-5: Estimated Groundwater Use in Custer and Fall River Counties, South
Dakota

Water Use Type Withdrawals (MGD)
Custer County Fall River County

Public Supply GW 0.48 1.32
Domestic GW 0.34 0.16
Irrigation GW 0.09 0.13
Livestock GW 0.12 0.25
Mining GW 0.00 0.03
Total GW 1.03 1.89

Source: Kenny et al., 2005
Notes: GW = Groundwater

MGD ý Million gallons per day
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Domestic: Are currently used or reasonably can be expected to be used for domestic
water use (e.g., drinking, washing, sanitary use, etc.), including wells which
also are used for livestock watering. This category also includes formerly used
domestic wells which through agreements with Powertech (USA) no longer
will be used as drinking water wells. (18 wells)

Stock: Watering of livestock is sole use; well cannot be used for domestic water use
(i.e., no piping to domestic water system, etc.). (43 wells)

Irrigation: Permitted to be used for irrigation. (1 well)

Monitor: Sole use is for monitoring. (47 wells)

Table 2 in Appendix 3.4-B lists the wells identified in historical records that were not evident at

the surface during the field investigations. These wells are depicted on Figure 3.4-17. Several of

these wells are suspected of being plugged and abandoned. Powertech (USA) will continue to

search for these wells. During design of well fields, pump testing will be designed to locate any

such wells and to detect any potential impacts from such wells on the ISR operations.

Table 3 in Appendix 3.4-B lists all of the wells within 2 km of the permit area that have been

confirmed by Powertech (USA) to have been plugged and abandoned. Each well was visually

inspected, and it has been determined that cement was placed within the well bore.

3.4.3 Baseline Groundwater Monitoring Program

Baseline groundwater sampling was conducted in accordance with NRC Regulatory Guide 4.14

(NRC, 1980a) as appropriate to ISR operations. The wells were selected based on type of use,

aquifer, and location in relation to the ore bodies. For the NRC license baseline study, 19 wells

(14 existing and 5 newly drilled) were selected in response to an NRC suggestion to characterize

point of contact water quality and water within overlying, production, and underlying aquifers

(Figure 3.4-18, Table 3.4-6). The wells selected for quarterly sampling included domestic wells,

stock wells and monitor wells. The subset included wells within the Fall River Formation,

Chilson Member of the Lakota Formation, Inyan Kara Group (Fall River and Chilson), and

alluvium. Initial baseline sampling of these wells was conducted quarterly, generally from the

3 rd Quarter 2007 through the 2 nd Quarter 2008.

Following consultation with DENR, Powertech sampled 14 additional wells on a monthly basis

(Figure 3.4-19, Table 3.4-7). Of these 14 wells, 6 wells are in the Dewey area, 6 wells are in the

Burdock area and 2 wells are north of the permit area. The goal of the monthly sampling

program was to select wells upgradient, within, and downgradient of the proposed ISR activities.
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Table 3.4-6: Quarterly Sampled Groundwater Quality Well Data

Hydro Twn Rng Screened Well Use
ID (N) Sec Qtr Qtr Easting Northing Location2

2 7 1 16 SESE 1026724 423922 Chilson Domestic

5 7 1 14 NENW 1035181 427284 Fall River Stock

7 7 1 23 NWNW 1033304 422417 Fall River Domestic

8 7 1 23 SWSE 1036052 418515 Fall River Domestic

13 7 1 3 NWNW 1028360 438470 Chilson Domestic

16 7 1 1 NESW 1041428 434446 Chilson Domestic 3

18 7 1 9 SWSW 1022812 428960 Fall River Domestic

42 7 1 5 SWNE 1021144 436481 Chilson Domestic

619 7 1 2 SENW 1034866 436729 Chilson Stock

628 6 1 20 SESE 1022496 449718 Fall River Stock

631 6 1 26 SWSW 1034177 449309 Fall River Stock

650 7 1 1 SESE 1043781 433331 Chilson Stock

675 7 2 31 SWSE 1046941 406352 Alluvium Monitor

676 6 1 34 SESW 1030846 439891 Alluvium Monitor

677 7 1 4 SWSW 1023527 434077 Alluvium Monitor

678 7 1 9 SWNE 1026522 431925 Alluvium Monitor

679 6 1 27 NWSE 1032294 446245 Alluvium Monitor

4002 6 1 30 NWSW 1013414 446931 Inyan Kara Domestic

7002 7 1 23 NWNW 1033333 421931 Chilson Stock

Notes: Coordinate system is NAD 27 South Dakota State Plane South.
2 Inyan Kara indicates that screened interval includes both Chilson and Fall River.
3 Well 16 is a domestic, non-drinking water well. This is a formerly used domestic well which through

agreement with Powertech (USA) no longer will be used as a drinking water well.
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Table 3.4-7: Monthly Sampled Groundwater Quality Well Data

Hydro Two Rng Sec Qtr Qtr Easting' Northing' Screened
ID (N) (E) Location
615 6 1 20 NWNE 1022172 453708 Chilson Monitor
622 6 1 20 NENE 1022776 454033 Chilson Monitor

680 7 1 11 NESW 1035078 429969 Chilson Monitor
681 6 1 32 NENW 1020330 443725 Fall River Monitor
688 7 1 11 NESW 1035027 429974 Fall River Monitor

689 6 1 32 NENW 1020316 443789 Chilson Monitor

694 7 1 15 NWNW 1028717 426836 Fall River Monitor
695 6 1 32 SESE 1022385 439312 Fall River Monitor
696 7 1 15 NWNW 1028538 427141 Chilson Monitor

697 6 1 32 SESE 1022350 439347 Chilson Monitor
698 7 1 2 NESW 1035909 435651 Fall River Monitor

705 6 1 21 NENE 1028624 453314 Chilson Monitor
706 6 1 21 NENE 1028589 453276 Fall River Monitor

3026 7 1 12 NENE 1043638 432833 Chilson Monitor

Note: 'Coordinate system is NAD 27 South Dakota State Plane South.
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Figure 3.4-20 depicts the location of the wells in relation to proposed ISR activities. As part of

the 2008 pump tests, one water quality sample was collected from 10 additional wells (49, 682,

684-687 and 690-693 in Table 3.4-8). One sample also was collected from two new Unkpapa

domestic wells (703 and 704 in Table 3.4-8). One sample also was collected from well 704 after

it was completed in the Chilson.

Groundwater samples were analyzed for constituents listed in Table 3.4-9, which was developed

based on NUREG-1569 (NRC, 2003) groundwater parameters, Regulatory Guide 4.14 (NRC,

1980a) parameters, and added parameters from a constituent list review with DENR. A

comparison between Table 3.4-9 and the baseline water quality parameter requirements in SDCL

45-6B-7(9) shows that only one parameter from SDCL 45-6B-7(9) was not measured in baseline

samples: hydrocarbon potential. This parameter is not applicable to baseline groundwater quality

in the aquifers monitored (alluvium, Fall River, Chilson, and Unkpapa), nor will any

hydrocarbons be introduced into groundwater during ISR operations.

Static water levels were measured at most wells prior to sample collection using a pressure gauge

for free-flowing wells or an electric water level tape for non-flowing wells. Non-flowing wells

had permanent pumps installed in order to obtain samples. Continuous free-flowing wells were

sampled before pressure measurements were made and were not purged before sampling. It was

assumed that free-flowing well water quality represented formation water. Pumped wells were

purged of at least 3 well casing volumes and until field water quality parameters had stabilized.

Additional steps taken during groundwater sampling include the following:

- Sampling procedures involved labeling each sample bottle with site ID, date, and time of
sampling, triple rinsing with sample water, then filling and capping.

- Radon sample bottles were filled and capped immediately and with no headspace.

- Field replicate samples, consisting of a second set of samples collected at the same time
following the same protocols as the sample set, were collected periodically to determine
data accuracy.

- Field blanks were collected by transporting deionized water supplied by the contract
laboratory to the field during regular sampling, then transferred to collection bottles in the
field in order to subject the blank water to the same transportation, handling, storage, and
field conditions as regular samples. All samples were immediately placed in coolers on
ice after collection.

Water quality sondes used to collect field parameter measurements were calibrated periodically

using N.I.S.T.-traceable standards.
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Table 3.4-8: Additional Well Data

HydroSe Qtr Qtr Easting' Northing Screened Well Use
ID (N) (E) Sec Qtr Qr ai_ Ntn Location
49 6 1 32 NWNW 1018932 444022 Fall River Stock

682 7 1 11 SENW 1035139 431257 Chilson Monitor

684 7 1 11 NESW 1035191 429744 Chilson Monitor

685 6 1 32 NWNE 1020690 443409 Fall River Monitor

686 7 1 11 NESW 1034970 429749 Chilson Monitor

687 6 1 32 NENW 1020081 443724 Fall River Monitor

690 7 1 11 NESW 1035114 429970 Unkpapa Monitor

691 6 1 32 NENW 1020364 443698 Fall River Monitor

692 7 1 11 NESW 1035075 430014 Chilson Monitor

693 6 1 32 NENW 1020327 443661 Unkpapa Monitor

703 7 1 1 SWSE 1041621 434334 Unkpapa Domestic

704 7 1 5 SWNE 1020966 436647 Unkpapa/Chilson2  Domestic

Notes: Coordinate system is NAD 27 South Dakota State Plane South.
2 Well was originally completed in the Unkpapa and later in the Chilson.
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Table 3.4-9: Baseline Groundwater Quality Parameter List

Constituent Units Analytical Method
Field Parameters

Water Level Elevation ft AMSL Field
Field Temperature °C Field
Field pH s.u. Field
Field Dissolved Oxygen mg/L Field
Field Conductivity umhos/cm Field
Field Turbidity NTU Field

Physical Properties
Conductivity @ 25°C umhos/cm A2510 B
Oxidation-Reduction Potential mV A2580 B
pH s.u. A4500-H B
Sodium Adsorption Ration (SAR) unitless Calculated
Solids, Total Dissolved (TDS) @ 180'C mg/L A2540 C

Common Elements and Ions
Alkalinity, Total as CaCO3  mg/L A2320 B
Bicarbonate as HCO 3  mg/L A2320 B
Carbonate as CO 3  mg/L A2320 B
Calcium mg/L E200.7
Chloride mg/L E300.0
Fluoride mg/L E300.0
Magnesium mg/L E200.7
Nitrogen, Ammonia as N mg/L A4500-NH3 G
Nitrogen, Nitrate as N mg/L E300.0
Nitrogen, Nitrite as N mg/L E300.0
Potassium mg/L E200.7
Silica, Dissolved mg/L E200.7
Sodium mg/L E200.7
Sulfate mg/L E300.0

Metals - Dissolved
Aluminum mg/L E200.8
Arsenic mg/L E200.8
Barium mg/L E200.8
Boron mg/L E200.7
Cadmium mg/L E200.8
Chromium mg/L E200.8
Copper mg/L E200.8
Iron mg/L E200.7
Lead mg/L E200.8
Manganese mg/L E200.8
Mercury mg/L E200.8
Molybdenum mg/L E200.8
Nickel mg/L E200.8
Selenium mg/L A3114 B
Silver mg/L E200.8
Thorium-232 mg/L E200.8
Uranium mg/L E200.8
Vanadium mg/L E200.8
Zinc mg/L E200.8
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POWEaRECII (SA) INC.

Table 3.4-9: Baseline Groundwater Quality Parameter List (Cont'd)
Constituent = Units Analytical Method

Metals - Dissolved Speciated
Selenium-IV mg/L A3114 B
Selenium-VI mg/L A3114 B

Metals - Suspended
Uranium mg/L E200.8

Metals - Total
Antimony mg/L E200.8
Arsenic mg/L E200.8
Barium mg/L E200.8
Beryllium mg/L E200.8
Boron mg/L E200.7
Cadmium mg/L E200.8
Chromium mg/L E200.8
Copper mg/L E200.8
Iron mg/L E200.7
Lead mg/L E200.8
Manganese mg/L E200.7
Mercury mg/L E245.1
Molybdenum mg/L E200.7
Nickel mg/L E200.7
Selenium mg/L E200.8; E3114 B
Silver mg/L E200.8
Strontium mg/L E200.8
Thallium mg/L E200.8
Uranium mg/L E200.8
Zinc mg/L E200.8

Radonuclides - Dissolved
Gross Alpha pCi/L E900.0
Gross Beta pGiIL E900.0
Gross Gamma pCi/L E900.0
Lead-210 pCi/L E909.0M
Polonium-2 10 pCi/L RMO-3008
Radium-226 pCi/L E903.0
Thorium-230 pCi/L E907.0

Radionuclides - Suspended
Lead-210 pC/L E909.OM
Polonium-210 pCi/L RMO-3008
Radium-226 pCi/L E903.0
Thorium-230 pCi/L E907.0
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POWERaTECII IUSA) INC.

Table 3.4-9: Baseline Groundwater Quality Parameter List (Cont'd)
Constituent Units Analytical Method

Radionuclides - Total
Lead-210 pCi/L E900.0
Polonium-210 pCi/L RMO-3008
Radium-226 pCi/L E903.0
Radon-222 pCi/L D5072-92
Thorium-230 pCi/L E907.0

Data Quality
A/C Balance (± 5) % A1030 E
Anions meg/L A1030 E
Cations meg/L A1030 E
Solids, Total Dissolved Calculated mg/L A1030 E
TDS Balance (0.80- 1.20) dec. % A1030 E
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