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of riffle splitters and subsequently analyzed. A second subsample was maintained in storage at
Energy Labs. Approximately 10 percent of the samples are run for duplicate analysis. Actual
laboratory analysis follows the methodology outlined in WDEQ-LQD Guideline 1 (August 1994
Revision). In general, samples were analyzed within 45 days of receipt of the samples at the
laboratory. All analytical data is presented in Appendix 2.6-D of the approved license applica_ﬁon.

2.6.6.2 Results and Discussion
2.6.6.2.1  Soil Survey - General

General topography of the area ranged from nearly level uplands to very steep hills, ridges and
breaks of dissected shale plains. The soils occurring on the PA were generally a clayey or very
fine texture throughout with patches of sandy loam en upland areas and fine, clay textured soils
occurring in or near dr,ainagefs. The PA contained deep soils on level upland areas with shallow
and very shallow soils located on hills, ridges and breaks.

2.6.6.2.2 Soil Mapping Unit Interpretation

The primary purpose of the 2007 fieldwork was to characterize the soils within the PA in terms of
topsoil salvage depths and related physical and chemical properties. The total number of samples
per series was established in line with WDEQ Guideline 1 (August 1994 Revision)
recommendations based on estimated acreage of soil series known within the PA. Refer to
- Appendix 2.6-B of the approved license application and Appendix 2.6-C of the approved license
application for soil mapping unit descriptions and soil series descn'ptiohs, respect'iV’ely.

2.6.6.2.3 Analytical Results

Analyzed parameters, as defined in WDEQ Guideline 1(August 1994 Revision), are in Appendix
2.6-D of the approved license application. Laboratory soil texture analysis d1d not include percent
fine sands. Field observations of fine sands within individual pedestals as well as sample site
t_op(‘)graphi;cv positiOn were used in conjunction with laboratory analytit:al results to determine series
designation. Where applicable, field observation of fine' sands is also included in the textures
found in the soil series descriptions in Appendix 2.6-C of the approved license application. In
several of the pedestal sampling locations, labor'atory.analy'sis yielded firiér than exﬁeéted textures
(_based upon field observations). Where textﬁres are finer than typical for the _seriés, it is hoted in
the Range of Characteristics (according to field observations, lab analysis) in the soil series

descriptions.
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2.6.6.24  Evaluation of Soil Suitability as a Plant Growth Medium

Approximate salvage depths of each map unit series are presented in Table 2.6-4 and ranged from
0.0 to 5.0 feet. Within the PA, suitability of soil as a plant growth medium is genérally affected
by physical factors such as texture (clay percentage) and saturation perceritage. Chemical limiting
factors included seleniim (Se), calcium carbonate content (based upon field observations of strong
or violent effervescence), SAR, EC, pH, and boron (B). Marginal material, according to 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. Marginal or unsuitable parameter information for
sampled profiles is identified in Table 2.6-5. A summary of trends in marginal or unsuitable
parameters as it relates to soil series is found in Table 2.6-6. Based on laboratory analysis and
field observations, marginal material parameters primarily consisted of texture (clay percentage),
calcium carbonates, EC, and SAR.
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Table 2.6-4: Summary of Approximate Soil Salvage Depths

Map Mapping Unit Description | Disturbarice | Salvage | = Total

Symbol ‘ . Areas' | Depth | Volume
. 1 . A L L (feet) .(Acre feet)
Ar Arvada o ol 121,78 1.5 - 182.67
As .. | Ascalon L 4122, | 117 | . 4823
" Bc |Barnum .. , 13.01 0.5 6.51

- Br | Broadhurst o o) 19074 | 067 ). 127.80
Bw | Buiche. o o | 2542 0.67 .. 17.03.

.Cy |Cushman =~ . . . 12.26. - 208 |- 2550
Dg | Demar L , - 134.26 021 | 2820
DA | Distubed-Ag . | 4136 | - | - _
GrA | Grummit, 0 to 6 percent slopes | 3785 - - 1.67 -~ 63.21

~ GrB | Grummit, 6 to 15 percent slopes ~369.1 | 167 616.40
GrC | Grummit, 15 to 60 percent slopes | ~ 4843 | 167 | 80.88

- He Hisle o 5452 | 5 o :
- Noncalc; Variant - ‘ 5. '

i Average N ' : S 5 272.60 .

Ky |Kyle | 33396 25 |

Noncalc. Variant : A 0.80 '
S Average N R : 1.65 | = 551.03

Lo |Lohmiller :. = - .. 566. | 034 0192

* Mm | Mathias o 13408 | 0 [ 0

. MP  |MinePit . .. . | 1831 | -~ [

. Nf . " | Nijhill L ~ 25.61 - 042 | 1076
Nu |Nupmn -~ = - 4122 | 2 | - 8244 -
Pg  |Pentose - -~ - - 231.08 3 - 693.24

[ PeA | Pierre, 0t06percentslopes | 21603 |- 0.71 153.38

" PeB | Pierre, 6 to 15 percent’ slopes . - 157.99 - 0,71 11217
RO - | Rock Outcrop _ , O 17.42 - S
Sa | Samsil o E . 515.29 - 042 o
' * Noncalc: Variant ) - T

Average - : B ' 0.96 -| 494.68

Sn " [Shingle” " . - | 1166 . |- 067 | 781
SS |Slckspots - - - | - 14877 |- - | . - -
Gs © | Snomo e ©106.06 0 0 -

~Ta. |[Tlford - : .~ -~ .~ 184 2333 .| 2611

W Water .~ . |l o T725 | - ) =0

_ Wt | Winetti s 692 | 033 | 228

~Zn | Zigweid o - - | 25‘39' 5. | 126.957'

Average Salvage Depth of Study Area 3 ;1.44 )

Total , 3 065 74 , - 3 731 80 :

1

based on'an m1t1al estimate of the orebody and momtormg rmg extents and does not reflect the -
actual area proposed for dlsturbance Refer to Sectlon 6.2.2 for planned surface disturbance.
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Table 2.6-5:

Summary of Marginal and Unsuitable Parameters within Sampled

SUA:1600 License Renewal Application

Combined TR/ER

Profiles
Series Sample Point Depth (in) Parameter
Broadhurst 17 0-3 Marginal clay %
: 3-8
8-24
24-40
40-54
A 54-60
Broadhurst |’ 17 8-24 Marginal saturation %
Broadhurst . 17 40-54 Marginal pH (Low)
" Broadhurst | 17 54-60 - " Unsuitable pH (Low)
Kyle 27 2-17 Marginal clay %
17-24
24-39
39-60. . .
Kyle 27 ~ 24-39 Marginal saturation %
Kyle 27 17-24 " Marginal SAR
24-39
| 39-60
Kyle 36 2-15 Marginal clay %
‘ 15-26
26-36
. 36-60 .
Kyle 36 - 2-15 Marginal saturation %
. 26-36 ' . .
Kyle 36 15-26 Marginal SAR
. 26-36 T .
Hisle 40 27-38 Marginal clay %
' 38-60
Nevee 41 21-36 Unsuitable EC (Conductivity)
36-45 Unsuitable SAR
_ : 45-60 Marginal Selenium
Nevee. 41 21-36 - _Unsuitable Boron
Barnum 42 6-17 Unsuitable EC (Conductivity)
, 17-39 . Unsuitable SAR .
Barnum 42 39-60° Marginal EC (Conductivity)
. . R ".. Marginal SAR
Barnum 42 - . 617 ‘Marginal Selenium
Ascalon .43 - 2-14 Marginal clay %
Ascalon 43 . 38-60- - Unsuitable SAR
'~ Samsil 60 3-10 ___ Marginal clay %
Samsil ’ 60 10-18 Marginal EC (Conductivity)
L - L _ Marginal Selenium
Samsil 60 3-10 " 'Marginal SAR
. . 10-18 . '
Boneek 64 17-33 Marginal pH (High) .
Boneek | = 64 33-42 Margindl EC (Conductivity)
‘ : . Marginal Selenium
. Arvada | 72 18-28 Marginal clay %
Arvadd 72 28-43 - Marginal EC (Conductivity)
. 43-60 :
2-143
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Table 2.6-5:

Summary of Marginal and Unsuitable Parameters within Sampled
Profiles (cont.)

SUA-1600 License Renewal Application

Combinéd TR/ER

Series Sample Point Depth (in) Parameter
Arvada 72 ~ 28-43 ~ Marginal SAR
._Arvada 72 43-60 - Unsuitable SAR
Arvada 72 18-28 'Marginal Selenium
28-43
43-60
Lohmiller 73 3-15 Marginal clay %
15-23 Unsuitable SAR
23-34
34-38
38-60 :
Lohmiller 73 15-23 Marginal saturation %
23-34
38-60
_Lohmiller . 73 . 15-23 Marginal EC (Conductivity)
Lohmiller 73 23-34 ‘Unsuitable EC (Conductivity)
34-38
38-60 : '
Lohmiller 73 15-23 Marginal Selenium
23-34 ’
34-38
. 38-60
Pierre 74 15-27 Marginal pH (High)
. 27-38 _
Pierre T4 27-38 Unsuitable EC (Conductivity)
' 38-51 Marginal Selenium
51-60
Pierre 74 15-27 Unsuitable SAR
27-38
38-51
, . . 51-60 _
Haverson 75 15-35 “Marginal SAR
Haverson 75 35-46 Unsuitable SAR
46-60 - .
Demar 76 2-21 " “"Marginal clay %
21-29 Marginal SAR
" Demar 76 29-46 - " Unsuitable SAR
. 46-60 _
Demar 76 46-60 -, . . Marginal Selenium .
Penrose . 77 36-48.  |. _Unsuitable Boron .
Demar 79 - 3-17 Marginal clay %
’ 17-30 Unsuitable pH (Low)
30-42 '
- ) 42-60 .
- Satanta 82 .04 Marginal pH (Low)
Snomo 83 317 ‘Marginal clay %
. 17-33 . Marginal texture
Snomo 83 . 42-52 Marginal saturation %
2-144
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Table 2.6-5:

Summary of Marginal and Unsuitable Parameters within Sampled

Profiles (cont.) . .

" Parameter

C_:om_bined TRIER

~ SUA-1600 License Renewal Application

- Series -Sample Point - | Depth (in) ,
Snomo ‘83 0-3 Unsuitable pH (Low)
. L 3-17. . . .
Snomo 837 3342 " Unsuitable Boron
: 42-52 —
- 52-60 - :
" Lohmiller 84 18-37 " Marginal clay %
‘ ' ‘Marginal texture
Unsuitable EC (Conductivity)
o e T _Unsuitable SAR .
" Lohmiller - "84 05 " Marginal saturation %
: -5-18 :
Lohmiller 84 '5-18 Marginal EC (Conductivity)
37-47
- . - 47-60 L
Lohmiller 84 5-18 - Marginal SAR
L 37-47 - L
Kyle 85 27 Marginal saturation %
- Samsil 88 29 Marginal clay %
L L . : -Marginal texture .
Pierre 89 0-2. Marginal pH (Low) =
Pierre 89 2-18 Marginal clay %
: 18-31 Marginal texture
, L 31-37 . Marginal saturation %
" Grummit 90 0-2 ‘Marginal clay %
s 2-8 Marginal texture -
L . B _ 8-20 . . Marginal saturation %
Boneek 91 419 Marginal saturation %
' 40-48 ' o ‘
_ . o 48-60 . - S S
Boneek 91 19-40 Unsuitable EC (Conductivity)
' 40-48 Unisuitable SAR
e 5 48-60 L
‘Boneek - 91 - - 48-60 - ‘Marginal Selenium -
. Samsil " - 92 7-19 " Marginal clay %
' Marginal texture
. o ‘ L .. Marginal saturation % .
Boneek 94 02 ‘Marginal clay % -
2-8 - Marginal texture
8-20 ‘Marginal saturation %
32-44 ‘ o
. . . 44-60 , g . .
. Boneek . .94 L 20-32 _Marginal saturation % . .
- Boneek - 95 24-38 ‘Marginal Selenium .
2-145
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Table 2.6-6:

Summary of Trends in Margmal and Unsultable

Parameters for Soil

Serles
~ Series Unsuitable/Marginal‘Parameter
__Arvada |  Sodium/Salts, Selenium/Boron _ .
~ Ascalon o Sodium/Salts
Barnum | Sodium/Salts, Selenium/Boron
-  Texture, Sodium/Salts,
‘Boneek _ Selenium/Boron
Broadhurst __ Texture, pH
" Demar _Sodium/Salts
Grummit Texture
.Haverson Sodlum/ Salts
Hisle Texture
Kyle ... Texture .
‘Lohmiller " Texture, Sodium/Salts
. Nevee Sodium/Salts, Selenium/Boron
Penrose- ... . Selenium/Boron '
Pierre ) pH
Samsil - Texture ..
Satanta | pH _
Snomo _Texture, pH, Selenium/Boron.
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2.6.6.2.5  Topsoil Volume Calculations |

Based on the 2007 fieldwork with associated ﬁeld observations and subsequent chemical analysis,
the recommended topsoil average salvage depth over the PA was determlned to be 1.43 feet. Refer

to Table 2. 6-4, Approximate Soil Salvage Depths.
2.6. 672_.6 Soil Erosion Propertiés »and Impacts

Based on the soil mapping unit descriptions, the hazard for wind and water erosion within the PA
varies from negligible to severe. The potential for wind and water erosion is mainly a factor of

surface chafaCteristicS of the soil, including texture and organic matter content. Given the very

ﬁne and clayey texture, of the surface horizons throughout the maJorlty of the PA, the soils are
more susceptlble to erosion from water than wind. See Table 2.6-7 for a summary of wind and
water erosion hazards W1th1n the PA.

March 2024
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= Table 2.6-7:

Summary of Wind and Water Eros1on Hazards1

Combined T_RI_ER

Seil | Map Unit Description - “Water | Wind
Sample - Erosion Erosion
Number e . _ r ‘Hazard .| Hazard

17- | Broadbhiirst silty clay, 6 to 15 percent slopes . - ~slight - | very slight
.27 Kyle noncalcareous variant, 0 to-6 percent slopes moderate | very slight

36 .| Kyle noncalcareous variant, ( to 6 percent slopes moderate [ very slight

39 | Hisle silt loam, 0 to 6 percent slopes " moderate | slight

40 | Hisle noncalcareous variant, 0 to 6 percent slopes ‘ slight very. slight

- 41 | Nevee silt loam, 6 to 15 percent slopes | moderate | slight
42 | Barnum silt loam, 0 to 6 percent slopes moderate slight
.43 Ascalon clay loam, 0 to 6 percent slopes slight - slight
- 50 | Cushman loam, 6 to 15 percent slopes slisht | moderate
56 | Zigweid silty clay loam, 0 to 6 percent slopes moderate | very slight

'57 | Butche clay loam, 3 to 15 percent slopes . slight . .slight
~ 60 | Samsil clay loam, 15 to 40 percent slopes slight |  slight

63 | Paunsaugunt loam, 6 to 15 percent slopes slight moderate
. 64 .| Boneek silty clay loam, 0 to 6 percent slopes | moderate | very slight
- 72 | Arvada silty clay loam, 0 to 6 percent slopes ' moderate _slight

- 73 . | Lohmiller loam, 0 to 6. percent slopes .| very slight. slight
y " 74 | Pierre sandy clay loam, 0 to 15 percent slopes - | negligible |- severe
R .75 - | Haverson clay loam, 0 to 6 percent slopes . slight __slight

76 = | Demar loam, 0 to 6 percent slopes _slight moderate

77 | Penrose clay loam, O to 6 percent slopes ~ slight slight

79 | Demar silty clay loam, 0 to 6 percent slopes slight ~slight -

82 .| Satanta loam, 0 to 6 percent slopes L very slight . [. severe

83 | Snomo silty clay loam, 0 to 6 percerit slopes - " moderate | very slight |

- 84 | Lohmiller silty clay loam, 0 to 6 percent slopes moderate Very slight
. 85 . | Kyle loam, 0 to 6 percent slopes , ~slight . | 'slight -
. 88 | Samsil noncalcareous variant, 15 to 40 percent slopes' slight " slight .
.89 | Pierre silty clay loam, 0 to 15 percent slopes: : moderate very slight
90 [ Grummit silty clay, 0 to 6 percent slopes " slight . | negligible
.91 _ | Boneek clay loam, 0 to 6 percent slopes . slight . slisht

92 . | Samsil silty clay loam, 15 to 40 percent slopes , .. slight shght

93 Shingle loam, 15 to 40 percent slopes ' slight ~ |  severe
- 94 | Boneek noncalcareous variant, 0 to 6 percent slopes . slight very slight

95 | Boneek loam, 0to6 percent slopes o ~ . | . slight .| moderate

1Based on lab analysis. =~ ST o
\#/’
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2.6.6.2. 7 Prime Farmland Assessment

Prime farmland was assessed by Dan Shurthff the Acting State Soil Scientist out of Huron, South.
Dakota. The following sections in T6S R1E contain Prime farmland if irrigated: Sections 27, 30,
31, 32, 34, and 35. The followmg sectrons in T7S RI1E contain Prime farmland if 1rr1gated
Sections 1, 3, 4, 5, 10, 12, 14, and 15. The following sections in T7S R1E contain Farmland of
statewide 1mportance Sections 2, 3, 4, 5 10, 11, 12, 14, and 15. See Append1x 2.6-E of the |
approved license application for prime farmland desrgnatlon, ' The following soil series have been
listed as Prime farmland if irrigated: Alice, Ascalon, Barnum, Boneek, Haverson, Norka, Nunn,
Satanta and Tilford The following soil series have beén listed as Farmland of statewide

2.6.7 . Seismology
2.6.7.1 Seismic Hazard Review
The seismic hazard review was based on analysis of available literature and historical seismicity

for the PA. 10 CFR Part 40, Appendix A Criterion 4(e) states:

“The inipoundment ay not be located near a capable fault that could cause a rﬁaximum credible

: earthquake larger than that which the impoundment could reasonably be ercpected to withstand.

As used in this criterion, the term “capable fault” has the same meaning as defined in section I1i(g)
of Appendix A of 10 CFR Part 10.(). The term ‘*mMum credible ear'thquake"’ means that
earthquake which would cause the ‘maximum vibratOry ground motion based upori an evaluation
of earthquake potent1al considering the regional and local geology and selsmology and specrﬁc
charactenstlcs of local subsurface matenal |

There are no capable faults (i.e. active faults) with surface expressmn mapped within a radius of
100 k1lometers (62 mlles) from the .center of the PA accordmg to the 2002 U. S Geologlcal
Survey’s Quaternary Fault and Fold Database. In addition, there are no capable faults mapped in
the entire state of South Dakota. The closest capable faults to the 31te are located in central
Wyommg nearly 345 km (200 m11es) to the west-southwest

2.6.7.1.1 - S_e:smtc:ty

South Dakota has a comparatively higher rate of. seismicity than other, areas in the northern plains
states, although earthquakes in the area tend to be relatively rare and of low to moderate magmtude
and no active faults have been mapped in the vicinity. It is unclear which earthquakes, if any, in
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(discussed below), the same as the maximum credible earthquake as defined in 10 CFR Part 40,
Appendix A Criterion 4(e), quoted above. '

2.6.7.1.4 The Randomly Occurring 'Floating’ Earthquake

Industry standards and federal regulations require an analysis of the earthquake potential in regions
where the surface expression of active faults is not mapped or exposed, and where earthquake
epicenters are associated with buried faults with no associated surface rupture. Earthquakes
associated with buried faults are assumed to occur randomly and can occur anywhere within that
area of uniform earthqﬁake potential. In reality, random earthquake distribution may not be the
case, since all earthquakes are associated with specific faults. However, since all buried faults in
the PA have not been identified, it is reasonable to consider the distribution to be random. A
‘floating’ earthquake is an earthquake that is considered to occur randomly within a tectonic

province.

The U.S. Geological Survey identified tectonic provinces for the contiguous United States
(Algermissen et al., 1982). The project site is located in a source zone with a uniformly distributed
seismicity which generally encompasses the Black Hills and surrounding environs. The zone is
characterized by an earthquake with maximum magnitude Mma,=6.1. This magnitude is used as
the best estimate for the floating earthquake.

2.:6.7.2 Conclusion

Seismic hazards at the project site include low to modérate ground shaking associated with
régional and local earthquake sources. Figures 2.6-4 through 2.6-6 illustrate seismicity and PGA
maps for the PA, and Appendix 2.6-G is a summary of the USGS database results for historical
earthquakes recorded within 100 and 200 km from the site sirncen1973.

There are no capable faults (as defined in section ITI(g) of Appendix A of 10 _CFR Part 100) known
to be present within 100 km of the project site. The closest capable fault zone to the project is
located nearly 345 kilometers (200 miles) west of the site in central Wyoming. Therefore, the
most significant seismic hazard is considered to be the randomly occurring, or ‘floating’,
earthquake for the PA. This is the maximum credible earthquake estimated for the project based
on available literature, geologic information of the surrounding area, and historical data. A
magnitude Muax=6.1 is estimated for this event.
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2.7 Hydrology

Powertech (USA) conducted baseline surface water and groundwater quality monitoring' in
accordance with NRC Regulatory Guide 4.14 and NUREG- 1569 The following sections describe
the hydrology basehne assessment program and results.

2.7.1 Surface Water
2.7.1.1 _ Regional Hydrology

The PA is approxima_tely 16.5 'rni.2 and lies in southwestern Custer COunty and northwestern Fall
River County in South Dakota (Figure 2.7-1). Precipitation incorporates both rainfall and snow

which can differ greatly based on elevation of the area and time of year. According to historical

precipitation data, the upper elevations of the Black Hills can receive up to 24 inches annually,
while most of the lower plams receive significantly less (Driscoll and others, 2002),

The PA is in the Southern Black Hills, which includes two physiographic divisions that are
characterized as the Black Hills and the Great Plains Divisions. The Black Hills Division generally
con'slsts of steep formations of metamor'phosed and intensely compacted sedimentary rocks, which
form a perimeter around an intrusion of Precambrian igneous and crystalline rocks. The
sedimentary layers consist of aquifer formations that typically have high permeability, which
allows for the transportation and storage of water. Aquifers are usually separated by an aquitard
layer that restricts the vertical transport of water from one aquifer to the next. The aqujfer‘s
generally réceive a large amount of recharge from stream losses and infiltration. The inﬁltration
rates can vary. greatly due to variations in slope and soil and can have a significant impact on the

base flow of natural streams (Dnscoll and others, 2002) |

The Great Plains physiographic‘ division is characterized by relatively flat, rolling hills which are
divided by low—slopmg streams. The streams generally have well- developed natural drainage areas
that primarily flow from west to east (Driscoll and others, 2002).
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The Matlab program used seven distributions to analyze the historical peak flows. The program
ran a test hypothesis on the estimated flood events using the Klomo-Smirnov and Chi-squared
procedures. Of the seven distributions, the Klomo-Smirnov method was accepted for the Log
Pearson Type III distribution. The flood estimates from the Matlab programs are shown in
Table 2.7-2.

Table 2.7-2: Matlab Flood Estimate Results for Beaver Creek

Recurrence Peak Flow
Interval (years) (cfs)
100 | 8,570
200 ’ 7,910
Extreme Condition 11,500

PKFQWin used a Pearson Type III distribution with a weighted and generalized skew, and
computed slightly higher results than the NFF program. The PKFQWin results are shown in Table
2.7-3.

Table 2.7-3: PKFQWm Flood Estimate Results for Beaver Creek

Welghted Generalized
Recurrence Peak Flow Peak Flow
Interval (years) (cfs) ~ (cfs)
5 ' 1,840 1,870
10 2,750 2,700
25 4,340 4,070
50 5,940 5,350
100 7,980 6,870
200 10,560 8,680
500 15,030 11,600
Extreme Condition 23,000 17,000

The flood estimates for Beaver Creek are summarized in Table 2.7-4. The final flow values
selected for the floodplain analysis of Beaver Creek were 7, 990 cfs and 23,000 cfs representing
the 100 year and extreme condition floods, respectively. These values were chosen because they .
represent the most conservative design flow estimates.
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: _Sumn_lary Flood.Estimate for Beaver Creek N

elevatlon data

Table 2.7-4: o
' ‘Recurrence PKFQWin - NFF' MATLAB .
Interval Estimate ~  Estimate ‘Estimate
(years) - (cfs) (cfs) (cfs)
100 | 799 7950 6,570
Extreme Condition |. .23,000.  ~ .22,000 11,500 .
2.7.1.4.3  Hydrologic Analysis - Pass Creek

There are no gage sites along Pass Creek or its tributar-'ies (Hell Canyon, Wes_t Hell Canyon,
Sonrdough Draw, and Tepee Canyon). to provide accurate flow data. To obtain design flow values
for the stream channel of Pass Creek within the PA, a rainfall runoff model was uséd along with
design ralnfall to generate stream flows with'a. range of exceedance probablhtres The 100-year
event was used as the primary condition for evaluatmg the risk of ﬂoodmg and erosion in the Pass
Creek area. An upper bound or extreme cOndition was represe'nte_d by 50 percent of an estimated -
probable maximum flood, for comparison w_ith the 100-year event. | ‘

The Hydrologic Modéli_ng System (HEC-:HMS) is designed to simulate the precipita'tion-r_unoff

'process'es of dendritic watershed systems. The Geospatial Hydrologic Modeling Extension (HEC-

GeoHMS) is a software package for use with the ArcView Geographic Information System (GIS)
HEC- GeoHMS analyzes digital terrain information and transforms the dramage paths and
watershed boundaries into a hydrologlc data structure that represents the watershed response to
prec1p1tat10n '

In order to use the HEC-HMS model a hlgh resolutlon DEM was developed Contour data from -
the US. Geologlcal Survey 1:24, 000 topographlc maps were-used with ArcGIS to create a grid of
Plottmg stream elevation values against distance downstream indicated that
adJacent stream vertices were w1th1n two feet of each other, prov1dmg good accuracy for thls type E
of analysrs

. The HEC GeoHMS basm model of the Pass. Creek watershed was unported into HEC HMS and ‘

and_ the p_robable max_lmum prec1p1tat10n (PMP) were us_ed as the dr1v1ng pre01p1tatron events.
Estimates for the 100-year/24- hour storm. were obtained from the national depth duration-
frequency maps (US Department of Commerce) (Table 2.7-5). The PMP estlmate was obtamed
from HMR—51 depth—area—duratlon maps (Schremer and R1edel 1978) (Table 2. 7- 6).
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comprehensive approach of HMR-52 (Han‘sen,‘ et al, 1982) for developing a probable maximum
flood (PMF) was not used. | Instead, a simplified approach was develqped using the PMP estimate
as with conventional rainfall runoff modeling techniques. The resulting flood is therefore referred
to as an estimated probable maximum flood (estimated PMF) and represents an appropriate

extreme event for comparison with the 100-year event.

Figure 2.7-7 shows a graphical

représentation of the PMP estimates for the Pass Creek watershed’s geographical location. The
depths and durations for the PMP on the Pass Creek watershed are shown in Table 2.7-7.

Table 2.7-5: Depth-Duration Data for the 100-Year Storm Event

100-year Storm
Duration . Depth (in)
" 5min 079
15 min 1.58
60 min 2.50
2 hour 3.00
3 hour 3.20
6 hour 3.60
12 hour 4,10
. 24 hour 4.80

Table 2.7-6: Probable Maximum Pre_cipita_tion (PMP)

)  Duration (hr) . .
Area (mi?) 6 12 24 48 72.
S 10 22.1 26.1 281 308 | 32
200 15.8 18.4 20.4 23 24.2
1000 115 13.8 15.6 18 192
5000 7 9 10.7 12.8 14
10000 5 6.6 8.6 10.6 12
200000 3.5 5.1 6.6 8.7 10

Source: from HMR-51 (Schreiner and Riedel, 1978)

Note: Data in inches

SUA:1600 License Renewal Application

Combined TR/IER

2-169

March 2024


















Table 2.7-10: ~ Proximity Data for the 100 Year Floods of Beaver Creek and Pass Creek

Creek Concern Horizontal Distance (f) . . Vertical Distance (ft)
Beaver ' ‘ o o o

Facilities © 3,140 : 30

Ore Bodies 300 : 5
Pass :

- FPacilities 5,470 . 80

Ore Bodies o . 210 ; L .5
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The final model results for the spatial representation of the extreme condition floodplains for
Beaver Creek and Pass Creek within the PA are shown in Figures 2.7-12 and 2.7-13, respectively.
The figures indicate the relationship of the maximum extent of the extreme condition floodplain
to the Iocations of the primary facility zones and the known ore bodles The horizontal and vertical
distances separating the primary facility zones and known ore bodies from the extreme condition
floodplain for each creek are shown in Table 2.7-11. The sole purpose of including the extreme
condition flood in the analysis for flood and erosion potential is to illustrate that there is very little
additional land area inundated by the extreme condition floods than by the 100-y_ear floods. The
risk of flood or erosion dama'ge to the PA facilitie's frori Beaver and Pass Creeks is extremely'lo'w.

Table 2.7-11: Proximity Data for the Extreme Condition Floods of Beaver Creek and

Pass Creek

Creek . " Coricern . Horizontal Distance (ft) = . Vertical Distance (ft) .
Beaver ' . ' ' ' ' ' ;

Facilities : 3,090 : 30

Ore Bodies 80 , 7 5.
Pass S :

Facilities 5,100 80

Ore Bodies - N (N . . 5.

The inundation maps of Pass Creek indicate that known ore bodies in the upstream section of the
creek would beconie inundated. It is estimated that the water depths would be 15 feet for the 100-
year flood and approximately 25 feet for the extreme condition flood:

2.7. 1.4.5 FIOoding and Erosion in Local Drainages

Smaller ephemeral drainages within the projec_t area were modeled to evaluate poten_tial for
flooding. Results of the model are included in Appendix 2.7-M of the approved license
application. As gieseribed in Appendix 2.7-M of the apprbved license appli'cafiovr_l,_ HEC-HMS
model's"we‘re used to calculate peak discharges for various storm events for the-drainages within
the project area, and HEC-RAS models were used to predict the 100-year flood inundation
boundary for the channels within the project area. The 1nundat10n boundarles are deplcted on Plate
27.1. _ _ :
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Table 2.7-12: Summary of Water Level Data Collected at Surface Water Bodies

Feature Dafa Time Interval of . Stage Stage Change
D Records Greatest Stage Change Change - Rate
(days) . : (ft) (ft/day)

10024 2 32 019 |  0.0059
10025 2 229 ' -0.24 -0.0010
10027 1 NA

10030 4 110 0.25 0.0023
10031 4 240 0.78 0.0033
10032 3 206 2.3 0.0112
10033 4 234 2.43 0.0104
10034 1. NA

10039 2 89 0.52 0.0058
10040 2 206 0.04 0.0002
10050 2 234 1.35 0.0058
10051 3 215 0.54 0.0025
10052 3 229 -0.48 -0.0021
10054 3 229 ' 0.75 0.0033
10059 1 NA .

10070 5 89 . 0.63 . 0.0071

‘Note: Feature ID denotes Suiface Water Body
2.7.2.1.1 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 2.2-3. Figure 2.2-2 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 2.7-13 summarizes hydraulic properties of major
aquifers determined in previoiis 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 project 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
project 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 p"rojec_t'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,
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Table 2.7-13:

Estimates of Hydraulic Prqpefties_ of Major Aquifers from Previous

Investigations
) : Total
s comy TN State b s
) ‘ pproslty
E:’ o ©* Precambrian aghife L V f
Rahn, 1985 - - L= 0.03/001 Western South Dakota
Galloway and Strobel, 2000 450-1,435 010/~  Black Hills area
L __ Deadviond aquier o ]
Downey, 1984 - 250.- 1,000 - ~  Montana, Notth Dakota, South
’ Dakota, Wyorning
Rahn, 1985 - - - 0.10/0.05 Western South Dakota
E. o Y Madison aqixife"rv ) T " o ) §
Konikow, 1976 - 860-2,200 - -- - Montana, North Dakota, South
o Dakota, Wyoming
Miller, 1976. - 0.01 - 5,400 - Sontheastern Mornitana
Blankeunagel and others, 1977 24x10°-19 - - - Crook County, Wyoming
Woodward-Clyde Consiltants, - 3,000 2x104 - 3x10 - Eastern Wyoming, western South
1980 Dakota
Blankemjag_el and others, 1981 . - 5,090 2x105 - Yellowstone County, Montana
Dowiey, 1,9'{;4 - 250 - 3,500 - - Montana, North Dakota, South
) Dakota, Wyoming
Plummer and others, 1990 - - 1.12x10°¢ - 3x10° ~  Montana, South Dakota, Wyo-
‘ ring .
Rahn, 1985 - - ) - 0.10/0.05 Westem South Dakota
Cooley and others, l§86 1.04 - -- - Montana, Nbﬁh Dakota, South
’ ) Dakota, Wyoming, Nebr.
Kyllorien and Peter, 1987 - 4.3-8,600 - < Northern Black Hills
Imam, 1991 . 9.0x10°% - - - Blac_:ic- Hills area
Greere, 1993 - 1,300 - 56,000 0.002 035/  Rapid City area
Tan, 1994 5-1,300 - - 005  Rapid Cityarea
Greene and others, 1999 - 2900-41,700  3x10*- 1x10 - Spearfisharea
Ca:ter, Driscoll, Hamade, and - 100 -7.400 - - Black Hills area
Farrell, 2001 '
, , o )  Minnelusa aguifer \ L
Blankennagel and others, 1977 <24x1 03-14 - - - Crook Countyj\;fyo;ning -
Pakkong, 1979 - 880 - = Boulder Park atea, South Dakota
Woodward-Cl.yde Consulta'njts, - 30-300 6.6x107 - 2.0:{1,04 - Eastern Wyc;ming. 'westérﬂ S.om.h
1980 o ' Dakota :
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Table 2.7-13: Estimates of Hydraulic Propertles of MaJor Aquifers from Previous

Investlgatlons (cont )

s Hydra'ulle Transmissivity Storage p;::salltyl .
ource conductivity (ft2d) coefficlent effective Area represented
(""9 ’ ‘ porosity
: B ) . Minnelusa aquifer—Continued L .
Rahn, 1985 - - - 0.10/0.05 Western South Dakota
Kyllonen an_d_Pet_er, 1987 - 0.86 - 8,600 - - anhem Black Hills
Greere, 1993 12,000 0.003 0.1/~  Rapid Cityarea
Tan, 1094 32 - - - Rapid City area
Greene and others, 1999 - 267-9,600  5.0x107-7.4x107 - Spearfish area
Carter, Driscoll, Hamade, and -- 100 - 7,400 - - Black Hills area
Ja.rtell 2001
1 ‘ - » . L . Minnekailta aqluf—n'uer? . o . -
Rahm, 1985 - - - 0.08/0.05 Western South Dakota
1 - T - ) “Inyanli;ra-:quifeni A o T %
Niven, 1967 ) ‘“0 ~100 - - : B .- Eastern Wyo;ing, western South
. Dakota
Miller and Rahn, 1974 0.94_4 178 - - Black Hills area
Gries and others, 1976 1.26 250 - 580 27.11;10's - 2.5:{»10‘5 - Wall area, South Dakota
Boggs and Jenkins, 1980 - 50-190  1.4x103-1.0x10% - Northwestern Fall River County
Bredehosft and others, 1983 83 - 10x10% . - South Dakota
Raha, 1985 - - - 0.26/0.17 Western South Dakota
Kyllonen and Peter, 1987 - 0.86 -.6,000 - , Northern Black Hills

Source: .Dris'colll et al.. (200_2)

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 project area is unique compared to the regional Black Hills
hydrology. In this regard, 1ntermed1ate groundwater flow systems in the Fall River Formation and
the Chllson Member of the Lakota Formation are independent of the reglonal flow system. These
intermediate flow systems have their origin in the areas within the eastern portion of the project
area (F all River) and immediately to the east and north of the project area (Fall River and Chilson)
where the Fall River and Chilson crop out at the larid surface. Both of these flow systems are
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recharged directly by precipitation and infiltration of surface runoff along the outcrops in and near
the eastern portion of the project area.

2.7.2.1.1.1 Inyan Kara Aquifer

At distance from the central core of the Black Hills Uplift the Inyan Kara Group typically contains
Member of the Lakota Formatlon and the Fall Rrver Formatlon Wthh are separated by the Fuson
Shale confining unit. Refer to Section 2.6.2.2 for a description of confining units relevant to ISR.

The Inyan Kara aqu1fer is heterogeneous which results in the two sub- aqu1fers exhlbltmg large
variations in their hydrauhc characteristics at some locations. Reglonally, 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
' transm1331v1ty of the Inyan Kara ranges from 1 to 6,000 ftzlday (Table 2.7-13). The Inyan Kara is
confined below by the Jurassic Morrison Formation and above by the Cretaceous Graneros Group

2.7.2.1.1.2 Minnelusa Aquifer,

" The Minnelusa Formation consists of interbedded siltstone, sandstone, anhydrite, and limestone.
The Minnelusa aquifer occurs prirnariiy in saturated sandstone and anhydrite beds within the upper
part of the formation (Williamson and Carter, 200 1). - Within the Black Hi_]ls, the Minnelusa ranges
in thickness from 375 to 1,175 feet (Driscoll et al., 2002). The porosity is dominantly primary ‘
. porosity within the sand_stOne 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 the lower permeablhty layers at the
'l')as_e of the Minnelusa. - :

Locally, the Minnelusa produces oil and gas in the Barker Dome to the east of the project area.
2.7.2.1.1.3 Madison Aquifer

supphes in numerous communities w1thm the Black HlllS 1nclud1ng Rapld C1ty and Edgemont

The hydrautic characteristics of the Madison aquifer have been extensively studied; ‘ziq'uifer
oharacter‘istics of the Madison based on the numerous regional investigations are summarized in

Table 2.7-13. The Madison aquifer is mainly a dolomite unit and is Characterized by extensive
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2002). These minor aquifers are generally not widely utilized because of the availability of more
reliable water-supply sources.

2.7.2.1.2 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 2.7-14 and 2.7-15 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 project area other than the Dewey Fault,
which is located north of the project area, and the Long Mountain Structural Zone, which is located
approximately 7 m.il.es south of the project 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 hydradlically unéonﬁned (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 reglonally and averaging approxnnately 16 inches in the pl‘Q]ECt aréa. While most
precipitation can be accounted for as surface runoff and evapotranspiration, reglonally, the
percentage of precipitation that recharges the aquifers is estlmated to vary from 30 percent in the
northwestern Black Hills to 2 percent or less in the drier southwestern Black Hills, which includes
the project area. '

Other sources of recharge to individual units can occur from leakage between aquife_rs. In general,
the potentiometric elevation increases with depth within the stratigraphic section, which provides
an upWafd potential for groundwater flow and limits the potential for downward recharge, which
occurs reglonally 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 (ie., karstmg) of the overlying strata may provide a pathway for upward
groundwater movement (Gott et al., 1974) This is réported to occur some 6 miles northeast of the
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the Morrison Formation across the entire project 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 Formafidn is underlain, in turn, by the Unkpapa Sandstone, Sundance Formation

and Spearfish Formation. Based on the results from limited exploratory drilling, the Spearfish in
the project area averages approximately 320 feet thick and due to its low vertical permeability is
considered a hydrologic barrier betwé_en 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 project 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 Urikpapa consists of 50 to 80 feet of well-
sorted, fine-grained, aeolian sandstone. Since there is not an intérvening confining unit separating
the two, the Sundance and Unkpapa are generally considered to be a single hydrosﬁatigraphic unit.
The Sundance/Unkpapa is used locally as a watér supply within the prdject area.

2.7.2.2.1.1 Morrison Formation

The Morrison Formation, because of its low permeability and continuity beneath the project area,
is the lowermost confining unit for the proposed ISR opéraﬁons. The Morrison averages
100 feet thick and is composed of waxy, calcareous, non-carbonaceous massive shale with
numerous hmestone lenses and a few thin, fine- gramed sandstones. Analyses of core samples
w1thm the project area have shown the vertical permeablhty of the Morrison clays to be very low
and to range from 9 x 10 to 3 x 108 cm/sec (0. 012 to 0.043 mlllldaraes see Table 2.7- 16).

2.7.2.2.1.2 Inyan Kara Group

The Ju"rassic Morrison Formation is unconformably overlain by the Inyan Kara Croup; whigh
conisists of the Lakota and the Fail River Formations. The sandstone packages within the Fall
River Formation and Chilson Member of the Lakota Formations are the host rocks to the uranium
mineralization at the Dewey-Burdock Project. The Inyan Kara consists of iriterbedded sandstoﬁe,
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Fall R1ver 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 project area, to
more than 500 feet in the northwestern portion of the project area. Because of its thickness and
low permeability; the Graneros Group precludes vertical miigration of water between the Inyan
Kara, overlylng alluvial aqulfers and the ground surface.

272213 Graneros Group

The Cretaceous Graneros GrOup consists of several geologic units, including the Skitll Creek
- Shale, Newcastle Sandstone (where present), Mowry Shale, and Belle Fourche Shale, which act
as a single confining unit overlying the Inyan Kara. In the project area, the thickness of the
Graneros Group ranges from zero at the outcrop of the Fall River to more than 500 feet
(Plate 2. 6- 10). The members. comprising the Graneros Group are described in Section 2.6.2.2.

Analyses of core samples of the Skull Creek clays 1ndlcate low vertical permeabilities on the order
of 6.8 x 10 cm/sec (0.007 millidarcies).

2.7.2.2.1.4 Terrace Depos:ts and Quaternary Alluwum

The most recent sedlmentary units within the project area are the Quaternary alluvral deposrts _
present along the major dra1nages and their mbutarles The alluvium varies from 0 to 50 feet thick
and consists of an unconsohdated mixture of silt; clay, sand and gravel. '

dralnages is shown on Plate 2 6 11

27222 GrOuhdwate’r Occurr'en(:e and Flow

Potentiometric contour maps for the Fall Rlver and the Chilson Member of the Lakota are shown
on Figures 2. 7-16 and 2.7-17, respectlvely These maps were prepared tsing water level
measurements taken over a 5- day period from April 25 through April 29, 2011, rather than based
on “average” water levels taken over several years. The data used to generate Figures 2.7-16 and
2.7'—17 are presented in Appendix 2.7-A of the approved _license application. There are other wells
* within the project area listed in ‘Appendix 2.2-A of the approved license application,'but not used
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area. An isopach map showing the thickness and continuity of the Fuson Shale throughout the
project area is presented as Plate 2.6-8. The pervasive occurrence and continuity of the Fuson
Shale throughout the pI‘Q]ECt area are shown on the geologic cross sections (Plates 2.6-12a through
hand ).

2.7.2.3 | Summary of Previous Pumping Tests

This section describes the pumping tests previously conducted by TVA and Powertech (USA).
Section 3.1.3.2 describes the pre-operational pump testing that will be conducted for each well
field.

2.7.2.3.1 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 2.7-K of the approved license application:
“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). o

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 eonducted two successful pumping tests in 1979 near the Burdock portion of the project area
and one in 1982 about 2 miles north of the Dewey portion of the prOJect area. The results of these
tests are described below

Burdock Area ,

The Burdock tests were conducted in 1979 near S. Dewey Road at the location shown on
Flgure_ 2.7 -28. 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 samie pumping well with packers to
alternatively isolate screens open to the respective formations. Test durations were 73 houts for
the LakOte (ChilsOn) test and 49 hours for ‘th‘e' Fall River test. Pumpin'g rates were about
200 gpm from the Lakota (Chilson) 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.
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Table 2.7-16:

Laboratory Core Analyses at PI‘OJ ect Slte

{1) Assumed air temperature = 70°F.

: : Confining Air Intrmsnc Particle HS‘Z;I;‘::.HC Core Core
I\SI:zgi; D&lt))'th Stress Po(l;z)s)ity Perme;blhty(l) Density Notes Conductivity Kh Kv
psi | * o | @) Kw@)(3) | (day) | (tday)
' . . (cm/s) )
DB O7I1-11C Burdock — —
[ 1H  [25220] 600 ] 1050 1,040 2.356 | Fuson Shale | 8.0073E-07 _
TV | 25235 600 | 1005 | 0228 | 2.356 | Fuson Shale | 1.7555E-07
T 4H | 412.30 | 600 9.68 0.041 2.511. | Fuson Shale | _3.1567E-08
4V [41245] 600 | 959 | 0015 2.514 | Fuson Shale | 1.1549E-08 |
DEO7201CDewey -
2H | 48070 | 600 | 890 0078 2613 | Sl Creek | g oo55E.08
ov | 48080 | 600 | 930 0.007 2610 Sk‘;‘:m(;‘;."""k 5.3896E-09
30 | 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 — - . .
~ 50 | 42360 ] 600 | 2956 3,207 2.645 | Chilson Sand | _2.4692E03 . 7.0 | .
5V | 42335 | 600 | 30.34 | 1464 | 2.645 |Chilson Sand | 1.1272E03 T 32
“BH | 43020 | 600 | 31.90 | 4161 | 2640 |Chilson Sand| 3.2037E:03 | 901 | _
T 6V__ | 43035 | 600 | 30.16 939 2646 |ChilsonSand | 7.22078-04 | | 2.1
“qH | 45350 | 600 | 1086 1.000 2519 -Mgﬁ:" 7 6004E-07
7\7 '453.45 600 | 11.82 0043 | 2543 | Momison | 33507508
3 — - 1 7" | Shale | 7O

DB-07-11-16C Buirdock = -

[ 8H . [42040] 600 ] 3050 2,697 2643 | Chilson Sand| _2.07658:03 | 59 .1 -
8V | 420.10 | 600 | 30.17 | 1,750 | 2.651 | Chilson Sand | 1.3474E-03 | 38 .
"9H | 455.90 | 600 6.99 0.004 2536 Mgg‘;".‘ 3.0797E-09

oV  |4s545| 600 | 765 | 0012 | 2556 Mgl‘;‘;f:“ 92302609 |

| 10 |soss0| eo0 | 1296 | oser | zara | MM 53eg5po7

| Y 50345 | 600 | Nodaia | I

DB 07 32 4C Dewey : o o =

X . A ) ~ - . o o 'FauR.iVEl'v ' »
uH | 57325 | 600 | 2915 2802 | 2641 | PARE 2.1574E:03 | 6.1

| uv |s3a0  60'0 | 2004 619 | 2645 | FERRNer | 7g50m04 14

Summary S L
Average Lakota Santh Kv K '_7.4 -1 3.0

(2) Assumed water temperature = 52.8°F, water den51ty 0.999548 g/cm3 and water dynamic viscosity = 0.012570 g/cm -S.
(3) Kw= kaX (pwg/pw) and 1.0 mD = 0.987 x 101! cm?
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17%. This equates to 5 to 85 gpm during restoration without concurrent production. The typical
Inyan Kara usage during concurrent production and restoration will therefore total ,approx,i_rnately
40 to 120 gpm.

As described in Section 4_.2.2.4, water from the Madison Limestone or another suitable aquifef :
will be used to supply water to the CPP and as a clean water source for aquifer restoration. The
quantity of Madison water used will depend on the aquifer restoration method, which in turn will
dépend on the liquid waste disposal option. In the deep disposal well option, RO permeate will be
injected into well fields undergoing aquifer restoration, and the quantity of make-up water from
the Madison Limestone or another suitable aquifer will be approximately 80 to 160 gpm. In the
land application option, water from the Madison Limestone or another suitable aquifer will replace
all of the water withdrawn from the well fields undergoing aquifer restoration. In this case, the
usage of water from the Madison Limestone or another suitable aquifer will be about 430 to 510

‘Tables 2.7-18 (without groundwater sweep) and '2.7-183 (with groundwater sweep) present the
estimated Inyan Kara Group and Madison Limestone usage in the deep disposal well option. Table
2.7-19 (without groutidwater sweep) and 2.7-19a (with groundwater sweep) present the estimated
water usage in the land applicatidn option. |
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Section 5.7.8.1 describes how the stream sampling sites were evaluated against guidance in
Regulatory Guide 4.14 to establish an operational monitoring program. A total of 10 stream
sampling sites including 6 new sites are proposed for operational monitoring. After license
issuance but prior to ISR operations, Powertech (USA) proposes to sample each site, monthly
(inéluding the initial samples) for 12 consecutive months in accordance with Regulatory Guide
4.14 pre-operational monitoring recommendations.

Of the original eight stream sampling sites, four will be relocated (BVCO01, BVC04, PSC01 and
PSCO04) prior to ISR operations as described in Section 5.7.8.1. Justification for continue use of
UNTO1 follows. UNTO1 was established for the baseline surface water monitoring program to
characterize surface waters downstream from proposed activities in the eastern portioh of the
project area. Due to steepness of the valley walls, the site could not be located at the license
bo_undaly., Instead UNTO1 was installed downstream at an accessible location, which was more
conducive to passive sampler installation and operation. Powertech (USA) proposes that this site
is justified since it is near the license boundary and there are no major intervening tributaries
between the license boundary and UNTO1.:

Impoundment Sampling

Powertech (USA) sampled surface water impoundments within the project area, including stock
dams and mine pité. Surface water impoundments were originally identified on topographic maps
and aerial photographs. Subsequently a field survey was completed in July 2007 to fully identify
and gather impoundment-location data. A summary of impoundment sampling for the regional
baseline surface water monitoring program is provided in Table 2.7-21a. The itable includes 40
impoundments. During the regional baseline monitoring progfam, 11 of the
40 impoundments were visited on a quarterly basis. Table 2.7-21 illustrates which of these
impoundments were sampled during each quarterly sampling event or provides a reason why a
sample could not be collected. Refer to Section 2.9.8 for additional information regardiﬁg the
number of samples collected and constituents analyzed during baseline impoundment rhonitoring.

As described in Section 5.7.8, Powertech (USA) proposes to sample 24 impoundments during
operation of the Dewey-Burdock Project. Justification for the impoundments not proposed for
operational monitoring is provided in Table 5.7.8-1 and typically is due to the impoundment not
being located downgradient of proposed facilities.
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Table 2.7-24: Field Data and Statistics for BVC04
‘ ‘ BVC04
Dissolved Specific
Temp, | . . Oxygen, Conductivity, | Turbidity,
Date . F pH mg/L uS/cm ' NTU
8/20/2007 | 810 | 882 | 1231 1450 . 795
9/28/2007 | 51.4 7.60 6.85 4712 o
10/17/2007 | 50.1 8.46. | 1045 . 7157 126
11/19/2007. | 412 | 8.18 | 1239. | = 5416 93
12/11/2007 { 319 | '7.86 | . 11.01 ... 4055 29
'1/11/2008 | 318 | 7.74.° 1137 | - 3022 . 168
. 3/9/2008 .| .31.9 8.12 |. 1374 2015 226 .
4/14/2008 | 625 | 8.27 '12.21 7186 . 143 -
5/26/2008 | 55.5 .8.09 6.54 733 1730
6/17/2008. | 773 | 752 | 955 4915 " 33.8
7/8/2008 | 82.5 8.38 . 12.80 6217 '
N 11 11 11 11 9
. Mean .| 543 8.09 10.84 4262 236
"Median | 514 | 812 | 1137 4712 16.8
Std Dev. 19.5 0.39 235 | 2229 565
Min | 318 | 752 | 654 733 29
Max. - 825 .| 882 | 13.74. 7186 . 1730 .
Table 2.7-25: Field Data and Statistics for CHR01
' ' " CHRO1
. Dissolved |  Specific :
“Temp, . Oxygen, | Conductivity, | Turbidity,
Date F pH mg/L . uS/cm NTU
9/5/2007 | 794 | 844 | 1308 | . 4085 L 190
9/26/2007 | 608 | -8.02 1048 ~ | - 3895 107
'10/17/2007 | 55.6 8.02 | 517 6929 . 9.9
11/19/2007 | 422 | 747 | = 374 - 7847 |- 58
3/9/2008 | 451 | 811 | . 12.84 . |. 3990 74
4/16/2008 | 589 | 832 | 813 6180 .15
. 5/26/2008 | 560 | 817..|  7.77. " 350 .. 1798
6/17/2008 | 806 | 827 | 785 2897 73.4
N | 8 | -8 8 8 8
Mean | -598 | 8.10 8.63 - 4522 . 240,
. ‘Median . | 57.5 7} 8.14 7.99 . . - 4038 8.7
. StdDev | 14.0 0.29 3:35 " 2406- 630
Min = | 422 747 | 374 . 350 . 1.0
Max .| 806.] 844 [ 1308 | 7847 . 1798
2-239
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Table 2.7-28:

Quarterly Sampled Groundwater Quallty Well Data N

- Combined TR/ER

H{gm 'I(‘I\Gv)n I?E;g Sec _Qtr Qtr " Eastmg Northmg _ Eﬁgﬂ;ﬁ. : AWell'Us__e:_l »
2 |7 1. 16 | SESE | 1026724 | 423922 " Chilson. . |~ Domestic.
5 |7 1- 14 | NENW | 1035181 | 427284 Fall River Stock

e Y 1 23 | NWNW | 1033304 | 422417 'Fall River - - Domestic - -
8 7 1. 23 |. SWSE. 1036052 . 418515 Fall River . Domestic:

M3 | T 1 3. | NWNW ] -1028360. ‘| 438470 |- .Chilson .| . Domestic
16| 7 | .1 | 1 | NESW | 1041428 | . 434446 | ~  Chilson ~= | ~ Domestic -
18.1 7 1| 9 | sSwsw. . | 1022812 | 428960 " Fall River " Domestic
2 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- |0 1 | SESE . | 1043781 | 433331 |  Chilson " Stock
675 | T 2 |.31 | SWSE. | 1046941 ] 406352 | Alluwvium | = Monitor ..

676 | .6 1 34 | SESW . | 1030846 | 439891 | = Alluvium | Monitor
677 | - 7 1. | 4 | SWSW | 1023527 | 434077 ' Alluvium " Monitor .
68| 7 | 1 9 | SWNE [ 1026522 | 431925 Alluvium _Monitor. . .-
679 | 6. 1 | 27 | NWSE | -1032294 | 446245 | = Alluvium _-Monitor . -
4002) @ 6 1 30 | NWSW | 1013414 | 446931 | InyanKara Domestic -

“fro02] 7 1 23 | NWNW | 1033333 | 421931 ;Chils'on " Stock |

Notes: ! Coordmate system is NAD 27 South Dakota State Plane South, .~ ' '

.2 Inyan Kara indicates that screened mterval includes both Chﬂson and Fall Rlver

Table 2 7- 29: Monthly Sampled Groundwater Quahty Well Data '

H}rgr o T&v)n l:g)g . S.ec | .' Qtr Qtr .Eastmg , Northmg i::)rgggﬂ - “:Well'Us:ej

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 | FallRiver . | : 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..| ~ FallRiver . | : .Monitor.:
.696-] 7 1.} 15 | NWNW- | 1028538 | 427141 |  Chilson -~ | . Monitor .

697 ] 6 -1 [.32:] SESE: | 1022350 | - 439347 - Chilson. - |  Monitor -

698 | 7 | .17 2 |- NESW' |--1035909 | 435651 -]  FallRiver - | .~ Monitor "
7051 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: ! Coordmate system is NAD 27 South Dakota State Plane South T R
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Table 2.7-35: MaJor Ion Chemlstry Fall River F. ormatlon
o " ‘Major Cations .~ * "~~~
‘Hydro Calcium' Magnesium Sodium C
},D meq/L % . meq/L % meq/L % Dominant Cauon
5 |- 62 | "19% 41 | "13%: 21.9 68% sodium .
7 18 S 12% | . 1.2 8% 119 - | 80% ~_sodium
) 227 [ 19% 1.9 14% 9.6 67% -_sodium
18 17 ] 12% 1.0 7% . | 120 .| 82% ._sodium
628 20 | 11% 1.4 8% 139 . 81% sodium
631 159 .58% . 7.5 27% 4.0 15% ‘calcium
. 681 . 1 31 22% 2.0 14% | 9.2 64% ._sodium
688 2.3 - 19% 1.6 13% 8.3 ~ 68% sodium
- 694 1.5 10% 0.9 | 6% 12.3 - 84% _sodium
695 3.8 23% 22 .| 13% 10.5 64% __sodiuni
698 | 184 I 55% | 11.0 | 33% | . 38 | 11% _calcium .
706 | 83 | 47% 3.9 22% .66 31% e
R MaJorAmonS'w D
" yrea.. 1| Bicarbonate/ ’ S e :
' H{gr 9 | Carbonate , Chlopde : S“'fat‘_’ Dominant Anion
| meg/L % meq/L. % meq/L %
- 5 24 L 7% 0.7 ~ 2% 1 301 | 91% |- sulfate
Ni .34 - 22% 0.3 2% | . 1186 76% sulfate
8 34 -23% 0.3 2% 110 | 75% sulfate
18 3.6 25% 04 |. 3% . . 107 . 73%" sulfate
. 628 3.0 16% 13 . |. 7% 147 77% sulfate
- 631 233 11% 0.3 1% 258 88% sulfate
. 681 [ 35 | 25% . 0.4 3% .| 101 . .72% . __sulfate
688 2.7 - 23% 03 - 3% | - 89 - 75% sulfate
694 3.6 . 26% 04 - .3% 10.1 -12% . . sulfate
695 35 | 22% | 03 | 2% | 121 | 76%._ __sulfate
698 . 23 8 | .03 1% . 285 . 92% - .. sulfate
.. 706 39 21% [ 03 1% 14.1 ~T17% __sulfate
Note: Concentratlons in nulhequlvalents per liter represent the average concentratlon for each well.

SUA:1600 Licehse'RenewaI Application

Qombin'ed TR/IER

2:262

March 2024







Table 2.7-36:

MaJor Ion Chemlstry Chilson Member of the Lakota Formation

- L . " "Major Cations .~
Hydro Calcium' Magnesmm ) Sodium ., .
},D meg/L - % meqg/L % meq/L % . Dommant‘C.atlon
2 1 26 i 16% 1.4 9% 123 | 75% sodium
13 31 | 24% . 2.0 16% | 76 | 60% sodium
16 - ‘5.9 | 50% 38 32% 2.1 18% calcium’
42 1.7 .| 12%. 1.0 | 7% 116 | 81% " sodium
615 3.7 . 33% . 1.8 16% 58 | 51% sodium
619 16.0 | 55% - 9.4 ©32% - 3.8 13% calcium
622 41 . ] 29% . - 2.4 17% 7.7 54% sodium .
650 83 | 41% 65 | 32% 5.3 - 26% I
. 680 19.2 54% 10.2 [  29% 6.0 17% . calcium
689 . 23 ] 21% 1.3 . 12% 7.7 68% . sodium
696 49 |  31% 30 | 19% 1.7 49% ——
697 26 | 20% - 1.4 11% 9.2 70% sodium
705 42 | 30% | 2.6 18% 7.1 51% sodium
3026 19.0 | '52% " | 93 | 26% 8.2 22% " calcium
7002 115 | 44% 73 | 28% 7.6 29% eem
L L o Major Anions. R
v Bicarbonate/
HJI’SI‘O Carbonate Clﬂqnde ) Sulfate Dominant Anion
meq/L % meg/L | % meg. | % )
.2 42 | 25% 03 | 2% - |. 124 73% * _sulfate
- .13 32 .1 23%. 0.3 2% | 100 74% . sulfate
16 31 | 24% 0.1 | 1% © 04 74% sulfate
42 36 | 25% .03 | 2% . 10.3 72% . | . sulfate’
615 28 | 25% 0.1 1% 8.2 - T4% sulfate
619 | 23 | 8% © 0.3 1% 269 91% " sulfate
622 35 .| 25% . 0.3 | 2% 102 73% sulfate
650 14 6% .05 2% . 206 92% ‘sulfate .
680 50 | 15% 04 ] 1% - 28.2 ~ 84% sulfate
689 . 3.0 27% 0.1 1% 8.1 72% : sulfate
- 696 40 27% .03 1 2% 107 |- 71% | sulfate
. 697 .33 | 26% .02 ] 2% 9.4 . 72% sulfate’
705 2.7 19% 0.2 2% | 111 79% sulfate
- 3026 - 35 | 10% | 05.° ] 1% .- |. 314 .| 89%: - sulfate
7002 52 . 1 19% . 0.3 1% 22.4 80% sulfate

Note: Concentratlons in m1111equ1valents per liter represent the average concentratlon for each well.

SUA-1600 License Renewal Appllcatlon
. Combined TR/ER

2-264

March 2024










e The anaiytical data was reviewed to define the chemical constituents that were similar
between the monitoring programs with a focus on bulk properties.

e The reported values of alkalinity, conductivity, pH, and total dissolved solids (TDS) were
compared from nine wells that were sampled during both project periods.

e Statistics calculated included mean, minimum, and maximiim.

. Cqmparis_dn was made by graphical representation of the mean value of reported
parameters from TVA and Powertech (USA) data.

The number of samples analyzed during the current monitoring program limited the sample size
available for statistical analysis. Therefore the analytical techniques available were limited to less
rigorous qualitative and quantitative techniques. Comparison statistics reported are mean,
minimum, .and maximum, with relative percent 'd_iffer‘énce (RPD) calcuiated for each statistic,
where RPD is the absolute difference divided 'l-)y the average (Table 2.7-40). Complete
groundwater quality data results are available in Appendix 2.7-G of the approved license
épplication (Powertech (USA) results) and Appendix 2.7-] of the approved license application
(TVA results).
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Table 2.7-40:

Comparison of Statistics for Selected Constituents between Historical
TVA Data and Current Powertech (USA) Data

Mean ' Minimum - Maximitm A

Well Powertech TVA | RPD | Powertech | TVA | RPD | Powertech | TVA | RPD )
"% 2 211 220 | 4% | 208 | 200 | 4% 214 242 | 12%
£ 7 171 181 | 6% 170 171 | 1% 176 191 | 8%
8’ 8 169 178 | 5% 164 166 | 1% 178 194 | 9%
Q 13 - 159 173 | 8% 142 160 | 12% 170 196 | 14%
© 16 153 152 | 1% 148 144 | 3% 160 157 | 2%
;, 18 '180 196. | 9% 176 180 | 2% 184 238 | 26%
£ 42 178 188 | 5% 174 179 | 3% 180 204 | 13%
g l4002| 141 158 | 11% 138 144 | 4% 144 202 | 34%
< | 7002 261 261 | 0% 250 210 | 17% 280 300 | 7%
2 1580 1548 | 2% 1500 1450 | 3% 1670 1750 | 5%
g 7 1542 1338 | 14% 1440 1325 | 8% 1650 1350 | 20%
é 8 1458 1385 | 5% 1420 | 1285 | 10% 1560 1450 | 7%
2E[ 13 1292 1274 | 1% 1140 1100 | 4% 1420 1400 | 1%
§ el 16 1063 1162 | 9% 925 1150 | 22% 1260 1175 | 7%
o E| 18 1428 1379 | 3% 1360 ] 1300 | 5% 1470 ~ | 1420 | 3%
§ | 42 1408 1353 | 4% | 1310 1200 | 9% 1510 1400 | 8%
& | 4002 1223 1161 | 5% 1130 | 1100 | 3% 1340 1195 | 11%
7002 2328 2339 | 0% 2200 1925 | 13% 2480 2500 | 1% °

2 7.90 7.7 | 3% 7.85 7.16 | 9% 7.93 82 | 3%
7 8.11 85 | 5% 8.05 8.3 | 3% - 8.17 87 | 6%
8 7.95 7.87 | 1% 7.93 7.59 | 4% 7.97 85 | 6%

13 7.9 776 | 2% 7.75 7.48 | 4% 8.05 81 | 1% -
T |16 | 746 734 | 2% 7.38 731 | 1% | 757 1739 | 2%
18 8.09 794 | 2% | . 8.02 7.69 | 4% 8.11 84 | 4%
42 8.02 7.94 | 1% 7.95 7.67 | 4% 8.08 84 | 4%

4002 7.83 7.75 | 1% 7.65 751 | 2% 8.02 85 | 6%
7002 7.36 744 | 1% 7.22 7.14 | 1% . 7.56 8 6%

2 2 1100 1043 | 5% 1100 | 1004 | 9% 1100 .| 1113 | 1%
8 L7 [ 9% 1081 | 9% 960 _ 1058 | 10% 1000. | 1104 | 10%
:g 8 975 965 | 1% 940 860 | 9% 1000 1130 | 12%
S | 13 878 886 | 1% 850 . | 792 | 7% 890 1006 | 12%
3 16 814 846 | 4% 760 796 | 5% 940 894 | 5%

S 18" 960 909 | 5% 940 520 | 58% 990 1118 | 12%
A [ 42 | 950 |93 | 1% | 930 | 888 | 5% 980 . |.1033 | 5%
s | 4002 823 . 773 | 6% 790 740 | 7% 850. | . 805.| 5%
= | 7002 1875 | 1843 | 2% 1800 1690 | 6% 1900 1970 | 4%

RPD (Relative Percent Difference) = The absolute difference divided by the average. - '
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- succulent Opuntia polyacantha (plains prickly pear).

Table 2.8-3: Summary of Sainple Adequacy Calculations for Percent Vegetation Cover
in the Big Sagebrush Shrubland
' ' Confidence
_ Standard | Sample | Actual Z- Level
Map Unit Mean | Deviation | Adequacy |Sample #| Value [ Achieved
Big Sagebrush Shrubland ’ o ' o ,
Total Vegetation Cover | 22.75 | 6.52 26.91 27.00 | 2.56 99.48.
Total Ground Cover 42.64 3.49 220 | 27.00 | 8.98 NA
Shrub Density

Big Sagebrush Shrubland supported an average of 3,661.46 shrubs per acre or 0.90 shrubs/m?, The
following full and half/sub-shrub species were found: Artemisia tridentata (b1g sagebrush)
Artemisia frigida (fringed sagewort), and Gutierrezia sarothrae (broom snakeweed). Refer to
Appendlx 2.8-D of the approved license application for a complete Big Sagebrush Shrubland
density summary.

Species Composition

Species composition for the Big Sagebrush Shrubland community was dominated by warm season
perennial grasses with 46.33 percent relative vegetation cover, followed by cool season perennial
grasses with 20.33 percent relative vegetation cover. Perennial shrubs had 15.82 percent relative
vegetation cover, while annual grasses had 10.15 percent re_lati%ze vegetation cover . Annual forbs
had 1.90 percent relative vegetation cover. Perennial forbs had 1.11 percent relative vegetation
cover; sub-shrubs had a total of 2.59 percent relative vegetation cover. Succulents had 1.77 percent
relative vegetation cover. The cool season per‘enhial grasses were mainly Elymus smithii (Westem
wheatgrass) Carex filifolia (threadleaf sedge) and Poa secunda (Sandberg bluegrass) The warm
season perennial grasses were mainly blue grama, buffalograss, and Bouteloua curtipendula
(31deoats grama). Annual grasses were Bromus japonicus (Japanese brome) and Bromuis lectorum
(cheatgrass). Perennial forbs were dommated by Calochortus nuttallii (sego lily), Phlox spp.
Annual forbs included AlysSitm
desertorum (desert alyssum) and Lepidium densiflorum (prairie peppergrass). Present shrubs/sub-

(phlox), and Sphaeralcea coccinea (scarlet globemallow).

shrubs  was big sagebrush, fringed sagewort, and broom snakeweed. Also present was the
Refer to Table 2.8-4 for relative Big
Sagebrush Shrubland cover summary and Appendix 2.8-C of the approved license application for
a complete Big Sagebrush Shrubland cover summary. |
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Table 2.8-22:

Types in June 2008 (cont.)

~ Breeding Bird Species Richness and Relative Abundance in Six Habitat

Average Number of Birds per Habltat Type!
. ’ - COT - P-SB- AVG
| . Species® » BB GAL G GW Edge PP #PLOT .
European starling ' ' o
. (Sturnus vulgaris) T 1'0_ B o - '" 0.1
Great horned owl - 10 | — B . . o1
(Bubo virginianus) - , ' o
'| Vesper sparrow . -
(Pooecetes gramineus) T o 03 o o T . 0.1
American crow
(Corvus brachyrhynchos) o B 0.'1 o - 0'3‘ 01
Red-headed woodpecker b 0'7 L . . . 0 1'
(Melanerpes erythrocephalus) ) .
Rock wrén . . ’
(Salpinctes obsoletus) , 0.7 T T T o - 0‘1,
Western kingbird ;
(Tyrannus vertzcalzs) ! 0.7 o - - o 0.1
American robin ‘ ,
(Turdus migratorius) T 0.3 - B T o <01 _
Common nighthawk - ‘ o
(Chordeiles minor) - |1 B o - 0'3 <0'_1 ‘
Indigo bunting T ol - - - -1 =
(Passerind cyanea): ' e _ ‘
Killdeer , _ A
(Charadrius voczferous) T 0.1 - B - <0'1g
Lazuli bunting L 0.3 N o L . <0 13
(Passerina amoena) ' . "
Western wood peewee . . N 03 N <01
(Contopus sordidulus) ' Y 3
Yellow-breasted chat e 0'3 N o . . <0 1‘
(cteria virens) ’ ‘ %
'Red-winged blackbird . . 1 B o o I '
(dgelaius phoeniceus) .
Turkey vulture ' I I . B . . 1
(Carthartes aura) 1 L
Average # _
Blrds/Transect 123 29.0 7.7 13.3 15.3 10.7 124
TOTAL SPECIES _ 5 | 23 | 1o | 7 | 10 | 10 | 3 _

‘BB = Bentonite breaks .
COT GAL = Cottonwood Gallery
G = Grassland

I = Incidental flyover during breeding bird survey (not counted in totals)

‘GW = Greasewood

‘P-SB = Pine-sageb'rush_

PP = Ponderosa pine

2 Bold species are tracked by the South Dakota Natural Heritage Program — South Dakota Déepartment of Game, Fish
and Parks (SDGFP web | page last updated September 2, 2008)
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~ Table 2.8-26: Community Composition Metrics for Benthic Macro invertebrates
' Collected at the Beaver Creek Sltes - =
[ - . 1 ] . | Abundance | == |
Functional Habitat/ Behavior | BVC0 | BVC0 [ BVCO | BVCO
_ , . . . Feeding Group | - 1 4 1 | 4
Measures | Taxa ~ |Toleranc|Primar | Secondar | Primar | Secondar | April | April | July | July
_ e y. y y y |
Taxa Physidae 8. -IsC , v 2 12 |1
o Culicoides . |10 PR JGC bu o S ' ' :
Orthocladiinae |5 GC _ : bu . 14 33
|Chironominae |6 - |GC. _ o - | N B |
Tanypodinae |7 PR : " Ibu . ' ] 14. |23
Simulium 6 FC ] 2 : 1
Cheumatopsych (5 FC ‘ ' o S 76
Lepidostoma |1 SH B R R |
Limnephilus |5 SH sp : 3 2
Elmidae (early |4 GC ' cn bu 1 3
instar) _ _ .
- (Abundance [Abundance. | @ : ] 237 46 |7 107
Richness |Total Taxa = ' 1B 6 I3 3. |7
. EPT Taxa | 3 1 0 1
’ Epheimeroptera 0 0 0 0
L , Taxa . .
Plecoptera Taxa 0 0 0 .
Trichoptera ' ' ' 3 1 |0 1
. Taxa . . -
Compositio |% EPT Taxa R E . 17.4% |4.3% [0.0% [71.0%
1% S N ' N 10%. - 0%  |0% 0%
v Ephemeroptera. ' : :
Tolerance |Number of ' ' ' 1 0 0 0
: 'JIntolerant Taxa | . : S 1 - - : '
% Tolerant ' B ' ' 13.0% [0.0% |28.6% [0.9%
Macrobenthos - | . . , . , . B :
% Dominant D o - 60.9% |71.7%.10.0% [1.9% -
. _ JTaxa .~ : . o . ' 1. .
Feeding  [% Filterers - ' - BB - [8.7% ]0.0% [0.0% ]72.0%-
~ |%Grazers& [ ' '  169.6% |95.7% |42.9% [6.5%
: Scrapers . . ' :
Habitat Numberof =~ | b ' ' 0 - |0 0 0
. |Clinger Taxa S , 4 ‘ . L
"[% Clingers ' | _low_ [0% 20% . |3%
Notes: SC=Scraper, PR = Predator GC = Gatlierer collector, FC = Filterer/colléctor, - ‘
SH = Shredder . o
'|bu = burrower, sp = sprawler,cn = |’
chnger : ,
. Tolerance scores on scale of 1-10 with 1 bemg most sensitive, and 10 most tolerant of
I I envuonmental stressors :
N
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estimate of the central tendency of the data using non-parametric (outliers were included in
estimate) and parametric (outliers were excluded in estimate) estimates are the same.

Table 2.9-5b: Outlier Test for Surface Soil Samples Collected in Main Permit Area
IPotential = [Sample Ra-226 ‘Mean Ra-226 | Standard | ,,. . | fCritical [ .-
Outlier Concentration | N Concentration | Deviation Statistic Value (Yes /No)
Sample ID (pCi/g) (pCil/g) (pCi/g) (upper 1%)
RFA-B21A 5.60 55 1.51 0.77 5.31. 3.376 Yes
RFA-B23 3.60 54 1.44 0.54 4.00 3.368 Yes
NEA-R05 2.80 53 1.40 0.45 3.11 3.361 No

T Critical values obtained from Table 1 of ASTM E178-08
% Test Statistic T, = (x, —%)/s

With outliers removed, both the surface mine and main permit area radium-226 concentration data
sets fit a lognormal distribution. The geometric mean and geometric standard deviation of both
data sets is 1.3 pCi/g. The data lie within a population range of 0.76 to 2.2 pCi/g. The mean of
1.3 pCi/g is representative of a general background value in the majority of the project area surface
soils. Exceptional areas include those in and around the artesian well discharge and open pit mines.
At this time, radium-226 concentrations are not well characterized in the northern anomalous area
in the main permit area and along the northwest edge of the surface mine area.

The range of radium-226 concentrations in the land application areas lies within the range of
overall radium-226 concentrations, averaging 1.3 and 0.8 pCi/g in the Dewey and Burdock areas,
respectively.

Other Radionuclides

Table 2.9-5 summarizes the analytical results for all samples analyzed for the extended suite of
radiological parameters (all locations and depths combined). Although the sample number isn't
sufficient to allow any definitive conclusions to be drawn regarding distributional characteristics
or trends of non radium-226 parameters, a positive relationship between the concentrations of
radium-226 and natural uranium, thorium-230, and lead-210 is apparent.

Limits of Detection

A summary of the results with respect to reporting limits and minimum detectable concentrations
(MDCs) is as follows:
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* The radium-226, lead-210, and thorium-230 LLDs (reported as MDCs or reporting
limits) in the NEA, MPA, RFA, and SMA soil samples were all 1*107 pCi/g.

* The natural uranium LLDs in the NEA, MPA, RFA, and SMA samples ranged from
1.7*10% to 2.0¥108 pCi/g.

 None of the results NEA, MPA, RFA, and SMA samples were below their respective .
LLDs.

e The lead-210 LLDs for the LAN and LAS samples ranged from 1.9*10°6 to 3.8*10°
pCi/g. In all but one case, the lead-210 results were lower than their respective LLDs.

e The radium-226 LLDs for the LAN and LAS samples ranged from 4.0*10% to 1.0*¥10-
"1uCi/g. All of the LAN and LAS results exceeded their respective LLDs.

e The thorium-230 LLD for the LAN and LAS samples was 1.0*1077 pCi/g. Results for
17 of the 53 (surface and subsurface) samples were reported below 1.0¥107 nCi/g.

e The natural uranium LLD for the LAN and LAS samples was 7.0¥10”° uCi/g. All of
the results exceeded the LLD.

The LLD recommended in RG 4.14 for natural uranium, thorium-230, radium-226, and lead-210
in soils is 2*107 pCi/g. The only case for which the guidance was not followed was the LLD for
lead-210 in the LAN and LAS samples. The median lead-210 concentration for surface soils (0-5
cm and 0-15 cm depths), excluding land application samples (LAN and LAS), was
1.5 E-6 pCi/g. In these areas, the lead-210 LLD was 1.0 E-7 nCi/g, which is consistent with the
Regulatory Guide 4.14 LLD for lead-210 in soil. The median lead-210 soil concentration for
surface soil in the land application areas was 1.1 E-6 pCi/g. In the land application areas, the LLD
ranged from 1.9 E-6 to 3.8 E-6 uCi/g. Since the median lead-210 concentrations were similar
between the two data sets, Powertech (USA) considers the reported lead-210 soil concentrations
within the land application areas as representative of background regardless of the reported
sample-specific LLD values.

2.9.3.2.2 Subsurface Soil Sample Results

Table 2.9-5 lists the subset of subsurface biased samples that were collected at depth in the project
roll front areas: RFA-B01, RFA-B02 RFA-B13 RFA-B15, RFA-B17, RFA-B21, RFA-B30, RFA-
B36, and RFA-B37. The table also lists results obtained in subsurface samples collected in the
two land application areas: LAN-001 through LAN-009 and LAS-001 through LAS-007.
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» Radium-226 concentrations in the project land application area have a -median of
1.0 pCi/g.

. Radium_—226 concentrations in the project land application area have a median of
0.8 pCi/g.
The subsurface results in both land application areas are comparable to those observed in the 0 to
15 cm surface samples in the samples. There is no apparent trend with depth.

294 Sediment Sampling

In June and August of 2008, baseline sediment sampling was conducted at the project site in
accordance with NRC Regulatory Guide 4.14 (NRC, 1980), which requires stream sediment
samples during both seasonal runoff and low-flow conditions and one sediment sample at each
impoundment to characterize radionuclide content. Stream sediment samples were collected at the
same locations at which surface water quality sampling sites were located: upstream and
downstream sites on Pass Creek, Beaver Creek, and the Cheyenne River, and one site on each of
two ephemeral drainages located within the project boundary. Impoundment sediment samples
were collected in the same impoundments at which surface water chemistry was sampled. Figure
2.9-11 and Table 2.9-7 provide sediment sampling locations.

Stream sediment samples were collected upstream and downstream sites on three primary streams
(Pass Cre'ek-, Beaver Creek, and the Cheyenne River) and sites on two other ephemeral drainages.

Sediment samples were collected in June 2008 from 11 surface water impoundments located in
the area. Impoundments primarily consist of stockponds but also include historical open pit mines
within the permit boundary. At the time of sampling, the majority of subimpoundments had water
present. As indicated by NRC Regulatory Guide 4.14, a one-time sampling event is sufficient to

document radiological conditions of surface water impoundment sediments.
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Table 2.9-7: Sampling Locations - Stream and Impoundment Sediment Sampling
Locations
Site ID SD Stqte Plane 1983 Type / Name Groundwater
East (ft) North (ft) Influence
_ Sub01 998654 446816 ____stockpond
Sub02 - 1001071 443526 Triangle Mine Pit ’ L x
@ | Subo3 1005005 | . 438448 ' __mine dam '
g Sub04 1002542 437518 stock pond
g Sub05 1004591 437191 , __mine dam
3 Sub06 - 1006665 437019 ___Darrow Mine pit - Northwest
& | subo7 1009312 434360 . stockdam
3 Sub08 1004195 _ 427057 _ _ ___stock pond . x
» Sub09 1004640 427089 . stock pond
Subl0 1005961 421367 stock pond
Subl1 1009659 432225 v stock pond
BVCO01 989871 428716 ) . Beaver Creek downstream
BVCO4 965366 | 460922 Beaver Creck upstream
» |__CHROL 985098 423010 Cheyenne River upstream _
E CHRO5 1015626 405925 Cheyenne River downstream
;’:) __Pscol 996764 436205 ' Pass Creek downstream
PSC02 1002722 452563 ) ) Pass Creek upstream
BENOL 1015872 . 416196 Bennet Canyon
UNTOL 1007565 423482 Un-named Tributary
2.94.1 Methods

2.94.1.1 Stream Sediment Sampling

»At each location, four sediment sub-samples were collected with a plastic hand trowel to a depth

of 5 cm each, along a transect spanning the width of the channel in areas where active sediment
deposition was occurring. Prior to sampling at each site, the trowel was cleaned by rinsing with a
liquid Alconox solution followed by- a deionized water rinse. To represent the average
radionuclide concentration across the channel, the four sub-samples were composited into a single
sample. The composite sample was placed in a plastic zipper bag labeled with site ID, date, and
time of collection, which was then placed into another plastic zipper bag and into a cooler with
ice.

Samples were hand-delivered to ELI in Rapid City, SD along with the chain of custody forms. At
the lab, samples were dried, crushed, ground, and thoroughly homogenized prior to analysis. All
samples were analyzed for natural uranium, thorium-230, radium-226, and lead-210 by wet
radiochemical methods.

SUA-1600 License Renewal Application 2-404 March 2024
Combined TR/ER













and the Triangle Mine Pit (Sub 02), both of which appear to contain radionuclide concentrations
in sediments considerably higher than observed in soil by (Myrick 1983). The Darrow and
Triangle Mine Pits are historical open pit uranium mines and elevated radionuclide concentrations
in sediments would be ex'pected.

Radionuclide concentrations in sediment at downstream locations of Pass Creek (PSCO1) and the
Cheyenne River (CHROS5) are elevated compared to upstream locations for the same surface water
bodies indicating potential impacts from mineralized areas of the on and adjacent to the
site. Radionuclide concentrations in sediment at the downstream location on Beaver Creek
(BVCO1) are similar to the upstream location (BVC04).

2.9.5 Ambient Gamma and Radon Monitoring
2.9.5.1 Methods
29.5.1.1  Ambient Gamma Dose Rate Monitoring

Ambient exposure rates were determined for three periods, using TLDs supplied and analyzed by
Landauer, Inc. The monitoring periods were: August 15, 2007 to February 4, 2008, February 4 to
May 17, 2008, and May 17 to July 17, 2008. The 29-day period between July 17 and August 15

that would complete the year was not monitored.

The TLDs were deployed at each of the eight AMS locations. The criteria used to establish the
AMS locations is discussed in Section 2.9.6, The AMS locations meet the siting criteria
recommended in Regulatory Guide 4.14. On this basis the TLD monitoring locations also meet the
siting criteria recommended in Regulatory Guild 4.14. Duplicates were deployed at AMS-01 and
the background location (AMS-BKG).

Five of the nine TLDs deployed in the August 2007 to Februaxy 2008 period were lost, presumably
by way of cattle disturbance. Two additional TLDs were lost from subsequent deployments,
presumably as a result of cattle in the area.

2.9.5.1.2 Ambient Radon-222 Monitoring

Radtrak passive track etch detectors were placed at each of the eight AMS locations and an
additional eight biased locations to measure radon-222 concentrations in air. For QC purposes,
one duplicate detector was placed at each of two locations during each sampling event. The
locations of the passive radon detectors are shown on Figure 2.9-8.
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Table 2.9-10: Ambient Gamma Dose Rates
' Dose Adjusted Dose Projected
Location | Starting Date | End Date (mrem) Rate Annual Doses
. . (mrem/day)® (mrem)
' 8/15/07 2/4/08 | - NC ' '
AMS-01 2/4/08 5/17/08 37.2% 0.260 NC
5/17/08 7/17/08. 51.7° 0.412
8/16/07 2/4/08 - NC
AMS-02 _2/4/08 5/17/08 - NC NC
5/17/08 7/17/08 54.0 0.386
8/15/07 2/4/08 - NC
AMS-03 2/4/08 5/17/08 38.6 0.270 _ NC
5/17/08 7/17/08 NC
8/15/07 2/4/08 62.4 0.297
AMS-04 2/4/08 5/17/08 . 36.1 ~0.252 112
5/17/08 7/17/08 54.3 0.388
8/15/07 2/4/08 50.6 0.241
AMS-05 2/4/08 5/17/08 36.7 0.257 91
5/17/08 7/17/08 36.4 0.260
8/15/07 2/4/08 - NC
AMS-06 2/4/08 5/17/08 36.9 0.258 NC
5/17/08 7/17/08 51.1 0.365
8/15/07 2/4/08 73.7 0.351
AMS-07 2/4/08 5/17/08 35.5 0.248 109
5/17/08 7/17/08 36.1 ~ 0.258
8/15/07 2/4/08 68.82. 0.328
AMS-BKG 2/4/08 5/17/08 40.5% 0.283 123
: . 5/17/08 7/17/08 58.5% 0.418
“Notes: ' '

a.  Result is average of measurement plus duplicate.
b.  Dose rate adjusted by dividing the reported dose by the time from vendor shipment of dosimeters to site and the time dosimeters
were processed.
NC = Not Calculated due to missing data

2.9.5.2.2

Ambient Radon-222 Monitoring

The ambient radon monitoring results are listed in Table 2.9-11. Period 1 ambient radon

concentrations ranged from 1.0 to 9.8, averaging 2.4 pCi/L. Period 2 concentrations ranged from

0.4 to 1.8, averaging 1.2 pCi/L. Period 3 concentrations ranged from 0.4 to 3.3, averaging

1.8 pCi/L. Period 4 concentrations ranged from 0.5 to 0.8, averaging 0.5 pCi/L.
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Table 2.9-11: Radon Concentrations in Air (concl.)

.
—

‘Combined TR/ER

Radon-222 Average Standard | Minimum | Maximum P t
. Starting . Error + LLD Rn-222 Deviation Rn-222 Rn-222 ercen
Location Ending Date Conc. . . Effluent
Date (uCi/m) (pCi/ml) | (PCi/ml Conc. | of Average Conc. Conc, Conc
a (Ci/ml) | (uCi/ml) | (@Cifml) | (uCi/m) .
8/14/07 9/23/07 1.20E-09 - 7.50E-10 1200
Rn03 92307 2711708 2.00E-10 - Z00B10 1 1 0se.09 | 9.63E-10 | 492E-10 | 270E-09 00
2/11/08 5/17/08 2.70E-09 8.6E-11 | 3.13E-10 2700
5/17/08 7/17/08 4.92E-10 - 4.92E:10 492
8/14/07 9/23/07 2:00E-09 - 7.50E-10 2000
Rn 04 9/23/07 2/1/08 1.40E-09 - Z'OOE'_IO 1.70E-09 6.34E-10 5.00E-10 2.00E-09 1400
2/11/08 5/17/08 1.00E-09 7.7E-11. | 2.83E-10 1000
5/17/08 7/17/08 5.00E-10 - 4.92E-10 500
8/14/07 9/23/07 1:50E-09 - 7.50E-10 1500
Rn 05 9/23/01 2/12/08 110809 - 2.00E 10 1.30E-09 7.82E-10 8.18E-10 2.60E-09 1100
2/11/08 5/17/08 2.60E-09 8.6E-11 | 3.16E-10 2600
5/17/08 7/17/08 8.18E-10 - 4.92E-10 818
-8/19/07 9/23/07 3.30E-09 - 8.57E-10 3300
Rn 06 Y2307 2/11/08 L.30E-09 -1 ZO00FI0 1 5a0m09 | 135809 | 492E-10 | 3.30E09 —io0
2/11/08 5/17/08 3.00E-09 8.5E-11 | 3.13E-10 3000
5/17/08 717/08 4.92E-10 - . 4.92E-10 492
8/15/07 9/23/07 3.00E-09 - 7.69E-10 3000
Rn 07 9/23/07 2/12/08 L80E-09 - 200B10 | 5 40E09 | 11809 | 721E-10 | 3.30E-09 1800
2/12/08 5/17/08 3.30E-09 8.3E-11 | 3.16E-10 3300
5/17/08 7/17/08 7.21E-10 - 4.92E-10 721
8/14/07 9/23/07 1.50E-09 - 7.50E-10 1500
Rn 08 V207 2/1/08 1.30E-09 — 1 Z00BI0 |y yopog | 439B-10 | 492E-10 | LS0E-09 o
9/23/07 2/1/08 1.00E-09 7.2E-11 | 2.83E-10 1000
5/17/08 7/17/08 4.92E-10 - 4.92E:10 492
Notes: ’
Duplicate track etch detector
“Seal potentially compromised
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With the exception of one location (AMS-3), Period 1 concentrations exceeded Period 2
concentrations. On average, the radon concentrations decreased by an average of 35 percent. The
range in the data sets decreased from 2.1 (Period 1) to 0.3 pCi/L (Period 2), as the largest value in
Period 1, 9.8 pCi/L, decreased to 1.2 pCi/L.

Figure 2.9-13 presents the ambient radon concentrations in relation to the radium-226
concentrations predicted from the gamma-ray count rate data. One expects higher radon
concentrations in the mined areas. However, there is only one case where this is true: the Q1
observation at Rn-02, located adjacent to the edge of an open pit mine, is 9.8 pCi/L. There appear
to be no spatial trends in the current data set, other than the levels are within the same order of
magnitude across the site, i.e., all less than 10 pCi/L and averaging 2.4, 1.2, 1.8, and 0.5 pCi/L in

Periods 1 through 4, respectively.

Duplicates were collected at AMS-01 and AMS-BKG in all periods. The QC summary for the
radon monitoring is as follows:

e AMS-01: In Period 1, each concentration was 1.0 pCi/L and the RPD was 0. In Periods
2 and 3, the concentrations of the sample and its duplicate were 0.7 and 0.4 pCi/L. The
RPD was 55.5. In Period 4, each concentration was 0.49 pCi/L and the RPD was 0.

e AMS-BKG: In Period 1, the concentrations of the sample and its duplicate were 2.0
and 2.7 pCi/L. The RPD was 29.8. In Period 2, the concentrations of the sample and
its duplicate were 1.6 and 1.5 pCi/L, with an RPD of 6.5. In Period 3, the
concentrations of the sample and its duplicate were 1.7 and 1.5 pCi/L, with an RPD of
12.5. In Period 4, the concentrations of the sample and its duplicate were 0.5 and 0.49
pCi/L, with an RPD of 0.7.

There are two cases Where the RPDs do not meet the project acceptance criterion of 40: AMS-01
in Period 2 and 3.
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\% = Volume of air sampled (ml)

For the parameters other than natural uranium, the data were converted to units of microcuries per
milliliter (uCi/ml), as follows:

Filter Concentration

(1*1073)
Total Flow

Concentration, uCi/ml =

The units of total flow and filter concentration in the equation are cubic meters and pCi/f,
respectively. The resulting concentrations for each radionuclide and high volume sampler were
compared to effluent concentration limits listed in Table 2 of 10 CFR 20 Appendix B and reported
in Table 2.9-12 as percentages of the respective effluent limits. The most conservative effluent
limits were applied to thorium-230 (2*10** 1Ci/ml) and lead-210 (6*10°'3 uCi/ml). The Class D
and W limits were applied to natural uranium (3*107'2 uCi/ml) and radium-226 (9*10'® pCi/ml),
respectively.

2.9.6.2 Air Particulate Sampling Results

In general and relative to one another (e.g., natural uranium to radium-226), the average
concentrations of radionuclides were consistent at each location from period to périod. The lowest
average concentration was radium-226, followed by thorium-230, natural uranium, and lead-210.
Average radium-226 concentrations were five orders of magnitude lower than lead-210
concentrations. The data are listed in Table 2.9-12 and summarized as averages and ranges in Table
2.9-13.

Site-wide, the data can be summarized as follows:

 Natural uranium concentrations ranged from -3.0¥10"7 to 1.5*10"* pCi/ml and
averaged 1.4*107° pCi/ml.

»  Thorium-230 concentrations ranged from -1.5*10"!8 to 5.6*10-1 1Ci/ml and averaged
1,2*107 pCi/ml.

* Radium-226 concentrations ranged from -4.9*10" to 5.3*10"7 uCi/ml and averaged
1.6%10"8 uCi/ml.

 Lead-210 concentrations ranged from 6.0*107'% to 4.1*10" uCi/ml and averaged
1.5%10% Ci/ml.
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Table 2:9-13:

Summary of Radionuclide Concentrations in Air

Combined TR/ER

|t.ocation U-nat Concentration (Ci/ml) Th-230 Concentration (;:Ci/ml) Ra-22§ Concentration (uCi/ml) Pb-210 Concentration (Ci/ml)
Average G Min "Max | -Average G Min Max | Average c Min Max Average < Min Max

AMS-01 14E-15 | 3.2E-15 | -1.7E17 | 7.1E-15 | 82E-18 | 6.4E-18 | 1.6E-18 | 17E-17 | 12E-17 | 30E-17 | -3.1E17 | 5.3B17 23E-14. | 14E-17.| 9.1E-18 | 43E-17

|AMS-02 14E-15 | 3.1E-15 | -2.0E-17 |'7.0E-15| 4.9E-18 | 6.5E-18 | 0.0E+00 | 1.6E-17 | -1.4E-17 | 1.9E-17 | -49E-17'| -2.3E-18 | 1.3E-14 | 9.7E-18 | 7.0E-18 ‘ 2.9E-17
AMS-03 1.0E-15 | 2.2E-15 | -3.0E-17- 5.0E'-154A 9.0E-18 7_.2E-18‘ -1.5E-18 | 1.9E-17 » -1.6E-18 | 9.3E-18 | -1.4E-17 | 9.6E-18 1.1E-14 - | 9.2E-18'| 8.9E-18 | 3.1E-17
AMS-04' ‘1.0E-15 | 2.2E-15 | -2.6E-17 | 5.0E-15 ~ 10E-17. | 9.8E-18 | 25E-18 | 2.7E-17 5.3E-18 | 2.7E-17 | -2.8E-17 | 4.6E-17 1.3E-14 | 1.1E-17 | 83E-18 | 3.3E-17
AMS-05 1.2E-15 | 2.6E-15 | 0.0E+00 | 59E-15| 24E-17 | 1.9E-17 | 4.7E-18| 56E-17 | 9.6E-18 | 3.4E-17 | -4.5E-17 | 4.7E-17 | 1.3E-14 | LOE-17 | 9.0E-18 | 3.4E-17

 |AMS-06 1.0E-15 | 2.3E-15 . -1.4E-17 | 50E-15| -9.9E-18 | 7.2E-18 | 1.5E-18- | 2.0E-17 | -2.6E-18 | 2.3E-17 _ -3.9E-17 | 2.3E-17 14E-14 | 9.9E-18 | 7.4E-18 | 3.3E-17 -
AMS-07 3.1E-15- | 6.9E-15 | -1.1E-17 | 1.5E-14| 1.3E-17 5.7B-18 | 6.3E-18 | 20B-17 | 49E-18 | 1.7E-17 | -1.3B-17 | 29E-17 | 1.6E-14 | 1.0E-17 | 7.5E-18 | 3.0E-17
AMS-BKG LIE-I5 | 25E-15 . --8.1E-18 |'57E-15| 15E-17 | 14E-17 | -7.8E-19 | 3.0E-17 | -6.3E-19 | 11E-17 | -1.7E-17°| 12E17 | -1.3E-14 | 9-8E-18'| 8.0E-18 | 3.1E-17
Overall 1.4E-15 -3.0E-17 | 1.5E-14 | 1.2E-17 ' 1.5E-18 - 5.6E-17 1.6E-18. -4.9E-17 | 5.3E-17 | 1.45E-14 T.0E-18 | 4.3E-17
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respectively. Flux rates ranged between 0.68 and 1.77 pCi/m?-s in Fall 2007, 0.28 and 1.33
pCi/m?-s in Spring 2008 and 0.48 and 2.38 pCi/m?-s in Summer 2008.

2.9.7.1

Conclusions

The flux rates determined at the PA are one to two orders of magnitude below the National
Emissions Standards for Hazardous Air Pollutants (NESHAPS) requirements of 20 pCi/m2-s
specified in 10 CFR 40, Appendix A, Criterion 6. Although the latter requirement applies to

tailings and thus is not directly germane to this characterization, it is useful as a context to

demonstrate the relatively low magnitude of baseline radon flux rates measured at the site. -

Table 2.9-14:

Baseline Radon Flux Measurements

: - Std. Dev. Average Flux
Location Date Flux (pCi/m?s) . 2 LLD (pCi/m’) | @ Location
: | (pCi/m?s) 2y
_ ) . (pCi/m?s)
September 2007 1.68 0.06 0.18
RFA-B01 April 2008 0.64 0.05 0.15 1.57
~ July 2008 2.38 0.06 0.15
September 2007 0.89 0.05 0.15
RFA-B02 April 2008 0.76 0.05 0.16 0.86
July 2008 0.94 0.05 0.15
September 2007 1.77 0.06 0.17
RFA-B13 April 2008 0.56 0.05 . .0.16 1.53
' July 2008 2.27 0.06 0.15
September 2007 1.22 0.05 0.15
RFA-B15 April 2008 112 0.06 - 0.16 1.35
July 2008 1.71 ©0.05 0.15
September 2007 - 1.25. 0.06 0.16
RFA-B17 . April 2008 . 0.61 0.05 0.16 1.05
July 2008 1.30 0.05 0.15
September 2007 0.97 0.05 0.14
RFA-B21 April 2008 . 0.28 - ~0.05 0.16 0.71
July 2008 0.89 0.05 0.14
September 2007 1.73 0.06 0.17
RFA-B30 April 2008 . 0.70 0.05 0.16 1.49
“July 2008~ 2.03 0.05 -0.15
September 2007 0.68 0.05 0.16
RFA-B36 April 2008 0.64 0.05 0.16 0.60
July 2008 0.48 0.06 0.15
September 2007 -0.80 0.05 0.14
RFA-B37 “April 2008 1.33 0.06 0.16 1.13
July 2008 " 1.27 0.05 0.14
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Table 2.9-18:

Baseline Radionuclide Concentrations in Vegetation

Location Date Collected 8/14/2007 4/20/08 7/15/08 |Average (uCi/kg)
Concentration | 1.4E-05 | 2.8E-02D | 9.4E-06 1.4E-05
U-nat ' i _ S
(1Ci/ke) ~ Error + 2¢ S _
LLD 1.7E-06 2.4E-06 | 2.0E-07
Concentration | 5.5E-05 | 3.3E-05 | 8.1E-05 5.6E-05
Ra-226 ‘
(uCifkg) Error + 20 3.2E-05 5.5E-06 1.2E-05
, LLD 1.7E-06 | 3.7E-06 | 7.4E-06
Concentration | <1.7E-06 1.2E-05 1.2E-05 8.6E-06
Th-230 . ’
AMS-01 - . a
(1Cilkg) Error +2¢ <1.7E'06 5.2E-06 '| 8.4E-06
LLD 1.7E-06 2.0E-07 | 8.4E-07
Concentration | 1.8E-03 2.9E-03 | 3.3E-04 1.7E-03
Pb-210 » : ' Y
(uCifkg) Error 26 5.4E-04 . 1.1E-04 1.3E-04
LLD 8.6E-06 1.0E-06 | 2.1E-04
Concentration | 1.3E-04 | 4.7E-04 1.7E-05 2.1E-04
Po-210
@Cifkg) Er_ror:t20 9.8E-05 7.2E-05 1.5E-05
LLD 8.6E-06 1.0E-06 | 1.0E-06
Date Collected 8/14/2007 | 4/20/08 7/14/08 ‘
Concentration | 1.0E-05 2.7E—02D 3.2E-06 6.6E-06
U-nat —
(Ci/kg) Error £ 20 - —. -
LLD 5.5E-07 2.0E-07 | 2.0E-07
Concentration | 2.2E-05 | 3.0E-05 | 9.3E-06 2.0E-05
Ra-226 . : - y '
+ AR ob- ok
(uCifkg) Error + 2¢ 1.1E-05 4 5E 06 | 3.6E-06
LLD 5.5E-07 2.8E-06 | 4.0E-06
i .TE- 4E-05 |-9.5E-07U 5.9E-06
AMS-02 Th.230 Concgntratxon 4 7E gg 1 42 OZ 5 O_E, - C
(iCilkg) . Error:!:20. 6.Q %-0¢ 4.9E- .0 -
LLD 5.5E-07 2.0E-07 | 4.7E-07
Conéentration 3.3E-04 1.3E-03 1.5E-04 5.9E-04
Pb-210 ‘ ; : ¥ AT i
Cifkg) Error + 26 1.5E-04 | 6.9E-05 | 7.3E QS
LLD 2.7TE-06 1.0E-06 1.2E-04
Concentration | 1.8E-05 2.0E-04 |9.1E-06U 7.6E-05
Po-210 i Y e e ‘
(uCilkg) Errqr:b_ch 2.0E-05 4.2E-05 | 8.5E-06
LLD 2.7E-06 1.0E-06 1.0E-06
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Table 2.9-18: Baseline Radionuclide Concentrations in Vegetation (cont’d)

Location Date Collected 8/14/2007| 4/20/08 | 7/14/08 | Average (nCi'kg)
’ Concentration | 3.7E-05 |2.3E-01D| 1.4E.05 3.7E-05
U-nat Error + 26 - - '
(nCi/kg) : : : —
LLD 1.3E-06 | 1.3E-06 | 2 0E-07
Concentration | 2.4E-05 | 7.9E-05 | 5.9E-06U 5.2E-05
Ra-226
(uCifkeg) Error+ 26 1.8E-05 | 5.7E-06 | 5.3E-06
LLD 1.3E-06 | 1.8E-06 | 7.7E-08
Concentration | 1.5E-05 | 4.8E-05 | _8.8E-07U 3.2E-05
Th-230 -
AMS-05 (uCifkg) Error £ 26 1.7E-05 | 8.1E-06 | 5.7E-06
LLD 1.3E-06 | 2.0E-07 | 8.8E-07
Concentration | 1.7E-03 | 3.3E-04 | 3.4F-04 1.0E-03
Pb-210 ' : '
(uCilkg) Error £ 20 4.2E-04 | 3.0E-05 | 1.4E-04
LLD 6.5E-06 | 1.0E-06 | 2 2E-04
Concentration | 6.6E-05 | 1.6E-04 | 2.1E-05 1.1E-04
Po-210 :
©Ci/kg) v Errgr:ths 6.0E-05 | 3.1E-05 | 1.6E-05
LLD 6.5E-06 | 1.0E-06 | 1.0E-06
Date Collected 8/14/2007| 4/20/08 | 7/14/08
Concentration | 3.8E-05 [1.3E-01D| 2.2E-05 3.8E-05
U-nat :
(uCilkg) qur +2¢ - -
LLD 8.3E-07 | 3.2E-06 | 2 0E-07
Concentration | 3.2E-05 | 9.2E-05 | 1.8E-05 6.2E-05
Ra-226 -
(uCilkg) Error £+ 26 1.6E-05 | 9.9E-06 | 5.0E-06
LLD 8.2E-07 | 4.6E-06 | 5.0E-06
. ion | 1.9E-05 | 3.9E- y 2.9E-05
st |y | ot [0 e ons
(nCilkg) e : : TAE06
LLD 8.2E-07 | 2.0E-07 | 5.7E-07
‘ Concentration | 1.0E-03 | 1.8E-03 | 1.4E-04U 1.4E-03
Ph-210 ' R
(uCifkg) Ermror £ 20 2.6E—O4 1.1E-04 | 8.7E-05
LLD 4.1E-06 | 1.0E-06 | 14E-04
_Concentration | 6.0E-05 | 4.0E-04 5.7E-06U 2304
Po-210 g ‘ '
(Cifkg) .Error:b20 | 4.4E-05 | 7.7E-05 5.7E-06
LLD 4.1E-06 | 1.0E-06 | 1.0E-06
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Table 2.9-19:

Baseline Radionuc]id_e Concentrations in Local Food

Result -

Sample ID . Radionuclide . Parameter =~ , )
'DBAT-01 U-nat (uCi/kg) __Concentration _ <7.0E-06 _
(Meat sample - Error + 26 - -
from locally . . LID 7.0E-06 -
grazed cow, Ra-226 (uCi/kg) Concentration - 3.0E-06.
June 2008) Error+ 26 2.0E-06
' . _ - LLD 3.0E-06
Th-230 (pCi’kg) _Concentration - 0.0
~_Error+2¢ 2.0E-05 -
. : ' LID . ~___8.0E-06- -
Pb-210 (uCi/kg) Concentration _-7.0E-06__
Error + 2¢ 4.0E-05 -
) : LLD . 7.0E-06
Po-210 (uCi/kg) Concentration 8.0E-06
Error+2c. __1.0E-04
. . . _LILD . - 8.0E-06
- DBAT-02 U-nat (uCi/kg) Concentration - __<71.0E-06
(Meat sample Error & 26 -
from locally , _ : LLD . ___T.0E-06-
- grazed cow, Ra-226 (uCi/kg) Concentration . _6.0E-05_
June 2008) Error + 20 _ 3.0E-05
. s __LILD ___4.0E-05 .
Th-230 (uCi/kg) _Concentration 00
: Error + 2¢ -~ 1.4E-03 . -
o - LLD 1.0E-04
Pb-210 (nCi/kg) _Concentratjon - - 2.0E-04 -
- : Error+2c ~7.0E-04 .
L LLD 1.2E-03 -
Po-210 (nCi/kg) _Concentration - 00
. _Emor+2c 1.2E-03 .
. . . R LID _ 1.0E-04
DBAT-03 U-nat (uCi’kg) __Concentration - ___<T1.0E-06
(Liver sample Error£20 -
from locally - y LD - 7.0E-06 -
grazed cow, Ra-226 (pCi/kg) _Concentration - - 3.0E-06_
June 2008) . Error+ 2c. 1.0E-06 -
' . . _LLD .~ 2.0E-06 -
Th-230 (uCi/kg) _Concentration - 00 -
: Error+2c 1.0E-04 .
_ R __LLD . 6.0E-06
Pb-210 (pnCi/kg) Concentration - - -7.0E-06_
Emror+2c - 4.0E-05 .
e LD . ____6.0E-05
Po-210 (puCi/kg) Concentration . _ 2.0E-05
: Error+2c¢. 2.0E-04
11D . 6.0E-06
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Table 2.9-19: Basehne Radionuclide Concentratlons in Local Food (cont )

Sample ID " Radionuclide . | Parameter . ' Result _
Pork - U-nat (pCi/lkg) “Concentration____ - 8.1E-06
(Apr11 2011) ~ - Error+2¢ - T
o 1D | 20E07
Ra-226 (uCi/kg) ___Concentration . | 7.9E-07 -
EBrror+20.. . |  ~  1.6E-07
A ~ LLD . 1.4E-07
Th-230 (uCi/kg) " .Concentration = - "~ -1.7E-05 °
__Emor+2c.. __ 44E-06
, ‘ : b ' 7.2E-06
Pb-210 (uCi/kg) [ - Comcentration - ~ -34E-07
| Emor+2c L 1.0E-06
: ‘ , L _LLD ' , 1.7E-06 _
Beef - U-nat (uCi/kg) ” Concentration ___ 2.3E-06
(April 2011) . _ Error+2c. N o
, . LD ___ 2.0E-07
'Ra-226 (uCi/kg) Concertration ~___6.0E-07
__Emorx2e. . | 15E07 ]
, T RN & ¥ ) R . 14E-07
Th-230 (uCi/kg) ' Concentration - ~__1.8E-06.
‘ __Error+2¢ - » 2.6E-06.
» . _LLb __ 4.9E-06 .
Pb-210 (uCi/kg) |  Concentration | ~ 1.1E-06
o ' . Error+20 . . .. 6.3E-07
LLD : 4.4E-07

Note: U—nat analyzed usmg ICP-MS; therefore error estimate is not avallable '

Spikes (MS) and Matrix Spike Duplicates (MSD) and e'stablishihg control limits for accuracy and
precision. The data reported in the above mentioned tables met Energy Laboratories Inc internal
quahty control Imeasures.. '

There are several cases where reported Con(:entrations are at or below LLDs that, in turn, exceed
uranium, radlum 226 and polomum 210 in Sample DBAT 01 and lead 210 in all three 1n1t1a1

samples.

The current 'use of the data in Table 2.9-19 and Appendix 2.9-A of the appfoVed license
app11cat10n Table 10-1 is to provide a pre- operational baseline concentration of radionuclides in
animal tissue. NUREG/CR-4007 (NRC 1984) states that any measurément process must be
' capable of detecting the relevant radionuclides at levels well below those of concern to the pubhc
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results of the bioassay program also will be used fo evaluate the adequacy of the respiratory
protection program at the facility. An abnormally high urinalysis will be investigated to determine
the cause of the high result and if the exposure records adequately reflect that such an exposure
may have actually occurred.

5.7.3.6 Monitoring for Areas Not Designated as Airborne Radioactivity
Areas

Consistent with RG 8.30, Powertech (USA) will implement an air sampling program for areas in
the process facility not designated as airborne radioactivity areas. The air sampling program will
include quarterly radon decay product grab samples and monthly uranium grab SampIes. With
respect to airborne particulate monitoring, a demonstration that the volume of air sampled is
accurately known will be performed via one monthly sample for 30 minutes, or 5-minute weekly
- grab samples via a high-volume air sampler running at 30 cfm. Powertech (USA) reserves the
right to incorporate one or both of these methods into air sampling procedures depending on which
method may be most appropriate for a given space not designated as an airborne radioactivity area.

5.7.4 Exposure Calculations

In accordance with 10 CFR 20.1202, the total effective dose equivalent for all radiation workers
will be determined by summing the DDE from external radiation and the committed effective dose
equivalent (CEDE) from internal radiation.

5.7.4.1 Internal Exposure

CEDE:s due to inhalation of yellowcake will be determined by either using the stochastic annual
limits of intake (ALISs) listed in Table 1 of 10 CFR 20 or using the derived air concentrations
(DAC:s) listed in the same table. These two methods are described as follows.

Method 1: Use of Stochastic Inhalation ALIS from 10 CFR Part 20
The CEDE for each radioruclide may be calculated using the estimated radlonuchde intake, by
Equation 2 of RG 8. 30 as follows:

5.
H LE = ALII,E _ Equation 2 from RG 8.30
where:
Hig = CEDE from radionuclide i (rem)
Li = Intake of radionuclide i by inhalation during the calendar year (uCi). (If

multiple intakes occurred during the year, is the sum of all intakes)
ALLg= Value of the stochastic inhalation ALI (based on the CEDE) from Column 2 in
10 CFR Part 20, Appendlx B, Table 1 (uCi)
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“The vacuum dryer has an efﬁciency in excess of 99 percent for removal of uranium particulates
.prior to release to the atmosphere. The particlés that result from the control system are returned to
the drying chamber, thus recovering any uramum particulates. This particulate control system
captures virtually all escaping partlcles

. 5.74.2 Radon Decay Product Exposure

The amount of radon decay products exposure an employee received in a year will be calculated -
using the following equation: '

1 &G, xt,

= - E tio 59
d 170 £ PFi quation

where Eqq is the exposure to radon decay products in working level months (WLM) the employee
received in a year, C; is the average concentration, or working level (WL), of radon decay products
of each exposure, t; is the time of each exposure in hours, PF; is the respiratory protection factor
of each exposure, and n is the number of exposures the employee had during the year.

According to 10 CFR 20 Appendix B, 4 WLM equates to 5 rem CEDE.

Consistent with NUREG-1569, Acceptance Criterion 5.7.4.3(6), the parameters used to evaluate
inhalation exposure to radon-222 decay products and to natural uranium will be representative of
site conditions as they relate to the maximum production capacity. The calculations will
incorporate occupancy time and average airborné concentrations; consequently, both full- and
part-time employees (if any) will be considered in these exposure calculations.

5.7.4.3 Prenatal and Fetal Exposure

- RG 8.13, Instruction Concem‘ing Prenatal Radiation Exposure (NRC; 1999) provides information
to pregnant women and other personnel to help them make decisions regardlng radlatlon exposure
during pregnancy, and also provides the definition of a declared pregnant woman” as stated in
Section A of the document. Consistent with RG 8.13; Powertech (USA), in Section 5.5.1, commits
to providing this information to workers as appropriate. The information below describes some of
the specific 1nformat10n that will be 1ncluded within Powertech (USA)’s prenatal radiation
exposure program consistent with RG 8.13.

e In order for a pregnant worker to take advantage of the lower exposure 11m1t and dose
‘monitoring provisions specified in 10 CFR Part 20, the woman must declare her pregnancy in
wr1t1ng to the licensee.

e The woman's immediate supervisor should receive the written declaratlon of pregnancy.
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Since quarterly average airborne natural uranium (Class W) concentrations are unlikely to exceed
the in-vivo lung measurement trigger, urinalysis will be used as the primary bioassay technique.
However, in-vivo lung measurement will be considered on a case-by-case basis if urinalysis results
indicate that it would be appropriate. |

All employees that will handle yellowcake will give a urine sample prior to starting employment
and upon termination of employment. During operation of the facility, each employee that has the
potential to ingest or inhale yellowcake will give a urine sample on a monthly basis. At a minimum,
mechanics/general maintenance workers (7 employees), dryer operators (2 employees), and CPP
operators (8 employees) will be sampled on a monthly basis (17 total employees).

Additionally, urine samples will be collected from workers who were exposed to airborne

yellowcake suspected of exceeding the 40-hr weekly limit of 1 x 1070 uCi / mL.

All urine samples will be analyzed for uranium content by a contract laboratory that can achieve a

minimum sensitivity of 5 pg/L.

Dose Calculations
The dose from the intake will be est1mated by multiplying the estimated intake by the appropnate
dose conversion contained in Federal Guidance Report No. 11 (EPA, 1988).

Intakes of uranium will be estimated using the methods described in RG 8.9 (NRC, 1993b). The
methods used below apply to the inhalation pathway since it is by the far the most important
pathway for potential worker exposure. The following equation will be used to estimate. mtakes
for urine samples collected over a 24-hour period:

A(t ' , L
1= IRIE' ()t) Equation 5.10 (RG 89)
where: ’
I = Estimate of intake with units the same as A (t)
A{® = Numerical value of the bioassay measurement obtained at time t (uCl)
IRF(t) = Intake retention fraction corresponding to type of measurement

for time t after estimated time of intake
The IRF (t) for Class D and Class W, given a 30- day urine b1oassay momtonng interval, is 4. 7E 3
and 1.3 E-3, respectwely (ICRP, 1988).

If the total urine sample is not collected over a 24-hour per1od the followmg formulas will be used
to estimate the intake:

AA; = CF; (ti-ti.1) : Equation 5.11
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Cree = Net annual average radon-222 concentration (annual average concentration at
location minus annual average concentration at background location) (pCl/L)

OF; = Occupancy factor for location or conditions; in above equation will usually be
1 unless different equilibrium factors for indoor and outdoor radon-222
exposures are used.

EFi = Radon-222 decay products equilibrium fraction; will assume indoor and
outdoor fraction of 0.5. May adjust outdoor fraction based on MILDOS- AREA
modeling. .

DCF = Dose Conversion Factor of 500 mrem/pCi L at 100% equilibrium (from
10 CFR 20, Appendix B, Table 2).

The member of the public likely to receive the highest dose from licensed operations is a resident
at air monitoring station AMS-02. Locations of operational air monitoring stations are shown on
Figure 5.7-10. Passive track-etch detectors will be deployed at each operational monitoring statlon
for monitoring radon-222 on a quarterly basis.

The above method is a conservative approximation of dose from radon-222. Given the difficulty
in measuring low-level radon-222 conceritrations resulting from site activities within the varying
background radon-222 concentrations in and around the project area, an alternate approach to the
above method may be used as needed. The alternate approach would be to model the dose to the
receptor of concern using MILDOS-AREA. Inputs into MILDOS-AREA will be the location and
strength of source terms based on estimated airborne releases reported as required by
10 CFR § 40.65, the site-specific meteorological data updated as needed for the current year, and
receptor location. An example of this approach using pre-operational meteor‘ologiéal data is
provided below.

Consistent with the requirements of 10 CFR §20.1501, Figure 5.7-11 presents the results of
modeling the annual total effective dose equivalent (TEDE) above background in and around the
project area. The analysis was performed using MILDOS-AREA as a predictive model to estimate
doses at regularly spaced (1 X 1<km gnd spacing) arbltrary receptors within and around the project
area using.the same input parameters and source terms described in Section 7:3. Isodose contour
lines were developed using kriging interpolation methods based on the results of the MILDOS-
AREA modeling of the arbitrary receptors.

The isodose lines shown on Figure 5.7-11 are adult doses based on continuous occupancy. The
highest .predicted dose is around 6 mrem/year southeast of the Dewey portion of the project area.
Assuming a worker is in the project area for 2,000 hours per year, the expected annual occupational
dose from gaseous and particulate releases would be less than 2 mrem/year. If a

SUA-1600 License Renewal Application 5-75 March 2024
Combined TR/ER
















































































































































=

cleaned up: Powertech (USA) will apply appropnate statistical tests for analysis of survey
data :

' 6 2.2 Surface Dlsturbance

Due to the nature of ISL productlon mm1ma1 and. 1nterm1ttent surface dlsturbance will be

assoc1ated with the prOJect and will be mamly assoc1ated with the CPP, maintenance and office

’ areas Add1t1ona1 intermittent dlsturbance occurs in the well ﬁelds which includes well drilling,

p1pe mstallauons and road constructlon however dlsturbances assoc1ated with the well field

Surface d1sturbances associated with the constructlon of the CPP, office and malntenance

» bu11d1ngs and well field header houses Wlll be for- the hfe of those activities. Topsoil will be

stripped and stockpiled from these areas prior to construction: Disturbances assoclated with the
well field drilling and pipeline installation are limited and will be reclaimed as soon as possible
after these componerits are completed. Surface disturbance associated with the developmen't of
access roads will occur at the project site; ' topsoil w1ll be. stnpped from. the road areas and
stockpﬂed prior to constructlon ‘

Wh11e the PA encompasses 10, 580 acres, the land’ potentlally dlsturbed by the PA will be
approx1mately 68 acres (fac1l1t1es piping, ponds well fields and roads) the year proceedlng _
operation. The disturbed area during the life of the project (productmn to restoration) is estimated

to increase over time to a maximum of 108 acres. The maximum potent1a1 disturbance at any
‘ g1ven time is expected to be 463 acres.

6.'2.3 Topsoil H’andlihg and R’eplac’em'ent

Topsoﬂ will be salvaged from any bulldlng 51tes permanent storage areas, access roads, and
chemical storage areas prior to construction in accordance with SD DENR requlrements Typical | _
earth moving equipment stich as rubber tired scrapers and front end loaders will be used for topsoil
strlppmg In the well field, topsoil removal will be limited to headerhouse locatioris and access
roads. A total of an est1mated 13 acres of topsoﬂ will be strtpped stockpiled, and replaced during
the life of the prOJect

Salvaged topsoﬂ will be stored in designated topsoﬂ stockp1les These stockpiles will be located
such that losses from wind erosion are mlnlmlzed Add1t10nally topsoil - stockpiles: will not’ be

located in any drainage channels or other locat1ons that could lead to a loss of material. Berms

w1ll be constructed around the per1meter of stockplles and the stockpile will be seeded with an ‘
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_Table 7.2-1: SAR, ESP and RSC Calculati_dns for Dewey and Burdock End-of-Production Ground Water Quality(?)
: i . Dewey. . ___Burdock '
Constituent | “(mg/L). "] (meq/L) .ESP® | RSC® SAR® | (mg/L) (meq/L) ESPW | RSC® . | SAR®
COs 0.5 - 0.02 0.50 0.02
HCOs 25 | o4 25.00 0.41
Cl 1,300 -36.67 1,300 36,67
S04 1,000 20.82 1,800 37.48 -
'Na 270 11.74 190 8.26
-Ca 730 36.43 970 48.40 1
Mg 120 9.87 2.29 - -4587 - 2.44 220 - 18.09 0.85 - -66.07 1.43
1 . K 20 0.51° 10 0.26 '
Total Jon Bal. . 0.54 0.29"
SAR (measured) 4.9 2.8
pH (s.u.) 6.5-7.5 6.5-7.5
TDS (mg/L) 4,500 4,500
‘Elec. Cond. (uS/cm) -3,000 4,000
As 0.01 0.01
\' <10 6

@ - Estimated by Powertech (USA) based on results of laboratory scale€ leach tests conducted on ore samples from the Fall River and Lakota sites, as well as
‘from historical end-of-production water quality-data fromother ISL sites. in Wyoming and Nebraska, with adjustments as necessary- to account for planned
post-production water treatment(s). ’ ' '

100(-0.0126+0.01475*S4R)

12. 1. ESP= Exchangeable Sodium Percentage. ‘Empirical relationship from Withers-and Vipond ( £SP =

| 1+ (-0.0126 +0.01475* SAR) -
13. : R ’ : : :
14. 2. 'RSC=Residual Sodium Carbonate (n RSC = ([CO, ]+ [HCO,]) ~ ([Ca] +[Mg])

. [Na]
. . SAR =
15. 3. SAR = Sodium Adsorption R | J ([Ca] + [ Mg]) /2
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During the IX above ground process, the uranium on the resin beads is exchanged for chloride.
This chloride is introduced into the bérren solution in the form of sodium chloride; therefore via
the oxidation process which encourages pH adjustment and the IX process, the groundwater
concentratlons of constituents such as: calcium, sodium, carbonate, bicarbonate, sulfate, chloride,

TDS, uranium, and pH are usually mcreased until the groundwater restoration is initiated within
each well field (NMA, 2007).

7.2.5.3 Potential Groundwater Quality Effects from Excursions

Excursions have the potential to contaminate adjacent aquifers with radioactive and trace elements
that have been mobilized during the ISL process. There are two types of excursions: vertical and
horizontal. A vertical excursion is movement of solution into overlying or underlying aquifers. A
horizontal excursion is a lateral movement of leach fluids outside the production zone of the
orebody aquifer. -

Vertical excursions can be caused by vertical hydraulic head gradients between the production
aquifer and the underlying and overlying aquifers. These head gradients can be caused by potential
increases in pumping from either the underlying or overlying aquifers for water supply in the
vicinity of the ISL fécility. Discontinuities.inb ‘the'thicknessland spatial heterogeneitieé in the
vertical hydraulic conductivity of confining units could also lead to vertical movement of solutions
and excursions.

Another potential source of vertical excursions is potential well integrity failures during ISL
operations. Inadequate construction, degradation, or accidental rupture of well casings above or
below the uranium-bearing aquifer could allow lixiviant to travel from the well bore into the
surrounding aquifer. Deep monitoring wells drilled through the production aquifer and confining
units that penetrate aquitards could potentially create pathways for vertical excursions as well.

During normal ISL operations, inward hydraulic gradients are maintained by production bleed
such that grOundwater flow is towards the production zone from the edg‘es‘ of the well field. This
inward gradlent helps minimize the chance of a horizontal excursion occurring. The potentlal
impact of a horizontal excursion could be 51gn1f1cant should a large volime of contaminated water -
leave the product1on zone and move downgradient within the production aquifer to a zone used
for water productiori. To reduce the likelihood and minimize the consequences of potential
horizontal excursions, a ring of monitoring wells will be installed within and encircling the

. production zone to enable early detection of excursions. If an excursion is detected corrective
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actions will be taken and the well will be placed on a more frequent monitoring schedule until the
well is found to no longer be in excursion. '

7.2.5.4 Potential Groundwater Effects from Spills

Types of spills that could potentially impact-groundwater during operations include: a leak in a
storage pond, a release of pregnant and/or barren leach fluid, a release of injection or production
solutions from associated piping, spills and potential well rupture. Potential impacts of
contamination to shallow aquifers and surrounding soils may result from one or a combination of
these types of spills. The likelihood of spills is minimized by way of rigorous safefy training, and
employing all necessary preventative procedures such as maintaining injection pressures below
casing and formation rupture pressures, monitoring pressure in the header houses with
instrumentation equipped with alarms and interlocks for early warning and maintaining operating
pressures so as to minimize the likelihood for poteritial impacts to shallow aquifers. Refer to
Section 3.2.12 for additional information.

7.2.5.5 Potential Groundwater Effects from Land Application

Land application of treated wastewater could potentially cause radiological or other constituents,
such as Selenium or other metals, to accumulate in soils or infiltrate into shallow aquifers. NRC
and state release limits for land application of treated wastewater are expected to mltlgate the
potential effects of land appllcatlon of treated wastewater on shallow aquifers.

Data from test pits 1, 2 and 5 were used to develop the soil profile used in the SPAW modeling for
the Dewey site. The logs for these test pits indicated that bedrock was encountered at depths of 9
feet, 11 feet, and 8.5 feet respectively below the ground surface. The Compoéite soil prd_file used
to model the soil at the Dewey site had a total depth of 9.83 feet. The results of the SPAW
modeling indicated that the soil moisture content at the base of this soil profile was less thari field
capacity for all cases that were modeled (28 15-year simulations) and that there was no percolation
beyond the base of the soil prof1le Therefore, it is assumed that there would‘ be no lateral
movement of water along the bedrock suiface, and no vertical movement of water into the bedrock,
and therefore no leaching of trace elements_ beyond the base of the soil profile.

Data from test pits 8, 9 and 10 were used to develop the soil profile used in the SPAW modeling
for the Burdock site. The logs for these test pits indicated that bedrock was encountered at depths
of 7 feet and 5 feet below the ground surface in test pits 8 and 9. Test pit 10 was excavated to a
total depth of 12 feet, with a clayey silt layer from 2 feet to .12 feet below the ground surface. The
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composite soil profile used to model the soil at Burdock had a total depth of 8 feet. The results of
the SPAW modeling indicated that the soil moisture content at the base of this soil profile was also
less than field capacity for all cases that were modeled (28 15-year simulations) and that there was
no percolation beyond the base of the soil profile. Again it is assumed that no lateral movement
of water would occur along the bedrock surface, and that water would not move vertlcally into the
bedrock, and therefore there would be no leaching of trace elements beyond the base of the soil
profile.

Based on the above information, there will be no migration pathway of licensed material to
groundwater beneath the land application pivot sites, thereby eliminating any potential of exposure
and risk to human health and the environment.

7.2.6 Potential Surface Water Effe'cts

Construction activities within the well fields, along the pipeline courses and roads, and at the
process plant have the potential to increase the sediment yield of the disturbed areas. However,
due to the relatively small size of these disturbances compared to the overall area and to the size
 of the watersheds, the increase is expected to be minimal. A slight increase in sediment yields and
total runoff can be expected durmg final reclamatron however well field decommlssmmng and
reclamatmn activities throughout the life of the project will help to reduce this increase.

In areas where surface structurés including well fields and associated structures, access roads
office buildings, pipelines, facilities and other structures associated with ISL production and
processing could affect surface water drainage patterns, diversion ditches and culverts will be used
to mmumze erosion and control runoff.

7.2.6.1 - Potential Surface Waters and Wetlands

Powertech (USA) plans to construct several well fields atop the multiple disturbance areas Iocated
throughout the permit area Process facilities are planned to be located adjacent to the uranium
rollfront areas.

In the northwest section of the PA the ore bodies lie to the northeast of Beaver Creek, the wetlands
along Beaver Creek will not be directly impacted by the disturbance areas. Erosion potentlal is
present due to the construction of the wells near the drainage; however, disturbance is short-term.

An old mine pit located at Waypoint 37 was determined to be a non-wetland area. Although
surface water was present, there was no hydrophytic vegetation or hydric soils. This old mine pit
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Despite the relatively limited surface disturbance associated w1th ISL uranium production,

- operations can have d1rect and 1nd1rect impacts on local wildlife populat1ons These impacts are

both short-term (until successful. reclamation is achreved) and long-term (persisting beyond

successful completion of reclamation). However; the latter category is. not expected to be
'substantial due to the relatively limited habitat disturbance associated with this indUStry, The direct
~ impacts of ISL production on wildlife include: injuries arid mortalities caused by collisions with

project-related traffic.or habitat removal actions such as topsoil stripping, particularly for smaller

species with limited m0b111ty such as some rodents and herptiles; and restrictions on w1ldhfe~
movement due to construction of fences. The hkehhood for the 1mpacts resultlng in injury or
mortahty is greatest dunng the construction phase due to increased levels of traffic and physical

disturbance during that period. Overall traffic will increase from current levels and will persist

durlng productlon but should occur at a reduced and p0331b1y more pred1ctab1e level than durlng
the construction phase Speed limits will be enforced dur1ng all construction and maintenarice

operations to reduce 1mpacts to w1ld11fe throughout the year, but partlcularly during the breedlng
season. ‘

As indicated, most of the habitat disturbance associated with the ISL prOCess itself will consist of

Ascattered confined dr111 sites for well heads that will not result in large expanses of habitat be1ng

dramat1ca11y transformed from its original character, as is.the case with other surface mining

' operatlons Therefore most indirect impacts would relate to the dlsplacement of wildlife due to

increased noise, traffic, or other disturbanices associated w1th the development and operatlon of the

‘project, as well as from small reductions in ex1st1ng or potential cover and forage due to- habltat
alteration, fragmentatlon or loss. Indirect 1mpacts typlcally persist longer than direct 1mpacts

However, because’ ISL productlon results in fewer large-scale habitat alteratlons the need for

reclamation actlons that can also result in dramatic differences between pre-construction and post-
_constructlon vegetatlve communltles is also reduced :

Multlple 31te visits and targeted surveys conducted over the last year, combmed w1th ex1st1ng

agency databases that encompass the PA and input from local residents, 1nd1cate that the PA and

'surroundmg v1c1n1ty is occupled by a w1de variety of common w11d11fe and fish spec1es with only :

a few species of partrcular concern occurting in the : area. The most notable species of interest’ is
the bald eagle, which is strll con51dered threatened at the state level. Bald eagle winter roost srtes
and a successful nest site were documented w1th1n the PA durmg surveys conducted in 2007 and

- 2008. Two other species tracked by the SDNHP were conflrrned or suspected to liave nested in

the PA in 2008, the long -eared owl and long-billed curlew, respectlvely Elght addltlonal SDNHP
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species were documented in or near the PA during baseline surveys. However, those observations
consisted of birds flying over the area, or sightings made in the surrounding perimeter. No grouse
leks have been recorded within 6 miles of the PA during agency or project-specific surveys
completed in recent years.

Suitable habitat (trees and native uplands) for all three nesting SDNHP species occurs in the PA.
However, the nature of ISL production and the presence of apparently suitable (due to low density
of other nesting individuals) alternate nesting habitat throughout the PA and perimeter combine to
‘minimizing the potential for both direct and indirect impacts for those species, and others that
require similar habitats. One of those species, the long-eared owl, nested within 75 meters, but
largely beyond view of, an existing gravel county road, suggesting the pair has at least some level
of tolerance for vehicular traffic near active nest sites. Other wildlife species of concern, such as
other nesting raptors, that occur in the area may also experience direct and/or indirect impacts from
increased travel and noise in the area during project construction and operation. However, the
presence of potential alternate nesting and _forag’ing habitat in the immediate vicinity, the mobility
of those species, and the location of most nest sites relative to planned. disturbance combine to
reduce impacts to most nesting SDNHP birds as well as other species of interest. |

Some vegetative communities currently present in the PA can be difficult to reestablish through
artificial plantings, and natural seeding of those species would likely take many years. However,
the current habitat of greatest concern (Big Sagebrush Shrublands) occurs only in scattered stands
that are relatively small and widely-spread across the License area. Results from lek searches,
bre_evdi'ng bird surveys, and small mamfnal trapping, as well as regular site visits in all seasons over
the last year, strongly suggest that sage obligates other than pronghorn occur in limited numbers
in the PA, if at all. The vegetative communities (Cottonwood Gallery and Ponderosa Pine) that
indicated the strongest associations betweep terrestrial species and habitats during baseline surveys
will not be physically ir'npac'ted by constructionor operation of the prdpdSed projecf; It is p’ossible
~ that the potential implementation of center-pivot irrigation using treated wastewater may enhance
nesting, brood-rearing, and/or foraging habitat for some species. Consequently, although
'iridividual animals associated with some specific habitats CO_Llld. be impacted by the proposed ISL
operations, the small percentage of projected surface disturbance within the PA relative to its
overall size, and the low density of nesting efforts relative to habitat presence in that area, suggest
that their populations as a whole will experience minimal irisigniﬁcant impacts from theA-project.-
Advanced planning of construction siting and activities in concert with continued monitoring can
further reduce impacts and assist with the development of mitigation options, if necessary.
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in this document. Due to the paucity of river cliffs in the PA, falcons and other raptors known to
nest in that habitat are not as abundant as those that nest in trees or even on the ground.

Based on the location of known nest sites relative to future construction sites, no raptor nests will
be physically disturbed by the project during either construction or operations. Additionally,
Powertech (USA) has incorporated the baseline wildlife information into their planning process
and sited all plant facilities (areas of greatest sustained future disturbance) outside the
recommended buffer zone for all raptor nests in the PA, including the bald eagle nest site. Some
new infrastructure will be located within the suggested buffer areas. However, pipelines will be
buried, and new overhead power lines will be constructed using designs and specifications to
reduce injuries and mortalities on overhead power lines. Center-pivot structures can be put into
place prior to the nesting season, and run automatically with little human contact once they are
turned on. Additionally, new roads, power lines, and pipelines will be constructed in the same
corridors to the extent- possiblé to re'duce overall disturbance, and in existing corridors when
available to minimize new surface disturbance.

7.2.7.6 Upland Game Birds

ISL production in the PA would potentially impact the foraging and nesting habitat of mourning
doves, though such disturbance is not expected to have any marked impacts on this species. No
woody corridors will be disturbed by the proposed activities, and additional trees are present in the
cottonwood gallery along the Cheyenne River, located approximately 2 miles south of the PA,
where production is not projected to occur in the near future. Additionally, doves are not restricted
to treed habitats, nor are they subject to any special mitigation measures for habitat loss.

Annual monitoring surveys conducted by SDGFP biologists and a year-round baseline study for
the project have demonstrated that sage-grouse do not currently inhabit that area, and have not for
many years. As described previously, those surveys encompassed the entire PA (including the
September 2008 conﬁguratlon) and the vast majority of its 2.0 km (1.2 mi) perimeter, particularly
as part of this baseline project. The nearest known sage-grouse lek is approximately 6.0 miles
north of the PA (SDCFP records). Given the lack of sage-grouse observations in the area, and the
scattered stands of marginal quality sage-grouse habitat, the proposed project will not result in .
negative impacts to existing or potential sage-grouse leks, or important sagebrush habitats.
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