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The major bedrock aquifers
in the Black Hills area are
the Deadwood, Madison,
Minnelusa, Minnekahta, and
Inyan Kara aquifers.
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Ground Water

An overview of the ground-water frame-
work is presented in this section of the
report. Additional information is presented
in a subsequent section of the report describ-
ing the ground-water resources.

The hydrologic setting of the Black Hills
area is schematically illustrated in figure 30,
and the distribution of the hydrogeologic
units was presented previously in figure 19.
The major bedrock aquifers in the Black
Hills area are the Deadwood, Madison,
Minnelusa, Minnekahta, and Inyan Kara
aquifers. Minor bedrock aquifers occur in
other units, including confining units, due to
fracturing and interbedded permeable layers.
Infiltration of precipitation on outcrops is the
primary source of recharge to most bedrock
aquifers. The unconsolidated units, which
includes alluvium and colluvium, are con-
sidered aquifers where saturated.

Many of the sedimentary units contain
aquifers, both within and beyond the study
area. Within the Paleozoic rock interval,
aquifers in the Deadwood Formation, Madi-
son Limestone, Minnelusa Formation, and
Minnekahta Limestone are used extensively.
These aquifers are collectively confined by
the underlying Precambrian rocks and the
overlying Spearfish Formation. Individually,
these aquifers are separated by minor confin-
ing layers or by low-permeability layers
within the individual units. Extremely
variable leakage can occur between these
aquifers (Peter, 1985; Greene, 1993).

Confined (artesian) conditions generally
exist within the aquifers, where an upper
confining layer is present. Under confined
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conditions, water in a well will rise above the
top of the aquifer in which it is completed.
Flowing wells will result when drilled in
areas where the potentiometric surface (level
to which water will rise) is above the land
surface. Flowing wells and artesian springs
that originate from confined aquifers are
common around the periphery of the Black
Hills.

The Precambrian basement rocks gener-
ally have low permeability and form the
lower confining unit for the series of sedi-
mentary aquifers (fig. 30). However, local-
ized aquifers occur in many locations in the
crystalline core of the Black Hills where sec-
ondary permeability (developed after the
rock was formed) has resulted from weather-
ing and fracturing. Water-table (unconfined)
conditions generally occur in these localized
aquifers, and topography can strongly con-
trol ground-water flow directions.

Overlying the Precambrian rocks is the
Deadwood aquifer, which is contained
within the Deadwood Formation and is used
primarily near outcrop areas. Regionally, the
Precambrian rocks act as an underlying
confining unit to the Deadwood aquifer, and
the Whitewood and Winnipeg Formations,
where present, act as overlying semiconfin-
ing units (Strobel and others, 1999). Where
the Whitewood and Winnipeg Formations
are absent, the Deadwood aquifer is in con-
tact with the overlying Englewood Forma-
tion, which was included as part of the
Madison aquifer for this study.

The Madison aquifer generally occurs
within the karstic upper part of the Madison
Limestone, where numerous fractures and
solution openings (fig. 31) have created

EXPLANATION

[_1 Major aquifer

1 Confining unit
o~ Spring

! z Alluvial
i n\\\\

)%

1

\\\\ ~ aquifer

I~ Potentiometric
surface of the
Madison
aquifer

Figure 30. Schematic diagram showing simplified hydrologic setting of the Black Hills area. Schematic diagram generally corresponds with geologic cross

section shown in figure 20.

24 Atlas of Water Resources in the Black Hills Area, South Dakota
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Figure 49. Depth to top of Madison Limestone.

3

R.8 E.

T.88S.

T.98S.

EXPLANATION
[ Outcrop of Madison
Limestone

Madison Limestone absent
(from Carter and Redden,
1999d)

Depth to top of Madison
Limestone, in feet (from
Jarrell, 2000c)

[ Lessthan 200
200 to 400
400 to 600
600 to 800
800 to 1,000
1,000 to 1,500
1,500 to 2,000
B 2,000 to 2,500
B 2,500 to 3,000
B 3,000 to 3,500
103 3,500 to 4,000
B 4,000 to 4,500
T.4N. 4,500 to 5,000
P 5,000 to 5,500
B 5,500 to 6,000
B 6,000 to 6,500
T.3N. [ ] Nodata
T.2N.
T.1N
T.1S
T.28S.
T.3S.
T.4S.
T.58.
T.6S.
T.7S.
R.9E.
10

20 MILES
J

I
20 KILOMETERS

Ground-Water Resources 39



pacampbe

None of the elements or comments on this page are contained in the structure tree. 





PW112712-27

104° 45' 103°30'

EXPLANATION
[ ] Outcrop of Inyan Kara
T.9N. Group (from Strobel and
others, 1999)

Inyan Kara Group absent

(from Carter and Redden,
T.8N. 1999a)
S ‘ Depth to top of Inyan Kara
f‘ P - %UTTE (Z i ‘ Group, in feet (from
3= . LAWRENCE co AEAD! Jarrell, 2000f)
. | [""  Less than 200
Cox | i “ T.7N.
Lake ) L 200 to 400
400 to 600
30 S ; EEEX 600 to 800
- N A Bea 800 to 1,000
1,000 to 1,500
I 1,500 to 2,000
2,000 to 2,500
Tirtton B 2,500 to 3,000
103° I 3,000 to 3,500
[ ] Nodata
T.4N.
T.3N.
] T.2N.
Ky o ~
ﬁé}‘g@{v ( T.1N
440 Reservoirg] Spring
& Sheridan ockerville™s ~ T.18
{r\_/.‘——.\,l‘ c‘»e Lake (@1
il C“y(( Mt. Rushmore
National — Keystone;
Memorial
Haywa
T.2S.
£ e Hermos
| Gef’é
T.3S.
ge
45' Jewel Cave | CUSTER ‘
[~ National 11 n I 5
o e 5 - STATE 7N A Fair T.48.
o § % N
< S i
= Highz,
o . g,, Creck N\ nd Sawe. 1L i
> Pringle !t National'; Park T.58.
=E s
: j I B | @{_‘
|+ Windl
, Y Cave|
O | b=2
» Dewey/ & Cavey! _ _ e T.68.
=
' > |2 g lo
30 % L ~ S P
VER cO & | Y
< 3 2 T.758
v |\ Broog| ¢S 'I%SP as .78.
i Mifneka £ >
- S RTEAK 4
R S \ s R.8E. R.9E.
5, o
By Cascal
% N & ) Spring T.88.
4‘/‘4/\ oo, . B S
< S Py
Edgemont v 2
Cwe\L 2 zéngostu(a T.9S.
43°15' x eservoir
> |
¢ R.5E. R.6E. R.7E.
IgIc:Don . 0 10 20 MILES
rovo T.10S. I I|I I| , |I | | | J
‘2&\ 0 10 20 KILOMETERS
R.1E. R.2E. R.3E. R.4E.

Base modified from U.S. Geological Survey digital data, 1:100,000, 1977, 1979, 1981, 1983, 1985
Rapid City, Office of City Engineer map, 1:18,000, 1996; Universal Transverse Mercator projection, zone 13

Figure 52. Depth to top of Inyan Kara Group.
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REPORT TO THE CHIEF ENGINEER
ON
WATER PERMIT APPLICATION NO. 2685-2
POWERTECH (USA) INC. 7 .
November 2. 2012 Aison

Powertech (USA) proposes to recover uranium by a method known as in-situ recovery, or ISR,
in which groundwater from the formation containing uranium (the Invan Kara Group} 1s pumped
to the surface from a field of wells, fortified with oxygen and carbon dioxide, and recirculated
through the formation. The oxidized groundwater changes the uraniam to a soluble form and is
pumped to the surface, where uranium is removed from the solution. ISR circulates water
through the uranium ore zone. Only a small fraction of the water is a net withdrawal because
most water is recirculated back through the ore zone. A portion of the water extracted from the
Inyan Kara Aquifer will be “bied off” to maintain a cone of depression so native groundwater
continually flows toward the center of the production zone. Production bleed rates may vary in
the range of 0.3 to 3 percent over the life of the project. If necessary, a bleed of up to 17 percent
will be used briefly during aquifer restoration. The ISR process is repeated until the economic
reserves of uranium are fully removed from that particular well field. The process moves to
another well field, and the uranium depleted well field is restored by continuing to circulate clean
water through the wells until the water is similar in quality to the water that existed in the
formation prior to the ISR operations. Most of the water removed from the Inyan Kara Aquifer
during the ISR process is recirculated and re-injected through the well field, resulting in the net
consumptive use of water being a small portion of the gross withdrawal rate. Most of the water
used 1n the ISR operations will be obtained from the Inyan Kara Group. However, Powertech
(USA) plans to use water from the Madison Aquifer to make up for water that is not provided
from the ISR process. The amount of “make-up” from the Madison Aquifer will depend upon
the water disposal method which is either deep disposal well or land application. The use of
water from these two formations necessitates obiaining water permits from each source. The
eastern portion of the project area is known as the Burdock area. [t will include a series of ISR
well fields and a central processing plant. The western portion of the project areas is the Dewey
area which will include ISR well ficlds and a satellite processing plant.

Water Permit Application No. 2685-2 proposes to appropriate up to 888.8 acre-feet of water
annually at an instantaneous peak diversion rate of 1.228 cubic feet of water per second {cfs)
(551 gallons per minute {gpm}). from two wells 2,700 ~ 3400 feet deep, completed into the
Madison aquifer. The wells are to be located in the NW3¥% NWi Section 32, T6S, RIE and the
NWI; NE!4 Section 11, T7S, RIE. The water is 10 be used primarily for aquifer restoration
following in-situ recovery (ISR) mining but may also be used to supply the facility including the
central processing plant, satellite plant and for domestic and livestock use for area landowners
inside and near the project area. The amount of water that will be diverted from the Madison
aquifer for this project depends on the water disposal method that will be used as part of the ISR
process. The disposal method has not been determined but will be cither through deep disposal
wells or land application. The use of land application disposal will require a diversion rate of
551 gpm, and using deep disposal wells will require a diversion rate of 160 gpm from the
Madison aquifer.
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AQUIFER: MADISON (MDSN)

GEOLOGY AND AQUIFER CHARACTERISTICS:

The Madison aquifer is a major regional aquifer that underlies parts of Montana, North Dakota,
South Dakota, Wyoming and Canada. The aguifer underlies most of western South Dakota and a
small part of Eastern South Dakota (Figure 1).

The Madison aquifer contains an estimated 644,827,200 acre-feet of recoverable water in storage
in western South Dakota (Allen and others, 1985) and 51.512.300 acre-feet of recoverable water
in storage in eastern South Dakota {Hedges and others, 1982).

The Madison aquifer occurs within the Mississippian aged Madison Limestone which is locally
known as the Pahasapa Limestone. The Madison Limestone is a massive limestone and dolomite
with relatively low primary permcability and porosity. Extensive secondary porosity and
permeability oceur within the Madison in the form of fractures and solution openings. The upper
portion of the Madison Limestone in particular is karstic with caves, solution collapse features
and enlarged conduits. A number of high yield wells have been developed in the Madison
aquifer where these enhanced porosity and permeability features are favorable. The average
porosity of the Madison is estimated to be 11% and the effective porosity from which
recoverable water can be obtained by wells is assumed to be 5% (Rahn. 1979).  The Madison
Limestone 15 estimated to be between 300 feet thick (Carter and Redden, 1999a: and Carter and
Redden. 1999b) and 400 feet in this area (Gries. 1981). The Madison dips to the southwest in
this area at approximately 200 feet per mile (Carter and Redden, 1999a). The top of the Madison
is estimated to be approximately 3,130 feet below ground surface at the *Dewey” well site and
approximately 2,715 feet below grade at the “Burdock™ well site (Carter and Redden, 1999a).
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Figure 1. Areal Extent of the Madison Formation in South Dakota and the location of Water
Permit Application No. 2685-2: (inodified from Gnes, 1981)

The well sites, “Dewey” and “Burdock™ proposed by this application are located approximately
two and one-half, and five and three-fourths miles south, respectively of the Dewey Fault and
Structural Zone {DeWitt and others, 1989; and Brobst, 1961).  Direetly north of the proposed
“Dewey” well, the Madison has been displaced approximately 300 feet vertically by the fault and
north of the “Burdock™ well site the vertical displacement at the fault is approximately 500 feet
{Carter and Redden, 199%9a). Southwest trending folding (an anticline and syncline) has been
identified approximately five miles east-northeast of the proposed well sites and the north-south
trending Sheep Canyon monocline is located approximately 11 miles east of “Burdock™ well site
{Strobel and others, 1999). A generalized stratigraphic column for this area is shown in Figure 2.

The Madison is generally considered an excellent aguifer in terms of 1ts potential to supply good
quality water to relatively productive wells, especially near the outcrop (recharge area). The well
sites proposed by this application are located 18-20 miles southwest of the Madison outcrop
(Strobel and others, 1990).
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Figure 2. Generalized stratigraphic column for this area (modified from Carter and others, 2003)

The lower portion of the Madison and the underlving Englewood Formation form a lower
confining zone (Strobel and others, 1999). The Minnelusa Formation unconformably overlies
the Madison aquifer and generally serves as an upper confining layer. However, “The hydrauhe
connection between the Madison Limestone and Minnelusa Formation is spatially variable and
may result from faults, fractures, and breccia pipes. Collapse features ... may be pathways for
vertical movement of water between these two units.” (Putnam and Long, 2007). The water
levels of DENR-Water Rights’ observation wells in the area indicate very distinict potentiometric
surfaces in the Minnelusa and Madison, and suggest the aquifers are hydraulically separated.

SDCL 46-2A-9

Pursuant to SDCL 46-2A-9, a permit to appropriate water may be issued only if there iy
reasonable probability that there is unappropriated water available for the applicant’s proposed
use, that the proposed diversion can be developed without unlawful impairment of existing rights
and that the proposed use is a beneficial use and in the public interest.

WATER AVAILABILITY:

The probability of unappropriated water available for appropriation can be evaluated by

considering SDCL 46-6-3.1 which requires that:
“No application 1© appropriate groundwater may be approved if, according to the best
information reasonably available, it is probable that the quantity of water withdrawn
annually from a groundwater source will exceed the guantity of the average estimated
annual recharge of water to the groundwater source.”

4
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Water Balance:

Recharge to the Madison aquifer occurs through streamflow losses and direct infiitration of
precipitation at the outcrop area. “Precipitation recharge [in the Black Hills] is consistently
larger than streamflow recharge: however, the relative proportion of streamflow recharge
increases as combined recharge decreases™ (Carter and others, 20012). Recharge to the Madison
aquifer in South Dakota has been estimated to range from 140.000 to 400,000 acre-feet per year
{Woodward-Clvde, 1981). Woodward-Clyde however, essentially defined the Madison aquifer
as everything between the Precambrian and the Cretaceous shales. As part of the Black Hills
Hydrology Study, the average annual recharge to the Madison aquifer from 1931-1998 was
estimated to be approximately 137.000 ac-f/yr (Carter and others, 2001a).

The high cost of Madison wells, except very near the outcrop, and the availability of
groundwater from shallower sources, has limited domestic development from the aquifer. Carter
and others. (2001b) estimate “Seifesupply Domestic” and “Livestock Watering”™ only account for
approximately 2.25% of the water use from the Madison aquifer. In general, well withdrawals
from the Madison are for uses which require water rights/permits. The majority of the water
rights/permits from the aquifer are from Butte. Lawrence, Meade. Pennington and Fall River
Counties. The Madison supplies water for irrigation. geothermal, industrial, and commercial
uses. However, by far the major use of the aquifer is for water distribution systerns {(suburban
housing development and municipal use). The cities of Spearfish. Belle Feurche, Sturgis, Rapid
City, Box Elder, and Edgemont all depend on water from wells completed into the Madison
aquifer.

There have been a total of 213 applications made for appropriations from the Madison: the
statuses of these applications are shown in tabie 1.

: STATUS NUMBER

| Approved and icensed - O
Approved and not licensed | 63

¢ FPuture Use reservation 7
Incorporated into g license | 28
Cancelied 17
Dented i

¢ Pxeferred H

. Withdrawn 2

Table 1. Water permit appl_iéations from the Madison aquifer in South Dakota

There are currently a total of 164 appropriations plus one deferred application from the Madison
aquifer in South Dakota. Assuming that: (1) future use permits will be fully developed; (2)
appropriations with a specified annual volume limitation will divert to their maximum limit; and
(3) appropriations limited by diversion rate only, will be used at 60 percent of full ime usage at
their maximum diversion ratc; the appropriations represent a_potential maximum angual
withdrawal from the Madison aguifer of approximately 55,000 ac-ft/yr. The assumptions used to
gstimate the potential maximum withdrawal from The aquifer are extremely conservative and
represent a “worst case scenario.”

Almost all of the water use from the Madison aquifer in South Dakota is from the Black Hills
area. The withdrawals from all wells completed into the Madison aquifer in the Black Hills of
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South Dakota and Wyoming, were estimated to average 12.310 acre-feet annually from 1987-
1996 (Carter and others. 2001b). The “potential maximum annual withdrawal” from the aquifer
for 1996, using the assumptions given above for the appropriations in 1996 is 35831 ac-ft/yr.
Applying the 1996 “potential maximum annual withdrawal™ to the esthmated average annual use
ratio, the average annual withdrawal corresponding with a potential maximum annual withdrawal
of 55,000 ac-fi'vr would be less than 20,000 ac-ft/yr.

The quantities of both the average annual recharge and the average annual use for the Madison
aquifer are both small percentages of the amount of water stored in the Madison aquifer so the
aquifer can actually withstand several vears of drought conditions with only minimal impact to

wells or springs.

Comparison of average annual recharge and average annual withdrawal

estimates for the Madison aquifer indicate that unappropriated water is available from the
Madison aquifer. The simple water budget companng the estimated average annual recharge and
the potential withdrawal by existing wells and current appropriations is not intended to suggest
that all of the water that is in storage in the Madison or that all of the recharge to the aquifer is
available for this appropriation. merely 1o demonstrate that in general the Madison aquifer 1s an
immense resource that is relatively untapped.

Localized Hydrologic Budget:
Carter and others (2001b} developed a hvdrologic budget for the Madison and Minnelusa
aquifers combined, for a subarea based on the hydrogeology, which includes this project area.
The hydrologic budget for this subarea balanced from 1987-1996. by estimating that water enters
the subarea through streamflow recharge, precipitation recharge and groundwater inflow from
the northwest and from the west. Water was assumed to exit this subarea through groundwater

outflow to the cast, artesian springflow and well withdrawals (see table 2).

Stream- Precipita | Minnelusa | Madison - Minnelusa | Madison Artesian | Well

flow ~tion ground- | zround- ¢ ground- - ground- | spring- with-

recharge ' recharpe | water water inflow | water | water - flow drawals
; : inflow outflow - outflow

4.4cls 6.1 cfs 24 5¢fs 23.2ch B cfs 4 cfs 43.3cfs | L.8chs

Table 2. Hydrologic budget for the subarea that includes the project area proposed by
Application No. 2685-2 for Water Years 1987-1996. Modified from (Carter and others,

2001b).

It is clear that in this subarea most of the recharge to the Madison aquifer is through groundwater
inflow, and water leaves this subarea primarily through artesian springflow and groundwater
outflow. There are only 27 wells on file with the DENR-Water Rights Program that appear to be
completed into the Madison aquifer in the subarea that includes this proposed project (Water
Rights, 2012¢) and as shown in table 2, well withdrawals are a minor component. Springflow,
groundwater inflow and groundwater outflow are all dependent on the groundwater gradient at
the subarea boundaries or near the springs. As the aquifer is stressed by changing one or more of
the variables in the hydrologic budget, the other interdependent variables adjust until the system
equilibrates. Obviously. a new hvdrologic budget can balance for this subarea (i.e. a new
condition of dynamic equilibrium) with an increase of well withdrawals through a decrease of
the natural discharge from the aquifer or an increase of groundwater inflow from adjacent
subareas. It can be assumed that with a very subtle change in the hydraulic gradient at either the

6
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inflow zone or the outflow zone. 2 new dynamic equilibrium would be established in this area
with virtually immeasurable impacts to the amount of water in transient storage. Therefore, there
is a reasonable probability that unappropriated water is avatlable from this subarea for this
proposed use.

Observation Well Data:

Administrative Rule of South Dakota Section 74:02:05:07 requires that ““the Water Management
Board shall rely upon the record of observation well measurements to determine that the quantity
of water withdrawn annually from the aquifer does not exceed the estimated average annual
recharge to the aquifer.”

The Water Rights Program monitors 26 observation wells completed into the Madison aquifer in
the Black Hills area {(Water Rights, 2012a). This project area is located within approximately 13
miles of two Water Rights” Observations completed into the Madison aquifer. Hydrographs for
the wells show the aquifer’s response to climatic conditions and clearly demonstrate the system
is recharged, (see figures 3 and 4).

The analysis of the DENR-Water Rights Program observation well data provides a qualitative
means of assessing the aguifer and provides the best information reasonably available to evaluate
the hydrologic budget for the Madison aquifer. Observation well data showing a steady,
continual decline of the aquifer’s water level or artesian pressure could indicate that withdrawals
from the aquifer were exceeding recharge. In addition. water level fluctuations in an aquifer
dominated by the influences of well withdrawals, or a change in the gradient of the
potentiometric surface could mdicate that well pumping is a significant component in the system
relative to recharge and/or natural withdrawals.

Observation well data for the Madison aquifer documents: 1) upward trending water levels; 2)
that at the current level of development, climatic conditions greatly mask any temporal effects of
well withdrawals thus the combined recharge to and natural discharge from the Madison aquifer
significantly exceeds long term well withdrawals; and 3) the potentiometric surface of the
aquifer has been relatively unchanged over time. Therefore, the observation well data shows that
unappropriated water is availabie from the Madison aquifer.
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Figuré 3. DENR-Water Rights observation well completed into the Madison aquifer located
approximately 10 miles northeast of the project area proposed by Application No.
2685-2.
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Figure 3. DENR-Water Rights observation well completed into the Madison aquifer kxated
approximately 135 miles gast of the project area preposed by Application No. 2685-2.

AFFECTS ON EXISTING RIGHTS:

Water Rights/Permits supplied by wells completed into aquifers that are stratigraphically above or
below the Madison are not expected to be affected by Madison aquifer withdrawals since the Jower
Minnelusa Formation and the lower Madison Limestone generally serve as upper and lower
confining units for the Madison aquifer. The displacement of the Madison Limestone caused by the
Dewey Fault likely provides a north-south groundwater barrier for most of the length of the fault
and drawdown from wells south of the fault is not expected to extend to the north of the fauit.

It iz difficult to precisely estimate the amount and extent of drawdown that wall result from pumping
a well completed into the Madison aqguifer since the well conditions are site specific. The
transmissivity of the aquifer is very heterogenous with values that range over several orders of
magnitude (Putnam and Long, 2007). In addition the aquifer characteristics of the Madison can
vary considerably within a short distance (Greene, 1993). The transmissivity of the Madison at flow
zones into and out of this subarea was estimated at between 732 and 7.393 feet squared per day
(ft¥d) (Carter and others, 2001b).  The hydraulic gradient of the Madison aquifer in this area
appears te be very low which generally indicates hugh transmissivity (Water Rights, 2012a; Water
Rights, 2012b and Water Righis, 2012¢). The transmissivity for this subarea is expected to be as
high as 7,393 f°/d in this area {Carter and others, 2001b) therefore drawdown could be even less
than predicted by the Theis equation.

Applying the transmissivity and storage coefficient (i.e. T= 3,000 f%/d; and §= 2x 107 estimated for
the Madison aquifer in this area {Woodward-Clvde Consultants, 1980), the drawdown 1,000 feet

9





from a well pumping 551 gpm would be less than 35 feet after twenty years of continuous pumping
based on the Theis Equation (see Figure 4) (“Theis Equation Calculator”). Since the transmissivity
for this area is likely higher than 3,000 f*/d, drawdown would be less than predicted by the Theis
Equation. The Theis equation requires a number of simplifving assumptions, some of which may
not apply in this case however, the solution is still useful.

Well Drawdown
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Figure 5. Drawdown predicted from a well pumping 551 gallons per minute from the Madison
aquifer, continuously for one year, assuming T= 3,000 fi2/d, S= 2x10-4, =20 yrs.
{modified from (“Theis Equation Calculator™)

There are only 16 wells on file with the DENR-Water Rights Program that appear 1o be completed
into the Madison aquifer within approximately 16 miles of this project area. Only one of these
wells, a domestic well for Steve Casters, located in the SE% SW'4 Section 14, T5S-RIE (1.e
approximately nine miles north-northeast of the “Dewey” well proposed by this application}, is
within 10 miles of this project area. [f this application is approved, drawdown from either or both
wells is not expected to be significant to existing wells. Well interference is not expected to be
significant.

If this application is approved, the drawdown caused by pumping a well or wells at a rate of 551
gallons per minute is not expected to adversely impact domestic wells or wells supplying prior
appropriation. This is especially the case when considering the Madison is under artesian
conditions with several hundred feet of head pressure at the documented natural fluctuation in
this area (see figure 3 and 4). Wells supplyving existing Water Rights/Permits and domestic uses
are protected from adverse impacts per Water Management Board rules 74:02:04 and 74:02:035,
which were promulgated pursuant to SDCL 46-6-6.1. These rules provide for the regulation of

10
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large capacity wells to the degree necessary to maintain an adequate depth of water for a prior
appropriator in wells that have the ability to produce water independent of artesian pressure.
Simply put, the pump placement in a prior appropriator’s well is not necessarily protected.

If the water levels in the Madison aquifer were to decline, owners of existing welis bear the
responsibility of lowering the pump let in the well to the top of the aquifer, if necessary.
Increased 1ift would decrease the pump discharge; or require a larger pump or a different type of
a pump to mainain the same output.

An increase in operating expenses that may result from interference between wells 1s not
necessarily an adverse impact. The Water Management Board considered this situation in the
matter of Water Permit Application 2313-2, Coca-Cola Bottling Company of the Black Hills
(Water Rights, 1995). The Board adopted findings of fact and conclusions of law that basically
state that if the increased cost or decreased production is considered an adverse impact, 1t could
be in conflict with SDCL 46-1-4. which reguires South Dakota's water resources to be put to
beneficial use to the fullest extent of which they are capable.

it should be noted however. that well interference (drawdown) measured at Water Rights’
observation wells located near high capacity municipal wells in Spearfish. Sturgis and Rapid
City has never been significant (i.e. drawdown of only a few feet or tens of feet) (Water Rights.
2012a).

Given the distance between the well that is to supply this appropriation and existing Madison
wells, well interference is not expected to be adverse.

BENEFICIAL USE OF WATER:

fn the past, the Water Management Board has determined that the use of water for mining
purposes is a beneficial use of water. The Water Management Board has not yet considered if in
situ recovery is a beneficial use of water.

PUBLIC INTEREST:
Historically, “public interest issues™ have been raised by the public during Water Management
Board hearings. However, the Chief Engineer has raised the question of whether the Board
should consider a large decrease in spring output as a public interest issue if such a decrease
would occur. The Water Management Board accepted that SD Water Law does not protect
artesian head pressure as a means of diversion and determined that well interference resulting in
decreased discharge from these “artesian™ springs likely could not be considered an adverse
impact. The Board concluded that “The only protection South Dakota law provides when
considering an application for an underground water permit for flow from an artesian spring is
under the public interest criteria” (Water Management Board Findings dated 19 March 2007
(Paragraph 11)). Consequently. the Board has conditioned a number of recent water permits
appropriating water from the Madison aquifer with a qualification such as:

“The Permit Holder shall control withdrawals from the well so thereis nota

significant adverse effect on the water flow from area springs or a significant

adverse effect on the water quality and character in area springs.”
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Rahn and Gries. (1973) identify four springs in the subarca defined by Carter and others (2001b)
in which this proposed project is to be located. The springs are shown in Table 3.

’ SPRING | DISCHARGE APPROXIMATE LIKELY SOURCE
' {cfs) * | DISTANCE FROM 2685-3
: {miles}
Cold Brook | 0.66 =23 miles Partty cvolved
Minnclusa**

Hot Brook | 198 =24 miles Distinct Madison™*
- Fall River | 22,92 ¢ =25 miles Madison-and Panly
- evolved Minnelusa®™*
¢ Cascade 23.65 =21 miles - Madison®™*
[ * {(Rahn and Gries, 1973) **(Whaden, 1994) ***(Hayes, 1999)

Table 3. Springs located within the subarea defined by Carter and Driscoll (2001} in which 2685-
2 is located.

A fairly large change in the hvdraulic gradient in the vicinity of the springs would be necessary
to significantly affect the groundwater flow rates and consequently the spring’s discharge. Given
the distance involved and the relativelv low diversion rate proposed by this application, (551
gpm maximum), it is unlikely that drawdown from this well would have a measurable impact on
the spring discharge.

During the public hearing to consider Water Permit Application No, 2583-2, the Nattonal Park
Service contended that the possibility of an impact on the park may exist if the water levels in the
underground caves were lowered. Geochemical data indicates that water at Wind Cave sites has
contributions from recharge that occurred on the western outcrop of the Madison aguifer (Long).
Again, since a fairly large change in the hydraulic gradient in the vicinity of Wind Cave National
Park would be required to affect the water levels in the park, it is unlikeiy that drawdown from
this proposed appropriation would be measurable at Wind Cave National Park due to the distance
involved.

TERM LIMITATION:
SDCL 46-2A-20 requires that ... no water permit for construction of works to withdraw water
from the Madison formation in Butte, Fall River, Custer, Lawrence, Meade and Pennington
cousities may be issued for a term of more than twenty years, unfess the water management board
determines, based upon the evidence presented at the hearing that:
(1)  Sufficient information is available to determine whether any significant adverse
hydrologic effects on the supply of water in the Madison formation would result if
the proposed withdrawal were approved; and
(2)  The information, whether provided by the applicant or by other means, show that
there is a reasonable probability that issuance of the proposed permit would not
have a significant adverse effect on nearby Madison formation wells and springs.”

Pursuant to SDCL 46-2A-21. “at the end of the twenty-vear limitation, the board may cancel a
permit or amend the permnit with a new term limitation of up to twenty years. if the board is
unable to make a finding after notice and hearing that sufficient information is available to delete
the term himitation.”
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Although the criteria for approval of a water permit established by SDCL 46-2A-9 are met, (i.e,
there is a reasonable probability that unappropriated water is available for the applicant's
proposed use, and this proposed diversion can be developed without unlawful impairment of
existing rights); evidence is not available to justify issuing this permit without a term limitation
of 20 vears.

CONCLUSIONS:
1. The Madison aquifer is a major regional aquifer and a viable source of water for this proposed
appropriation.

2. This application proposes to appropriate 1.228 cubic feet of water per second. There is no limit

to the annual volume of water that can be diverted other than the physical constraints of the

maximum diversion rate.

There is a reasonable probability that unappropriated water is available in the Madison aquifer

to supply this appropriation.

4. Approval of this application will not result in average annual withdrawals from the Madison
aquifer to exceed the average annual recharge to the aquifer.

5. There is a reasonable probability this appropriation can be made without adversely impacting
existing water rights including domestic users.

6. Information is not availabie ¢ justify issuing these permits without a term limitation of 20 years.

7. Following notice and a public hearing, the Water Management Board may cancel this permit or
amend it with a new term limitation after twenty years.

Led

Natural Resources Engineer
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DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

PMB 2020
JOE FOSS BUILDING
523 EAST CAPITGL
PIERRE, SOUTH DAKOTA 57501-3182

denr.sd.gov

Thorhess ﬁﬁfﬁ Fm&s

RECOMMENDATION OF CHIEF ENGINEER FOR WATER PERMIT
APPLICATION NO. 2685-2, Powertech (USA) Inc.

Pursuant to SDCL 46-2A-2, the following is the recommendation of the Chief Engineer.
Water Rights Program, Department of Environment and Natural Resources concerning
Water Permit Application No. 2685-2, Powertech (USA) Inc., ¢/o Richard Biubaugh.
5575 DTC Parkway, Suite #140, Greenwoed Village CO 80111,

The Chief Engineer is recommending Approval of Application No. 2685-2 for a 20 year
term pursuant to SDCL 46-1-14 and 46-2A-20 because 1) although evidence is not available
to justify issuing this permit without a2 20 vear term limitation, there is reasonable
probability that there is unappropriated waier available for the applicant's proposed use, 2)
the proposed diversion can be developed without unlawful impairment of existing rights, 3)
the proposed use is a beneficial use, and 4) it is in the public interest with the following
gualifications:

1. The permit holder shall report to the Chief Engineer annually, the amount of water
withdrawn from the Madison Aquifer. This annual reporting shall report separately the
amount of water use for the insitu mining operation and water supplied for
domestic/livestock use in the area.

£

The wells approved under this Permit will be located near domestic wells and other
wells which may obtain water from the same aquifer. The well owner under this
Permit shall control his withdrawals so there is not a reduction of needed water
supplies in adequate domestic wells or in adequate wells having prior water rights.

Lok

The wells authorized by Permit No. 2685-2 shall be constructed by a licensed well
driller and construction shall comply with Water Management Board Well
Construction Rules, Chapter 74:02:04 with the well casing pressure grouted (bottom
to top) pursuant to Section 74:02:04:28.

4. In accordance with SDCL 46-1-14 and 46-2A-20, Permit No. 2685-2 is issued for a
twenty year term. Pursuant to SDCL 46-2A-21, the twenty year term may be deleted
at any time during the twenty year period or following its expiration. If the twenty
year term is not deleted at the end of the term, the permit may either be cancelled or
amended with a new term limitation of up to twenty years. Permit No. 2685-2 may
also be cancelled for nonconstruction, forfeiture, abandonment or three permit
violations pursuant to SDCL 46-1-12, 46-5-37.1 and ARSD 74:02:01:37.

5. The Permit holder under this permit shall contro! withdrawals from the wells so there
is not a significant adverse effect on the water flow from area springs or a significant
adverse effect on the water quality and character in area spnnﬂs
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See report on application for additional information.

PNadet Cuor

Garland Erbele, Chief Engincer
November 6, 2012

NOTE: In addition to obtaining water right permits, Powertech (USA) is subject to
compliance with all other state of South Dakota and federal government regulations
relating to water use and insitu mining.
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REPORT TO THE CHIEF ENGINEER
ON
WATER PERMIT APPLICATION NO. 2686-2
POWERTECH (USA) INC. L ipem Kara
NOVEMBER 2. 2012

Powertech (USA) proposes to recover uranium by a method known as in-situ recovery, or ISR,
in which groundwater from the formation containing uranium (the Inyan Kara Group) is pumped
to the surface from a field of wells, fortified with oxvgen and carbon dioxide. and recirculated
through the formation. The oxidized groundwater changes the uranium to a solubie form and is
pumped to the surface. where uranium is removed from the solution. ISR circulates water
through the uranium ore zone. Only a small fraction of the water is a net withdrawal because
most water 15 recirculated back through the ore zone. A portion of the water extracted from the
Inyan Kara Aquifer will be “bled off” to maintain a cone of depression so native groundwater
continually flows toward the center of the production zone. Production bleed rates may vary in
the range of 0.5 to 3 percent over the life of the project. If necessary, a bleed of up to 17 percent
of 500 gpm will be used briefly during aquifer restoration. The ISR process is repeated until the
economic reserves of uranium are fully removed from that particular well field. The process
moves to another well field, and the uramium depleted well field is restored by continuing to
circulate clean water through the wells until the water is similar in quality to the water that
existed in the formation prior to the ISR operations. Most of the water removed from the Inyan
Kara Aquifer during the ISR process is recirculated and re-injected through the well field,
resulting in the net consumptive use of water being a small portion of the gross withdrawal rate.
Most of the water used in the ISR operations will be obtained from the Inyan Kara Group.
However., Powertech (USA) plans to use water from the Madison Aquifer 1o make up for water
that is not provided from the ISR process. The amount of “make-up™ from the Madison Aquifer
will depend upon the water disposal method which is either deep disposal well or land
application. The use of water from these two formations necessitates obfaining water permits
from each source. The eastern portion of the project area is known as the Burdock area. It will
include a series of ISR well fields and a central processing plant. The westemn portion of the
project areas is the Dewey areas which will include ISR well fields and a satellite processing
plant.

Water Permit Application No. 2686-2 proposes to appropnate up to 2742 acre feet of water
annually (ac-ft/yr) from wells completed into the Invan Kara aquifer at depths between 200 —
800 teet. The welis will be located within a project area that encompasses approximately 10,580
acres located in portions of Sections 1-5, 10-12, and 14-15 in T7S-R1E and Section 20-21, and
27-35 in T6S-R1E. Black Hills Meridian. This application proposes a gross withdrawal (flow)
rate of 18.938 cubic feet of water per second (cfs) which is equivalent to approximately 8,500
gallons per minute (gpm). A “net” or consumptive use of water will be a small portion of the
gross withdrawal rate. Approximately two percent of the water is “bled off”" during the process
in order to maintain flow gradients toward the center of the well fleld. The remaining
approximate ninety eight percent of the water is recirculated and continuously re-injected into
the Inyan Kara aquifer as part of the In-Situ Recovery (ISR) process. Approval of this permit
would authorize a maximum net (consumptive) withdrawal rate from the Inyan Kara aquifer
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hmited to 0.38 cfs (170 gpm) and limit the net (consumptive) withdrawal volume from the Inyan
Kara aquifer to 274.2 acre feet of water annually.

Uranium recovery operations will continue for approximately 7 to 20 vears. A typical well field
grid of Inyan Kara wells consisis of a 100 by 100 foot grid with one production well in the center
and four surrounding wells for injection into the ore body. The well pattern may differ from well
field to well ficld and be modified as needed to fit the characteristics of each ore body. Well
fields will be completed along the various uranium zones. Current development plans include
the construction of approximately 600 ISR production wells in the” Dewey” portion of the
project area and approximately 900 ISR production wells in the “Burdock”™ portion of the project
area. The maximum number of production wells in operation at any one time within the entire
project area during production and restoration is 1.000 wells. Based on the project life and
number of production wells scheduled as the well fields are developed, Powertech (USA)
anticipates requesting a permit amendment in the future for an extension of the five vear
construction period pursuant to SDCL 46-2A-8. Powertech {USA) will provide an annual
diversion report to DENR describing the number and location of pumping production weils.
This report will include a request for change in the number and designated locations of pumping
wells pursuant to SDCL 46-5-13.1. This statute aliows for the location of point of diversion or
additional points of diversion to be approved without application or publication if the wells are
completed into the same source, no additional water is appropriated and the Chief Engineer
makes a finding that the change does not increase the potential for interference with existing
diversions.

AQUIFER: INYAN KARA (INKR)

GEOLOGY AND AQUIFER CHARACTERISTICS:

The Inyan Kara aquifer i1s composed of the portions of the Lower Cretaceous aged Inyan Kara
Group that contain sufficient saturated permeable material to yield quantities of groundwater to
wells, The Invan Kara Group was deposited in shallow waters along the eastern shore of the
Skull Creek Sea (Merewether. 1975) and in general, consists of a sequence of interbedded
sandstones, siltstones. and mudstones of fluvial, lacustrine. and possibly eolian origin {Schnabel,
1963). The Inyan Kara Group is made up of two geologic formations: the Fall River formation
and the underlying Lakota formation. The Fall River formation, which is about 150 feet thick in
the Burdock quadrangle (Schnabel, 1963) and has an average thickness of 125 feet in the Dewey
quadrangle (Brobst, 961), has been mapped as three units in this area: an upper unit composed of
interlayed mudstones and fine to very fine-grained sandstones; a middle unit of interbedded
sandstone and mudstone with massive. medivm-grained sandstone; and a lower unit of siltstone
and thin beds of sandstone (Brobst, 1961 and Schnabel, 1963)). The Lakota formation has been
divided into three units that in descending order are: the Fuson member, which is a sequence of
sandstone and mudstone; the Minnewaste member, which is a series of impure limestones; and
the Chilson member. which consists of thick channel sandstone interbedded with sandstone and
mudstone (see figure 1). The Lakota formation ranges in thickness from about 200 feet to about
350 feet in the Burdock quadrangle (Schnabel, 1963). In the Dewey quadrangle, the average
thickness of the Lakota formation is estimated to be 225 feet (Brobst, 1961).

(S8
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Figure I. Generalized stratigraphic column for the Inyan Kara Group

The applicant contends that the Fuson member of the Lakota formation is an aquitard between a
“Fall River aquifer” and a “Lakota aquifer™ and data submitted with this permit application
suggest distinct potentiometric surfaces with slightly different groundwater flow directions
between the two “aquifers”. However, the Fusion member consists of a sequence of sandstone
and mudstone and “Locally, the sandstone beds reach varyving degrees of prominence, and in
some places form the whole Fuson member” (Schnabel, 1963). Although it is possible that the
Fuson member of the Lakota formation is an aquitard in the vicinity of this project, on a regional
scale the degree to which the Fall River and Lakota formations are hydraulically connected or
separated is unclear and the two formations are typically considered parts of a single Invan Kara
aquifer (¢.g. Driscoll and others, 2002; Galloway, 1999; and Strobel, et. al., 2000). For the
purpose of appropriations, the DENR-Water Rights Program and the Water Management Board
consider the Inyan Kara a single aquifer.

The Inyan Kara aquifer occurs at a regional scale, extending into Wyoming, North Dakota and
Nebraska as well as a major portion of South Dakota (see figure 2). The Invan Kara underlies
over 36,000 square miles and contains over 324 million acre-feet of recoverable water in storage
in western South Dakota alone (Allen and others, 1985).  Although the Invan Kara is areally
extensive, only a portion of the water it contains 1s fresh. More than one-half of the water in the
Inyan Kara is moderately saline, and the water is saline to brine in paris {Driscoil and others,
2002). The Inyan Kara Group outcrops in the eastern portion of the project area proposed by this
apphication and the top of the Invan Kara is approximately 600 feet below grade at the western
edge of the project area (Carter and Redden, 1999). The potentiometric surface of the Invan

-
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Kara aquifer ranges from around 3,800 feet mean sea level elevation (msl) to 3,600 feet ms! in
this area (Strobel and others, 2000). The aguifer is under unconfined conditions in the castern
portion of the proposed project area and under confined conditions in the western portion of the
arca. Water levels of wells in the project area reportedly range from approximately 140 feet
below grade to over 74 feet above ground surface (i.e. flowing wells with up to 32 psi shut-in
pressure),
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Figure 2. Areal extent of the Inyan Kara aquifer and the location of Water Permit Application
No. 2686-2: (modified from Gries, 1981)

SDCL 46-2A-9

Pursuant to SDCL 46-2A-9, a permit t0 appropriate water may be issued only if there is
reasonable probability that there is unappropriated water available for the applicant's proposed
use, that the proposed diversion can be developed without unlawful impairment of existing rights
and that the proposed use is a beneficial use and in the public interest.

WATER AVAILABILITY:

The probability of unappropriated water available for appropriation can be evaluated by
considering SDCL 46-6-3.1 which requires that:
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“No application to appropriate groundwater may be approved if. according to the best
information reasonably available, it is probable that the quantity of water withdrawn
annually from a groundwater source will exceed the gquantity of the average estimated
annual recharge of water to the groundwater source.™

Water Balance:

Recharge:

Recharge to the Inyan Kara aguiter is through infiltration of precipitation at the outcrop and the
aquifer also appears to be receiving water from the underlying Paleozoic aguifers (Schoon, 1971
Gott and others, 1974: Lobmeyer. 1983).  An average annual recharge rate has not been
quantified for the Inyan Kara aquifer. However, annual recharge to the portion of the Inyan Kara
aguifer that outcrops in South Dakota alone, from the precipitation component only, was
estimated for 1950-1998 to be 11,600 acre-feet per year (Driscoll and Carter, 2001).

Withdrawals:

There are a total of 185 Water Rights/Permits appropriating water from the Inyan Kara aquifer in
South Dakota. In addition, Future Use Permit 1780-2, Town of New Underwood, reserves 142
ac-ft/yr from the Inyan Kara aquifer for future use. The estimated average annual withdrawal of
appropriations is 10,700 ac-fi‘yr. This estimate 1 based on: 1} annual water use reported in the
latest public water system survey for municipal, suburban housing development and rural water
system appropriations where applicabie (DENR-Dnnking Water Program, 2009-2012)  2)
calculated annual use based permitted animals and rates of 20 gallons per day for beef caitle. 5
gallons per day for swine, 15 gallons per 100 turkeys, and 9 gallons per 100 chickens for large
confinement operations permitted by DENR (Roth);, 3) irigation questionnaire reporting for
urigation permits when available (DENR-Waier Rights Program, 2012a); 4) the most current
water use reported for non-irrigation appropriations that are reguired to report (DENR-Water
Rights Program, 2012b);  4) assuming unreported water nghts/permits lirmted to an annual
volume will be used 1o the maximum and water rights/permits limited by diversion rate will be
used 60% of continuous pumping at the maximum diversion rate for their annual use period.

The estimated average annual withdrawal from the Inyan Kara (10,700 ac-ft/yr) is less than the
precipitation recharge component alone for the aguifer {11.600 ac-fi/yr). Therefore, there is a
reasonable probability that there is 274.2 acre-feet of unappropriated water available annually to
supply this proposed appropriation. The quantities of both the average annual recharge and the
average annual use for the Invan Kara aquifer are both small percentages of the amount of water
stored in the Inyan Kara aquifer so the aquifer can actually withstand several vears of drought
conditions with only minimal impact to wells.

The simple water budget comparing the estimated average annual recharge and the potential
withdrawal by existing wells and current appropriations is not intended to suggest that all of the
water that is in storage in the Inyan Kara aquifer or that all of the recharge to the aguifer is
available for this appropriation, merely to demonstrate that in general the Inyan Kara aquifer is
an immense resource that is relatively untapped.
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Localized Hydrologic Budget:

A separate hydrologic budget was developed for a subarea of the Inyan Kara aquifer that
includes the project area proposed by this application. The subarea was identified based on the
structural geology of the area with the Dewey Fault and Structural Zone considered the northern
boundary, and the Cottonwood Anticline and/or the Sheep Canyon Monocline considered the
southern boundary {see Figure 3). (Note: the Cottonwood Anticline is just southeast of the area
shown in figure 3).
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Figure 3. Subarea of the Invan Kara aquifer including the Powertech project area and major
structural features.

“The Dewey Fault begins in the Elk Mountains, about 2 % miles northeast of Dewey. The fault
appears to be continuous for at least 6 ' miles. Measurable vertical displacement on the fault is
about 60 feet on the dip slope of the mountain but is at least 200 feet in Secs. 21, 22, and 28, T.
41 N., R. 60 W." (Brobst, 1961). Although the entire thickness of the Inyan Kara aquifer is not
offset by the displacement of the fault, assuming the fault is a hydrologic barrier produces a more
restrictive area and consequently produces a more conservative subarea.






Likewise, assuming the Cottonwood Anticline and/or the Sheep Canyon Monocline, the first
major structural feature southeast of this project area, as a southern hydrologic barrier produces a
conservative subarea.

The Inyan Kara Group outcrops over approximately 41,800 acres of the subarea shown in Figure
2. Precipitation recharge to the subarea estimated using the vield-efficiency algorithm developed
by Dnscoll and Crater (2001) is approximately 1,400 acre-feet per vear, There are three existing
water rights appropriating water from the Inyan Kara in this area (see table 1).

PERMIT NAME STATUS | USE | CFS | ACRES | APPROPRIATION
NO ; {AC-FTAYR)
3802 ; HENRY C Lc IRR | 085 60 P10

! : HOLLENBECK :
468-1 CITY OF EDGEMONT LC MUN 102 0 | 3688

| GUN.2 ¢ EFFIE M GOW L IR 013 820 ¢ Bl

B H i
LO= Warer Right, IRR= lrmigation, Appropriation based on three acre-fect/acre per year Tor irrigation and 0% of
full time pumping for municipat use

Table 1. Water Rights within the subarea of the Inyan Kara aguifer that includes the project
proposed by Application No. 2686-2

The estimated annual withdrawal from the subarea of Inyan Kara aquifer (<326.88 ac-ft/yr Y 1s
less than the precipitation recharge estimated for subarea (1,400 ac-ftfvr) and there is a
reasonable probability that there is 274.2 acre-feet of unappropriated water available annually to
supply this proposed appropriation.  (Incidentally, even if only the portion of the Inyan Kara
outerop that 1s directly up dip of the project area is considered, the precipitation recharge to the
area can be expected o be at least 564 acre-feet per vear using the yield-efficiency algorithm.)

OBSERVATION WELL DATA: :
Administrative Rule of South Dakota Section 74:02:05:07 requires that *the Water Management
Board shall rely upon the record of observation well measurements to determine that the quantity
of water withdrawn annually from the aquifer does not exceed the estimated average annual
recharge to the aquifer.”

The DENR-Water Rights Program monitors nine observation wells completed into the Invan
Kara aquifer statewide. Eight of these wells are located near the perimeter of the Black Hills
{sec Figure 4). Hydrographs for the observation wells are shown in Figures 5-12.
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Figure 4. Location map of DENR-Water Rights™ observation wells completed into the Invan
Kara aquifer
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F gure 6. Hydrograph of Inyan Kara aquifer observation well, see figure 4 for location.
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F;gure 7. Hydrograph of Invan Kara aquer observation well, see ﬁmure 4 for location.
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Figure 8. Hydrograph of Invan Kara aqui ifer observation well, see figure 4 for location.
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Figure 9. Hvdmgraph of Inyan Kara aquifer observation well, see figure 4 for location.
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qure 10. Hydrograph of Invan Kara aquer observation well, see figure 4 for location,
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Flgure 1. Hvdmgraph of Inyah‘l‘iara aquer observation well. see ﬁﬂure 4 for location.
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Figure 12. Hydrograph of Invan Kara aquifer obscrvation well, sce figure 4 for location.

The observation well data for the Invan Kara aquifer documents: 1) upward trending water
levels; 2) that at the current level of development, climatic conditions greatly mask any temporal
effects of well withdrawals thus the combined recharge to and natural discharge from the Inyan
Kara aquifer significantly exceeds long term well withdrawals; and 3) the potentiometric surface
of the aquifer has been relatively unchanped over time. Therefore, the observation well data
shows that unappropriated water is available from the Inyan Kara aquifer.

AFFECTS ON EXISTING WATER RIGHTS:

Water rights/permits supplied by sources other than the Inyan Kara aquifer are not expected to be
affected by Invan Kara aguifer withdrawals since the aquifer is confined by the overlying Skull
Creek shale and the underlying Morrison formation separates the aquifer from lower aguifers in
this area.

The nearest water right to the project area proposed by this application that appropriates water
from the Invan Kara aquifer is Water Right No. 380-2 for Henry C. Hollenbeck. The water right
authorizes the imrigation of 60 acres using a free flowing well located in the approximate center
of the NW% of Section 17, T6S-RIE (i.e. approximately 0.6 miles north of the project area
proposed by this application). Based on the Brobst (1961) delineation of the Dewey Fault and
location of the well, the well that supplies Water Right No. 380-2 appears to be on the opposite
side of the Dewey Fault from the Powertech project area. The displacement of this fault between
the Hollenbeck well and the Powertech area is approximately 120 feet (Brobst, 1961). Since the
fault does not completely offset the Inyan Kara Group in this area, the extent that the fault serves
as a flow boundary is not clear. Earlier in this report, for the purpose of evaluating the
availability of unappropriated water, the Déwey Fault was considered the northern extent of a
subarea. Considering the fault as a flow barrier for the purposc of assessing water availability
provided a “most conservative™ analysis. For the purpose of considering the impairment of
existing rights however, the most conservative analysis involves assuming the fault is not a flow
boundary. Even by assuming the fault is not a flow boundary, and the entire 170 galions per
minute were withdrawn at the nearest possible point in the project area from the Hollenbeck well
{an approach that over-predicts the maximum anticipated drawdown and produces a worst case
scenario), drawdown at the Hollenbeck well is not expected to be significant based on the aquifer
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characteristics for the Invan Kara aquifer that were obtained from pump tests conducted in the
Burdock area (Boggs and Jenkins, 1980). Since the pumping proposed by this application 1s to
be spread over numerous wells, the maximum drawdown will be significantly less than for a
single well. Any drawdown that would be measurable at the well that supplies Water Right No.
380-2 is not expected to be adverse. This is particularly true since the data on file with Water
Right No. 380-2 indicates there is at least 40 feet of artesian pressure at the well and SDCL 46-6-
6.1 does not require the protection of artesian head pressure as a means of diversion. The next
closest South Dakota water right from the Invan Kara aquifer is Water Right No. 990-2 for Effie
M. Gow. Water Right No. 990-2 uses a free flowing well located approximately five miles
southeast of this project area to flood irrigate 20 acres. Given the distance between Water Right
No. 990-2 and the Powertech project area. adverse impacts are not likely.

The applicant has identified a water right {(No. P183361W) located approximately 1.2 miles west
of the project area in Wyoming. Since the drawdown caused by this proposed operation is not
expected to be substantial, it is unlikely that the water right would be adversely impacted {at least
by South Dakota standards).

The DENR-Water Rights Program has several completion reports on file for domestic wells in
the vicinity of the proposed Powertech project area.  Again, with the drawdown spread over a
number of wells, the maximum drawdown at any point should not be significant. However,
pursuant SDCL 46-6-24,

“The fatlure of a well 1o meet standards established pursuant to § 46-6-6.1 isnota

defense in any action or proceeding regarding damage, loss of water production or

quality, replacement cost, or increased operating expenses incurred by &

municipal or domestic use well located in a formation older than or

stratigraphically lower than the greenhorn formation caused by any person using

or withdrawing groundwater for mine dewatering in a formation older than or

stratigraphically lower than the greenhorn formation.”

This statute may provide protection to artesian pressure in domestic and municipal wells and to
domestic or municipal wells that are not “adeguate wells” pursuant to ARSD 74:02:04:20(6).
Powertech has submitted a water permit application to appropriate water from the Madison
aquifer for purposes including “for domestic and livestock use for area landowners inside and
near the project area™. A mitigating action such as supplying water from an alternative source as
proposed, could resolve impairment of domestic well issues.

BENEFICIAL USE OF WATER AND PUBLIC INTEREST:

in the past, the Water Management Board has determined that the use of water for mining
purposes is a beneficial use of water. The Water Management Board has not yet considered if in
situ recovery is a beneficial use of water. ”

CONCLUSIONS:
1. Water Permit Application No. 2686-2 proposes to appropriate 274.2 acre-feet per year
from the Inyan Kara aquifer.
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Water Permit Application No. 2686-2 proposes to divert water from as many as 1,000
wells at one time and re-inject all of the water back o the Inyan Kara aquifer except for a
maximum of 170 gallons per minute.

The location of the wells that are to be used will change over the life of this project and

construction will not be completed within the five year period provided by law.

4. An extension of the five year construction period may be necessary to completely build-
out this project.

5. Approval of this application will not result in average annual withdrawals from the Inyan
Kara aquifer to exceed the average annual recharge to the aquifer.

6. The Inyan Kara aquifer is an extensive aquifer and there is a reasonable probability that
there is at least 274.2 acre-feet per vear of unappropriated water is available from the
aquifer.

7. SD DENR-Water Rights Program observation well data indicates that unappropriated
water is available from the Invan Kara aquifer.

8. There is a reasonable probability that the diversion proposed by this appropriation can be

made without untawful impairment of existing appropriative rights or domestic wells.

M

Ken Buhler
SD DENR-Water Rights Program
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DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

PMB 2020
JOE FOSS BUILDING
523 EAST CAPITOL
PIERRE, SQUTH DAKOTA 57501-3182

(ReATFaces, GheaT Lages ° denr.sd.gov

RECOMMENDATION OF CHIEF ENGINEER FOR WATER PERMIT
APPLICATION NO. 2686-2, Powertech (USA) Inc.

Pursuant to SDCL 46-2A-2, the following is the recommendation of the Chief Engineer,
Water Rights Program, Department of Environment and Natural Resources concerning
Water Permit Application No. 2686-2, Powertech (USA) Inc., ¢/o Richard Blubaugh,
5575 DTC Parkway, Suite #140, Greenwood Village CC 80111.

The Chief Engineer is recommending APPROVAL of Application No. 2686-2 because 1)
there is reasonable probability that there is unappropriated water available for the
applicant’s proposed use, 2) the proposed diversion can be developed without unlawful
impairment of existing rights, 3) the proposed use is a beneficial vse and 4) it is in the
public interest with the following qualifications:

1. Water Permit No. 2686-2 appropriates and places to beneficial use up to 18.938
cfs with an annual consumptive use volume of 274.2 acre feet of water (equal to
0.38 cfs) from the Inyan Kara Aquifer for the specific purpose of the production
of uranium through the insitu mining process at the legal location listed in the
permit.

2. The wells authorized by Permit No. 2686-2 shall be constructed by a licensed well
driller and construction shall comply with Water Management Board Well
Construction Rules, Chapter 74:02:04 with the well casing pressure grouted
(bottom to top) pursuant to Section 74:02:04:28. Well completions report shall be
submitted within one month of completing each production and/or injection well.

3. The Permit holder shall reiaort to the Chief Engineer annually the amount of water
withdrawn from the Inyan Kara Aquifer. This annual reporting shall report both
the gross and net withdrawal from the Inyan Kara Aquifer.

4, The wells approved under this permit will be located near domestic wells and
other wells which may obtain water from the same aquifer. The Well owner
under this permit shall control his withdrawals so there is not a reduction of
needed water supplies in adequate domestic wells or in adequate wells having
prior water rights,

5. The Permit holder shall submit a planned diversion report annually setting forth
the number anticipated and location of pumping wells to be constructed and/or
operated during the next upcoming year.





PW112712-27

See Tpon on application for additional information.

andoc K C\.b);i_,

Garland Erbele, Chief Engineer
November 6, 2012

NOTE: DENR recognizes that the number and location of production and injection
wells completed into the Inyan Kara Aquifer will vary as well fields are
constructed, insitu mining is conducted, restoration is conducted and
decommissioning is completed. The application states that amendments for
additional wells and changes in well locations as the project progresses will be
requested subject to provisions of SDCL 46-5-13.1.  As Chief Engineer, all
requests for changes in well location and additional wells will be reviewed as
set forth in SDCL 46-5-13.1.

in addition to obtaining water right permits, Powertech (USA) will be subject
to compliance with all other state of South Dakota and federal government
regulations relating to water use and insitu mining.










