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RAI56

Description of Deficiency

The information provided in TR Section 3.1.6 does not meet the applicable requirements

of 10 CFR Part 40 using review procedures in Section 3.1.2 and acceptance criteria

outlined in Section 3.1.3 of the SRP.

Basis for Request

TR Section 3.1.6.1 provides the ROIfor the 90 sand, 80 sand, and 70 sand as 550ft, 500

ft, and 750 ft, respectively, based on the aquifer pumping tests. The TR also states there

would be no impact to groundwater levels outside the project boundaries based on these

estimates for the proposed bleed rate (15-45 gpm,). These ROI were derived based on

observations during the aquifer testing of these sands but the TR provided no

calculations to support these numbers. Staff does not agree with Uranium One's

definition of ROI. In practice, the ROI is defined by a function of transmissivity (T), time

(0) and storage coefficient (S) in consistent units (Bear, 1979).

ROI=1.5*sqrt (Tt/S)

Staff requires the ROI and drawdown which will be realized at each satellite to assess the

impacts of consumptive use on surrounding private wells and to provide reasonable

assurance of the safe operation of the satellites.

Formulation of RAI

Uranium One should provide: (a) the ROI using the estimated T, S and the time of

production and restoration for each satellite welffield, and (b) a prediction of the

drawdown for each satellite wellfield within 2 km for each phase of operation using the

appropriate consumptive use (e.g. 15-45 gpm).

RAI-56 Response

A Theis-based analytical drawdown model for the 70, 80 and 90 Sand units at the

proposed project was completed using site-specific aquifer parameters. The production

sands of the Ludeman Project satisfy the assumptions required by the Theis model to the

extent generally accepted for this type of hydrogeologic evaluation. Project-specific

assumptions and limitations have been noted and discussed in this Memorandum. Model

inputs were entered into AQTESOLV software, and graphs were produced showing the

predicted time-drawdown behavior of the proposed project wellfields. Drawdown contour
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maps showing the estimated location of the five and 25 foot drawdown contours (at
maximum drawdown) were produced using ArcGIS software. The maximum radii of
typical 25 foot drawdown contours ranged from approximately seven to 16 miles, and the
maximum radii of five foot drawdown contours ranged from about 14 to 29 miles. Non-
ideal aquifer conditions in the vicinity of the site could potentially alter the magnitude
and extent of actual versus modeled drawdowns.

Methods and Limitations

Project background information and data for model input were provided to
HydroSolutions by TREC. Specifically, TREC provided a project operational schedule, a
project summary, versions of Appendix D6 Hydrology (Uranium One, 2010) and
Appendix A-] Pump Test Report (Uranium One, 2010), a digital ArcGIS shapefile
showing wellfield locations, and other documents and figures associated with the
Ludeman Project. Project-specific model input data were determined from these

documents and through communication with TREC. Additionally, data available on the
hydrogeologic properties of Eocene and Paleocene confining units in the Powder River
Basin, as summarized in the Powder River Basin Oil and Gas EIS Technical Report on
Groundwater Modeling (Applied Hydrology Associates, Inc. and Greystone
Environmental Consultants, Inc., 2002), were reviewed.

Analytical Model and Assumptions

The Hantush-Jacob (1955) analytical model for non-equilibrium radial flow to a well in a
leaky confined aquifer was selected for estimation of cumulative groundwater drawdown
associated with the Ludeman Project. The Hantush-Jacob equation provides a solution for
determining groundwater flow and drawdown in time and space around a pumping well
completed in a leaky confined aquifer.

In most natural settings, aquifer "confinement" tends to be imperfect, and typical
confined aquifers receive some recharge by vertical leakage through confining units. The
Hantush-Jacob leaky confined aquifer model allows for a more realistic prediction of
groundwater drawdown in these leaky-confined hydrogeologic settings than the Theis
model by accounting for this vertical leakage phenomenon. Furthermore, implementation
of the Hantush-Jacob model with computer software lends itself to superposition of
results through time and space, which allows the model to more accurately represent the
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interaction between different wellfields throughout the project area over the full duration

of the project.

The 70, 80 and 90 Sand aquifers satisfy the requisite assumptions for application of the

Hantush-Jacob model to the extent generally accepted in this type of hydrogeologic

evaluation. General assumptions associated with application of the Hantush-Jacob model

include those associated with the Theis (1935) model for confined aquifers, as well as

several additional assumptions. The following list presents a summary of these

assumptions:

* The aquifer is leaky-confined;

* The aquifer and leaky confining unit have an apparent infinite extent;

* The aquifer and leaky confining unit are homogeneous, isotropic, and of

uniform thickness over the area influenced by pumping;

* The aquifer is compressible, and water is instantaneously released from storage

as head is lowered;

* Groundwater storage is negligible in the leaky confining unit;

* The potentiometric surface of the aquifer is horizontal prior to pumping;

* The well is pumped at a constant rate;

* Flow to the pumping well is horizontal, and flow through the leaky confining

unit is vertical;

* The well diameter is small, such that well storage is negligible, and the well is

100 percent efficient; and

• The leaky confining unit is overlain or underlain by an aquifer that maintains

constant head at all times.

Further assumptions related specifically to this Ludeman Project model include:

* The modeled aquifers are not in hydraulic communication with the North Platte

River; and

" The groundwater drawdown pattern associated with each wellfield can be

approximated by utilizing a single hypothetical pumping well located at the

center of each wellfield.

Analytical Model Limitations

Boundary conditions present a common challenge to the prediction of groundwater

behavior using analytical models. Geologic data indicated that each of the production
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sands at the Ludeman project is bounded on top and bottom by low permeability
confining units. The use of the Hantush-Jacob leaky confined aquifer model accounts for
vertical recharge through confining units, and is therefore expected to improve the
accuracy of drawdown predictions over the Theis model in this situation. The most
limiting of the remaining model assumptions relate to the horizontal continuity of the
aquifers and the potential for lateral boundary conditions. The production sands are not
everywhere laterally continuous; however the analytical model assumes continuity, which

could have the effect of altering observed drawdown patterns compared to modeled
drawdown patterns. The possible effects of these lateral boundary conditions are
discussed further below.

The project area is located near the southern edge or the Powder River Basin, and the
targeted aquifer units crop out between the project area and uplifted basement rocks of
the Laramie Mountains to the south (Love & Christiansen, 1985). Hydrologic studies of
the Ludeman site found that the 70 Sand is continuous beneath the area, but that the 80
and 90 Sand aquifers are not everywhere continuous, and crop out in the southeastern
portion of the site (Uranium One, 2010). Discontinuous aquifers will not respond ideally
to drawdown, and may show locally greater drawdown near pumping wells and less
drawdown at greater distances.

Specifically, the outcropping of the 80 Sand and 90 Sand aquifers suggest the possibility
of a recharge boundary. Potential lateral recharge from an outcrop is not accounted for in
this implementation of the Hantush-Jacob model. However, the existence of such a

boundary could serve to restrict the extent and magnitude of drawdown. The site studies,
however, found that all three production sand units were well confined on top and bottom
by shale units within the proposed area of injection and recovery.

This model assumes that groundwater withdrawals are made from a single hypothetical

point at the center of each wellfield. This point has been represented by a single well in
the analytical model. This single well approximation results in near-well drawdowns that
may at times exceed the available drawdown of the aquifer, and are thus unrealistic.
However, based on a limited sensitivity analysis conducted prior to full-scale modeling,
these effects are most pronounced in the near field and decrease dramatically with
distance from the pumping center. At the scale of interest for this model, the single
pumping center approach produces a close approximation of the geometry and magnitude
of groundwater drawdown from an actual wellfield. Therefore, use of a single pumping
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center per wellfield is acceptable for the purpose of estimating cumulative drawdown for
the Ludeman Project.

Analytical Modeling Methods

The Hantush-Jacob (1955) model was implemented using AQTESOLV software
(Duffield, 2007) to calculate the predicted magnitude and extent of drawdown in each
aquifer. ESRI ArcGIS software was utilized to aid with the input of spatial data and to
contour and present the estimated groundwater drawdown produced by the model. This
sub-section discusses the methods used to determine model input parameters, and the
modeling methods. Specific model input parameters are presented in detail in the next
section, Model Inputs.

Wellfield locations and groundwater consumption rates and schedules were based on
information provided by TREC. Groundwater withdrawal rates were estimated by using
wastewater production as a proxy for net consumptive use rates of the wellfields.
Wastewater production rates are expected to approximate the difference between the rate
of groundwater withdrawal and the rate of injection during operations. Separate model
runs were conducted for the 70, 80 and 90 Sands.

The Hantush-Jacob analytical model equates the tendency of a confining layer to leak
with a parameter called the leakage factor (B), which is related to the thickness and
hydraulic conductivity of both the pumped aquifer and the confining layer (Neuman &
Witherspoon, 1969) (Fetter, 2001). Small leakage factors correspond to highly leaky
confining layers, whereas large leakage factors correspond to minimal leakage through
confining units. The reciprocal of the leakage factor (1/B) is commonly utilized in
practice. When the reciprocal is used, the above relationship is inverted such that large
1/B values correspond to highly leaky confining layers, and small 1/B values correspond
to minimal leakage through confining units.

In order to calculate leakage factors, average confining unit thickness was determined by
subtracting the thickness of sand units from the total thickness of the stratigraphic section
in three locations along Cross-Section C-C' and three locations along Cross-Section K-K'
(Uranium One, 2010). Vertical hydraulic conductivity for the confining units (Kv) was
estimated based on values of Kv reported for Eocene and Paleocene confining units in the
Powder River Basin in the Powder River Basin Oil and Gas EIS Technical Report on

Groundwater Modeling (Applied Hydrology Associates, Inc. and Greystone
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Environmental Consultants, Inc., 2002). AQTESOLV software utilizes the leakage factor
in its reciprocal form (1/B), which was calculated for each aquifer using the above
sources of information in addition to site specific data.

The pumping wells representing the withdrawal points in the model were located at the

geographic center of each wellfield, using the ArcGIS Spatial Statistics tool package
Mean Center tool. Positions of the pumping wells used to represent each wellfield were

input into AQTESOLV, along with other aquifer properties (see Model Inputs section).
The Hantush-Jacob model was then applied to each aquifer to predict the magnitude and
distribution of groundwater drawdown around the project area over the duration of the
project. The principle of superposition was utilized to account for the effects of multiple

active wellfields, pumping rates and pumping periods across the project area (Duffield,
2007) (Reilly, Franke, & Bennett, 1987).

Using the results of the model runs, the time(s) of maximum drawdown during the
project duration were identified for each aquifer using time-drawdown plots.
Subsequently, the model-predicted drawdown in and around the project area was output
to ArcGIS for the production of drawdown contour maps at the time(s) of maximum
drawdown in each aquifer.

Model Inputs

With the exception of confining unit hydraulic conductivity, all model input data were
based on the hydrologic studies of the site conducted by Uranium One or its predecessors
in interest (Uranium One, 2010). Details of the pertinent physical aquifer and confining

unit parameters, as well as the consumptive use schedule and rates utilized in the
drawdown models, are presented in Tables 1-4. In the model, the beginning of 2013 was

selected as time = 0, because this is the point at which the first consumptive use of
groundwater is scheduled to begin.

Physical aquifer parameters were determined from the Pump Test Report (Uranium One,
2010), and were confirmed with TREC. The parameters utilized for the 70, 80 and 90

sands are summarized on Table 1. Average confining unit thickness was estimated to be
66 feet using geologic data provided by TREC and the method described previously.
Confining unit vertical hydraulic conductivity was estimated at 6 x 10-5 ft/day using
published data (Applied Hydrology Associates, Inc. and Greystone Environmental
Consultants, Inc., 2002). Using these representative confining unit properties, along with

June 2013 B-6



4uranium one Ludeman ProjectInvesting in our energy TR RAI Response Package

70, 80 and 90 sand hydraulic conductivity and thickness values, reciprocal leakage

factors (1/B) were calculated for each sand unit and are also presented on Table 1.

Average wastewater production rates of the satellite facilities were provided to

HydroSolutions as a means to estimate consumptive groundwater use. During production,

the wastewater production is estimated to range from 15-45 gallons per minute (gpm),

and average 30 gpm. During restoration (reverse osmosis treatment), wastewater

production is estimated to range from 60-150 gpm. These rates are not necessarily unique

to any single wellfield, because satellite facilities each serve multiple wellfields, at times

in different production phases. Therefore, precise consumptive use at each wellfield

could not be determined at this time. Rather, rates of 30 gpm during production and 105

gpm during restoration were used as estimates of consumptive groundwater use by each

wellfield. These rates are expected to produce reasonable estimates of drawdown.

The rates (in gpm), and timing of consumptive use for each aquifer, are presented on

Tables 2 through 4. These values, along with pumping center locations, were entered into

the analytical model.
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Results and Discussions

Drawdown contours produced by the model were typically circular to somewhat elliptical
in shape, depending on the distribution of active pumping centers in a given aquifer. At
the time(s) of maximum drawdown, 25 foot drawdown contours for the 70, 80 and 90

Sand units had maximum radii that ranged between about 1.2 to 2.4 miles from their
approximate pumping centers (wellfields) at the Ludeman site. Five foot drawdown
contours for the 70, 80 and 90 sands typically had radii of approximately 3.4 to 4.8 miles
from the pumping centers. A summary of approximate radial distances to the five and 25

foot drawdown contours for each aquifer is presented on Table 5.

Graphs showing the modeled time-drawdown characteristics of the pumping centers in
each aquifer over the duration of the project are presented on Figures 1-3. Results of the

analytical drawdown modeling are also presented as drawdown contour maps on Figures
4-8. Due to the operational schedules of the 80 and 90 Sand units, two distinct drawdown

peaks were noted in the model output, which correspond to unique areal drawdown
patterns. Thus, individual contour maps were prepared for both the first and second peaks
in these cases.

Due to the low vertical hydraulic conductivity of the confining units, leakage across the
confining units is expected to occur slowly in response to pumping. Therefore, the effects
of this leakage on the observed drawdowns may not be evident in data collected during

short-duration pumping tests at the site. However, on the scale of many years, over which
the Ludeman Project will take place, it is reasonable to expect that the relatively slow

leakage through the confining layers will make a substantial recharge contribution to the
pumped aquifers. This vertical recharge contribution is expected to limit the geographic
extent of drawdown to a degree, as predicted by these modeling results.

The physical properties of the confining units used in this model are expected to represent
reasonable estimates for an average confining unit in the general project area. Note,
however, that the results are sensitive to changes in these parameters. Specifically, as a

confining unit thins, and/or its Kv increases, the modeled zone of influence (drawdown)
contracts to smaller and smaller radii. Conversely, as a confining unit thickens or its Kv
decreases, the modeled zone of influence will expand until it eventually converges with
the Theis solution at large thicknesses or very small values of Kv.
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By accounting for recharge from slow vertical leakage across confining units, the
Hantush-Jacob model presents a more realistic estimate of drawdown for the Ludeman
project setting compared to a Theis-based model that ignores recharge. Still, as indicated
in the Methods and Limitations section, other non-ideal aquifer conditions would, to
some extent, alter actual drawdown patterns compared to those predicted by this model.
Small-scale boundary conditions, such as those that may exist between discontinuous
segments of the 80 Sand and 90 Sand, would likely cause localized areas of increased
drawdown immediately surrounding active wellfields. However such conditions would
also limit the more distant extent and magnitude of drawdown.
Lateral boundary conditions due to outcropping of the 80 and 90 Sand units could result
in offsetting effects. For instance, such boundaries could cause an increase in observed
drawdown between the site and the outcrop and expansion of the drawdown elsewhere.
However, periodic recharge at these outcrops would also be likely to have a limiting
effect on the zones of influence.

Summary

A Hantush-Jacob based analytical drawdown model for the 70, 80 and 90 Sand units at
Uranium One's Ludeman Project was completed using site-specific aquifer parameters,
and estimates of confining unit characteristics. This model is expected to produce more
accurate long term drawdown predictions than a Theis model, because it accounts for
aquifer recharge from small amounts of leakage through confining units. The production
sands of the Ludeman Project satisfy the assumptions required by the Hantush-Jacob
model to the extent generally accepted for this type of hydrogeologic evaluation. Project-
specific assumptions and limitations have been noted and discussed in this Memorandum.

Model inputs were entered into AQTESOLV software, and graphs were produced
showing the predicted time-drawdown behavior of the Ludeman Project wellfields.
Drawdown contour maps showing the estimated location of the five and 25 foot
drawdown contours (at maximum drawdown) were produced using ArcGIS software.
The maximum radii of typical 25 foot drawdown contours ranged from approximately 1.2
to 2.4 miles, and the maximum radii of five foot drawdown contours ranged from about
3.4 to 4.8 miles. Non-ideal aquifer conditions in the vicinity of the site could potentially
alter the magnitude and extent of actual versus modeled drawdown, and the model is also
sensitive to changes in the thickness and vertical hydraulic conductivity of the confining
units.
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Table 1: Aquifer Parameters Used in Analytical Drawdown Model.

Aquifer

Parameter 70 Sand 80 Sand 90 Sand

Transmnissivity

(ft 2/day) 96.4 70.0 94.6

Storativity (unitless) 5.08 x 105- 7.75 x 10.' 5.57 x 10-'

Average Saturated 4275 66.25 48.75
Thickness (ft)

Hydraulic

Conductivity 2.25 1.06 1.94

(ft/day)

1/B (ft') 9.7 x 10-' 1.1 x 10-4 9.8 x 10-5
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Table 2: 70 Sand consumptive use schedule showing estimated gallons per minute of

consumptive use by year and wellfield.

Production periods are shown in blue, restoration periods are shown in green, and periods of no
groundwater withdrawals are white.
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Table 3: 80 Sand consumptive use schedule showing estimated gallons per minute of

consumptive use by year and wellfield.

Elapsed Time in Years (Calendar Year)

Production periods are shown in blue, restoration periods are shown in green, and periods of no
groundwater withdrawals are white.
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Table 4: 90 Sand consumptive use schedule showing estimated gallons per minute of
consumptive use by year and wellfield.

90 Sand
Welfield

la

6

Production periods are shown in blue,
groundwater withdrawals are white.
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Table 5: Approximate maximum radii (in miles) of five and 25 foot drawdown

contours from center of maximum drawdown at time(s) of maximum predicted

drawdown (n/a indicates not a time of maximum drawdown).

Time = 5.5 years Time = 9 years Time = 11 years

Drawdown

contour -) 5 ft 25 ft 5 ft 25 ft 5 ft 25 ft

70 Sand n/a n/a 4.8 2.4 n/a n/a

80 Sand 3.4 1.4 n/a n/a 3.4 1.4

90 Sand 3.5 1.2 n/a n/a 3.5 1.2
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Figure 1: 70 Sand aquifer time-drawdown graph showing model estimated
drawdowns in active 70 Sand weilfields during project lifespan. Based on current
schedule; time = 0 corresponds to beginning of year 1. Displacement is shown in
meters.
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Figure 2: 80 Sand aquifer time-drawdown graph showing model estimated
drawdowns in active 80 Sand welifields during project lifespan. Based on current
schedule; time = 0 corresponds to beginning of year 1. Displacement is shown in
meters.
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Figure 3: 90 Sand aquifer time-drawdown graph showing model estimated
drawdowns in 90 Sand wellfields during project lifespan. Based on current
schedule; time = 0 corresponds to beginning of year 1. Displacement is shown in
meters.

100.

80.

.g.

8

.1*

60.

40.

20.

0.
1. 10. 100. 1000.

Time (day)
1.OE+4

June 2013 B-18



K
r ~-Y~

"I
Sundoelast

Flats

I

171

7-

I),, 1~t
,lfp~

T im.e = 9years£1

10*%.,# 5 ft Drawdwn Cwbw

251 Drwwdmn Con6Mx

VMWad

AWN wf, fto awl go j4ydm
Pvbý OMWA"00, 2012

-1 &h&M

~~f4 Min



I-N Sundouiat
Mlats

.11 /
-' *IT-w

qIto
Y

'ý I w -\-- -'K
C, Tme. =5.5years

40%*5 ft1 DU.~n ob

4' %. 2 ftIZL1ownCobu
40 WUfsd

B-20JuF/c LVI3 TR RAI Response



ldA Subdomist
Fltst

N *1711 m

"tie

a

June



Sundouist
Fitmt

/

-~ 1713 m

f' t e

/

'_1 -e 1-01 -

Ca

Figue 7'

90 SadIstDadonPa

5ft &rwm CW L -t

B-22civlU TR RAI Response Package



~A Sundovist
Flats

I

.1713 m

I

wW-

Fiue8

90Sfd 2d5 cDIrawnPa

Time ~m 4 Iyer

4 i



ATTACHMENT D2

Cameco Deep Disposal Well Final Radius of Review (FROR)
Calculations
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ATTACHMENT E

POTENTIAL IMPACTS FROM IRRIGATION WELL SMITH #1



AQUI-VER, INC. Cameco

INTRODUCTION

Power Resources, Inc. d/b/a Cameco Resources (Cameco) has conducted an assessment to evaluate

potential hydrologic impacts of the Smith #1 Irrigation Well on ISR wellfield operations at the Smith Ranch-

Highland-Reynolds Ranch (SRH-RR) facility. The Smith #1 well is located in Section 12, T35N, R74W. The

well is located approximately 3,200 feet east of the closest injection and production wells in Mine Unit 15A

(See Figure 1). This assessment was requested by the United States Nuclear Regulatory Commission
(NRC) in their review of the Technical Report (TR) portion of the license renewal application for Source

Materials License SUA-1 584 as a Request for Additional Information (RAI) 8. Specifically, RAI 8 states:

"Cameco stated two irrigation wells were completed in Section 12 of T35N, R74 Won page D6-12 of the

Wyoming Department of Environmental Quality (WDEQ) Smith Ranch permit. Staff was not able to find

the Wyoming State Engineer's Office (WSEO) permit numbers for these wells to determine their
completion interval or ground water rates to assess if they may affect the safety of operations.

Please provide the WSEO permit names for the two irrigation wells installed in Section 12 of T35NR74 W

Please identify the aquifers in which these wells are completed. Please provide the current status of these

wells. Please assess if the ground water use at these wells could affect hydraulic control of nearby mine

units within the Smith Ranch license area".

IMPACT ASSESSMENT

A single permitted irrigation well is located within Section 12 of T35N, R74W. The permit number is P2414W

(Smith #1). WSEO records indicate that this well has a total depth of 600 feet, a static water level of 154 feet,

and has a permitted maximum flow rate of 100 gpm. The well is perforated from 218-230, 350-400, 402-420,

and 450-555 feet below ground surface. The lower perforated zones are located in the O-Sand within the

Fort Union Aquifer System. This well is located approximately 3,200 feet east of the closest injection and

production wells (P196924W) in Mine Unit 15A (T25N, R74E, Sec 11, SENE). The injection and production

wells are also perforated in the O-Sand.

A groundwater model simulation was performed to address the influence of irrigation well Smith #1 on

wellfield operations in the nearest mine unit completed within the O-Sand (MU-15A). The following

operational parameters were assumed for the simulation:

" Irrigation well Smith #1 operates for approximately 5-months per year, corresponding to the

approximate maximum length of the irrigation season.

" The well operates at a pumping rate of 100 gpm for a maximum of 12-hours per day.

" Based on the aforementioned well completion data, the well pumps water from the U-Sand, Q-Sand,

and O-Sand (model layers 3 through 19). The model apportions pumping to each layer based on the

relative transmissivity of these aquifers.

" Neighboring wellfields are assumed to be in operation at same time as Smith #1. A conservatively low

total wellfield bleed rate of 9 gpm was utilized for MU-15A, distributed as three pumping centers

across the mine unit, corresponding to the minimum average annual bleed rate for MU-15A at any

point during mine unit lifecycle.
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The resulting maximum drawdown and radius of influence produced by irrigation well Smith #1 after 5
months of irrigation is shown on Figure 1. These results demonstrate irrigation pumping from Smith #1
should not adversely affect hydraulic control of mining solutions in neighboring mine units, as the drawdown
and resulting radius of influence produced by irrigation pumping is insufficient to overcome the inward
hydraulic gradient produced by the production bleed in MU-15A.
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ATTACHMENT F

POTENTIAL IMPACTS FROM HYDRAULIC FRACTURING WATER SUPPLY WELLS
P193308.0W AND P1 89481.0W
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INTRODUCTION

Power Resources, Inc. d/b/a Cameco Resources (Cameco) has conducted an additional assessment to

evaluate potential hydrologic impacts of two hydraulic fracturing water supply wells not included in the
original Cumulative Hydrologic Impact Assessment report dated January 12, 2013. The two wells of interest

are shown on Figure 1. This assessment was requested by the United States Nuclear Regulatory
Commission (NRC) in their review of the Technical Report (TR) portion of the license renewal application for
Source Materials License SUA-1 584, as a Request for Additional Information (RAI) 9. Specifically, RAI 9

states:

"Cameco identified three new wells, P193308.0W, P189481.0W, and P193341.0W, which were
installed in either 2009 or 2010 near Smith Ranch. These wells have permitted water use rates

of 150, 25, and 150 gpm. The permits state the wells are associated with oil and gas drilling
operations. Staff could not determine if the wells have been installed or could affect operations.

Cameco approved in either 2009 or 2010. Please provide the current status of these wells.

Please identify the aquifers in which these wells are completed. Please evaluate if the use of
these wells could affect the hydraulic control of nearby mine units in the Smith Ranch license

area."

IMPACT ASSESSMENT

According to the WSEO records, Wells P193308.0W (Spillman Draw Unit 35-73 15-1H water well) and
P189481.0W (Spillman Draw Unit 16-1 water well) were completed in 2011 and 2009 respectively. A third

well permit (Well P193341.0W) was cancelled and is not addressed further here. Well P193308.OWwas
included in the original hydrologic impact evaluation, but was assumed to be completed in the shallow water-
table aquifer, which is incorrect based on recently available completion information.

WSEO records indicate that Well P193308.0W was completed to a total depth of 686 feet in the U/S-Sand,
Q-Sand, and O-Sand of the Fort Union Aquifer System. The well is perforated from 306 to 378, 458 to 485,

540 to 563, and 640 to 665 feet. Static water level was reported to be 77 feet below grade. The well is
permitted for a maximum flow rate of 100 gpm while in operation, with a total maximum permitted water use

of 25 acre-ft/year.

WSEO records indicate that Well P189481.0W was completed to a total depth of 600 feet in the U-Sand, Q-
Sand, and upper O-Sand of the Fort Union Aquifer System. The well is perforated from 360 to 420 and 480
to 540 feet. The static water level was reported to be 124 feet at the time of permit application. The well is

permitted at a rate of 25 gpm while in operation. There is no reported permitted maximum use available in

the WSEO completion records.

A groundwater model simulation was performed to address the potential for influence from hydraulic
fracturing water supply wells P193308.0W and P189481.0W on wellfield operations in the nearest mine units
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located approximately three miles northwest of the supply wells. The following operational parameters were
assumed for the simulation:

" Fracturing supply well P193308.0W operates continuously for approximately 56.6 days per year,
equivalent to 100 gpm constant pumping rate for a maximum use of 25 acre-ft/year.

* Based on the aforementioned well completion data, well 193308.0W pumps water from the U-Sand, Q-
Sand, and O-Sand (model layers 3 through 19). The model apportions pumping to each layer based
on the relative transmissivity of these aquifers.

" Fracturing supply well P189481.0W was conservatively assumed to operate year-round at a constant
pumping rate of 25 gpm.

Based on the aforementioned well completion data, well 189481.0W pumps water from the U-Sand, Q-

Sand, and upper O-Sand (model layers 3 through 17).

The hydrologic impact model was run for a period of 1-year and the maximum observable drawdowns were
calculated over time and in each pumped model layer. The resulting maximum drawdown produced by
pumping the supply wells P193308.0W and P189481.0W is shown on Figure 1. The effective drawdown
from these wells is essentially zero (0.1 foot or less) at a distance of 8,000 feet or less from the pumping
source. The 0.1 drawdown contour (Figure 1) is approximately three miles from the nearest operating mine
unit (Mine Unit 15A). These results demonstrate that these two supply wells should not affect hydraulic
control of mining solutions in the nearest mine units, as the resulting drawdown is much too limited to
influence operations at Smith Ranch.
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1. EXECUTIVE SUMMARY

Cameco Resources (Cameco) has conducted an assessment of the hydrologic impacts resulting from future
uranium In-Situ Recovery (ISR) operations at the Gas Hills ISR property in Natrona and Fremont Counties,
Wyoming. The site is located in the eastern portion of the Gas Hills Uranium District approximately 65 miles

west of Casper and 45 miles east of Riverton.

The primary objective of this assessment was to predict the cumulative hydrologic impact (drawdown)
resulting from the Gas Hills ISR facility and other industrial developments in the area. The Strathmore
Minerals Corporation has proposed an ISR and open-pit uranium mine near the Gas Hills ISR facility;
however, details related to the proposed mining operation are not available at this time, and it is uncertain if
or when development will proceed in the future. There are no other existing or planned industrial
developments (oil, gas, or mineral) in the Project area that would utilize significant groundwater resources.
Therefore, this assessment is limited to hydrologic impacts related to Cameco's Gas Hills ISR operation.

Hydrologic impacts due to the Gas Hills ISR development were simulated using a three-dimensional
groundwater flow model. Hydrologic impacts were evaluated over an estimated 20 year ISR development
and restoration period. The drawdown impact computed by the groundwater flow model was evaluated at 45
water well and spring locations within a 10-mile radius of the Gas Hills facility.

As a conservative measure, the impact simulations were run using worse-case or maximum groundwater
withdrawal rates for the mine development (1 percent production bleed and 20 percent restoration bleed). In
practice, it is likely that groundwater withdrawals during restoration will be substantially reduced (e.g. 5
percent restoration bleed) by recovery of condensate from a planned forced evaporation treatment system.

In general, maximum drawdown impacts are predicted to occur around Development Years 8 and 9,
corresponding to the period of maximum groundwater withdrawals. Maximum on-site drawdown impacts are
predicted to be approximately 10-feet at the permit boundaries within the production sand aquifer. Impacts
to all domestic and stock wells are predicted to be less than 1-foot over the life of the mine development,
with no measurable decrease in spring flow. Drawdown impacts are predicted to be relatively small primarily
because stock and domestic wells are installed in the shallow water-table aquifer and are hydraulically
isolated from the underlying production sand aquifer by lower permeability sediments. Drawdown in the
production sand aquifer is also limited by the presence of pit lakes with large storage capacity, areas of
higher transmissivity across the eastern portion of the facility, and the location of the facility adjacent to the
Beaver Rim groundwater recharge area. Although not simulated, the presence of abandoned underground
mine workings within Mine Units 2, 3, 4 and 5 should also act to reduce drawdown impacts due to the high
conductivity and storage capacity of the workings.
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3. GEOLOGY

The following is a brief description of the geology in the vicinity of the Project as reported in Appendix D5 of
Cameco (1998). For additional geologic information refer to this document.

3.1 Regional Geology

The Project is located in the Wind River Basin, which is an 8,000 square mile, trapezoidal shape foreland
basin. The basin is asymmetrical with its synclinal axis located along its northern flank. The Wind River
Basin was formed along with other major Wyoming basins during the late Cretaceous and early Tertiary by a

major tectonic event, commonly known as the Laramide Orogeny. The Laramide Orogeny folded the Pre-

Tertiary sediments into a series of asymmetric anticlines and synclines which plunged northwest into the
Wind River Basin. By the end of the Paleocene, these features had been highly incised and breached by

erosion. During the early Eocene, high energy streams emanating from the Granite Mountains deposited

their sedimentary load onto the erosional surface in the Gas Hills Area creating a series of alluvial fan
deposits. This resulted in an angular unconformity as the Early Eocene alluvial fans were deposited onto the

steeply dipping Lower Cretaceous to Pennsylvanian aged sediments. These alluvial fan sediments
coalesced to form the Wind River Formation, which is the uranium host in the Gas Hills.

During the late Eocene, fluvial and lacustrine sediments were deposited in the area forming the Wagon Bed
Formation. Regional uplift occurred during the early Oligocene and the area was deeply eroded. The

erosional surface of the Wagon Bed Formation was covered in a thick sequence of airborne derived

tuffaceous siltstone forming the early Oligocene White River Formation.

A regional tectonic extension event occurred during the late Miocene to early Pliocene, which resulted in the

collapse of the Granite Mountains and the formation of the Split Rock Syncline. Within the permit area, along

the north flank of the Split Rock Syncline, the Wind River and younger formations were tilted 1 to 3 degrees
to the south and cut with several east-west trending normal faults. Deposition continued during the Miocene
as aeolian and fluvial sediments were deposited in the Split Rock Syncline forming the Split Rock Formation.

Regional uplift during the late Pliocene and early Pleistocene started the present day cycle of erosion in the

area. As shown by the regional geologic map in Figure 2-1, the Wagon Bed, White River, and Split Rock
Formations have been eroded away from the stratigraphic sequence to the north of the Beaver Rim
Escarpment. The Beaver Rim Escarpment and Pre-Tertiary bedrock outcrops are shown by Figure 3-1.
The Wagon Bed and White River Formations outcrop along the Beaver Rim Escarpment and are also found
in the subsurface to the south of the Beaver Rim Escarpment. The Split Rock Formation is found at the
surface and to the south of the Beaver Rim Escarpment. Unconformities reportedly exist between the Split
Rock/White River contact and the White River/Wagon Bed contact; however, little information is available

regarding the extent and location of these unconformities in the site vicinity.

Although the Pre-Tertiary structures (faulting and folding) controlled the deposition of the Wind River
Formation, they do not offset the formation and, thus, do not influence ISR mining development or the

uranium deposits within the Permit Area. Normal faulting, which occurred during the late Miocene and early
Pliocene may have local effects on ISR mining. Traceable faults have been mapped within the permit area

and reportedly have enough displacement to offset sand units to the point that hydrologic continuity may be

interrupted. However, historical site specific pumping tests conducted to date have not identified significant
hydrologic boundary conditions that can be conclusively attributed to faulting. As such, faulting was not

included in the groundwater flow model described in Section 4.
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Table 3-1 summarizes the stratigraphy of the Project area through the Pre-Tertiary unconformity. This
unconformity marks the bottom of the groundwater model as discussed in Section 4.

Table 3-1. Stratigraphy of the Gas Hills ISR Project Area

Age Formation Thickness Aquifer

Quaternary Alluvium (Qa) 0-20 feet Yes

Early-Middle Miocene Split Rock Formation 0-100 feet Yes
(Tsr)

Unconformity

Early Oligocene White River Formation 200-500 feet Yes
(Twr)

Unconformity

Middle-Late Eocene Wagon Bed Formation 0-500 feet No
(Twb)

Early Eocene Wind River Formation 0-850 feet Yes
(Twdr)

Unconformity

Pre-Tertiary Various Formations +1000 feet

Note: Stratigraphy after Love (1970) and aquifer designation after Richter (1981).

3.2 Project Geology

Cross-sections and structure maps summarizing the Project geology were included in Appendix D5 of the
Wyoming Department of Environmental Quality (WDEQ) Permit Application (Cameco, 1998). These cross-
sections were developed based on geophysical logs and geological interpretation of numerous exploration
boreholes advanced within the Project boundary.

As discussed previously, the recoverable uranium mineralization is contained within the Eocene Wind River
Formation. Cameco has subdivided the Wind River Formation locally into a series of semi-continuous "sand"
and "shale" units. The "sand" units are numbered by even increments of ten (i.e., 30 Sand, 40 Sand, etc.)
which represent zones of coarser clastic sediments and are predominantly comprised of medium to coarse
arkosic sandstone with interbedded granitic pebble to boulder conglomerates. The "shale" units represent
zones of finer sediments and consist of claystone, mudstone, siltstone, and minor amounts of fine grained
sandstone. Sands 30 through 90, in ascending order vertically, have been defined within the Permit Area.
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These sand units form the Wind River Aquifer System and the ISR production aquifer). In some areas,

shallow sand units such as the 80 and 90 Sands are currently unsaturated due to residual drawdown effects

from historical open pit mine dewatering in the Project area.

3.2.1 Mine Unit 1

Mine Unit 1 is located in the west central permit area (Figure 2-2). The production target in this mine unit

are roll fronts in the 70 sand, which is part of the Coyote Creek Fan System. This sand unit consists of

medium to very coarse grained arkosic sandstone. The 70 Sand ranges in thickness from 20 to 80 feet. The

70 Sand is a well defined single sandstone bed that is generally underlain and overlain by continuous shale

beds. The upper unit that overlies the 70 sand ranges from 55 to 150 feet in thickness and separates the 70

Sand from several thin discontinuous sandstones. The lower confining unit ranges from 20 to 50 feet in

thickness and separates the 70 Sand from the underlying 50 Sand. In this area of the Project the 60 Sand is

thin and discontinuous and is generally part of the thicker 50 or 70 Sands. The 30, 40, 80, 90 Sands are
missing from the Wind River Formation in this area of the site. The 50 Sand is underlain by interbedded clay

and silt followed by the Triassic Chugwater Formation siltstone.

3.2.2 Mine Unit 2

Mine Unit 2 is located in the east central permit area (Figure 2-2). The production targets in this mine unit

are roll fronts in the 40, 50, 60, 70, and 80 Sands. The sands consist of medium to very coarse grained

arkosic sandstones with cobble and boulder conglomerate interbeds. The individual sandstones within this
area range in thickness from zero to 100 feet. The sands are typically separated vertically by confining units

which range from 5 to 20 feet in thickness. These shale confining units tend to be continuous within the mine

unit area. Within the mine unit the 40 Sand corresponds with the uppermost 50 feet of the East Canyon
Conglomerate Member of the Wind River Formation. The upper confining unit consists of siltstone and

claystone and overlies the upper most uranium bearing sand (70 Sand) throughout the east central Permit

Area. The confining unit ranges from 75 to 400 feet in thickness. In this area of the Project the 30 and 90

sands are missing from the Wind River Formation. The confining unit below the East Canyon Conglomerate
Member of the Wind River Formation is the Triassic Chugwater Formation siltstone.

The five target production sands (40, 50, 60, 70, and 80 Sands) coalesce in the eastern portion of the mine

unit and are to be treated as one production zone according to the LQD Plan of Operations (Cameco, 2011).

3.2.3 Mine Unit 3

Mine Unit 3 is located in the western permit area (Figure 2-2). The production targets in this mine unit are
roll fronts in the 30, 40, and 50 Sands. The sand units consist of medium to very coarse grained arkosic

sandstones. The individual sand units range in thickness from 0 to 50 feet. The sands are typically

separated by confining claystones and siltstones which can range up to 30 feet in thickness. The upper

confining unit is a claystone which is contiguous throughout the proposed mine unit. This claystone ranges
from 5 to 40 feet in thickness and overlies the 70 sand. The confining units immediately underlying the

proposed production sand in this area are claystones and mudstones of the Wind River Formation or shales

of the Pre-Tertiary Formations. There is not a well developed underlying aquifer in close vertical proximity to
the ore zone aquifers.

The 30 through the 70 Sands coalesce along the northwest side of the mine unit and are to be treated as

one production zone according to the LQD Plan of Operations (Cameco, 2011).
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3.2.4 Mine Unit 4

Mine Unit 4 is located in the eastern Permit Area (Figure 2-2). The production targets in this mine unit are
roll fronts in the 50 through 80 sands south of the Buss Fault and the 50, 60 and possibly the 70 Sands to
the north of the Buss Fault. These sand units consist of medium to very coarse grained arkosic sandstones
with cobble and boulder conglomerate interbeds. The reclaimed Buss open pit mine located to the northeast
has lowered the potentiometric surface within portions of Mine Unit 4. Roll fronts in the higher section (70
and 80 Sands) near the open pit may be excluded from development due to insufficient hydrostatic head.
The individual sandstones within the area range in thickness from 30 to 100 feet. The sands can be

separated vertically by mudstone or siltstone interbeds which can range from zero to 15 feet in thickness.
The upper confining unit overlies the 90 Sand throughout the mine unit area south of the Buss Fault and

ranges from 10 to 100 feet in thickness. A thinner (10 to 40 foot), yet locally continuous confining bed
overlies the 80 Sand, south of the Buss Fault. The confining unit north of the Buss Fault is the shale on top
of the 60 Sand and ranges from 10 to 20 feet thick. The confining unit below the 50 Sand throughout Mine
unit 4 ranges from 50 to 30 feet thick in the planned pattern development area. This confining unit separates
the 50 Sands from the underlying East Canyon Conglomerate. The East Canyon Conglomerate lies on top of
the Wind River shales or unconformably on top of the Pre-Tertiary Formations.

The production zone confining units are not always contiguous and frequently disappear allowing

coalescence of sand units within the proposed well field areas. As such, the 50 through 80 sands are to be
treated as one production zone according to the LQD Plan of Operations (Cameco, 2011).

3.2.5 Mine Unit 5

Mine Unit 5 is located in the northeast permit area (Figure 2-2). The production targets in this mine unit are
roll fronts in the 50 Sand. This horizon consists of medium to very coarse grained arkosic sandstones with

cobble and boulder conglomerate interbeds. The 50 Sand within this area ranges in thickness from 50 to 70
feet. The 60 Sand within the Pix area may interfinger with the 50 Sand and generally represents a single
sand unit for hydrologic purposes. An upper confining unit overlies the 50 Sand throughout the mine unit
area and ranges from 15 to 40 feet in thickness. The confining unit below the 50 Sand ranges from 20 to 40
feet thick. This unit separates the 50 Sand from the underlying East Canyon Conglomerate. The East
Canyon Conglomerate lies unconformably on Pre-Tertiary formations.
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4. GROUNDWATER FLOW MODEL DEVELOPMENT

Hydrologic impacts resulting from the Project were simulated using MODFLOW-2000, a three-dimensional

groundwater flow model developed by the United States Geological Survey (Harbaugh and others, 2000).

4.1 Model Grid, Layering, and Boundary Conditions

The model domain consists of 3 layers, 469 rows, and 484 columns. The grid spacing varies from 1000-feet

in outlying areas to 100-feet at the site. The model domain is approximately 38 miles east to west and 30

miles north to south. Figures 4-1 illustrates the groundwater flow model grid and orientation. Figures 4-2

through 4-4 illustrate the groundwater flow model boundary conditions for Layers 1 through 3, respectively.

The model domain is generally bound to the east and west by pre-Tertiary outcrops, which are represented

by No-Flow boundaries (see Figure 3-1 for location of pre-Tertiary outcrops and No-Flow boundaries).

Additional inactive cells were assigned to the dry portions of Layers 1 and 2 to make the model more

numerically stable. The southern extent of the model domain is bound by the Sweet Water River, which is

represented by a River Boundary condition in Layer 1. The Sweet Water River is a perennial surface water

body with groundwater providing baseflow to the River. In Layers 2 and 3 constant head boundaries were

assigned below the Sweet Water River to simulate underflow of groundwater in the deeper formations.

General Head boundaries were assigned along the north, east and western model edge where groundwater

flows into and out of the model domain. General Head boundaries were also assigned in Layers 2 and 3

along the Pre-Tertiary contact to the north of the site. In this area of the model domain groundwater is

thought to flow through the Pre-Tertiary materials via joints and other lineaments in the northwesterly

direction.

4.1.1 Faults

Traceable faults within the Project area include the Bountiful, UPZ, Lucky Mc, Jasper, PCH, and Buss faults

(Cameco, 2010). Production sands have been offset locally by up 70-feet by faulting, and a local decrease

or increase in transmissivity has been identified in site-specific pumping tests where significant offset is

observable. In no case do faults act as impermeable barriers to groundwater flow, and the hydrologic

influence of faults appear to be localized. Limited geologic or hydrologic data are currently available to

adequately assess the influence of theses faults on the production zone aquifer and Cameco plans to

perform additional aquifer tests to further evaluate the effects of faulting. As a result, faults were not

simulated in the groundwater flow model due to the localized impact and limited data available to

characterize the faults. On a more regional scale relevant to this assessment, local faulting should have little

effect on predicted drawdown impacts.

4.1.2 Underground Mine Workings and Pits

There have been numerous historical uranium mining developments in the Project area that created open

pits, pit lakes, and underground mine workings (Cameco, 1998). There are several pit lakes within and

adjacent to the Project that are hydraulically connected to ISR production sands, including the Lucky Mc

Area 4, PC, and Buss Pit lakes (Figure 4-5). Given their large storage capacity and conductivity, pit lakes

have a significant influence on the Project hydrology and act to reduce drawdown impacts due to ISR

development (e.g. recharge boundary condition). These pit lakes are included in the groundwater flow

model as areas of high conductivity and storage, with surface evaporation (e.g. evaporative pumping)

incorporated as described in Section 6.1.2. Other pits in the Project area, including the Veca Pit, Tee Pit,
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A-8 Pit, and C-13 Pit have been backfilled and therefore are not expected to significantly influence drawdown

impacts in the Project area.

Underground mine workings from legacy uranium development are present over much of the Project area,

including Mine Units 2, 3, 4 and 5. Given the significant storage capacity and conductivity of the

underground voids, it is expected the mine workings will have a local influence on groundwater hydrology

and act to reduce drawdown impacts of ISR development. However, given the lack of detailed information

concerning the location, configuration, and status of the mine workings, underground workings were not

included in the groundwater model. As such, model drawdown projections could be considered

conservative (e.g. drawdown may be over-estimated).

4.1.3 Hydrostratigraphy and Layering

Table 4-1 summarizes the model layering and associated hydrostratigraphy. Layer 1 includes the Early-

Middle Miocene Split Rock Formation, Early Oligocene White River Formation, and Middle-Late Eocene

Wagon Bed Formation. The Split Rock Formation is generally considered an aquifer, whereas the White

River Formation and Wagon Bed Formation are generally considered aquitards (Richter, 1981). Layer 2

represents the siltstone and claystone aquitard(s) overlying the production zone within the Wind River

Formation, which is represented by Layer 3. Layer 3 represents the ISR production aquifer, and includes a

series of stacked sands separated by lower permeability claystone, mudstone, and siltstone of the Wind

River Formation. As described in Section 3, these stacked sands coalesce in places and act as one unit

and are collectively referred to as the Wind River Aquifer (Cameco, 2010). Layer 3 also includes the East

Canyon Conglomerate, where present, which underlies much of the eastern Project area. The combined

thickness of the production aquifer and the East Canyon Conglomerate exceed 500 feet in the northeastern

portion of the site. The bottom of Layer 3 conforms to the contact between the Wind River Formation and

the Pre-Tertiary unconformity described in Section 3.1.

Perched zones caused by localized faulting and localized low permeability shale horizons are reportedly

present within the Project Area in Mine Units 1 and 5 (Cameco, 2010); however, these zones are by

definition disconnected from the regional water-table and are therefore not included in this impact analysis.

Table 4-1. Model Hydrostratigraphic Summary

Production Average Thickness
Layer Description Geologic Formation Intera (feeT)

Interval (feet)

Split Rock Formation,

1 Aquifer/Aquitard White River Formation, No 300
Wagon Bed Formation

2 Aquitard Wind River Formation No 300

30,40, 50, 60, 70, 80 Yes (except for the
30,40 50,60, 7, 8090 Sand and the30

3 and 90 Sands, East Wind River Formation Eas anyn300

Canyon Conglomerate Conglomerate)

1 - Average thickness based on interpolated layer surfaces within Model Domain and available data from the site. Depth and

thickness vary significantly across the model domain.
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4.2 Model Hydraulic Properties

Aquifer properties were assigned to each model layer including horizontal and vertical hydraulic conductivity,

storage, and top and bottom elevation. A summary of model aquifer properties is provided in Table 4-2.

4.2.1 Hydraulic Conductivity and Storage

Representative values of hydraulic conductivity (K) and storage for each mine unit were developed from
results of site-specific aquifer testing provided for this study (Table 4-2). Since the production aquifer (Layer

3) represents a combination of individual production sand units that have been tested separately in the

Project area, the average horizontal hydraulic conductivity (Kx,y) and specific storage values from aquifer

testing were assigned to Layer 3. Little site-specific information is known about the hydraulic properties of

Layer 1 and Layer 2, and hydrologic properties for these layers were developed based on lithologic

descriptions summarized by Cameco (1998) and associated representative literature values.

Table 4-2 - Aquifer Parameters

Kx,y Specific
Layer (ft/day) Kz (ft/day) Storage . Specific Yield

1 0.5 to 10 6.OE-05 to 1.OE-4 5.36E-06 0.15 to 0.2

2 0.05 to 5 3.OE-05 2 to 1.0e-4 1.00E-06 0.12 3

3 2.0 1 0.2 5.36E-06 1 0.21 4

Note:
1. Average of site specific aquifer tests (Cameco, 2010)
2. Based on vertical permeability data from site specific core samples (Cameco, 2010)
3. Specific yield for a silt (Johnson, 1967)
4. Specific yield for a semi-consolidated sand (Johnson, 1967)

4.2.2 Model Layer Elevation (Depth)

The elevation of the top and bottom of model layers in the Project area were picked based on cross-sections

presented in Appendix D5 of Cameco (1998). In areas beyond the Project boundary, top and bottom

elevations were interpolated based on average depths and thickness observed on-site, local well

construction, and regional geologic trends observed from geologic mapping (Figure 3-1). These data were

used to construct elevation contour maps and isopach (thickness) maps for each model layer as shown by

Figures 4-6 through 4-12. As discussed previously, much of Layer 1 has been eroded from the geologic

sequence to the north of the Beaver Rim Escarpment. This is represented by the grey shaded areas shown

in Figures 4-6 and 4-10.

4.2.3 Recharge

Recharge to the Wind River Aquifer (Layer 3) occurs from precipitation where the formation crops out and

by vertical leakage from overlying sediments (Cameco, 2010). Quaternary alluvium occurs locally within the

model domain and is reportedly recharged by discharge from springs that originate from the post Wind River

Sediments (Cameco, 2010). Layer 1 recharge occurs mainly from infiltration of precipitation. There is an
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apparent groundwater flow divide along the Beaver Rim Escarpment associated with increased recharge
(elevation) and subsurface topographic variation. Recharge from precipitation was input into the model
assuming 0.05 to 2 inches per year (0.004 to 0.18 feet per year) infiltrates into the regional aquifer system,
with the higher values occurring along the mountain fronts and at higher elevations, including the Beaver
Rim Escarpment, and lower values occurring at lower elevations within the model domain. Recharge values
were adjusted during calibration to refine initial estimates.

4.2.4 Evapotranspiration

Evapotranspiration is assumed to occur where the water-table is shallow in the low-land areas of the model
domain, including local drainages. These areas include the northwestern portion of the model, the
Sweetwater River floodplain, along portions of the Beaver Rim Escarpment, and within alluvial drainages
north of the site (Figure 3-1). Model evapotranspiration rates vary from between 0.13 to 3.5 inches per year.
Evapotranspiration values were adjusted during calibration to refine initial estimates.

4.2.5 Springs and Seeps

Numerous springs and seeps are present within the model domain. Springs and seeps were simulated
using the MODFLOW Drain Package. Conductance (flow) of the springs was refined during the model
calibration process.

4.3 Groundwater Wells, Springs, and Drawdown Targets

4.3.1 Groundwater Wells

The hydrologic impact (drawdown) from ISR development was evaluated at 45 stock and domestic wells
located within a 10-mile radius of the Project (Figure 4-13). Water well user information was compiled from
mine permitting documents and the electronic well database maintained by the State Engineers Office for the
10-mile radius. In addition, the status of water wells located within a 1.5 mile radius of the site was
compared to the active wells that were field verified (Chris Lidstone, personal communication). Those wells
that were not found during field verification were eliminated as drawdown targets.

Numerous wells in the SEO well database did not have well construction information (e.g. depth and
completion interval) and well logs were not available for review. In these cases, well construction was
estimated based on the construction of the nearest neighboring wells.

Table 4-3 provides location, ownership, usage, and construction information for stock and domestic
groundwater wells that were included in this impact assessment.

4.3.2 Springs

According to the Land Quality Division (LQD) Permit Application Appendix D6-Hydrology (Cameco, 2010),
there are two non-mining groundwater permits for springs located within the vicinity of the Project area.
They are P44457W (Cameron Spring) and P71766W.

Discharge for the Cameron Spring originates from the Wagon Bed Formation, which is stratigraphically
above the Wind River Formation. The Wagon Bed formation outcrops along the Beaver Rim Escarpment
and is found in the subsurface south of Beaver Rim. The LQD Permit Application Appendix D6-Hydrology
(Cameco, 2010) reports that the Wagon Bed Formation is generally considered an aquitard and is absent
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from the stratigraphic sequence to the north of the Beaver Rim Escarpment. Impacts to this spring were
considered during this study and details related to the spring are summarized in Table 4-3.

Spring P71766W discharges from the upper stratigraphic units of the Wind River Formation. According to the
Land Quality Division (LQD) Permit Application Appendix D6-Hydrology (Cameco, 2010), the elevation of
this spring is approximately 200 feet higher than the Wind River Aquifer water level elevation in the Project

Table 4-3 - Water Wells and Springs in a 10-Mile Radius

Permitted Model Layer Model Layer
ID Permit # Well Owner Easting (X) Northing (Y) Use (Top) (Bottom)

3 (Cameron P44457W Matador Cattle Co,/Cameron Spring 818202.44 767187.09 Stock 1 1
Spring)

4 P62824W USDI - BLM 872848.76 752067.91 Stock 2 2
7 P44529W Matador Cattle Co. 785966.83 782445.44 Stock 2 2
8 P44802W Matador Cattle Co. 872881.24 783397.05 Stock 2 2
9 P46382W MATADOR CATTLE COMPANY 797342.20 757587.18 Stock 2 2

10 P46383W Matador Cattle Co. 782983.70 748145.42 Stock 2 2
11 P62782W JOE FRANCE 869687.21 772867.76 Stock 2 2
12 P62783W JOE FRANCE 875419.96 756032.73 Stock 1 1
14 P93756W USDI - BLM 783010.85 746829.95 Stock 2 2
15 P93801W USDI - BLM 821274.00 790708.84 Stock 2 2
16 P93895W USDI - BLM 784327.58 746860.97 Stock 2 2
17 P93946W USDI - BLM 795918.78 764129.57 Stock 2 2
23 P49124W Matador Cattle Co. 790670.35 761404.48 Stock 2 2
24 P89649W USDI - BLM 804539.83 773403.75 Stock 2 2
27 P24179P Matador Cattle Co. 787251.70 783766.62 Domestic 2 2
28 P107493W JERRY & JUDY STREET 889426.39 770457.04 Stock 2 2
29 P171548W IRA J. GARNIER IlI 884895.47 775672.87 Domestic 2 2
36 P44799W Matador Cattle Co. 857977.28 795036.64 Stock 2 2
39 P46376W Matador Cattle Co. 853398.42 762331.73 Stock 2 2
40 P46377W Matador Cattle Co. 841496.25 762218.64 Stock 2 2
41 P46378W MATADOR CATTLE COMPANY 845179.74 779119.14 Stock 1 1
44 P46386W Matador Cattle Co. 802780.86 782460.02 Stock 2 2
45 P46387W Matador Cattle Co. 851399.73 801567.97 Stock 2 2
47 P46389W Matador Cattle Co. 826469.39 794720.07 Stock 2 2
49 P49333W Matador Cattle Co. 829620.43 763446.30 Stock 1 1
51 P71756W CLEAR CREEK CATTLE CO. 874174.00 784756.26 Stock 2 2
52 P71757W CLEAR CREEK CATTLE CO. 851399.73 801567.97 Stock 2 2
63 P24156P Matador Cattle Co. 787320.73 779809.03 Stock 2 2
65 P6774P J. L. THOMPSON 809968.51 830290.53 Stock 2 2
66 P49123W Matador Cattle Co. 797342.20 757587.18 Stock 2 2
68 P3021W EVA L. FRANCE 876755.29 754757.10 Domestic 1 1
70 P18297P NELLIE K. MILES 831086.65 830485.29 Stock 2 2
71 P501G Pathfinder Mines Corp. 809433.67 781912.11 Domestic 2 2
73 P37858W VELDA ALLISON 868893.69 785963.69 Domestic 2 2
74 P71OG FEDERAL URANIUM CORPORATION 797913.82 777248.63 Domestic 2 2
75 P63386W USDI - BLM 816315.73 730053.85 Stock 1 1
76 P64313W USDI - BLM 775315.65 735035.31 Stock 1 1
78 P77596W James D. Baker, DVM 791148.77 735192.47 Stock 1 2
79 P50224W THE MATADOR CATTLE COMPANY 792301.00 743043.88 Stock 1 1
80 P63385W USDI - BLM 799009.36 731354.29 Stock 1 1
85 P11378W USDI - BLM 858240.77 739949.05 Stock 1 1
90 P2662W NELLIE K. MILES 825733.99 835765.81 Stock 2 2
91 P439G Pathfinder Mines Corp. 810532.49 783202.95 Domestic 2 2
93 P102706W JENNIFER ANN/JOE E MCINTOSH 771271.31 741529.20 Stock 1 1
95 P502G Pathfinder Mines Corp. 808907.47 784281.53 Domestic 2 2
98 P45504W USDI - BLM 805380.59 749842.58 Stock 1 1
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area. Thus, the spring discharges from a perched groundwater system within the Wind River Formation. A

perched aquifer is by definition hydraulically disconnected from the underlying aquifer system. Therefore,

impacts to this spring were not considered in this study.
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