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1.0 Introduction

Lost Creek ISR, LLC (LC ISR, LLC) has prepared this Mine Unit I (MUI) Application for the
Wyoming Department of Environmental Quality - Land Quality Division (WDEQ-LQD) in
support of a permit to conduct In Situ Recovery (ISR) of uranium in Sweetwater County,
Wyoming. The Lost Creek Project (Project) will use existing ISR technology and best industry

practices to extract uranium from permeable, uranium-bearing sandstones, located at depths

ranging from 300 to 700 feet below the surface, through a series of mine units. MU1, as well as
the other mine units, will consist of a "pattern" of production and injection wells, ringed by
monitor wells. Once extracted from a mine unit, the uranium will, be recovered by means of ion

exchange, using commercially available anionic resin, and prepared, for shipment as uranium
oxide (U30 8) "yellowcake" slurry to a facility licensed to process the slurry into dry yellowcake.
When production from a mine, unit, is complete, the groundwater will be restoredi and; the surface

reclaimed.

The information for the Lost Creek Permit Area (Permit. Area)-as, a whole is. included in the main
portion of the permit application, which includes the Adjudication File, the baseline Appendices
DI through D11, the Operations& Plan, and the- Groundwater, Quality. Restoration and, Surface,
Reclamation Plan. This Mine Unit Application. includes the detailed, information. specific. to the0 surface and subsurface conditions and operation within the area of MUIl..

1.1 Project Location

The Permit Area is located, in the northeast portion of Sweetwater County,. south-central
Wyoming (Figure MUl 1-1). A series of paved and unpaved county. and United States (US)

Bureau of Land Management roads provide access to the, Permit Area:. The Permit Area is within
Township 25 North and Ranges 92 and 93 West of the Sixth Principal Meridian; and

approximately centered at 42 degrees, eight minutes North latitude and 107 degrees, 51 minutes
West longitude. MUl is located within the Permit Area in Sections. 17, 18, 19 and. 20 of
Township 25 North and Range 92 West, and covers approximately 37< acres. Figure MUl 1-2

shows the location of MUI within the Permit Area, while Figure MUI 1-3 shows the MU1

layout.

The Permit Area is geographically located in the northeastern portion of the Great Divide Basin.
The Great Divide Basin is an oval-shaped structural and topographic depression, encompassing

approximately 3,500 square miles in Sweetwater and Fremont Counties, in south-central
Wyoming. The Great Divide Basin is broadly bounded by mountains and hills on all sides: the

Wind River and Granite Mountains to the north, the Rawlins Uplift to the east, the Wamsutter
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Arch to the south, and the Rock Springs Uplift to the west. The Great Divide Basin occurs
between two bifurcating branches of the North American Continental Divide, which separates
south of and rejoins north of the Great Divide Basin.

The regional rolling landscape has draws, rock outcroppings, ridges, and bluffs. The Permit Area
is characterized by low-relief, sagebrush-dominated plains, dissected by small, ephemeral
drainage networks. Within the Permit Area, there are no drainages with perennial surface water
flow or permanent water bodies.

1.2 Report Organization

For ISR, the subsurface hydrogeologic conditions are an integral part of the mining process.
Therefore, MU1 Section 2.0 summarizes the subsurface conditions, including the structural
geology and the results of the hydrogeologic pump tests in MUL. MU1 Section 3.0 provides a
description of the surface conditions of MU I, including the mine unit layout, site-specific soil and
vegetation conditions. MU1 Section 4.0 discusses the results of the baseline water quality
sampling results. MU1 Section 5.0 discusses the mine unit operations, including UCL
calculations, historic drill hole locations, and updated Well permit information. MU1 Section 6.0
discusses the restoration and reclamation information,, and MUI' Section 7.0, contains a list of
references.

2.0 Subsurface Conditions

The hydrogeologic conditions for the Permit Area as a whole are discussed in Appendix D5
(Geology) and Appendix D6 (Hydrology) of the main, permit document. The entire Permit Area
is covered by the Battle Spring Formation of Eocene age. Generally, in the Great Divide Basin,
the Battle Spring and Wasatch formations, which are time equivalent, interfinger with one
another. In the Permit Area, the upper half of the Eocene lithologic units consists of the Battle
Spring Formation and the lower half is made up; of the Wasatch Formation. The total thickness of
the Battle Spring and Wasatch. formations under the Permit Area is about 6,200 feet, and the
formations both consist of fine to coarse grained arkosic sandstones and, conglomerates, typical of
alluvial fan complexes.

The upper portion of the Battle Spring Formation is the host to the uranium. mineralization within
the Permit Area. In the Permit Area, the top 700 feet of the Battle Spring. Formation are divided
into at least five horizons marked from top to bottom as BC, DE, FG, HJ, and KM. These
horizons are separated from one another by various thicknesses of shale, mudstone and siltstone.
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Within MUI, the production zone is the HJ Horizon. The HJ Horizon has been subdivided into

the Upper HJ (UHJ), Middle HI (MHJ), and the Lower HJ (LHJ) sands. The HJ Horizon is

continuous throughout MUI with an average thickness of 120 feet, ranging from 100 to 151 feet

thick. The HJ Horizon is bounded above and below by laterally extensive confining units. The

Lost Creek Shale overlies the HJ Horizon and the Sagebrush Shale occurs below the HJ Horizon.

The FG Horizon aquifer overlies the Lost Creek Shale and consists of upper, middle and lower

sand sequences, with the deepest sand designated as the Lower FG. (LFG) Sand. The KM

Horizon aquifer occurs beneath the Sagebrush Shale and consists of an upper and lower sand

sequence with the uppermost sand designated as the Upper KM (UKM) Sand. The DE Horizon

overlies the FG Horizon and is the shallowest aquifer within the Permit Area.

2.1 Structural Geology

In MU1 (and the Permit Area as a whole), the Battle Spring Formation dips gently to the

northwest at roughly three degrees. This pattern, is broken locally by a fault referred to as the

Lost Creek Fault. The geologic structure in the Permit'Area is illustrated on, the cross sections

(Plates D5-1a, b, c, d and e) and isopach maps (Plates D5-2a, b, c, and d) in Appendix D5 of the
main permit document. The Lost Creek Fauit.: was initially interpreted to. be a4 scissor fault, with a

reversal of displacement direction occurring in. the western third of the Permit Area. Recent

interpretation has revealed that it is, instead, a sequence of sub-parallel faults with opposite

displacement occurring in an en echelon configuration (Plate D5-3 Geology of Lost Creek Permit

Area of the main permit document),.

The 'main' Lost Creek Fault trends, northeast-southwestr and' bisects. MU l, almost, in- half (Figure

MU1 1-2). Downward displacement occurs on the south. block. Throw is*approximately 70 to 80

feet in the eastern portion of MU1, decreasing to approximately 50 feet in the central portion of

MU1, and further decreasing to approximately 40 feet in the western portion of MU1. A minor

-sub-parallel 'splinter' fault (or 'splay'). splits to the south from the main Lost Creek Fault near the

center of MU1 (Figure MU1 1-2). The splinter fault trends roughly east-west, and the greatest

distance between the main Lost Creek Fault and the splinter fault is about 200 feet. Displacement

along the splinter fault is about 14 feet along its western portion, increasing to about 28 feet

farther to the east, before losing identity about 2,000 feet east of the split from the main Lost

Creek Fault. The downthrown block is to the north, which creates a small, localized graben

feature between the main Lost Creek fault and the splinter fault. Both the main Lost Creek Fault

and the splinter fault extend vertically through all. the horizons of interest.
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2.2 Summary of Hydrogeologic Pump Tests

This section summarizes the hydrogeologic pump tests conducted by Petrotek Engineering

Corporation (Petrotek) within MU1. The Lost Creek Hydrologic Testing - Mine Unit I North
and South Tests Report prepared by Petrotek in October 2009 - is included as Attachment MUI
2-1. The pump tests were conducted in accordance with the regulatory objectives of WDEQ-
LQD's Non-Coal Rules and Regulations, Chapter 11 (In-Situ Mining) and the US Nuclear

Regulatory Commission's (NRC's) Section 2.7 (Hydrology) of NUREG-1569 (WDEQ-LQD,
2005a; NRC, 2003). The pump tests were conducted to achieve the following objectives:

1. Determine the hydrologic characteristics of the Production Zone Aquifer;
2. Demonstrate hydrologic communication between the Production Zone pump well and the

surrounding Production Zone monitor wells;
3. Assess the presence of hydrologic boundaries, if any, within:the Production Zone Aquifer

over the area evaluated by the Pump Test; and,
4. Evaluate the degree of hydrologic communication, if any, between the Production Zone

and the overlying and underlying aquifers in the vicinity, of the. pump well;

Two pump tests were conducted within MU1 due to the faulting that bisects the mine unit from
west-southwest to east-northeast.' The north pump test was conducted, on the north. side of the

Lost Creek Fault, (and associated splinter fault) in, November 2008& and, the south pump, test, was
conducted on the south side of the Lost Creek. Fault (and associated: splinter fault), in. December
2008. Both pump tests were conducted in the HJi Horizon, with monitoring of the overlying and
underlying aquifers as well.. In the following discussion, reference. to.. the- fault, includes, both, the:
main Lost Creek Fault and the associated splinter fault, unless otherwise noted.

2.2.1 Potentiometric Surfaces

Water levels were measured at all of the monitor wells completed in the HJ Horizon, LFG Sand;
and UKM Sand on December 8,'2008. The data represent static conditions because the water
levels were measured after an extended period of no drilling activities or pump tests' in the

immediate vicinity. Groundwater flow in the HJ Horizon on both sides of the fault is to. the west-
southwest. The potentiometric elevation on the north side of the fault is approximately 5 to. 17

feet higher than on the south side, resulting in a steep 'gradient of the potentiometric surface
across the fault. The hydraulic gradient on the north side of the fault was approximately 0.0052
foot per foot (ft/ft) and 0.0087 ft/ft on the south side.

The groundwater flow in the LFG Sand aquifer is to the west-southwest. The hydraulic gradient

on the north side of the fault was approximately 0.006 ft/ft and 0.0046 ft/ft on the south side, with
an observed steep gradient across the fault similar to the HJ Horizon.
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The groundwater flow in the UKM Sand aquifer is to the west-southwest. The hydraulic gradient
on the north side of-the fault was approximately 0.006 ft/ft and 0.0054 ft/ft. The fault does not
appear to impede groundwater flow within the UKM Sand, as there is little or no displacement in
the potentiometric surface across the fault.

Potentiometric surface data is presented in Figures 4-1 to 4-3 of Attachment MU1 2-4. This data
indicates that the FG, HJ, and KM Horizons are not in direct hydraulic communication as
evidenced by the difference in elevations of the potefntiometric surfaces for each horizon.

2.2.2 Pump Test Design and Procedures

The pump tests were performed'by collecting data- fromý the: two pump-test wells (PW-102 on the
north side of the fault and PW- 1:0.1 onw the south side). completed' in the Production Zone (HJ
Horizon) and a number of monitor wells (completed in the Production. Zone and the overlying
and underlying aquifers). The pump and monitor well locations are shown on Figure 1-2 and
Figure 1-3 of Attachment MU•1 24% The pump tests were performed, with electrical
submersible pumps powered by. a portable generator. Flow, from the-pumps wascontrolled with a
manual gate valve. Surface flow was- monitored with two 1.5-inch. turbine meters that displayed
total flow in gallons and instantaneous- flbw- rates, in gallons per minute, (gpm). Water was
discharged to the ground surface,. approximately 350 feet downgradient from the pump wells.

Water levels were continuously measured'andrecorded)in-a-majority of the wells by In-Situ Level
TROLL data-logging pressure transducers. The pressure- transducers were programmed to, record
water levels at five-minute intervalS, during the pump, and; recovery periods. Iný addition to. the
wells continuously monitored, water levels. were measured. periodically in. other wells using a
manual electronic water level meter.

The north pump test wells consisted' of well' PW- 102 (pump well))iand; 98 monitor wells, including
44 Production Zone monitor wells, 25 monitor wells completed- in the LFG Sand (overlying
aquifer), and 26 monitor wells completed in the UKM Sand (underlying aquifer), and 3 monitor
wells completed in the DE Horizon (uppermost aquifer). Prior to conducting the long-term pump
test at well PW-102, a short-term constant rate test was conducted' at a flow rate of 86.4 gpm. for
5.8 hours to evaluate pumping rates for the long-term test. Water levels were allowed: to recover

for approximately seven days, equilibrating to within approximately one foot or less prior to
starting the pump test.

The north pump test was conducted from November 10 through November 20, 2008, and water

level recovery data were collected through December 2, 2008. The pumping lasted for 2,880
minutes, with an average pumping rate of 70.9 gpm.
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The south pump test wells consisted of well'PW-101 (pump well) and 100 monitor wells,

including 48 Production Zone monitor wells, 25 monitor wells completed in the LFG Sand

(overlying aquifer), and 25 monitor wells completed in the UKM Sand (underlying aquifer), and

2 monitor wells completed in the DE Horizon (uppennost aquifer). Prior to the long-term pump

test at pump well PW-i01, a step-rate test was conducted with rates of 39, 54.4, 72.9, and 80.9

gpm to evaluate pumping rates for the long-term test.

The south pump test was conducted from December 9 through December 12, 2008, and the water

level data were collected through December 22, 2008. The pumping lasted for 4,185 minutes,

with an average pumping rate of 58.1 gpm.

2.2.3 Drawdown during the Pump Tests

2.2.3.1 North Pump Test

During the north pump test, drawdown was observed in all of the wells completed in the HJ

Horizon located on the north side of the fault. The pump well, PW-102, had the most drawdown
at 111.1 feet. Drawdown in the closest observation well (MP-107) to PW-102 was 48.6 feet.

Drawdown ranged from 2.8 to 36.5 feet in the perimeter observation wells located on the north
side of the fault (M- 114 to M-126).

Drawdown ranged from 0:0 to 2.7 feet in 13 monitor wells located on the south side of the fault.
.The largest drawdown occurred in wells closest to the fault. Based on the minimal drawdown in

the monitor wells located on the south side of the fault-, it appears that the fault is a significant
barrier to groundwater flow within MU :, although there does appear to be some leakage.

Drawdown responses were observed in the overlying and underlying observation wells located on

the north and south sides of the fault during the north pump test. The drawdown ranged from 0.1

to 3.4 feet in the overlying aquifer, and 0.0 to 2.2 feet in the underlying aquifer. There does

appear to be a limited degree of communication between the HJ Horizon and the overlying and
underlying aquifers however the responses on both sides of the fault are generally an order of
magnitude less than the observed responses within the HJ Horizon.

2.2.3.2 South Pump Test

During the south pump test, drawdown was observed in all of the wells completed in the HJ
.Horizon located on the south side of the fault. The pump well, PW-101, had the most drawdown

at 63.5 feet. Drawdown in the closest observation wells (HJMP-109 and MP-104) to PW-101

was 41.7 and 48.1 feet, respectively. Drawdown ranged from 4.8 to 34.1 feet in the perimeter

observation wells located on the south side of the fault (M-101 to M 113, M-127 and M-128).
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Drawdown ranged from 0.1 to 2.0 feet in 21 monitor wells located on the north side of the fault.

The largest drawdown occurred in wells closest to the fault. Based on the minimal drawdown in
the monitor wells located on the north side of the fault, it appears that the fault is a significant
barrier to groundwater flow within MU1, although there does appear to be some leakage. Results
of testing also indicate that the splinter fault south of the main Lost Creek fault acts as a minor
barrier to flow compared to the main, fault.

Drawdown responses were observed; in the overlying and' underlying observation wells located on
the north and south sides of the fault: during the south pump: test. The drawdown ranged from 0.0
to 1.9 feet'in the overlying aquifer, and 0.1 to 5.7 feet in, the underlying aquifer. There does

appear to be a limited degree of communication between the HJ Horizon and the overlying and
underlying aquifers; however the responses on both sides of the fault are generally an order of
magnitude less than the observed responses within the HT Horizon.

2.2.4 HJ Horizon Aquifer Properties

Drawdown data collected from monitor wells equipped- with In-Situ Level. TROLL data-logging
pressure transducers were analyzed!todetermine: aquifer properties, including transmissivity and

storativity, primarily using the Theis method (Theis, 1935).

2.2.4.1 North Pump Test

Transmissivity results from the drawdown, datat for the PW- 102 pump, test of the HY Horizon-
ranged from 50.9 to 104.0 square feet per day (ft/day), with an average transmissivity value of
77.9 ftW/day. Transmissivity values calculated' from. the recovery data ranged from 52.2 to 57.5
ft2/day, With an average transmissivity value of 55.4 ft2/day. The transmissivity values appear to
increase slightly toward the east on the north side of the fault. Hydraulic conductivity ranged
from 0.42 to 0.87 feet per day (ft/day), with an average of 0.65 ft/day. Storativity of the HJ
Horizon aquifer ranged from 5.4 x 10. to 1.9 x 104, with an average storativity of 9.3 x 1071. The
groundwater velocities on the north side of the fault ranged from 2.9 to 5.6 feet per year (ft/year),
with an average of 4.4 ft/year.

The radius of influence (ROI), based on the drawdown responses observed in the monitor ring
wells during the north pump test, was estimated to be between 3,000 and 3,500 feet. The ROI it
is not symmetrical with respect to the pump well due to the presence of the fault. The minimum

ROI is greater than 2,600 feet.
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2.2.4.2 South Pump Test

Transmissivity results from the drawdown data for the PW-101 pump test of the HJ Horizon

ranged from 69.4 to 129.0 ft2/day with an average transmissivity value of 92.6 ft2/day.

Transmissivity values calculated from the recovery data ranged from 58.3 to 108 ft 2/day, with an

average transmissivity value of 70'.5 ft2/day. The transmissivity values on the south side of the

fault appear to increase closer to the fault, in the northeast portion of the' test area.. Hydraulic

conductivity ranged from 0.58 to 1.08 ft/day, with an average of 0.77 ft/day. Storativity of the HJ

Horizon aquifer ranged from 3.6 x 1075 to 4.2 x 104, with an average storativity of 1.1 x 10-4. The

groundwater velocities on the south- side of the fault ranged from 6.6 to 12.1 ft/year, with an

average of 8.8 ft/year.

The ROI, based on the observed: drawdown in the monitor ring wells during the south pump test,

was estimated to be between 3,200 and 3,700 feet. The ROI, as with the north pump test, is

truncated by the fault. The minimum ROI is greater than 2,900 feet.

3.0 Surface Conditions

O3.1 Mine Unit Layout

The layout of MWI, including roads, pipelines, and header houses, is shown on Figure MUl 1-3.

The MU I monitor well ring will encompass about 210acres, and the pattern area will cover about

37 acres within that ring. The ring extends about 5,600 feet east to west and about 2,000 feet

north to south. The topography within the ring is flat, with a maximum elevation change of about

30 feet across the mine unit. Minor ephemeral drainages cross the mine unit from northeast to

southwest and northwest to southeast. The types of soil and vegetation within MU1I are discussed

below, along with the areas of disturbance..

3.2 Soil Conditions

The results of the Order 3 soil survey for the entire Permit Area are in Appendix D7 (Soils) of the

main permit document. In accordance with WDEQ-LQD Guideline No. 1 (WDEQ-LQD, 1994),

a more detailed Order I soil survey is needed for the portions of the Permit Area, where mining-

related surface disturbance is proposed. Order I soil surveys were conducted for the Plant site

(2008), the deep well sites and associated roads (2009), and the results are included in

Attachment OP-5a and Attachment OP-5b of the main permit document. An Order 1 soil survey

was also conducted at MU1 in 2008. The following section summarizes the results of that survey,
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which is described in more detail in Attachment MU1 3-1. The Order I soil survey fieldwork

was completed in September 2008, and the soil samples were analyzed by Energy Laboratories,
Inc. in Casper, Wyoming, in September and October 2008.

A reconnaissance survey was conducted in early September 2008 to select locations for backhoe
excavation of soil pits and profiles and for soil sampling. Soils were examined in more detail at
28 locations, where a 3-inch diameter hand-held soil auger and a 16-inch tile spade were used to

excavate soil "pits". The pits were excavated to a depth of 60 inches, or to the C horizon In
addition to the 28 pit locations, observations were also made at several of the mud pits excavated
for project-related drilling in the Permit Area. Pits at the MUI study area were also compared to
pits at the Plant site, which were excavatedduring the same field session in September 2008
(Attachment OP-5a to the Operations Plan, in' the main, permit, document).

Some soil profile locations were selected to correspond with soil pit locations in order to ensure
sampling was adequate to represent the spatial variability of the soils. The soil profiles were
excavated by a backhoe, which allowed for more detailed observations. Each excavation was
approximately 15 feet in length, five feet in depth,. and four to five feet in width, oriented in an
east-west direction to provide good lighting, on, the north- soil face for descriptions andl pictures.
The bottom of each profile was flat for a length of five feet, with a 45-degree slope at one end for
access. The profiles were excavated: and samples collected in mid-September 2008. Between
three and seven horizons or sub-horizons were-describedt and, sampled- at each- soil profile.

O Based on the soil pit and the mud pit observations, eight soil "profile" locations were selected to
describe and sample. Three soil mapping units (SMUs) were identified, described and sampled in
MU 1: the PoposhiaLoam, the Teagulf Sandy Loam, and7the Pepal Sandy Loam.

Poposhia Loam: This soil formed: in calcareous loamy alluvium. This deep, well-
drained soil occurs in narrow swales and comprises a small proportion of the study area.
Typically, the surface layer is about a six-inch-thick dark brown sandy loam. The next
layer is about an 18-inch.thick dark yellowish, brown clay loam- or sandy clay loamt The
substratum is a, brown or yellowish. brown loam or coarse sandy loam to a depth, of 60
inches or more. Its slopes range from zero to one percent.

Teagulf Sandy Loam: This soil formed in calcareous loamy or sandy alluvium, and, is
influenced by sandstone, siltstone, and mudstone or shale bedrock. Comprising a small
proportion of the study area, this shallow, well-drained' soil; occurs on side slopes and,

upland ridges of slightly dissected plains. Its slopes range from- three to seven percent.
Typically, the surface layer is about a three-inch-thick brown or dark yellowish brown
loam. The next layer is about- a. seven-inch-thick dark yellowish, brown: sandy. clay loam,.

or heavy sandy loam. The substratum. is a brown or yellowish brown, loamy coarse sand
or coarse sand to a depth of 60 inches or more. Substrata, consisting of silt loam or sandy
clay loam, also occur but are less prevalent.
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W Pepal Sandy Loam: This soil formed in calcareous loamy alluvium. This moderately
deep, well-drained soil occurs on gently (one- to three-percent slopes) undulating uplands

and comprises a large proportion of the study area. Typically, the surface layer is about a

four-inch-thick dark brown or brown coarse sandy loam. The next layer is about a 15-
inch-thick dark yellowish brown clay loam or sandy clay loam. The substratum is a dark

yellowish brown loamy coarse sand or coarse sandy loam to a depth of 60 inches or
more.

After examining the eight soil profile descriptions, samples from four of the eight soil profiles
were selected for laboratory analysis Based on the laboratory results and the field observations,

the topsoil of all three SMUs provides a favorable medium for plant growth, though the depth of
topsoil varies between units. The Poposhia Loam provides about 19 to 24 inches of topsoil

material favorable for plant growth. The Teagulf Sandy Loam provides about six to 12 inches of
topsoil material favorable for plant growth. The Pepal Sandy Loam provides 14 to 18 inches of

topsoil material favorable for plant growth.

3.3 Vegetation Conditions

The results of the vegetation studies conducted throughout the Permit Area are discussed in
Appendix D8 (Vegetation) of the main permit document. Within MUI (as well as the entire
Permit Area) two vegetation types, dominated by big sagebrush, were identified: and mapped

(Figure MU1 3-2). The Upland Big Sagebrush. Shrubland type dominates the flat upland areas
and the gentle slopes, and covers about 80% of MU1. The Lowland Big Sagebrush Shrubland
type occurs in deeper soils along the gently sloped, south-facing ephemeral dry washes, and

coversabout 20% of MUl.

During the vegetation studies, special consideration was given to the identified potential species

of special concern and micro-environments capable of supporting these species; however,, no

species of special: concern were observed within the Permit Area. Within the Permit Area; only
one listed restricted noxious weed species, tansy mustard, was observed with scattered individuals
observed in the Lowland Big Sagebrush Shrubland. No areas dominated by weedy species were
observed within the Permit Area. Selenium indicator species were not observed on-site, and! none

of the soils of the Permit Area are considered seleniferous.

0
Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009

MU1-14



3.4 Disturbance Calculations

Figures MU1 3-1 and 3-2 show the MUI layout overlain on the soil and vegetation maps,

respectively. Tables MU1 3-1 and 3-2 include the topsoil salvage and vegetation disturbance

calculations, respectively.

3.4.1 Soils

For Table MU1 3-1, the topsoil, salvage- was calculated! on- the basis of the areas from which the
topsoil would be removed: (1) long term; i.e., for the life of the mine unit (e.g., from roadways

and header house locations); and (2)' short-term, i,.e., for. a few weeks or. months (e.g., from
pipeline routes).. All three of the major soil units surveyed in the Permit Area occur within

MU 1. About 3 acres of the Pepal Sandy Loam, which covers the most area within MU1, will be
stripped. Based on a topsoil stripping depth of 24 inches, about. 13,300 cubic yards will be

stockpiled long term (for the life of the mine unit), and about 9,500 cubic yards will be stockpiled
short term (for a few days to a few months). About 0.4 acres of the Teagulf Sandy Loam will be
stripped. Up to about 1,400 cubic yards will' be stockpiled long term, and up to about 4,100-cubic
yards will be stockpiled short term. About 0.4 acres of the Poposhia Loam will be stripped;
resulting in about 1,200 cubic yards, stockpiled long term' and' about4 1,,700: cubic yards stockpiled
short term. The stripping depths for the Teagulf Sandy Loam- and Poposhia Loam will generally
be less than 24 inches (Section 3.2 above), but for a conservative estimate of the volume of
topsoil to be stockpiled, a depth of 24- inches was-usedinithe-calkulations.

3.4.2 Vegetation

For Table MU1 3-2, the vegetation disturbance was calculated on the basis of: (1) the areas from
which vegetation will be removed, which essentially correspond to the areas from, which, topsoil

will be removed; and (2) the areas in which vegetation will be trodden (e.g., driven over during
facility installation), but not removed. As noted' in the table, about 8 acres of vegetationý in the

Upland Big Sagebrush community will be removed, and up to about 25 acres may be trodden.
Much less disturbance of the Lowland Big Sagebrush- community is anticipated; about I acre will

be removed, and up to about 6 acres may be trodden.

Table MU1 3-2 also includes estimates of the existing disturbance within MUI. This disturbance
includes: two-track roads which pre-dated the LC ISR, LLC activities but which LC ISR, LLC is

currently using; the LC ISR, LLC field trailer site; and the reclaimed areas around the MUI
monitor ring wells.
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4.0 Baseline Ground Water Quality

This section presents the results of baseline ground water quality sampling for MU] in the Permit

Area. The baseline groundwater quality of MU] is characterized- to' facilitate the detection of
potential excursions during operations and to establish restoration goals.

4.1 Sampling Protocols

Chapter 11, Non-Coal In-Situ Mining, of the Non-Coal Rules and Regulations (2005a) and
Guideline No. 4, In-Situ Mining, of WDEQ-LQD (2000) provide the recommended frequency,

density, parameters, and quality assurance/quality control (QA/QC) for baseline monitoring. The
baseline monitoring methodology applied to MU I is discussed below.

Following well completion, each monitor well is subject to a mechanical integrity test (MIT).
With a successful MIT, each well may be employed in its intended service. In contrast, when a
monitor well fails an MIT, down-hole casing repairs with follow-up MIT generally suffice.
However, when a monitor well, fails an MIT and repair. is infeasible, the well is properly
abandoned. A replacement well, may then be selected or drilled. (For example, wells M-120 and
MU-108 failed their MITs, were properly abandoned, and replaced by wells M-120A and KPW-
2.)

Once a monitor well passes the MIT, water quality sampling may be conducted by following the
procedures below.

* The static water level is measured to the nearest 0.1 foot below ground level.
" With this static water level and the known total well. depth, the casing volume is

calculated.
* The groundwater is pumped from the well, using a downhole submersible pump,. to

remove stagnant water that may chemically differ from the water in the formation. For
sampling purposes, 220' volt single phase I to 3 horsepower pumps were used. The

resulting flowrates, depending on the size of the pump and the yield of the well, ranged

from 2 to 25 gpm.
* Field parameters are measured and recorded until three consecutive samples collected at

least 0.5 casing volumes apart show less than 10% variability. A minimum of three
casing volumes were pumped' prior to sample collection, during the baseline sampling of
the MU1 monitor wells.

" The field parameters include:
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o pH to the nearest 0.2 standard units (SU);
o temperature to the nearest 0.2 degrees Celsius (oC); and
o specific conductance to within 20 micromhos per centimeter (Rtmhos/cm),

corrected to 25 °C.

0 Once the field parameters are stable, water samples are collected in a clean plastic or
glass container, properly labeled and stored on ice in coolers.

* Upon returning from the field; the water samples may be kept in a refrigerator until
transferred to coolers with. ice and delivered to. the laboratory with a completed chain-of-
custody form within one day of collection or as soon as possible to meet required holding
times.

At the Permit Area, baseline water quality data were collected at:

* the monitor ring wells outside the area of uranium recovery (M wells),
* the monitor wells completed in the aquifer overlying the production zone aquifer (MO

wells),
* the monitor wells completed in the7 aquifer underlying the production zone aquifer (MU

wells), and
* the monitor wells completed in. the production zone aquifer within the planned area of

uranium recovery, also.knownmas the. pattern monitor wells (MP wells),

Figure MU1 4-1 shows the locations- of the monitor wells. Table MU1 4-1 lists the monitor
wells in MUI. As noted ont the table,, two& wellsý (M:-.20A and KPW-2) replace the wells
originally installed at those locations due to problems! with; the original wells. The completion
logs, geophysical logs and lithologic logs for all: the M-Ul monitor wells are included in.
Appendix A of Attachment MUl1 21-1. Some of these logs were originally submitted' in
Attachment D6-3 of the main permit document. For easier reference, those logs are also included
in Appendix A of Attachment MU1 2-1. In addition, seven of the wells that were used
previously as regional monitor wells were recompleted to be used as MP wells. in MUL The
procedure involved retrieving the screen and packer assembly from the well and then back

plugging the well to the desired depth with neat cement. A new screen and' packer assembly was
installed to monitor the interval of interest. The recompletion details for these seven. wells are

included in Appendix A of Attachment. MUI 2-4.

Each monitor well has been sampled four times with at least two weeks between each sampling
event as shown in Table MU1 4-2, except for wells MP-109, MO-111, and MO-i14. The
original groundwater quality data collected from well, MP-109 indicated the well had not been
fully developed and the water sampled from the well did not represent formation groundwater.

Therefore the well has been recompleted. and redeveloped and is currently being resampled. Due
to an error, the fourth round of well MO-I I sampling was conducted after sampling of the other
monitor wells, and the laboratory analyses for the fourth round are currently being performed.
Well MO- 114 was added to the monitor program to ensure adequate monitoring near the Lost
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Creek Fault and associated splinter fault, and the well is currently being sampled the requisite
four times.

Table MU! 4-3 presents the parameters analyzed at the laboratory, which include the water
quality constituents, the uranium mine constituents, and the additional trace metals listed in

WDEQ-LQD's Parts IV and V of Appendix 1, Guideline No. 8, Hydrology (2005b). To facilitate

accurate and precise water quality data, QA/QC procedures were implemented for field
measurements, sampling and laboratory analyses. Instruments for analyzing field parameters

were calibrated in accordance with the manufacturer's specifications and were able to report pH
to the nearest 0.2 SU, temperature to the nearest 0.2 'C, and specific conductance to the nearest
20 jimhos/cm, corrected to 25 'C.

As recommended in WDEQ-LQD's Part 111 of Appendix 1, Guideline No. 8, Hydrology (2005b),
duplicate and field blank samples were prepared during each sampling event, to identify potential
data errors resultant from improper sampling or analytical methods, poor sample preservation, or
collection of non-representative samples. At a randomly selected well, duplicate samples were
collected by filling two separate bottle sets, preserved, stored and transported in an identical
manner to verify precision. One duplicate sample was collected for each sampling event. A field

blank sample was prepared by filling a clean bottle set with distilled water in the field and
preserving it in the same manner as other samples, in order to verify the analytical recognition of
zero values, any positive bias from contaminated sample bottles or preservatives, and any
contamination from atmospheric sources. (e-g,.,. airborne dust). One field- blank sample of distilled
water was prepared for each sampling event,. MI51 Table 4-4 shows the MUl QA/QC samples in
relation to their respective sampling events.

All laboratory analysis methods- are approvedl by the American Water Works Association, with
methodologies provided by the US- Environmental Protection Agency (EPA) and the American
Public Health Association as shown. in Table MUI 4-3. In. addition, the laboratory conducted its

own QA/QC procedures of laboratory samples.

4.2 Sampling Results

4.2.1 QA/QC Results

Once the laboratory results were received, they were reviewed by the Environment, Health and

Safety Manager, the Radiation Safety Officer or a trained designee. The review included

analyzing cation-anion balances, comparing the. measured and calculated total dissolved solids
(TDS) values, analyzing the QA/QC samples, comparing and contrasting the results with state
and federal water quality criteria, and identifying potential outliers.
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Table MU1 4-5 shows the WDEQ Water Quality Division's (WDEQ-WQD's) class-of-use

criteria (WDEQ-WQD, 2005) and the EPA's maximum contaminant level (MCL) drinking water
criteria (EPA, 2009a). The three referenced WDEQ-WQD water use classes are domestic (Class
I), agriculture (Class 11), and livestock (Class I1I). The EPA MCL drinking water criteria are

enforceable primary standards and the highest contaminant level allowed in drinking water.
Unless a matrix caused interference with the laboratory analyses, the laboratory detection limits
are those listed in Table MUl 4-3.

As shown in Table MU1 4-6, the cation-anion balances are all less than an absolute value of 5,
which is an acceptable balance (Eaton. et al.,. 2005). Table MU1 4-7 compares the measured TDS

to the calculated TDS, which are reasonably comparable. Table MU1 4-8 presents the laboratory
results of the field blank analyses. The detected parameter concentrations/ radiation or abnormal
values of the field blank samples are minimal, with the exception of gross alpha and dissolved
radium-228 radiation. In many of the analyses, the precision of the gross alpha activity exceeds
the WDEQ-WQD criterion; therefore, the precision of the laboratory analysis may alone account
for many of the exceedances. However, the presence of these parameters in the field blank
samples may suggest that potential data errors occurred from improper sampling or analytical
methods. Certain gross alpha and dissolved radium-228 values may erroneously exceed WDEQ-
WQD water quality criteria if the field blank samples are representative of the other samples.
Overall, even when subtracting the detected radiation levels in blanks from those of the monitor
well samples, the monitor well samples generally have elevated radiation levels that exceed the
WDEQ-WQD water quality criteria.

Table MU1 4-9 shows the laboratory results of the duplicate samples. Some of the dissolved
potassium, total sulfate, specific conductance, dissolved' arsenic, and: dissolved uranium
concentrations as well as gross alpha, gross beta; and, dissolved, radium-226 radiation values
differ, although none are considered anomalies.

4.2.2 Groundwater Quality Results

The groundwater quality analytical results are included in MU1 Attachment 4-1. The results are

tabulated by well (one page per well) and grouped by well. The electronic water-quality results
received from the laboratory are included as MU1 Attachment 4-2.

The table for each well includes: the water quality results from each of the four sampling events;
the minimum, mean, maximum, and standard deviation for each parameter (without outliers); and
exceedances of state and federal water quality criteria. The results that exceed WDEQ-WQD's
and EPA's criteria are discussed in detail below.
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4.2.2.1 Monitor Ring Wells (M-Wells)

The M-well laboratory results are discussed in the following and presented in MU1 Attachment

4-1.

General Parameters. The pH of the M-well samples ranges from 7.58 to 9.86 SU. The pH
values meet the WDEQ-WQD agriculture criteria of 4.5 to 9.0 SU, except those of wells M-101,
M-114, M-115, and M-120A. TDS concentrations (502 to 629 milligrams per liter [mg/L]) from
wells M-102 through M-106 exceed the WDEQ-WQD domestic use criterion of 500 mg/L.

Samples from wells M-101 through M-107 have total sulfate concentrations exceeding the
domestic criterion of 200 mg/L. The total sulfate concentrations of samples from wells M-102
through M-104 also exceed the domestic use criterion of 250 mg/L.

Metals. Wells M-117 and M-126 have samples with dissolved and total manganese
concentrations exceeding the WDEQ-WQD domestic criterion (0.05 mg/L). Samples from wells
M-103 and M-104 have concentrations exceeding the selenium WDEQ-WQD agriculture
criterion (0.02 mg/L). The four samples collectedfrom-welltM-106 have total iron concentrations
(0.68 to 2.71 mg/L) exceeding the WDEQ-WQD domestic criterions(0!3 mg/L).

Uranium and Radionuclides. Twenty-two (22) of the 28 M-wells have dissolved uranium
concentrations (0.037 to 0.61 mg/L) exceeding the EPA MCL 0.03 mg/L criterion. All of the M-
wells have gross alpha radiation, exceeding the WDEQ-WQD- criterion- (15 picoCuries per: liter

[pCi/L]). Twenty (20) of the 28, wells, have Ra-226, plus Ra-228, values exceeding the WDEQ-
WQD criterion (5 pCi/L).

4.2.2.2 'Overlying' Monitor Wells (MO-Wells)

The MO-well laboratory results are discussed; in the following and presented in, MU1l
Attachment 4-1.

General Parameters. The pH of the MO-well samples ranges from slightly basic (7.65 SU) to
basic (9.69 SU). Ten samples from wells MO-106, MO-110, MO-111, and MO-112 exceed the
WDEQ-WQD livestock pH criteria of 6.5 to 8.5 SU. One sample from well MO-101 has a total
sulfate concentration (204.0 mg/L) that exceeds the WDEQ-WQD agriculture criterion (200.0
mg/L).

Metals. One sample from well MO- 11 has a dissolved arsenic concentration (0 0,11 mg/L) that
exceeds the EPA MCL criterion (0.010 mg/L). The dissolved selenium concentrations range

from 0.001 to 0.047 mg/L. Nearly half of the samples have dissolved selenium concentrations
that exceed the WDEQ-WQD agriculture criterion of 0.020 mg/L.
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Uranium and Radionuclides. The uranium concentrations (0.13 to 0.92 mg/L) of every MO-

well sampled exceed the EPA MCL criterion of 0.03 mg/L. All of the gross alpha values (137 to
1,060 pCi/L) exceed the WDEQ-WQD criterion of 15 pCi/L. Forty of the 51 samples exceed the
WDEQ-WQD Ra-226 plus Ra-228 criterion (5 pCi/L).

4.2.2.3 'Underlying' Monitor Wells (MU-Wells)

The MU-well laboratory results are discussed in the following and presented in MUI
Attachment 4-1.

General Parameters. The pH of the MU-well samples is basic, ranging from 7.89 to 10.20 SU.
More than half of the sample values exceed the WDEQ-WQD livestock pH criteria of 6.5 to, 8.5
SU.

Metals. Wells MU-109, MU-I 10, MU- 112 and MU- 113 have samples with dissolved arsenic
concentrations (0.011 to 0.022 mg/L) exceeding the EPA MCL criterion (0.010 mg/L). Seven
samples from wells MU-103 through MU-105 have total iron concentrations (0.45 to 3.91 mg/L)
exceeding the WDEQ-.WQD domestic criterion (0.3 mg/L).

Uranium and Radionuclides. Samples from wells MU-104, MU-105, MU-106, MU-I10 and
MU-Ill have dissolved uranium concentrations (0.031 to 0.111 mg/L) that exceed the EPA MCL
criterion of 0.03 mg/L. All of the MU well samples have gross alpha values (16.6to 828 pCi/L)

that exceed the WDEQ-WQD' criterion of 15 pCi/L. Forty-eight (48), of the 52 samples exceed
the WDEQ-WQD Ra-226 plus Ra-228 criterion of 5 pCi/L.

4.2.2.4 Pattern Monitor Wells (M P-Wells)

The MP-well laboratory results are discussed in the following and presented in MUI Attachment

4-1.

General Parameters. The pH of the MP well samples ranges from slightly basic (7.69 SU) to

basic (10.70 SU). With the exception of weil MP-112, the pH results meet the WDEQ-WQD
agriculture criteria of 4.5 to 9.0 SU. One-quarter of the samples exceed the WDEQ-WQD pH
livestock criteria of 6.5 to 8.5 SU.

Metals. The dissolved arsenic EPA MCL (0.010 mg/L) is exceeded in eight samples (0.016 to
0.027 mg/L) from wells MP,103, MP-105 and MP-112. The selenium concentration (0.023
mg/L) of one MP- 111 well sample exceeds the WDEQ-WQD agriculture criterion of 0.02 mg/L
The total iron concentrations of the MP-107 well samples also exceed the WDEQ-WQD domestic
or agriculture criteria of 0.3 mg/L and 5.0 mg/L, respectively. In addition, the total manganese
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concentrations of only the MP- I 07well samples exceed the WDEQ-WQD domestic or agriculture

f of 0.05 mg/L and 0.2 mg/L, respectively.

Uranium and Radionuclides. With the exception of well MP-106 samples, all of the well

samples have uranium concentrations above the EPA MCL of 0.03 mg/L. All of the samples
have gross alpha activity that exceeds the WDEQ-WQD criterion of 15 pCi/L. All of the

samples, with the exception of two samples from well MP-107, have radium isotopic activity
above the WDEQ-WQD criterion of 5 pCi/L of Ra-226 plus Ra-228.

4.3 Outliers

The water quality data of the monitor wells were evaluated to identify and remove potential

outliers (anomalously high or low values relative to other values) thatmight otherwise strongly
influence the general characterization of the wells. The outliers were identified in accordance
with the process described in Section, OP 3.6.4.1 of the main permit document, which is based on

Attachment I of the WDEQ-LQD Guideline No. 4 (2000).

Well outliers were identified from the combined quarterly water quality sampling results of each
type of monitor well (M, MO, MU, and MP). As noted in WDEQ-LQD Guideline No. 4, "there
are no hard and fast rules regarding the initial selection of potential outliers" (2000). The water
quality data was visually screened for anomalous values or groups of values, which were then

subjectively evaluated as especially high or low relative to other values. Each potential outlier
was compared to its tolerance interval, which was. calculated excluding the potential outlier from
the dataset. Each potential outlier was considered, an, outlier if its value was not within the
calculated tolerance limit, unless it only marginally differed from the tolerance interval, was one
of only a few detected samples, or was similar to multiple samples. As an example, Table MU1
4-10 presents the MO-well outlier calculations. After evaluating the well data, the outliers were
determined and are shown in Table MU1 4-11.

.4.4 Baseline

It is assumed that the baseline concentrations are normally distributed. The 95% confidence

interval, which is approximated by the baseline mean plus or minus three standard deviations,

will be used to establish that the actual population! mean, is represented by the baseline mean. For

the M, MO, and MU wells, the baseline mean is established on a well-by-well basis. For the MP
wells, the baseline mean is established for the wells as a group (WDEQ 2007).
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5.0 Operations Plan

Section OP 3.0 of the main permit document describes the mine unit processes, instrumentation,

and control for the Project as a whole. The following sections describe specific operational

considerations for MUI.

5.1 Mine Unit Operations

5.1.1 Operating Parameters and Procedures

MUI will be subdivided into 12 operational areas referred'to as header houses. Figure MUI 1-3

shows the proposed locations and associated infrastructure for the 12 header houses. Each header

house will be designed, to accommodate the meter runs and distribution manifolds for

approximately 20 production and 40 injection wells. The MUl production wells are expected to

have an average flow rate between 30 to 35 gpm. The injection wells are expected to have an

average flow rate between 15 to-20'gpm, depending on the production and bleed flow rates. With

the Plant operating at a nominal flow rate of 6,000 gpm, approximately 180 production wells and

360 injection wells will be in operation at any givenmpoint in-time.

During the initial start up of mine unit operations, a, single header house wil-l be brought on, line

with an approximate production flow rate, of 640! gpm- flowing to the Plant through, the main:

production 24-inch diameter pipeline. The main production and injection, pipelines will; be

designed to accommodate the nominal% operating flow rate of 6,000 gpm. Additional header

houses will be brought on line at an. approximate schedule of one per month until' the, maximum

flow capacity through the Plant is realized. By this time, there should be eight to ten partially or

fully on line header houses, depending on the realized, average flow rates from the production

wells. Header house construction and well installations will continue even though the nominal'

flow rate to the Plant has been achieved.

The start of each header house will be done in accordance with a prescribed standard operating

procedure. The procedure will include a set checklist to ensure that pre start up inspections have

been performed and documented. As part of the start-up procedure, LC ISR, LLC will monitor

the water levels in the overlying and underlying monitor wells nearest to the header house as the

house is brought on line.

The nominal flow rate of 6,000 gpm for the Plant is determined by the anticipated flow rate

capacity of the ion exchange columns. The ten ion exchange columns are designed .for an

average throughput of 1,200 gpm with a maximum of 1,500 gpm. The flow through the ion

exchange columns will be in series with five columns in the lead position and five columns in the
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trail position. This means that five lead columns will receive the mine unit flow directly from the

production pipeline and the five trail columns will receive the flow exiting the lead columns. The

flow from the trail columns is returned to the mine unit by the main 24-inch diameter injection

pipeline. Therefore, the nominal flow rate through the Plant is five times 1,200 gpm, or 6,000

gpm. A bleed stream of the production flow into the Plant will be sent to the waste water disposal

system prior to the re-injection of the leaching solution. Also, the carbonate component of the

injection fluid will be added to the leaching solution downstream of the ion exchange columns

and prior to exiting the Plant. The oxidant will be added to the leaching solution in the header

houses prior to injection. The chemical constituents will be added at concentrations as specified

in Section OP 3.0 of the main permit document. An antiscalant may be added if needed.

New production wells will be brought on line to replace production wells that are shut in when it

is. determined that the recovery of uranium from these wells is no. longer technically or

economically warranted. This process will ensure that the nominal flow rate to the Plant will be

maintained for maximum production and will continue in MUI until the twelfth header house is

fully on line. Groundwater restoration and surface reclamation will commence directly following

the determination of the completion of uranium recovery (mining) in MUI in accordance with the

Reclamation Plan of the main permit document.

'5.1.2 Process Instrumentation

Instrumentation systems will be an essential component to monitoring and maintaining the proper

mine unit flow balance and provide notice to operators in the case of mine unit upset conditions.

Mine Unit Operators will use the data. and information provided, by the instrumentation systems to

maintain proper header house and pattern flow balances as specified' in Section OP 3.6 of the

main permit document.

5.1.3 Operational Monitor Well Sampling and Data Review

The MU1 monitor wells listed in Table MU1 4-1 were installed as described in Section OP 3.2

of the main permit document. MU1 Section 4.0 describes the baseline sampling program for

these wells and the UCL and baseline restoration criteria calculation methods. This section

presents the operational well sampling procedure and the review of the monitor well sample data.

Excursion monitoring includes sampling of the monitor ring wells (M wells), which are

completed in the same horizon as the pattern area (HJ Horizon) and monitor wells screened in the

overlying (MO wells) and underlying (MU wells) aquifers on the schedule outlined in Section

OP 3.6.4.2 of the main permit document. Prior to the start of well sampling, water levels, will be

measured for each monitor well. The groundwater collected from the wells will be analyzed for
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the excursion parameters (chloride, specific conductance and alkalinity) and their concentrations
will be compared to the calculated UCL concentrations for those parameters for each type of

monitor well. Data retention times are also included in Section OP 3.6.4.2.

During mine unit operations, the primary purpose of the monitoring well sampling program is to

prevent and detect excursions. Therefore, a thorough review of the monitor well sampling data

will be performed by an LC ISR, LLC employee trained for this task as the results of the sample

analyses become available. The prevention of horizontal excursions in the perimeter monitor
well ring is possible by reviewing the water quality data in concert with the water level data. The

data reviewer will have access to a monitor Well data base that will allow that person to trend data

over time for a specific monitor well or a series of wells to determine whether a potential

excursion exists and alert the mine unit operations staff to make the necessary flow changes to
prevent the excursion.

Sudden increases in water levels in the overlying or underlying aquifers, however, may be an

indication of casing failure in a production, injection or monitor well. Isolation and shutdown of

individual wells can be used to determine the well causing the water level increases. MIT's of
production and injection wells in the area of a suspected failure may also be performed to locate

the failed well.

In the event that an excursion is detected, then verified by confirmation samples, excursion.

control would be initiated in accordance with the procedures in Section OP 3.6.4 of the main
permit document.

5.1.4 Perimeter Monitor Well Location Design

The primary objective for an in situ recovery project groundwater monitoring program is the

protection of existing groundwater supplies. Appendix D5 and Appendix D6 of the main permit

document contain general baseline geologic and hydrologic information pertaining to the overall

project area. Prior to mine unit development it is necessary to collect and assemble detailed.

information on geologic and hydrologic conditions to define the ore zones, plan the mine unit and

develop the groundwater monitoring program.

As part of the groundwater monitoring program, perimeter monitor wells have been installed
within the Production Zone, outside of the production pattern area in a "ring" around the mine

area. These wells were used to obtain baseline water quality data and will be used to detect
mining zone excursions during mine unit operations. The UCLs determined for these wells from

the baseline water quality data (Section 4.5) are used to determine the presence of an excursion.

The MU1 perimeter monitor well ring was installed in the fall of 2008 with each well located

approximately, but no greater than, 500 feet from the outside edge of the mine unit as defined by
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mapped individual pattern areas. Also, the distance between each of the monitor ring wells is

approximately, but no greater than, 500 feet apart. These distances are based on the MU I aquifer

characteristics to ensure the monitor well ring is adequate to detect horizontal excursions. Also,
the completion interval of each monitor well targets the production zone(s) adjacent to that well.

As discussed in LQD Guideline #4 the distance between the mine unit and the perimeter monitor

wells should be such that the monitor wells are within the zone of control of the production wells
which would be used to control excursions. Based on the MUI aquifer.pump tests results, it is

apparent that the radius of influence of a single pumping well greatly exceeds 500 feet. In fact,
the MU1 aquifer pump tests indicated a response in the HJ Horizon of a minimum distance of

2,600 feet (North Test) within 2 days. Therefore, an excursion detected at the perimeter monitor
well ring placed within 500 feet of the mine unit will be readily controlled by adjusting extraction

and injection rates in nearby well patterns as described in Section OP 3.6.4 of the main permit

document.

The approximate 500 foot spacing' between perimeter monitor wells is a standard practice within

the ISR industry in Wyoming and' has proven to be: effective in detecting mining zone excursions.

Also, Figures 6-17 and 6-18 in. Attachment MUI 2-1 indicate a relatively uniform drawdown
pattern in the perimeter monitor wells in relation to the distance from the pumped well. This

indicates that significant channeling within the HJ Horizon does not occur and that mining fluid

moving away from the pattern areas will' disperse in a uniform radial pattern that will be detected
by the adequately spaced perimeter monitor wells.

Each perimeter monitor well has been screened: to discretely monitor the mining zones closest to

the monitor well ring as was previously discussed! with the WDEQ-LQD in Lander on June 25,

2008 prior to design and installation of the, wells. The results of the attached MUl pump tests

confirm that the various sand units within the HJ Horizon are hydraulically well connected. As a
result, these sands respond as a single hydrostratigraphic unit. Therefore, monitor well

completions across the entire HJ Horizon would most likely result in the collection of samples

that are more diluted with respect to any mining fluids which could potentially decrease the

likelihood of detecting an excursion.

5.2 UCL Calculations

With the characterization of the baseline MU1 groundwater quality, the UCL parameters and
limits were selected and calculated to facilitate the detection of potential excursions during

Project operations. Among other factors, UCL parameters were selected considering their

potential to react through sorption, oxidation, reduction, and precipitation. Common, reliable

UCL parameters of in-situ uranium mining are specific conductance, chloride, TDS, sulfate,
bicarbonate or total alkalinity, sodium, and calcium.0
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WTotal alkalinity, chloride, and. specific conductance were chosen as the primary lixiviant
migration indicators for MU]. Since bicarbonate (a component of total alkalinity) is a major

compound added to the lixiviant during mining, total alkalinity is a useful UCL parameter.
Chloride is a common UCL parameter in Wyoming due to its low levels in the native

groundwater and its mobility in groundwater. Chloride is elevated in the lixiviant in comparison
to the native groundwater due largely to the chemistry of the ion exchange system. The lixiviant

TDS concentration generally differs than that of the baseline groundwater quality and does not

appreciably change with sediment interaction; therefore, specific conductance is -an excellent
indicator due to its direct correlation to TDS.

UCLs were established for each M, MO and MU well. As recommended in WDEQ-LQD's
Guideline No. 4 (2000), the alkalinity and specific conductance UCLs were calculated by adding
five standard deviations to each UCL parameter baseline mean. Each chloride UCL was
calculated by adding five standard deviations to each mean chloride concentration or by adding
15 mg/L to each mean chloride concentration, whichever was larger. The outliers identified in
MU1 Section 4.3 were excluded from the UCL calculations. Table MU1 4-12 shows the means,
the standard deviations and UCLs for the M, MO, and MU wells.

5.2.1 Monitoring the LFG and UKM Sands across the fault

The Lost Creek Fault transects the MUI pattern area. LC ISR, LLC recognizes- that within some
areas of MU1, the LFG and UKM Sands are positioned across from the HJ mining zone due to
the structure of the fault. This fact is illustrated on Plate D5-ld. of the main permit document.
Therefore, LC ISR, LLC has examined these areas to ensure that a monitoring strategy to detect
excursions into these juxtaposed sands is in place prior to the start of mining.

LC ISR, LLC has designed MUI so none of the individual patterns cross the fault. However,
there are patterns screened in the UHJ Sand that are positioned across from the LFG Sand on the
down thrown side of the splinter fault of the Lost Creek Fault. Figure MU1 5-1 shows the

pattern locations where this occurs. In order to monitor the LFG Sand at this location, LC ISR,
LLC has recompleted well MO-i 14 in the LFG Sand and will use this well to monitor for leach

solutions that may cross the Lost Creek Fault from the UHJ mining patterns. Well MO-1 14 was
not included in the MUl baseline sampling program conducted April through June 2009.
However, a baseline sampling program for well MO- 114 willbe performed and the data will be
incorporated into the MO-well' database for MU1. The revised MO-well. database and UCL
values will be sent to WDEQ-LQD once the data become available. Well MO- 114 will be
included as an overlying monitor well and will be. sampled on the schedule outlined in Section

OP 3.6.4.2 of the main permit document.

0
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Similarly, there are patterns screened in the LHJ Sand that are positioned across from the UKM

Sand in two areas as shown on Figure MU1 5-2. LC 1SR, LLC believes there are sufficient
monitor wells positioned in the UKM Sand (MU wells) that leakage across the Lost Creek Fault

into the UKM sand will be detected. Monitor well MU-104 is in position to detect leakage south

of the splinter fault of the Lost Creek Fault, from the location identified as Pattern Area I on
Figure MU1 5-2. Also, monitor wells MU-106, MU-107 and KPW-2 are in position to detect an
excursion into the UKM Sand should leakage to the north of the Lost Creek Fault occur from
Pattern Area 1. Monitor well MU-Ill is in position to detect leakage north of the Lost Creek
Fault, from the location identified as Pattern Area 2 on Figure MU1 5-2.

LC ISR,.LLC will be overproducing in these pattern areas as part of the bleed system as discussed

in Section 3.6 of the main permit document to prevent migration of mining solution through the
fault. However, in the event that leakage is detected across the fault in these locations and

verified by confirmation samples, then excursion control would be initiated in accordance with

the procedures in Section OP 3.6.4 of the main permit document.

LC ISR, LLC believes that, with the addition of well MO-1 14 to the monitor well system and
with the previously placed UKM sand monitor wells (MU wells), the monitoring system is
sufficient to discover any leakage of mining solutions that may occur across the fault into the.
LFG and UKM sand units due to their juxtaposition to the HJ mining zone.

5.3 Historic Drill Hole Locations

Figure MUl 5-3 shows the 73 historic drill holes located within the proposed MUl pattern area.
Table MUl 5-1 lists the abandonment information available for these historic drill holes.

A review of the historic records suggests these holes were properly abandoned by the original
operator pursuant to regulations that were in place at that time. Additionally, the two MU 1 pump
tests included with this submittal do not identify any improperly abandoned drill holes within the
MU1 pattern areas. The pump tests do reveal minor communication between the overlying and
underlying aquifers and the HJ Horizon, which 'is most likely caused, through the displacement, of

the Lost Creek Fault.

However, to ensure compliance with the Safe Drinking Water Act and State Regulations, LC ISR,

LLC will actively pursue a re-plugging program of historic drill holes within the MUl pattern.
areas for holes which can be positively located and identified by LC ISR and/or WDEQ-LQD.

Additionally, if a historic drill hole or well is later located during the mine unit installation
testing, or operation, the drill hole or well will be abandoned in accordance with abandonment

procedures currently in use by LC ISR, LLC.
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5.4 Updated Water Rights Information

Table D6-13 of the main permit document lists the groundwater permits of the Project that.had

been obtained from the Wyoming State Engineer's Office as of December 2008. As requested in
the WDEQ-LQD's August 2008 Comment #34 on Appendix D6, Table MU1 5-2 lists the

groundwater permit information updated for MU1.

6.0 Groundwater Quality Restoration and Surface
Reclamation

The section on Groundwater Quality Restoration and Surface Reclamation in the main permit

document describes the plans for the Project as a whole. The following sections describe specific
restoration and reclamation considerations for MUL

6.1 Groundwater Restorationý

6.1.1 Calculated MUI Pore Volume

The progress of groundwater restorationý is. often measuredý on the basis of the number of pore
volumes (PVs) treated in each phase. Pore volume is a term used by the industry to define an
indirect measurement of a unit volume of aquifer water affected by LSR operations. It represents
the volume of water that fills the voidz space in a certain volume of rock or sediment'. Pore
volume provides a unit reference that an operator can use to describe the amount of treated water

circulations needed to flow through a depleted ore body to achieve restoration standards. A more

detailed discussion about pore volumes is included in Section RP 2.3 of the main permit

document.

One PV is equivalent to:

* PV Area x Thickness x Horizontal Flare x Vertical Flare x Porosity x Conversion

* PV (in gallons) = A (in ft2)x T (in ft) x 1.2x 1.2 x 0.25 x.7.48 (gallons/ft3)

The MU1 PV is based on the following data:

* Mine Unit Area= 1,611,720 ft2

* Average Thickness = 12 ft
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Therefore the mine unit area PV is:

PV = 1,611,720 ft2 X 12 feet x 1.2 x 1.2 x 0.25 x 7.48 (gallons/ft3) = 52,080,475 gallons.

Additional data specific to MU I is. available in Worksheet I of Table RP-4 of the main permit
document.

6.1.2 Groundwater Restoration Methods

The number of PVs planned for each stage of groundwater restoration to meet the restoration
objective and to demonstrate the application of BPT is as follows:

* Groundwater transfer: zero to two PVs (optional);
* Groundwater sweep: three-tenths (0.30) of.a PV;
* RO permeate injection: six PVs; and
* Groundwater recirculation: one PV.

LC ISR, LLC will conduct an in-house water quality monitoring program throughout the
progression of the groundwater restoration activities. Once the restoration requirements are
believed to have been met, LC ISR, LLC will collect appropriate groundwater samples for
verification, as outlined in the main permit document- If confirmed-, LC ISR, LLC will initihte
the stabilization monitoring phase and submit supporting documentation that the restoration
parameters are at or below the restoration. standards. If, at the end of restoration activities, the
parameters are not at or below the primary standards,. LC ISR will, either re-initiate certainm
restoration phases or submit documentation to the agencies that BPT has been used in restoration

and the aquifer has been restored to its original class of use. The documentation will include an
evaluation of the water quality data and a narrative of the application of BPT.

Additional details, descriptions and discussion of the PV requirement determination of the
various phases of groundwater restoration are presented in Section RP 3.2 of the main permit
document.

6.1.3 Evaluation of Groundwater Restoration Success

Upon completing groundwater restoration and notifying WDEQ, a groundwater stabilization
monitoring program will begin in which the 1-3 MU1 pattern monitor wells will be sampled to
evaluate restoration success will be sampled. Additional details of the stabilization monitoring
program arediscussed in Section RP 2.4 and Section RP 2.5 of the main permit document.
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As described in Section RP 2.2 (Restoration Requirements) of the main permit document, LC
1SR, LLC will apply the Best Practicable Technology (BPT) to return the groundwater to the pre-

operational class-of-use, and if possible, to approximate baseline conditions, in accordance with
WDEQ statutes and regulations. Per Section RP 2.5 of the main permit document, the criteria
that will be used to evaluate restoration success are: the baseline and restoration means and
associated statistics; the water treatment technology applied during restoration, and the EPA

criteria. The criteria for the wells in the monitor ring (M) and the overlying (MO) and underlying
(MU) aquifers are evaluated on a. well-by-well, basis,. Additionally, Section RP 2.5 of the main
permit document outlines the procedure to follow if an M, MO or MU monitor well has been
impacted by an excursion during mining. The criteria for the monifor wells in the pattern area
(MP) are evaluated collectively (WDEQ-LQD & WQD, 1977).

Comparison of Baseline and Restoration Means. After the stability samples are analyzed, the

minimum, mean, maximum, and- standard deviation of each. parameter will: be calculated. For the
MP wells, the calculations will be an average of the results for all the MP wells. For any M, MO,
or MU well that went on excursion during mine unit operation, the calculations will be for that
well.

Similar to the baseline samples, the 95% confidence interval will be used to establish that the
actual population mean is representedl by the restoration mean. The unpaired t-test, or similar
parametric test, will be used to determine if the difference between the restoration, and baseline
means is statistically significant at the 95% confidence interval (see e.g., Part- III of the EPA
Unified Guidance [EPA 2009b]).-

Application of Best Practicable Technology (BPT)., If the restoration mean exceeds the
baseline mean for a particular parameter, then LC ISR, LLC will! provide detail: on- the technology
applied per Section RP 2.5 of the main permit document. The WDEQ-LQD will evaluate
whether the technology meets the definition of per Chapter 11', Section 5(a)(ii) of the WDEQ-
LQD NonCoal Rules (2005).

EPA Criteria. Per Chapter 11, Section 5(a)(ii)(D) of the LQD NonCoal Rules and, Regulations,
the EPA Maximum Contaminant Limits must be taken, into consideration if an MCL has been
established for a particular parameter. If the baseline concentration exceeds the MCL, then the
baseline becomes the criteria (see, e.g., Item 2 Fact Sheet #13 for WDEQ-VRP).
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6.2 Surface Reclamation

6.2.1 Well Abandonment

Once NRC and WDEQ review and approve LC ISR, LLC's assessment that the groundwater
restoration is complete in a given mine unit, all of the wells will be abandoned in accordance with
applicable regulations, unless a well is needed for continued monitoring of another mine unit or
retention of the well for future use has been requested and approved. A detailed description of
LC ISR, LLC's well abandonment procedure has been submitted with the main permit application
in Section RP 3.1.

6.2.2 Surface Reclamation

Once NRC and WDEQ review and approve LC ISR, LLC's assessment that the groundwater
restoration is complete in a given mine unit, with the exception of any facilities, access roads, or
utility corridors required for continued operation, all of the facilities associated with the 12 header
houses in MU I will be removed in accordance with. Section RP 3.2 of the main permit document.
Soil replacement and reseeding will be performed in. accordance with the methods described in
Section RP 4.5 of the main permit document.
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Table MUI 3-1 Topsoil Salvage (Page 1 of 2)

I
Comments

Support Facilities

Staging Area & Shop LT .... 1.18

Access Roads 3 LT 0.37 0.40 2.53 Secondary roads including 'main' road in MU1 and roads from
Header Houses to that road.

Trunkline ST 0.10 0.11 0.78 Trench.

Transmission Line -No 
topsoil will be stripped for installation of the transmission

line (see Table MUl 3-2, Vegetation Disturbance).

Fence No topsoil will be stripped for installation of the fence
(see Table MUI 3-2, Vegetation Disturbance).

Area includes building footprint, perimeter access, and topsoil
Header Houses LT 0.03 0.42 stockpile. Roads from Header Houses to 'main' MU1 road are

included under Access Roads.
Pattern Area

Based on 10% ST disturbance within pattern area (see Figure OP-
Drill Pits & Trenches ST 0.43 1.16 2.15 6b in the main permit document). The LT disturbances for

Header Houses and Access Roads are specified above.
Monitor Well Ring

Mud Pits for Monitor Monitor ring wells were installed in Summer/Fall 2008 and
Wells associated disturbance reclaimed.

The above-ground casing for each well occupies a very small
Monitor Wells ........ space (e.g., 1 ft by 1 fi). Topsoil removed during installation of

the wells in Fall 2008 was replaced around the wells.
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Table MU1 3-1 Topsoil Salvage (Page 2 of 2)

Soil Type
3Facility IType of (acres) CDisturbance 2 Poposhia Teagulf Pepal Sandy Comments

Loam Sandy Loam Loam

Two-Track Road Topsoil will not be stripped from this road unless problems are

(monitor well ring) encountered in maintaining portions of road (e.g., drainage
crossing); therefore, no disturbance is planned at this time.

Topsoil Salvage LT 0.37 0.43 4.12

(acres) ST 0.53 1.27 2.93

Recommended topsoil stripping depths were 24 inches or less
Topsoil Salvage LT 1,180 1,390 13,295 (Attachment MU1 3-1). For a conservative estimate of the

(cubic yards) 4ST 1,695 4,085 9,465 amount of topsoil to be removed and stockpiled, a depth of 24
ST _ 1,95_ 4,85_ 9,465 inches was used for the disturbance calculations.

Facility locations and distribution of vegetation types are shown on Figure MU1 3-2.
LT = Long Term topsoil stockpile, i.e., duration of mine unit. ST = Short Term topsoil stockpile, i.e., a few days to a few months.

3 Includes road through mine unit and roads connecting header houses to that road.
4 Rounded to nearest five cubic yards.
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Table MU1 3-2 Vegetation Disturbance (Page 1 of 2)

Type of Vegetation Type

Facility Disturbance 2 Upland Big Lowland Big Comments
Sagebrush Sagebrush

Support Facilities

Staging Area & Shop R 1.18 --

Access Road 3 R 2.82 0.56 Secondary road.

Trunkline R 0.99 0.19 Trench.
T 5.56 1.28 Temporary stockpile of topsoil & excavated material.

Topsoil Stockpiles T 4.28 <0.01
Transmission Line T 1.29 0.22 Disturbance corresponds with width of two-track road, which would be used to bring in

Fence T 0.96 0.31 contruction equipment & materials.
Area includes building footprint, perimeter access, and topsoil stockpile. Roads from

Header Houses R 0.17 - Header Houses to Access Road are included with the Access Road.

Pattern Area

S Based on 10% ST disturbance within pattern area (see Figure OP-6b in the main permit
R 2.89 0.26 document). The LT disturbances for Header Houses and Access Roads are specified

Pattern Area above.

Based on LC ISR, LLC discussions with WDEQ-LQD on amount of disturbanceallowed before topsoil stripping required.

Monitor Well Ring

Mud Pits for Monitor Monitor ring wells were installed in Summer/Fall 2008 and associated disturbance
Wells reclaimed.

The above-ground casing for each well occupies a very small space (e.g., 1 ft by 1 ft).

Monitor Wells .- - Topsoil removed during installation of the wells in Fall 2008 was replaced around the
wells.

Two-Track Road Topsoil will not be stripped from this road unless problems are encountered in

(monitor well ring) T 2.25 0.48 maintaining portions of road (e.g., drainage crossing); therefore, no disturbance is
(monitorwellring)_~planned at this time.

Vegetation Disturbance R 8.04 1.01
T 24.48 6.57
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Table MU1 3-2 Vegetation Disturbance (Page 2 of 2)

0

Comments

Office Trailer & -- 0.08 <0.01
StwoTackn Aroads- .206 _________________________________

STwoTagin ARead __2 _0._______

Monitor Ring Wells Reclaimed 0.07 0.02 ____________________________________

Facility locations and distribution of vegetation types are shown on Figure MUI 3-2.
2 R = removal during installation of facility; area will be reseeded once associated facility is completed or removed and topsoil respread.

T = trodden during installation of facility; area will be overseeded if necessary to prevent erosion of topsoil.
3 Includes road through MU1 and roads connecting header houses to that road.
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1 Table MU1 4-1 Monitor Wells (Page 1 of 1)

Overlying Underlying Production
Monitor Ring Aquifer Aquifer Zone

(M) Well' Monitor Monitor Monitor
(MO) Well (MU) Well (MP) Well

M-101 M-115 MO-101 MU-101 MP-101
M-102 M-116 MO-102 MU-102 MP-102
M-103 M-117 MO-103 MU-103 MP-103
M-104 M-118 MO-104 MU-104 MP-104
M-105 M-119 MO-105 MUJ-105 MP-105
M-106 M-120A 2 MO-106 MU-106 MP-106
M-107 M-121 MO-107 MU-107 MP-107
M-108 M-122 MO-108 KPW-2 5 MP-108
M-109 M-123 MO-109 MU-109 MP-109 6

M-110 M-124 MO-il0 MU-110 MP-110
M-111 M-125 MO-i1 3  MU-111 MP-111
M-112 M-126 MO-112 MU-112 MP-112
M-113 M-127 MO-113 MU-113 MP-113
M-114 M-128 I MO-114 4L......
Detailed monitor well information (e.g., well depths, screened intervals) provided

in Attachment MU1 2-1.
2 Well M-120 failed the MIT, was properly abandoned and was replaced with well

M-120A.
3 The laboratory water-quality analyses of the fourth sampling from Well MO-I ll

are ongoing.
4 Well MO-I 14 was recently added to this list to ensure adequate monitoring near

the Lost Creek Fault and associated splinter fault, and will be sampled four
times for water-quality analysis.

5 Well MU-108 failed the MIT, was properly abandoned and replaced with well
KPW-2, which was originally used as a pump test well within the same
horizon as and 17 feet from well MU-108.

6 Well MP-109 underwent recompletion and redevelopment, and will be sampled
four times for water-quality analysis.

0

0
Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
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Table MU1 4-2 Monitor Well Sampling Events (Page 1 of 3)

April 2009 May 2009 June 2009
20th I 21st 22nI 2 3rd 4 th j 5 th 6 th 7 tM 18 t0 1 9th 2 0th j 2 Vst 1st 2 nd 3rd 4th Comments

Monitor Ring Wells
M-101 X X X X
M-102 X X X X
M-103 X X X X
M-104 X X X X
M-105 X X X X
M-106 X X X X
M-107 X X X X
M-108 X X X X
M-109 X X X X
M-110 X _ X X X

M-1Il X X X X
M-112 X X X X
M-113 X X X X
M-114 X X X X

M-115 X X X X
M-116 X X X X
M-117 X X X X
M-118 X X X X
M-119 X X X X

M-120A X x First sample bottle
mislabeled as "M-120".

M-121 X X X X
M-122 X X X X
M-123 X X X X
M-124 X X X X

Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009



Table MU1 4-2 Monitor Well Sampling Events (Page 2 of 3)

WlsA l2009 "May 2009 I June 2009 Cmet20'h 1 21s'i/ 1 22 nd 23ra 4 th 5 5th 6 6th 7th[l 18th 19thý [2th 21st, 1stI 2 nd 3 d7 I th

Monitor Ring Wells (continued)
M-125 X x X X
M-126 X X X
M-127 X X X
M-128 X X X

Overlying Monitor Wells
MO-101 X X X X
MO-102 X X X X
MO-103 X X X X
MO- 104 X X X X
MO-105 X XXX X _

MO-106 X X X X
MO-107 X X -X X
MO-108 X" X X X
MO- 109 X X X X
MO-110 X X X X

Fourth sampling
MO-1Il X X X completed; awaiting

results.
MO-112 X X X X
MO-113 X __ _X X X_______

New monitor well; will be
MO-114 sampled four times.

Underlying Monitor Wells
MU-1O1 X X X X
MU-102 X X X X
MU-103 X X X X
MU-104 X X X X

Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009
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Table MU1 4-2 Monitor Well Sampling Events (Page 3 of 3)
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0 Table MU1 4-3 General Laboratory Analyses (Page 1 of 1)

Parameter Laboratory Analysis DetectionMethod Limit

Physical

Specific Conductance at 25 'C APHA SM A25 10 B I ltmhos/cm
Laboratory pH APHA SM A4500-H B 0.01 SU
IDS at 180 'C APHA SM A2540 C 10 mg/L

Major Ions
Total Alkalinity as CaCO 3  APHA SM A2320 B I mg/L
Bicarbonate (HCO 3) APHA SM A2320 B. I mg/L
Carbonate (CO 3) APHA SM A2320. B I mg/L
Dissolved Calcium (Ca) EPA 200.7 1 mg/L
Total Chloride (Cl) EPA 300.0 1 mg/L
Dissolved Fluoride (F) APHA SM A4500-F C 0.1 mg/L
Dissolved Magnesium (Mg) EPA 200.7 - mg/L
Ammonia as Nitrogen (NH 3-N) EPA 350.1 0.05 mg/L
Dissolved Nitrate plus Nitrite as Nitrogen (N0 3+NO 2-N) EPA 353.2 0.05 mg/L
Dissolved Potassium (K) EPA 200.7 mg/L
Dissolved Silica (Si0 2) EPA 200.7 0.2 mg/L
Dissolved Sodium (Na) EPA 200.7 mg/L
Total Sulfate (SO4) EPA 300.0 1 mg/L

Dissolved Metals
Dissolved Aluminum (Al) EPA 200.8 0.1 mg/L
Dissolved Arsenic (As) EPA 200.8 0.001 mg/L,
Dissolved Barium (Ba) EPA 200.8 0.1 mg/L
Dissolved Boron (B) EPA 200.7 0.1 mg/L
Dissolved Cadmium (Cd) EPA 200.8 0.005 mg/L
Dissolved Chromium (Cr) EPA 200.8 0.05 mg/L
Dissolved Copper (Cu) EPA 200.8 0.01 mg/L
Dissolved Iron (Fe) EPA 200.7/EPA 200.8 0.03 mg/L
Dissolved Lead (Pb) EPA 200.8 0.001 m2/L
Dissolved Manganese (Mn) EPA 200.7/EPA 200.8 0.01 mg/L
Dissolved Mercury (Hg) EPA 200.8 0.001 mg/L2
Dissolved Molybdenum (Mo) EPA 200.8 0.1 mg/L
Dissolved Nickel (Ni) EPA 200.8 0.05 mg/L
Dissolved Selenium (Se) EPA 200.8 0.001 mg/L
Dissolved Uranium (U) EPA 200.8 0.003 mg/L
Dissolved Vanadium (V) EPA 200.8 0.1 mg/L
Dissolved Zinc (Zn) EPA 200.8 0.01 mg/L

Total Metals
Total Fe EPA 200.7/EPA 200.8 0.03 mg/L
Total Mn EPA 200.7/EPA 200.8 10.01 mg/L

Dissolved Radionuclides
Gross Alpha EPA 900.0 .---
Gross Beta EPA 900.0 ---
Radium-226 (Ra-226) EPA 903.0 ---
Radium-228 (Ra-228) EPA RA-05 ---

Detection level may be increased due to sample matrix interference.2 This exceeds the WDEQ Water Quality Division's Livestock Class-of-Use Criterion of 0.00005 mg/L.

0
Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009



Table MU1 4-4 QA/QC Monitor Well Sampling Events (Page 1 of 1)

Sampling Duplicate Field Blank Comments
Event Sample Sample

4/20/2009 M-129 M-130 Duplicate from well M-1 10
4/21/2009 M-131 M-132 Duplicate from well MP-1 10
4/22/2009 M-133 M-134 Duplicate from well MU-107
4/23/2009 M-135 M-136 Duplicate from well MP-105
5/4/2009 M-129 M-130 Duplicate from. weIlM-1.10
5/5/2009 M-131 M-132 Duplicate from well: MOý-110
5/6/2009 M-133 M-134 Duplicate from well. MU- 107
5/7/2009 M-135 M-136 Duplicate from well MU-105
5/18/2009 M-129 M-130 Duplicate from welliM-I10
5/19/2009 M-131 M-132 Duplicate fromwell MO-I 10,
5/20/2009 M-133 M-134, Duplicate from well MU-107
5/21/2009 M-135 M-136 Duplicate from well MU-105
6/1/2009 M-129 M-130 Duplicate from well M-1 10
6/2/2009 M-131 M-132 Duplicate from well MO-I 10
6/3/2009 M-133 M-134 Duplicate from well MU-107
6/4/2009 M-135 M-136 Duplicate from well MIJ-105

Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009
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Table MU1 4-5 State and Federal Water Quality Criteria (Page I of 1)

EPA Drinking
WDEQ-WQD Class-of-Use Criteria eP DrinkinWater Criteria

Parameters Units MaximumDomestic Agriculture Livestock Contmia

(Class I) (Class II) (Class I11) Level*

Alkalinity as CaCO 3  mg/L ---.........

CO 3  rng/L --- ---....

HCO 3  mg/L ---.........

Calcium mg/L ---.........

Chloride mg/L 250.0 100.0. 2000.0 ---

Fluoride mg/L 4.0 --- --- 4.0

Magnesium mg/L ---........

NH 3-N mg/L 0.5 ---

N0 3+N0 2 -N mg/L --- --- 100.0 ---

Potassium mg/L ---........

Si0 2  m g/L ---.........

Sodium mg/L ---....

SO4  mg/L 250.0 200.0 3000.0
Specific Conductance imhos/cm ---

at 25 0C __mhos/cm

Laboratory pH SU 6.5 - 8.5 4.5 - 9.0 6.5 - 8.5 ---

TDS Dried at 180 'C mg/L 500.0 2000.0 5000.0 ---
Aluminum mg/L --- 5.0 5.0 ---

Arsenic mg/L 0.05 0.1 0.2 0.010
Barium mg/L 2.0 --- --- 2

Boron mg/L 0.75. 0.75 5.0
Cadmium mg/L 0.005 0.01 0.05 0.005
Chromium mg/L 0.10 0.1 0.05 0.1
Copper mg/L 1.0 0.2 0.5
Iron mg/L 0.3 5.0 ...
Lead mg/L 0.015. 5.0 0.1
Manganese mg/L 0.05 0.2 ---....

Mercury mg/L 0.002 --- 0.00005 0.002

Molybdenum mg/L ---......

Nickel mg/L --- 0.2 ......

Selenium mg/L 0.05 0.02 0.05 0.05
Uranium mg/L --- --- --- 0.03
Vanadium mg/L --- 0.1 0.1

Zinc mg/L 5.0 2.0 25.0 ---
Gross Alpha pCi/L 1:5 15 15 15
Gross Beta pCi/L --- ---.....

Ra-226+ Ra-226+ Ra-226+ Ra-226+
Dissolved Ra-226 pCi/L Ra-228 Ra-228 Ra-228 Ra-228

Dissolved Ra-228 pCi/L (Combined) (Combined) (Combined) (Combined)
Dissolved Ra-228 p_ /L_ 5 5 5 5
Source: EPA, 2009 and WDEQ-WQD, 2005

Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009
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Table MU1 4-6 Cation-Anion Balances (Page 1 of 2)

Wells Vs Quarter 2nd Quarter 3 rd Quarter 4 h Quarter
M-1O1 -2.96 -3.73 -3.07 -2.87
M-102 -3.57 -3.33 -5 -3.54
M-103 -3.66 -3.8 -1.93 -3.67
M-104 -1.89 -3.73 -0.459 -4.85
M-105 -1.91 -4.77 -1.24 -4.75
M-106 -2.47 -4.08 -1.74 -4.28
M-107 0.214 -3.1 0.183 -1.58
M-108 -0.936 -2.09 -3.2,1 -4.8
M-109 -1.79 -2.78 -2.9 -4.46.
M-110 -1.84 -1.2 -2.99 -3.06
M-111 -2.72 -2.56 -4.8 -3.52
M-112 -2.35 -2.69 -2.73 -2.83
M-113 -2.75 -2.25 -1.3 -3.41
M-114 1.16 -1.95 -1.99 -4.56
M-115 -1.54 -2.63 -2.81 -0.46
M-116 -3.79 -1.96 -5.69 -4.34
M-117 -1.78 -2.76 -3.79 -2.84
M-118 -3.68 -2.68 -2.82 -3.52
M-119 -1.19 -3.78 -2.72 -2.95
M-120A -1.45 -3.96 0.461 0.794
M-121 -2.51 -4.75 -4.69 -0.674
M-122 0.711 -4.69 -1.99 -2.91
M-123 -4.08 -4.2 -2.38 -2.73
M-124 -1.55 -4.34 0.17 -3.92
M-125 -0.234 -5.89 0.708 -3.36
M-126 -2.98 -4.43 -2.57 -0.758
M-127 -2.92 -3.97 -0.166 -2.72
M-128 -0.0164 -3.09 -0.392 -2.81
MO-101 -5.23 -1.58 -2.14 -4.39
MO-102 -4.87 -4.4 -2.95 -4.53
MO-103 -5.86 -2.16 -1.33 -3.11
MO-104 -2.79 -4.19 0.166 0.234
MO-105 -3.92 -2.41 -4.76 -3.92
MO-106 -0.128 -3.52 -4.58 -3.36
MO-107 -3.74 -1.7 -1.15 -0.834
MO-108 -1.93 -1.07 -1.68 -2.93
MO-109 -2.04 -1.72 -4.02 -4.92
MO-l 10 -0.562 -2.36 -2.15 -4.6
MO-11l -5.01 -1.64 -3.93
MO-112 0.678 -1.89 -2.09 , 2.48
MO-113 -1.27 -4.92 -3.94 -1.38
MU-101 -3.78 -5.23 -3.82 -5.09
MU-102 -3.87 -2.87 -3.07 -4.86
MU-103 -3.74 -0.791 -3.57 -4.77
MU-104 -0.599 -1.95 -5.91 0.423
MU-105 -1.53 -2.5 -3.74 -4.05

Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009



Table MU1 4-6 Cation-Anion Balances (Page 2 of 2)

Wells V Quarter 2"d Quarter 3rd Quarter 4th Quarter
MU-106 2.22 -1.38 -1.57 -2.98
MU-107 0.723 -2.29 -2.5 -1.98
KPW-2 -3.16 -2.3 -4.37 -1.85
MU-109 0.0544 -1.01 -3.06 -4.37
MU-l 10 0.75- -0.743 -0.171 0.403
MU-I 11 -1.22 -4.62 -0.0922 -1.12
MU-112 0.71:8& 1.4' 1.42 3.22
MU-113 -2.17 -0ý.986 0.912 3.17
MP-101 -4!,.2 -3.34 -3.06 -2.5
MP- 102 -4.3.2 -4.48 -3.1.6 -4.68
MP-103 -3.78. -2.06 -0.673 -0.863
MP-104 -0.0148 -2.82 -1.11 -0.694
MP- 105 -3.68 1.1 -3.48 -1.5
MP-106 -1.13 0.77 -4.27 -2.92
MP-107 -2.87, -3.09 -4.93 -6.91
MP-108 -4.1:3 -1.33 -1.82 -4.58
MP-1 10 -0.705 -4.1 -3.35 -5
MP-1 11 -2.01 -6.4 -2.33 -4.47
MP-1 12 0.0959 -1.45 -0.338 3.33
MP-113 -1.13 -1.14 -3.07 -4.46

/

S
Lost Creek Project
WDEQ-LQD Mine Unit I Application
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Table MU1 4-7 Measured versus Calculated TDS (Page 1 of 3)

Wells 1st Quarter 2nd Quarter 3 rd Quarter 4 th Quarter

Measured Calculated Measured Calculated Measured Calculated Measured Calculated

M-101 405 396 471 409 439 435 491 433
M-102 520 509 553 514 522 510 548 514

M-103 609 577 629 561 608 579 627 554
M-104 578 562 602 561 544 557 603 534
M-105 507 492 527 466 472 497 495. .463
M- 106 491 473 505 478 489 487 502 483
M-107 424 418 48 ! 417 .. . 4.'52 . 4-7....
M-108 423 420 -439 417 394 441 1 425 389

M-109 322 315 335 318 292 318 334 302
M-110 356 343 368 3,48 317 3,42 371 347

M-1Il 371 353 377 353 320 349 . .378333
M-112 356 344 376 ....... 350 322 348 373 353
M-113 .306 294 321 302. 300 302 315 303
M-114 334 313 354 332 325 336 . 3406' 3
M-115 326 298 319 288 298 361 322 302'

M-116 293 284 310 295 312 291 304 282
M-117 300 285 316 312 307 301 309 307
M-118 -340 332 347 339........350 337 353 342
M- 119 329 323. . 325 318'331 318 338 301
M-120A.. 357 338 248 241 224 221 274 239

M-121 326 323 ......... "335 ....... 32 325' 321 346 309
M-122 336 327 335 312 334 317 345 . 30i
M-123 313, 304 - 24" "324 03 - 326 316 330 ^292§
M-124 300 296 314 289 311 296 - 32

M 125 362 357 379.. 3,50. 362 355 360 ....... 334
M-126 324 320 344 313 . 329 320 328 313

Lost Creek Project
WDEQ-LQD Mine Unit I Application
December 2009



Table MU1 4-7 Measured versus Calculated TDS (Page 2 of 3)

Wells It Quarter 2 nd Quarter. 3rd Quarter. 4 th Quarter
Measured Calculated Measured Calculated Measured Calculated Measured Calculated

M-127 332 338 356 334 345 338 340 318
M-128 349 363 377 357 363 361 368 340
MO-101 428 409 442 429 442 425 451 421
MO-102 373 348 406. 382 434 393 393 385
MO-103 389 375 396 389 322 310 426 367
MO-104 394 366 424 406 438 427 413 398
MO-105 312 304 324 306 402 382 336 283
MO-106 240 224 -291 272 304 282 276 .258

MO-107 298 273 297 290 316 298 300 278
MO-108 316 288 312 302 322 306 310 289
MO-109 310 286 324 3i2 335 310 318 289
MO-I 10 264 260 258 259 283 265 285 250
M O -111 3 10 303 265 253 261 243 ......

MO-112 214 195 205 203 .229 225 218 210
MO- 113 292 282 292 273 299 255 273 268
MU-101 340 322 365 341 391 348 365 315
MU-102 268 253 280 261 293 264 276 256
MU-103 244 228 273 242 277 267 290 242
MU-104 318 293 337 319 399 325 337 316
MU-105 263 252 265 259 279 248 297 261
MU-106 321 292 324 3i4 341 317 318 296
MU-107 276 261 287 282 312 289 286 274
KPW-2 281 276 307 300 301 287 337 279
•MU-109 252 228 260 249 309 281 293 263
MU-110 238 231 237 230 242 222 225 216
MU-111 273 271 310 288 311 302 304 288
MU-I 12 259 255 278 255 278 269 271 267

Lost Creek Project
WDEQ-LQD Mine Unit 1 Application
December 2009
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Table MU1 4-7 Measured versus Calculated TDS (Page 3 of 3)

Wells 1st Quarter 2 "d Quarter 3 rd Quarter 4th Quarter

Measured Calculated Measured Calculated Measured Calculated Measured Calculated

MU-113 263 253 292 276 314 286 290 276
MP-1O1 391 379 410 388 425 388 394 360
MP-102 314 305 325 308 340 312 347 303
MP-103 375 365 376 364 312 309 404 355
MP-104 398 376 419 388 425 412 415 383
MP-105 309 291 306 306 385 367 343 288
MP-106 304 279 305 300 317 286 275 274
MP-107 361 344 372 354 388 348 355 328
MP-108 347 314 352 341 356 341 343 316

MP-110 328 322 314 311 328 315 341 298
MP-111 259 261 340 327 348 322 340 295
MP-112 279 266 261 252 257 249 240 246
MP-113 375 340 366 348 370 350 371 323

Lost Creek Project
WDEQ-LQD Mine Unit I Application
December 2009
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Table MU1 4-11 Monitor Well Water-Quality Data Outliers (Page I of 1)

i Outlier Well-Type Statistics with Outliers Removed
Monitor Wells Parameters Units Values1  Minimum Mean Maximum Standard

Deviation

M Wells M-106 Total Iron mg/L 2.71 0.03 0.06 0.99 0.13
M-120A Total Chloride mg/L 92 4.00 5.79 22.00 2.56
MO-106 Dissolved Zinc mg/L 0.16 0.01 0.02 0.06 0.01

Dissolved Potassium mg/L 8 2.00 2.64 5.00 0.78
Dissolved Arsenic mg/L 0.011 0.001 0.002 0.008 0.001

l MO-111 Gross Alpha pCi!L 1060 137.00 407.94 837.00 149.81
Gross Beta pCi/L 544 53.10 134.01 382.00 62.52

Dissolved Ra-226 pCi/L 360 0.74 6.70 38.00 9.10

Gross Alpha pCi/L 828 16.60 110.14 521.00 126.92
Gross Beta pCi/L 343 5.70 48.65 202.00 50.87

MU Wells MU-l1I0 CO3  mg/L 19 1.00 3.86 14.00 3.24
MU-I I1 Dissolved Potassium mg/L 26 2.00 7.00 20.00 4.89
_ MU- 113 Total Chloride mg/L 16 4.00 6.25 12.00 2.49

MP-1 10 Gross Beta pCi/L 816 11.30 231.19 646.00 149.45
Dissolved Ra-228 pCi/L 10.8 0.30 4.04 8.90 1.95

MP-111 Dissolved Selenium mg/L 0.023 0.001 0.003 0.015 0.004
MP Wells 24C0 3  mg/L 20 1.00 1.61 9.00 1.77

MP-1 12

HCO 3  mg/L -1 41.00 124.96 158.00 23.60

Less than values are denoted by a minus sign in front of the detection limit.

Lost Creek Project
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Table MU1 4-12 MU1 Monitor Well UCLs (Page 1 of 1)

Alkalinity as CaCO3 Chloride Specific Conductance

Well Group or Well mg/L) (mg/L) (pmhos/cm)
Standard Standard UCL' Mean Standard U

Mean Deviation UCL Mean Deviation Deviation CL

M Wells
All wells except well M-120A 110.01 16.93 194.65 5.42 1.08 20.42 561.11 111.48 1,118.49

Well M-120A 21.75 15.69 100.21 19.33 3.79 38.26 440.25 113.19 1,006.18
MO Wells

All wells 4 100.57 16.80 184.57 6.39 1.55 21.39 483.61 89.65 931.88
MU Wells

All wells5 81.87 24.83 206.01 6.25 2.49' 21.25' 432.13 45.36 658.94
See Attachment MU1 4-1 for the sampling results of each well.

2 Per WDEQ-LQD Guideline 4 (2000), the UCL was calculated by adding five standard deviations to each mean chloride concentration or by adding 15 mg/L
to each mean chloride concentration, whichever was larger.

2 Well M-120A is evaluated separately because three of the four alkalinity values and all of the total chloride values are outside the M-well tolerance intervals,
but only one alkalinity value was considered an outlier (see Section 4.3 for discussion of the outlier calculations). These results may be due to the fact
that well M-120A replaced well M-120 due to a failed MIT, and the new well may not have been fully developed prior to the initial sampling. Therefore,
well M-120A has been redeveloped and will be resampled to confirm the results. This table will he updated if necessary due to the redevelopment of well
M-120A.

3 The first two alkalinity values of well MO-I 12 were outside the tolerance intervals, but were not considered outliers; therefore, they are included in these
calculations.

4 The first chloride value for well MU-i 13 was outside the tolerance interval and considered to be an outlier; therefore, it is not included in these calculations.
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