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2.7 Hydrology

NITREG-1569 Section 2.7 states that, "characterization of the hydrology at in situ leach
uranium extraction facilities must be sufficient to establish the potential effects of in situ
operations on the adjacent surface-water and groundwater resources and the potential
effects of surface-water flooding on the in situ leach facility" (NRC, 2003). To meet
these requirements, this section addresses surface water features (Section 2.7.1),
groundwater characteristics (Section 2.7.2), surface water and groundwater quality
(Section 2.7.3), water use information (Section 2.7.4), and the overall hydrologic
conceptual model (Section 2.7.5) based on the geology and hydrology of the Permit
Area. Water use, which is limited in the vicinity of the Permit Area, is addressed in
Section 2.2.2.

2.7.1 Surface Water

2.7.1.1 Drainage Characteristics

The Permit Area is located in the Great Divide Basin, a topographically closed system
which drains internally, due to a divergence in the Continental Divide. Most of the
surface water is runoff from precipitation or snowmelt, and it quickly infiltrates,
recharging shallow groundwater, evaporates, or is consumed by. plants through
evapotranspiration.. Alluvial deposits, if any, along drainages are not extensive, and the
shallow aquifer, Battle Spring, underlying the Permit Area is unconfined, unconsolidated,
and poorly stratified. The shallow water table is typically 80 to 150 feet below ground
surface (ft bgs).

There are no perennial or intermittent streams within the Permit Area or on adjacent
lands. The principal drainage within the Permit Area is Battle Spring Draw, which is dry
for the majority of the year (Figure 2.7-1). Battle Spring Draw drains the northeastern
14 percent of the Permit Area; a sub-basin drains the central 47 percent; and an unnamed
wash drains the southwestern 39 percent. The central basin is considered a sub-basin

because its headwaters begin approximately one mile north of the Permit boundary and
end five miles southwest of the Permit boundary near the Kennecott Sweetwater Mill
(NRC Source Material License No. SUA-1350, WDEQ Permit 481). The watersheds in
the Project Area drain into the Battle Spring Flat, approximately nine miles southwest of
the Permit Area. Much of the water conveyed through the ephemeral channels does not
reach Battle Spring Flat. Instead, it infiltrates into the alluvium and recharges the Battle

Spring aquifer.
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The average slope of the Battle Spring Draw (northeastern) drainage in the Permit Area is

1.2 percent, the central drainage has an average slope of 1.5 percent, and the
southwestern drainage has an average slope of 1.7 percent. The sinuosity (length of the
channel divided by the length of valley) was calculated for the major channel in each
basin. The sinuosity values for the northeastern Battle Spring Draw, central, and
southwestern basins are 1.02, 1.15, and 1.16, respectively. The drainage densities range

from 3.3 miles per square mile in the southwestern basin to 4.6 miles per square mile and
4.5 miles per square mile in the central and northeastern basins, respectively. A
longitudinal profile of the northeastern Battle Spring Draw within the Permit Area is

shown in Figure 2.7-2.

The existing drainages are incised, wide u-shaped and trapezoidal cross-sectional

morphologies. Vertical and slumping banks exist where active erosion is occurring. The
channels near the downstream boundary of the Permit Area are incised three to six feet
and are ten to 15 feet wide. The channel side-slopes range in slope from 1:1 to
approximately 2.5:1. The bed material in the larger draws is sandy textured and non-
cohesive. Draws around the Permit Area are typically vegetated with sagebrush.

Annual runoff in the Permit Area is very low due to the high infiltration capacity and low
annual precipitation. The channels are dry for the majority of the year. Drainages in the
Permit Area are naturally ephemeral and primarily flow during spring snowmelt as

saturated overland flow when soil moisture is at a maximum. The quantity of spring
runoff is variable, depending on the amount of winter snowfall accumulation. Peak

runoff from high intensity rain events can be significant; but surface flow is generally
short-lived. Storm-water runoff after high intensity rain events is very rare because
surface water infiltrates very rapidly or evaporates. Some intermittent and localized flow
can occur near a small number of springs; but no surface runoff has been observed from

springs within the Permit Area.

Runoff data are limited for the ephemeral and intermittent streams in the Great Divide
Basin. There are two USGS streamflow gaging stations within 40 miles of the Permit

Area; but they are on perennial streams and are not representative of drainages in the
Permit Area. On April 6, 1976, the USGS measured the instantaneous discharge of Lost
Soldier Creek, approximately 14.5 miles northeast of the Permit Area. The measurement

of 0.2 cubic feet per second was taken during spring runoff so the source of water was
predominantly snowmelt (USGS, 2006).

A method for estimating peak stream discharge in ungaged watersheds in response to
storms with recurrence intervals from two to 100 years has been developed by Miller
(2003). Miller analyzed streamflow data for hundreds of gaged watersheds in Wyoming

ranging from one to 1,200 square miles, and developed regional regression relationships

based upon basin characteristics (drainage area, geographic factors, elevation, etc.). The
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most significant independent variables in Sweetwater County were drainage area and

latitude. The equations used for each calculation as well as the associated percent errors
are summarized in Table 2.7-1. Table 2.7-2 shows the calculated peak discharges for

Battle Spring Draw (the major drainage in the project area) at the exit boundary of the
Project area. Due to the incised nature and the width of the channels, flows from the 100-

year flood would likely remain mostly within the channels.

One small (less than one-quarter acre) detention pond exists in the Permit Area, which
acts as an off-channel storage area for stock watering. This is Crooked Well Reservoir

which is shown in Figure 2.7-3. This pond is dry for the majority of the year and
typically fills from spring snowmelt during the months of March and April. Wetland

vegetation has not been observed around this impoundment. This detention pond is not

included in the active surface water rights in the area.

2.7.1.2 Surface Water Quality

Under the WDEQ Water Quality Division (WQD) Classification, Battle Spring Draw is
listed as a Class 3B water body. Beneficial uses for Class 3B waters can include

recreation, wildlife, "other aquatic life," agriculture, industry, and scenic value, but do

not include drinking water, game fish, non-game fish, and fish consumption.

Background historic surface water quality within the study area was characterized using

water quality data from 1974 and 1975 that were collected as part of the environmental
report for the Sweetwater Uranium permit application (Shephard Miller Inc., 1994).

Samples were collected at Battle Spring, which is seven miles southwest of the Permit

Area. The historic dataset is small, and more representative of groundwater quality than
surface water quality so are not directly comparable to expected surface water conditions

within the Permit Area. The water-quality data for the historic sampling at Battle Spring

are summarized in Table 2.7-3. Historic sampling of Battle Spring in July 1974 showed

that pH was highly alkaline at 9.5. Uranium concentrations ranged from 0.006 to 0.95

milligrams per liter (mg/L).

In April 2006, storm-water samplers were installed at 12 locations in the Permit Area
(Figures 2.7-4 and 2.7-5). In April 2007, an additional sampler was added to represent

an area in the southeastern comer that was added to the Permit Area in the summer of
2006. Three samplers were installed to capture runoff as it enters the Permit Area from

the upstream side, and the others capture runoff within the Permit Area or at the

downstream boundary. The water samples were collected to characterize the quality of

ephemeral surface runoff. The sampling locations were selected based on their

topographic potential to concentrate ephemeral surface flow.
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Seven samplers collected full, one-liter samples from snowmelt runoff in March and
April 2007. These samples were collected on April 17, 2007. The water quality data for
these seven samples are summarized in Table 2.7-4.

Ionic strength was low in all samples, probably due to the majority of the sample being
snowmelt water that did not come into contact with the underlying soil. For all samples,
the dissolved and total concentrations of trace metals were near or below the detection
limit. Radiometric parameters, including uranium, lead-2 10, polonium-2 10; and thorium-
230, were generally below detection with the exception of dissolved uranium, which was
detected at very low concentrations (0.0003 to 0.0004 mg/L) in two samples, suspended
uranium (0.0003 to 0.0009 mg/L) in two samples, and total uranium (0.0003 to 0.0009
mg/L) in four samples. Total radium-226 was detected at a low concentration (0.5
picoCuries per liter [pCi/L]) in one sample. This was the LC2 location in the center of
the Permit Area in one of the larger channels. Gross alpha was also detected in small
amounts (1.1 to 3.6 pCi/L) in six samples. The highest concentration of 3.6 pCi/L was
again from the LC2 location. The pH of the sites was slightly acidic to neutral ranging
from 6:39 to 7.12. Conductivity was low with less than 100 microSiemens per centimeter
for all samples.

In general, the quality of water was very good for all samples. The radiometric
parameters detected in the LC2 correlate well with the radiological scans of the Permit
Area. This central area has the highest radioactivity, as indicated by the results from the
radiological surveys. Still, the levels are well below all Wyoming agricultural and
drinking water standards.

2.7.2 Groundwater Occurrence

This section describes the regional and local groundwater hydrology including
hydrostratigraphy, groundwater flow patterns, hydraulic gradient, and aquifer parameters.
The discussion is based on information from investigations performed within the Great
Divide Basin, data presented in previous applications/reports for the Permit Area, and the
geologic information presented in Section 2.6. Regional and site baseline groundwater
quality conditions are discussed in Sections 2.7.3, and the conceptual site hydrologic
model is summinarized in Section 2.7.4 of this application.

2.7.2.1 Regional Hydrogeology

The Project is located within the northeastern portion of the Great Divide Basin. The
basin is topographically closed with all surface water drainage being to the interior of the
basin (Figure 2.7-1). Available data suggest that groundwater flow within the basin is
predominately toward the interior of the basin (Collentine, 1981; Welder, 1966; and
Lost Creek Project
NRC Technical Report
October 2007

2.7-4



Mason, 2005). A generalized potentiometric surface map of the Battle Spring/Wasatch
Formations, prepared by Welder and McGreevey (1966), indicates groundwater

movement toward the center of the basin (Figure 2.7-6). Fisk (1967) suggests that

aquifers within the Great Divide Basin may be in communication with aquifers in the
Washakie Basin to the south and that groundwater may potentially move across the

Wamsutter Arch between the basins.

The topographically elevated area known as the Green Mountains (Townships 26 and 27
North, between Ranges 90 to 94 West) was identified by Fisk as a major recharge area to
aquifers within the northeastern portion of the Great Divide Basin (1967). The Rawlins
Uplift, Rock Springs Uplift, and Creston Junction, located east, southwest, and southeast,

respectively, from the Permit Area,. were also identified as major recharge areas for

aquifers within the Great Divide Basin (Fisk, 1967). The main discharge area for the
Battle Spring/Wasatch aquifer system is to a series of lakes, springs and playa lakes beds
near the center of the basin. Groundwater potentiometric elevations within the Tertiary

aquifer system in the central portion of the basin are generally close to the land surface.

The Battle Spring Formation crops out over most of the northeastern portion of the Great
Divide Basin, including much of the Permit Area. The Battle Spring Formation is

considered part of the Tertiary aquifer system by Collentine et al. (1981). The Tertiary
aquifer system is identified as "the most important and most extensively distributed and
accessible groundwater source in the study area" (Collentine, 1981). This aquifer system

includes the laterally equivalent Wasatch Formation (to the west and south) and the
underlying Fort Union and Lance Formations. The base of the Tertiary aquifer system is

marked by the occurrence of the Lewis Shale. The Lewis Shale is generally considered a

regional aquitard, although this unit does produce limited amounts of water from
sandstone lenses at various locations within the Great Divide Basin and to the south in

the Washakie Basin.

Shallower aquifer systems that can be significant water supply aquifers within the Great
Divide Basin include the Quaternary and Upper Tertiary aquifer systems. However, as
previously stated, the Battle Spring Formation of the Tertiary aquifer system crops out

over most of the northeast part of the basin; and the Quaternary and Upper Tertiary
aquifer systems are absent or minimal in extent. The shallower aquifer systems are only

important sources of groundwater in localized areas, typically along the margin of the
basin where the Battle Spring Formation is absent. Aquifer systems beneath the Tertiary
include the Mesaverde, Frontier, Cloverly, Sundance-Nugget and Paleozoic aquifer

systems (Collentine, 1981). In the northeast Great Divide Basin, these aquifer systems
are only important sources of water in the vicinity of outcrops near structural highs such

as the Rawlins Uplift.
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For purposes of this application, only hydrogeologic units younger than and including the

Lewis Shale (Upper Cretaceous age) are described, with respect to general hydrologic

properties and potential for groundwater supply. The Lewis Shale is an aquitard and is

considered the base of the hydrogeologic sequence of interest within the Great Divide

Basin. Units deeper than the Lewis Shale are generally too deep to economically develop

for water supply or have elevated total dissolved solid (TDS) concentration that renders

them unusable for human consumption. Exceptions to this can be found along the very

eastern edge of the basin, tens of miles from the Permit Area, where some Lower

Cretaceous and older units provide relatively good quality water from shallow depths.

Hydrologic units of interest within the northeast Great Divide Basin are shown on the

stratigraphic column in Figure 2.7-7 and further described below, from deepest to

shallowest:

* Lewis Shale (aquitard between Tertiary and Mesaverde aquifer systems);
a Fox Hills Formation

" Lance Formation (Tertiary aquifer system);

* Fort Union Formation (Tertiary aquifer system);

* Battle Spring Formation-Wasatch Formation (Tertiary aquifersystem);

" Undifferentiated Tertiary Formations (Upper Tertiary aquifer system, including

Bridger, Uinta, Bishop Conglomerate, Browns Park, and South Pass); and

* Undifferentiated Quaternary Deposits (Quaternary aquifer system).

Discussion of the regional characteristics for each of these hydrostratigraphic units is

provided below.

Lewis Shale

The Lewis Shale underlies the Fox Hills Formation and is generally considered an

aquitard in the Great Divide Basin. This unit is described by Welder and McGreevey

(1966) as light to dark gray, carbonaceous shale with beds of siltstone and very fine-

grained sandstone. The Lewis Shale is up to 2,700 feet thick, generally increasing in

thickness toward the east side of the basin. In the Permit Area, the Lewis Shale is 1,200

feet thick. Small quantities of water may be available from the thin sandstone beds within

this unit near the margins of the basin. The Lewis Shale acts as the confining unit

between the Tertiary and Mesaverde aquifer systems.

Fox Hills Formation

Fox Hills Formation overlies the Lewis Shale and consists of very fme-grained

sandstone, siltstone and coal beds. It is not considered to be an important aquifer in the

Permit Area.
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Lance Formation

Overlying the Fox Hills Formation is the Lance Formation, consisting, predominately, of
very fine-to fine-grained lenticular, clayey, calcareous sandstone. Shale, coal, and lignite
beds are present within the formation, 'which reaches a maximum thickness of
approximately 4,500 feet (Welder, 1966). In the Permit Area, the Lance Formation is
2,950 feet thick.

Collentine and others (1981) include the Lance Formation (Aquifer) as the lower-most
aquifer within the Tertiary aquifer system. However, the Lance Aquifer is included as
part of the Mesaverde aquifer system by Freethey and Cordy (1991). Several stock wells,
located along the eastern outcrop area of the basin, are completed in the Lance Aquifer.
The stock wells have estimated yields of five to 30 gpm. .Hydraulic conductivity for the
Mesaverde aquifer system reported by Freethey and Cordy (1991) (which, by the authors'
designation, includes the Fox Hills Sandstone, Lewis Shale, and Mesaverde Group, in
addition to the Lance Aquifer) is reported to range from 0.0003 to 2.2 feet per day (ft'd).
Because of the limited number of wells completed within the Lance Aquifer in the Great
Divide Basin, there are insufficient data to develop representative potentiometric surface
maps for this hydrologic unit. However the potentiometric surface is most likely similar
in orientation to that seen in the overlying Fort Union and Battle Spring/Wasatch
aquifers, with inferred groundwater movement generally toward the center of the basin.
No regionally extensive aquitards between the Fort Union and Lance Formation were
identified or reported in the hydrologic studies, investigations, and reports reviewed for
this permit application.

Fort Union Formation

The Paleocene-age Fort Union Formation is between the Lance Formation and theý
overlying Wasatch and Battle Spring Formations, reaching a maximum thickness of
approximately 6,000 feet within the Great Divide/Washakie Basin area. In the Permit
Area, it is 4,650 feet thick. The Fort Union Formation is present at or near land surface
in a band around the Rock Springs Uplift and in the northeastern corner of the Great
Divide Basin (Mason, 2005). The Fort Union Formation is described as a fine- to coarse-
grained sandstone with coal and carbonaceous shale. Siltstone and claystone are present
in the upper part of the formation (Welder, 1966).

A potentiometric surface map prepared by Naftz (1996) that groups the Fort Union
aquifer with the Battle Spring/Wasatch aquifers, shows inferred movement of
groundwater toward the basin center (Figure 2.7-8).

The Fort Union. aquifer is largely undeveloped and unknown as a source of groundwater
supply except in areas where it occurs at shallow depths along the margins of the basin.
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Well yields from the Fort Union aquifer within the Great Divide and Washakie Basins
range from three to 300 gpm. Estimates of transmissivity for the Fort Union aquifer are
highly variable. Ahern (1981) estimated transmissivity of less than three square feet per
day (ft2/d) for ten Fort Union Formation oil fields in the Green River Basin. Collentine
and others (1981) reported transmissivity of the Fort Union aquifer as characteristically

less than 325 ft2/d from oil well data.

Water quality for the Fort Union aquifer is described in Section 2.7.3.

Battle Spring Formation- Wasatch Formation

The most important water-bearing aquifers within the Great Divide Basin are in the
Wasatch Formation and the Battle Spring Formation. the Wasatch and Green River
Formations grade into the Battle Spring Formation in the northeastern portion of the
basin. The Battle Spring Formation is absent along the eastern margin of the Great
Divide Basin near the county line between Sweetwater and Carbon Counties. The
termination of the Battle Spring Formation to the east is controlled, largely, by structural
features, including the Rawlins Uplift to the east and the Green Mountains to the north.
A dry oil test in Section 14, Township 24 North, Range 90 West, located within a few
miles of the eastern limit of the Battle Spring Formation, had a reported thickness of over
6,000 feet of fine- to coarse-grained sandstone that was interpreted by the American
Stratigraphic Company as the Battle Spring Formation. Within the Permit Area, the
Battle Spring/Wasatch Formations are 6,200 feet thick.

The Battle Spring Formation is described as an arkosic, fre- to coarse-grained sandstone
with claystone and minor conglomerates. There are typically several water-bearing sands
within the Battle Spring Formation. The Battle Spring aquifers are included in the
Tertiary aquifer system, as defined by Collentine (1981).

Groundwater within the Battle Spring aquifers is typically under confined conditions,
although locally unconfined conditions exist. The potentiometric surface within the
Battle Spring aquifers is usually within 200 feet of the ground surface (Welder, 1966).
Most wells drilled for water supply in this unit are less than 1,000 feet deep. The
potentiometric surface map of Wasatch and Battle Spring aquifers (Figure 2.7-6)
indicates groundwater movement toward- the center of the basin (Welder, 1966). From
the Permit Area, the potentiometric surface dips to the southwest at approximately 50 feet
per mile (ft/mi) (a hydraulic gradient of 0.01 feet per foot [ft/ft]). The hydraulic gradient
becomes steeper near the margins of the basin, where recharge to the aquifer is occurring.

Collentine and others (1981) report that wells completed in the Battle Spring aquifers
typically yield 30 to 40 gpm; but that yields as high as 150 gpm are possible. Collentine
and others (1981) also reported that pump tests conducted on 26 wells completed within
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the Battle Spring aquifers resulted in transmissivity values ranging from 3.9 to 423 ft2/d,
although most wells were less than 67 ft2/d. Specific capacity was less than.'one gallon
per minute per foot for 23 of 26 wells tested.

Water quality for the Wasatch/Battle Spring aquifers is described in Section 2.7.3.

Undifferentiated Tertiary and Quaternary Sediments

Undifferentiated Tertiary and Quaternary units above the Battle Spring/Wasatch
Formations can be sources of water supply; but wells in the northeastern part of the Great
Divide Basin are rare and generally limited to the margins of the basin where the Battle
Spring Formation is not present. Commonly, along the margins of the basin,
hydrostratigraphic units younger than the Battle Spring/Wasatch have been deposited on
rocks of Cretaceous age or older. Water supply wells along the margins of the basin are
often completed in both the older hydrostratigraphic units and Tertiary and Quaternary
sediments. Water quality within these units tends to be variable and of limited quantity.

The undifferentiated Tertiary units consist of interbedded claystone, sandstone and
conglomerate with the coarser. grained facies providing suitable groundwater resources
where present. The undifferentiated Tertiary units are absent within the Permit Area and

are not discussed further.

The undifferentiated Quaternary units consist of clay, silt, sand, gravel and conglomerates
that are poorly consolidated to unconsolidated (Welder, 1966). These units represent
windblown, alluvial and lake deposits. Where present, these deposits can provide
acceptable yields of groundwater of relatively good quality. Thin deposits of Quaternary
sediments are present within surface drainages in the Permit Area but are usually above,
the water table and unsaturated. Therefore, Quaternary sediments are not an important,
groundwater source in the vicinity of the Project and are not described further.

2.7.2.2 Site Hydrogeology

LC ISR, LLC has been collecting lithologic, water level, and pump test data as part of its
ongoing evaluation of hydrologic conditions at the Project. In addition to recent data
acquisition, historic data collected for Conoco (Hydro-Search, Inc., 1982) were used to
support this evaluation. Drilling and installation of borings and monitor wells is ongoing
to provide additional data to further refine the site hydrologic conceptual model. Water
level measurements, both historic and recent, provide data to assess potentiometric
surface, hydraulic gradients and inferred groundwater flow directions for the aquifers of
interest at the Project. A recently completed long-term pump test (Petrotek Engineering
Corporation, 2007) and several shorter-term pump tests (Hydro-Engineering, 2007), as
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well as the pump tests conducted for Conoco (Hydro-Search, Inc., 1982), were used to
evaluate hydrologic properties of the aquifers of interest, to assess hydraulic
characteristics of the confining units, and to evaluate impacts to the hydrologic system of
the Fault through the Permit Area (Section 2.6.2.2).

Figure 2.7-9 shows the monitor wells, current and historic, that were used in the site
hydrologic evaluation. Table 2.7-5 provides data for those wells to the extent available.

Hydrostratigraphic Units

LC ISR, LLC has employed the following nomenclature for the hydrostratigraphic units
of interest within the Project. The primary uranium production zone is identified as the
HJ Horizon. The HJ Horizon is subdivided into the Upper (UHJ), Middle (MHJ) and
Lower (LHJ) Sands. The HJ Horizon is bounded above and below by aerially extensive
confining units identified as the Lost. Creek Shale and the Sage Brush Shale, respectively.
Overlying the Lost Creek Shale is the FG Horizon. The deepest sand in the FG Horizon,
the Lower FG (LFG) Sand, is the overlying aquifer to the HJ Horizon. Beneath the Sage
Brush Shale is the KM Horizon. The uppermost sand within the KM Horizon, designated
the Upper KM (UKM) Sand, is a potential secondary production zone and also the
underlying aquifer to the HJ Horizon. The No Name Shale separates the UKM and
Middle KM (MKM) Sand. The MKM Sand is the underlying aquifer to the UKM Sand.
The shallowest occurrence of groundwater within the Permit Area occurs within the DE
Horizon, which is above the FG Horizon. Figure 2.7-10 depicts the hydrostratigraphic
relationship of these units.

A brief description of each hydrostratigraphic unit follows, going from shallowest to
deepest.

DE Horizon

The DE Horizon is the shallowest occurrence of groundwater within the Permit Area,
although the horizon is not saturated in all portions of the Permit Area. The DE Horizon
consists of a sequence of sands and discontinuous clay/shale units. In the southern part of
the Permit Area, sands of the DE Horizon coalesce with sands of the FG Horizon. The
top of the unit ranges from 100 to 200 ft bgs.

FG Horizon

The top of the FG Horizon occurs at depths of approximately 200 to 250 ft bgs on the
north side of the Fault and 300 to 350 ft bgs on the south side of the fault within the
Permit Area (Section 2.6.2.2). The FG Horizon is subdivided into the Upper (UFG),
Middle (MFG) and Lower (LFG) Sands. The total thickness of the FG Horizon is
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approximately 160 feet. The basal unit in the FG Horizon, the LFG Sand, ranges from 20
to 50 feet thick within the Permit Area. The LFG Sand is designated as the overlying
aquifer for the HJ Horizon.

Lost Creek Shale

Underlying the FG Sands is the Lost Creek Shale. The Lost Creek Shale appears
continuous across the Permit Area, ranging from five to 45 feet in thickness. Typically,
this unit has a thickness of 10 to 25 feet (Figure 2.7-10). The Lost Creek Shale is the
confining unit between the overlying aquifer (LFG Sand) and the HJ Horizon. The
confining characteristics of the Lost Creek Shale have been demonstrated with a pump
test, as described later in-this application.

HJ Horizon

The HJ Horizon is the primary target for uranium production at the Lost Creek Project.
For purposes of uranium ISR operations, the HJ Horizon has been subdivided into three
Sands: the Upper HJ (UHJ), Middle HJ (MHJ) and the Lower (LHJ) Sand. These sands
are generally composed of coarse-grained arkosic sands with thin lenticular intervals of
fine sand, mudstone and siltstone. The bulk of the uranium mineralization is present in
the MHJ Sand. The total thickness of the HJ Horizon ranges from 100 to 160 feet,
averaging approximately 120 feet (Figure 2.7-10). The top of the HJ Horizon ranges
from approximately 300 to 450 ft bgs within the Permit Area. The three sands are
generally separated by thin clayey units that are not laterally extensive and, based on
pump test results, do not act as confining units to prevent groundwater movement
vertically between the HJ Sands. The underlying aquifer to the HJ Horizon is the UKM
Sand, which is also a potential uranium production zone. Therefore, the deepest sand
within the HJ Horizon, the LHJ Sand, is also designated as the overlying aquifer to the
UKM Sand.

Sage Brush Shale

Beneath the HJ Horizon is the Sage Brush Shale, with the top of the shale ranging from

450 to 550 ft bgs. The Sage Brush Shale is laterally extensive and ranges from five to 75
feet in thickness (Figure 2.7-10). The Sage Brush Shale is the lower confining, unit to the
HJ Horizon. The confining characteristics of this unit have been demonstrated through
pump tests, as described in later sections of this application.

UKM Sand

The UKM Sand is present beneath the Sage Brush Shale. The UKM Sand is the upper
member of the KM Horizon and is generally a massive coarse sandstone with lenticular
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fine sandstone intervals. The UKM Sand is the underlying aquifer to the HJ Horizon but
-is- also a potential production zone within the Permit Area. The UKM Sand is typically
30 to 60 feet thick but can reach to over 75 feet in thickness (Figure 2.7-10). The top of
the UKM Sand is usually between 450 and 600 ft bgs within the Permit Area. The
decision to proceed with a license amendment for production of the UKM Sand will
depend on the results of additional delineation drilling and characterization of the lower
confining unit and underlying aquifer that are described below.

No Name Shale

The No Name Shale at the base of the UKM Sand has not yet been fully characterized.
The top of the unit is approximately 480 to 650 ft bgs. This unit is generally ten to 30
feet thick.. This shale will be the lower confining unit to the UKM Sand. Additional
drilling-is being conducted and a pump test is planned for the fall of 2007 to assess the
confining characteristics of this unit.

MKM Sand

The MKM Sand is the underlying aquifer to the. UKM Sand. Information on the MKM
Sand is limited at this time. Additional borings are being drilled to evaluate the geologic
and hydrologic characteristics of this sand. A pump test is planned to assess the
hydrologic relationship between the UKM and MKM Sands in the fall of 2007.

Potentiometric Surface, Groundwater Flow Direction and Hydraulic Gradient

The LC ISR, LLC hydrologic evaluation of the Project included measurement of water
levels in monitor wells completed in the HJ Horizon, the overlying aquifers (DE and
LFG) and the underlying aquifer (UKM) to assess the potentiometric surface,
groundwater flow direction and hydraulic gradient of those units. Additional historic
water level data were available from the Conoco hydrologic evaluation of the site
(Hydro-Search Inc., 1982). Table 2.7-6 lists static water level data recorded in 1982,
2006 and 2007.

The potentiometric surface for the HJ Horizon is shown on Figure 2.7-11a. The water
level data were collected just prior to beginning a long-term pump test in June 2007.
From the figure, it is evident that the Fault provides a significant hydraulic barrier to
groundwater flow. The potentiometric surface on the north side of the Fault is 15 feet
higher than on the south side, based on wells located approximately 100 feet apart on
either side of the Fault (Wells HJT104 and HJMP 107). During the long-term pump test,
the hydraulic barrier effect of the Fault was confirmed, as described more fully in the
following section on aquifer properties. Based on the potentiometric surface map,
groundwater is inferred to flow to the west-southwest; generally consistent with the
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regional flow system. The Fault may redirect groundwater more westward than if the
Fault were not present. Data from 1982 and 2006 are shown on Figure 2.7-11b. There is
an insufficient number of data points to accurately represent the potentiometric surface
for those measurement periods. However, the data illustrate the difference in water levels
within the HJ Horizon across the Fault.

The horizontal hydraulic gradient for the HJ Sand, determined from water level data from
1982, 2006 and 2007, ranged from 0.0034 to 0.0056 ft/ft (18.0 to 29.6 ft/mi). Table 2.7-
7 summarizes the hydraulic gradients determined from the water level data.

Water levels collected from the overlying aquifer (LFG Sand) in 1982 and 2006 indicate
a similar southwesterly groundwater flow direction as the HJ aquifer, although the data
are sparse (Figure 2.7-11c). Horizontal hydraulic gradients for the LFG aquifer range
from 0.0046 to 0.0058 ft/ft (24.3 to 30.6 ft/mi).

Figure 2.7-lid shows the potentiometric surface of the UKM Sand for data collected in
1982 and 2006. The difference in hydraulic heads across the Fault does not appear as
pronounced for the UKM Sand as for the other shallower sands. Horizontal hydraulic
gradients calculated for the UKM Sand from available water level data ranged from
0.0053 to 0.0063 ft/ft (28.0 to 33.3 ft/mi) (Table 2.7-7). While data in the UKM Sand
are limited, it is presumed that the general flow direction is consistent with the HJ
Horizon (e.g., to the southwest).

The horizontal hydraulic gradient calculated from only two wells completed in the DE
Sand on the south side of the Fault was 0.0064 ft/ft (33.0 ft/mi) (Table 2.7-7).

Although several monitor wells were completed in the overlying (LFG) and underlying
(UKM) aquifers, the hydraulic barrier effect of the Fault limits the number of data points
for each aquifer on either side of the Fault. This limits the number of available monitor
well locations, at this time, and makes determination of flow direction more complicated.
However, the similarity in hydraulic, gradients between the HJ aquifer and the LFG and
UKM aquifers suggests that, although there is a significant difference in potentiometric
heads, the orientation of the potentiometric surface is probably similar. Drilling is
currently being conducted that will provide additional potentiometric surface data for
those units as well as the MKM aquifer that is the underlying aquifer to the UKM Sand.

Vertical hydraulic gradients were determined by measuring water levels in closely
grouped wells completed in different hydrostratigraphic units. Figure 2.7-12 shows the
location of the well groups used for the assessment of vertical hydraulic gradients. Table
2.7-8 summarizes the calculated vertical gradients between the DE, LFG, HJ and UKM
aquifers. Vertical hydraulic gradients range from 0.05 to 0.34 ft/ft between the LFG, HJ
and UKM aquifers and consistently indicate decreasing hydraulic head with depth. The
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vertical gradient between the DE and LFG aquifers is minimal in the two places
measured. This is consistent with earlier observations that the DE and LFG Sands
coalesce in places within the Permit Area. Of the six well groups evaluated, the only
place where a downward potential is not evident is between the DE and LFG aquifers in
the southwest portion of the Permit Area. The vertical gradients indicate the potential for
groundwater flow is downward. A downward potential is indicative of an. area of
recharge, as. opposed to an upward potential that is normally indicative of an area of
groundwater discharge. A downward gradient is consistent with the structural and
stratigraphic location of the Project with regard to Great Divide Basin.

Aquifer Properties

Aquifer properties for the Battle Spring aquifers within the Permit Area have been
estimated from historic and recent pump tests. Hydro-Search Inc. performed a
hydrologic evaluation in 1982 to determine the feasibility of in, situ production of the
Conoco uranium orebody at Lost Creek. Hydro-Search Inc conducted two 25-hour tests
within the HJ Horizon. Both pump tests were conducted at a rate of 30 gpm and on the
south side of the Fault. The locations of the pumping wells and monitor wells are shown
in Fi2ure 2.7-13. The results of the tests were variable, with one test indicating a
transmissivity of approximately 95 ft2/d (700 gallons per day per foot [gpd/ft]) and the
other indicating a value of 270 ft2/d (2,000 gpd/ft). The storativity calculated from the
first test averaged 5 x 1 0 4. There was no reported response in the HJ aquifer north of the
Fault. Monitor wells in the overlying (LFG) and underlying (UKM) aquifers did not
show any effects from the pump test as reported by Hydro-Search Inc. (1982). Results of
the pump tests are summarized in Table 2.7-9.

2006 Pump Tests

Hydro-Engineering, Inc. (2007) conducted several short-term single well pump tests and
three longer multi-well pump tests in October 2006. The single well tests ranged from 30
minutes to five hours in duration at rates from 0.67 to 14 gpm. The long-terrmitests were
from 20 to 45 hours long at rates of 15 to 19 gpm. Each of the long-term tests were
conducted in HJ well completions. The locations of the wells included in the pump test
program are shown on Figure 2.7-13. Results of the pump test are summarized in Table
2.7-9.

The range oftransmissivity calculated by Hydro-Engineering for the HJ aquifer was from
44 to 400 ft2/d (330 to 3,000 gpd/ft). None of the HJ tests indicated significant
communication with the overlying or underlying aquifers. There was also no indication
of hydraulic communication across the fault in any of the pump tests. Hydro-Engineering
concluded that the-Fault acts as a hydraulic barrier (2007).
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The Hydro-Engineering data suggest that the transmissivity of the LFG aquifer,
calculated from four tested wells, was generally much lower than the values estimated for
the HJ aquifer. The range of transmissivity for the LFG aquifer was 4.4 to 40 ft2/d (33 to
303 gpdlft). Transmissivity for the UKM aquifer, estimated from single well tests at four
wells, was similar to but lower than the HJ aquifer, ranging from 26 to 115 ft2/d (195 to
858 gpd/ft). Three DE well completions were tested, with resulting transmissivity of 1.3
to 130 ft2/d (10 to 1,000 gpd/ft).

2007 Pump Test

In June to July 2007, a long-term pump test was conducted in the HJ aquifer at Well
LC19M (Petrotek Engineering Corporation, 2007). LC19M had been previously tested
by Hydro-Engineering (2007) and is located on the north side of the Fault. The
objectives of the test were to further develop aquifer characteristics of the HJ Horizon, to
evaluate the hydraulic impacts of the Fault, and to demonstrate confinement of the
production zone (HJ Horizon) aquifer. HJ monitor wells, on both sides of the Fault and
within distances likely to be impacted by the pump test, were included as observation
wells. Observation wells in the overlying (LFG) and underlying (UKM) aquifers near the
pumping well and across the Fault were also monitored during the test. Table 2.7-10
lists the data for monitor wells included in the pump test. Figure 2.7-14 includes the
locations of the pumping well and all observation wells included in the test.

Pre-pumping monitoring was performed several days in advance of the test to establish
baseline conditions and to evaluate barometric effects. A step-rate test was performed on
June 23, 2007 to determine a suitable pumping rate for the long-term test. The long-term
test was started at 17:20 hours on June 27, 2007 and was terminated on July 3, 2007 at
10:51 hours. The total duration of the test was 5.7 days (8,251 minutes). The average
pumping rate during the test was 42.9 gpm. Maximum drawdown in the pumping well
was 93.3 feet. Monitoring was continued after'pump shut-in to record recovery.

The transmissivity calculated from five wells con'pleted in the HJ aquifer on the north
side of the Fault (including the pumping well) were similar, ranging from 30.0 to 75.5
ft2/d and averaging 68.3 ft2/d. The average hydraulic conductivity calculated for the five
wells, assuming an aquifer thickness of 120 feet, was 0.57 ft/d. Storativity calculated
from those wells ranged from 6.6 x i0.5 to 1.5 x 10-4 and averaged 1.1 x 1 0 -4. Table 2.7-
11 summarizes the analyses of the pump test. Drawdown at the end of the test in the HJ
aquifer is shown on Figure 2.7-15. Figure 2.7-16 shows the water levels in the HJ
monitor wells at the end of the test.

A pair of observation wells was placed on either side of the Fault, within 100 feet of each
other. Well HJT 104, located on the north side of the Fault, had a maximum drawdown of
40.5 feet at the end of the test. Well HJMP 107 (south of the Fault) in the HJ Horizon had

Lost Creek Project
NRC Technical Report
October 2007

2.7-15



a net decrease of 1.4 feet from the beginning of the test to the end of pumping. At least a
portion of that change is attributable to a declining trend in water levels that was
observed in all monitor wells prior to the start of the test. The reason for the background
trend observed has not been identified; however, it might be a result of offset pumping
(e.g., LC ISR, LLC's first two water supply wells that are screened over multiple sands).

At the beginning of the test, the water level at HJT104 was at 6,770.68 feet above-mean
sea level (ft amsl) and the water level at HJMP107 was at 6,754.85 ft amsl, a head
difference of almost 15 feet with the higher head north of the Fault. At the end of the
pump test, the water levels for HJT104 and HJMP107 were 6,730.14 ft amsl and 6753.47
ft amsl, respectively. The drawdown observed in HJT104 (immediately north of the
Fault) was greater than 40 feet, and the water level difference between HJT104 and
HJMP 107 (across the Fault from each other) was 23 feet with the higher head south of
the Fault. Minor responses to pumping were observed across the Fault (e.g.,
approximately 0.3 to 0.7 feet of drawdown related to pumping in HJMP107 and other
wells south of the Fault). Based on the results, the Fault, while not entirely sealing,
significantly impedes groundwater flow, even under considerable hydraulic stress.

The response of the overlying and underlying aquifers during the pump tests was small
(e.g., on the order of 0.2 to 0.5 feet); but the water level responses did correspond to the
start and stop of pumping from LCM19 in the HJ Horizon. The underlying/overlying
responses appear to be relatively consistent, regardless of distance from the pumping
well, the hydrostratigraphic interval monitored, or the location relative to the Fault.
These water level changes suggest potential impacts from off-site pumping or
background trends that, because of distance from the monitor wells, are manifested at
multiple locations at the same or similar times. As previously stated, a declining trend in
water level elevations was observed prior to the start of the test. Most of the wells
showed an initial inverted response (increase in water level) at the start of the test and
then resumed a gradual downward trend during the test. This phenomenon was also
observed and noted by Hydro-Engineering during the 2006 pump tests. It is possible that
some of the response could be caused by: 1) pumping in the drilling water well (LC-1)
which is completed in both the DE and FG Horizons; 2) communication across multiple
sands due to the scissors nature of the Fault distant from the pumping well location; or 3)
both. Additional discussion regarding the results of the testing are included in
Attachment 2.7-1.

It is noted that detailed mine unit pump tests will be conducted during development of
each future mine unit. As such, additional investigations will be performed to assess the
background trends observed,. characteristics of the Fault and potential communication
between the sands monitored for the 2007 test. Based on testing results to date, it is

anticipated that any minor communication between the HJ Horizon and the overlying and
underlying sands can be managed through operational practices, detailed monitoring, and
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engineering operations. In this regard, the potential communication observed at Lost
Creek is much lower (e.g., five to ten times less) than has been observed in other ISR

operations where engineering practices were successfully implemented to isolate lixiviant
from overlying and underlying aquifers. Figure 2.7-17 summarizes the results of the
Hydro-Search, Inc. (1982), Hydro-Engineering (2007), and Petrotek Engineering

Corporation (2007) pump test results.

The 2007 pump test data support the following conclusions:

• the pump test results provide sufficient aquifer characterization of the HJ

Horizon;
* the HJ Horizon has sufficient transmissivity such that mining operations can be

conducted consistent with the Operations Plan (see Section 3.0);
* the HJ Horizon is sufficiently isolated from the overlying and underlying sands

by the Lost Creek and Sage Brush Shales;
* hydraulic continuity of the HJ Horizon has been. demonstrated over a large scale

(e.g., more than 1,000 feet) such that mine planning (e.g., mine unit and monitor

well layout) can proceed;

" hydraulic properties of the Fault have been defined over the test area to an extent

such that mine planning can be achieved; and
" testing data to date indicate that the Fault significantly restricts flow in the HJ

Horizon.

2.7.3 Groundwater Quality

This section describes the regional and local groundwater quality based on information
from investigations performed within the Great Divide Basin, data presented in previous

applications/reports for the Permit Area, and recent data collected in the Permit Area.

2.7.3.1 Regional Groundwater Quality

Water quality within the Great Divide Basin ranges from very poor to excellent.

Groundwater in the near surface, more permeable aquifers is generally of better quality
than groundwater in deeper and less permeable aquifers. Groundwater with TDS less

than 3,000 mg/L can generally be found at depths less than 1,500 feet within the Tertiary

aquifer system, which includes the Battle Spring/Wasatch, Fort Union and Lance aquifers

(Collentine, 1981).

Water quality for the Great Divide Basin is available from a large number of sources
including the USGS National Water Information System (NWIS) database, the

University of Wyoming Water Resources Data System (WRDS) and the USGS Produced
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Waters Database. Much of these data are tabulated in "Water Resources of Sweetwater
County, Wyoming", a USGS Scientific Investigation Report by Mason and Miller (2005).
However, the quality' and accuracy of much of the data are difficult to assess. This
section of the permit application describes general water quality of the Great Divide
Basin, primarily by reference to these sources.

Mason and Miller (2005) noted that water quality in Sweetwater County is highly
variable within even a, single hydrogeologic unit; and that water quality tends to be better
near outcrop areas, where recharge occurs. They also noted that groundwater quality
samples from the Quaternary and Tertiary aquifers are most likely biased toward better
water quality and do not necessarily represent a random sampling, for the following
reasons. Wells and springs that do not produce useable water usually are abandoned or
not developed. Deeper portions of the aquifers typically are not exploited as a
groundwater resource because a shallower water supply may be available. As a result,
these water sources do not become part of the sampled network of wells and springs that
ultimately make up the available groundwater database. Groundwater quality samples
from deeper Mesozoic and Paleozoic hydrostratigraphic units are often available where
oil and gas production or exploration has occurred. Therefore, groundwater samples
from older geologic units may have less bias in representing ambient groundwater quality
than samples collected from Quaternary and Tertiary aquifers.

Water quality within the shallow Tertiary aquifers generally represents sodium-
bicarbonate to sodium-sulfate water types. TDS levels within the Wasatch aquifer in the
west and south parts of the Great Divide Basin tend to be high relative to the US EPA's
Secondary Drinking Water Standard (SDWS) of 500 mg/L, even within the shallow
aquifers. TDS levels within the Battle Spring/ Wasatch aquifers are generally below 500
mg/L along the northern flank of the Great Divide Basin (which includes the Permit
Area). Elevated TDS levels (greater than 3,000 mg/L) are present within the Wasatch
aquifer along the eastern edge of the Washakie Basin and within the Fort Union and
Lance aquifers along the east side of the Rock Springs uplift. Elsewhere within the Great
Divide and Washakie Basins, TDS levels in the Tertiary aquifer system are typically
between 1,000 and 3,000 mg/L (Collentine, 1981).

Low-TDS waters within the Battle Spring aquifer are predominately sodium-bicarbonate
type waters. With increasing salinity, the water type tends to become more calcium-
sulfate dominated. However, this trend is not exhibited in the Wasatch, Fort Union and
Lance aquifers within the Great Divide and Washakie Basins. The Wasatch and Lance
aquifers are characterized by predominately sodium-sulfate type waters, particularly near
outcrop areas. The Fort Union is more variable in composition.

Water quality data for Tertiary aquifers away from the outcrop areas are sparse, but
available data indicate that TDS levels increase rapidly away from the basin margins. A
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Lance pump test in Section 14, Township 23 North, Range 99 West has TDS levels in

excess of 35,000 mg/L. A. Fort Union test in Section 25, Township 13 North; Range 95

West had TDS levels in excess of 60,000 mg/L, based on resistivity logs (Collentine,

1981). Water quality samples from produced water in the Wasatch and Fort Union

Formations from an average-depth of 3,500 feet had TDS values ranging from 1,050 to

153,000 mg/L with a median value of 13,900 mg/L (Mason, 2005). TDS from four wells

completed in the Fort Union Formation located along the margins of the basin ranged

from 800 to 3,400 mg/L (Welder and McGreevy, 1966).

A graph of TDS versus sampling depth for produced water samples from the Wasatch

Formation in Sweetwater County prepared by Mason and Miller (2005) shows that, at

depths greater than 3,000 feet, TDS values are typically above 10,000 mg/L. It is noted

that the Mason and Miller data set is small for a large area and may be biased by data

from the southern part of the Great Divide Basin; few site-specific data directly

applicable to the Project are available.

Water quality within the Battle Spring aquifer is generally good in the northeast portion

of the basin with TDS levels usually less than 1,000 mg/L and frequently less than 200

mg/L. Water type within the Battle Spring aquifer is typically sodium bicarbonate to

sodium sulfate. Mason and Miller (2005) reviewed eighteen groundwater samples,

collected from the Battle Spring aquifer, and observed that those samples represented

some of the best overall quality of those studied in Sweetwater County. Sulfate levels

can be elevated in Tertiary aquifers, but are generally low in the shallow aquifers of the

Battle Spring Formation. Out of eighteen samples included in the Mason study, only one

sample exceeded the WDEQ Class I Drinking Water Standard for sulfateof 250 mg/L.

Most of the samples were also below the WDEQ TDS Class I Drinking Water Standard

of 500 mg/L. Nitrate, fluoride and arsenic levels were below WDEQ and EPA standards

for all of the samples.

Notable exceptions to the relatively good water quality included waters with elevated

radionuclides. Uranium and radium-226 (Ra-226) concentrations exceeded their

respective EPA Maximum Contaminant Levels (MCLs) of 0.03 mg/I and 5 pCi/I in some

of the samples;,radon-222 (Rn-222) concentrations were also relatively high in some

samples (Mason, 2005); and the presence of high levels of uranium in Tertiary sediments

and groundwater of the Great Divide Basin has been well documented. The Lost.Creek

Shroeckingerite deposit, located northwest of the Permit Area, is noted for high uranium

levels in groundwater. Uranium-bearing coals are also present in Great Divide Basin.

Sediments of the Battle Spring Formation were derived from the Granite Mountains and

contain from 0.0005 to 0.001 percent uranium (Masursky, 1962). Based on historical

exploration results, certain areas of the Battle Spring Formation (e.g., Lost Creek) contain

much higher uranium concentrations.
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Water quality for aquifer systems deeper than the Tertiary (such as the Mesaverde aquifer

system) are not described in this report; because they are several thousands of feet deep

in the vicinity of the Project and are separated from the Tertiary aquifer system by the
Lewis Shale, a regional aquitard. The deeper aquifer systems of the Great Divide Basin

will not impact nor be impacted by ISR activities at the Project.

2.7.3.2 Site Groundwater Quality

Information regarding site water quality is primarily derived'from reconnaissance studies

conducted by Conoco (Hydro-Search, Inc.,. 1982) and ongoing exploration and

delineation of the Project by LC ISR, LLC.

Groundwater Monitoring Network and Parameters

Conoco installed 12 wells, separated into four groups, to evaluate aquifer properties and
water quality of the uranium ore-bearing sands and overlying and underlying aquifers
within the Permit Area. Three of the groups included wells completed within the HJ
aquifer and the overlying (LFG) and underlying (UKM) aquifers. The fourth group

included three wells completed within the HJ aquifer. The location of the wells is shown

on Figure 2.7-18. The Conoco wells were sampled for the parameters listed in Table

2.7-12.

LC ISR, LLC installed wells in 2006 completed in the DE, LFG, HJ and UKM aquifers

and initiated baseline sampling for the same constituents as Conoco, with the addition of

alkalinity (as calcium carbonate [CaCO 3]), gross alpha, gross beta and radium-228. Four
quarters of sampling have been completed for several of the wells that were installed in

2006. Additional wells have been installed in 2007 and are being incorporated into the

groundwater monitoring network. The locations of the LC ISR, LLC monitor wells that
have been sampled for water quality are indicated on Figure 2.7-19.

Groundwater Quality Sampling Results

Ten of the 12 monitor wells installed by Conoco were sampled in August 1982. Hydro-

Search, Inc. reported that there were no major differences in water quality between the HJ
aquifer and the overlying and underlying aquifers (1982). The predominant ions were

calcium and sulfate. TDS values were all below the WDEQ Class I Standard of 500,

ranging from 200 to 490 mg/L (Figure 2.7-20a). The pH of the waters ranged from 7.1
to 8.5, indicating slightly alkaline conditions. Chloride levels were very low, ranging

from seven to 18 mg/L.
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One of the sampled wells had an obstruction in the well and elevated pH (11.1) and
potassium (54 mg/L) values. It was determined that the sampling results are not

representative of the site aquifers and that the well is possibly contaminated with cement.

Most trace constituents were below the detection limits. Selenium was present in two
samples at 0.023 mg/L, which was above the WDEQ standard at that time (0.01 mg/1)..
The WDEQ Class I Standard and the EPA MCL are currently 0.05 mg/L. Ra-226 was
detected in all of the samples, with a range of 2.5 to 300 pCi/L. Only two samples, one
collected from the overlying aquifer and one from the underlying aquifer, were below the
WDEQ Class I Standard and EPA MCL for ra-226 (5.0 pCi/L). Figure 2.7-20b depicts
the distribution of Ra-226 from the 1982 sampling round. Elevated Ra-226 groundwater
concentrations are common within and around uranium ore-bodies. Uranium levels
ranged from below detection (less than 0.005 mg/L) to 0.48 mg/L. Six of the ten samples
exceeded the current EPA MCL for uranium (0.03 mg/L) (Figure 2.7-20c).

LC ISR, LLC began baseline sampling in September 2006. The initial sampling round
included the following thirteen locations:

* DE Monitor Wells: LC29M, LC30M and LC3 IM;
" LFG Monitor Wells: LC18M, LC21M, and LC25M;
" HJ Monitor Wells: LC19M, LC22M, LC26M and LC28M; and
* U1KM Monitor Wells: LC20M, LC23M and LC24M.

During the second sampling round, conducted in November 2006, the following three
wells were added to the program:

* LFG Monitor Well: LC15M;
* HJ Monitor Well: LC27M; and
• UKM Monitor Well: LC17M.

In the third sampling round conducted in February to March 2007, HJ monitor well
LC16M was added to the program. The fourth sampling round was conducted in May
2007. All 17 of the wells listed above were included in that sampling event. Many of the
recently installed wells used for the long-term pump test will be added into the
monitoring program in the next sampling round. In addition to the baseline sampling
program, LC ISR, LLC has also sampled two of the water supply wells, LClW, and LC2.

Results of the LC ISR, LLC baseline monitoring program are summarized in Table 2.7-
13. The table shows that the WDEQ TDS Class I standard is exceeded at one well in the
DE, HJ and UKM aquifers.. Fourteen out of the 17 wells have TDS levels below the
Class I Standard. The distribution of TDS is shown in Figure 2.7-21a. Sulfate exceeds
the WDEQ Class I Standard (250 mg/L) in one DE monitor well (LC31M) and one HJ
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monitor well (LC26M). The average distribution of sulfate from September 2006 to May
2007 is shown in Figure 2.7-21b. As with the Conoco monitoring results, chloride
values are low with all but one sample at ten mg/L or lower (Table 2.7-13).

Piper diagrams have been developed to compare groundwater quality between individual
wells (Figure 2.7-22a) and between different aquifers (Figure 2.7-22b). The individual
Well comparison plots the average value for each of the wells for all of the samples
analyzed. The piper diagram comparing different aquifers represents the average water
quality for all wells sampled within individual aquifers (DE, LFG, HJ and UKM).
Groundwater within the shallow Battle Spring aquifers beneath the Permit Area is a
calcium sulfate to calcium bicarbonate type water. There is some variability in water
chemistry when the wells are compared individually. However, when the average for the
aquifers is plotted, there is no significant difference in major water chemistry between the
production zone and overlying and underlying aquifers.

The trace constituents, boron, cadmium, chromium, copper, mercury, molybdenum,
nickel, vanadium, and zinc were at or below detection limits for all samples. Ammonia
and selenium exceeded either a WDEQ Class I Standard or an EPA MCL in two monitor
wells. Selenium exceeded the WDEQ Class I Standard and EPA MCL (0.05 mg/L in one
DE monitor well, LC3 IM). Iron exceeded the WDEQ Class I Standard and EPA MCL
(0.3 mg/L) in one DE monitor well (LC29M), two LFG monitor wells (LC18M and
LC21M), and one UKM monitor well (LC24M). Manganese was above the WDEQ
Class I Standard and EPA MCL (0.05 mg/L) in seven of the 12 samples collected from
DE monitor wells but did not exceed those standards in any other sampled aquifer.

With the exception of HJ monitor wells LC27M and LC29M, every uranium analysis
exceeded the EPA MCL of 0.03 mg/L. The average uranium concentration of all samples
collected in the baseline monitoring program (0.306 mg/L) is over an order of magnitude
greater than the MCL. The average distribution of uranium at individual wells from
September 2006 to May 2007 is shown on Figure 2.7-23a.

The average distribution of radium-226+228 is shown on Figure 2.7-23b. The WDEQ
Class I Standard and EPA MCL for radium-226+228 is 5.0 pCi/L. Table 2.7-14
summarizes the number of wells in each aquifer that exceed the EPA MCL.

In summary, general water quality in the shallow Battle Spring aquifers within the Permit
Area tends to be relatively good, with the exception of the presence of radionuclides.
TDS and sulfate values are relatively low, with occasional exceedances of WDEQ Class I
standards. Manganese is elevated above state and federal standards in the water table
aquifer (DE) but is below standards in deeper confined aquifers in the vicinity of the
uranium orebodies. Radium-226+228 exceeds the EPA MCL in over two-thirds of the
samples collected and the average uranium concentration is an order of magnitude greater
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than the EPA MCL for that constituent. Elevated concentration of these constituents is
consistent with the presence of uranium orebodies.

2.7.4 Hydrologic Conceptual Model

A hydrologic conceptual model of the Project and surrounding area has been developed
to provide a framework that allows LC ISR, LLC to make decisions regarding optimal
methods for extracting uranium from mineralized zones, and to minimize environmental
and safety concerns caused by ISR operations.

LC ISR, LLC will use ISR technology at the Project to extract uranium from permeable
uranium-bearing sandstones within the upper portion of the Battle Spring Formation, at
depths ranging from 350 to 900 feet. A conceptual hydrologic model of the Project is
summarized below.

2.7.4.1 Regional Groundwater Conceptual Model

The Project is located within the northeastern portion of the Great Divide Basin. The
Eocene Battle Spring Formation crops out over most of the northeastern portion of the
Great Divide Basin, including the Permit Area. The total thickness of the Battle Spring
Formation in the vicinity of the Permit Area is approximately 6,200 feet. The Battle
Spring Formation contains multiple aquifers that are a part of the Tertiary aquifer system.
Groundwater flow within the Battle Spring aquifers is primarily toward the interior of the
basin, southwest of the Project. Recharge to the Battle Spring aquifers within the Project
area is mostly the result of infiltration of precipitation to the north and northeast in the
Green Mountains and Ferris Mountains. Based on available information, discharge from
the Battle Spring aquifers is predominately to a series of lakes, springs, and playa lake
beds near the center of the basin. Some groundwater from the Battle Spring aquifers is
discharged through pumping for stock watering, irrigation, industrial, and domestic use.

The Battle Spring Formation is described as an arkosic fine- to coarse-grained sandstone
with claygtone and 6onglomerates. Groundwater within the Battle Spring aquifers is
typically under confined conditions, although locally unconfined conditions exist. The
potentiometric surface within the Battle. Spring aquifers is usually within 200 feet of the
ground surface. Most wells drilled for water supply in this unit are less than 1,000 feet
deep. Wells completed in the Battle Spring aquifers typically yield 30 to 40 gpm but
yields as high as 150 gpm are possible.
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Water quality within the shallow Tertiary aquifers generally represents sodium-
bicarbonate to sodium-sulfate water types. TDS levels within the Battle Spring aquifers
are generally below 500 mg/L along the northern flank of the Great Divide Basin near
areas of outcrop. Low TDS waters within the Battle Spring aquifer are predominately
sodium-bicarbonate type waters. With increasing salinity, the water type tends to become
more calcium-sulfate dominated. Notable exceptions to the relatively good water quality
included waters with elevated radionuclides (uranium, radium-226 and radon-228). High
levels of uranium are common in Tertiary sediments and groundwater of the Great Divide
Basin. The Lost Creek Shroeckingerite deposit located northwest of the Project is noted
for high uranium levels in groundwater. Uranium-bearing coals are present in the
Wasatch Formation in the central part of the Great Divide Basin.

As described previously, the Battle Spring Formation outcrops over most of the Permit
Area. The Battle Spring is the shallowest occurrence of groundwater within the Permit
Area. Water-bearing Quaternary and Tertiary units younger than the Battle Spring
Formation are present several miles to the north and east and are hydraulically up-
gradient of the Permit Area. Therefore, ISR operations conducted at the Project will have
no impact on those shallower hydrostratigraphic units.

2.7.4.2 Site Groundwater Conceptual Model

Hydrostratigraphic Units

The hydrostratigraphic units of interest within the Battle Spring Formation, with respect
to the Project include, from shallowest to deepest:

* DE Horizon (shallowest occurrence of groundwater):
o sands and discontinuous clay/shale units, top of unit 100 to 200 ft bgs;
o coalesces with underlying FG Horizon to the south; and
o water levels in the DE Sand are typically 140 to 200 ft bgs;

* Upper No Name Shale (upper confining unit to the FG Horizon):
o 0 to 50 feet thick;

" FG Horizon (includes overlying aquifer to HJ Horizon):
o subdivided into UFG, MFG and LFG Sands;
o total thickness of Horizon is 100 feet;
o top of unit is 200 to 350 ft bgs;

o LFG Sand the overlying aquifer to HJ Horizon;
o LFG Sand is 20 to 50 feet thick; and
o water levels in the LFG Sand are typically 160 to 200 ft bgs;
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" Lost Creek Shale (upper confining unit to the HJ Horizon):

o laterally continuous across Permit Area;

o five to 45 feet thick; and

o confining properties demonstrated from Water levels and pump test;

* HJ Horizon (contains the primary production zone):

o subdivided into UIHJ, MHJ, and LHJ Sands, although sands are

hydraulically connected;

o coarse-grained arkosic sands with thin lenticular intervals of fine sand,

mudstone and siltstone;

o averages 120 feet thick;

a top of unit is 300 to 450 feet bgsk and

o water levels in the HJ Horizon range from 150 to 200 ft bgs;
* Sage Brush Shale (lower confining unit to the HJ Horizon and upper confining

unit to the KM Horizon):

o laterally continuous across Permit Area;

o five to 75 feet thick;

o top of unit 450,to 550 ft bgs; and

o confining properties demonstrated from water levels and pump test;

* KM Horizon (includes secondary production zone, lower confining units, and

underlying aquifers):

o subdivided into UKM, MKM and LKM Sands;

o massive coarse sandstones with thin lenticular fine sandstone intervals;

o top of unit is 450 to 600 ft bgs;

o UKM Sand is a secondary production zone and first underlying aquifer;

o UKM Sand is 30 to 60 feet thick;

o water levels in the UKM Sand are generally 185 to 220 ft bgs;

o No Name Shale is the lower confining unit to the UKM Sand; and

o No Name Shale is ten to 30 feet thick and laterally extensive but will

require additional characterization;

o MKM is the underlying aquifer to the UKM Sand, but will require

additional characterization.

Potentiometric Surface and Hydraulic Gradients

Potentiometric surface of the HJ Horizon indicates that groundwater flow is to the west-

southwest under a hydraulic gradient of 0.003 to 0.006 ft/ft (15.8 to 31.6 ft/mi), generally

consistent with the regional flow system. The Fault acts as a hydraulic barrier to

groundwater flow as demonstrated from water level differences of 15 feet across the

Fault within the HJ Horizon and the pump test results. The Fault may redirect

groundwater more westward than if it were not present. Groundwater flow direction and

hydraulic gradients for the overlying (DE and FG) and underlying aquifers (UKM) are
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• generally similar to ttiat of the HJ Horizon. The potentiometric heads decrease with

depth. Differences in water level elevations between the LFG, HJ and UKM aquifers
indicate that confining units are present between these hydrostratigraphic units. Pump

tests indicate the presence of confining units between the LFG and HJ aquifers and

between the HJ and UKM aquifers.

Vertical hydraulic gradients range from 0.050 to 0.34 ft/ft between the LFG, HJ and

UKM aquifers and consistently indicate decreasing hydraulic head with depth. The
vertical gradients indicate the potential for groundwater flow is downward. The vertical

gradients also support the confining nature of the Lost Creek and Sage Brush Shale. The
vertical gradient between the DE and LFG aquifers is minimal, consistent with

observations that those hydrostratigraphic units coalesce in places within the Permit Area.

Aquifer Properties

Transmissivity for the HJ Horizon ranges from 35 to 400 ft2/d (260 to 3,000 gpd/ft).
Based on long-term pump tests, the estimated "effective" transmissivity (because of the

impacts of the Fault) is 60 to 70 ft2/d (450 to 525 gpd/ft) on the north side of the Fault.
Because of the boundary effect of the Fault (e.g., the system is not an infinite-acting
aquifer), the actual transmissivity of the aquifer, without impacts from the Fault, would

be higher. Storativity of the HJ Horizon ranges from 5.0 x 10-5 to 5.0 x 10-4.

Based on more limited testing, the transmissivity of the LFG aquifer is lower than for the

HJ Horizon ranging from 4.4 to 40 ft2/d (30 to 300 gpd/ft). The range of transmissivity
of the UKM aquifer is similar to but slightly lower than the HJ aquifer, from 26 to 115
ft2/d (195 to 860 gpd/ft). Transmissivity of the DE Horizon is variable, ranging from 1.3
to 130 ft2/d (10 to 1,000 gpd/ft). Storativity values have not been determined for the
overlying and underlying aquifers at this time because no multi-well pump tests have
been conducted within those aquifers. However, it is expected that storativity values in

the FG and KM Horizons will be similar to the range observed in the HJ Horizon. The
DE Horizon is at least partially under unconfined conditions and therefore will have a

specific yield instead of a storage coefficient. Long-term multi-well pump tests will be

performed in the fall of 2007 to collect additional data regarding aquifer properties of the

overlying and underlying aquifers.

Water Quality

Water quality within the hydrostratigraphic units of interest (the production zones and

overlying and underlying aquifers) is generally good with respect to major chemistry.
TDS and sulfate levels are typically below respective WDEQ Class I Standards and EPA

SDWS, although occasionally, regulatory standards are exceeded. Chloride levels are

low, (typically less than ten mg/L) making this parameter a good indicator for excursion
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monitoring. There is no significant difference in major water chemistry between the
production zone and overlying and underlying aquifers.

Trace metals generally are below WDEQ Class I Standards and EPA MCLs in the
production zone, overlying and underlying aquifers. Ammonia, arsenic, iron, and
selenium occasionally exceed the respective standards. Manganese is present above the
regulatory standards in over half of the samples collected from the DE Horizon.
Manganese was below the WDEQ Class I Standards and EPA MCL in all samples from
other hydrostratigraphic units.

Uranium is present in nearly all of the wells at levels exceeding the EPA MCL of 0.03
mg/L. For example, the average uranium concentration for all of the hydrostratigraphic
units of interest is 0.31 rmg/L, an order of magnitude greater than the EPA MCL.
Radium-226+228 levels exceed the EPA MCL and WDEQ Class I Standard (five pCi/L)
in two-thirds of the samples collected. The percentage of wells that exceed radium-
226+228 standards is greater for the HJ and UKM aquifers than for the FG and DE
Horizons. Dissolved radionuclide levels are commonly elevated in groundwater
associated with uranium-bearing sandstones.

Summary

The uranium bearing sandstones within the upper Battle Spring Formation appear to be
suitable targets for ISR operations. The primary production zone aquifer (HJ Sand) is
bounded by laterally extensive upper and lower confining units, as demonstrated by static
water level differences and responses to pump tests. Aquifer properties (transmissivity,
hydraulic conductivity and storativity) are within the ranges observed at other ISR
operations that have successfully extracted uranium reserves. Water quality is generally
consistent throughout the hydrostratigraphic units of interest. Elevated radionuclides are
present. in the groundwater, but this is consistent with the presence of uranium ore
deposits within the sandstones. The Fault acts as a hydraulic barrier to flow and will
need to be accounted for in mine unit design and operation.
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Figure 2.7-2. Longitudinal profile along Battle Spring Draw from the northern boundary.
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'e 2.7-3. Photo of Crooked Well



Figure 2.7-4. Stormwater sampler installed to collect a 1-L sample of snowmelt or
storm surface runoff.
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Table 2.7-1 Peak Flow Regression Equations

Average
eq~uivalent

SE, SE, years of
Equiation

5 =12: URa2
61 A 4

0,= 22.2(AR-EýI~24

2-3= 29.1(AJZEA
0 -60 0 )4aLAT 40;) 116~

66 0,4--4167 )(!-T4' 135.

0-0= 166.4iREA .4 X )LT- 40)--4

025 20(AJI 0510)((LIF-40)-1'4

250 = 290(A4REA "f) (LIT-40) -

51 4DA6 7-4'1.48.

urro= 7lMfARF-I 
9 )C(LEA740j-1.49~

fpercefltj (percent) record

66

60

59

53

52

52

53

56

59

64

7.)

66

64

59

57

58

60

63

67

73

3.2

3.2

3.3

4.7

6.4

&:5

9.7

10.4

10.9

11.1

85-percent prediction
interval factor

Lower li•it Upper limit

0.266 3.76

.292 3.43

.301 3.32

.328 3.05

.336 2.98

.331 3.02

.320 3.13

-304 3.29

.286 3.49

.261 3.83

SEE=average standard error of estimate; SEp=average standard error of prediction; QT=estimated peak
flow (cfs) for the recurrence interval of T years; AREA--total drainage'area (mi 2); LAT=latitude of basic
outlet location in decimal degrees.
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Table 2.7-2 Calculated Peak Flows for Battle Spring Draw

A

Lost Creek Project
NRC Technical Report
October2007



Table 2.7-3 Historic Water Quality Results for Battle Spring from the Sweetwater Mill Permit Application *

Battle Sorina

Sample Date I July 18-20, 1974 April 29, 195 June 20-23, 1975 August 21-28, 1975 October 3-6, 1975 July 30, 1976

Sodium (mg/L) 116

Potassium (mg/L) 8

Calcium (mg/L) 23

Magnesium (mg/L) 5 N E E

Sulfate (mg/L) 130
Chloride (mg/L) 18

Carbonate (mg/L) 0

Bicarbonate (mg/L) 220

TDS (mg/L) 276

pH (SU) 9.5
Gross Alpha (pCi/L) 156 ± 34

Gross Beta (pCi/L) 90.3 ± 8.8

Th-230 (pCi/L) 3.34 + 0.43

Ra-226 (pCi/L) 33.5 ± 1.1

Sr-90 (pCi/L) 1.5 ± 0.6

Uranium (mg/L) 0.006 0.153 0.153 0.289 0.95 0.5

(Shepherd and Miller, 1994)
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Table 2.7-4 Water Quality Results for Seven Stormwater/Spring Snowmelt Samples Collected on 17 April 2007 (Page I of 3)

Lost 
Creek 

Project

NRC 

Technical 

Report

October 

2007

,^ •ABicabonat H / 1 1.2 27 1u7 30 29 1 152Sulfate A0 mg/L 1.0 3 3 3 5 13 6 6

Barimde a .10 <012 01 1 2 1 2 <1

Ammonia as N 0.05 0.46 0.6 0.55 1.01 8.7 0.86 0.41

Nitrite as N 0.100 <0.01 <0.01 <0.01 <0.01 0.3 0.2 <0.01
Nitrite + Nitrate as N N0+0 gL0.10 0.3 0.3 0.3 <0. 1 0.7 0.6 0.9

Fluoride m 0.10 <0.01 <0.01 <0.01 <0.01 <0. 0 <0.1 <0.01
Silica SO/L1.0 6.9 9.9 7.1 14ý5 0.9 1.1 3.9

Aluminum Al ,/L 0.10 0:3 0.7 0.6 0.6 "<0.1 012 0.7

Arsenic As m./L 0.001 0.002 0.003 0.002 0.006 0.002 0.002 0.001

Barium mg/L 0.10 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0. I

BoronB m,/L 0.1 <<0 0 0.05 <0.3 <0.2 <0.1 <0. I
Cadmium Cd mg/L 0.005 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Chromium mr mWL 0.05 <0.035 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Copper Cu mg/L 0.01 <0.0t <0. 01 <0.01 <0.01 <03.01 <0.01 <0.01

Iron Fe mg/L 1 0.05 0.66 0.76 0.66 1.26 0.04 0.17 0.35
Lead Pb mg/L 0.001 .<0.05 <0. 05 <0.05 <0.05 <0.05 <0.05 " <0.05

Manganese mMn 0.01 0.03 0.01 0.07 0.4 0.07 0.13 0.04

Mercury H mg/L 0600i <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Molybdenum Mo mgL 0.10 ""<0.1 I <0.1 <0. I <0. 1 <0.1 <0.1 <0.1I

Nickel Ni mg/L 0.05 <0.05 <0.05 <0405 <0.05 <0.05 <0.05 <0ý05

Selenium Se mgL 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 "<0.004 <0.001
Silver mr,/ 0.01 <0.01 <0.01<01"<.1<.1<01<.0

Vaadummk/L 0.1I0 <0 91<.l<. 0.1 <0. 1 <0.1

Zin c .... .. mg./L _ 0.01 0.07 0.04 0.05 0.03 0.22 . 0.13 US0
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Table 2.7-4 Water Quality Results for Seven Stormwater/Spring.Snowmelt Samples Collected on 17 April 2007 (Page 2 of 3)

m

L,

As mg
Ba mg/.
B m/

m Cd mgJL
in Cr mg,/L

Fe mg/L
Pb m. -

se Mn mg/L

Hn mg/L
MnUM MO mg/L

otIi i tt1
<0.1 0.2

0.6 1 0.8 0.4 0.7 0.8 1.2
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
<005 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
0.24 0.54 0.29 1.83 0.06 0.21 0.17
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
004 0.13 0.08 1.45 0.06 0.13 0.03

<0001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

0.004 t. to I I
I <0ý I I

Ni no/I. <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05
Ni rn~--- I
g• rnc, fL 0 001 0 001 <0o00 0 001 <0 001 <0 001 <0 00! '<0 00I

g At mti.0 <0.01 <0.0I <0,01 <O0 <00 700 0.01
adium V mu/L 0.10 <0.1 <0.1 <0. I <0.1 <0.1 <0.1 <0.1

LotCeI 

rjc

_ --_-_-__-_____I___ Zn 1 0.01 0.06 1 0,03 1 0.05 [ 0.08 0.22 0.13 1 0.09
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Table 2.7-4 Water Quality Results for Seven Stormwater/Spring Snowmelt Samples Collected on 17 April 2007 (Page 3 of 3)

PH &U std. units 0.01 7.1 6.86 6.66 6.83 7. 12 6.41 6.39

Conductivity Codt I.soho/cm 1.0 36.4 57.3 40.5 64.5 1006 66.4 626

Total Suspended Solids A 105oC I1.0 S 36 422 24 5280 4 14 9

Alkalinity as CaCO3 Als I 1.0 I0 22 14 25 24 12 20
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Table 2.7-5 Monitor Well Data

Completion Ground Measure Total Top Under- Bottom Under- Under-
Well ID Easig Northing Zon Surface Point Depth Reamed Reamed Interval Reamed

ZoneElevation Elevation Interval Thickness

(feet) (feet) (feet) (ft amnsl) (ft amsl) .(ft bgs) (ft bgs) (ft bgs) (feet)
LC29M 744547 534837 DE 6935.11 6936.86 171 140 164 24
LC30M 736276 532836 DE 6925.10 6927.40 236 196 236 40
LC31M 733380 524434 DE 6856-52 6805.83 191 150 190 40

LCI5M 744546 534823 LFG 6934.72 6936.57 350 286 340 54
LC18M 743368 535316 LFG 6948.43 6949.03 350 290 332 42
LC21M 736277 532850 LFG - 6927.13 410 375 398 23
LC25M 743397 534601 LFG 6935.00 6936.52 380 316- 369 53

HIMP-104 742900 534900 HJ 6939.76 6941.01 430 405 430 25
HJMP-107 743700 534800 HI 6937.13 6938.40 464 443 460 17
HJMP-I 10 743700 535200 HI 6945.95 6947.14 476 430 475 45
HJMP-I 11 743850 535370 HJ 6948.98 6950.32 440 395 440 45
HJT- 104 743660 534900 Hi 6938.78 6940.11 460 413 463 50
LC16M 744553 534811 HJ 6934.76 6936.38 472 410 467 57
LC19M 743383 535317 HJ 6949.32 6950.52 463 412 463 51
LC22M 736292 532850 HI 6924.91 6926.06 592 504 585 81
LC26M 748203 534832 HI 6952.96 6955.67 436 376 431 55
LC27M 753260 539018 HI 7010.00 7012.16 477 433 456 23
LC28M 733364 524437 HJ 7804.15 6805.19 563 502 557 55

LC17M 744562 534840 UKM 6935.13 6936.87 575 529 565 36
LC20M 743383 535331 UKM 6949.27 6950.64 543 511 543 32
LC23M 736292 532835 UKM 6924.41 6926.80 634 595 630 35
UKMP-101 744100 534930 UKM 6940.26 6941.75 575 540 572 32
UKMP-102 744150 535150 1.KM 6940.87 6942.03 498 485 505 20
LC24M 744580 535203 UKM 6942.76 6944.63 542 478 531 53

Conoco Wells
M-25-92-17-IS 745785 536224 LFG UNK' 6966.20 UNK UNK UNK UNK

M-25-92-18-1S 742648 535513 LFG 11NK 6939.30 11NK UNK UNK L1NK

M-25-92-20-1S 744998 534521 LFG UNK 6934.50 11NK UNK UNK L2NK

M-25-92-17-1M 745813 536223 HJ UNK 6966.70 11NK 11NK UNK. UNK

M-25-92-18-1M 742623 535515 HJ 11NK 6940.00 UNK LINK 11NK UNK

M-25-92-20-IM 745023 534520 HI UNK 6934.90 11NK 11NK UNK UNK
M-25-92-19-IM 742622 534524 HJ UNK 6926.10 11NK 11NK 11NK L2NK

M-25-92-19-2M 742623 534500 HJ UNK 6925.50 UNK LINK 1NK U2NK

M-25-92-19-3M 742623 534474 HI 11NK 6923.90 11NK UNK UNK 12NK
M-25-92-17-1D 745837 536222 UKM 11NK 6967.40 11NK UNK LINK LINK

M-25-92-18-1D 742596 535517 UKM UNK 6938.70 11NK 11NK L1NK UNK
M-25-92-20-1D 745048 534519 UKM 11NK 6935.00 UNK UNK UNK L1NK
UNK = unknown
- ) Ongoing well installation, data provided when becomes available
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Table 2.7-6 Water Level Data

Measure DTW WL Elev
2  

DTW WL Elev DTW WL Elev DTW WL Elev

Well ID Zone Point 8/18/82 8/18/82 10/25/06 10/25/06 2/28/07 2/28/07 6/27/07 6/27/07Zone Elevation

(ft amsl) (ft bgs) (ft amsl) (ft bgs) (ft amsl) (ft bgs) (ft amsl) (ft bgs) (ft amsl)

M-25-92-1741D UKM 6,967.40 6,761.60

M-25-92-17-1M HJ 6,966.70 # 6,781.80 -"

M-25-92-17-IS LFG 6,966.20 6,792.90

M-25-92-18-1D. UKM 6,938.70 N 6,740.60

.M-25-92-18-IM HJ 6,940.00 # 6,770.80

M-25-92-18-IS LFG 6,939.30 # 6,778.00

M-25-92-19-IM Hi 6,926.10 # 6,749.80

M-25-92-19-2M HJ 6,925.50 N 6,745.50 - -

M-25-92-19-3M HJ 6,923.90 6,745.70

M-25-92-20-1D UKM 6,935.00 6,751.80

M-25-92-20-IM H1 6,934.90 6,758.90

M-25-92-20-IS LFG 6,934.50 6,776.40 -

LC15M, LFG 6,936.57 - 160.34 6,776.23 160.80 6,775.77 - -

LC16M HJ 6,936.38 178.79 6,757.59 178.62 6,757.76 178.14 6,758.24

LC17M UKM 6,936.87 185.34 6,751.53 185.26 6,751.61
LC18M LFG 6,949.03 167.32 6,781.71 165.15 6,783.88 168.04 6,780.99

LC19M H1 6,950.52 179.05 6,771.47 179.15 6,771.37, 180.08 6,770.44
LC20M UKM 6,950.64 202.84 6,747.80 203.35 6,747.29 202.36 6,748.28

LC21M LFG 6,927.13 199.05 6,728.08 198.20 6,728.93 - -

LC22M HJ 6,926.06 206.66 .6,719.40 206.73 6,719.33 -

LC23M UKM 6,926.80 220.33 6,706.47 220.75 6,706.05 -

LC24M UKM 6,944.63 - - 192.11 6,752.52
LC25M LFG 6,936.52 165:89 6,770.63 169.01 6,767.51 167.05 6,769.47

LC26M HJ 6,955.67 - - 171.10 6,784.57 - -

LC27M HJ 7,012.16 189.80 6,822.36 -

LC28M HJ 6,805.19 154.45 6,650.74
LC29M DE 6,936.86 - - 153.75 6,783.11 153.95 6,782.91

LC30M DE 6,927.40 199.02 6,728.38 198.91 6,728.49

LC31M DE 6,805.83 - 144.01 6,661.82
HJMP-104 HJ 6,941.01 - 171.81 6,769.20
HJMP-107 HJ 6,938.40 183.61 6,754.79
HJMP-110 HJ 6,947.14 - 174.89 6,772.25
HJMP-1 11 HJ 6,950.32 - 176.94 6,773.38
HJT-104 HJ 6,940.11 -" 169.51 6,770.60

UKMP-101 UKM 6,941.75 192.13 6,749.62
UKMP-102 UKM 6,942.03 190.68 6,751.35

' DTW = depth to water
2 WL Elev = water level elevation

values not provided in Hydro-Search Inc 1982 report

water level not mewured
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Table 2.7-7 Horizontal Hydraulic Gradients (Page 1 of 2)

W E ater Level Distance Head Hydraulic Description (Aquifer, Location and Date)
Elevation Between Difference Gradient

l PWells

(feet) (feet) (ft amsl) (feet) (feet) (ft/ft)

LC16M 744553 534811 6757.59 8490.6 38.19 0.0045 HJ Aquifer-South Side of Fault 2006

LC22M 736292 532850 6719.40

M-25-92-17-lM 745813 536223 6781.80 3267.9 11.00 0.0034 HJ Aquifer-North Side of Fault 1982

M-25-92-18-1M 742623 535515 6770.80

M-25-92-20-1M 745023 534520 6758.90 2400.8 13.40 0.0056 HJ Aquifer-South Side of Fault 1982

M-25-92-19-2M 742623 534500 6745.50

M-25-92-20-1M 745023 534520 6758.90 2400.8 9.10 0.0038 HJ Aquifer-South Side of Fault i982

M-25-92-19-IM 742622 534524 6749.80

LC16M 744553 534811 6758.24 853.1 3.45 0.0040 HJ Aquifer-South Side of Fault 2007

HJMP-107 743700 534800 6754.79

HJMP-I 11 743850 535370 6773.38 1059.9 4.18 0.0039 HJ Aquifer-North Side of Fault 2007

HJMP- 104 742900 534900 6769.20

M-25-92-17-1S 745785 536224 6792.90 3216.8 14.90 0:0046 LFG Aquifer-North Side of Fault 1982

M-25-92-18-1S 742648 535513 6778.00
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Table 2.7-7 Horizontal Hydraulic Gradients (Page 2 of 2)

Water Level Distance Head Hydraulic
Well Pair Easting Northing Elevation Beteen Difference Gradient Description (Aquifer, Location and Date)

Wells
(feet) (feet) (ft amsl) (feet) (feet) (ft/ft)

LC15M 744546 534823 6776.23 1170.2 5.60 0.0048 ,LFG Aquifer-South Side of Fault 2006
LC25M 743397 534601 6770.63

LC15M 744546 534823 6776.23 8501.1 48.15 0.0057 LFG Aquifer-South Side of Fault 2006
LC21M 736277 532850 6728.08

LC25M 743397 534601 6770.63 7332.1 42.55 0.0058 LFG Aquifer-South Side of Fault 2006
LC21M 736277 532850 6728.08

M-25-92-17-1D 745837 536222 6761.60 3317.3 21.00 0.0063 UKM Aquifer-North Side of Fault1982
M-25-92-18-1D. 742596 535517 6740.60

LC17M 744562 534840 6751.53 8509.6 45.06 0.0053 UKM Aquifer-South Side of Fault 2006

LC23M 736292 532835 6706.47 -

LC29M 744547 534837 6783.11 8509.6 54.73 0.0064 DE Aquifer-South Side of Fault 2006

LC30M 736276 532836 6728.38
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Table 2.7-8 Vertical Hydraulic Gradients

Measure Top Under- Bottom Under- Midpoint Vertical
Easting Northing Z ione Point Reamed Reamed Under- Date of Depth to Water Level yrauc

WellIon Real Interval Reamed Measurement Water Elevation - GradientZoe Elevation Interval Inevl Gait
Interval

(feet) (feet) f(t amsl) (ft bgs) f(t bgs) (ft bgs) " (ft bgs) (ft amsl) (ft/ft)
Central Well Group

LC18M 743368 535316 LFG 6,949.03 290 332 311 10/25/2006 167.32 . 6,781.71 -

LC19M "743383 535317 HJ 6,950.52 412 463 438 10/25/2006 179.05 6,771.47 0.08
LC20M 743383 535331 [ UKM 6,950.64 511 543 527 10/25/2006 202.84 6,747.80 0.26
LCI8M 743368 535316 LFG 6,949.03 290 332 311 6/27/2007 168.04 1 6780.99 -

LCI9M 743383 535317 HJ 6,950.52 412 463 438 6/27/2007 180.08 6770.44 0.08
LC20M 743383 535331 UKM 6,950.64 511 543 527' 6/27/2007 1 202.36 6748.28 0.25

East Well Group
LC29M 744547 534837 DE 6936.86 140 164 152 10/25/2006 153.75 J 6,783.11
LCM15 744546 534823 LFG 6936.57 286 340 313 10/25/2006 160.34 6,776.23 0.04
LCMI6 744562 .534820 HJ 6936.38 410 467 438.5 10/25/2006 178.79 6,757.59 0.15

LCM17 744562 534840 UKM 6936.87 529 565 547 10/25/2006 185.34 6,751.53 . 0.06

West Well Group
LC30M 736276 532836 DE 6927.404 196 236 216 10/25/2006 199.02 6,728.38 -

LC21M 736277 532850 LFG 6927.13 375 398 387 10/25/2006 199.05 6,728.08 0.00
LC22M 736292 532850 HJ 6926.06 504 585 544.5 10/25/2006 206.66 6,719.40 0.06
LC23M 736292 532835 UKM 6926.8 595 630 612.5 10/25/2006 220.33 6,706.47 0.19

Conoco Northeast Wells

M-25-92-17-IS 745785 536224 LFG 6966.2 f 334 8/18/1982 6792.90

M-25-92-17-IM 745813 536223 HJ 6966.7 # _ 422 8/18/1982 ' # 6781.80 0.13

M-25-92-17-1D 745837 536222 UKM 6967.4 # _I 516 8/18/1982 _ 6761.60 0.21
Conoco Central Wells

M-25-92-18-1S 742648 535513 LFG 6939.3 # 340 8/18/1982 _ 6778.00 " -

M-25-92-18-1M 742623 535515 HI "6940 N _ 413 8/18/1982 { 6770.80 0.10

M-25-92-18-1D 742596 535517 UKM 6938.7 _ _ 608 8/18/1982 . 6740.60 0.15

Conoco Southeast Wells

M-25-92-20-IS 744998 534521 LFG 6934.5 # ! _ # ] 341 8/18/1982 # 6776.40 -

M-25-92-20-IlM 745023 534520 1.-1 6934.9 # _ _ 388 8/18/1982 _ 6758.90 0.37

M-25-92-20-1D 745048 534519 1UKM 6935 J _ _ 522 8/18/1982 # 6751.80 0.05

Values were not reported by HydroSearch, Inc. (1982)

Vertical hydraulic gradient is calculated between middle of underreamed interval in overlying aquifer to middle of underreamed interval in underlying aquifer
( a positive number indicates a downward potential)
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Table 2.7-9 1982 and 2006 Pump Test Results

Under- mTransissivity/Analytical Method Average
Well Completion Pumping Reamed Pumping Length of Test Maximum C ranSisianalyti Jac Metod

Identification Zone Well Interval6 Rate (hour:minute) Drawdown CooperJacobs 7  Hantush Jacob Recovery (f g Conductivity tLength) o fnjuctAveragetHydraulic

(feet) (gpm) (feet) (gpd/ft)I (ft2/d) (gpd/ft)I (ft2/d) (gpd/ft) I Wft2/d) (ft/d)
Multi-Well Tests

LC16M' H- LCI6M 57 15 19:50 21.8 818 109.4 769 102.8 106.1 1.9

LCI9M 1st
2  

HJ LCI9M 51 17.6 to 18.8 10:42 26.4 553 73.9 719 96.1 85.0 1.7

LC19M2nd
2  Hi LCI9M 51 17.6 to 18.8 25:30 29.1 590 78.9 773 103.3 91.1 1.8

LC22M
3  

1-L LC22M 81 11.75 45:00 36.3 3007 402.0 1605 214.6 308.3 3.8
M-25-92-19-IM HJ M-25-92-19-2M - 50 30 25:10 28.5 700 93.6 730 97.6 760 101.6 "97.6 2.0 0.00084
M-25-92-19-2M HJ • M-25-92-19-2M -50 30 25:10 49 730 97.6 580, 77.5 620 82,9 86.0 1.7
M-25-92-19-3M Hi M-25-92-19-2M -50 30 25:10 31.7 680 90.9 6101 81.6 730 97.6 90.0 1.8 0.00033

M-25-92-20-1M
4  

HI M-25-92-20-IM -50 30 25:00 25 2000 267.4 1300 173.8 220.6 4.4
Single Well Tests
LC26M HI 55 13.6 to 14.3 1:09 9.7 1821 243.4 4.4
LC27M 1st HJ 23 12.8 to 13.0 2:05 12.5 1659 221.8 9.6

LC27M2nd' H', 23 8.8 2:13 8.2 2013 269.1 11.7
LC15M LFG 54 14.2 1:50 32.1 302 40.4 0.7
LCI8M lst LFG 42 8.8 to 13.0 3:25 94 33 4.4 0.1
LC!8M 2nd LFG 42 7.5 to 10 2:17 50.5 62 8.3 0.2
LC21M LFG 23 13.1 3:45 50.2 303 40.5 1.8
LC25M LFG 33 9.4 to 12.2 2:01 75 212 28.3 0.9
LC17M UKM 36 13 2:15 26 195 26.1 0.7
LC20M UKM 32 12 to 12.5 2:21 23.5 520 69.5 2.2
LC23M UKM 35 9.9 3:56 25 583 77.9 2.2
LC24M UKM 53 12.1 1:12 24 561 .75.0 1.4
LC29M DE 40 0.67 0:31 10.3 10 1.3 0.0
LC30M 1st DE 40 2.7 to 3.3 5:02 13 231 30.9 0.8
LC30M 2nd DE 40 7 2:55 24 573 76.6 1.9
LC31M DE 40 7 1:34 14 1098 146.8 3.7

No significant response from the HJ observation wells LCI9M (across the Fasut 1,284 feet), LC22M (8,500 feet) or LC26M (3,640 feet) during the test.
No significatu response from the HJ observation wells LC16M (1.284 feet), LC22M (7.500 feet) or LC26M (4.850 feet), sshich ae all located across the Fault. during the test.

No significant response from the HJ observation wells LC16M (8.502 feet) or LC28M (8.908 feet) or from LFG well LC2tIsN (15 feet) or UKM well LC23M (15 feet) during the test.
No response from the overlying (M-25-92-20S) or underlying (M25-92-20-D) observation wells during the test.

The pump cas shut off after 59 minutes for ten minutes; then the test was resumed.

The 50-foot under-reamed interval for wells M-25-92 "as an estimate; these data were not provided in the Hydro-Search, Inc. report (1982).
Hydro Engineering (2007) reported early and late'time values for Cooper Jacobs analytical methods: only late time data results are shown here.

Late time data provides better representation, as much of the early time data is impacted by caring storage and later time date shows effects of the Fault.
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Table 2.7-10 2007 LC19M Long Term Pump Test Monitor Wells

Top of Bottom of Distance Same Side of Initial Static
Ground Top of Under- Under- from Faul aS Dp to Later

Well ID Type of Well Completion Surface Casing Reamed Reamed Fault as Depth to Level
Zone Elevation Elevation Reae Reae Pupn Pumping Water

Zone Zone Well Well? Elevation

(ft amsl) (ft amsl) (ft bgs) (ft bgs) (feet) (ft bgs) (ft amsl)
LC19M Pumping HJ 6949.32 6950.52 412 463 0 Yes 180.08 6770.44

HJT- 104 Production Zone Monitor HJ 6938.78 6940.11 413 463 501 Yes 169.51 6770.60
HJMP-104 Production Zone Monitor HJ 6939.76 6941.01 405 430 638 Yes 171.81 6769.20

HJMP-110 Production Zone Monitor HJ 6945.95 6947.14 430 475 338 Yes 174.89 6772.25

HJMP-Ill Production Zone Monitor HJ 6948.98 6950.32 395 440 470 Yes 176.94 6773.38

HJMP-107 Production Zone Monitor HJ 6937.13 6938.40 443 460 606 No 183.61 6754.79

LC16M Production Zone Monitor HJ 6934.76 6936.38 410 467 1284 No 178.14 6758.24

LC20M Underlying Monitor UKM 6949.27 6950.64 511 543 14 Yes 202.36 6748.28

UKMP-102 Underlying Monitor UKM 6940.87 6942.03 485 505 785 Yes 190.68 6751.35

UKMP-101 Underlying Monitor UKM 6940.26 6941.75 540 572 815 No 192.13 6749.62

LC18M Overlying Monitor LFG 6948.43 6949.03 290 332 15 Yes 168.04 6780ý99
LC25M Overlying Monitor LFG 6935.00 6936.52 316 369 697 No 167.05 6769.47
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Table 2.7-11 2007 LC19M Pump Test Results

Transmissivity (ft2 /d)

Distance from Same side of Drawdown Hydraulic

Well ID Type Well interval (feet) pumping well fault as at End of Theis Recovery Average Coefficient Conductivity
(feet) pumping well? Pumping (ft/d)

LC19M Pumping 51 0 Yes 93.3 - 56.7 56.7 0.47

HJT- 104 Prod. Zone Monitor 50 501 Yes 40.5 30.0 56.9 43.5 9.60E-05 0.36

HJMP-104 Prod. Zone Monitor 25 638 Yes 36.5 61.3 56.8 59.1 6.60E-05 0.49

HJMP-110 Prod. Zone Monitor 45 338 Yes 40.5 66.4 63.0 64.7 1.30E-04 0.54

HJMP-I 11 Prod. Zone Monitor 45 470 Yes 35.6 69.8 64.1 67.0 9.10E-05 0.56

UKMO-102 75.5 76.9 76.2 1.50E-04 0.64

Average 43 - - 60.6 62.4 61.2 1.07E-04 0.51

HJMP- 107 Prod. Zone Monitor 17 606 No 1.4 NA 3 NA NA NA NA

LCI6M Prod. Zone Monitor 57 1284 No 1.2 NA NA NA NA NA

LC20M Underlying Monitor 32 14 Yes -0.7 NA NA NA NA NA

UKMP-102 Underlying Monitor 20 785 Yes 1.2 NA NA NA NA NA

UKMP-101 Underlying Monitor 32 815 No. 2.6 2 NA NA NA NA NA

LC18M Overlying Monitor 42 15 Yes 1.1 NA NA NA NA NA

LC25M Overlying Monitor 53 697 No 1.6 NA NA NA NA NA

Hydraulic Conductivity Calculated from Average Transmissivity and Estimated Aquifer Thickness of 120 feet.
2 Value shifted abruptly downward 2.7 feet between consecutive measure points one hour prior to end of test.
3 NA - Not analyzed because of insufficient response
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Table 2.7-12 Baseline Water Quality Monitoring Parameters

Major Ions Trace Constituents

Calcium Aluminum

Magnesium Ammonia

Potassium Arsenic

Sodium Barium

Bicarbonate Boron

Chloride Cadmium

Carbonate Chromium

Sulfate Copper

Nitrate (Total) Iron

Fluoride

General Water Chemistry Manganese
Alkalinity ' Mercury

Total Dissolved Solids Molybdenum

pH (field measured) Nickel

pH (lab measured) Selenium

Specific Conductance (field measured) Silica

Temperature (field measured) Vanadium

Zinc

Radionuclides

Gross Alpha

Gross Beta

Radium-226

Radium-228

Uranium

The 1982 sampling did not include these parameters.
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 1 of 12)

I Major Cations and Anions

Completion Sample
well ID Zone Date Na K , Ca Mg Cl HCO, CO, so, Si NO,

(mg/L) (mg/L) (mg/L) (rag/L) (rag/L) (rag/L) (mg/L) (mg/L) (mg/L) (mg/L)

LC29M DE 9/20/06 26.0 2.0 57.0 4.0 6.0 137.0 ND 1 108.0 12.0 ND

LC29M DE 11/26/06 26.0 3.0 64.0 4.0 4.0 98.0 ND 131.0 17.2 ND
LC29M DE 3/1/07 24.0 2.0 57.0 3.0 4.0 205.0 ND 54.0 18.1 ND
LC29M' *DE 5/4/07 27.0 2.0 47.0 . 3.0 10.0 183.0 ND 21.0 15.3 0.90

LC30M DE 9/20/06 29.0 2.0 33.0 2.0 6.0 122.0 ND 31.0 14.7 1.40
LC30M DE 11/26/06 25.0 1.0 31.0 2.0 5.0 124.0 ND 26.0 13.7 1.20

LC30M DE 3/1/07 51.0 2.0 33.0 2.0 6.0 156.0 ND 51.0 17.4 0.60
LC30M DE 5/3/07 62.0 2.0 28.0 2.0 6.0 176.0 ND 55.0 17.7 ND

ND
LC31M DE 9/21/06 40.0 3.0 140.0 9.0 7.0 140.0 ND 316.0 15.0 0.80
LC31M DE 11/26/06 39.0 3.0 120.0 8.0 7.0 145.0 ND 280.0 13.9 0.40
LC31M DE 2/28/07 64.0 3.0 108.0 7.0 8.0 156.0 ND 277.0 17.0 0.30
LC31M DE 5/3/07 71.0 3.0 99:0 6.0 6.0 159.0 ND 279.0 15.9 0.20

ND
LC16M HJ 3/1/07 30.0 2.0 74.0 4.0 4.0 132.0 ND 138.0 15.0 ND

LC16M HJ 5/4/07 29.0 2.0 74.0 4.0 5.0 137.0 ND 139.0 14.8 ND

LC19M HJ 9/20/06 35.0 3.0 66.0 3.0 6.0 103.0 2.0 139.0 NM ND

LC19M HJ 11/3/06 32.8 2.1 72.9 3.2 6.0 132.0 ND 146.0 15.0 ND

LC19M HJ 3/5/07 40.0 13.0 41.0 3.0 6.0 .73.0 ND 124:0 14.5 ND
LC19M HJ 5/4/07 33.0 8.0 45.0 3.0 5.0 93.0 ND 137.0 14.8 NO

LC19M HJ 5/4/07 33.0 8.0 46.0 3.0 5.0 96.0 ND 137.0 14.6 ND

LC22M HJ 9/21/06 40.0 2.0 74.0 3.0 5.0 113.0 ND 170.0 15.0 ND
LC22M HJ 11/16/06 36.0 2.0 62.0 3.0 4.0 109.0 ND 154.0 12.8 ND
LC22M HJ 3/11/07 37.0 4.0 60.0 3.0 6.0 110.0 ND 142.0 14.2 ND

LC22M HJ 5/3/07 35.0 4.0 64.0 3.0 5.0 113.0 ND 137.0 1310 ND
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 2 of 12)

Major Cations and Anions
Completion Sample

Well ID Zone Date Na K Ca Mg CI HCO3  CO3  S04 Si NO3

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
LC26M HJ 9/21/06 35.0 4.0 133.0 6.0 6.0 168.0 ND 269.0 17.7 ND
LC26M HJ 11/17/06 33.0 3.0 127.0 5.0 6.0 166.0 ND 256.0 17.0 ND
LC26M HJ 3/11/07 33.0 3.0 125.0 5.0 5.0 159.0 ND 253.0 16.2 ND
LC26M HJ 5/3/07 34.0 8.0 90.0 5.0 5.0 57.0 ND 259.0 17.5 ND

LC27M HJ 11/16/06 21.0 4.0 27.0 ND 6.0 82.0 2.0 29.0 15.5 ND
LC27M HJ 3/1/07 21.0 5.0 11.0 ND 4.0 38.0 ND 39.0 16.4 ND

LC27M HJ 5/3/07 22.0 5.0 7.0 ND 4.0 33.0 5.0 32.0 17.8 ND

LC28M HJ 9/21106 27.0 3.0 60.0 3.0 6.0 125.0 ND 101.0 16.1 ND
LC28M HJ 11/26/06 24.0 2.0 58.0 3.0 4.0 127.0 ND 88.0 15.7 ND

LC28M HJ 2/28/07 25.0 2.0 59.0 3,0 6.0 127.0 ND 95.0 16.9 ND
LC28M HJ 5/3/07 25.0 2.0 62.0 3.0 6.0 130.0 ND 96.0 15.0 ND

LC15M LFG 11/26/06 31.0 2.0 84.0 4.0 6.0 134.0 ND 157.0 14.3 ND
LC15M LFG 3/1/07 33.0 3.0 89.0 5.0 1.0 130.0 ND 180.0 14.8 0.20
LC15M LFG 5/4/07 34.0 9.0 46.0 3.0 6.0 85.0 ND 142.0 13.0 0.40

LC18M LFG 9/20/06 35.0 3.0 61.0 3.0 5.0 122.0 ND 122.0 13.2 ND

LC18M LFG 11/22/06 31.0 2.0 55.0 3.0 5.0 117.0 ND 117.0 12.4 ND
LC18M LFG 3/1/07 33.0 2.0 60.0 3.0 5.0 120.0 ND 120.0 13.6 ND
LC18M LFG 5/4/07 30.0 3.0 ,49.0 3.0 5.0 112.0 -ND 119.0 12.6 ND

LC21M LFG 9/20/06 33.0 2.0 46.0 3.0 6.0 121.0 5.0 62.0 15s8 1.00
LC21M LFG 11/26/06 30.0 2.0 41.0 3.0 5.0 132.0 ND 59.0 13.9 0.80
LC21M LFG 2/28107 31.0 3.0 35.0 3.0' 5.0 120.0 ND 60.0 15.2 1.00

LC21M LFG 5/3/07 30.0 2.0 41.0 3.0 5.0 124.0 ND 58.0 13.7 1.00
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 3 of 12)

Major Cations and Anions
Completion Sample

Well ID Zone .Date Na K Ca Mg Cl HCO, CO, so, Si NO,

(mg/L) (mg/L) (mglL) (mg]IL) (mg/L) (mg1/L) (mg/L.) (mg/L) (mg]/L) (mg/L)

LC25M LFG 9211/06 35.0 4.0 73.0 2.0 6.0 100.0 0 146.0 14.1 0.30
LC25M LFG 11/17/06 34.0 2.0 70.0 4.0 6.0 120.0 ND 139.0 14.6 0.20
LC25M LFG 351/07 32.0 2.0 72.0 4.0 6.0 126.0 ND 150.0 14.7 0.20
LC25M LFG 5/1/07 34.0 4.0 34.0 3.0 4.0 36.0 2.D 133.0 13.5 ND

LC17M UKM 11/26/06 27.0 2.0 55.0 2.0 5.0 120.0 ND 94.0 15.1 ND
LC17M UKM 3/1/07 29.0 2.0 62.0 3.0 5.0 124.0 ND 105.0 16.8 ND
LC17M UKM 5/4/07 27.0 2.0 61.0 3.0 4.0 142.0 ND 108.0 15.9 ND

LC20M UKM 9/21/06 32.0 3.0 56.0 2.0 6.0 113.0 2.0 102.0 17.2 ND
LC20M UKM 11/22/06 32.0 5.0 38.0 ND 3 6.0 85.0 ND 80.0 12.7 ND
LC20M UKM 3/11/07 36.0 11.0 15.0 ND 5.0 39.0 N1D 95.0 14.6 ND
LC20M UKM 5/4/07 35.0 11.0 12.0 ND 6.0 34.0 2.0 91.0 14.1 ND

LC23M UKM 9/21/06 44,0 8.0 58.0 N4D 5.0 83.0 6.0 165.0 13.9 ND
LC23M UKM . 11/26/06 41.0 7.0 50.0 2.0 3.0 85.0 N2D 150.0 14.1 ND
LC23M UKMV 3/11107 64.0 48.0 52.0 N D 15.0 7.0 137.0 146.0 10.7 N D

LC23M UKMV 5/3/07 63.0 52.0 86.0 N D M; 4.0 66.0 126.0 9.4 N D

LC24M UKMV 9/21/06 32,0 3.0 68.0 4.0 5.0 109.0 N D 138.0 16.1 N D

LC24M UKMV 11/26/06 29.0 2.0 66.0 - 3.0 4.0 126.0 2.0 121.0 14.7 N D

LC24M UKM 3/11/07 31.0 7.0 43.0 3.0 5.0 73.0 ND 126.0 14.8 ND
LC24M UKM 5/4/07 31.0 7.0 48.0 3.0 5.0 85.0 ND 126.0 14.6 ND
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 4 of 12)

General Water Quality Radionuclides

Completion Sample Specific Gross Gross

Well ID Zone Date TDS Conductivity Lab pH Alkalinity Alpha Beta Ra-226 Ra-228 Uranium

(mg/L) s.u (mg/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (mg/L)

LC29M DE 9/20/06 283.0 112.0 328.0 142.0 1.9 ND 0.499

LC29M DE 11/26/06 298.0 491.0 7.68 80.0 158.0 54.0 1.7 4.7 0.246
LC29M DE 3/1/07 265.0 385.0 7.77 265.0 86.1 4.0 ND 0.318

LC29M DE 5/4/07 219.0 356.0 7.75 200.0 84.6 3.0 ND 0.251

LC30M DE 9/20/06 184.0 100.0 129.0 41.5 1.0 ND 0.141

LC30M DE 11/26/06 170.0 288.0 7.33 102.0 107.0 32.3 0.9 1.6 0.154

LC30M DE 3/1/07 241.0 393.0 8.02 108.0 31.9 5.7 ND 0.162

LC30M DE 5/3/07 260.0 440.0 8.07 109.0 40.0 2.1 ND 0.130

LC31M DE 9/21/06 602.0 800.0 7.85 114.0 1120.0 405.0 2.0 1.7 1.890

LC31M DE 11/26/06 528.0 838.0 7.79 119.0 1430.0 395.0 .2.6 3.2 2.100

LC31M DE 2/28/07 563.0 817.0 7.94 967.0 262.0 7.2 1.0 1.400

LC31M DE 5/3/07 559.0 860.0 7.79 . 1030.0 319.0 1.9 2.4 1.610

LC16M HJ 3/1/07 333.0 509.0 7.92 290.0 79.7 65.1 3.8 0.134
LC16M HJ 5/4/07 335.0 534.0 8.01 188.0 69.2 122.0 3.2 0.122

LC19M HJ 9/20/06 319.0. 87.0 985.0 540.0 366.0 4.8 0.336

LC19M HJ 1113/06 328.0 506.0 7.85 108.0 863.0 592.0 547.0 4.1 0.051

LC19M HJ 3/5/07 278.0 432.0 8.02 1220.0 473.0 316.0. 3.4 0.844

LC19M HJ 5/4/07 292.0 482.0 8.11 1470.0 603.0 423.0 1.0 0.762

LC19M HJ 5/4/07 294.0 487.0 8.09 1350.0 568.0 386.0 1.6 0.766

LC22M HJ 9/21/06 366.0 511.0 8.14 93.0 810.0 358.0 261.0 3.2 0.342

LC22M HJ 11/16/06 328.0 531.0 8.15 597.0 258.0 247.0 1.9 0.185

LC22M HJ 3/1/07 319.0 483.0 7.87 86.5 97.9 1.7 3.6 0.129

LC22M HJ 5/3/07 316.0 513.0 8.11 576.0 186.0 308.0 3.8 0.097
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 5 of 12)

General Water Quality Radionuclides

Completion Sample Specific

Well ID Zone Date TDS Conductivity Lab pH Alkalinity Gross Alpha Gross Beta Ra-226 Ra-228 Uranium

(mg/L) s.u (mg/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (mg/L)
LC26M HJ 9/21/06 554.0
LC26M HJ 11/17/06 528.0
LC26M HJ 3/1/07 519.0
LC26M HJ 5/3/07 449.0

LC27M HJ 11/16/06 145.0
LC27M HJ 3/1/07 117.0
LC27M HJ 5/3107 111.0

LC28M HJ 9/21/06 276.0
LC28M HJ 11/26/06 259.0
LC28M HJ 2/28/07 269.0
LC28M HJ 5/3/07 273.0

LC15M LFG 11/26/06 370.0
LC15M LFG 3/1/07 390.0
LC15M LFG 5/4/07 296.0

LC18M LFG 9/20/06 303.0
LC18M LFG 11/22/06 277.0
LC18M LFG 3/1/07 296.0
LC18M LFG 5/4/07 277.0

LC21M LFG 9/20/06 233.0
LC21M LFG 11/26/06 219.0
LC21M LFG 2/28/07 214.0
LC21M LFG 5/3/07 219.0

741.0 8.16 138.0
786.0 8.06
745.0 7.85
653.0 8.44

243.0 8.66
171.0 8.74
178.0 9.51

394.0 8.14 103.0
435.0 8.00 104.0
400.0 8.15
440.0 8.01

605.0 7.84 110.0
587.0 7.32
492.0 8.27

100.0
461.0 8.33 98.0
460.0 7.86
467.0 8.09

106.0
373.0 8.17 108.0
333.0 8.25
371.0 8.17

306.0 111.0 87.7
300.0 119.0 77.2
30.5 46.1 ND
50.2 23.4 12.4

6.8
77.7

2.9

9.4 1.1
4.1 26.6
3.9 0.4

30.7 19.4
18.1 14.4
27.0 13.0
19.4 11.2

334.0 116.0
374.0 92.7
236.0 92.1

8.1
8.4
7.7
7.1

3.8
6.0
3.6

4.6 0.107
3.8 0.072
3.6 0.045
ND 0.037

3.6 0.002
ND 0.001
ND 0.002

3.4 0.017
4.2 0.006
21 0.007
3.7 0.023

4.8 0.472
3.5 0.467
ND 0.358

2.8 0.523
3.9 0.546
ND 0.533
ND 0.419

518.0 192.0 43.0
490.0 199.0 63.5
439.0 148.0 ND
385.0 115.0 26.4

219.0 70.3 1V6 1.2 0.251
205.0 49.2 1.2 12.0 0.278
815.0 62.6 230.0 ND 0.270
202.0 65.2 3.7 ND 0.236
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Table2.7-13 Analytical Results of Baseline Monitoring (Page 6 of 12)

General Water Quality Radionuclides

Completion Sample Specific

Well ID Zone Date TDS Conductivity Lab pH Alkalinity Gross Alpha Gross Beta Ra-226 Ra-228 Uranium

(mg/L) s.u (mg/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L) (mg/L)

LC25M LFG 9/21/06 336.0
LC25M LFG 11/17/06 330.0
LC25M LFG .3/1/07 344.0
LC25M LFG 5/3/07 244.0

LC17M UKM 11/26/06 262.0
LC17M UKM 3/1/07 284.0
LC17M UKM 5/4/07 291.0

LC20M UKM 9/21/06 274.0
LC20M UKM 11/22/06 216.0
LC20M UKM 3/1/07 197.0
LC20M UKM 5/4/07 188.0

LC23M UKM 9/21/06 341.0
LC23M UKM 11/26/06 303.0
LC23M UKM 3/1/07 452.0
LC23M UKM 5/3/07 526.0

LC24M UKM 9/21/06 321.0
LC24M UKM 11/26/06 302.0
LC24M UKM 3/1/07 266.0
LC24M UKM 5/4/07 277.0

452.0 8.37 91.0
516.0 8.28
519.0 7.97
390.0 8.57

436.0 8.02 98.0
433.0 7.88
467.0 8.11

388.0 8.56 96.0
362.0 8.91 56.0
305.0 7.66
322.0 9.04

451.0 8.87 76.0
498.0 7.97 70.0

1180.0 11.60
1720.0 11.60

455.0 8.30 91.0
500.0 8.33 105.0
410.0 7.99
452.0 8.08

353.0 124.0
301.0 138.0
369.0 107.0
194.0 72.5

29.0 15.5
26.8 11.5
17.3 9.1

3.1 3.3 0.465
3.1 ND 0.46C
2.3 2.3 0.51",
2.9 ND 0.28K

8.8 12.9 0.01C
5.5 ND 0.011
7.2 1.5 0.009

44.4 24.0 9.6
38.7 19.5 9.3
65.3 23.9 47.8
31.9 23.6 9.2

32.8 17.5
35.0 14.9

5.3 34.8
15.1 44.7

107.0 43.2
86.8 27.6
48.6 22.6
49.1 23.8

3.3
4.7
1.9
4.7

6.5
5.9
1.8
8.9

3.9 0.036
3.4 0.025
ND 0.024
2.6 0.025

ND 0.023
6.7 0.019
1.0 0.002
1.5 0.002

1.5 0.134
5.8 0.100
2.0 0.062
1.5 0.052
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 7 of 12)

Trace Parameters
Completion

Well ID Zone Sample Date Al NH4  As Ba Bo Cd Cr Cu F

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

LC29M DE 9/20/06 ND 1.07 0.002 ND ND ND ND ND 0.30

LC29M DE 11/26/06 ND 0.57 0.003 ND ND ND ND ND O 0.30
LC29M DE 3/1/07 ND 0.26 0.005 ND ND ND ND ND 0.20

LC29M DE 5/4/07 ND 0.1'8 ND ND ND ND ND ND 0.20

LC30M DE 9/20/06 ND 0.11 0.002 ND ND ND ND ND 0.50
LC30M DE 11/26/06 ND 0.08 0.002 ND ND ND ND ND 0.50

LC30M DE 3/1/07 ND 0.07 0.004 ND ND ND ND ND 0.50
LC30M DE 5/3/07 ND 0.06 0.007 ND ND ND ND ND 0.50

LC31M DE 9/21/06 ND ND ND ND ND ND ND ND ND
LC31M DE 11/26/06 ND 0.07 ND ND ND ND ND ND 0.20

LC31 M DE 2/28/07 ND ND ND ND ND ND ND ND- 0.20
LC31M DE 5/3/07 ND. ND ND ND ND ND ND ND 0.20

LC16M HJ 3/1/07 N D ND ND ND ND ND ND ND 0.20
LC16M HJ 5/4/07 ND ND ND ND ND ND ND ND 0.20

LC19M HJ 9/20/06 ND ND 0.014 ND ND ND ND ND ND
LC19M HJ 11/3/06 ND ND 0.002 NDD ND ND ND ND ND

LC19M HJ 113/5/07 ND 0.06 0.008 ND ND ND ND ND 0.20
LC19M HJ 5/4/07 ND ND 0.007 ND ND NDD NO ND NO
LC19M HJ 5/4/07 ND ND 0.006 ND ND ND ND ND ND

LC22M HJ 9/21/06 ND ND 0.005 ND ND ND ND ND ND
LC22M HJ 11/16/06 ND ND ND ND ND ND ND ND 0.20

LC22M HJ 3/1/07 ND ND 0.002 ND ND ND ND ND 0.20

LC22M HJ 5/3/07 ND ND 0.002 ND ND ND ND ND 0.20
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 8 of 12)

Trace Parameters
Completion

Well ID Zone Sample Date Al NH4  As Ba Bo Cd Cr Cu F

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
LC26M HJ 9/21/06 ND ND 0.003 ND ND ND ND ND ND
LC26M HJ 11/17/06 ND ND ND ND ND ND ND ND ND
LC26M HJ 3/1/07 ND 0.07 ND ND ND ND ND ND ND
LC26M HJ 5/3/07 ND ND ND ND ND ND ND ND 0.20

LC27M HJ 11/16/06 ND ND 0.006 ND ND ND ND ND 0.30
LC27M HJ 3/1/07 ND ND 0.007 ND - ND ND ND ND 0.30
LC27M HJ 5/3107 ND ND 0.005 ND ND ND ND ND 0.30

LC28M HJ 9/21/06 ND ND 0.005 ND ND ND ND ND ND
LC28M HJ 11/26/06 ND ND ND ND ND ND ND ND 0.20
LC28M HJ 2/28/07 ND ND ND ND ND ND ND ND 0.20
LC28M HJ 5/3/07 ND ND ND ND ND ND ND ND 0.20

LC15M LFG 11/26/06 ND ND ND ND ND ND ND ND 0.20
LC15M LFG 3/1/07 ND ND ND ND ND ND ND ND 0.20
LC15M- LFG 5/4/07 ND ND ND ND ND ND ND ND 0.20

LC18M LFG 9/20/06. ND ND 0.004 ND ND ND ND ND 0.20
LC18M LFG 11/22/06 ND ND 0.002 ND ND ND ND ND 0.20
LC18M LFG 3/1/07 ND ND 0.002 ND ND ND *ND ND 0.20
LC18M LFG 5/4/07 ND ND ND ND ND ND ND ND 0.20

LC21M LFG 9/20/06 ND 0.08 ND ND ND ND ND ND 0.30
LC21M LFG 11/26/06 ND ND ND ND ND ND ND ND 0.30
LC21M LFG 2/28/07 ND ND ND, ND ND ND ND ND 0.20
LC21M LFG 5/3/07 ND ND ND ND ND ND ND ND 0.20
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 9 of 12)

Trace Parameters

Well ID
Completion

Zone Sample Date Al NH 4  As Ba Bo Cd Cr Cu F

(ma/L) (malL-) (ma/L) . (ma/L) (mlq/L) (ma/L) (ma/U (mg/L- (ma/L)

LC25M
LC25M
LC25M
LC25M

LC17M
LC17M
LC17M

LC20M
LC20M
LC20M
LC20M

LC23M
LC23M
LC23M
LC23M

LC24M
LC24M
LC24M
LC24M

LFG
LFG
LFG
LFG

UKM
UKM
UKM

9/21/06
11/17/06
3/1/07
5/3/07

11/26/06
3/1/07
5/4/07

ND ND 0.004 ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND

ND ND 0.003 ND ND
ND 0.06 0.002 ND ND
ND ND 0.002 ND ND

ND ND 0.012 ND ND
ND ND 0.012 ND ND
ND ND 0.012 ND ND
ND ND 0.011 ND ND

ND ND ND 0.2C
ND ND ND 0.2C
ND ND ND 0.2C
ND ND ND 0.2C

ND ND ND 0.2C

ND ND ND 0.2C
ND ND ND 0.20

UKM 9/21/06
UKM 11122/06
UKM 3/1/07
UKM 5/4/07

U KM 9/21/06
UKM 11/26/06
UKM 3/1/07
UKM 5/3/07

UKM 9/21/06
UKM 11/26/06
UKM 3/1/07
UKM 5/4/07

ND ND
ND ND
ND ND
ND ND

ND ND 0.009 ND ND ND ND
ND ND 0.004 ND ND ND ND
ND 0.86 0.003 0.30 ND ND ND

0.20 0.75 0.002 0.30 ND ND ND

ND ND
ND 0.20
ND 0.2C
ND 0.20

ND ND
ND 0.20
ND 0.40
ND 0.20

ND ND
ND 0.20
ND ND
ND 0.20

ND 0.13 0.003 ND
ND 0.08 ND ND
ND 0.08 ND ND

ND ND ND ND

ND ND ND
ND ND ND
ND ND ND
ND ND ND
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Table 2.7-13 Analytical Results of Baseline MonitoringT(Page 10 of 12)

Trace Parameters
Completion

Well ID Zone Sample Date Fe Hg Mn Mo Ni Pb Se Vn Zn

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

LC29M
LC29M
LC29M
LC29M

LC30M
LC30M
LC30M
LC30M

LC31M
LC31M
LC31M
LC31M

DE
DE
DE
DE

bE
DE
DE
DE

DE
DE
DE
DE

9/20/06
11/26/06
3/1/07
5/4/07

9/20/06
11/26/06
3/1/07
5/3/07

9/21/06
11/26/06
2/28/07
5/3/07

3/1/07
5/4/07

9/20/06
11/3/06
3/5/07
5/4/07
5/4/07

9/21/06
11/16106
3/1/07
5/3/07

0.09
0.67
0.40
0.14

ND 0.12
ND 0.48
ND 0.24
ND 0.04

ND- ND 0.01
.ND ND 0.01
0.11 ND 0.08
0.09 ND 0.07

ND ND 0.01
ND ND 0.06

0.10 ND 0.10
0.07 ND 0.02

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND 0.002
ND ND
ND ND
ND ND

ND 0.016
ND 0.016
ND 0.006
ND 0.003

ND 0.215
ND 0.211
ND 0.151-
ND 0.111

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND

NE
NE
NE
NE

NE
NE
NC
NC

LC16M HJ
LC16M HJ

ND ND ND ND ND ND ND ND NE
ND ND ND ND ND ND ND ND NC

LC19M
LC19M
LC19M
LC19M
LC19M

LC22M
LC22M
LC22M
LC22M

HJ
HJ
HJ
HJ
HJ

HJ
HJ
HJ
HJ

ND ND
ND ND
ND ND
ND ND
ND ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND

-ND
ND
ND
ND

ND ND ND
ND ND ND
ND ND 0.02
ND ND ND

ND ND
ND ND
ND ND
ND ND
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 11 of 12)

Trace Parameters
Completion

Well ID Zone -3 Sample Date Fe Hg Mn Mo - Ni Pb Se. Vn Zn
- (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mgrL)

LC26M HJ 9/21/06 ND ND 0.02 ND ND ND ND ND ND

LC26M HJ 11/17/06 0.23 ND 0.03 ND ND ND ND ND ND
LC26M HJ 3/1/07 ND ND 0.02 ND ND ND ND ND ND
LC26M HJ 5/3/07 ND ND ND ND ND ND ND ND ND

LC27M HJ 11/16/06 0.08 ND ND ND ND ND ND ND ND
LC27M HJ 3/1/07 ND ND ND ND ND ND ND ND ND
LC27M HJ 5/3/07 0.04 ND ND ND ND ND ND ND ND

LC28M HJ 9/21/06 ND ND ND ND ND ND ND ND ND

LC28M HJ 11/26/06 0.04 ND ND ND ND ND ND ND ND

LC28M HJ 2/28/07 ND ND ND ND ND ND ND ND ND
LC28M HJ 5/3/07 0.05 ND - ND ND ND ND 0.002 ND ND

LC15M LFG 11/26/06 ND ND ND ND ND ND 0.016 ND ND

LC15M LFG 3/1/07 ND ND ND ND ND ND 0.017 ND ND
LC15M LFG 5/4/07 ND ND ND ND ND ND 0.010 ND ND

LC18M LFG 9/20/06 0.53 ND ND ND ND ND 0.024 ND ND
LC18M LFG 11/22/06 0.51 ND ND ND ND ND 0.015 ND ND

LC18M LFG 3/1107 0.67 ND ND ND ND ND 0.016 ND ND
LC18M LFG 5/4/07 0.10 'ND ND ND ND ND ND ND ND

LC21M LFG 9/20/06 0.40 ND 0.02 ND ND ND 0.040 ND ND
LC21M LFG 11/26/06 ND ND ND ND ND ND 0.039 ND NO
LC21M LFG 2/28/07 ND ND ND ND ND ND 0.034 ND ND

LC21M LFG 5/3/07 ND ND ND ND ND ND 0.032 ND ND
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Table 2.7-13 Analytical Results of Baseline Monitoring (Page 12 of 12)

Trace Parameters.
Completion

Well ID Zone Sample Date Fe Hg Mn Mo Ni Pb Se Vn Zn

(rmg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

LC25M
LC25M
LC25M
LC25M

LC17M
LC17M
LC17M

LC20M
LC20M
LC20M,
LC20M

LFG
LFG
LFG
LFG

9/21/06
11/17/06

3/1/07
5/3/07

UKM 11/26/06
U KM 3/1/07
UKM 5/4/07

UKM 9/21/06
UKM 11/22/06
UKM 3/1/07
UKM 5/4/07

ND ND ND
ND. ND ND
ND ND ND
ND ND ND

ND ND ND
ND ND ND

0.05 ND ND

ND ND ND
ND ND ND
ND ND ND
ND ND ND

ND
ND
ND
ND

ND ND ND
ND ND ND
ND ND ND

ND ND 0.027 ND ND
ND ND 0.027 ND ND
ND ND 0.025 ND ND
ND ND 0.015 ND ND

ND ND
ND ND
ND ND

ND
ND
ND
ND

ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND
ND ND ND ND ND

ND ND ND 0.002 ND
ND ND ND 0.002 ND
ND ND ND ND ND
ND ND 0.002 0.005 ND

ND
ND
ND
ND

LC23M UKM 9/21/06
LC23M UKM 11/26/06
LC23M UKM 3/1/07
LC23M UKM 5/3/07

ND ND
ND ND
ND ND
ND ND

0.32 ND
0.16 ND
0.06 ND

ND ND

ND
ND
ND

ND

ND
ND
ND
ND

NE
NC
NC
NC
NE
NC
NE
NC
NE

LC24M
LC24M
LC24M
LC24M

UKM 9/21/06
UKM 11/26/06
UKM 3/1/07
UKM 5/4/07

ND ND
ND ND
ND ND
ND ND

ND 0.002
ND 0.002
ND ND
ND ND

ND
ND
ND
ND

ND = Non Detect-sample was below the Detection Limit
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Table 2.7-14 Distribution of Samples Exceeding EPA MCL for Radium-226+228

Monitored Number Numberof Samples Percent of

Aquifer of Exceeding EPA Exceedances

Samples MCL (percent)

DE 12 4 33.3

LFG 15 8 53.3

HJ 22 19 86.3

UKM 15 12 80.0

Total 64 43 67.2
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