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6 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING

The objective of groundwater restoration, surface reclamation, and facility
decommissioning is to return the affected environment (groundwater and land surface) to
conditions such that they are suitable for uses for which they were suitable prior to
mining. The methods to achieve this objective for both the affected groundwater and the
land surface are described in the following sections.

6.1 PLANS AND SCHEDULES FOR GROUNDWATER QUALITY
RESTORATION

6.1.1 Groundwater Restoration Criteria

The purpose of groundwater restoration is to protect groundwater adjacent to the mining
zone. Approval of an aquifer exemption by the WDEQ and the EPA is required before
mining operations can begin. The aquifer exemption removes the mining zone from
protection under the Safe Drinking Water Act (SDWA). Approval is based on existing
water quality, the ability to commercially produce minerals, and the lack of use us an
underground source of drinking water (USDW). Groundwater restoration prevents any
mobilized constituents from affecting aquifers adjacent to the ore zone.

The goal of groundwater restoration will be to return the concentration of a hazardous
constituent in the production zone to an NRC-approved background concentration or to
the maximum concentration limit (MCL), whichever is higher, or to an alternate standard
approved by NRC using Best Practicable Technology. The pre-mining baseline water
quality and class of use will be determined by the baseline water quality sampling
program which is performed for each wellfield, as compared to the use categories defined
by the WDEQ, Water Quality Division (WQD). Baseline, as defined for this project, shall
be the mean of the pre-mining baseline data after outlier removals. Restoration shall be
demonstrated in accordance with Chapter 11, Section 5(a)(ii) of the WDEQ, Land
Quality Division Rules and Regulations and NUREG-1569 Section 6.

The evaluation of restoration of the groundwater within the production zone shall be
based on the average baseline quality over the production zone. Baseline water quality
will be collected for each wellfield from the wells completed in the planned production
zone (i.e., MP-Wells). In the areas where the 70 sand (production zone) and 68 sand
coalesce, baseline water quality will also be collected from monitor wells completed in
the 68 sand. The evaluation of restoration will be conducted on a parameter by parameter
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basis. Restoration Target Values (RTVs) are established for the list of baseline water
quality parameters. The RTVs for the wellfields will be the average of the pre-mining
values. In the areas where the 70 sand (production zone) and 68 sand coalesce, RTVs will
also be established for the 68 sand as the average of the pre-mining values for the 68 sand
monitor wells. Table 6.1-1 entitled Baseline Water Quality Parameters lists the
parameters included in the RTVs.

Table 6.1-1 Baseline Water Quality
Parameters

Dissolved Aluminum (mg/1)

Ammonia Nitrogen as N (mg/I)

Dissolved Arsenic (mg/1)

Dissolved Barium (mg/I)

Boron (mg/I)

Dissolved Cadmium (mg/I)

Dissolved Chloride (mg/1)

Dissolved Chromium (mg/i1)

Dissolved Copper (mg/I)

Fluoride (mg/i)

Gross Alpha (pCi/I)

Gross Beta (pCi/1)

Total and Dissolved Iron (mg/I)

Dissolved Mercury (mg/i)

Dissolved Magnesium (mg/i)

Total Manganese (mg/i)

Dissolved Molybdenum (mg/I)

Dissolved Nickel (mg/i)

Nitrate + Nitrite as N (mg/I)

Dissolved Lead (mg/l)

Radium-226 (pCi/L)

Radium-228 (pCi/L)
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Table 6.1-1 Baseline Water Quality
Parameters

Parmvetde (unit)

Dissolved Selenium (mg/1)

Dissolved Sodium (mg/i)

Sulfate (mg/1)

Uranium (mg/l)

Vanadium (mg/I)

Dissolved Zinc (mg/l)

Dissolved Calcium (mg/I)

Bicarbonate (mg/1)

Carbonate (mg/I)

Dissolved Potassium (mg/1)

Total Dissolved Solids (TDS) @ 180'F (mg/I)

Source: WDEQ LQD Guideline 8, Hydrology, March 2005

Baseline values will not be changed unless the operational monitoring program indicates
that baseline water quality has changed significantly due to accelerated movement of
groundwater, and that such change justifies redetermination of baseline water quality.
Such a change would require resampling of monitor wells and review and approval by the
WDEQ.

In some instances, residual elevated concentrations may remain following restoration.
These residual elevated concentrations, also known as 'hot spots" could potentially
impact groundwater outside of the exempted aquifer. The mean wellfield concentration
+/- 2 standard deviations will be the primary indicator of a hot spot. If a hot spot is
identified using that criterion, additional evaluation will be conducted to determine
potential impacts that such a hot spot could have on water quality outside of the
exempted aquifer. The additional evaluation may include, but is not limited to, trend
analysis, solute transport modeling, collection of extra water samples, or analysis of
added parameters (to assess post-restoration redox conditions). Based on the results of the
analysis, additional restoration would be conducted as needed to ensure the protection of
water quality outside the exempted aquifer.
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6.1.2 Estimate of Post-Mining Groundwater Quality

EMC has estimated the post-mining water quality based on the experience of COGEMA
Mining, Inc. in Production Units 1 through 9 at the Irigaray ISR project located in the
Powder River Basin near the proposed Moore Ranch Uranium Project'. The Irigaray data
was selected because of the proximity and similar geologic conditions to Moore Ranch.
Cogema employed ammonium bicarbonate with hydrogen peroxide as the oxidant during
early mining operations. In May 1980, the lixiviant system for the entire site was
converted to sodium bicarbonate chemistry with gaseous oxygen as the oxidant. The
water quality database is extensive because it represents nine production units located in
a 30 acre site.

The water quality of the Irigaray ore zone after mining was established by sampling each
of the designated restoration wells. The post-mining mean of the analytical results from
Production Units 1 through 9 is presented in Table 6.1-2. The chemical alteration of the
ore zone aquifer can be observed through comparison of the post-mining mean
concentrations with the baseline concentrations.

Table 6.1-2 Irigaray Post-Mining Water Quality

Dissolved Aluminum (mg/l) <0.05 - 4.25 <1.037

Ammonia Nitrogen as N (mg/l)* <0.05 - 1.88 23

Dissolved Arsenic (mg/i) <0.001 - 0.105 <0.601

Dissolved Barium (mg/i) <0.01 - 0.12 <1.067

Boron (mg/I) <0.01 - 0.225 <0.442

Dissolved Cadmium (mg/I) <0.002 - 0.013 <0.979

Dissolved Chloride (mg/l)* 5.3 - 15.1 277

Dissolved Chromium (mg/I) <0.002 - 0.063 <1.018

Dissolved Copper (mg/I) <0.002 - 0.04 <0.828

Fluoride (mg/I) 0.11 -0.66 <1

Total and Dissolved Iron (mg/I) 0.02 - 11.8 <1.098

Dissolved Mercury (mg/I) <0.0002 - <0.001 <0.971

Dissolved Magnesium (mg/1) 0.02 - 9.0 45.7

Total Manganese (mg/I) <0.005 - 0.190 1.249

Dissolved Molybdenum (mg/I) <0.02 - <0.1 <1.067
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Table 6.1-2 Irigaray Post-Mining Water Quality

Paraeebr(unitsl) brigaray Baselin Range fgray Po*4-Niujn Mean

Dissolved Nickel (mg/I) <0.01 - <0.2 <1.018

Nitrate + Nitrite as N (mg/I) <0.2 - 1.0 <3

Dissolved Lead (mg/1) <0.002 - <0.050 <1.018

Radium-226 (pCi/L) 0 -247.7 200.5

Dissolved Selenium (mg/1) <0.001 - 0.416 0.247

Dissolved Sodium (mg/I) 95 - 280 827

Sulfate (mg/1) 136 - 824 639

Uranium (mg/l) <0.0003 - 18.8 7.411

Vanadium (mg/i) <0.05 - 0.55 < 1.067

Dissolved Zinc (mg/I) <0.01 - 0.200 <0.065

Dissolved Calcium (mg/l)* 1.6-33.5 199.2

Bicarbonate (mg/l)* 5 - 144 1343

Carbonate (mg/I) 0 - 96 <2

Dissolved Potassium (mg/I) 0.4- 17.5 9

Total Dissolved Solids (TDS) @ 180'F 308- 1054 2451
(mg/I)

* Parameters with RTV other than baseline

EMC expects similar baseline and post-mining water quality at the Moore Ranch site.
The success of groundwater restoration at the Irigaray site is discussed in Section 6.1.5.

6.1.3 Groundwater Restoration Method

The commercial groundwater restoration program consists of two stages, the restoration
stage and the stability monitoring stage. The restoration stage typically consists of three
phases:

1) Groundwater transfer;
2) Groundwater sweep;
3) Groundwater treatment.

These phases are designed to optimize restoration equipment used in treating
groundwater and to minimize the volume of groundwater consumed during the
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restoration stage. EMC will monitor the quality of groundwater in selected wells as
needed during restoration to determine the efficiency of the operations and to determine
if additional or alternate techniques are necessary. Online production wells used in
restoration will be sampled for uranium concentration and for conductivity to determine
restoration progress on a pattern-by-pattern basis.

The unconfined conditions present in the 70 Sand result in development of relatively
steep drawdown cones during pumping that are of limited areal extent. Therefore the area
of "dewatering" tends to be localized around the production well. Data collected during
the 5-Spot Pump Test indicates that aquifer recovery occurs rapidly once an extraction
well is shut in. Efficient groundwater sweep for both production and restoration can be
accomplished by "pulsing" of extraction wells by cycling them on and off. The pulsing
can be achieved by either switching groups of extraction wells on and off or by
alternating between injection and extraction cycles within individual well patterns.
Pulsing of wells will effectively resaturate portions of the aquifer that may have been
temporarily dewatered by any individual extraction well. A model simulation illustrating
this technique and a description of the model development is provided in Appendix B2
(technical memorandum "5 Spot Pump Test, Results, Analysis and Modeling, Moore
Ranch Uranium Project," Petrotek 2008a).

The sequence of the activities will be determined by EMC based on operating experience
and waste water system capacity. Not all phases of the restoration stage will be uged if
deemed unnecessary by EMC.

A reductant may be added at any time during the restoration stage to lower the oxidation
potential of the mining zone. Either a sulfide or sulfite compound may be added to the
injection stream in concentrations sufficient to establish reducing conditions within the
mining zone. Reductants are beneficial because several of the metals, which are
solubilized during the leaching process, are known to form stable insoluble compounds,
primarily as sulfides. Dissolved metal compounds that are precipitated under reducing
conditions include those of arsenic, molybdenum, selenium, uranium and vanadium.

6.1.3.1 Groundwater Transfer

During the groundwater transfer phase, water may be transferred between a wellfield
commencing restoration and a wellfield commencing mining operations. Also, a
groundwater transfer may occur within the same wellfield, if one area is in a more
advanced state of restoration than another.

Baseline quality water from the wellfield commencing mining will be pumped and
injected into the wellfield in restoration. The higher TDS water from the wellfield in
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restoration will be recovered and injected into the wellfield commencing mining. The
direct transfer of water will act to lower the TDS in the wellfield being restored by
displacing affected groundwater with baseline quality water.

The goal of the groundwater transfer phase is to blend the water in the two wellfields
until they become similar in conductivity. The water recovered from the restoration
wellfield may be passed through ion exchange (IX) columns and/or filtered during this
phase if suspended solids are sufficient in concentration to present a problem with
blocking the injection well screens.

For the groundwater transfer between wellfields to occur, a newly constructed wellfield
must be ready to commence mining. Therefore this phase may be initiated at any time
during the restoration process. If a wellfield is not available to accept transferred water,
groundwater sweep or some other activity will be utilized as the first phase of restoration.

The advantage of using the groundwater transfer technique is that it reduces the amount
of water that must ultimately be sent to the waste water disposal system during
restoration activities.

6.1.3.2 Groundwater Sweep

Groundwater sweep may be used as a stand-alone process where groundwater is pumped
from the wellfield without injection causing an influx of baseline quality water from the
perimeter of the mining unit, which sweeps the affected portion of the aquifer. The
cleaner baseline water has lower ion concentrations that act to strip off the cations that
have attached to the clays during mining. The plume of affected water near the perimeter
of the wellfield is also drawn inside the boundaries of the wellfield. Groundwater sweep
may also be used in conjunction with the groundwater treatment phase of restoration. The
water produced during groundwater sweep is disposed of in an approved manner.

The rate of groundwater sweep will be dependent upon the capacity of the waste water
disposal system and the ability of the wellfield to sustain the rate of withdrawal.

6.1.3.3 Groundwater Treatment

Either following or in conjunction with the groundwater sweep phase water will be
pumped from the mining zone to treatment equipment at the surface. Ion exchange (IX),
reverse osmosis (RO) or Electro Dialysis Reversal (EDR) treatment equipment will be
utilized during this phase of restoration.
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Groundwater recovered from the restoration wellfield will be passed through an IX
system prior to RO/EDR treatment, as part of the waste disposal system or it will be re-
injected into the wellfield. The IX columns exchange the majority of the contained
soluble uranium for chloride or sulfate. Additionally, prior to or following IX treatment,
the groundwater may be passed through a de-carbonation unit to remove residual carbon
dioxide that remains in the groundwater after mining.

At any time during the process, a chemical reductant, which will be used to create
reducing conditions in the mining zone, may be metered into the restoration wellfield
injection stream. The concentration of reductant injected into the formation is determined
by how the mining zone groundwater reacts with the reductant. The goal of reductant
addition is to decrease the concentrations of redox sensitive elements.

All or some portion of the restoration recovery water can be sent to the RO unit. The use
of an RO unit 1) reduces the total dissolved solids in the affected groundwater, 2) reduces
the quantity of water that must be removed from the aquifer to meet restoration limits, 3)
concentrates the dissolved contaminates in a smaller volume of brine to facilitate waste
disposal, and 4) enhances the exchange of ions from the formation due to the large
difference in ion concentration. The RO passes a high percentage of the water through the
membranes, leaving 60 to 90 percent of the dissolved salts in the brine water or
concentrate. The clean water, called permeate, will be re-injected or stored for use in the
mining process. The permeate may also be de-carbonated prior to re-injection into the
wellfield. The brine water that is rejected contains the majority of dissolved salts in the
affected groundwater and is sent for disposal in the waste system. Make-up water, which
may come from water produced from a wellfield that is in a more advanced state of
restoration, water being exchanged with a new mining unit, water being pumped from a
different aquifer, the purge of an operating wellfield or a combination of these sources,
may be added prior to the RO or wellfield injection stream to control the amount of
"bleed" in the restoration area.

The chemical reductant added to the injection stream during this stage will scavenge any
oxygen and reduce the oxidation-reduction potential (Eh) of the aquifer. During mining
operations, certain trace elements are oxidized. By adding the reductant, the Eh of the
aquifer is lowered thereby decreasing the solubility of these elements. Regardless of the
reductant used, a comprehensive safety plan regarding reductant use will be
implemented.

If necessary, sodium hydroxide may be used during the groundwater treatment phase to
return the groundwater to baseline pH levels. This will assist in immobilizing certain
parameters such as trace metals.
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The number of pore volumes treated and re-injected during the groundwater treatment
phase will depend on the efficiency of the RO in removing Total Dissolved Solids (TDS)
and the success of the reductant in lowering the uranium and trace element
concentrations. Estimates of the number of pore volumes required for each restoration
phase are discussed in Section 6.6.

6.1.4 Restoration Schedule

The proposed Moore Ranch mine schedule is shown in Figure 6.1-1 showing the
estimated schedule for restoration. The restoration schedule is preliminary based on
EMC's current knowledge of the area and is based the completion of mining activities for
the two wellfields. As the Moore Ranch Project is developed, the restoration schedule
will be defined further. Numerical modeling results indicate that it will take longer than
2.5 years to complete restoration, because of the limited saturated thickness of the aquifer
and the need to balance drawdown between the two wellfields during concurrent
production and restoration phases. Assuming 6 pore volumes of groundwater is required
to reach restoration goals, modeling estimates indicate it will take approximately 3.75
years to restore Wellfield 1 and 5.5 years to restore Wellfield 2 included limited
groundwater sweep. Note that Wellfield 2 now includes what was previously Wellfields 2
and 3 in the original License Application. This results in a larger pore volume calculation
than would be the case if the wellfields were considered separately. Results of the
simulation and full description of the model development and model simulations is
provided in the Appendix B4 report "Numerical Modeling of Groundwater Conditions
Related to Insitu Recovery at the Moore Ranch Uranium Project, Wyoming" (Petrotek
2008b).
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Figure 6.1-1 Proposed Moore Ranch Operations and Restoration Schedule
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6.1.5 Effectiveness of Groundwater Restoration Techniques

The groundwater restoration methods described in this application have been successfully
applied at other uranium ISR facilities in the Powder River Basin as well as in Nebraska
and Texas. A number of uranium ISR mines in Wyoming, Nebraska, and Texas have
successfully restored groundwater and obtained regulatory approval of restoration using
these techniques. The following two ISR facilities are located in the Powder River Basin
near the proposed Moore Ranch Project.

0 Smith Ranch/Highland Uranium Project

Groundwater restoration activities at the Smith Ranch-Highland Uranium Project
currently operated by Power Resources, Inc. (PRI) have been approved by the NRC and
the WDEQ for the R&D operations and for the A-Wellfield during commercial
operations. In 1987, the NRC confirmed successful restoration of the Q-sand project.
Although one well exhibited uranium and nitrate levels above the target restoration
values, the wellfield averages on a whole were below the targets.

In 2004, the NRC concurred with the WDEQ's determination that the A-wellfield at
Highland had been restored in accordance with the applicable regulatory requirements2 .
Not all of the parameters were returned to baseline conditions, but the groundwater
quality was consistent with the pre-mining class of use.

0 Irigaray/Christensen Ranch Uranium Project

Groundwater restoration activities at the Irigaray/Christensen Ranch Uranium Project
operated by Cogema Mining, Inc. have been approved by the NRC and the WDEQ for
Wellfields 1 through 9 at Irigaray following commercial operations and groundwater
restoration. Post-mining water quality in the nine production units was described in
Section 6.1.2. The WDEQ determined that twenty-seven of twenty-nine constituents were
restored below the restoration target values. Only bicarbonate and manganese did not
meet the baseline range. WDEQ determined that these two constituents met the criteria of
pre-mining class of use. Based on this, the WDEQ determined that the groundwater, as a
whole, had been returned to its pre-mining class of use and that the post restoration
groundwater conditions did not significantly differ from the background water quality.

In 2006, the NRC concurred with the WDEQ's determination that wellfields 1 through 9
at Irigaray had been restored in accordance with the applicable regulatory requirements3 .
NRC determined that Cogema used best practicable technology and agreed that the
WDEQ class-of-use standards were met.
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6.1.6 Environmental Effects of Groundwater Restoration

Based on the effectiveness of groundwater restoration at other ISR mines in the Powder
River Basin, EMC expects that the proposed groundwater restoration techniques will
successfully return the mining zone at Moore Ranch to the restoration target values. As
discussed in Section 6.1.1, the purpose of restoring the groundwater to these restoration
target values is to protect adjacent groundwater that is outside the production zone. If a
constituent cannot technically or economically be restored to its restoration target value
within the exploited production zone, WDEQ and NRC will require that EMC
demonstrate that leaving the constituent at a higher concentration will not be a threat to
public health and safety or the environment or produce an unacceptable impact to the use
of adjacent groundwater resources. EMC believes that the application of proven best
practicable technology for groundwater restoration and the regulatory requirements that
are in place at the State and federal level will ensure that there is no adverse impact on
the water quality of groundwater outside the production zone.

The proposed restoration methods consume groundwater. Groundwater recovered during
groundwater sweep is generally directly disposed in the waste water system.
Approximately 20 to 25 percent of the groundwater treatment flow through the RO
system is disposed as RO brine. This consumption of groundwater is an unavoidable
consequence of groundwater treatment. Impacts and water usage during operations and
restoration are discussed in more detail in Section 7.2.5.1.

6.1.7 Groundwater Restoration Monitoring

6.1.7.1 Monitoring During Active Restoration

During restoration, lixiviant injection is discontinued and the quality of the groundwater
is constantly being improved, thereby greatly diminishing the possibility and relative
impact of an excursion. Therefore, the monitor ring wells (M-Wells), overlying aquifer
wells (MO or MS-Wells), and underlying aquifer wells (MU or MD-Wells) will be
sampled once every 60 days and analyzed for the excursion parameters, chloride, total
alkalinity and conductivity. Water levels are also obtained at these wells prior to
sampling.

In the event that unforeseen conditions (such as snowstorms, flooding, equipment
malfunction) occur, the WDEQ will be contacted if any of the wells cannot be monitored
within 65 days of the last sampling event.
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The mining zone will monitored on a frequency adequate to determine success of
restoration, optimize efficiency of restoration techniques, and determine any areas of the
wellfield that need additional attention. Samples will be monitored for all of the
parameters shown in Table 6.1-1 at the start of restoration and all or selected parameters
through restoration as needed. In the areas where the 70 Sand (mining zone) coalesces
with the 68 Sand, the 68 Sand will be monitored as part of the mining zone, during both
production and restoration. Monitor wells will be placed in the 68 Sand at the same
density as in the mining zone (one well per three acres). In the areas of coalescing 68 and
70 Sands, the 68 Sand monitor wells will be monitored at the same frequency and for the
same constituents as the 70 Sand throughout production and restoration.

Table 6.1-3 provides a summary of the proposed restoration groundwater monitoring
schedule and analysis.
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Table 6.1-3
Restoration Groundwater Monitoring Schedule and Analysis

Restoration Phase Sample Origin Frequency Analytical Parameters
Post Mining Designated Restoration Wells Once WDEQ Guideline 8

Ore Zone

Monitor Wells Biweekly Excursion Parameters
Ore Zone Monitors
Underlying Zone
Overlying Zone

Restoration Recovery Stream Composite Weekly HCO3 /CO3 , SO 4, Cl,
Conductivity, pH,
Uranium

As Needed Add Na, Ca, TDS, etc.

End of each pore WDEQ Guideline 8
volume displacement

Designated Restoration Wells End of each restoration WDEQ Guideline 8
Ore Zone phase

MonitorWells Every 60 days Excursion Parameters
Ore Zone Monitors
Underlying Zone
Overlying Zone

Post-Restoration Designated Restoration Wells Beginning, Middle and WDEQ Guideline 8
Stability Ore Zone End

Monitor Wells
Ore Zone Monitors Every 60 days Excursion Parameters
Underlying Zone
Overlying Zone

6.1.7.2 Restoration Stability Monitoring

A minimum twelve month groundwater stability monitoring period as shown in Table
6.1.3 will be implemented to show that the restoration goal has been adequately
maintained. The following restoration stability monitoring program will be performed
during the stability period:
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The monitor ring wells will be sampled once every 60 days and analyzed for the
excursion parameters (chloride, total alkalinity (or bicarbonate) and conductivity);
and

At the beginning, middle and end of the stability period, the MP-Wells will be
sampled and analyzed for the parameters in Table 6.1-1.

In the event that unforeseen conditions (such as snowstorms, flooding, equipment
malfunction) occur, the WDEQ will be contacted if any of the M-Wells or MP-Wells
cannot be monitored within 65 days of the last sampling event.

A minimum six month stability monitoring period is specified in WDEQ-LQD Guideline
4. The criteria to establish restoration stability will be based on wellfield averages for
water quality. A determination of aquifer stability should be made based upon the
"trends" in the data; i.e., a stable aquifer should not exhibit rapid upward or downward
trends or be oscillating back and forth over a wide range of values. The data is evaluated
against baseline quality and variability to determine if the restoration goal is met and if
the water is restored at a minimum to within the class of use. If increasing trends are
confirmed during the stability period for all or part of a wellfield, then an evaluation of
the potential cause of the increasing trends will be conducted and corrective actions will
be taken, including continued restoration using Best Practical Technology if needed.

6.1.8 Well Plugging and Abandonment

Wellfield plugging and surface reclamation will be initiated once the regulatory agencies
concur that the groundwater has been adequately restored and that groundwater quality is
stable. All production, injection and monitor wells and drillholes will be abandoned in
accordance with WS-35-11-404 and Chapter VIII, Section 8 of the WDEQ-LQD Rules
and Regulations to prevent adverse impacts to groundwater quality or quantity.

Wells will be plugged and abandoned in accordance with the following program.

* All pumps and tubing will be removed from the well.
* All wells will be plugged from total depth to within 23 feet of the collar with a

nonorganic well abandonment plugging fluid of neat cement or bentonite based
grout mixed in the recommended proportion of 20 lbs per barrel of water, to yield
an abandonment fluid with a 10 minute gel strength of at least 20 lbs/100 sq ft and
a filtrate volume not to exceed 13.5 cc.

* The casing is cut off at least three feet below the ground surface. Abandonment
fluid is topped off to the top of the cut-off casing. A steel plate is placed atop the

Revised May 2010 6-15



9" ENERGY METALS CORPORATION US
EN ERG YMETAL License Application, Technical Report

CORPORATION US Moore Ranch Uranium Project

sealing mixture showing the permit number, well identification, and date of
plugging.
A cement plug is placed at the top of the casing (if cement is not within three feet
of the surface), and the area is backfilled, smoothed, and leveled to blend with the
natural terrain.

As an alternative method of well plugging, a dual plug procedure may be used where a
cement plug will be set using slurry of a weight of no less than 12 lbs/gallon into the
bottom of the well. The plug will extend from the bottom of the well upwards across the
first overlying aquitard. The remaining portion of the well will be plugged using a
bentonite/water slurry with a mud weight of no less than 9.5 lbs/gallon. A 10-foot cement
top plug will be set to seal the well at the surface.

6.1.9 Restoration Wastewater Disposal

EMC plans to install deep disposal wells (EPA UIC Class I non-hazardous wells) at the
Moore Ranch Uranium Project as the primary liquid waste disposal method. EMC
believes that permanent deep disposal is preferable to evaporation in evaporation ponds.
Disposal in a Class I well permanently isolates the waste water from the public and the
environment. Alternatives assessed by EMC for waste water disposal are discussed in
Section 8.

Based on the expected post mining concentrations of groundwater quality constituents
discussed in Section 6.1.2 and the proposed groundwater restoration techniques discussed
in Section 6.1.3, EMC projects that the restoration injection stream will exhibit the range
of characteristics shown in Table 6.1-4.
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Table 6.1-4 Projected Moore Ranch Restoration Injection Stream Water Quality

Parameter Units Min Max
Calcium mg/l 350 700

Magnesium mg/1 50 150

Sodium mg/i 400 950

Potassium mg/1 40 90

Carbonate mg/l 0 0.3

Bicarbonate mg/1 200 1250

Sulfate mg/l 900 2500

Chloride mg/i 300 1000

Nitrate mg/l 0.01 0.5

Fluoride mg/i 0.01 2

Silica mg/i 10 65

Total Dissolved mg/i 1000 6500
Solids

Conductivity ptmho/ 1000 5500
cm

Alkalinity mg/1 165 1025

pH Std. 6 12
Units

Arsenic mg/1 0.01 1

Cadmium mg/1 0.0001 0.001

Iron mg/i 0.5 15

Lead mg/1 0.01 0.04

Manganese mg/I 0.01 1.5

Mercury mg/l 0.0001 0.001

Molybdenum mg/l 0.1 1.5

Selenium mg/1 0.01 0.5

Uranium mg/1 0.05 15

Ammonia mg/l 0.1 0.5

Radium-226 pCi/1 500 5000
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All compatible liquid wastes generated during groundwater restoration at Moore Ranch
will be disposed in the planned deep wells. An application for a Class I UIC Permit for
the Moore Ranch Uranium Project is currently under review by the WDEQ.

6.2 PLANS AND SCHEDULES FOR RECLAIMING DISTURBED LANDS

6.2.1 Introduction

All lands disturbed by the mining project will be returned to their pre-mining land use of
livestock grazing and wildlife habitat unless an alternative use is justified and is approved
by the state and the landowner, i.e. the rancher desires to retain roads or buildings. The
objectives of the surface reclamation effort is to return the disturbed lands to production
capacity of equal to or better than that existing prior to mining. The soils, vegetation and
radiological baseline data will be used as a guide in evaluating final reclamation. This
section provides a general description of the proposed facility decommissioning and
surface reclamation plans for the Moore Ranch Project. The following is a list of general
decommissioning activities:

" Plug and abandon all wells as detailed in Section 6.1.8.

" Determination of appropriate cleanup criteria for structures (Section 6.3) and soils
(Section 6.4).

" Radiological surveys and sampling of all facilities, process related equipment and
materials on site to determine their degree of contamination and identify the
potential for personnel exposure during decommissioning.

" Removal from the site of all contaminated equipment and materials to an
approved licensed facility for disposal or reuse, or relocation to an operational
portion of the mining operation as discussed in Section 6.3.

* Decontamination of items to be released for unrestricted use to levels consistent
with the requirements of NRC.

" Survey excavated areas for contamination and remove contaminated materials to a
licensed disposal facility.

" Perform final site soil radiation surveys.
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* Backfill and recontour all disturbed areas.

* Establish permanent revegetation on all disturbed areas.

Pre-reclamation radiological surveys will be conducted in a manner consistent with the
baseline radiological surveys so that the data can be directly compared for identification
of potentially contaminated areas. For example, a comprehensive gamma scan of the site
will be performed, including conversion of raw scan data to 3-foot HPIC equivalent
gamma exposure rate readings and/or to estimates of soil Ra-226 concentration. These
data sets will be kriged in GIS to develop continuous estimates across the site, making
direct spatial comparisons with baseline survey maps possible for any given area at the
site. Both qualitative assessments and quantitative statistical comparisons between
kriged data sets can be made to assess significant differences, taking into account
potential magnitudes of estimation uncertainty. In cases of identified contamination at
the soil surface, subsurface soil sampling will also be conducted to determine the vertical
extent of contamination that would require remediation under applicable soil cleanup
criteria.

Final status surveys after any remediation has occurred will also be conducted such that
results can be directly compared to pre-operational baseline survey data. As with pre-
reclamation surveys, final status gamma scan data will be converted to 3-foot HPIC
equivalent gamma exposure rates and/or to estimates of soil Ra-226 concentrations" then
kriged using GIS for comparative assessments against pre-operational baseline data. For
aspects of the final status survey, pre-operational baseline data may be used instead of a
physically separated reference area to provide information on background conditions for
statistical comparative testing. Subsurface sampling will be conducted as part of the final
status survey only if residual subsurface contamination is known to remain after any
remediation has been completed. Other post-operational environmental monitoring data
such as sediments, surface waters, groundwater, air particulates, radon, and vegetation
may also be compared quantitatively and/or qualitatively against pre-operational baseline
data.

The following sections describe in general terms the planned decommissioning activities
and procedures for the Moore Ranch facilities. EMC will, prior to final decommissioning
of an area, submit to the NRC a detailed Decommissioning Plan for their review and
approval at least 12 months before planned commencement of final decommissioning.

6.2.2 Surface Disturbance

The primary surface disturbances associated with ISR mining are the sites containing the
central processing plant and associated facilities. Surface disturbances also occur during
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the well drilling program, pipeline and well installations, and road construction. These
more superficial disturbances involve relatively small areas or have very short-term
impacts.

Disturbances associated with the central processing plant, associated facilities, and field
headerhouse buildings, will be for the life of those activities and topsoil will be stripped
from the areas prior to construction. Disturbance associated with drilling and pipeline
installation is limited, and is reclaimed and reseeded as soon as weather conditions
permit. Vegetation will normally be reestablished over these areas within two years.
Surface disturbance associated with development of access roads will occur at the Moore
Ranch site and topsoil will be stripped from the road areas prior to construction and
stockpiled.

Surface reclamation in the wellfield production units will vary in accordance with the
development sequence and the mining/reclamation timetable. Final surface reclamation
of each wellfield production unit will be completed after approval of groundwater
restoration stability and the completion of well abandonment activities. Surface
preparation will be accomplished as needed so as to blend any disturbed areas into the
contour of the surrounding landscape.

Wellfield decommissioning will consist of the following steps:

" The first step of the wellfield decommissioning process will involve the removal
of surface equipment. Surface equipment primarily consists of the injection and
production feed lines, headerhouses, electrical and control distribution systems,
well boxes, and wellhead equipment. Wellhead equipment such as valves, meters
or control fixtures will be salvaged to the extent possible.

" Removal of buried wellfield piping.

" The wellfield area may be recontoured, if necessary, and a final background
gamma survey conducted over the entire wellfield area to identify any
contaminated earthen materials requiring removal to disposal.

" Final revegetation of the wellfield areas will be conducted according to the
revegetation plan.

" All piping, equipment, buildings, and wellhead equipment will be surveyed for
contamination prior to release in accordance with the NRC guidelines for
decommissioning.
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An ongoing process during ISL mining operations is drilling, which results in the
production of drill cuttings. Drill cuttings are classified as Technically Enhanced
Naturally Occurring Radioactive Material (TENORM). TENORM drill cuttings will be
buried in the drill pits. This method is discussed in a recent EPA report (EPA, 2007),
which states "these wastes are typically deposited in pits on site, which are subsequently
buried during reclamation. Some slight radioactivity may occur in accumulated solids in
the pit bottoms". As discussed in Section 3, the Moore Ranch orebody ranges in grade
from less than 0.05% to greater than 0.5%, with an average grade estimated at 0.1%. The
relatively small volume of low concentration TENORM drill cuttings deposited at the
bottom of the drill pits will not present a hazard. Additionally, TENORM material is not
subject to the soil clean-up criteria from 10 CFR Part 40 Appendix A.

It is estimated that a significant portion of the equipment will meet release limits, which
will allow disposal at an unrestricted area landfill. Other materials that are contaminated
will be decontaminated until they are releasable. If the equipment cannot be
decontaminated to meet release limits, it will be disposed of at a licensed disposal
facility.

Wellfield decommissioning will be an independent ongoing operation throughout the
mining sequence. Once a production unit has been mined out and groundwater restoration
and stability have been accepted by the regulatory agencies, the wellfield will be
scheduled for decommissioning and surface reclamation.

6.2.3 Topsoil Handling and Replacement

In accordance with WDEQ-LQD requirements, topsoil is salvaged from building sites,
permanent storage areas, main access roads, graveled wellfield access roads and chemical
storage sites. Conventional rubber-tired, scraper-type earth moving equipment is typically
used to accomplish such topsoil salvage operations. The exact location of topsoil salvage
operations is determined by wellfield pattern emplacement and designated wellfield
access roads within the wellfields, which will be determined during final wellfield
construction activities.

As described in Section 2.6, topsoil thickness varies within the permit area from non-
existent to several feet in depth. However, typical topsoil stripping depths are expected to
range from 3 to 6 inches.

Salvaged topsoil is stored in designated topsoil stockpiles. These stockpiles will be
generally located on the leeward side of hills to minimize wind erosion. Stockpiles will
not be located in drainage channels. The perimeter of large topsoil stockpiles may be
bermed to control sediment runoff. Topsoil stockpiles will be seeded as soon as possible
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after construction with the permanent seed mix. In accordance with WDEQ-LQD
requirements, all topsoil stockpiles will be identified with a highly visible sign with the
designation "Topsoil."

During mud pit excavation associated with well construction, exploration drilling and
delineation drilling activities, topsoil is separated from subsoil with a backhoe. When use
of the mud pit is complete, all subsoil is replaced and topsoil is applied. Mud pits only
remain open a short time, usually less than 30 days. Similarly, during pipeline
construction, topsoil is stored separate from subsoil and is replaced on top of the subsoil
after the pipeline ditch is backfilled.

6.2.4 Final Contouring

Recontouring of land where surface disturbance has taken place will restore it to a surface
configuration that will blend in with the natural terrain and will be consistent with the
post mining land use. Since no major changes in the topography will result from the
proposed mining operation, a final contour map is not required. As a result, the pre-
operations contour shown on Figure 2.1-2 will generally show post-mining contour.

6.2.5 Revegetation Practices

Revegetation practices will be conducted in accordance with WDEQ-LQD regulations
and the mine permit. During mining operations the topsoil stockpiles, and as much as
practical of the disturbed wellfield areas will be seeded to establish a vegetative cover to
minimize wind and water erosion. After topsoiling prior to final reclamation, an area will
normally be seeded with a nurse crop to establish a standing vegetative cover along with
the permanent seed mix. A long term temporary seed mix may be used in the wellfields
and other areas where the vegetation will be disturbed again prior to final
decommissioning and final revegetation. This long term seed mix typically consists of
one or more of the native wheat grasses (i.e. Western Wheatgrass, Thickspike
Wheatgrass).

Permanent seeding is accomplished with a seed mix approved by the WDEQ-LQD. The
permanent mix typically contains native wheat grasses, fescues, and clovers. Typical
seeding rates will be 12-14 lbs of pure live seed per acre.

The success of permanent revegetation in meeting land use and reclamation success
standards will be assessed prior to application for bond release by utilizing the "Extended
Reference Area" method as detailed in WDEQ-LQD Guideline No. 2 - Vegetation
(March 1986). This method compares, on a statistical basis, the reclaimed area with
adjacent undisturbed areas of the same vegetation type.
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The Extended Reference Areas will be located adjacent to the reclaimed area being
assessed for bond release and will be sized such that it is at least half as large as the area
being assessed. In no case will the Extended Reference Area be less than 25 acres in
size.

The WDEQ-LQD will be consulted prior to selection of Extended Reference Areas to
ensure agreement that the undisturbed areas chosen adequately represent the reclaimed
areas being assessed. The success of permanent revegetation and final bond release will
be assessed by the WDEQ-LQD.

6.3 PROCEDURES FOR REMOVING AND DISPOSING OF STRUCTURES
AND EQUIPMENT

The following sections describe in general terms the planned decommissioning activities
and procedures for the Moore Ranch facilities. EMC will, prior to final decommissioning
of an area, submit to the NRC a detailed Decommissioning Plan for their review and
approval at least 12 months before planned commencement of final decommissioning.

6.3.1 Preliminary Radiological Surveys and Contamination Control

Prior to process plant decommissioning, a preliminary radiological survey will be
conducted to characterize the levels of contamination on structures and equipment and to
identify any potential hazards. The survey will support the development of procedures for
dealing with such hazards prior to commencement of decommissioning activities. In
general, the contamination control program used during mining operations (as discussed
in Section 5.7) will be appropriate for use during decommissioning of structures.

Based on the results of the preliminary radiological surveys, gross decontamination
techniques will be employed to remove loose contamination before decommissioning
activities proceed. This gross decontamination will generally consist of washing all
accessible surfaces with high-pressure water. In areas where contamination is not readily
removed by high-pressure water, a decontamination solution (e.g., dilute acid) may be
used.

6.3.2 Removal of Process Buildings and Equipment

The majority of the process equipment in the process building will be reusable, as well as
the building itself. Alternatives for the disposition of the building and equipment are
discussed in this section.

Revised May 2010 6-23



r" ENERGY METALS CORPORATION US
ENERGVMETA LS License Application, Technical Report

E ONPORATION LS Moore Ranch Uranium Project

All process or potentially contaminated equipment and materials at the process facility
including tanks, filters, pumps, piping, etc., will be inventoried, listed and designated for
one of the following removal alternatives:

* Removal to a new location for future use;

* Removal to another licensed facility for either use or permanent disposal; or

Decontamination to meet unrestricted use criteria for release, sale or other
unrestricted use by others.

EMC believes that process buildings will be decontaminated, dismantled and released for
use at another location. If decontamination efforts are unsuccessful, the material will be
sent to a permanent licensed disposal facility. Cement foundation pads and footings will
be broken up and trucked to a solid waste disposal site or to a licensed 11 e.(2) byproduct
material disposal facility if contaminated.

All waste that could pose a threat to human health and the environment will disposed of
offsite. This will effectively control, minimize, or eliminate post-closure escape of
nonradiological hazardous constituents, leachate, contaminated rainwater or waste
composition products to the ground or surface waters, or to the atmosphere. .

6.3.2.1 Building Materials, Equipment and Piping to be Released for Unrestricted Use

Salvageable building materials, equipment, pipe and other materials to be released for
unrestricted use will be surveyed for alpha contamination in accordance with NRC
guidance. Release limits for alpha radiation are as follows:

* Removable alpha contamination of 1,000 dpm/1 00cm 2

* Average total alpha contamination of 5,000 dpm/100 cm 2 over an area no greater
than one square meter

* Maximum total alpha contamination of 15,000 dpm/100 cm2 over an area no
greater than 100 cm2.

Decontamination of surfaces will be guided by the ALARA principle to reduce surface
contamination to levels as far below the limits as practical. Particular attention will be
given to equipment and structures in which radiological materials could accumulate in
inaccessible locations including piping, traps, junctions, and access points.
Contamination of these materials will be determined by surveys at accessible locations.
Items that cannot be adequately characterized or that are too large to be scanned will be
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considered contaminated in excess of the limits and will be disposed at a properly
licensed facility.

Non-salvageable contaminated equipment, materials, and dismantled structural sections
will be sent to a licensed facility for disposal. In most cases, the byproduct material will
be shipped as Low Specific Activity (LSA-I) material, UN2912, pursuant to 49 CFR
173.427.

6.3.2.2 Preparation for Disposal at a Licensed Facility

If facilities or equipment are to be moved to a facility licensed for disposal of 1 le.(2)
byproduct material, the following procedures may be used.

I Flush inside of tanks, pumps, pipes, etc., with water or acid to reduce interior
contamination as necessary for safe handling.

* The exterior surfaces of process equipment will be surveyed for contamination. If
the surfaces are found to be contaminated the equipment will be washed down
and decontaminated to permit safe handling.

* The equipment will be disassembled only to the degree necessary for
transportation. All openings, pipe fittings, vents, etc., will be plugged or covered
prior to moving equipment from the plant building.

* Equipment in the building, such as large tanks, may be transported on flatbed
trailers. Smaller items, such as links of pipe and ducting material, may be placed
in lined roll off containers or covered dump trucks or drummed in barrels for
delivery to the receiving facility.

" Contaminated buried process trunk lines and sump drain lines will be excavated
and removed for transportation to a licensed disposal facility.

6.3.3 Waste Transportation and Disposal

Materials, equipment, and structures that cannot be decontaminated to meet the
appropriate release criteria will be disposed at a disposal site licensed by the NRC or an
Agreement State to receive I1 e.(2) byproduct material. EMC is investigating alternatives
for disposal at existing sites licensed to receive 1 e.(2) byproduct material including
Pathfinder Mines, Kennecott Uranium Company, and Denison Mines. An agreement for
disposal of 11 e.(2) byproduct material will be in place before operation of the Moore
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Ranch project commences. A current disposal agreement will be maintained at a
minimum of one licensed disposal facility throughout licensed operations.

Transportation of all contaminated waste materials and equipment from the site to the
approved licensed disposal facility or other licensed sites will be handled in accordance
with the Department of Transportation (DOT) Hazardous Materials Regulations (49 CFR
Part 173) and the NRC transportation regulations (10 CFR 71).

6.4 METHODOLOGIES FOR CONDUCTING POST-RECLAMATION AND
DECOMMISSIONING RADIOLOGICAL SURVEYS

The following sections describe in general terms the planned decommissioning activities
and procedures for the Moore Ranch facilities. EMC will, prior to final decommissioning
of an area, submit to the NRC a detailed Decommissioning Plan for their review and
approval at least 12 months before planned commencement of final decommissioning.

6.4.1 Cleanup Criteria

Surface soils will be cleaned up in accordance with the requirements of 10 CFR Part 40,
Appendix A, including a consideration of ALARA goals and the chemical toxicity of
uranium. The proposed limits and ALARA goals for cleanup of soils are summarized in
Table 6.4-2.

On April 12, 1999, the NRC issued a Final Rule (64 FR 17506) that requires the use of
the existing soil radium standard to derive a dose criterion for the cleanup of byproduct
material. The amendment to Criterion 6(6) of 10 CFR Part 40, Appendix A was effective
on June 11, 1999. This "benchmark approach" requires that NRC licensees model the
site-specific dose from the existing radium standard and then use that dose to determine
the allowable quantity of other radionuclides that would result in a similar dose to the
average member of the critical group. These determinations must then be submitted to
NRC with the site reclamation plan or included in license applications. This section
documents the modeling and assumptions made by EMC to derive a standard for natural
uranium in soil for the proposed Moore Ranch Project.

Concurrent with publication of the Final Rule, NRC published draft guidance (64 FR
17690) for performing the benchmark dose modeling required to implement the final
rule. Final guidance was published as Appendix E to NUREG-1569 4. This guidance
discusses acceptable models and input parameters. This guidance, guidance from the
RESRAD Users Manual 5, the Data Collection Handbook to Support Modeling Impacts of
Radioactive Material in Soil 6 and site-specific parameters were used in the modeling as
discussed in the following sections.
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6.4.1.1 Determination of Radium Benchmark Dose

RESRAD Version 6.3 computer code was used to model the Moore Ranch site and
calculate the annual dose from the current radium cleanup standard.

The following supporting documentation for determination of the radium benchmark
dose is attached in Appendix C:

* The RESRAD Data Input Basis (Appendix C-i) provides a summary of the
modeling performed with RESRAD and the values that were used for the input
parameters. A sensitivity analysis was performed for parameters which are
important to the major component dose pathways and for which no site specific
data was available.

* Selected graphs produced with RESRAD that present the results of the sensitivity
analysis performed on the input parameters are attached (Appendix C-2).

* A full printout of the final RESRAD modeling results for the resident farmer
scenario with the chosen input values is attached (Appendix C-3 and Appendix C-
4.). The printout provides the modeled maximum annual dose for calculated times
for the 1,000- year time span and provides a breakdown of the fraction of dose
due to each pathway.

" Graphs produced by RESRAD in Appendix C-5 provide the modeling results for
the maximum dose during the 1,000 year time span for both radium-226 and
natural uranium. A series of graphs depicts the summed dose for all pathways and
the component pathways that contribute to the total dose.

The maximum dose from Ra-226 contaminated soil at the 5 pCi/g above background
cleanup standard, as determined by RESRAD, for the residential farmer scenario at
Moore Ranch was 39.5 mrem/yr. This dose was based upon the 5 pCi/g surface (0 to 6-
inch) Ra-226 standard and was noted at time, t = 0 years. The two major dose pathways
were external exposure and plant ingestion (water independent). For these two pathways,
a sensitivity analysis was performed for important parameters for which no site specific
information was available. The 39.5 mrem/yr dose from radium is the level at which the
natural uranium radiological end point soil standard will be based as described in Section
6.4.1.2.

6.4.1.2 Determination of Natural Uranium Soil Standard

RESRAD was used to determine the concentration of natural uranium in soil
distinguishable from background that would result in a maximum dose of 39.5 mrem/yr.
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The method involved modeling the dose from a set concentration of natural uranium in
soil. This dose was then compared to the radium benchmark dose and scaled to arrive at
the maximum allowable natural uranium concentration in soil.

For ease of calculations, a preset concentration of 100 pCi/g natural uranium was used for
modeling the dose. The fractions used were 48.9 percent (or pCi/g) U-234, 48.9 percent
(or pCi/g) U-238 and 2.2 percent (or pCi/g) U-235. The distribution coefficients that were
selected for each radionuclide were RESRAD default values. A sensitivity analysis was
performed using a range of distribution coefficients to evaluate potential effects of not
using site specific data. All other input parameters were the same as those used in the Ra-
226 benchmark modeling. The RESRAD output showing the input parameters is
provided in Appendix C-3.

Using a natural uranium concentration in soil of 100 pCi/g, RESRAD determined a
maximum dose of 7.5 mrem/yr. at time, t = 0 years. The printout of the RESRAD data
summary is provided in Appendix C-4.

To determine the uranium soil standard, the following formula was used:

Uranium Limit = 100 pCi/g natural uranium x 39.5 mrem/yr radium benchmark dose
7.5 mrem/yr. natural uranium dose)

Uranium Limit = 526 pCi/g natural uranium

The natural uranium limit is applied to soil cleanup with the Ra-226 limit using the unity
rule. To determine whether an area exceeds the cleanup standards, the standards are
applied according to the following formula:

Soil Uranium Concentration) + (Soil Radium Concentration 1

Soil Uranium Limit Soil Radium Limit )

This approach will be used to determine the radiological impact on the environment at
Moore Ranch from releases of source and byproduct materials.
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6.4.1.3 Uranium Chemical Toxicity Assessment

The chemical toxicity effects from uranium exposure are evaluated by assuming the same
exposure scenario as that used for the radiation dose assessment. In the Benchmark Dose
assessment for the resident farmer scenario, it was assumed that the diet consisted of 25
percent of the meat, fruits, and vegetables grown at the site. No intake of contaminated
food through the aquatic or milk pathways was considered probable. Also, the model
showed that the contamination would not affect the groundwater quality. Therefore, the
same model will be used in assessing the chemical toxicity. The intake from eating meat
was shown to be negligible compared to the plant pathway and therefore is not shown
here. This is confirmed by the results of the RESRAD calculations shown in Appendix
C-4.

The method and parameters for estimating the human intake of uranium from ingestion
are taken from NUREG/CR-5512 Vol. 17. The uptake of uranium in food is a product of
the uranium concentration in soil and the soil-to-plant conversion factor. The annual
intake in humans is then calculated by multiplying the annual consumption by the
uranium concentration in the food. Since the soil-plant conversion factor is based on a
dry weight, the annual consumption must be adjusted to a dry-weight basis by
multiplying by the dry-weight to wet-weight ratio. Parameters for these calculations are
given in Section 6.5.9 of the NUREG/CR-5512. Table 6.4-1 provides the parameters
used in these calculation and results for leafy vegetables, other vegetables, and fruit.
Annual intakes of 14 kg/year and 97 kg/year were assumed for leafy vegetables and other
vegetables and fruit, respectively. Consistent with Appendix C-3 dose calculations, it was
assumed that 25 percent of the food was grown on the site. It was also assumed that the
uranium concentration in the garden or orchard was 526 pCi/g. This corresponds to the
uranium Benchmark Concentration for surface soils. Using a conversion factor for natural
uranium of 1 mg = 677 pCi, then 526 pCi/g is equivalent to 777 mg/kg. The human
intake shown in the first column of Table 6.4-1 is equal to the product of the parameters
given in the subsequent columns. Table 6.4-1 shows that the total annual uranium intake
from all food sources from the site is 51 mg/yr.

The two-compartment model of uranium toxicity in the kidney from oral ingestion was
used to Fpredict the burden of uranium in the kidney following chronic uranium
ingestion . This model allows for the distribution of the two forms of uranium in the
blood, and consists of a kidney with two compartments, as well as several other
compartments for uranium distribution, storage and elimination including the skeleton,
liver, red blood cells (macrophages) and other soft tissues.

Revised May 2010 
6-29

Revised May 2010 6-29



ENERGY METALS CORPORATION US
License Application, Technical Report

Moore Ranch Uranium Project
ENERGYMETALS

CORPORATION US

Table 6.4-1: Annual Intake of Uranium from Ingestion

Human Soil Soil to Plant Annual Dry Weight Food
Intake Concentration Ratio Consumption Wet Weight Source

(mg/yr) (mg/kg) (mg/kg plant (kg) Ratio
to mg/kg soil)______

9.2 777 1.7E-2 3.5 0.2 Leafy
Vegetables

Other
35 777 1.4E-2 13 0.25 Vtaes

Vegetables

6.7 777 4.OE-3 12 0.18 Fruit

51 Total

The total burden to the kidney is the sum of the two compartments. The mathematical
representation for the kidney burden of uranium at steady state can be derived as follows:

IRxf fP ps -pr p pk pk

Where:
QP
IR
f,
fpý
fpr

fP1fpt
fpk

uranium burden in the plasma, lag
= dietary consumption rate, mg U/d
= fractional transfer of uranium from GI tract to blood, unit less
= fractional transfer of uranium from plasma to skeleton, unit less
= fractional transfer of uranium from plasma to red blood cells,

unit less
= fractional transfer of uranium from plasma to liver, unit less
= fractional transfer of uranium from plasma to soft tissue, unit less
= fractional transfer of uranium from plasma to kidney, compartment

1, unit less;
biological retention constant in the plasma, d-1.
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The burden in kidney compartment 1 is:

Qk =' Xp x p I ~- -
Qkl: x PQP pxkl

Where:
Qkl =

Xk =

uranium burden in kidney compartment 1, mg;
biological retention constant of uranium in kidney compartment 1,
d-1.

Similarly, for compartment 2 in the kidney, the burden is:

f
Q =XxQ x pk

k2 =P p x k2

Where:
Qk2
Xk2

fpk2

= uranium burden in kidney compartment 2, rig;
= biological retention constant of uranium in kidney compartmnent 2,

d- 1;
fractional transfer of uranium from plasma to kidney compartment
2, unit less.

The total burden to the kidney is then the sum of the two compartments is:

The parameter input values for the two-compartment kidney model include the daily
intake of uranium estimated for residents at this site, and the ICRP 69 values
recommended by the ICRP as listed below. The daily uranium intake rate was estimated
to be 0.14 mg/day (51 mg/year) from ingestion while residing at this site.

Revised May 2010 6-31
Revised May 2010 6-31



rENERGY METALS CORPORATION US
EN ERG Y M ETA L S License Application, Technical Report

COR PORATION US Moore Ranch Uranium Project

IR = 0.14 mg/day
f = 0.02
fps = 0.105
fpr = 0.007
fpl = 0.0105
fpt = 0.347
fpkl = 0.00035
fpk2 = 0.084
- = ln(2)/5 yrs
,k2 = ln(2)/7 days

where ln(2) = 0.693...

Given a daily uranium intake of 0.14 mg/day at this site and the above equation, the
calculated uranium in the kidneys is 0.0093 mg U, or a concentration of 0.03 jig U/g
kidney. This is three percent of the 1.0 jLg U/g value that has generally been understood
to protect the kidney from the toxic effects of uranium. Some researchers have suggested
that mild effects may be observable at levels as low as 0.1 jig U/g of kidney tissue.
Using 0.1 jig U/g as a criterion, then the intake is thirty percent of the level where mild
effects may be observable.

The EPA evaluated the chemical toxicity data and found that mild proteinuria has been
observed at drinking water levels between 20 and 100 jig/liter. Assuming water intake of
2 liters/day, this corresponds to an intake of 0.04 to 0.2 mg/day. Using animal data and a
conservative factor of 100, the EPA arrived at a 30 jig/liter limit for use as a National
Primary Drinking Water Standard (Federal Register/Vol.65, No.236/ December 7, 2000).
This is equivalent to an intake of 0.06 mg/day for the average individual. Naturally, since
large diverse populations are potentially exposed to drinking water sources regulated
using these standards, the EPA is very conservative in developing limits.

This analysis indicates that a soil limit of 526 pCi/g of natural uranium would result in an
intake of approximately 0.14 mg/day. Using the most conservative daily limit
corresponding to the National Primary Drinking Water standard, a soil limit of 225 pCi/g
corresponds to the EPA intake limit from drinking water with a uranium concentration of
0.06 mg/day. Therefore exposure to soils containing 225 pCi/g of natural uranium should
not result in chemical toxicity effects. Since the roots of a fruit tree would penetrate to a
considerable depth, limiting subsurface uranium concentrations to 225 pCi/g will be
considered appropriate as well.

ALARA considerations require that an effort be made to reduce contaminants to as low
as reasonably achievable levels. The ALARA goals are normally based on a cost-benefit
analysis. For the cleanup of gamma-emitting radionuclides, the cost of cleanup becomes
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excessively high as soil concentrations and/or gamma emission rates become
indistinguishable from background.

Cleanup of uranium mill sites has demonstrated that conservatively derived gamma
action levels along with appropriate field survey and sampling procedures result in near
background radium-226 concentrations for the site. In addition, the presence of a mixture
of radium-226 and uranium will tend to drive the cleanup to even lower radium-226
concentrations. It is therefore believed that no specific ALARA goal is required for
surface radium-226.

EMC proposes an ALARA goal of limiting the natural uranium concentration in the top
15 cm soil layer to 150 pCi/g, averaged over 100 in 2 . The uranium concentration should
be limited to 225 pCi/g for all soil depths because of chemical toxicity concerns (Table
2.4-2).

Table 6.4-2
Soil Cleanup Criteria and Goals

Radium-226 Natural Uranium
(pCi/gm) (pCi/gm)

Layer Depth Limit Goal Limit Goal
Surface (0-15 cm) 5 5 225 150
Subsurface (15 cm
layers) _ _1_15 15 1_225 225

6.4.2 Excavation Control Monitoring

EMC will use hand-held and GPS-based gamma surveys to guide soil remediation
efforts. Field personnel will monitor excavations with hand-held detection systems to
guide the removal of contaminated material to the point where there is high probability
that an area meets the cleanup criteria. Support will be provided by GPS-based gamma
surveys periodically to more accurately assess the progress of excavation.

6.4.3 Surface Soil Cleanup Verification and Sampling Plan

Cleanup of surface soils will be restricted to potentially contaminated areas. These
potentially contaminated areas include areas where known spills have occurred and areas
where there is potential for small unknown spills and other contamination including areas
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under and around header houses, wellheads, buried pipelines that contain radioactive
material, radioactive materials storage areas, deep disposal well facilities, and liquid
storage areas. Final GPS-based gamma surveys will be conducted in potentially
contaminated areas. Areas will be divided into 100 m2 grid blocks. Soil samples will be
obtained from grid blocks with gamma count rates exceeding the gamma action level.
The samples will be five-point composites and will be analyzed at an offsite laboratory
for radium-226 and natural uranium.

Section 2.9.2.2.3 and 2.9.2.2.5 of this Technical Report present two predictive models to
estimate radium-226 soil concentrations from exposure rate measurements. One model is
a linear model and is best used when predicting radium-226 concentrations when
exposure rates are greater than 20 tR/hr. The second model is a power function model
and is best used when predicting radium-226 concentrations when exposure rates are less
than 20 gR/hr. Section 2.9.3.2.1 of this Technical Report concludes that pre-ISR radium-
226 concentrations in soil are unlikely to exceed 2 pCi/g. Based on the radium-226 soil
standard contained in 10 CFR 40, Appendix A, Criterion 6-6 and the background radium-
226 concentration being below 2 pCi/g, the radium-226 soil cleanup standard for most
areas on Moore Ranch site would be about 7 pCi/g. Using the linear model described
above, this radium-226 soil concentration would correspond to an exposure rate of
approximately 23 jtR/hr. Using the power function model described above, this radium-
226 soil concentration would correspond to 23.2 p.R/hr. Both equations are in agreement
that 23 g.R/hr correlates to a radium-226 soil concentration equal to the cleanup staidard
for most areas of approximately 7pCi/g. The gamma count rates corresponding to an
exposure rate of 23 p.R/hr from instruments used to perform pre-reclamation gamma
surveys will be used as an appropriate and conservative gamma action limit.

There are other physical factors that influence gamma count rates other than radium-226
concentrations in soil and include source geometry and land topography. As such, gamma
count rates may not be a reliable tool to provide a 95% assurance that the soil units meet
the cleanup guidelines. The gamma action level established above, coupled with pre-ISR
gamma survey results contained in Section 2.9 of this Technical Report will provide
sufficient evidence to indicate radium-226 soil concentrations above cleanup guidelines.
This evidence will trigger soil removal activities and subsequent post remediation gamma
surveys and soil sampling.

Gamma count rates used to identify radium-226 in soil cannot be as easily correlated to
natural uranium due to its limited gamma signature. As described in Section 6.4.1.3, the
presence of a radium-226 and natural uranium mixture will tend to drive the cleanup of
radium-226 to concentrations below the cleanup level, consequently the uranium in soil
will also be remediated.
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In case where uranium is suspected to be the only radionuclide of concern, other
instruments are available, such as a Field Instrument for the Detection of Low Energy
Radiation (FIDLER), which are sensitive to the low energy x-rays emitted by natural
uranium and could be used to guide soil remediation efforts. Field studies would have to
be conducted to correlate the FIDLER response to natural uranium soil concentrations. If
needed, the method used to correlate FIDLER (or equivalent) responses to uranium soil
concentrations will be described in a detailed Decommissioning Plan for the facility
which is required to be submitted to the USNRC for review and approval at least 12
months before planned commencement of final decommissioning.

The results of the soil sampling will be compared to established soil cleanup goals for
radium-226 and natural uranium to demonstrate the effectiveness of the reclamation
activities including any confidence level that the soil units meet the cleanup guidelines.

Pre-reclamation surveys will also be conducted as described in Section 6.2.1 in areas
where known contamination has occurred or the potential for unknown soil
contamination exists.

6.4.4 Quality Assurance

Verification soil samples will be sent to a commercial laboratory for analysis of radium-
226 and natural uranium. The commercial laboratory will be required to have a well-
defined quality assurance program that addresses the laboratory's organization and
management, personal qualifications, physical facilities, equipment and instrumentation,
reference materials, measurement traceability and calibration, analytical method
validation, standard operating procedures (SOPs), sample receipt, handing, storage,
records, and appropriate licenses. EMC will maintain a laboratory QA file that will
include, at a minimum, the laboratory's Quality Assurance Manual (QAM) and audit
reports.

6.5 DECOMMISSIONING HEALTH PHYSICS AND RADIATION SAFETY

The health physics and radiation safety program for decommissioning will ensure that
occupational radiation exposure levels will be kept as low as reasonably achievable
during decommissioning. The Radiation Safety Officer, Radiation Safety Technician or
designee will be on site during any decommissioning activities where a potential
radiation exposure hazard exists. In general, the radiation safety program discussed in
Section 5 will be used as the basis for development of the decommissioning health
physics program. Health physics surveys conducted during decommissioning will be
guided by applicable sections of Regulatory Guide 8.309 or other applicable standards at
the time.
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6.5.1 Records and Reporting Procedures

At the conclusion of site decommissioning and surface reclamation, a report containing
all applicable documentation will be submitted to the NRC. Records of all contaminated
materials transported to a licensed disposal site will be maintained for a period of five
years or as otherwise required by applicable regulations at the time of decommissioning.

6.6 FINANCIAL ASSURANCE

EMC will maintain surety instruments in the form of an Irrevocable Letter of Credit to
cover the costs of reclamation including the costs of groundwater restoration, the
decommissioning, dismantling and disposal of all buildings and other facilities, and the
reclamation and revegetation of affected areas. Additionally, in accordance with NRC
and WDEQ requirements, an updated Annual Surety Estimate Revision will be submitted
to the NRC and WDEQ each year to adjust the surety instrument amount to reflect
existing operations and those planned for construction or operation in the following year.
After review and approval of the Annual Surety Estimate Revision by the NRC and
WDEQ, EMC will revise the surety instrument to reflect the revised amount. EMC will
1) automatically extend the existing surety amount if the NRC has not approved the
extension at least 30 days prior to the expiration date; 2) revise the surety arrangement
within 3 months of NRC approval of a revised closure (decommissioning) plan, if
estimated costs exceed the amount of the existing financial surety; 3) update the surety to
cover any planned expansion or operational change not included in the annual surety
update at least 90 days prior to beginning associated construction; 4) update the surety in
the event that an excursion of mining solutions is not recovered within 60 days; and 5)
provide NRC a copy of the State's surety review and the final surety arrangement.

Groundwater restoration costs are based on treatment of 6 pore volumes for reverse
osmosis and reductant addition. Wellfield pore volumes are determined using the
following equation:

Wellfield Pore Volume = (Affected Ore Zone Area) x (Average Completed Thickness) x
(Flare Factor) x (Porosity)

Flare factor was estimated for the Moore Ranch project using a three dimensional
groundwater flow model (MODFLOW) in conjunction with an advective particle
tracking technique (MODPATH). The numerical modeling results (contained in
Appendix B4) indicate a horizontal flare factor of approximately 1.2 and it is assumed
that the vertical flare will be similar, resulting in a total wellfield flare factor of 1.44..
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Similar flare factors have been used for other licensed ISR facilities. Horizontal and
vertical flare factors of 1.5 and 1.3, respectively, have been approved by the US Nuclear
Regulatory Commission for the Hydro Resources, Inc. Churchrock licensing action in
New Mexico. COGEMA Mining, Inc., at the Irigaray/Christensen Ranch sites, uses an
overall flare factor of 1.44.

Accordingly, EMC is using a flare factor of 1.44 for the surety estimate attached in
Appendix D. Using the equation provided above with a porosity of 0.26 and an average
thickness of 29.7 feet, the calculated pore volume for Wellfields I and 2 would be
approximately 95,368,700 and 132,864,000 gallons, respectively.

The flare factor included in the pore volume calculation accounts for fluid movement
both horizontally and vertically outside of the ore zone. Numerical modeling
demonstrates that the vertical gradients that develop around production and injection
wells are very steep. Thus the impacted portion of the aquifer above and below the well
screens is a small volume relative to the total volume of the ore zone and is accounted for
with the flare factor.
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7 ENVIRONMENTAL EFFECTS

This section discusses and describes the degree of unavoidable environmental impacts that
are associated with construction and operations of the Moore Ranch Project. Environmental
impacts can be direct, indirect, and/or cumulative in nature and can be temporary (short term)
or permanent (long term).

7.1 ENVIRONMENTAL EFFECTS OF SITE PREPARATION AND
CONSTRUCTION

The site preparation and construction associated with the Moore Ranch Project will include

the following activities:

Construction of the central plant and associated facilities.

Construction of deep injection well(s) and associated building(s).

0 Grading and construction of access roads, as required.

Site preparation and construction activities will include topsoil salvaging, site clearing and
leveling, building erection, and access road construction. The impacts from wellfield
construction activities including the construction of injection, production, and monitor wells
are discussed in section 7.2 since these are ongoing activities at an ISR facility. This section
strictly discusses the short term impacts of initial site preparation and plant construction
where they differ from the impacts of operations.

Environmental impacts of construction projected for the Moore Ranch Project are based on
the studies of the existing environment conducted by EMC and discussed in Section 2. The
total area impacted by initial construction activities is approximately 6 acres. All areas
disturbed will be reclaimed during final decommissioning activities as described in Section 6.
The planned schedule for construction, production, restoration, and decommissioning was
presented in Section 1.

7.1.1 Air Quality Effects of Construction

Construction activities at the Moore Ranch Project will cause minimal short term effects on
local air quality. Increased suspended particulates from vehicular traffic on unpaved roads,
fugitive dust caused by wind erosion of areas cleared of vegetation, and diesel emissions
from construction equipment would be the primary air quality impacts. The application of
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water to unpaved roads would reduce the amount of fugitive dust to levels equal to or less
than the existing condition. Diesel emissions from construction equipment are expected to be
short term only, ceasing once the operational phase begins.

7.1.2 Land Use Impacts of Construction

As discussed in Section 2.2, rangeland is the primary land use within the Moore Ranch
License Area and the surrounding 2.0-mile review area. Oil and gas production facilities and
infrastructure are also located on rangeland throughout the review area. The review area also
contains pastureland to the west. Based on a site reconnaissance conducted in May 2007, a
2006 aerial photo, and ongoing EMC activities at the site since 2007, there are no occupied
housing units in the License Area. Figure 2.2-1 depicts land use in the review area.

Construction of the Moore Ranch Central Plant and associated structures will encompass
approximately 6 acres. The proposed Central Plant location, wellfields and access roads are
shown in Figure 7.6-1. As a result of site preparation and construction, use of the land as
rangeland will be excluded from the area that is under development. Oil and gas production
facilities will not be affected. Considering the relatively small size of the area impacted by
construction, the exclusion of grazing from this area over the course of the Moore Ranch
project will have an insignificant impact on local livestock production.

These impacts to land use are considered temporary and reversible by returning the land to its
former grazing use through post-mining surface reclamation. All wellfield roads will be
removed at the time of project decommissioning. The newly constructed gravel road that
leads to the Central Plant from the main access road (shown in Figure 7.6-1) encompasses
less than two acres in surface area and will be left in place for future use. Other than the land
use impact of the Central Plant access road, there will be no long-term impacts or
institutional controls following decommissioning of the site.

7.1.3 Surface Water Impacts of Construction

7.1.3.1 Surface Water Impacts from Sedimentation

Construction activities for the Central Plant have the potential to increase the sediment yield
of the disturbed areas. The impacted area during construction of the Central Plant is
relatively small in comparison to the overall area that will be impacted during wellfield
construction. Therefore, surface water impacts from sedimentation are discussed in Section
7.2.6.2.
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7.1.4 Population, Social, and Economic Impacts of Construction

The construction phase of the Moore Ranch Project will cause a moderate impact to the local
economy resulting from the purchases of goods and services directly related to construction
activities. Impacts to community services in rural Campbell County or the nearby towns of
Midwest and Edgerton in Natrona County, and Wright in Campbell County, such as roads,
housing, schools, and energy costs will be minor or non-existent and temporary.

An estimated 50 percent (25 workers) of the construction work force would be based in
Campbell County, which contains the Project site. The workforce hired outside of the County
would likely be based in Casper, located in the neighboring Natrona County, as Casper is a
regional economic hub that provides a variety of construction services and labor for projects
located throughout Wyoming.

Most construction work available to the local construction labor pool consists of temporary
contract work that varies in duration, depending on the scope of each construction project.
Further, the number of unemployed construction workers does not represent the number of
workers that would be available to the proposed project from the local construction labor
pool. The number is an annual average that does not take into account monthly variations in
the available construction labor pool from construction start-ups and completions.
Contractors for projects located throughout northeastern Wyoming typically hire the local
construction labor pool. The actual number of construction workers available for the
proposed project would potentially draw from the entire construction labor pool of 6,268
(2005 estimate; the construction labor pool as of 2007 is likely to be larger), as construction
activities from some active projects would conclude so that workers would be available for
future projects.

7.1.5 Noise Impacts of Construction

There are no occupied housing units in the vicinity of the proposed Moore Ranch Project.
Open rangeland is the primary land use within and in the surrounding 2.0-mile area. Other
land uses include oil and gas and coal bed methane production facilities, as well as
pastureland located to the west of the Project area. As a result of the remote location of the
Project and the low population density of the surrounding area, impact to noise or congestion
within the Project area or in the surrounding 2.0-mile area are not anticipated. Additionally,
given the maximum increase in population due to migrant workers is insignificant, noise and
congestion impacts are not anticipated in Campbell or other neighboring counties.

Although noise impacts during construction will be minimal at the project site and
surrounding area, a compilation of the noise levels of equipment anticipated to be used
during construction is provided below. Equipment required for construction and installation
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of the proposed facility will include heavy equipment (cranes, bulldozers, graders, track hoes,
trenchers and front end loaders), and heavy- and light-duty trucks. For the purposes of this
environmental evaluation, additional equipment that may be used during construction is
listed below. Table 7.1-1 below is an inventory of potential construction equipment. Noise
levels in this inventory are expressed in terms of Lmax noise levels and are accompanied by a
usage factor value. Specification 721.560 was originally developed by the Central
Artery/Tunnel (CA/T) program in Massachusetts for use on the "Big Dig" project. This
program was developed to be consistent with the intent of the city of Boston's Noise Code.
The CA/T program has adopted and refined the most comprehensive and stringent
construction noise control specification 721.560 of any public works project in the country.
The specification contains both "relative" noise criteria limits at identified noise sensitive
receptor locations, as well as "absolute" noise emission limits for any/all equipment used on
the construction site (Thalheimer, 1999). Information from the CA/T program is used for
reference only as the remote conditions and potential impacts of the Moore Ranch Project,
located in a remote area of Wyoming, are far different than the urban impacts of the Big Dig
Project in Boston.
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Table 7.1-1 Noise Emission Reference Levels and Usage Factors

Equipment Impact Acoustical Spec. 721.560 Actual Measured L.ax

? Usage Factor Lma. @ 50 feet @ 50 feet (dBA, slow)
Description Devic(%) (dBA, slow) (Samples Averaged)

All Other
No 50 85 N/AEquipment > 5 HP

Auger Drill Rig No 20 85 84
Backhoe No 40 80 78

Bar Bender No 20 80 N/A

Blasting Yes N/A 94 N/A

Boring Jack Power
Unit No 50 80 83

Chain Saw No 20 85 84

Clam Shovel
Yes 20 93 87i(dropping)

Compactor (ground) No 20 80 83

Compressor (air) No 40 80 78

Concrete Batch
Plant No 15 83 N/A

_____
Concrete Mixer No 40 85 79

i Truck
Concrete Pum No

NomP 20 82 81
Truck

Concrete Saw No 20 90 90

Crane No 16 85 81

Dozer No 40 85 82

Drill Rig Truck No 20 84 79

Drum Mixer No 50 80 80

Dump Truck No 40 84 76

Excavator No 40 85 81

Flat Bed Truck No 40 84 74

Front End Loader No 40 80 [ 79
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Table 7.1-1 Noise Emission Reference Levels and Usage Factors

Equipment Impact Acoustical Spec. 721.560 Actual Measured L.m,

Description Device? Usage Factor Lm,., @ 50 feet @ 50 feet (dBA, slow)
D(%) (dBA, slow) (Samples Averaged)

Generator No 50 82 81

Generator
(<25KVA, VMS No 50 70 73
Signs)

!Gradall No 40 85 83

Grader No 40 85 N/A

Grapple (on1  No 40 85 87backhoe) I N 40 85 87

Horizontal Boring N 1 25 80 82
Hydraulic Jack 0 2 80 82

Hydra Break Ram Yes 10 90 N/A

Impact Pile Driver Yes 20 95 101

Jackhammer Yes 20 85 89

Man Lift No 20 85 75

Mounted Impact Yes 20 90 90Hammer (hoe ram)

Pavement Scarifier No 20 85 90

Paver No 50 85 77

Pickup Truck No 40 55 75

Pneumatic Tools No 50 85 85

Pumps No 50 77 81

Refrigerator Unit No 100 82 73

Rivit
Buster/Chipping Yes 20 85 79
Gun

Rock Drill No 20 85 81

Roller No 20 85 80

Sand Blasting No 20 85 96
(single nozzle)

Revised May 2010 
7-6

Revised May 20 10 7-6



r' ENERGY METALS CORPORATION US
ENERGYMETALS License Application, Technical Report

CORPORATIONR E S Moore Ranch Uranium Project

I

Table 7.1-1 Noise Emission Reference Levels and Usage Factors

Equipment Impact Acoustical Spec. 721.560 Actual Measured Lma.

Description Device? Usage Factor Lm.a. @ 50 feet @ 50 feet (dBA, slow)
(%) (dBA, slow) (Samples Averaged)

Scraper No 40 85 84

Sheers (on backhoe) No 40 85 96 J
Soil Mix Drill Rig No 50 80 N/A

Tractor No 40 84 N/A

Ventilation Fan No 100 85 79
Vibrating Hopper No 50 85 87

Vibratory Concrete N
Mixer No 20 80 80

Vibratory Pile N 2
Driver No 20 95 101

Warning Horn No 5 f 85 83

Welder/Torch No 40 73 74

For each generic type of equipment
provided:

listed in Table 7.1-1, the following information is

* an indication as to whether or not the equipment is an impact device;

* the acoustical usage factor to assume for modeling purposes;

* the specification "Spec" limit for each piece of equipment expressed as an Lmla, level
in dBA "slow" at a reference distance of 50 foot from the loudest side of the
equipment;

* the measured "Actual" emission level at 50 feet for each piece of equipment based on
hundreds of emission measurements performed on CA/T work sites.

Background noise surveys have not been conducted in the Moore Ranch area. However,
noise levels in rural areas away from industrial facilities and transportation corridors are
generally in the range of 30 to 40 dBA when the wind speeds are low. Background noise
levels for the EPA category "farm in valley" are: daytime, 29 dBA; evening, 39 dBA; and
nighttime, 32 dBA. Local conditions, such as topography and frequent high winds, can alter
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background noise conditions. The measured range of values of day-night sound levels
outside dwelling units extends from 44 dB on a farm to 88.8 dB outside an apartment located
adjacent to a freeway. Some examples of these data are summarized in Figure 7.1-1. (EPA
1974, EPA 1973).

Although there is no site-specific noise data for the Moore Ranch Project, noise information
is available from the Lost Creek ISR project in Wyoming, with a license application
currently pending with the NRC. The Lost Creek ISR project is located in a fairly remote part
of Wyoming, with areal topographic similarities to Moore Ranch and is comparable in
project scale, making Lost Creek an appropriate analog. During construction, ISR projects
create noise due to heavy equipment use and mine unit drilling. Drill rigs, heavy trucks, and
equipment will generate noise that will be audible on-site above the 30 to 40 A-weighted
decibels (dBA) of the background noise levels. At Lost Creek ISR the maximum measure of
sound pressure (noise) during exploration activities was from a cement mixer and a generator
running concurrently, which was 102 dBA, four feet from the source. During construction,
occasional instantaneous levels could be somewhat higher. Field observations for the Lost
Creek project indicated that drilling activities are inaudible to humans at distances greater
that one mile, due to topographic interference and other factors (Lost Creek ISR, LLC. 2008).

Figure 7.1-2 shows the maximum noise levels anticipated at the Moore Ranch site during the
construction phase of the project. Noise levels at the Project site boundary could be as high
as 80dB at times during construction. However this construction activity sound level is less
than or similar to vehicle traffic noise along HWY 387, and will not be a significant impact
in the area.
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Figure 7.1-1 Outdoor Day-Night Sound Level in dB at Various Locations
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Truck traffic is common on State Highways 387, 59 and 50 as a result of the construction and
operational activities of the oil and gas, coal and CBM industries. Average daily traffic
volumes for the local highways in the project area, State Highways 50, 59 and 387, are
shown in Table 7.6-1 (WYDOT, 2009). The traffic information includes data from years
1997, 2006 and 2007; additionally, projected daily truck and auto traffic volume data for the
three local State Highways are also presented.

During the construction phase of the project, truck traffic will consist of a maximum of ten
deliveries per day, resulting in an estimated maximum increase in truck traffic of 4.8%. The
projected truck traffic increase is based on the conservative scenario of all three local State
Highways being subjected to the increased traffic. Travelling from the construction site,
trucks will only pass occupied residences once they reach WYO 387, which is a well-
traveled road as shown in Table 7.6-2. Therefore the increase in truck traffic caused by the
project is not expected to be noticeable, and the noise impact will be very minor given the
location.

7.2 ENVIRONMENTAL EFFECTS OF OPERATIONS

This section describes the environmental impacts of operation of the Moore Rancfl Project.
Operational activities will include the following:

* Ongoing wellfield construction activities including well drilling and construction,
access road construction, installation of pipelines and utilities, and construction of
headerhouses;

* Plant and wellfield production operations;
* Groundwater restoration activities as wellfields are removed from production; and
* Final site reclamation activities.

Potential environmental concerns from the operation of the Moore Ranch Project addressed
in the following sections are air quality impacts, land use and water quality impacts, soil
impacts, impacts to cultural resources, ecological impacts, and cumulative impacts from
existing coal bed methane (CBM) development within the proposed License Area.

7.2.1 Air Quality Impacts of Operations

EMC estimated fugitive dust emissions from operation of the Moore Ranch Project based on
projected activity levels and emission factors supplied by the WDEQ. Projected activities
impacting dust emissions included ongoing wellfield construction activities, routine site
traffic related to operations and maintenance, heavy truck traffic delivering chemicals and
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material and shipping product, and employee traffic to and from the site. Based on these
activities, the projected total PM 10 emissions is 15.5 tons per year. This level of emissions is
small relative to surface mines and other industrial operations that generate dust from
vehicles and disturbed areas. The larger surface mines in the Powder River Basin show PM 10
emissions inventories in the thousands of tons per year. Sections of unpaved county roads
can also exceed this 15 tons per year emission rate by an order of magnitude or more.
Viewed another way, atmospheric dispersion modeling generally shows that fugitive PM 10
emissions on the order of 15 tons per year result in insignificant impacts to ambient air
beyond a distance of a few hundred yards from the sources. Significant impact for PM10 is
defined as 1.0 gig/m3 or more. For reference purposes, the national ambient standard for
annual average PM 10 is 50 jtg/m3.

It is important to note that no control factors were assumed for the emission calculations.
Periodic watering or chemical treatment of the unpaved roads will reduce emission factors by
half or more.

7.2.2 Land Use Impacts of Operations

As discussed in Section 2.2 and 7.1.2, rangeland is the primary land use within the Moore
Ranch License Area and within the surrounding 2.0-mile area. Oil and gas production
facilities and infrastructure are also located on rangeland throughout the review area.
Operation of the Moore Ranch Project will ultimately encompass approximately 150 acres.
As with site preparation and construction, use of the land as rangeland will be excluded from
this area during the life of the project. Oil and gas production facilities will not be affected.
Considering the relatively small size of the area impacted by operations, the exclusion of
grazing from this area over the course of the Moore Ranch project will have an insignificant
impact on local livestock production.

7.2.3 Geologic and Soil Impacts of Operations

7.2.3.1 Geologic Impacts of Operations

Geological impacts from operations are expected to be minimal, if any. No significant matrix
compression or ground subsidence is expected, as the net withdrawal of fluid from the target
sandstone will be on the order of 1 percent or less. Further, once mining and restoration
operations are completed, groundwater levels will return to near original conditions under a
natural gradient.
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7.2.3.2 Soil Impacts of Operations

Based on the soil mapping unit descriptions in Section 2.6, the hazard for water erosion
within the Moore Ranch Project varies from slight to severe and the hazard from wind
erosion varies from moderate to severe. The potential for wind and water erosion is mainly a
factor of surface characteristics of the soil, including texture and organic matter content.
Given the fine-loamy and sandy texture of the surface horizons throughout the majority of
the Moore Ranch Project and the semi-arid climate, the soils are more susceptible to erosion
from wind than water. See Table 2.6-7 in Section 2.6 for a summary of wind and water
erosion hazards within the Moore Ranch Project.

The 6 acre fenced controlled area is underlain by soils with a slight potential for water
erosion and a severe potential for wind erosion. The soils underlying the proposed wellfields
are at a moderate to severe risk of erosion from both wind and water. Though no topsoil will
be stripped from the wellfields, construction may result in an increase in the erosion hazard
from both wind and water due to the removal of vegetation and the physical disturbance from
heavy equipment.

Soil erosion mitigation will be implemented in accordance with WDEQ-LQD Rules and
Regulations, Chapter 3, Environmental Protection Performance Standards. Typical erosion
protection measures that may be implemented at the Moore Ranch Project inglude the
following:

* Temporary diversion of surface runoff from undisturbed areas around the disturbed
areas and the use of water velocity dissipation structures;

" Retaining sediment within the disturbed areas through the use of best management
practices such as silt fencing, retention ponds, or other effective means;

" Salvage and stockpiling of topsoil from the central plant facility area and from
secondary wellfield access roads in a manner to avoid wind and/or water erosion.
This is accomplished by grading stockpiles to the appropriate slopes, avoiding
excessive compaction, establishing a temporary vegetative cover, using appropriate
fencing and signs, and installation of sedimentation catchments;

* Reestablishment of temporary or permanent native vegetation as soon as possible
after disturbance; and

" Constructing roads to minimize erosion through practices such as surfacing with a
gravel road base, constructing stream crossings at right angles with adequate
embankment protection and culvert installation, and providing adequate road drainage
with runoff control structures and revegetation.

Implementation of Best Management Practices (BMPs) will minimize the effects to soils
associated with the construction and operation of the Moore Ranch Project.
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7.2.4 Archeological Resources Impacts of Operations

As discussed in Section 2.4, the Class II Inventory investigations found seven sites,
48CA6691-48CA6697, and 25 Isolate Resources/Artifacts, including artifacts from the
Paleo-Indian, Middle Archaic, Late Archaic and Historic periods. Two sites, 48CA6694 and
48CA6696, are considered eligible for nomination to the National Register of Historic Places
(NRHP). All sites and artifacts are described in detail in the Class III Inventory Report in
Appendix A. Six previously recorded sites were also revisited during this investigation.
None of the previously recorded sites have been affected by CBM development or
exploratory drilling activities associated with uranium development. Only two sites,
48CA965 and 48CA966, which are listed as not eligible for nomination to the NRHP, are at
or near any current development areas (near the monitor well ring). No sites are located
within planned wellfield areas (see report in Appendix A).

None of the sites eligible for nomination are located within areas currently planned for in situ
development, and in fact, are located well over a mile away from any planned development.
If exploration and development plans are subsequently expanded near those areas, then all
associated ground-disturbing activities will avoid impacting sites 48CA6694 and 48CA6696.
If avoidance is not feasible, then a testing/data recovery plan will need to be implemented
and completed prior to commencement of any ground disturbing activities to mitigate the
adverse affects to the eligible sites.

A

As concluded in the Class III Inventory Report in Appendix A, the currently proposed Moore
Ranch Project will not affect any known significant cultural resources and additional
archaeological work is not considered necessary.

7.2.4.1 Visual and Scenic Impacts

The visible surface structures proposed for the Moore Ranch Project include wellhead
covers, wellhouses, electrical distribution lines, and the central plant facility. The project will
use existing and new roads to access each wellhouse and the central plant.

Each wellhead cover typically consists of a weatherproof structure placed over the well.
These covers are approximately 3 feet high and 2 feet in diameter. Each wellhouse is a small
metal building. The central plant building will be approximately 400 feet by 100 feet in size
for the initial phase. In addition, maintenance, warehouse, and office structures are planned.
A disturbance area around each wellhouse is necessary to provide an adequate area for
operations and maintenance vehicles to turn around. Electric distribution lines would connect
wellhouses to existing electric distribution lines. The distribution poles are approximately 20
feet high and are wooden so that their natural color harmonizes with the landscape.

Temporary and short-term visual effects during the construction period in each wellfield
would result from wellhouse construction, well drilling, and construction of access roads and
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electric distribution lines. Following completion of wellfield installation, temporarily
disturbed areas will be reclaimed. Only long-term effects associated with operations and
maintenance will remain following post-construction reclamation.

Long-term effects will result from the addition of structures to the landscape, such as the
central plant and associated structures, wellhouses, wellhead covers, access roads, and
electric distribution lines. Effects from long-term activities will occur over the life of the
project.

Project development is planned for an area where extensive CBM development has already
occurred and where additional development is planned. CBM installations are similar in
visual impact to those associated with ISR uranium mining. CBM wells are installed in a
network of approximately eight wells per square mile. These wells are connected by
underground pipelines to collection and pumping structures that appear similar to ISR
wellhouses. Overhead power lines are installed to each well.

As noted in Section 2.4, the total score of the scenic quality inventory for the Moore Ranch
License Area is 4. According to NUREG- 1569, if the visual resource evaluation rating is 19
or less, no further evaluation is required. Therefore, no further evaluation of changes to
scenic resources from the proposed Moore Ranch Project is required.

Despite the existing visual impacts from CBM development and the low scenic quality rating
for the proposed project site, EMC intends to implement measures to lessen the visual impact
from the project. Mitigation measures are meant to minimize adverse contrasts of project
facilities with the existing landscape. One method to minimize these contrasts is the selection
of paint colors for structures that harmonize with the surrounding landscape. To the extent
possible, topographic features may be used to screen" wellheads, plant facilities, and roads.
Roads may be aligned with the contours of the topography, although this measure may result
in a greater area of disturbance. Construction debris will be removed from new construction
areas as soon as possible.

7.2.5 Groundwater Impacts of Operations

The potential groundwater impacts of ISR mining are related to the consumption of
groundwater and short-and long-term changes to groundwater quality. Perhaps the most
significant environmental impact that can occur as a result of ISR mining is the degradation
of water quality in the ore-bearing aquifer.

7.2.5.1 Groundwater Consumption

Based on a bleed of 0.5% to 1.5% which has been successfully applied at other ISR
operations, the potential impact from consumptive use of groundwater is expected to be
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minimal. In this regard, the vast majority (e.g., on the order of 99%) of groundwater used in
the mining process will be treated and re-injected. Potential impacts on groundwater due to
consumptive use outside the proposed License Area are expected to be negligible.

A numerical groundwater flow model was used to quantify the potential impact of drawdown
due to mining and restoration operations. Details regarding the model development,
calibration and simulations are provided in the report "Numerical Modeling of Groundwater
Conditions Related to Insitu Recovery at the Moore Ranch Uranium Project, Wyoming"
(Petrotek 2008) that is included as Appendix B4to the Technical Report. The model
incorporates aquifer properties determined from site pump tests and also replicates the
transition from unconfimed conditions in the southern portion of the site to confined
groundwater conditions in the northern portion of the site within the 70 Sand.

The model was used to simulate the full cycle of ISR production and restoration at Moore
Ranch. The production cycle was divided into three phases with initial production over a
portion of Wellfield 2 (2,960 gpm), a second phase with production in both Wellfields,
(totaling 2,840 gpm) and the final phase with production only in a portion of Wellfield 1
(1,980 gpm). Each production phase was simulated as 18 months. In order to maintain an
inward hydraulic gradient toward Wellfield 2 while Wellfield 1 was finishing production,
limited groundwater sweep (20 gpm) was simulated in Wellfield 2 during the phase three
production cycle. Restoration was assumed to require removal of 6 pore volumes from each
wellfield. Restoration was simulated in two phases with the first phase being c6ncurrent
restoration of Wellfields 1 and 2 that runs for 4.3 years. The assumption for restoration is that
RO capacity is 500 gpm with a 20 percent reject brine. The RO rate was evenly divided
between the two Wellfields (250 gpm each) during the first restoration phase. The second
restoration phase includes restoration of Wellfield 2 (at 500 gpm) for an additional period of
1.8 years. The additional time needed for Wellfield 2 is because the Pore Volume estimate
for Wellfield 2 (125.9 million gallons) is larger than Wellfield 1 (90.3 million gallons). Total
length of the simulation is 10.5 years. The operational parameters for this simulation are
summarized in Table 7.2-1 below:
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Table 7.2-1 Simulated Production and Injection Rates, Moore Ranch ISR Project
Injection Bleed

Wellfield Production Rate Rate Net Bleed N%)
Production (gpm) (gpm) (gpm)
Phase P1 2 2959.8 2935.5 24.3 0.8
Phase P2 2 1619.9 1598.8 21.1 1.3
Phase P2 1 1219.9 1206.4 13.5 1.1

Phase P2 Totals 2839.8 2805.2 34.6
Phase P3 J1 1979.9 1959.5 20.4 1.0

Consumptive
Restoration Wellfield Extraction/Treatment Reinjection Use

(gpm) (pm) (gpm)
Phase R1 2 250.0 200.0 50.0
Phase RI1 1 250.0 200.0 50.0

Phase RI Totals 500 400 50.0
Phase R2 2 500.0 400.0 100.0

The simulated drawdown throughout the model domain at the end of production operations,
the end of restoration of Wellfield 1, and the end of restoration of Wellfield 2 is Oown on
Figures 7.2-1, 7.2-2 and 7.2-3, respectively. Wells completed in the 70 or 68 sand (excluding
monitor wells) potentially impacted by drawdown induced by production or restoration
operations are shown on the figures.

A total of fourteen domestic, industrial, stock or miscellaneous use wells within two miles of
the License Area are projected as being completed within the 68 or 70 Sands. None of those
wells are within the License Area. Information regarding the wells is summarized in Table
7.2-2. The simulated drawdown for wells completed within the 70 (or the combined 68-70 or
70-72 Sands) are also summarized in Table 7.2-2. The table cross references the wells with
Figures 7.2-1, 7.2-2 and 7.2-3. Three of the wells (P120983W, P22296P and P78124W) that
are projected as 70 Sand completions are located south of the model domain and therefore,
no model predicted drawdowns are provided for those wells. The largest predicted drawdown
(almost 8 feet after restoration of Wellfield 1) occurs at well P14660 (located in T42N, 75 W,
Section 28, approximately 1 mile northwest of proposed Wellfield 1). This well is identified
as a stock well and is located in an area where the 70 Sand is fully saturated and under
confined conditions. The less than 8 feet of drawdown at the location of well P14660 is not
anticipated to negatively effect the ability of that well to produce water for stock purposes.
Most other wells had less than 1 foot of drawdown at any time during the life of the ISR
operations. The simulated drawdowns represent a small percentage of the total available
drawdown which is typically greater than 70 feet within the License Area.
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Table 7.2-2 Simulated Drawdown at Water Wells in the Vicinity of the Moore Ranch
License Area

Well StaticTownship Depth Depth Estimated Simulated Drawdown (ft)
Permit # Range Uses Completion

Section Zone End End CrossQtrQtr (ft (ft End Restoration Restoration Reference

bgs) bgs) Production Wellfield 1 Wellfield 2 to Figures*
42N74W

S28
P12244P SESW STO 200 100 70 sd 0.00 0,00 0.00 A

42N75W
S28

P14660P NESE STO 355 150 70 sd 3.53 7.87 5.90 B
42N74W

$30
P14683P NWNW STO 275 175 68-70 sd 0.08 0.68 1.08 C

42N74W
$18

P14684P SWSW STO 350 235 68-70 sd 0.23 0.91 1.20 D
41N74W

S4
P17301P NESE STO 130 55 68 sd 0.00 0.00 0.00 E

41N74W
S4 DOM,

P17302P NESE STO 165 90 68 Sd? 0.00 0.00 0.00 F
41N74W

S4 DOM,
P17304P SENE STO 137 80 68 Sd? 0.00 0.00 0.00 G

41 N74W
S

P17305P 7NENW STO 50 18 70-72 sd 0.00 0.06 0.12 H
42N74W

S 33
P6972W SWSE STO 210 95 60-68 sd 0.00 0.01 0.01 I

41N74W
S5

P6973W SWNW STO 170 60 68 sd 0.01 0.01 0.04 J
42N74W

S
P85802W 17SENE STO 300 180 70-72 sd 0.06 0.22 0.30 K

Estimates of completion zones with greatest uncertainty are indicate with a ?
Use categories include domestic, stock, industrial or miscellaneous
gpm - gallons per minute
Rt bgs - feet below ground surface
Cross reference to Figures 7.2-1, 7.2-2 and 7.2-3
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Figure 7.2-1 Simulated Drawdown at End of ISR Production
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Figure 7.2-2 Simulated Drawdown at End of Well field 1 Restoration
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Figure 7.2-3- Simulated Drawdown at the End of Restoration
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The limited drawdown that likely will be induced from mining, groundwater restoration and
plant operations will have little if any impact on local water users.

To assess the impacts from mining and restoration operations on local groundwater, the
following monitoring will be performed:

" Measure background water levels in the private domestic or livestock water wells
surrounding the project area before mining and every three months during operations;
and,

" Measure background water levels in regional monitoring wells installed by EMC
before mining and every three months during operations

It is likely that the wells surrounding the Moore Ranch License Area may provide stock
water for private or public (BLM) leases. If significant impacts to those wells are observed
(e.g., water levels drop to a point that impairs the usefulness of the wells), the following
mitigation measures would be considered:

* Lowering the pump level in the wells, if possible;
* Deepening the wells, if possible; or,
• Replacing the wells with new wells completed in deeper sands that are not impacted

by ISR operations.

7.2.5.2 Impacts on Groundwater Quality during Construction and Wellfield Development

During facility construction, potential impacts to shallow water could occur from
consumptive use of groundwater, introduction of drilling fluids and muds during well
installation, discharge of pumped water during hydrologic testing and surface spills of fuels
and lubricants. Groundwater use during construction is minor relative to the available water
supply in the shallow Wasatch aquifers. Most water used for the Moore Ranch project is
extracted from a well completed in the 40 and 50 Sand at depths of 470 to 590 ft below
ground surface, much deeper than the shallow aquifers beneath the site. Consumptive use of
groundwater is generally limited to dust control, drilling support and cement mixing. Impacts
from groundwater consumptive use during construction would be minor and temporary to
water supplies of the Powder River Basin.

The volume of drilling fluids and muds used during well installation is limited and would
have negligible to small impacts on shallow aquifers beneath the License Area. The depth to
the water table is generally more than 40 feet across most of the site so infiltration of drilling
fluids and muds are unlikely to cause noticeable changes in water quality. Drilling fluids and
muds will be placed into mud pits to control the spread of the fluids, to minimize the area of
soil contamination and to enhance evaporation.
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Pumped waters from hydrologic testing during construction of the wellfields will be
discharged in accordance with approved permits. The permits protect near surface aquifers
by limiting the discharge volume and prescribing concentration limits to waters that can be
discharged.

Groundwater quality of near surface aquifers will be protected by best management practices
including implementation of a spill prevention and cleanup program to prevent soil
contamination. The volume of fluids and lubricants kept on the License Area is generally
small and any spills or leaks will result in immediate cleanup response.

Best management practice will include implementation of a spill prevention and cleanup
program, extracting water from deeper, more prolific aquifers to minimize consumptive use
impacts, compliance with WDEQ approved discharge permits, and minimization of surface
disturbance through the use of mud pits.

7.2.5.3 Impacts on Ore Zone Groundwater Quality

During ISR mining operations, water quality impacts are usually of greater concern than
water consumption impacts because water consumption during mining is relatively small.
Contamination of groundwater from the proposed lixiviant is caused by (1) the addition of
sodium bicarbonate and oxygen to the groundwater, (2) the addition of chloride to the
groundwater by the processing plant, and (3) the interaction of these chemicals with the
mineral and chemical constituents of the aquifer being mined. The result is that during
mining, the concentration of most of the naturally occurring dissolved constituents will be
appreciably higher than their concentrations in the original groundwater.

EMC has estimated the post-mining water quality based on the experience of Cogema
Mining, Inc. in Production Units 1 through 9 at the Irigaray ISR project located in the
Powder River Basin near the proposed Moore Ranch Project'. The Irigaray data was selected
because of the proximity and similar geologic conditions to Moore Ranch. Cogema
employed ammonium bicarbonate with hydrogen peroxide as the oxidant during early mining
operations. In May 1980, the lixiviant system for the entire site was converted to sodium
bicarbonate chemistry with gaseous oxygen as the oxidant. The water quality database is
extensive because it represents nine production units located in a 30 acre site.

The water quality of the Irigaray ore zone after mining was established by sampling each of
the designated restoration wells. The post-mining mean of the analytical results from
Production Units 1 through 9 is presented in Table 7.2-3.
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Table 7.2-3 Irigaray Post-Mining Water Quality

Dissolved Aluminum (mg/1) <0.05 - 4.25 <1.037
Ammonia Nitroren as N (mg/l)* <0.05 - 1.88 23

Dissolved Arsenic (mg/l) <0.002 - 0.105 <0.601
Dissolved Barium (mg/1) <0.002 - 0.12 <1.067

Boron (mg/l) <0.01 - 0.225 <0.442
Dissolved Cadmium (mg/l) <0.002 - 0.013 <0.979
Dissolved Chloride (mg/i)* 5.3 - 15.1 277
Dissolved Chromium (mg/i) <0.002 - 0.063 <1.018

Dissolved Copper (mg/1) <0.002 - 0.04 <0.828
Fluoride (m (m/) 0.11-0.66 <1

Total and Dissolved Iron (mg/i ) 0.02 - 11.8 <1.098
Dissolved Mercury (mg/l) <0.0002 - <0.001 <0.971

Dissolved Magnesium (m2l) 0.02-9.0 45.7
Total Manganese (mg/i) <0.005 - 0.190 1.249

Dissolved Molybdenum (mg/) <0.02 - <0.1 <81.067
Dissolved Nickel (mg/l) <0.01 - <0.2 <1.018

Nitrate + Nitrite as N (mg/i ) <0.2 - 1.0 <3
Dissolved Lead (mg/i) <0.05 -0.050 <1.018
Radiumn-226 (pCi/L) 0 -247.7 200.5

Dissolved Selenium (mg/i) <0.001 - 0.416 0.247
Dissolved Sodium (mg/1) 951-3280 827

Sulfate (mg/l) 136- 824 639
Uranium (mg/l) <0.0003 - 18.8 7.411

Vanadium (mg/l) <0.05 - 0.55 < 1.067
Dissolved Zinc (mg/1) <0.01I - 0.200 <0.065

Dissolved Calcium (mg/1)* 1.6 -33.5 199.2
Bicarbonate (mg/l)* 5 -144 1343

Carbonate (mg/1) 0-96 <2
Dissolved Potassium (mg/I) 0.4 - 17.5 9

Total Dissolved Solids (TDS) @ 308 - 1054 2451
180°F (mg/l) I I

* Parameters with RTV other than baseline

The chemical alteration of the ore zone aquifer can be observed through comparison of the
post-mining mean concentrations with the baseline concentrations. Thirty-five of the thirty-
six parameter concentrations in the post-mining means exceeded the baseline means.
Twenty-two of these parameters did not meet Restoration Target Values (of the twenty-nine
with established RTVs).

Revised May 2010 7-24



ff ENERGY METALS CORPORATION US
ENERGYMETALS License Application, Technical Report

CORPORATION US Moore Ranch Uranium Project

In general, these post-mining concentrations are within the range of those projected by NRC
for ISR operations at the Crownpoint Uranium Project 2. EMC expects similar baseline and
post-mining water quality at the Moore Ranch site.

7.2.5.4 Potential Groundwater Quality Impacts from Accidents

7.2.5.4.1 Lixiviant Excursions

Water quality impacts in adjacent aquifers from ISR mining activities are related to the
identification, control, and clean-up of excursions. During production, injection of the
lixiviant into the wellfield results in a temporary degradation of water quality compared to
pre-mining conditions. Movement of this water out of the wellfield results in an excursion.
Excursions of contaminated groundwater in a wellfield can result from an improper balance
between injection and recovery rates, undetected high permeability strata or geologic faults,
improperly abandoned exploration drill holes, discontinuity and unsuitability of the confining
units which allow movement of the lixiviant out of the ore zone, poor well integrity, or
hydrofracturing of the ore zone or surrounding units. Past experience from other commercial
scale in-situ recovery projects in the Powder River Basin has shown that when proper steps
are taken in monitoring and operating a wellfield, excursions, if they do occur, can be
controlled and recovered and that serious impacts on the groundwater are prevented.

Excursions of lixiviant at ISR facilities have the potential to contaminate adjacent aquifers
with radioactive and trace elements that have been mobilized by the mining process. These
excursions are typically classified as horizontal or vertical. A horizontal excursion is a lateral
movement of mining solutions outside the mining zone of the ore-body aquifer. A vertical
excursion is a movement of solutions into overlying or underlying aquifers.

The historical experience at other ISR uranium operations indicates that the selected
excursion indicator parameters and UCLs allow detection of horizontal excursions early
enough that corrective action can be taken before water quality outside the exempted aquifer
boundary is significantly degraded. As noted in NUREG/CR-6733, significant risk from a
horizontal excursion would occur only if it persisted for a long period without being detected.

Vertical excursions can be caused by improperly cemented well casings, well casing failures,
improperly abandoned exploration wells, or leaky or discontinuous confining layers.

The State of Wyoming and the NRC require restoration of affected groundwater in the
mining zone following production activities. The mining aquifer must be exempted by the
WDEQ and the EPA from protection under the Safe Drinking Water Act (SDWA) before
mining can occur. One of the criteria for exemption is that the water is not currently used as
an underground source of drinking water (USDW) and will not be used as a USDW in the
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future. By restoring the exempted aquifer, EMC ensures that adjacent, non-exempted aquifers
will not be affected in the future.

Successful groundwater restoration has been demonstrated using the same methods proposed
by EMC as discussed in Section 6. Therefore, long term impacts on groundwater quality are
expected to be minimal.

7.2.5.5 Potential Groundwater Impacts from Spills

Potential impacts to groundwater and surface water may occur during operations as a result
of an uncontrolled release of process liquids due to a wellfield leak. Should an uncontrolled
wellfield release occur, there would be a potential for contamination of the shallow aquifer as
well as surrounding soil. With a slow leak that remains undiscovered or a short duration, high
volume release, a shallow excursion is one potential impact. The potential impact to shallow
groundwater from a slow, low volume leak occurring over a period of 18 months and a short
duration, relatively high volume release are assessed in Addendum 4-1.

The rupture of an injection or recovery line in a wellfield, or a trunkline between a wellfield
and the plant, would result in a release of injection or production solution which would
contaminate the ground in the area of the break. Small leaks in wellfield piping typically
occur in the injection system due to the higher system pressures. These leaks seldonwresult in
soil contamination.

Occasionally, small leaks at pipe joints and fittings in the headerhouses or at the wellheads
may occur. Until remedied, these leaks may drip process solutions onto the underlying soil.
These leaks seldom result in soil contamination.

The potential environmental impacts from spills and mitigative measures are discussed in
further detail in Section 7.5.
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7.2.6 Surface Water Impacts of Operations

7.2.6.1 Surface Waters and Wetlands

EMC plans to construct two wellfields and a central plant facility for the Moore Ranch
Project. No wetlands will be impacted due to the construction of the central plant facility and
the western wellfield site (Wellfield #1). Wetlands or surface water channels may be
impacted in the easternmost wellfield site (Wellfield #2), which is located in Section 35. The
second tributary to Simmons Draw runs north to south in the northern half of the eastern
wellfield site. The section of the tributary is between waypoint 70 (a CBM outfall location)
and W37. There is a small POW stock pond (0.02 acres) at W36. The tributary in the eastern
wellfield area is considered PUB on the drainage bottom and is approximately 1.66 acres. As
previously noted in Section 2.7 wetlands located within the Moore Ranch boundaries are
recommended as non-jurisdictional.

No drainages or bodies of water will be significantly modified or altered within the Moore
Ranch Project area during project construction or operations. If significant changes or
alterations were to occur, the impact to the second tributary to Simmons Draw wetlands
would be minimal as the disturbance is short-term and the draw is intermittent. The potential
for erosion is present due to the construction of the wells near the drainage; however,
disturbance is short-term and disturbed areas will be reseeded soon after the wellfields are
constructed.

The proposed Moore Ranch Project facilities have been located to minimize impacts to
surface water features. Figure 7.2-4 shows the site plan of the project area. Included in the
site plan are the locations of State Highway 387, the current local access roads, power lines,
CBM wells and associated CBM pipelines and gas distribution plants. In addition, the
proposed project facilities are shown on the site plan including the location of the Central
Plant, the anticipated layout of the injection well patterns for Wellfields 1 and 2, and the
location of the road to be improved from the main access road to the Plant. Local surface
water features including two tributaries to the Simmons Draw and their associated wetlands
are also shown in Figure 7.2-4.

The wellfield design, including header house locations, pipelines, utility lines and header
house access roads, is currently being finalized. The project layout described herein is based
on information that is currently available as of the date of this revision. The project wellfield
patterns will use the five-point well setup where a production well will be located at the
center of each pattern and four injection wells at each comer. Six header houses are planned
for Wellfield 1 and eight header houses are planned for Wellfield 2, and roads will be
constructed to access individual header houses. Individual well lines leading to the injection
and production wells will travel to the local header house and trunk lines will lead in and out
of the Central Plant through a pipe vault located on the northwest side of the Central Plant.
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A description of the proposed facilities for the Moore Ranch Project is included in Section 3
of this Technical Report.

A portion of the Project is located in the second tributary to Simmons Draw and wetlands
area in the vicinity of Wellfield 2 as shown in Figure 7.2-4. Within this impacted area there
will be no new road crossings. However there will be one trunk-line pipe crossing and 14
small (approximately 1" in diameter) pipe line crossings. The small pipe lines lead from
individual injection and production wells to a header house. The small lines will be combined
into common trenches wherever possible. There will also be one utility crossing providing
power to the header houses east of the second tributary to Simmons Draw. In addition, an
estimated eight wellfield patterns are partially or fully within the wetland area in the second
tributary to Simmons Draw, including approximately seven production wells and six
injection wells. Building construction will not occur in surface water features in the Project
area.

The wetland delineation study of the Moore Ranch Project area, found in Section 2.8.5.2 of
this Technical Report, included a recommendation to the United States Army Corps of
Engineers (USACE) that all of the wetlands in the study area be considered non-
jurisdictional as the wetlands are isolated and do not support interstate commerce. The
USACE response, issued a final determination of jurisdiction for the wetlands within the
project area which is included in Addendum 2.8-G of the Technical Report. The ruling on
the jurisdiction classification of the wetlands in the project area will partially deterfmine the
method of construction and mitigation activities in the wetland areas.

If the wetland area is deemed jurisdictional by the USACE, the proposed impacts will be
mitigated, as required by USACE, and proper permitting will be acquired prior to impacting
any wetland areas. Impacts to wetlands and drainages will be minimized regardless of their
jurisdictional status. The main activities for minimizing surface-water encroachments or
impacts to wetlands in Wellfield 2 will be: limiting soil compaction; conducting operations in
accordance with standard operating procedures (SOPs) for spill prevention and spill
prevention control and countermeasure (SPCC) plans; ensuring that runoff from disturbed
areas meet Wyoming pollutant discharge elimination system (WYPDES) permit guidelines
for storm water management and sediment reduction; and completing appropriate
reclamation practices in a timely manner.

Soil compaction during pipeline installation and drilling of production and injection wells
can be limited by using existing roads to the extent possible, by designating haul routes
where existing roads are not available, and by placing multiple pipelines and/or utilities in
the same trench, when possible. Pipelines and utilities that will cross the second tributary to
Simmons Draw will cross at a right angle to minimize erosion and impacts to wetlands.
However, as it may not always be feasible or warranted to construct crossings at right angles
or along elevation contours, implementation of erosion measures appropriate for the situation
will occur. Measures that may be implemented to minimize erosion include; contouring and
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revegetation to stabilize soils; placement of hay bales, engineered sedimentation breaks and
traps, and water contour bars; and the use of diversion ditches, engineered culverts, and
energy dissipaters to prevent excessive erosion and to control runoff.

It is anticipated that one culvert will be installed during the development of site access roads
to maintain existing site surface drainage conditions. The culvert is planned for the road
leading to the Central Plant from the main access road, along a topographic low point as
shown in Figure 7.2-5. Culvert construction will meet all State of Wyoming standards,
including inlet and outlet control, head room, and bedding, where appropriate. Locally,
surface drainage will be directed away from facilities, roads and topsoil stockpiles using
shallow ditches and/or berms.

Revised May 2010 
7-29

Revised May 20 10 7-29



R. 75 W. R. 74 W.

T.
42
N.

LEGEND

GWJP Iktit

-Vwt., t

0- Or.o Ettclý t"e

Rood

-Eolltb CoIVýtloC

LsrftOf PoGtt

ob-i W.I.V.t

FIGURE 7.2-4

T.
41
N.

ENERGY METAlS CORPORATION US
ELKLG!ýtffl)ýý CORPORATION, US" -Wj jprýý

MOORE RANCH
REM~q MOOE RANCHURANIUM PROJECT

EXISTING AND PROPOSED

SITE FEATURES

POPUfI OF . 41 & 42 R.. R. 74 * 75 W.0. 0000* 0000. 8000

I~~ I
J i i-.--



r' ENERGY METALS CORPORATION US
ENERGYMETALS License Application, Technical Report

CORPORATION US Moore Ranch Uranium Project

Figure 7.2-5 Site Drainage Detail
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7.2.6.2 Surface Water Impacts from Sedimentation

Normal construction activities within the wellfields, process plant, and along the pipeline
courses and roads have the potential to increase the sediment yield of the disturbed areas.
However, the relative size of these disturbances is small when compared to the size of the
overall areas and to the size of the watersheds, and also have a short term impact. Since well
field decommissioning and reclamation activities will be on-going throughout the life of the
project, the area to be reclaimed at the conclusion of operations will be reduced, although a
slight increase in sediment yields and total runoff can still be expected. Since all natural flow
within the project boundaries is ephemeral with no intermittent or perennial streams,
potential impacts to surface water from construction and decommissioning activities are also
limited to uncommon precipitation or runoff events.

The physical presence of the surface facilities including wellfields and associated structures,
acc.ess roads, pipelines, facilities and other structures associated with ISR mining and
processing of uranium are not expected to significantly change peak surface water flows
because of the relatively flat topography of the drainages at the site, the low regional
precipitation, the absorptive capacity of the soils, and the small area of disturbance relative to
the large drainage within and adjacent to the proposed License Area. In areas where these
structures may affect surface water drainage patterns, diversion ditches and culverts will be
used to prevent excessive erosion and control runoff. In areas where runoff is conwntrated,
energy dissipaters are used to slow the flow of runoff to minimize erosion and sediment
loading in the runoff.

Construction and industrial stormwater National Pollutant Discharge Elimination System
(NPDES) permits will be obtained in accordance with WDEQ - Water Quality Division
regulations. Best management practices will be implemented to reduce erosion impacts
according to storm water management plans developed for those permits.

7.2.6.3 Potential Surface Water Impacts from Accidents

Surface water quality could potentially be impacted by accidents such as excessive rainwater
or runoff in impacted soil areas or failure or an uncontrolled release of process liquids due to
a wellfield leak. Section 7.5 discusses measures to prevent and control wellfield spills.
Process buildings and chemical storage areas will be constructed with sumps or secondary
containments, and a regular program of inspections and preventive maintenance will be
implemented.
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7.2.7 Ecological Impacts of Operations

7.2.7.1 Vegetation

Wellfield and production facilities will be constructed within upland grassland vegetation
communities. Direct impacts include the short-term loss of vegetation (modification of
structure, species composition, and areal extent of cover types). Indirect impacts would
include the short-term and long-term increased potential for non-native species invasion,
establishment, and expansion; exposure of soils to accelerated erosion; shifts in species
composition or changes in vegetative density; reduction of wildlife habitat; reduction in
livestock forage; and changes in visual aesthetics. An estimated 150 acres of upland
grassland would be affected by construction disturbance under current development plans.

Construction activities, increased soil disturbance, and higher traffic volumes could stimulate
the introduction and spread of undesirable and invasive, non-native species within the project
area. Non-native species invasion and establishment has become an increasingly important
result of previous and current disturbance in Wyoming. These species often out-compete
desirable species, including special-status species, rendering an area less productive as a
source of forage for livestock and wildlife. Additionally, sites dominated by invasive, non-
native species often have a different visual character that may negatively contrast with
surrounding undisturbed vegetation. The presence of two State-designated weeds, Canada
thistle and field bindweed, was observed in the Moore Ranch area during the baseline
surveys along with other undesired annual grass species such as cheat grass brome. EMC will
conduct weed control as needed to limit the spread of undesirable and invasive, non-native
species on disturbed areas.

No threatened or endangered vegetation species were observed within the Moore Ranch
Project area; therefore, no impacts are anticipated.

Mitigation of vegetation impacts will consist of temporary and permanent surface
revegetation of disturbed areas. Revegetation practices will be conducted in accordance with
WDEQ-LQD regulations and the mine permit. Disturbed areas will be seeded to establish a
vegetative cover to minimize wind and water erosion and the invasion of undesired plant
species. A long term temporary seed mix may be used in wellfield and other areas where the
vegetation will be disturbed again prior to final decommissioning and final revegetation.
This long term seed mix typically consists of one or more of the native wheat grasses (e.g.,
Western Wheatgrass and Thickspike Wheatgrass). Permanent seeding is accomplished with a
seed mix approved by the WDEQ-LQD. The permanent mix typically contains native wheat
grasses, fescues, and clovers. Wellfield areas may be fenced as necessary to prevent livestock
access, which will enhance the establishment of temporary vegetation.
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7.2.7.2 Wildlife and Fisheries

ISR uranium mining differs from conventional surface mining by using less intrusive
extraction methods that are more efficient and, thus, have less impact on the surrounding
area. In situ operation use a series of injection and production wells that extract the uranium
from the ore body without physically removing the ore or overburden from the ground. The
mine area consists of a series of wells within a systematic pattern with a single processing
facility to remove the uranium from the lixiviant.

ISR uranium mining can have direct and indirect impacts on local wildlife populations.
These impacts are both short-term (lasting until successful reclamation is achieved) and long-
term (persisting beyond successful completion of reclamation). However, long term impacts
are not expected to be substantial due to the relatively limited habitat disturbance associated
with this mining method. The direct impacts of ISR mining on wildlife include injuries and
mortalities caused by collisions with project-related traffic or habitat removal actions such as
topsoil stripping, particularly for smaller species with limited mobility such as some rodents
and herptiles, and restrictions on wildlife movement due to construction of fences. The
likelihood for the impacts resulting in injury or mortality is greatest during the construction
phase due to increased levels of traffic and physical disturbance during that period. Traffic
will persist during production, but should occur at a reduced, and possibly more predictable
level. Speed limits will be enforced during all construction and maintenance operations to
reduce impacts to wildlife throughout the year, but particularly during the breeding season.

During the construction and operation phases of the project, open mud pits used for well
drilling and maintenance activities could pose a hazard to wildlife. This potential impact will
be mitigated by the use of temporary fencing around all open mud pits to protect wildlife
from this hazard.

Because ISR mining has a much smaller impact footprint than conventional surface mining,
topsoil stripping and habitat destruction are restricted to relatively small areas needed for the
processing facility and access roads. Surface disturbance associated with the Moore Ranch
Project is expected to consist of approximately 150 acres of disturbed area including a 6-acre
central plant facility, approximately 1.0 mile of new access road, and a permanent working
staff of approximately 60 individuals. Total surface disturbance from this new infrastructure
would be approximately 150 non-contiguous acres. As indicated, most of that habitat
disturbance will consist of scattered, confined drill sites for wells that will not result in large
expanses of habitat being dramatically transformed from its original character as in surface
mining operations. Therefore, most indirect impacts would relate to the displacement of
wildlife due to increased noise, traffic, or other disturbances associated with the development
and operation of the Moore Ranch Project, as well as from small reductions in existing or
potential cover and forage due to habitat alteration, fragmentation, or loss. Indirect impacts
typically persist longer than direct impacts. However, the nature of ISR mining decreases the
occurrence of large-scale habitat alterations and, thus, the need for reclamation efforts that
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can result in dramatic differences between pre-construction and post-construction vegetative
communities.

Repeated surveys over multiple, consecutive years in the project area have documented that
three wildlife species of particular concern do not occur in the Moore Ranch Project area: the
bald eagle, greater sage-grouse (Centrocercus urophasianus), and mountain plover. Suitable
habitat for all three species (trees, sagebrush, and sparse, low-growth vegetation,
respectively) is extremely limited, further minimizing the potential for both direct and
indirect impacts for those species, and others that require similar habitats. Other wildlife
species of concern, such as ferruginous hawks (Buteo regalis), that do occur in the area may
experience indirect impacts from increased travel and noise in the area during project
construction and operation. However, the combination of documented nesting despite
existing CBM facilities, the presence of potential alternate nesting and foraging habitat in the
immediate vicinity, and the mobility of this species reduces impacts to ferruginous hawks
and other such species.

Some vegetative communities currently present in the project area can be difficult to
reestablish through artificial plantings, and natural seeding of those species would likely take
many years. Consequently, wildlife species associated with specific habitats such as blue
grama (Bouteloua gracilis) grasslands, birdsfoot sagebrush (Artemisia pedatifida), and big
sagebrush (Artemisia tridentata) could be reduced in number or replaced by generalist
species with broader habitat requirements until natural reseeding of certain vegetatidn occurs
or reclamation matures to its target mix. Again, because the proposed Moore Ranch Project
area is dominated by mid-grass species, the species using these three habitat types do not
occur in the project area, and because the actual surface disturbance will be relatively limited
(approximately 150 non-contiguous acres), negative impacts to these wildlife species are
expected to be minimal.

7.2.7.3 Medium-Sized and Small Mammals

Medium-sized mammals (such as lagomorphs, coyotes, and foxes) may be temporarily
displaced to other habitats during the initial uranium mining activities. Direct losses of some
small mammal species (e.g., voles, ground squirrels, mice) may be higher than for other
wildlife due to their more limited mobility and likelihood that they would retreat into
burrows when disturbed, and thus be impacted by topsoil scraping or staging activities.
However, given the limited area expected to be disturbed (approximately 150 non-contiguous
acres) by the Moore Ranch Project, such impacts would not be expected to result in major
changes or reductions in mammalian populations for small or medium-sized animals. The
species known to be, or potentially, present in the project area have shown an ability to adapt
to human disturbance in varying degrees, as evidenced by their presence in CBM
developments and residential areas of similar, or greater, disturbance. Additionally, small
mammal species in the area have a high reproductive potential and tend to re-occupy and
adapt to altered and/or reclaimed areas quickly.
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7.2.7.4 Big Game Mammals

Beginning in 2000, the Wyoming Game and Fish Department (WGFD) and WDEQ/LQD no
longer required surface mining operations in Wyoming to conduct surveys for big game.

Under the proposed action, big game could be displaced from portions of the Moore Ranch
Project to adjacent areas, particularly during construction of the wellfield and facilities, when
disturbance activities would be greatest. Disturbance levels would decrease during actual
production and restoration operations and would consist primarily of vehicular traffic on
improved and unimproved (two-track) roads throughout the project area. Similar disturbance
is already present in the area due to existing CBM operations. Pronghorn would be most
affected, as they are more prevalent in the area. However, no areas classified as crucial
pronghorn habitat occur on or within several miles of the Moore Ranch Project area and this
species is not as common in the general analysis area as elsewhere within the region due to
the limited presence of sagebrush in the area. Mule deer would not be substantially impacted
given their infrequent use of these lands, the paucity of winter forage and security cover, and
the availability of suitable habitat in adjacent areas. The WGFD does not consider the general
area to be within the "use range" of any other big game species. Sightings of those species in
that vicinity are rare, if they occur at all.

7.2.7.5 Upland Game Birds

ISR uranium mining in the Moore Ranch Project area would affect approximately 150 non-
contiguous acres of potential foraging and nesting habitat for mourning doves, though such
disturbance is not expected to have any marked impacts on doves. While woody corridors are
not abundant in the general area, they also are not unique to the Moore Ranch Project area.
Similar habitat is present immediately south of the area, where mining is not projected to
occur in the near future. Additionally, doves are not restricted to treed habitats, nor are they
subject to any special mitigation measures for habitat loss.

Annual monitoring studies conducted by private and agency biologists in the Moore Ranch
Project area since at least 2003 have repeatedly demonstrated that sage-grouse do not inhabit
that locale. As described previously in Section 2.8, those surveys encompassed most of the
proposed License Area and its one-mile perimeter through 2006, and the entire area in 2007.
The nearest known sage-grouse lek is approximately 3.0 miles northwest of the Moore Ranch
Project area (WGFD records obtained from D. Thiele, Regional Biologist, WGFD, Buffalo,
WY). Given the lack of sage-grouse observations in the area, and the minimal quantity and
marginal quality of potential sage-grouse habitat, implementation of the proposed action is
not likely to negatively impact any existing or potential sage-grouse leks, or important
sagebrush habitats.
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Baseline monitoring studies have repeatedly demonstrated that sage-grouse do not inhabit the
license area. As described previously in Section 2.8, those surveys encompassed most of the
proposed license area and its one-mile perimeter for much of that period. No sage-grouse
leks were observed in that region during any survey year. WGFD records and USDA-FS
records also failed to document any sage-grouse leks within the area that encompasses the
general analysis area (i.e., proposed Moore Ranch boundary and a one-mile perimeter).
Given the lack of sage-grouse observations in the area, and the minimal quantity and
marginal quality of potential sage-grouse habitat, EMC does not plan to conduct operational
monitoring for sage-grouse at this time.

7.2.7.6 Other Birds

The Moore Ranch Project could impact 14 avian species of concern (8 Level I and 6 Level
II) known to occur or potentially present as seasonal or year-round residents. Direct impacts
could include injury or mortality due to encounters with vehicles or heavy equipment during
construction or maintenance operations. Indirect impacts could include habitat loss or
fragmentation and increased noise and activity that may deter use of the area by some
species. Surface disturbance would be relatively minimal (total of approximately 150 non-
contiguous acres) and would be greatest during construction. Enforced speed limits during all
phases of the Moore Ranch Project would reduce impacts to wildlife throughout the year,
particularly during the breeding season.

7.2.7.7 Raptors

ISR uranium mining in the Moore Ranch Project area would not impact regional raptor
populations, though individual birds or pairs may be affected. Mining activity could cause
raptors to abandon nests proximate to disturbance, particularly if mining encroaches on
active nests during a given breeding season. The Wyoming Ecological Services Office of the
US Fish and Wildlife Service (FWS) recommends a one-mile buffer around all ferruginous
hawk nests. Nests of most other raptor species (including all of the others present in the
project area) are typically buffered by a one-quarter- or one-half-mile radius. Thirteen intact
ferruginous hawk nests were known to be present within the portions of the Moore Ranch
Project area monitored during 2007. Eleven were located within the proposed license
boundary and two were located within a one-mile radius. Three documented great horned
owl nest sites (one-quarter mile buffer or less) are located within the license area. Only one
of four intact red-tailed hawk nest sites (one-half mile buffer) occurred within that boundary
in 2007. Other potential direct impacts to these species are limited to injury or mortality due
to collisions with mine-related vehicular traffic.

Typically, approval from the leading regulatory agency is required before disturbance
activities can occur within buffer zones for active raptor nests. All three species represented
on the Moore Ranch Project have successfully nested near active surface coal mining and
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other energy development areas throughout the Powder River Basin for many years as
documented in Annual Reports from various coal mines submitted to the WDEQ/LQD.
Efforts to maintain viable raptor territories and protect nest productivity have succeeded due
to a combination of the raptors becoming acclimated to the gradual encroachment of mine
operations and the successful execution of state-of-the-art mitigation techniques.

Construction activities associated with the Moore Ranch Project that occur within or near
active raptor territories would temporarily impact the availability of foraging habitat for
nesting birds. However, equipment yards associated with mining provide additional habitat
for prey species such as cottontails and raptors have been documented voluntarily nesting
quite near those areas. As at surface mines throughout the region and nearby uranium
projects, nesting raptors at the Moore Ranch project have likely been influenced primarily by
natural factors such as prey abundance and availability of nesting substrates. Due to the
paucity of woody vegetation and river cliffs, raptors that nest in trees or on high cliffs are not
as abundant as those that either nest on the ground or are adaptable to nesting on mine
facilities or other man-made structures (platform nests, etc.). During active mining, new
nesting habitat can be created through enhancement efforts (nest platforms, nest boxes, and
tree plantings) to mitigate any negative impacts associated with the project.

Wildlife studies on the Moore Ranch Project will include annual raptor surveys. It is not
anticipated that mining related activities will adversely affect a raptor nest, or disturb a
nesting raptor as there is a lack of nesting raptors on and near the plant and wellfild areas
due to the lack of trees and other nesting sites. Additionally, mining related activities are
limited to relatively small areas for limited periods of time. According to surveys
summarized in Section 2.8, eight raptor nests were observed within the proposed Moore
Ranch License Area including 5 ferruginous hawks, 2 great homed owls, and one red-tailed
hawk. Seventy five other nests were observed within one mile of the license area,

In accordance with WDEQ-LQD requirements, a raptor nest survey is conducted in late April
or early May each year to identify any new nests and assess whether known nests are being
utilized. The survey covers all areas of planned activity for the life of mine (i.e., wellfields
and central plant facility) and a one mile area around the activity. Status and production at
known nests will be determined, if possible. This survey program is primarily intended to
protect against unforeseen conditions such as the construction of a new nest in an area where
operations may take place.

No raptor nests were observed within one-half-mile of the proposed central plant facilities in
the 2007 survey. As a result, it is very unlikely that any raptor nests will be disturbed in the
future. In the very unlikely event that it is necessary to disturb a raptor nest, a mitigation plan
and appropriate permit will be acquired from the U.S. Fish and Wildlife Service, Wyoming
Field Office, in Cheyenne, Wyoming.
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Overhead power lines can present an electrocution hazard to raptors. In order to mitigate this
hazard, all new power lines will be constructed using designs that meet or exceed current
APLIC (2006)3 recommendations, thus minimizing any risks of electrocution on those
structures. Those designs include, but are not limited to:

* a minimum of 60 inches between parallel phase lines (energized wires) achieved
using 10-foot cross arms or by lowering the cross arm to increase spacing from the
center wire

" the use of perch deterrents where 60-inch spacing cannot be achieved and between
lightening arrestors or other hardware that might result in electrocution;

* covered/insulated jumper lines;
* covered ground wires;
* bushing covers on transformers;
* insulation on other energized hardware on transformers, cross arms, etc.; and
* other appropriate equipment, as needed to minimize impacts to perched raptors.

7.2.7.8 Fish and Macroinvertebrates

No aquatic habitat exists on the Moore Ranch Project that will support fish or
macroinvertebrates. Therefore, no impacts from construction or operations to fish or
macroinvertebrates can occur.

7.2.7.9 Threatened and Endangered Species

7.2.7.9.1 Bald Eagle

As discussed in Section 2.8.5, the bald eagle was delisted from its Threatened status on June
28, 2007 in the lower 48 states. Its primary legal protection was transferred from the
Endangered Species Act to the Bald and Golden Eagle Protection Act (BGEPA).

ISR mining at the Moore Ranch Project may affect, but is not likely to adversely affect, bald
eagles. As bald eagle nests and winter roost sites are absent in the study area, potential
hazards for this species would be limited to foraging individuals during winter.

Direct impacts to bald eagles would include the potential for injury or mortality to individual
birds foraging in the project area due to collisions with mine-related equipment during
construction or operation of the Moore Ranch Project. The increased human presence and
noise associated with construction activities, if conducted while eagles are wintering within
the area, could displace individual eagles from using the area during that period. As bald
eagles have not been documented in the project area, impacts of the proposed action would
be limited to occasional foraging individuals rather than a large segment of the population. If
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necessary, the majority of direct impacts could be mitigated if construction activities were
conducted outside the winter and early spring months, or outside the daily roosting period,
should eagles be present during construction. Any bald eagles that might roost or nest in the
area once the mine is operational would be doing so in spite of continuous and on-going
human disturbance, indicating a tolerance for such activities.

Indirect impacts such as area avoidance could result from increased noise and human
presence associated with mining related operations. Potential winter foraging habitat could be
further fragmented by linear disturbances such as fences and new roads associated with the
project. Given the size of the proposed project, those disturbances would occur within narrow
corridors over relatively short distances.

Due to the lack of potential nesting or roosting sites and the lack of concentrated sources of
prey, both the direct and indirect effects of the proposed action to bald eagles are expected to
be minimal.

7.2.7.9.2 Reptiles, Amphibians, and Fish

Potential habitat for reptiles, amphibians, and aquatic species is quite limited within the
proposed license area, and occurs primarily as ephemeral or intermittent habitat associated
with small, scattered stock ponds or drainages in the area. Portions of Pine Tree Draw,
Simons Draw, and Ninemile Creek, and their ephemeral tributaries, occur within the
proposed license area, but do not represent reliable water sources.

Activities associated with the Moore Ranch Project are not expected to disturb existing
surface water or alter the topography in the area. Furthermore, under natural conditions, such
habitat is limited in the project area and few observations of aquatic species have been
recorded there over time. Impacts to surface water flow and channels are expected to be
minimal, as no significant alterations to these features would result from construction and
operations. Additionally, any primary channels and surface water flow affected during
mining would be restored during reclamation.

7.2.7.10 Waterfowl and Shorebirds

Construction and operation of the Moore Ranch Project would have a negligible effect on
migrating and breeding waterfowl and shorebirds. Little existing habitat is present in the
area, so it does not currently support large groups or populations of these species. Ponding of
water from fluid releases during operations will be immediately removed, minimizing any
contact of released fluids with waterfowl or shorebirds. Any new treated water sources would
enhance current habitat conditions for these species, though such effects may be ephemeral
and temporary in nature. Habitat disturbance in drainages or other potential water sources
would be reclaimed once productive operations have ceased. Replacement of any impacted
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jurisdictional wetlands would be required in accordance with Section 404 of the Clean Water
Act.

7.2.8 Noise Impacts of Operations

As noted in the discussion of noise impacts during construction in section 7.1.5, there are no
occupied housing units in the vicinity of the proposed Project. Open rangeland is the primary
land use within and in the surrounding 2.0-mile area. Other land uses include oil and gas
production facilities, as well as pastureland located to the west of the Project area. The noise
impacts during operation are expected to be less than those during construction due to the
smaller work force, reduction of earthmoving and construction activities on site, and the
reduced number of shipments of materials and equipment.

7.2.9 Cumulative Impacts of Coal Bed Methane Development Projects

The Powder River Basin has been developed since the mid-1980's for the recovery of coal
bed methane (CBM). With advancements in technology, development and production of
CBM has been increasing substantially since the mid-1990s. Development has been centered
in all or parts of Campbell, Converse, Johnson, and Sheridan counties. The target coal zones
are contained in the Fort Union formation.

The following discussion of CBM recovery methods (Section 7.2.9.1) and environmental
impacts (Section 7.2.9.2) is based on a Final Environmental Impact Statement (FEIS)
prepared by the Bureau of Land Management (BLM) for the Powder River Basin 4. The
proposed Moore Ranch License Area includes existing CBM recovery facilities which are
discussed in Section 7.2.9.3. Cumulative environmental impacts of existing CBM
development and the Moore Ranch Project are discussed in Section 7.2.9.4.

7.2.9.1 Coal Bed Methane Recovery Method

Recovery of CBM involves installation of facilities including access roads, pipelines for
gathering gas and produced water, electrical utilities, facilities for measuring and
compressing recovered gas, facilities for treating, discharging, disposing of, containing, or
injecting produced water, and pipelines to transport gas to high-pressure transmission
pipelines. Several coal beds may occur together. Standard practice in these areas is to drill a
separate well to develop each coal bed. Where possible, wells are collocated on the same
well pad. Wells and well pads are generally installed on an 80-acre spacing pattern (eight
pads per square mile).

Typically, the CBM operators use a truck-mounted water well type of drilling rig to drill
CBM wells. A well is drilled to a depth of 350 feet to 1,500 feet or deeper to the top of a coal
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zone. When the target coal is reached, the well production casing is placed and cemented.
Placement of production casing includes insertion of a steel pipe into the drill hole from the
bottom of the hole to the surface. Casing is set into the hole one joint at a time and is
threaded at one end with a collar located at the other end to connect each joint. The casing is
then cemented into place by pumping a slurry of dry cement and water into the casing head,
down through the casing string to the bottom, and then up through the annulus between the
casing and the well. A plug and water flush is then pumped to the bottom of the well to
remove any residual cement from the inside walls of the casing. Sufficient cement is pumped
into the annulus to fill the space, where it is allowed to harden. If indications of inadequate
primary cementing exist such as lost returns, cement channeling, or mechanical failure of
equipment, the operator evaluates the adequacy of the cementing by pressure testing the
casing shoe, running a cement bond log, cement evaluation tool log, or a combination.

Cementing the annulus around the casing pipe restores the original isolation of formations by
creating a barrier to the vertical migration of fluids and gas between rock formations within
the borehole. It also protects the well by preventing pressure in the formation from damaging
the casing and retards corrosion by minimizing contact between the casing and corrosive
formation waters.

After the coal zone is drilled, the open hole is flushed with clean chlorinated water to remove
the coal fines from the hole. Steel tubing is then inserted inside the casing and in the open
hole. A submersible electric pump is attached to the bottom end of the tubing to pufnip water
from the coal. The size and capacity of the submersible pump depends on the coal's thickness
and the rate of production expected from the well. Most pumps are rated at 10 to 20 gallons
per minute. The pump is necessary because water pressure in the coal zone must be reduced
before gas (methane) will flow to the open hole. The water is pumped up the tubing to the
surface where, generally, it is gathered in a pipeline for disposal. When the gas is released
from the coal, it flows up the space between the tubing and the steel casing to the gas-
gathering system and compressors at the surface.

After well productivity is established, a small area of about 5 to 6 feet square is leveled and a
weatherproof covering or box is placed over the wellhead. Enclosures for wellheads and
metering facilities are vented. Usually, a metal fence or rail is installed immediately around
the box and electrical panel to protect them from livestock. Meters to measure pressure and
rates of water production may be placed in the box. Injection facilities, including some
treatment facilities, may be collocated at CBM wells. The power lines for the submersible
water pumps are laid in trenches, usually with water pipelines, to minimize surface
disturbance and the visual impact of operations.

Three types of pipelines are generally constructed. These pipelines gather gas and produced
water and deliver gas at high pressure. The gathering pipelines convey gas from the wells to
compressor facilities and the produced water to discharge or disposal points. The high-
pressure gas pipelines connect compressor facilities to transmission pipelines. The pipelines
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to gather gas and produced water are constructed of high density polyethylene (HDPE) pipe
with an outside diameter of 2 to 12 inches. The high-pressure pipelines are constructed of
steel pipe with an outside diameter of 12 to 16 inches. Rights-of-way for the pipelines vary
from 20 to 50 feet for HDPE pipeline and 100 feet for steel pipelines. All pipelines are
generally installed along access roads to minimize disturbance.

Produced water is brought to a point of discharge into a natural drainage or into containment
for disposal. The average rate of water production per well is about 10 gpm. This rate for an
individual well may rise as deeper, thicker coals are produced. Historically, the rate of water
production drops to one-half its initial level after the first year of production in a new area
where the water pressure is being reduced before gas production begins.

The method of handling produced water varies as- the water quality, water volumes, and
desires of the surface owner change. Typical water handling methods include direct surface
discharge, passive or active treatment of produced water followed by direct surface
discharge, infiltration or containment impoundments for produced water, land application
using irrigation equipment, and injection of produced water through disposal wells.
Presently, the primary method of disposal is to convey the water in an underground pipe to a
surface discharge location mutually selected by the operator and the surface owner or lessee.
WDEQ permits these surface discharges through the State NPDES program.

Gas-gathering pipelines for an average of 10 wells are tied together in a central rheasuring
facility (CMF). At the CMF, gas is commingled into the gas-gathering system, which
transports it to a compressor station. Two types of compressor stations are constructed:
central reciprocating and booster stations. Produced natural gas under pressure from the
wellhead moves through the low-pressure gas-gathering system to a booster compressor
station. Typical pressure in the gathering line is less than 50 psi. At booster stations, low
horsepower (350 HP) natural gas or electric-powered boosters or blowers enhance the flow
of gas through the pipelines. Gas from the booster compressor stations then flows through
medium-pressure pipelines (50 to 125 psi) to a central reciprocating compressor station. High
horsepower (1,650 HP) compressors at these stations increase the pressure of natural gas to
an estimated 700 to 1,450 psi to facilitate transmission of the natural gas to high-pressure
transmission pipelines.

As production areas deplete, surface facilities are removed. Depleted production holes are
plugged and abandoned in accordance with Onshore Oil and Gas Order No. 2 and Wyoming
Oil and Gas Conservation Commission (WOGCC) rules. Once the well is conditioned as a
static column, the well is decommissioned by pouring redundant plugs, a slurry of cement
and water at strategic locations in the well bore. These locations are based on each well's
configuration to prevent migration of fluids or gas up the well bore or any uncemented paths.
A mixture of bentonite and water is placed between the cement plugs. Well pads are
recontoured, plowed, and seeded. Wells may also be assigned to the landowner consistent
with the terms of the surface use agreement. When the well is assigned, all rights and
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responsibilities, including reclamation, pass to the landowner, unless otherwise specified.
The underground pipelines are cleaned, disconnected, and then abandoned in place to avoid
any unnecessary surface disturbance. Underground electric lines are disconnected and are
also abandoned in place to avoid any unnecessary surface disturbance. Aboveground lines
are disconnected and the power poles are removed from the sites.

The productive life of each well is expected to be about 7 years. Final reclamation of these
wells occurs during the 2 to 3 years after production ends, resulting in an overall average life
of 10 years.

7.2.9.2 Environmental Impacts of CBM Recovery in the Powder River Basin

In 2003, the BLM issued a Final Environmental Impact Statement (FEIS) and a Record of
Decision 5 (ROD) for a proposed expansion of CBM production in the Powder River Basin.
The following sections describe the environmental impacts of the alternative approved by the
BLM in the ROD. This review is limited to CBM impacts that may contribute to a
cumulative impact when considered with the environnmental impacts of the Moore Ranch
Project as discussed in Sections 7.1 and 7.2.1. through 7.2.8 above. It should be noted that
the environmental impacts associated with CBM development discussed in this section were
associated with a large project (51,000 total CBM wells) located in a large area within the
Powder River Basin (approximately 8 million acres). The cumulative impacts of
development in the Moore Ranch Project area will be based on the actual and planned CBM
development within that area and are discussed in detail in Section 7.2.9.4.

7.2.9.2.1 Groundwater Impacts

CBM recovery requires the removal of large volumes of groundwater from the coal zone in
order to depressurize the zone and release the gas. The BLM estimated that development of
CBM in the Powder River Basin through 2018 would remove about 3 million acre-feet, less
than 0.3 percent of the total recoverable groundwater (nearly 1.4 billion acre-feet) in the
Wasatch and Fort Union Formations within the Powder River Basin. An estimated 15 to 33
percent of the groundwater removed will infiltrate the surface and recharge the shallow
aquifers above the coals. Redistribution of pressure within the coals after water production
ends would allow the hydraulic pressure head to recover within approximately 50 feet or less
of pre-project levels within 25 years after the project end. Complete recovery of water levels
likely would take tens to hundreds of years, depending on the location.

BLM models indicated that Wasatch aquifers that overlie the coals also would be affected by
development. As the coal is de-pressurized by water removal during mining or development
of CBM, water contained in deep Wasatch sands would leak into the coals. Water levels in
the deep Wasatch sands would be lowered, but BLM estimated that the drawdown likely
would be less than 10 percent of the level that would occur in the coal. Conversely, in some
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areas BLM estimated that water levels in very shallow Wasatch sands. likely would rise
initially, up to 50 feet in the immediate vicinity of infiltration impoundments and up to 10
feet at distances of several hundred feet from impoundments or surface drainages that receive
CBM discharge. This rise would occur through enhanced recharge from infiltration of CBM
produced water.

BLM projected that the infiltration of produced water would not noticeably affect
groundwater quality.

Wells completed in developed coals that are located within the areal extent of the 100-foot
drawdown contour created by a CBM well could experience drops in water level and
possibly methane occurrence. Flowing artesian wells and springs that emanate from coals in
these areas would likely experience a decrease in flow rate. BLM estimated that recovery of
artesian conditions likely would not occur unless recovery of the last five percent or so of
hydraulic head occurs.

7.2.9.2.2 Surface Water Impacts

An estimated 9 to 52 percent of CBM produced water would contribute to surface flows.
Perennial flows would be likely to develop in formerly ephemeral channels. The preferred
alternative included management of surface water discharges of produced wate? by sub-
watersheds and the emphasized use of infiltration for produced water management. The
Moore Ranch Project is located in the BLM Upper Belle Fourche River watershed. Under
modeled conditions, the amount of produced water assumed to reach the main stem of the
Upper Belle Fourche River sub-watershed during the peak year of CBM water production
(2006) was about 61 cfs (44,168 acre-feet/year).

BLM expects noticeable changes in water quality of main stems during periods of low flow.
The key water quality parameters of concern due to their impacts on water use for irrigation
are sodicity (as measured by the sodium absorption ratio or SAR) and salinity (as measured
by conductivity). NPDES permit conditions provide enforceable assurance that water quality
standards and designated uses would not be degraded from discharges of CBM produced
water. Under modeled conditions, the BLM estimated that the resultant water quality in the
Upper Belle Fourche River sub-watershed at Moorcroft, Wyoming, during all months of the
year would be adequate to meet the Most Restrictive Proposed Limit (MRPL) for both
conductivity and SAR that the WDEQ has adopted in its NPDES permitting process to be
protective of downstream irrigation. Under some flow conditions, the modeled SAR values
and concentrations of sodium may inhibit the use of irrigation on some tributaries in the
Upper Belle Fourche River sub-watershed. However, BLM noted that samples collected
since the onset of CBM production in the Upper Belle Fourche River sub-watershed had not
detected changes in ambient stream water quality which were predicted by the mass balance
model.
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BLM projected that concentrations of suspended sediment in surface waters would be likely
to rise above baseline levels as a result of increased flows and runoff from disturbed areas.
BLM requires site-specific Water Management Plans (WMPs) as an integral part of
mitigation planning to control and monitor the potential effects from increased flows in
surface drainages.

As a positive impact of CBM development, the discharge of produced water would result in
the increased availability of surface water for irrigation and other downstream beneficial
uses. Numerous impoundments are constructed to temporarily store CBM produced water for
beneficial use. BLM estimated that between 8 to 25 percent of CBM produced water would
be held in storage.

7.2.9.2.3 Air Quality Impacts

Fugitive dust and exhaust from construction activities, along with air pollutants emitted
during operation (i.e., well operations, injection well and pipeline compressor engines, etc.),
are potential causes of decreases in air quality related to CBM development and production.
BLM performed air pollutant dispersion modeling to quantify potential PM 10 and SO 2

impacts during construction based on the individual pollutant's period of maximum potential
emissions. Construction emissions would occur during potential road and ývell pad
construction, well drilling, and well completion testing. During well completion testing,
natural gas may be flared and exhausted. Maximum air pollutant emissions from each well
would be temporary (i.e., occurring during a short construction period) and would occur in
isolation. Air quality impacts would occur during production including non-CBM well
production equipment and booster and pipeline compression engine exhausts. The amount of
air pollutant emissions during construction is controlled by watering disturbed soils, and by
air pollutant emission limitations imposed by the WDEQ. Before actual development can
occur, the WDEQ must review the specific air pollutant emissions pre-construction permit
application that examines the source-specific air quality impacts. As part of these permits
(depending on source size), the WDEQ may require additional air quality impacts analyses or
mitigation measures.

7.2.9.3 CBM Development at Moore Ranch

Two companies (Barrett Resources Corporation and Devon Energy Corporation) have CBM
claims located within the proposed Moore Ranch License Area. EMC has met with
representatives of both companies to discuss current and planned CBM operations within he
proposed license area and coordination with EMC activities. Currently existing CBM
facilities operated by Devon located within the proposed Moore Ranch License Area are
shown in Figure 7.2-6. Barrett has plans for future development within the license area. The
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producing interval is the Anderson/Big George coal at depths of between 1,000 and 1,200
feet below ground surface.
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Existing Devon installations were installed approximately seven years ago and will be
nearing the end of their operational life at the time EMC expects to begin construction.
Reclamation activities for these Devon wells and facilities will likely occur during the
operational phase of the Moore Ranch Project.

Barrett plans to install new facilities within the next several years in Sections 2, 3, 4, 33 and
the NW ¼ of Section 34. These planned facilities are located outside EMC wellfields.

Based on discussions with both CBM operators and experience with concurrent CBM and
uranium recovery development in other locations in the Powder River Basin, EMC believes
that these activities can be coordinated to maintain health, safety, and environmental
controls.

7.2.9.4 Cumulative Environmental Impacts of the Moore Ranch Project and CBM
Development

The only potential cumulative environmental impact of CBM and ISR operation would be
hydrologic. As previously mentioned, the producing interval for CBM is the Anderson/Big
George coal at depths of between 1,000 and 1,200 feet below ground surface. The
Anderson/Big George Coal is within the Fort Union Formation and is separated from the
uranium-producing 70 Sand in the Wasatch Formation by over 700 feet of interbedded clays,
siltstone, and discontinuous sands. As a result, no hydrologic impacts from coal bed methane
production are expected on sandstone and clay aquitards relevant to in situ mining at Moore
Ranch.

The potential effect of accidents due to collocation of ISR and CBM projects are discussed in
Section 7.5.6.

7.2.10 Cumulative Impacts of Other Uranium Development Projects

The Powder River Basin has been historically developed for the recovery of uranium using
ISR and conventional (underground and pit) mining. The only existing licensed uranium
projects currently located in the Powder River Basin are the Smith Ranch/Highland Uranium
Project (operated by Power Resources, Inc.) and the Irigaray/Christensen Ranch Project
(operated by Uranium One USA, Inc). These ISR projects are located approximately 37
miles south-southeast and 19 miles north-northwest of the Moore Ranch Project,
respectively. Considering the distance between the existing projects and the proposed Moore
Ranch Project, cumulative environmental impacts are not expected.

EMC is aware that several companies are actively investigating the potential for ISR mining
in areas near the Moore Ranch Project. These projects are in various stages of development.
Licensing and permitting applications have not been submitted to the regulatory agencies at
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the time of this application. As such, it is not possible for EMC to accurately predict the
cumulative environmental impacts should these uranium projects seek and ultimately gain
regulatory approval and be developed.

7.3 RADIOLOGICAL EFFECTS

7.3.1 Public Radiological Effects

EMC is proposing to develop a uranium in-situ recovery facility with a production and
restoration flow of approximately 3000 and 500 gallons per minute (gpm) respectively. An
assessment of the radiological effects of the Moore Ranch facility (the facility) must consider
the types of emissions, the potential pathways present, and an evaluation of potential
consequences of radiological emissions.

The facility will use fixed bed pressurized down flow ion exchange columns to separate
uranium from the pregnant production fluid and to treat restoration solutions. The uranium
contained in the eluant from the production ion exchange columns will be precipitated and
subsequently vacuum dried.

In addition to ion exchange treatment, the groundwater restoration process will also use
reverse osmosis to remove the dissolved solids. Liquid waste disposal will be via direct deep
well injection. No evaporation ponds are planned at this time.

The facility will also receive uranium-loaded ion exchange resin from various satellite
facilities around the region. An average of 6 resin transfers per day from these satellite
facilities is anticipated.

Since the drying and packaging operation is conducted under vacuum, the only expected
routine emission at the facility will be radon-222 gas. Radon-222, a decay product of radium-
226, is dissolved in the lixiviant as it travels through the ore to a production well where it is
brought to the surface. The concentration of radon-222 in the production solution and
estimated releases are calculated using the methods found in USNRC Regulatory Guide
3.596 . The details of and assumptions used in these calculations are found in Section 7.3.3.

MILDOS-AREA 7 is used to model radiological impacts on human and environmental
receptors (e.g. air and soil) using site specific radon-222 release estimates, meteorological
and population data, and other parameters. The estimated radiological impacts resulting from
routine site activities will be compared to applicable public dose limits as well as naturally
occurring background levels.
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7.3.1.1 Exposure Pathways

Figure 7.3-1 presents exposure pathways from all potential sources at the Moore Ranch
facility. The predominant pathways for planned and unplanned releases are identified. As
mentioned earlier, atmospheric radon-222 is expected to be the predominant pathway for
impacts on human and environmental media. Impacts of radon-222 releases can be expected
in all quadrants surrounding the facility, the magnitude of which is driven predominantly by
wind direction and atmospheric stability. As a noble gas, radon-222 itself has very little
radiological impact on human health or the environment. Radon-222 has a relatively short
half-life (3.2 days) and its decay products are short lived, alpha emitting, nongaseous
radionuclides. These decay products have the potential for radiological impacts to human
health and the environment. As Figure 7.3-1 shows, all exposure pathways, with the possible
exception of absorption, can be important depending on the environmental media impacted.
All of the pathways related to air emissions of radon-222 are evaluated by MILDOS-AREA.
MILDOS-AREA modeling output is contained in Appendix E.
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Figure 7.3-1 Human Exposure Pathways for Known and Potential Sources from the Moore Ranch Area
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7.3.1.2 Exposures from Water Pathways

The mining solutions in the ore zone will be controlled and adequately monitored to
ensure that migration does not occur. The overlying aquifers will also be monitored.

The primary method of waste disposal at the facility will be by deep well injection. The
deep well(s) will be completed at depths significantly deeper than zones planned for
mining and current CBM operations and will be isolated geologically from underground
sources of drinking water. The well(s) will be constructed under a permit from the
Wyoming Department of Environment Quality (WDEQ) and all requirements of the
Underground Injection Control (UIC) program for Class I wells will be met.

The uranium ion exchange, precipitation, drying and packaging facilities will be located
on curbed concrete pads to prevent any liquids from entering the environment. Solutions
used to wash down equipment drain to a sump and are either pumped back into the
processing circuit or to the disposal well. The pads will be of sufficient size to contain the
contents of the largest tank in the event of a rupture.

No routine liquid environmental discharges, other than waste disposal via deep well
injection, are planned and as such, no definable water related pathways for routine
operations exist.

7.3.1.3 Exposures from Air Pathways

The only source of radionuclide emissions is radon-222 released into the atmosphere through
a vent system in the main plant area or from the wellfields. As shown in Figure 7.3-1,
atmospheric releases of radon-222 can result in radiation exposure via three pathways;
inhalation, ingestion, and external exposure. The Total Effective Dose Equivalent (TEDE) to
nearby residents in the region around the facility was estimated using MILDOS-AREA.

7.3.1.3.1 Source Term Estimates

The source terms used to estimate radon-222 releases from the facility include three well
fields in production, one restoration well field, new well field development, operation of the
central process plant, and resin transfers from neighboring satellite processing facilities. The
parameters used to characterize and estimate releases are provided in Table 7.3-1.
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Table 7.3-1 Parameters used to estimate and characterized source terms at the Moore
Ranch In-Situ Recovery facility.

Parameter Value Unit Source

Average Ore Grade 0.1 % Application

Ore radium-226 Concentration 282 pCi g-1 Reg. Guide 3.59

Mined Area 3.12E+05 m2 y- Application
Average Lixiviant Flow 1.14E+04 L m" Application
Average Restoration Flow 1.89E+03 L m-1  Application
Operating days per year 365 days
Ore formation thickness 6.1 meters Application
Ore formation porosity 0.2 NA Application
Ore formation rock density 2.65 Application
Average residence time for lixiviant 7 days Application

Average residence time for restoration solutions 35 days Application

Estimate based on plannedAverage mass of ore material in mud pit 1.02E+07 g activities
activities.Estimate based on plannedNumber of mud pits generated per year 300 NA atvte

activitiesEstimate based on planned
Storage time in mud pits 14 days activities

Radon-222 emanating power 0.2 NA Reg. Guide 3.59
Radon-222 release rates 0.1 y Estimate based on process

Resin Porosity 0.4 NA NUREG 1569
Estimate based on planned

Ion Exchange Column Volume 1.42E+04 L activities
activities

Estimate based on planned
Number of Resin Transfers per day 6 NA activitie s

activities

Stack Height 16 m Application
Stack Diameter 0.3 m Application
Stack Velocity 11 m s"' Application

Production Releases

Currently EMC plans to have up to three wellfield areas at Moore Ranch that could
potentially be mined concurrently. The potential radon-222 releases from the production well
fields were estimated using methods described in Regulatory Guide 3.59 as follows:
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Radon released (equilibrium condition) to production fluid from leaching is calculated
using Equation 1:

G = RpE 0 p) xl 06 (Equation 1)
P

Where:

G = radon released (Ci/m 3)
R = radium content of ore (pCi/g)
E = emanating power
p = rock density (g cm"3)
p = formation porosity

The yearly radon released to the production fluid is calculated using Equation 2:

Y = 1.44GMD(1 - e-"') (Equation 2)

Where:

Y = yearly radon released to production fluid (Ci yr-)
G = radon released at equilibrium (Ci m-3)
M lixiviant flow rate (L min")
D = production days per year (d)
X = radon-222 decay constant (d1)
t = lixiviant residence time
1.44 = unit conversion factor

Using Equations 1 and 2 and the parameters in Table 7.3-1, the yearly radon released to
production fluid is 2563 Ci yfr". Regulatory Guide 3.56 assumes all the radon-222 that is
released to the production fluid is ultimately released to the atmosphere, which is the case
for ion exchange columns operating at atmospheric pressure in an open system and is an
appropriate conservative assumption for this type of ion exchange system. In cases where
pressurized downflow ion exchange columns are used and wellfields are operated under
pressure, the majority of radon released to the production fluid stays in solution and is not
released. The radon which is released is from occasional well field venting for sampling
events, small unavoidable leaks in well field and ion exchange equipment, and
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maintenance of well field and ion change equipment. For this reason, an estimated annual
release of 10% of the radon-222 in the production fluid from the wellfields and an
additional 10% in the ion exchange circuit was assumed. Given this assumption, the
annual radon-222 released from production in the wellfield and at the central plant
facility is 256 and 230 Ci yr-1, respectively. For purposes of MILDOS-AREA model
simulations, the wellfield release of 256 Ci yr" was distributed in proportion to the
estimated size among the two proposed well fields at the site.

Restoration Releases

Radon-222 releases resulting from wellfield restoration activities were estimated in the same
manner as the production activities above (i.e., using Equation 2) but modified for the lower
restoration flow rate and the longer restoration fluid residence time, both of which are listed
in Table 7.3-1. The estimate of a 10% release in the well field and treatment facility results
in releases of 59 and 53 Ci yr 1 respectively. For purposes of the MILDOS-AREA model
simulations, the wellfield release of 59 Ci yfr" was distributed equally among the three
proposed well fields at the site.

New Wellfield Releases

Radon-222 releases resulting from new wellfield development activities were estimated
using methods described in NUREG-1569 as follows: J

Rn ,w = EL[Ra]TmNxl 0' 2  (Equation 3)

Where:

Rnw = Radon-222 release rate from new well field (Ci yr')
E = emanating power
[Ra] = concentration of radium-226 in ore (pCi g-)
L = decay constant of radon-222
T = storage time in mud pit (d)
m = average mass of ore material in the pit (g)
N = number of mud pits generated per year
10"12 - unit conversion factor (Ci pCi)

Using Equation 3 and the parameters in Table 7.3-1, the yearly radon released from new
wellfield development is 0.43 Ci yrl. For purposes of the MILDOS-AREA model
simulations, the new wellfield release was assumed to occur at the central plant location.
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Resin Transfer Releases

Radon-222 releases resulting from resin transfers from neighboring satellite facilities were
estimated using methods described in NUREG-1569 as follows:

Rn., = 3.65xl 0-'o FCRfl (Equation 4)

Where:

Rn,.

CPn

3.65x 104 0

= Radon release rate from resin transfers (Ci yr])
= water discharge rate from resin unloading (L d-1)
= Steady state radon-222 concentration in process water (pCi

L-1)
unit conversion factor (Ci pCi'-)(d yfr1)

The steady state radon-222 concentration in process water (CRc) can be estimated from
the following expression:

Y * 1.9E6
M (Equation 5)

Where:

CR

Y
M
1.9E6

Steady state radon-222 concentration in process water (pCi
L-)

= yearly radon released to production fluid (Ci yr-')
= lixiviant flow rate (L min-)
= unit conversion factor (pCi Ci')(yr min')

The water discharge rate from resin unloading (Fi) can be estimated from the following
expression:

F, = Ni * V, * P, (Equation 6)

Where:
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F,

vi
Pi

= water discharge rate from resin unloading (L d-1)
- Number of resin transfers per day
= volume of resin in transfer (L)
= porosity of resin

Using Equations 4-6 and the parameters in Table 7.3-1, the yearly radon released from resin
transfers from satellite facilities development is 5.3 Ci yfr1. This estimate assumes the ore
grade mined at the satellite facilities would yield the same radon concentration in production
fluid as the Moore Ranch facility. For purposes of the MILDOS-AREA model simulations,
the resin transfer release was assumed to occur at the central plant location.

Radon-222 Release Summary

A summary of estimated radon-222 releases from the Moore Ranch Facility is presented
in Table 7.3-2. The source coordinates in Table 7.3-2 are relative to the main plant area.

Table 7.3-2 Estimated Radon-222 Releases (Ci yr"1) from the Moore Ranch Facility

Location x Production Restoratior Drilling Resin Transfer Totj

Well Field 1 -0.42 0.07 85.3 20 0 0 105.3

Well Field 2 0.89 -0.53 85.3 20 0 0 105.3

Well Field 3 0.47 -0.64 85.3 20 0 0 105.3
Main Plant Stack 0 0 230 53 0 5.3 288.3
New Well Field 0 0 0 0 0.43 0 0.43
Total 486 113 0.43 5.3 604.7

7.3.1.3.2 Receptors

The receptors used in the MILDOS-AREA simulations are presented in Table 7.3-3 and
include the property boundary in 16 compass directions, 2 residences, and the town of
Wright.
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Table 7.3-3 Moore Ranch Receptor Names and Locations

1. Property Boundary- N 0.00 2.60 (ki)
2. Property Boundary- NNE 1.09 2.63 2.85

3. Property Boundary- NE 1.96 1.96 2.77
4. Property Boundary- ENE 3.64 1.50 3.94
5. Property Boundary- E 6.71 0.00 6.71
6. Property Boundary- ESE 4.27 -1.96 5.11
7. Property Boundary- SE 2.31 -2.31 3.27
8. Property Boundary- SSE 1.19 -2.87 3.11
9. Property Boundary- S 0.00 -2.85 2.85
10. Property Boundary- SSW -1.51 -3.64 3.94
11. Property Boundary- SW -2.85 -2.85 4.03
12. Property Boundary- WSW -3.02 -1.25 3.27
13. Property Boundary- W -2.77 0.00 2.77
14. Property Boundary- WNW -2.17 0.90 2.35
15. Property Boundary-NW -1.42 1.42 2.01
16. Property Boundary- NNW -1.09 2.63 2.85
17. Nearest Resident East 4.50 0.00 4.50
18. Nearest Resident South 0.00 -13.4 13.4
19. Wright 26.1 18.9 32.2

7.3.1.3.3 Miscellaneous Parameters

The metrological data used in the MILDOS-AREA model is from the Joint Frequency
Distribution data presented in Section 2.5 of this application.

The population distribution used in the MILDOS-AREA model to estimate population
doses is from the demographic information presented in Section 2.3 of this application.

7.3.1.3.4 Total Effective Dose Equivalent (TEDE) to Individual Receptors

In order to show compliance with the annual dose limit found in 10 CFR §20.1301, EMC
has demonstrated by calculation that the TEDE to the individual most likely to receive
the highest dose from the Moore Ranch uranium in-situ recovery operation is less than
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100 mrem per year. The results of the MILDOS-AREA simulation for each receptor in
Table 7.3-3 are presented in Table 7.3-4.

An evaluation of the TEDE follows:

1) The maximum TEDE of 0.8 mrem/yr, located at the northwest property
boundary, is 0.8 percent of the public dose limit of 100 mrem.

2) Receptor #17 is the closest resident to the Moore Ranch facility. The
estimated TEDE at this location is 0.7 mrem/yr, which is 0.7 percent of the
regulatory limit.

3) The effect of the Moore Ranch operation on any potential resident is less
that 1 mrem/yr.

4) Since radon-222 is the only radionuclide emitted, public dose
requirements in 40 CFR part 190 and the 10 mrem/y constraint rule in 10
CFR §20.1101 do not apply.

5) Even if 100% of the radon-222 contained in restoration and production
fluids were released to the atmosphere (i.e. 100% released instead of
10%), the impacts to potential residents surrounding the facility wodld be
less than the 100 mrem public dose limit.
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Table 7.3-4 Estimated Total Effective Dose Equivalent (TEDE) to Receptors near
the Moore Ranch Processing Facility

Distance from
Receptor Main Plant (km) TEDE (mremy)
1. Property Boundary- N 2.60 0.43
2. Property Boundary- NNE 2.85 0.32
3. Property Boundary- NE 2.77 0.34
4. Property Boundary- ENE 3.94 0.41
5. Property Boundary- E 6.71 0.45
6. Property Boundary- ESE 5.11 0.45
7. Property Boundary- SE 3.27 0.54
8. Property Boundary- SSE 3.11 0.50
9. Property Boundary- S 2.85 0.48
10. Property Boundary- SSW 3.94 0.22
11. Property Boundary- SW 4.03 0.15
12. Property Boundary- WSW 3.27 0.22
13. Property Boundary- W 2.77 0.41
14. Property Boundary- WNW 2.35 0.74
15. Property Boundary-NW 2.01 0.80
16. Property Boundary- NNW 2.85 0.46
17. Nearest Resident East 4.50 0.69
18. Nearest Resident South 13.4 0.08
19. Wright 32.2 0.03

7.3.1.3.5 Population Dose

The annual population dose commitment to the population in the region within 80 km of
the Moore Ranch facility is also predicted by the MILDOS-AREA code. The results are
contained in Table 7.3-5 where TEDE is expressed in terms of person-rems. For
comparison, the dose to the population within 80 km of the facility due to background
radiation has been included in the table. Background radiation doses are based on a North
American population of 346 million and an average TEDE of 360 mrem.

The atmospheric release of radon also results in a dose to the population on the North
American continent. This continental dose is calculated by comparison with a previous
calculation based on a 1 kilocurie release near Casper, Wyoming, during the year 1978.
The results of these calculations are included in Table 7.3-5 and also combined with dose
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to the region within 80 km (50 mi) of the facility to arrive at the total radiological effects
of one year of operation at the Moore Ranch project.

The maximum radiological effect of the Moore Ranch operation would be to increase the
TEDE of continental population by 0.000045 percent.

Table 7.3-5 Total Effective Dose Equivalent to the Population from One Year's
Operation at the Moore Ranch Facility

Dose received by population within 80 km of the facility
Dose received by population beyond 80 km of the facility 5.3
Total Continental Dose 5.4
Background North American Dose 1.2 E8
Fractional increase to background dose 4.5 E-8

7.3.1.3.6 Exposure to Flora and Fauna

To estimate potential radiological impacts to flora and fauna, the most important pathway
for exposure should be identified. Since the only planned emissions from the facility is
radon-222 to the atmosphere, the most important pathway for exposure to flora and fauna
is deposition of radon-222 decay products on surface water, surface soils, and vegetation.
MILDOS-AREA estimates surface deposition rate as a function of distance from the
source for the radon-222 decay products and calculates surface concentrations. Table 7.3-
6 presents the highest surface concentrations of radon-222 decay products predicted by
MILDOS-AREA over a 100 year period. Soil concentrations were calculated based on a
conservative assumption of 1.5 g cm"3 bulk soil density.
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Table 7.3-6 Highest Surface Concentrations of Radon-222 Decay Products Resulting
from Moore Ranch ISR Operations

Distance SurfaceDistace Suface Soil Concentration in
Radionuclide from site Direction Concentration Soi cetainin

(km) (pCi/m 2) upper 0.5 cm (pCi/g)
Polonium-218 1.5 E 25 3 E3

Lead-214 1.5 E 25 3 E3

Bismuth-214 1.5 E 25 3 E3

Lead-210 35 E 50 6 E-3

Lead-210 represents the radionuclide with the highest concentration (6 E-3 pCi/g ) which
is at least an order of magnitude below most analytical laboratories detection limits.
Recent site specific surface soil (0-5 cm) data previously discussed in Section 2.9.3 show
that lead-210 ranges from 1.1 to 4.6 with a mean of 2.8 ± 1.6 pCi/g. The increase in soil
radioactivity projected by MILDOS over a 100-year period is insignificant compared to
site specific background concentrations.

It is likely that soil re-suspension from background soils would be the predominant
source of lead-210 concentration in vegetation surrounding the site since lead-210
concentrations in vegetation would be similar to that of soil.

From this evaluation, the radiological impact of operations at the Moore Ranch Project
would be minimal and indistinguishable from current baseline conditions.

7.3.2 Occupational Radiological Impacts

The potential occupational doses for the Moore Ranch facility can be best estimated by
comparison with doses actually reported for similar, operating facilities. The operating
Smith Ranch Facility in Converse County, Wyoming is very similar to the planned design
of the Moore Ranch Facility. Both plants employ the following elements to control
worker exposure to ionizing radiation:

" The use of downflow pressurized ion exchange columns to limit the release of
radon gas from the lixiviant;

* The use of vacuum dryers to minimize the potential release of dried yellowcake
during packaging operation.
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e The use of building ventilation systems to minimize airborne concentrations of
radioactive materials during operations.

These sites are in close proximity to one another and both are subject to similar
environmental conditions and are likely to involve similar industrial circumstances.
Occupational dose data has been published for Smith Ranch in a site inspection report
(NRC, 2009) and several ALARA audit reports (Rio Algom Mining Corporation, 2000,
2001, 2002). This published information was used to compile estimates of average
maximum doses to workers at Smith Ranch for both external and predominant internal
sources in the following table.

Table 7.3-7 Estimated Average Maximum Doses for Predominant Sources at Smith
Ranch

Internal from Internal Max Internal External + Reported
Year External U Inhalation* from (inhalation Internal Max TEDEmemy)Radon** only)

(mrer/yr) (mrem/yr) (mrem/yr) (mrem/yr) (mrerm/yr) (Mrem/yr)

1999 205 57 63 120 325 301
2000 244 21 42 63 307 583
2001 878 58 21 79 957 1080
2008 431 - - 538

Average 440 45 42 87 530 626

Notes: * Mean annual maximum based on reported DAC-Hours and 2.5 mrem/DAC-hr
•* Mean annual maximum based on reported WLM, and equilibrium ratio of 0.5, and 500

mrem/WLM (ICRP 65)

The resulting average values indicated in this table provide a reasonable estimate of
expected doses to the maximally exposed worker at the Moore Ranch Facility. It is also
reasonable to assume that average worker doses would be considerably less than these
maximums as only a limited number of employees would be working consistently near
primary source areas such as the ion exchange columns, satellite facilities, dryer area, or
header house locations. Furthermore, the proposed Moore Ranch facility has been
designed to take into account the ALARA principle, with increased ventilation air
exchange rates, a vacuum dryer, and pressurized downflow ion exchange column design
expected to significantly reduce radon concentrations in the plant.

Use of pressurized downflow ion exchange (IX) columns, and operating wellfields under
pressure, will result in the majority of radon in the production fluids remaining in
solution and not being released to the environment. It is estimated that only 10% of
radon-222 in production fluids IX columns will be released to the atmosphere. Vessel
vents from the individual IX vessels will be directed to a manifold that is exhausted

Revised May 2010 7-64



r" ENERGY METALS CORPORATION US
E N E R GYM ETA L S License Application, Technical Report

CORPORATION US Moore Ranch Uranium Project

outside the building. This venting will minimize employee exposures. Small amounts of
radon-222 may be released via solution spills, filter changes, IX resin transfer, reverse
osmosis (RO) system operation during groundwater restoration, and maintenance
activities. These will be small radon gas releases, on an infrequent basis. The general
exhaust system in the plant will have increased ventilation to further reduce employee
exposure. Air in the central plant and other structures will be sampled for radon daughters
to assure that concentration levels of radon and radon daughters are maintained as low as
reasonably achievable (ALARA).

While no quantitative estimate can be made with regard to expected dose reduction
associated with these ALARA-based design features, the annual Moore Ranch doses are
not expected to exceed the doses reported for the Smith Ranch facility. Assuming that the
average dose is approximately half of the average maximum dose (a conservative
assumption given the limited number of employees that would routinely work in primary
exposure areas) and that the plant will employ 40 workers, the collective occupational
dose for Moore Ranch is expected to be 12.5 person-rem per year or less.

7.4 NON-RADIOLOGICAL EFFECTS

NUREG-15698 requires that applicants provide estimates of concentrations of
nonradioactive constituents in effluents at the points of discharge and prov~ide a
comparison with natural ambient concentrations and applicable discharge standards.
There are two effluents expected from the Moore Ranch Project.

" A gaseous and airborne effluent will consist of air ventilated from the plant
building ventilation system and vented from process vessels and tanks. This
gaseous effluent will contain radon gas as previously discussed in sections 4 and
7.3. The gaseous and airborne effluent will not contain any non-radiological
effluents. Nonradioactive airborne effluents at the Moore Ranch Project will be
limited to fugitive dust from access roads and wellfield activities. Fugitive dust
emissions will be minimal and dust suppressants will be used if conditions
warrant their use. Air quality impacts of construction and operation of the Moore
Ranch Project were discussed in detail in Sections 7.1.1 and 7.2.1, respectively.

" The liquid effluent will be managed in the deep disposal wells. The deep disposal
wells will permanently dispose of liquid wastes and will be permitted under a
Class I UIC Permit issued by the WDEQ. There are no non-radiological impacts
expected due to the liquid effluents from the Moore Ranch Project.
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