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6 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND FACILITY DECOMMISSIONING

6.1 Plans and Timelines for Groundwater Restoration

The objective of the Restoration and Reclamation Plan is to return the affected ground water and
land surface to the uses for which they were suitable before mining. The methods to achieve this
objective for both the affected groundwater and the surface are described in the following
sections. Before discussing restoration methodologies, the ore body genesis and chemical and
physical interactions between the ore body and the lixiviant are discussed.

6.1.1 Ore Body Genesis

The uranium deposit in the MEA is similar to that found in the CPF license area. It is a roll-front
deposit in fluvial sandstone and is similar to those in the Wyoming such as the Gas Hills, Shirley
Basin, and the Powder River Basin. The origin of the uranium in the deposit could lie within the
host rock itself from either the feldspar or volcanic ash content of the Chadron Sandstone. The
source of the uranium could also be volcanic ash of the Chadron Formation, which overlays the
Chadron Sandstone. Regardless of the source of the uranium, it has precipitated in several long,
sinuous roll fronts. The individual roll fronts are developed within subunits of the Chadron
Sandstone. The Chadron Sandstone is divided into local subunits by thin clay beds that confined
the uranium-bearing waters to several distinct hydrological subunits of the sandstone. These clay
beds are laterally continuous for hundreds of feet but.control the deposition of the uranium over
greater distances as other clay beds exert vertical control when the locally controlling beds pinch
out. Precipitation of the uranium resulted when the oxidizing water containing the uranium
entered reducing conditions. These reducing agents are likely H2S and, to a lesser degree, organic
matter and pyrite. More detailed discussions of the geochemical description of the mineralized
zone are presented in Section 2.6.1.2.

Solution mining of the deposit is accomplished by reversing the natural processes that deposited
the uranium. Oxidizing solution is injected into the mineralized portion of the Chadron
Sandstone to oxidize the reduced uranium and to complex it with bicarbonates. Pumping from
recovery wells draws the uranium-bearing solution through the mineralized portion of the
sandstone. The presence of reducing agents will increase oxidant requirements over that
necessary to only oxidize the uranium.

Because the deposition of the uranium was controlled between clay beds within the Chadron
Sandstone, the mining solutions will be confined to this portion of the sandstone by selectively
screening these intervals. This will limit the contamination and thus the required restoration of
unmineralized portions of the sandstone.

6.1.2 Chemical and Physical Interactions of Lixiviant with the Ore Body

The following discussion is based on a range of lixiviant conditions from 0.5 to 3.0 grams per
liter total carbonate and a pH from 6.5 to 9.0 su. This represents the normal range of operating
conditions for the MEA in-situ mining operations.
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6.1.2.1 Ion Exchange

The principal IX reaction is the exchange of sodium from the lixiviant onto exchangeable sites on
ore minerals with the release into solution of calcium, magnesium, and potassium. This reaction
can be shown as follows:

Caclay + 2 Na+oIution = 2 Nacly + Ca-solution

Similar reactions can be written for magnesium and potassium. Due to higher solubility of their
sulfate and carbonate compounds and their low concentrations in Chadron Sandstone and the ore,
magnesium and potassium in solution have no impact. The limited solubility of calcium
carbonate (CaCO3), and to a lesser degree, calcium sulfate, may lead to the potential for calcium
precipitation.

Laboratory tests have indicated that the maximum calcium IX capacity of the ore in a sodium
lixiviant with 3.0 g/L total carbonate strength is 1.21 meq of calcium per 100 grams of ore. This
equates roughly to 0.5 pound of calcium or about 1.2 pounds of calcium carbonate per ton of ore
that could potentially precipitate. Not all of this calcium, however, will be realized because
laboratory testing is run to indicate the maximum amount of calcium that can be exchanged.
Somewhat less than this amount will be released and only a portion of that precipitated. There is
no way to directly control the buildup of calcium in the lixiviant circuit. In practice, the lixiviant
carbonate concentration and the lixiviant pH are controlled. The formation characteristics dictate
an equilibrium calcium concentration in the lixiviant system, and IX and/or precipitation will
occur until the equilibrium is satisfied. The production bleed represents a departure from this
equilibrium and as such has some effect on the amount of calcium exchanged. If the bleed is kept
generally small, on the order of 0.5 percent, the effect of the bleed on the IX is small.

6.1.2.2 Precipitation

In the presence of carbonate ions and bicarbonate ions in the lixiviant system, calcium ions will
precipitate provided the limit of saturation has been reached. Calcium precipitation is a function
of total carbonate, pH, and temperature. For example, at 150 C, a pH of 7.5 su, and I g/L
carbonate in lixiviant, the equilibrium solubility of calcium is approximately 40 to 100 ppm.
Some uncertainty is seen in these numbers due to the effect of ionic strength and supersaturation
considerations. However, these figures illustrate the effect of carbonate concentration and pH on
the equilibrium solubility of calcium.

The amount of calcium produced depends on the IX that is taking place, while the precipitation of
calcium is a function of the lixiviant chemistry and the degree of supersaturation observed in the
system. As a first approximation, the proportion of calcium precipitation occurring aboveground
and underground will occur in the ratio of the residence times. In other words, if the residence
time is much longer underground than it is aboveground, as is the case for most ISR operations
including those projected for the MEA, then more of the calcium will precipitate underground
than aboveground. The calcium precipitation is a function of turbulence in the solution, changes
in dissolved CO2 partial pressure or pH, and the presence of surface area. The most likely places
for calcium to precipitate are underground where the ore provides abundant surface area for
precipitation; at or near the injection or production wellbore where changes in pressure,
turbulence, and CO2 partial pressure are all observed; and on the surface in the filters, in pipes,
and in tanks. If all the calcium were to precipitate (based on 1.2 pounds of CaCO 3 per ton of ore)
the precipitate would occupy about 0.15 percent of the void space in that ton of ore.
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Calcium may be removed from the system in two ways:

* Filters will be routinely backwashed to the MEA wastewater system (i.e., wastewater
tanks in the satellite building) and periodically acid cleaned, if necessary, to remove
precipitated CaCO 3 from the filter housing or filter media

" The solution bleed (approximately 0.5 to 1.0 percent) taken to create overproduction and
a hydrologic sink in the mining area eliminates some calcium from the system.

Should precipitation of calcium carbonate at or near the wellbore of the wellfield wells become a
problem, these wells may be air lifted, surged, water jetted, or acidified to remove the precipitated
calcium. Any water recovered from these wells containing dissolved CaCO 3 or particulate CaCO3
is collected and placed into the waste disposal system. Upon decommissioning, CaCO3 from the
facility equipment tank residues will be disposed of in either a licensed tailings pond or a
commercial disposal site.

The other possible precipitating species that has been identified is iron, which could precipitate as
either the hydroxide or the carbonate, causing some fouling. Such fouling is usually evidenced
by a reduction in the IX capacity of the resin in the extraction circuit. Should this fouling become
a serious problem, the resin can be washed and the wash solution disposed of in the waste
disposal system. Due to the small amount of iron present in the Chadron Sandstone, iron
precipitation has not been a problem in mining operations to date.

6.1.2.3 Hydrolysis

Hydrolysis reactions, which involve minerals and hydrogen or hydroxide ions, do not play an
important role in the ore/lixiviant interaction. In the pH range of 6.5 to 9.0 su, the concentration
of hydrogen and hydroxide ions is so small that these types of reactions do not occur to any great
degree. The only potential impact would be a small increase in the dissolved silica content of the
lixiviant system and a possible small increase in the cations associated with the siliceous
minerals. The hydrolysis reaction does not have a significant effect on operations.

6.1.2.4 Oxidation

The oxidant consumers in the basal sandstone of the Chadron Formation are H2S in the
groundwater, uranium, vanadium, iron pyrite, and other trace and heavy metals. The impact of
these oxidant consumers on the operation of the facility is a general increase in the oxidant
consumption over that which would be required for uranium alone. The second effect is a release
of iron and sulfate into solution from the oxidation of pyrite. A third effect is an increase in the
levels of some trace metals such as arsenic, vanadium, and selenium into solution. As mentioned
previously, the iron solubilized will most likely be precipitated as the hydroxide or carbonate,
depending on its oxidation state. Any vanadium oxidized along with the uranium will be
solubilized by the lixiviant, recovered with the uranium, and could potentially contaminate the
precipitated yellowcake product. H20 2 precipitation of uranium is used to reduce the amount of
vanadium precipitated in the product. Oxidation will also solubilize arsenic and selenium. The
restoration program will return these substances to acceptable levels. A final potential oxidation
reaction is the partial oxidation of sulfur species, increasing the concentrations of compounds
such as polythionates, which can foul IX resins. In in-situ operations with chemistries similar to
the MEA, these sulfur species are completely oxidized to sulfate, which poses no problems.
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6.1.2.5 Organics

Organic materials are generally not present in the MEA ore body at levels greater than 0.1 to 0.2
percent. Where present, organic materials effectively increase the oxidant consumption and
reduce uranium leaching. On longer flow paths, organic material could potentially re-precipitate
uranium should all of the oxidant be consumed and conditions become reducing. Another
potential impact of mobilized organics could be the coloring and fouling of leach solutions. As
the aquifer is maintained in the pH range of 6.5 to 9.0 su, mobilization of the organics and
coloring of the leach solution is avoided.

6.1.3 Basis of Restoration Goals

The primary goal of the groundwater restoration program is to return groundwater affected by
mining operations to pre-injection baseline values on an MU average as determined by the
baseline water quality sampling program. This sampling program is performed for each MU
before mining operations commence. Should restoration efforts be unable to achieve baseline
conditions after diligent application of the best practicable technology available, CBR commits,
in accordance with the Nebraska Environmental Quality Act and NDEQ regulations, to return the
groundwater to the restoration values set by the NDEQ in the Class III UIC Permit. These
secondary restoration values ensure that the groundwater is returned to a quality consistent with
the use, or uses, for which the water was suitable prior to ISR mining. These secondary
restoration values are approved by the NDEQ in the individual Notices of Intent (NOls) for each
MU based on the permit requirements and the results of the baseline monitoring program.

EPA groundwater protection standards issued under the authority of the Uranium Mill Tailings
Radiation Control Act (UMTRCA) are required to be followed by ISR licenses of the NRC and
its Agreement States. The EPA regulations issued under UMTRCA authority provide the
principal standards for uranium ISR operations and groundwater protection, while the UIC
regulations are considered additional requirements for ISR operations. CBR is required to restore
groundwater quality to the standards listed in Criterion 5B (5) of 10 CFR Part 40, Appendix A as
required by the UMTRCA, as amended. Under EPA requirements, groundwater restoration at
ISR facilities must meet the UMTRCA standards and not those associated with the Safe Drinking
Water Act or analogous state regulations.

Under Criterion 5B (5) of 10 CFR Part 40, Appendix A, at the point of compliance (mining zone

after restoration), the concentration of hazardous constituent must not exceed:

a. The NRC approved background concentration of that constituent in the groundwater

b. The respective value given in Table 6.1-1 for the UMTRCA values if the constituent is
listed in the table and of the background level of the constituent is below the value listed
or

c. Alternate concentration limit established by the NRC.

During restoration, sampling and analysis will be conducted in accordance with the operational
groundwater monitoring program described in Section 5.7.8 and 5.7.9. Consistent with the Class
III UIC Permit, the specifics of the restoration monitoring are provided in a restoration plan for
each MU or group of MUs for submission to the NDEQ.
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6.1.3.1 Establishment of Baseline Water Quality

In addition to pre-operational baseline groundwater monitoring, before mining in each MU, the
baseline groundwater quality is determined. The baseline data are established in each MU by
assigning and evaluating groundwater quality in "baseline restoration wells". A minimum of one
baseline restoration well for each 4 acres, but not fewer than six wells total for each MU, are
sampled to establish the MU baseline water quality. A minimum of four samples are collected
from each well. The samples are collected at least 14 days apart. The samples are analyzed for
the parameters listed in Table 6.1-1.

Table 2.7-5 is the restoration tables for MU-1 in the current commercial license area. This is
provided as an example of the 11 restoration tables for MU-I through MU- 1l. These tables
provide the baseline average and the range for all restoration parameters as well as the NDEQ
restoration standard approved for that MU in the NOI. Similar tables will be provided for the
MEA mine units at the appropriate time to address restoration activities.

6.1.3.2 Establishment of Restoration Goals

The baseline data are used to establish the restoration standards for each MU. As previously
noted, the primary goal of restoration is to return the MU to PPMP water quality condition on an
MU average. Because ISR operations alter the groundwater geochemistry, it is unlikely that
restoration efforts will return the groundwater to the precise water quality that existed before
operations.

Restoration goals are established by NDEQ to ensure that, if baseline water quality is not
achievable after diligent application of best practicable technology (BPT), the groundwater is
suitable for any use for which it was suitable before mining. NRC considers these NDEQ
restoration goals as the secondary goals. The NDEQ restoration values are established for each
MU and are approved with the NOI to Operate submittals according to the following analyses:

" For parameters that have numerical groundwater standards established in Title 118. The
restoration goal is based on the Title 1118 Maximum Contaminant Level (MCL).

" If the baseline concentration exceeds the applicable MCL as noted above, the standard is
set as the MU baseline average plus two standard deviations.

* If there is no MCL for an element (e.g., vanadium), the restoration value is based on a
wellfield average of the PPMP sampling data. Normal statistical procedures will be used
to obtain the average.

" The restoration values for the major cations (calcium, magnesium, potassium, and
sodium) allow the concentrations of these cations to vary by as much as one order of
magnitude as long as the TDS restoration value is met. The total carbonate restoration
criterion allows for the total carbonate to be less than 50 percent of the TDS. The TDS
restoration value is set at the baseline MU average plus one standard deviation.

The current NDEQ restoration standards are listed in Table 6.1-1.

It is anticipated that the Class III UIC Permit issued for the MEA will have similar requirements.
Under the provisions of the performance-based license, the CBR SERP reviews and approves the
establishment of restoration standards using the review procedures discussed in Section 5. Table
6.1-1 lists the 27 parameters used at the Crow Butte Project to determine groundwater quality.
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The current MCLs from Title 118 are listed as well as the restoration standards from the Class III
UIC Permit. The restoration value for each MU is based on the current Title 118 standard at the
time the NOI is approved by the NDEQ.

Proposals for Alternate Concentration Limits (ACLs) will include consideration of factors listed
under Criterion 5B(6) of 10 CFR Part 40, Appendix A and approval by NRC pursuant to
Criterion 5B(5Xc).

6.1.4 Groundwater Restoration Methods

6.1.4.1 Introduction

Restoration activities in the current license area have proven that the groundwater can be
restored to the appropriate standards following commercial mining activities. As shown
in Table 1.7-1, MUs 2 through 6 are currently undergoing restoration, with MU 2
undergoing stability monitoring following active restoration. MU 1 groundwater
restoration has been approved by the NDEQ and the NRC. On February 12, 2003, the
NRC issued the final approval of groundwater restoration in MU 1 at Crow Butte. This
approval was the culmination of 3 years of agency reviews including a license
amendment to accept the NDEQ restoration standards as the approved secondary goals.
MU 1 consisted of 40 patterns installed in 9.3 acres immediately adjacent to the CPF.
Included within the boundaries of MU 1 were five wells originally mined beginning in
1986 as part of the R & D pilot plant operation. Commercial mining activities began in
1991 and were completed in 1994. MU 1 was successfully restored to the approved
primary or secondary restoration standards for all parameters.

The approved CBR restoration plan consists of four steps:

1. Groundwater transfer
2. Groundwater sweep

3. Groundwater treatment
4. Wellfield recirculation

A reductant may be added at any time during the restoration stage to lower the oxidation potential
of the mining zone. A sulfide or sulfite compound will be added to the injection stream in
concentrations sufficient to reduce the mobilized species. Safety and handling issues associated
with the use of Na2S are discussed in Section 3.2.2. Instructions and safety precautions on the use
of Na 2S are included in the SHEQMS Volume III Operating Manual (Restoration Reductant
[Na 2S ]).

Although CBR's CSA Class III UIC Permit requires a minimum of 6 months for stability
monitoring of an MU to demonstrate the success of restoration (stabilization), for this license, the
specified ore zone monitoring wells will be sampled at a frequency of once each quarter. The
quarterly monitoring will continue until the data from the most recent four consecutive quarters
indicate no statistically significant increasing trend for all constituents of concern. At that point,
stabilization will be deemed complete subject to approval.
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Throughout restoration and stabilization, excursion monitoring consistent with Section 5.7.8.2
will continue until NRC determines that groundwater stabilization has been demonstrated.
Stability monitoring may continue beyond the 6-month period as necessary. Stability monitoring
will conclude, instead, when stabilization samples show that restoration goals on an MU average
for monitored constituents are met and there is no significant increasing trend for a minimum of
four quarters. At the end of the stabilization period, when restoration parameters have been
achieved and there are no significant increasing trends for any of the restoration parameters, a
request would be made to the appropriate regulatory agencies. A cone of depression (inward
hydraulic gradient) is not maintained during stabilization.

During mining until the start of stabilization, an overall hydrologic bleed will be maintained
within the perimeter monitor well ring to prevent lateral migration of mining lixiviant. If a proper
hydrologic bleed is not maintained, it is possible for water with chemistry similar to that in Table
2.7-6 column "Typical Water Quality During Mining at CPF" to begin migrating toward the
monitor well ring. The mobile ions, such as chloride and carbonate, would be detected at the
monitor well ring, and adjustments would be made to reverse the trend. The maintenance of a
hydrologic bleed and the close proximity of the monitor well ring, less than 300 feet from the
mining patterns, will ensure control of mining fluid. Vertical migration of fluid is less of a
concern than lateral migration due to the underlying and overlying aquitards. The vastly different
piezometric heads between the Lower and Middle Chadron, as well as the results of the pumping
test, support the conclusion that the Lower Chadron is vertically isolated.

Crow Butte initiated a bioremediation pilot study in MU 4 at the existing CPF on December 17,
2008. If CBR decides to employ this type of bioremediation in the future, a request for a license
amendment will be submitted to the NRC.

6.1.4.2 Restoration Process

Restoration activities include four steps designed to optimize restoration equipment used in
treating groundwater and to minimize the number of pore volumes circulated during the
restoration stage. The number of pore volumes that would be displaced during groundwater
restoration would be as follows: three pore volumes through IX treatment; six pore volumes
through the RO; and two pore volumes of recirculation (total of I 1 pore volumes for restoration).
CBR will monitor the quality of selected wells during restoration to determine the efficiency of
the operations and to determine if additional or alternate techniques are necessary.

Because the final layout of the MUs has not been defined, an assumed pore volume for the MUs
will be calculated as per the following:

Pore Volume (PV) = area x thickness x porosity x flare factor x 7.48 gal/ft3

The calculated pore volume will be based on the square footage of the potential wellfield area,
average under-ream interval of approximately 25 feet and an assumed 29 percent open pore space
value, and an assumed flare factor of 20 percent. As additional drilling is performed, these values
may be refined for use in calculating surety. All of these values are based upon experience at the
CPF.
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The CPF has geology and hydrology that is very similar to Marsland. Because there are fewer
stacked roll fronts at Marsland, Cameco expects an under-ream interval closer to 20 feet. The 29
percent assumed open pore space value remains valid at Marsland.

NUREG-1569 indicates that, for surety purposes, the licensee should include the flare factor in its
calculation of the number of pore volumes necessary for groundwater restoration (NRC 2003).
The flare factor is defined by the NRC as a proportionality factor designed to estimate the
amount of aquifer water outside of the pore volume that has been impacted by lixiviant flow
during the extraction process. The flare factor is usually expressed as a horizontal and vertical
component to account for differences between the horizontal and vertical hydraulic conductivity
of an aquifer material (NRC 2003). At the MEA little vertical flare is expected by virtue of the
consistent overlying clay breaks and the underlying Pierre Shale.

The horizontal and vertical flares are typically expressed as a multiple of the calculated pore
volume. However, R/CR-6870 states that there are zones with low permeabilities that have
proven more of a concern than in a wellfield where the balance is maintained. As in the case of
the current CBR operations, a wellfield at MEA will be balanced on an individual pattern basis.
Within the uranium ISR industry, this is the most effective way to mine an in-situ wellfield and
restore groundwater (Powertech 2009). During operations, CBR will balance the MEA individual
wells daily, a method that will reduce the pore volumes for restoration and minimize excursions
beyond the flare zone.

Acceptance Criteria 2 in Section 6.1.3 of RG-1569 (NRC 2003) states, "Specific flare factors
approved in the past vary from 20 to 80 percent and are typically based on experience from
research and development pilot demonstrations." CBR's technical basis for the proposed 20%
flare factor is the limited vertical flare and operational experience and hydrological modeling at
the CPF. Given the similar operating approach and similar geology and hydrology, the NRC
2011 determination of 20% as an acceptable flare at the CPF is also appropriate for calculating
pore volume at the MEA (NRC 2012; MLI 10320362)

As an example for use in the license application surety calculation, the calculated pore volume for
a 75 acre MEA wellfield will be approximately 177,193,095 gallons. A 75 acre wellfield is the
maximum area allowed by the State of Nebraska. In fact, the wellfields at the CPF average 50 to
60 acres and similar, smaller wellfields expected at the MEA. This is based on a calculated square
footage (75 acres = 3,267,000 ft2) of the example wellfield, an average under-ream interval of 25
feet, an estimated 29 percent open pore space value and a 20 percent flare factor. As noted
earlier, this example calculation over estimates both the area and the under-ream interval, so that
surety calculations for wellfields will be based upon the actual area and under-ream interval.

Groundwater Transfer

During groundwater transfer, water may be transferred between the MU commencing restoration
and an MU commencing mining operations. The higher TDS water from the MU in restoration is
recovered and injected into the MU commencing mining. The direct transfer of water will act to
lower the TDS in the MU being restored by displacing water affected by the mining with baseline
quality water.

The goal of the groundwater transfer step is to blend the water in the two MUs until they become
similar in conductivity. The recovered water may be passed through IX columns and filtration
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during this step if suspended solids are sufficient in concentration to present a problem with
blocking the injection well screens.

For the groundwater transfer step to occur, a newly constructed MU must be ready to commence
mining. If an MU is not available to accept transferred water, groundwater sweep, or other
activity will be employed as the first step 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
wastewater disposal system during restoration activities.

Groundwater Sweep

During groundwater sweep, water is pumped without injection from the wellfield, causing an
influx of baseline quality water from the perimeter of the MU, which sweeps the affected portion
of the aquifer. The cleaner baseline quality water has lower ion concentrations that act to strip off
the cations that have attached to the clays during mining. The affected water near the edge
patterns of the wellfield is also drawn into the boundaries of the MU. The number of pore
volumes transferred during groundwater sweep, if any, is dependent upon the presence of other
active MU along the MU boundary, the capacity of the wastewater disposal system, and the
success of the groundwater transfer step in lowering TDS.

Groundwater Treatment

Following the groundwater sweep step, water will be pumped from production wells to treatment
equipment and then re-injected into the wellfield. IX, RO, and/or Electro Dialysis Reversal
treatment equipment is generally used during this stage as shown on the generalized restoration
flow sheet on Figure 6.1-1.

Water recovered from restoration that contains uranium is passed through the IX system. The IX
columns exchange the majority of the contained soluble uranium for chloride or sulfate. Once the
solubilized uranium is removed, a small amount of reductant may be metered into the restoration
wellfield injection to reduce any pre-oxidized minerals. The concentration of reductant injected
into the formation is determined by the concentration and type of trace elements encountered.
The goal of reductant addition is to reduce those minerals solubilized by carbonate complexes to
prevent the buildup of dissolved solids, which would increase the time for restoration to be
completed.

A portion of the restoration recovery water can be sent to the RO unit. The use of an RO unit: 1)
reduces the TDS in the contaminated groundwater; 2) reduces the quantity of water that must be
removed from the aquifer to meet restoration limits; 3) concentrates the dissolved contaminants 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 unit contains membranes that pass about 60 to 75 percent of the water through, leaving
60 to 90 percent of the dissolved salts in the water that will not pass the membranes. Table 6.1-2
shows typical RO manufacturers specification data for removal of ion constituents (Pure Water
Products, LLC 2013). The clean water, called "permeate", will be re-injected, sent to storage for
use in the mining process, or to the wastewater disposal system. The 25 to 40 percent of water
that is rejected, called "brine", contains the majority of dissolved salts that contaminate the
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groundwater and is sent for disposal in the waste system. Makeup water may be added to the
wellfield injection stream to control the amount of "bleed" in the restoration areas.

The reductant (either biological or chemical) added to the injection stream during the
groundwater treatment stage will scavenge any 02 and reduce the oxidation-reduction potential
(Eh) of the aquifer. During mining operations, certain trace elements are oxidized. By adding a
reductant, the Eh of the aquifer is lowered, thereby decreasing the solubility of these elements.
H2S, Na2S, or a similar compound will be added as a reductant. CBR typically uses Na 2S due to
the chemical safety issues associated with proper handling of H2S. A comprehensive reductant
use safety plan is implemented.

The number of pore volumes treated and re-injected during the groundwater treatment stage will
depend on the efficiency of the RO in removing TDS and the reductant in lowering the uranium
and trace element concentrations.

Wellfleld Recirculation

At the completion of the groundwater treatment stage, wellfield recirculation may be initiated.
To homogenize the aquifer, pumping from the production wells and re-injecting the recovered
solution into injection wells may be performed to recirculate solutions.

The sequence of the activities will be determined by CBR based on operating experience and
wastewater system capacity. Not all phases of the restoration stage will be used if deemed
unnecessary by CBR.

Once the restoration activities are completed, CBR will sample the restoration wells and
determine if the MU has achieved the restoration values, on an MU average basis. If so, CBR
will notify the regulatory agencies that it is initiating the Stabilization Stage and will submit
supporting documentation that the restoration parameters are at or below the restoration
standards. If, at the end of restoration activities, the parameters are not at or below the approved
values, CBR will either re-initiate certain steps of the restoration plan or submit documentation to
the agencies that the best practical technology has been used in restoration. The documentation
will include a justification for alternate parameter value(s) including available water quality data
and a narrative of the restoration techniques used.

6.1.5 Stabilization Phase

Upon completion of restoration, all groundwater extraction and iniection ceases and no inward
hydraulic gradient is maintained. Only stability monitoring (sampling) occurs.

A groundwater stabilization monitoring program will begin in which the restoration wells and any
monitor wells on excursion status during mining operations will be sampled and analyzed for the
restoration parameters listed in Table 6.1-1. A cone of depression (inward hydraulic gradient) is
not maintained during stabilization.

Although CBR's CSA Class III UIC Permit requires one sample a month for a minimum of 6
months for stability monitoring of an MU to demonstrate the success of restoration (stabilization),
for CPF's NRC license, the specified ore zone monitoring wells will be sampled at a frequency of
once each quarter. The quarterly monitoring will continue until the data from the most recent
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four consecutive quarters indicate no statistically significant increasing trend for all constituents
of concern. At that point, stabilization will be deemed complete subject to NRC approval.

The sampling frequency will be one sample every other month for four quarters, and if the six
samples show that the restoration values for all wells are maintained during the stabilization
period with no significant increasing trends, restoration shall be deemed complete.

Throughout restoration and stabilization, excursion monitoring (consistent with Section 5.7.8.2)
will continue until NRC determines that groundwater stabilization has been demonstrated.

6.1.6 Reporting

During the restoration process, CBR will perform daily, weekly, and monthly analyses as needed
to track restoration progress. These analyses will be summarized and discussed in the
Semiannual Radiological Effluent and Environmental Monitoring Report submitted to NRC.
This information will also be included in the final report on restoration. In the unlikely event that
a well goes on excursion during restoration, the process described in Section 5.7.8.3 of NUREG-
1569 will be followed. Excursion monitoring operational procedures will include corrective
action and notification plans in the event of an excursion. The NRC will be notified within 24
hours by telephone and within 7 days in writing from the time an excursion is verified. A written
report describing the excursion event, corrective actions taken, and the corrective action results
will be submitted to the NRC within 60 days of the excursion confirmation. If any of the wells
are still on excursion status when the report is submitted, the report will also contain a timeline
for submittal of future reports describing the excursion event, corrective actions taken, and results
obtained. In the event of a vertical excursion, the report will contain a projected completion date
for the extent of the vertical excursion would be completed.

Upon completion of restoration activities and before stabilization, all designated restoration wells
in the MU will be sampled for the constituents listed in Table 6.1-1. If restoration activities have
returned the wellfield average of restoration parameters to concentrations at or below those
approved by the NRC and the NDEQ, CBR will proceed with the stabilization phase of
restoration. Groundwater restoration standards for the current CBR operations are established by
the NDEQ, with concurrence of the NRC and EPA. This process will be adhered to for the MEA
project.

CBR will compile all water quality data obtained during restoration and stabilization and submit a
final report to the regulatory agencies. If the analytical results continue to meet the appropriate
standards for the MU and do not exhibit significant increasing trends, CBR would request that the
MU be declared restored. Following agency approval, wells will be reclaimed, plugged, and
abandoned as described in Section 6.2.3. CBR will not remove production or monitoring wells
until the stability monitoring is concluded and agency approval is granted. In this way, these
wells could be used to correct any excursion.

6.2 Plans for Reclaiming Disturbed Lands

The following section addresses the methods for final decommissioning of disturbed lands
including the wellfield, satellite facility areas, surface ponds (if any). and diversion ditches that
will be used on the Crow Butte Project sites. The section discusses general procedures to be used
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during final decommissioning as well as the decommissioning of a particular phase or production
unit area.

Decommissioning of a wellfield and process facilities will be scheduled after agency approval of
groundwater restoration and stability. Decommissioning will be accomplished in accordance
with an approved decommissioning plan and the most current applicable NDEQ and NRC rules
and regulations, permit and license stipulations, and amendments in effect at the time of
decommissioning.

The following is a list of general decommissioning activities:

" Plug and abandon all wells as detailed in Section 6.2.3.

* Determine appropriate cleanup criteria for structures (Section Removal and Disposal of
Structures, Waste Materials, and Equipment) and soils (Section 6.4).

* Conduct 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 prior to and during decommissioning. A pre-reclamation
radiological survey program that will be part of the final decommissionina Vlanwill-
consist of an integrated area gamma survey and sampling of soils for confirmation of
whether cleanun action is reauired and to what extent. Survey areas will include areas
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expected to exhibit higher levels of contamination than surrounding areas, including
diversion ditches, any surface impoundments, wellfield surfaces (particularly those areas
where spills or leaks may have occurred). ,§tructures in process and storagc areas, areas
around the deep disposal wells, and on-site transportation routes for contaminated
material and equipment.

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

* Decontaminate items to be released for unrestricted use to levels consistent with NRC
requirements.

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

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

* Establish permanent revegetation on all disturbed areas.

The following sections generally describe the planned decommissioning activities and procedures
for the Crow Butte facilities. These activities and procedures will apply to the MEA facilities as
well as the current facilities. CBR will, prior to onset of final decommissioning of an area,
submit to the NRC and NDEQ a detailed decommissioning plan for their review and approval at
least 12 months before the onset of final decommissioning. As required by 10 CFR 40.36 (f),
records important to MEA decommissioning will be maintained in the office of the onsite RSO.
Such information shall meet the criteria of 10 CFR 40.42 (g) (4) and (5).

It
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6.2.1 General Surface Reclamation Procedures

The primary surface disturbances will be the satellite facilities (uranium recovery building, fuel
and chemical storage, shop, office, rest rooms and wellfield production areas. Surface
disturbances-also occur during well drilling, pipeline installation, and road construction. These
more superficial disturbances, however, involve relatively small areas or have short-term impacts.

The objective of the surface reclamation plan is to return disturbed lands to production
compatible with the post-mining land use of equal or better quality than the premining condition.
For the Crow Butte area, the reclaimed lands should be capable of supporting livestock grazing
and providing habitat for wildlife species. Soils, vegetation, wildlife, and radiological baseline
data will be used as guidelines for the design, completion, and evaluation of surface reclamation.
Final surface reclamation will blend affected areas with adjacent undisturbed lands to re-establish
original slope and topography and present a natural appearance. Surface reclamation efforts will
strive to limit soil erosion by wind and water and sedimentation, and to re-establish natural trough
drainage patterns.

The following sections provide reclamation procedures for the facility sites, wellfield production
units, and access and haul roads. Reclamation timelines for wellfield production units will be
discussed separately because they are dependent upon the progress of mining and the successful
completion of groundwater restoration. Cost estimates for bonding calculations are discussed in
Section 6.6 and include all activities anticipated to complete groundwater restoration,
decontamination, decommissioning, and surface reclamation of wellfield and satellite facilities
installed. These cost estimates are updated annually to cover work projected for the next year of
mining activity.

6.2.1.1 Topsoil Handling and Replacement

In accordance with NDEQ requirements, topsoil is salvaged from building sites (including the
satellite buildings) and pond areas. 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 wellfield, which are determined during final wellfield
construction activities.

As described in Section 2.6, topsoil thickness varies within the MEA. Topsoil is usually thickest
in and along drainages where material has been deposited and deep soils have developed.
Therefore, topsoil stripping depths may vary, depending on location and the type of structure
being constructed. In cases where it is necessary to strip topsoil in relatively large areas, such as
a major road or building site, field mapping and Soil Conservation Service Soil Surveys will be
employed to determine approximate topsoil depths.

Salvaged topsoil is stored in designated topsoil stockpiles. These stockpiles are generally located
on the leeward side of hills to minimize wind erosion. Stockpiles are not located in drainage
channels. The perimeters of large topsoil stockpiles may be bermed to control sediment runoff.
Topsoil stockpiles are seeded as soon as possible after construction with the permanent seed mix.

During mud pit excavation associated with well construction, exploration drilling, and delineation
drilling activities, topsoil is separated from subsoil with a backhoe. When the mud pit is no
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longer needed, all subsoil is replaced and topsoil is applied. Mud pits generally remain open for a
short time. The success of revegetation efforts at the current site shows that these procedures
adequately protect topsoil and result in vigorous vegetation growth.

6.2.1.2 Contouring of Affected Areas

Due to the relatively minor nature of disturbances created by in-situ mining, there are only a few
areas where subsoil and geologic materials are removed, causing significant topographic changes
that need backfilling and recontouring. Generally speaking, solar evaporation pond construction
results in redistribution of sufficient amounts of subsurface materials, which requires replacement
and contour blending during reclamation. However, no evaporation ponds are planned for the
MEA. The existing contours will only be interrupted in small, localized areas. Because
approximate original contours will be achieved during final surface reclamation, no post-mining
contour maps have been included in this application.

Changes in the surface configuration caused by construction and installation of operating
facilities will be temporary during the operating period. These changes will be mitigated by
topsoil removal and storage along with the relocation of subsoil materials used for construction
purposes. Restoration of the original land surface, which is consistent with the pre- and post-
mining land use, the blending of affected areas with adjacent topography to approximate original
contours, and the reestablishment of drainage patterns will be accomplished by returning the
earthen materials moved during construction to their approximate original locations.

Drainage channels that have been modified by the mine plan for operational purposes such as
road crossings will be reestablished by removing fill materials and culverts and reshaping to as
close to pre-operational conditions as practical. Surface drainage of disturbed areas that have
been located on terrain with varying degrees of slope will be accomplished by final grading and
contouring appropriate to each location to allow for controlled surface runoff and eliminate
depressions where water could accumulate.

6.2.1.3 Revegetation Practices

Revegetation practices are conducted in accordance with NDEQ requirements. During mining
operations the topsoil stockpiles, and as much as practical of the disturbed wellfield and pond
areas, will be seeded with vegetation to minimize wind and water erosion. After placement of
topsoil and contouring for final reclamation, an area will normally be seeded with a seed mixture
developed in consultation with the Natural Resource Conservation Service as required by the
NDEQ.

6.2.2 Process Facility Site Reclamation

Following removal of structures as discussed in Section 6.3, subsoil and stockpiled topsoil will be
replaced on the disturbances from which they were removed during construction, as practicable.
Areas to be backfilled will be scarified or ripped prior to backfilling to create an uneven surface
for application of backfill. This will provide a more cohesive surface to eliminate slipping and
slumping. The less suitable subsoil and unsuitable topsoil, if any, will be backfilled first to place
them in the deepest part of the excavation to be covered with more suitable reclamation materials.
Subsoils will be replaced using paddle wheel scrapers, bulldozers, or other appropriate equipment
to transfer the earth from stockpile locations or areas of use and to spread it evenly on the ripped
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disturbances. Motorgraders may be used to even the spread of backfill materials. Topsoil
replacement will commence as soon as practical after a given disturbed surface has been
prepared. Topsoil will be picked up from storage locations by paddle wheel scrapers or other
appropriate equipment and distributed evenly over the disturbed areas. The final grading of
topsoil materials will be done to establish adequate drainage and the final prepared surface will be
left in a roughened condition.

6.2.3 Wellfield Decommissioning

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 discussed below. Surfaces will be prepared as
needed 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, wellhouses, electrical and control distribution systems, well boxes, and
wellhead equipment. Wellhead equipment such as valves, meters, or control fixtures will
be salvaged.

* Buried wellfield piping will be removed.
" Wells will be plugged and abandoned according to the procedures described below.
* 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.

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

Wellfield decommissioning will be an independent ongoing operation throughout the mining
sequence at the CPF and at the MEA. 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.
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6.2.3.1 Well Plugging and Abandonment

Cased Mining and Restoration Wells

All wells no longer useful to continue mining or restoration operations will be abandoned. These
include all injection and production wells, monitor wells, and any other wells within the
production unit used for the collection of hydrologic or water quality data or incidental
monitoring purposes. The only known exception at this time may be a shallow well that could be
transferred to the landowner for domestic or livestock use.

The objective of the Crow Butte well abandonment program is to seal and abandon all wells to
protect the groundwater supply and to eliminate any potential physical hazard.

Prior to abandoning a well, data will be gathered (static water level, under-ream interval, casing
depth) for use in a well abandonment spreadsheet that accounts for formation pressures, mining
injection pressures, static water level, casing depth, materials used, and weight of material used.
That information can be used to adjust the amount of bentonite chips used to plug the well
screens and to calculate the minimum weight (lbs/gallon) of abandonment mud used to fill the
hole to the surface and keep formation and mining pressures from allowing water to rise in the
borehole. A pre-packaged bentonite-filled tube is currently used for plugging the well screens.
These tubes are placed into the screens by filling the well to the surface with water from a water
truck, and then dropping the bentonite tubes down the well. The water is allowed to run while the
tubes descend into the screens. The drill rig then trips the drill pipe into the well and tags the
bentonite to make sure it has reached the targeted depths. The drill stem is raised approximately
10 feet and an appropriate abandonment mud is mixed. If the weight of the abandonment mud
needs to be increased, barite may be added to increase the weight. Likewise, an appropriate
drilling additive may be added to improve the ability of the abandonment mud to carry the barite.
In situations where it appears that the operating pressure and formation pressure are great enough
to make it difficult to mix heavy mud, cement slurry may be substituted to fill the casing to the
surface. All abandoned wells will remain above the surface until the wellfield is reclaimed. This
will allow for the continuation of monitoring and observation of the integrity of the abandonment
fluid. If needed, abandonment fluids will be added.

The plugging method is approved by the NDEQ and is summarized below:

• A mechanical plug may be placed above the screened interval.

* Thirty to 50 feet of coarse bentonite chips will be added to provide a grout seal.
• A Plug-gelTm or cement grout will be placed by tremie pipe from the chips to the top of

the casing. The weight of the gel or grout plus the weight of the bentonite chips will be
enough to exceed the local Chadron formation pressure plus the maximum injection
pressure allowed (100 psi).

" The tremie pipe will be removed (when possible) and the casing will be filled to the
surface.

• An approved hole plug will be installed.
" The well casing will be cut off below ground level, capped with cement, and the surface

disturbance will be smoothed and contoured.
• The hole will be backfilled and the area revegetated.
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Records of abandoned wells will be tabulated and reported to the appropriate agencies after
decommissioning. CBR must submit a notarized affidavit to the NDEQ detailing the significant
data and the procedure used in connection with each well plugged. The DNR also requires filing
a well abandonment notice for all registered wells.

Exploratory Holes

Plugging and abandonment of exploratory holes (including core holes) is conducted in
compliance with the State of Nebraska Title 135 Mineral Exploration Permit that requires NDEQ
approval. Abandonment procedures described above apply to cased wells but not to uncased
exploratory holes.

The Mineral Exploration Permit allows for exploratory holes within the boundaries of the permit,
and includes a surety bond to cover abandonment and reclamation costs in the event the permit
holder does not complete the abandonment and reclamation. Attachment 2 of the current permit
details the procedures for abandonment of all exploratory holes per Title 135:

ATTACHMENT 2

Hole Plugging Plan - Mineral Exploration Holes

Following collection of geological and geophysical data exploration holes will be plugged
immediately using the following procedures:

I. When final drill depth is reached, the TD viscosity is measured and recorded using the
Marsh Funnel.

2. Circulation of the drill fluid continues through the drill pipe while abandonment mud is
mixed through the iet mixer. The abandonment mud "Plug Gel" (see product data sheet
attached) is a finely ground sodium bentonite.

3. Mixing continues until the fluid system has a measured Marsh Funnel viscosity greater
than 60 seconds or 20 seconds over the TD viscosity, whichever is greater.

4. Circulation continues for 15 to 30 additional minutes to ensure a homogeneous mix.

5. The drill pipe is then removed and the hole filled from the surface to renlace the volume
displaced by the drill pipe.

6. A cement plug of approximately 5 feet in length is placed near the ground surface.

7. If artesian flow to the surface is encountered the holes will be plugged using one of the
following methods:

A. A weighting agent 'Barite" is added to the final plug eel mix in quantities sufficient
to overcome artesian pressure.

B. A type 1-11 cement slurry is mixed in a separate pit and circulated through the drill
pipe back to the surface.
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In both instances, the hole is re-filled from the surface after the pipe is removed.

8. The drill pits will be filled back with the soil excavated during construction, taking care to
replace the topsoil.

9. An amount of time to allow for settling of the soil in the drill pit is allowed prior to final
reclamation smoothing and reseeding of the drill site.

6.2.3.2 Buried Trunklines, Pipes, and Equipment

Buried process-related piping, such as injection and production lines, will be removed from the
MU undergoing decommissioning. Salvageable lines will be held for use in ongoing mining
operations. Lines that are not reusable may either be assumed to be contaminated and disposed of
at a licensed disposal site or may be surveyed and, if suitable for release to an unrestricted area,
may be sent to a sanitary landfill.

6.3 Removal and Disposal of Structures, Waste Materials, and Equipment

CBR would submit a final and detailed decommissioning plan for structures and equipment to the
NRC for review and approval at least 12 months before the decommissioning of such structures
and equipment. This final decommissioning plan would include a description of structures and
equipment to be decommissioned, planned decommissioning activities, methods to be used to
ensure protection of workers and the environment against radiation hazards, the planned final
radiation survey, and an updated detailed cost estimate.

The procedures to be used for removing and disposing of structures, waste materials, and
equipment would meet the following criteria:

" A written program is in place to control residual contamination on structures and
equipment.

" Measurements of radioactivity on the interior surface of pipes, drain lines, and duct work
would be taken at all traps and other appropriate access points, provided that such
contamination is likely to be representative of contamination on the interior of the pipes,
drain lines, and ductwork.

" Any surfaces of premises, equipment, or scrap that would likely be contaminated, but are
of such size, construction, or location as to make the surface inaccessible for
measurement, would be presumed to be contaminated in excess of the limits.

" Prior to the release of structures for unrestricted use, a comprehensive radiation survey
would be made to establish that contamination is within the limits specified in NRC
Guidelines for Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termination of Licenses for Byproduct, Source, or Special Nuclear
Material (NRC 1993), and NRC approval would be obtained.

" A contract between CBR and a waste disposal operator would be in place to dispose of
11 e.(2) byproduct material.
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6.3.1 Preliminary Radiological Surveys and Contamination Control

Prior to decommissioning the satellite building, 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 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 high-pressure washing of all accessible
surfaces with water. In areas where contamination is not readily removed, 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.

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

" Removal to a new location within the Crow Butte site for further use or storage;

" Removal to another licensed facility for either use or permanent disposal; or
" Decontamination to meet unrestricted use criteria for release, sale, or other non-restricted

use by others.

It is most likely that process buildings will be decontaminated, dismantled, and released for use at
another location. If decontamination efforts were unsuccessful, the material would be sent to a
permanent licensed disposal facility. Cement foundation pads and footings will be broken up and
trucked to a licensed disposal site or properly licensed facility if contaminated.

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 license conditions
contained in SUA- 1534 and NRC guidance.

The CBR release limits for alpha radiation are as follows:

" Removable of 1,000 dpm/1 00cm2

" Average total of 5,000 dpm/1 00 cm 2 over an area no greater than 1 square meter
• Maximum total of 15,000 dpm/100 cm 2 over an area no greater than 100 cm 2
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Monitoring for beta contamination is a current license requirement. This requirement has been
eliminated in subsequent ANSI standards, including ANSI/HPS N13.12 (ANSI 1999). In
addition, CBR has routinely made these measurements but has never found them limiting.

Decontamination of surfaces will comply with the CBR ALARA policy to reduce surface
contamination as far below the limits as practical.

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

6.3.2.2 Disposal at a Licensed Facility

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

" Flush inside of tanks, pumps, pipes, and other components with water or acid to reduce
interior contamination as necessary for safe handling.

" Survey the exterior surfaces of process equipment for contamination. If the surfaces are
found to be contaminated, the equipment will be washed down and decontaminated to
permit safe handling.

• Disassemble the equipment only to the degree necessary for transportation. All openings,
pipe fittings, vents, and other components, will be plugged or covered prior to moving
equipment from the satellite 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.

" All other miscellaneous contaminated material will be transported to a licensed disposal
facility.

6.3.2.3 Release for Unrestricted Use

If a piece of equipment or structure is to be released for unrestricted use, it will be appropriately
surveyed before leaving the licensed area. Both interior and exterior surfaces will be surveyed to
detect potential contamination. Radioactivity levels would be determined on the interior surfaces
of pipes, drain lines, or duct work by making measurements in all traps and other appropriate
access points, provided that contamination at these locations would be expected to be
representative of contamination on the interior of the pipes, drain lines, or duct work. If the
shape, size, or presence of inaccessible surfaces prevents an accurate and representative survey,
the material will be assumed contaminated and properly disposed of.

Appropriate decontamination procedures will be used to clean any contaminated areas, the
equipment will be resurveyed, and documentation of the final survey will be retained to show that
unrestricted use criteria were met prior to releasing the equipment or materials from the site. The
current release criteria are based on NRC guidelines. The criteria to be used for release to
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unrestricted use will be the appropriate NRC guidelines at that time. Release surveys will be
based on the release methods discussed in Section 5.7.

If a process building is left on site for unrestricted use by a landowner, the following basic
decontamination procedures will be used. Actual corrective procedures will be determined by
field requirements as defined by radiological surveys.

After the building has been emptied, the interior floors, ceiling, and walls of the building and
exterior surfaces at vent and stack locations will be checked for contamination. Any remaining
removable contamination will be removed by washing. Areas where contamination was noted
will be resurveyed to ensure removal of all contamination to appropriate levels.

Process floor sumps and drains will be washed out and decontaminated using water and, if
necessary, acid solutions. If the appropriate decontamination levels cannot be achieved, it may be
necessary to remove portions of the sump and floor to disposal.

Excavations necessary to remove trunklines or drains will be surveyed for contaminated earthen
material. Earthen material found to be contaminated will be removed to a licensed disposal
facility prior to backfilling the excavated areas.

The parking and storage areas around the building will be surveyed for surface contamination
after all equipment has been removed.

These areas will be decontaminated as necessary to meet the standards for unrestricted use.

6.3.3 Waste Transportation and Disposal

Materials, equipment, and structures that cannot be decontaminated to meet the appropriate
release criteria will be disposed of at a disposal site licensed by the NRC or an Agreement State
to receive 1 Ie.(2) byproduct material. CBR currently maintains agreements with two such
facilities located in the States of Utah and Wyoming for disposal of I I e.(2) byproduct materials
generated by mining operations. A contract for disposal at a minimum of one facility will be
maintained current as required in NRC License SUA- 1534.

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 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

As discussed in Section 6.2, survey areas will include areas expected to &exhibit higher levels of
contamination than surrounding areas, including diversion ditches, any surface impoundments,
wellfield surfaces (particularly those areas where spills or leaks may have occurred), and
structures in process and storage areas, areas around the dee= disposal wells, and on-site
transportation routes for contaminated material and equipment.

I Deleted: have
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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 6.4-1 and
described below.

The existing radium-226 criterion in 10 CFR Part 40, Appendix A, was used to derive a dose
criterion (Benchmark Approach) for the cleanup of byproduct materials. The Benchmark Dose
was modeled using the RESRAD code (Version 6.22). The RESRAD runs are shown as
Appendix A of the Wellfield Decommissioning Plan for Crow Butte Uranium Project presented
in Appendix N. The results show that a concentration of 537 pCi/g for natural uranium in the top
15 cm layer of soil for the resident farmer scenario is equivalent to the Benchmark Dose derived
from a concentration of 5 pCi/g of radium-226.

ALARA considerations require that an effort be made to reduce contaminants to ALARA levels.
The ALARA goals are normally based on a cost-benefit analysis. For the cleanup of gamma-
emitting radionuclides, the cost of cleanup becomes 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.

CBR proposes an ALARA goal of limiting the natural uranium concentration in the top 15 cm
soil layer to 150 pCi/g, averaged more than 100 M2. According to the RESRAD runs presented in
Appendix N, the ratio of radium-226 dose rate per pCi/g to the uranium dose rate per pCi/g is
120. It is also shown by calculation that the ratio of radium-226 to uranium emission rates is 30.
Therefore, if the action level for pure radium-226 results in cleanup of the site to less than 5
pCi/g, the action level should result in the cleanup of pure uranium to 30 times 5 or 150 pCi/g.

The uranium concentration should be limited to a maximum of 230 pCi/g for all soil depths
because of chemical toxicity concerns. Using the most conservative daily limit corresponding to
the National Primary Drinking Water Standard, a soil limit of 230 pCi/g corresponds to the EPA
intake limit from drinking water with a uranium concentration of 0.06 mg/day.

CBR desires to reduce subsurface concentrations to a maximum of two thirds of the proposed
limit of 15 pCi/g radium-226. The subsurface uranium goal has not been reduced because it has
not been demonstrated that these levels can be detected with readily available field instruments.

Section 2.5 of Appendix N demonstrates that spills of process solutions at the CPF are not likely
to contain substantial amounts of thorium-230. CBR believes that development of soil cleanup
criteria for thorium-230 is not appropriate at this time. In the unlikely event that thorium-230 is
present in significant quantities, cleanup criteria will be developed using the radium-226
Benchmark Approach and submitted to the NRC for approval prior to final site decommissioning.
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6.4.2 Excavation Control Monitoring

CBR will use 17,900 CPM as its gamma action level, as determined with a Ludlum Model 44-
10/2221 Nal detection system or equivalent held at 18 inches above ground surface. The gamma
action level, defined as the gamma count rate corresponding to the soil cleanup criterion, will be
used in the interpretation of the data. This action level will be used with caution, or until a new
action level is developed.

Hand-held and global positioning system (GPS)-based gamma surveys will be used to guide soil
remediation efforts. Field personnel will monitor excavations with hand-held detection systems
to guide the removal of contaminated material until 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.

The 17,900 CPM action level was based on an evaluation of the correlation between gamma
count rates and radium-226 concentration in soil using data from the few spill-related
contaminated areas that existed at the CPF area. CBR believes that 17,900 CPM is a conservative
value because the contaminated areas were small in size. The measured gamma emission rate per
unit radium-226 concentration from small areas is normally lower than that which would be
measured using large areas, such as a 100 m2 area. Therefore, cleanup to 17,900 CPM should
ensure that each 100 m2 area meets the radium-226 soil cleanup standard.

Section 6.3 of Appendix N discusses the development of the 17,900 CPM action level. It does
allow for a revision of the number should it later be determined not appropriate.

6.4.3 Surface Soil Cleanup Verification and Sampling Plan

Cleanup of surface soils will be restricted to areas where there are known spills and, potentially,
small spills near wellheads. Final GPS-based gamma surveys will be conducted in potentially
contaminated areas, including 10 m buffer zones.

CBR will divide the area systematically into 100 m2 grid blocks and sample all grid blocks
containing gamma count rates exceeding the gamma action level. The samples will be five-point
composites, and analyzed at an offsite analytical laboratory for radium-226 and natural uranium.

CBR will sample the remaining grid blocks with average gamma count rates ranking in the top 10
percent.

If any grid blocks within the top 10 percent fail the cleanup criteria, CBR will sample the second
10 percent of grid blocks. This will continue until all grid blocks pass within a 10 percent
grouping. To meet the cleanup criterion, each of the sampled grid blocks must satisfy the
following inequality:

--------- -------
<1 ý t :<object>II
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where C1 is the concentration of the constituent and C, is the concentration of the constituent that
is equivalent to the Benchmark Dose.

CBR will remediate the grid blocks failing this inequality or propose alternatives consistent with
Appendix A of 10 CFR 40.

After all sampled grids have met the inequality, an NRC-approved statistical test will be
conducted to demonstrate that the survey method provides for a 95-percent confidence level that
cleanup guidelines have been met, as per acceptance criteria 6.4.3 of NUREG-1 569 (NRC 2003).
An appropriate statistical tests for analysis of the survey data as described in NUREG-1575
("MultiAgency Radiation Survey and Site Investigation Manual") will be utilized (NRC 2000).
If the mean of the sample concentrations is lower than the criterion but the data fail the statistical
test, CBR will follow procedures similar to those recommended in NUREG-l1575.

6.4.4 Subsurface Soil Cleanup Verification and Sampling Plan

For subsurfaces, CBR will adopt different survey and sample protocols, depending on the type
and size of excavation. CBR will rely more on sampling and analysis of radium-226 and natural
uranium over surveying, to verify cleanup of subsurface excavations. The protocols are
summarized in site procedures.

6.4.5 Temporary Ditches and Impoundments Cleanup Verification and Sampling
Plan

In addition the pre-reclamation survey procedures discussed in section 6.2, CBR will adopt
survey and sample protocols for temporary ditches and surface impoundments on a case-by-case
basis. Ditches and impoundments can extend from the surface to the subsurface. For the purpose
of decommissioning, the surfaces will be considered as part of adjacent soil surfaces. The
subsurfaces will be surveyed and sampled systematically, based on their size and geometry. As
with other subsurfaces, CBR will rely more on sampling and analysis of radium-226 and uranium
over surveying to verify cleanup of ditches and impoundments. Surveying is applicable in larger
impoundments; however, the effects of geometry are not as pronounced, particularly in areas not
influenced by adjacent walls.

6.4.6 Quality Assurance

Verification soil samples will be sent to a commercial laboratory for analysis of radium-226 and
natural uranium. The criteria that CBR will use to select the commercial laboratory will follow
the guidance published in the Multi-Agency Radiological Laboratory Analytical Protocols
Manual (NRC 2004). The commercial laboratory will adhere to a well-defined quality assurance
program that addresses the laboratory organization and management, personal qualifications,
physical facilities, equipment and instrumentation, reference materials, measurement traceability
and calibration, analytical method validation, SOPs, sample receipt, handing, storage, records,
and appropriate licenses.

The analytical work performed by the commercial laboratory will adhere to CBR-defined Data
Quality Objectives (DQOs). Part of the DQO process is specific analytical sensitivities required
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by CBR. The minimum sensitivity required for each sample will be 0.5 pCi/g dry weight for each
analyte, with an estimated overall error of_+ 0.5 pCi/g.

CBR will expect the reporting equivalent of an EPA Contract Laboratory Program Level 3 data
package from the commercial laboratory.

CBR will maintain a laboratory QA file that will include, at a minimum, the laboratory 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 are kept ALARA during decommissioning. This program
will ensure that contamination and any use of the premises, equipment, or scrap will not result in
an unacceptable risk to the health and safety of the public or the environment. The RSO, HPT, 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 RG
8.30 (NRC 2002) or other standards applicable at the time.

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 and NDEQ. Records of all contaminated
materials transported to a licensed disposal site will be maintained for a period of 5 years or as
otherwise required by applicable regulations at the time of decommissioning.

6.6 Financial Assurance

6.6.1 Bond Calculations

Cost estimates for the purpose of bond calculations are made annually for the CPF site. The cost
assessment includes groundwater restoration, decontamination and decommissioning, and surface
reclamation costs for all areas to be affected by the installation and operation of the proposed
mine plan. The detailed calculations used in determining the bonding requirements for the CPF
are submitted annually.

6.6.2 Financial Surety Arrangements

CBR maintains an NRC-approved financial surety arrangement consistent with 10 CFR 40,
Appendix A, Criterion 9 to cover the estimated costs of reclamation activities. CBR is currently
operating under the NRC suretyamount of $,43,223280, which was approved by License
Amendment No, 2pn_ November 1_2, 2013. CBR maintains an Irrevocable Standby Letter of
Credit issued by the Royal Bank of Canada (New York Branch) in-favor of the State of Nebraska.

By letter dated September 30, 2013, Cameco submitted an annual update to the Surety Estimate
for the CBR uranium mine Surety Estimate for the year 2014 (Leftwich 2013). The proposed
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2014 Surety Estimate is $44,719,032. an increase of $1,495,752 over the 2013 Surety Estimate of
$43,223,280, approved on November 12, 2013..,

,The surety amount is revised _annually in accordance with the requirements of SUA-1534. The
surety amount will be revised to reflect the estimated costs of reclamation activities for the MEA
as development activities proceed.
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Table 6.1-1 NRC and NDEQ Groundwater Restoration Standards
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Table 6.1-2 Typical Reverse Osmosis Membrane Rejection Percentages

Name a Symbol Percent Rejection a
Cations
Aluminum M+3 97-98
Ammonium NH 4+1 85-95
Cadmium Cd4 2  96-98
Calcium Ca+2  96-98
Chromium Cr+2  96-98
Copper Cu4 2  97-99
Hardness Ca and Mg 96-98
Iron Fe÷2  98-99
Lead Pb2  96-98
Magnesium Mg+2  96-98
Manganese Mn+2  96-98
Mercury Hg÷2  96-98
Nickel Ni4 2  97-99
Potassium K+1 92
Radium Ra2÷ 97
Silver Ag4' 97
Sodium Na4  92-98
Strontium Sr+2  96-99
Zinc Zn+2  98-99
Anions
Bicarbonate HC0 3 ' 95-96
Bromide Br- 93-96
Chloride C1' 94-95
Cyanide CN' 90-95
Ferrocyanide Fe(CN)6

3  98-99
Fluoride F' 94-96
Nitrate NO3' 93-96
Phosphate P0 4 "3  99+
Selenium Se 97
Silicate Si0 2" 95-97
Sulfate S042 99+
Sulfite S032 96-98
Thiosulfate S703"2 99+
Other
Boron B 50-70
Radioactivity 95-98

Source: a Pure Water Products 2013
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Figure 6.1-1 Restoration Process Flow Diagram

6-35 I•',,,,vlc•t hm,•, 901 •t
6-35- I-A 2013



CROW BUTTE RESOURCES, INC.

Technical Report
Marsland Expansion Area 001ý

Page intentionally left blank

6-36 Revised June 2013



CROW BUTTE RESOURCES, INC.

Technical Report
Marsland Expansion Area

7 ENVIRONMENTAL EFFECTS

The objective of the mining and environmental monitoring program is to conduct an
economically viable and environmentally responsible operation. The environmental monitoring
programs used to ensure that the potential sources of land, water, and air pollution are controlled
and monitored, are presented in Section 5.7.

This section discusses and describes the short- and long-term impacts associated with operations
and the consequences of possible accidents at the CPF and the MEA. Environmental impacts of
the proposed satellite facility on scenic resources are discussed in Section 2.4.2. Some of the
more pertinent cumulative impact concerns associated with the construction and operation of the
MEA, TCEA, and NTEA are discussed in this section. However, a more detailed discussion of
the cumulative impacts of the CPF operations and the construction and operation of the proposed
MEA, TCEA, and NTEA can be found in Section 4.14 of the associated MEA Environmental
Report. Cumulative impacts are minimized due to the nature of the operations of the CBR
projects, distance between the project sites, regional topography. There are some discussions of
cumulative impacts in this section

7.1 Environmental Effects of Site Preparation and Construction

CBR has developed plans for the development of the site based largely on the knowledge on the
size of the ore body (depth, width and length) and U30 8 content arrived at through exploration
and delineation work at the MEA site.

It is estimated that a total of approximately 1,753 acres could be affected over the life of the MEA
Project. Estimates of acreages have been provided for the currently planned facilities as well as
potential additional acreages that could be developed in the future (based on current knowledge of
the ore body; Table 7.1-1).

Approximately 591 acres will be required for the currently planned facilities, which consist of the
satellite building and associated facilities (1.8 acres), the DDW (0.5 acres), access roads to the
satellite facility and DDW (1.7 acres) and I I MUs (587.6 acres). The number of acres associated
with roadways located within the MUs is included in the total MU acreage estimates. The
number of acres of different types of habitat cover estimated to be impacted by the current
planned construction activities are shown in Table 7.1-1.

Based on the current knowledge of the MEA ore body, it has been estimated that 1,162 acres in
addition to the 591 acres could be disturbed over the life of the project. Estimates of the
additional number of acres of different types of habitat cover that may be affected are shown in
Table 7.1-1. As shown, the major type of habitat that would be affected is mixed-grass prairie,
which makes up approximately 65 percent of the total 1,753 acres.

The initial site preparation and construction associated with the MEA satellite facility will include
the following:

* Construction of a satellite process facility located approximately Il.l[ miles (17.9 kin)
south-southeast of the current process facility (centerpoint of MEA satellite building to
centerpoint of CPF building). This satellite facility will be housed in a building
approximately 130 feet long by 100 feet wide and will contain IX and associated
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equipment capable of processing 6,000 gpm of production flow and 1,500 gpm of
restoration flow.

" Placement of a modular office building.

" Construction of chemical storage facilities, and other support facilities.
* Construction of a DDW for disposal of wastewater.

" A deep well injection building and associated facilities.
" Access roads, as required.

Site preparation and construction will include topsoil salvage, building erection, and access road
construction. Note that wellfield construction activities and completion of injection, production,
and monitor wells are discussed in Section 7.2 because these are ongoing activities at an ISR
facility. This section strictly discusses the short-term impacts of initial site preparation and
construction where they differ from the impacts of operations.

Environmental impacts of construction of the satellite facility are estimated based on the studies
conducted by CBR, which are discussed in Section 2. The impacts are also projected based on
experience with the current operation and those that have been associated with this type of
construction at the Crow Butte project over the past 17 years of commercial operation by CBR.

As stated above, construction of the satellite facility will require disturbance of an estimated 591
acres for the satellite facility and support facilities, such as II MUs, DDWs, and road
improvements. Of this total, approximately 1.8 acres will be associated with the satellite facility
and approximately 0.5 acres for each DDW; plus additional 1.7 acres of access roads. Surface
disturbances will include construction of access roads, facility site grading, construction of DDW,
and contouring for control of surface runoff. All areas disturbed will be reclaimed during final
decommissioning. The planned timeline for construction, production, restoration, and
decommissioning was presented in Section 1.

The primary surface disturbances associated with solution mining are the sites containing the
processing facilities, associated facilities, and the DDW. Surface disturbances also occur during
well drilling, pipeline installation, and road construction. These more superficial disturbances;
however, involve relatively small areas or have short-term impacts.

Due to the relatively minor nature of disturbances created by ISR mining and the lack of
evaporation ponds, no areas will be disturbed to the extent that subsoil and geologic materials are
removed, causing significant topographic changes that need backfilling and recontouring. The
existing contours will only be interrupted in small, localized areas. Because approximate original
contours will be achieved during final surface reclamation, no post-mining contour maps have
been included in this application.

Changes in the surface configuration caused by construction and installation of operating
facilities will be only temporary during the operating period. These changes will be caused by
topsoil removal and storage along with the relocation of subsoil materials used for construction.

These surface impacts are unavoidable and will last for the duration of the project until final
decommissioning. Mitigation measures for land surface impacts are discussed in Section 6.2.
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7.1.1 Air Quality Effects of Construction

The relatively dry air in the MEA region, combined with seasonal high temperatures and wind
extremes, create the potential for airborne dust from wellfield construction activities and traffic
on unpaved roads. Under these conditions, it is expected that short-term air quality will be
impacted in the immediate vicinity of the proposed project. However, based on historical
experience, overall construction activities at the satellite facility are expected to cause minimal
effects on local air quality.

Effects to air quality would be increased suspended particulates from vehicular traffic on unpaved
roads (in addition to existing fugitive dust caused by wind erosion) and diesel emissions from
construction equipment. Application of 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. NRC estimated fugitive dust emissions during construction of uranium ISR operations
are less than 2 percent of the NAAQS for PM2.5 and less than 1 percent for PM10 (NRC 2009).

There will be an increase in the total suspended particulates (TSP) in the region as a result of
construction of the satellite facility. This increase will be greatest during the site preparation
phase of the satellite facility. Revegetation will be performed where possible to mitigate the
problems associated with the resuspension of dust and dirt from disturbed areas. All areas
disturbed during construction are revegetated with the exception of facility pad areas, roads, and
parking/storage areas. Of these, the only significant source of TSP is dust emissions from
unpaved roads.

Specific regulatory issues associated with air quality impacts of operation are discussed in
Section 7.2.1.2.

Cumulative Impact

Any potential cumulative impacts to the area air quality as a result of construction of the MEA,
TCEA and NTEA satellite sites would be expected to be minimal. The construction for the sites
will be completed sequentially, so construction would be not occurring at the same time. In
addition, the distance between the sites would minimize any construction impacts should occur at
the same time.

7.1.2 Land Use Impacts of Construction

The principal land uses for the 591 acres (Table 7.1-1) associated with the proposed eleven MUs,
processing facility, DDW, and access roads, which consist primarily of cropland (71.7 acres) and
livestock range (491.2 acres [347.6 acres of mixed grass prairie and 143.6 acres of degraded
rangeland]). The entirety of this approximately 591-acre area will be dedicated to the project's
needs over the 1-year construction period. As presented previously, livestock and livestock
products carry a value of $40.40 per acre, while non-livestock lands carry a value of $13.61 per
acre. Based on this information, and assuming all available and suitable acreage within the MEA
is currently employed to its greatest efficiency and effect, construction activities in the MEA
would result in the lost livestock production of approximately $19,845 per year, and the lost
production of crops valued at $976 per year. The exclusion of agricultural activities from this
area during construction would not have a significant impact on local agricultural production due
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to the small size of land taken out of production; construction and operation would not have a
significant impact on landowners due to the payment of royalties and leases, which will offset the
losses from the land being removed from agricultural production.

The long-term principal land uses for an additional 1,162 acres associated with project
development will result in a total of 1,753 acres over the life of the project. The main types of
habitat cover within the 1,753 acres will include cropland (128.4 acres), livestock range (1,370.7
acres [1,142.7 acres mixed-grass prairie and 228 acres degraded rangeland]), and mixed conifer
(194.6 acres). The entirety of this approximately 1,753 acres may be dedicated to the project's
needs over the life of the project. Using the assumptions above, construction activities over the
life of the project could result in the loss of livestock production of approximately $55,376.

7.1.3 Geologic and Soil Impacts of Construction

7.1.3.1 Geologic Impacts of Construction

Geologic impacts are expected to be minimal, if any. Impacts to paleontological resources are
likely to be significant. Due to the presence of highly sensitive geologic formations within the
MEA, surface disturbances that occur during construction of the satellite facility buildings, access
roads, and wellfield will likely have direct impacts to paleontological resources, particularly in
areas of thin soil cover and bedrock exposure.

7.1.3.2 Soil Impacts of Construction

Construction of the satellite facilities will affect soils. With proper implementation of BMPs,
effects to soils are not expected to be significant within the MEA.

The severity of soil impacts would depend on the number of acres disturbed and the type of
disturbance. Potential impacts include soil loss, sedimentation, compaction, salinity, loss of soil
productivity, and soil contamination. Effects to soils at the MEA would result from the clearing
of vegetation, excavating, leveling, stockpiling, compacting, and redistributing soils during
construction and reclamation. Disturbance related to the construction and operation of the
satellite facility would continue until the area is revegetated.

Wind erosion is possible throughout the MEA. Many soils meet the criteria for high wind erosion
hazard (NRCS 1977). These soils include one or more major fine sand or sandy loam
constituents that can easily be picked up and spread by wind. Vegetation removal presents the
greatest threat to soils with potential for wind erosion. Wind erosion will be controlled by
removing vegetation only where necessary, avoiding clearing and grading on erosive areas,
surfacing roads with locally obtained gravel, and timely reclamation.

Water erosion is also possible at the MEA, especially in areas disturbed by road and wellfield
construction. Various soils meet the criteria for severe water erosion hazard (NRCS 1977).
These soils have low permeability and high K-factors, making them susceptible to water erosion.
The K-factor describes soil erodibility; it represents both the susceptibility of soil to erosion and
the rate of runoff. It is calculated from soil texture, organic matter, and soil structure.
Construction and operation would increase soil loss through water erosion. Removal of
vegetation for any activity exposes soils to increased erosion. Excavation could break down soil
aggregates, increasing runoff and promoting gully formation. Soil loss will be reduced
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substantially by avoiding construction in highly erosive areas such as badlands and steep
drainages. Locating roads in areas where cuts and fills would not be required, surfacing roads
with gravel, installing drainage controls, and reseeding and installing water bars across reclaimed
areas will also aid in reducing soil loss due to water erosion.

An assessment of the potential for flooding or erosion that could impact the proposed in-situ
Marsland mining processing facilities and mine units was performed for the MEA. The results of
this study are discussed in Section 3.1.4.3. The complete report of the hydrologic and erosion
study, including tables and figures, can be found in Appendix K-1 (ARCADIS 2012). The study
addressed guidance in NUREG-1569 for an NRC licensee to assess the potential effects of
erosion or surface water flooding on a proposed uranium in-situ facility. The ultimate objective
of the MEA study was to determine whether the potential for erosion or flooding may require
special design features or mitigation measures to be implemented. The results of this study will
be used for further analysis, mitigation measures or modification of location of surface facilities,
including well locations during the final engineering phase and prior to well installation and
construction activities.

Sedimentation in streams and rivers within the MEA and in the Niobrara River immediately to
the south could result from soil loss. Sedimentation could alter water quality and the fluvial
characteristics of area drainages. Installation of appropriate erosion control measures as required
by the CBR Construction Stormwater NPDES authorization (see Section 7.1.4) and avoidance of
erosive soils will aid in reducing sedimentation.

Activity on the site has the potential to compact soils. Soils sensitive to compaction do exist on
the site. Compaction of the soils could decrease infiltration and promote higher runoff.
Construction and traffic will be minimized where possible, and soils will be loosened prior to
reseeding during reclamation to control the effects of soil compaction.

Any soil on the site can be saline depending on site-specific soil conditions, such as permeability,
clay content, quality of nearby surface waters, plant species, and drainage characteristics. Saline
soils are extremely susceptible to soil loss caused by development. Soil erosion in areas with
high salt content would contribute to salinity in the Niobrara River. Reclamation of saline soils
can be difficult, and no method that works in all situations has yet been found.

Satellite facility development would displace topsoil, which would adversely affect the structure
and microbial activity of the soil. Loss of vegetation would expose soils and could result in a loss
of organic matter in the soil. Excavation could cause mixing of soil layers and breakdown of the
soil structure. Removal and stockpiling of soils for reclamation could result in mixing of soil
profiles and loss of soil structure. Compaction of the soil could decrease pore space and cause a
loss of soil structure as well. This would result in a reduction of natural soil productivity.

A number of erosion and productivity problems resulting from satellite facility construction may
cause a long-term declining trend in soil resources. Long-term impacts to soil productivity and
stability would occur as a result of large-scale surface grading and leveling until successful
reclamation. Reduction in soil fertility levels and reduced productivity would affect diversity of
reestablished vegetative communities. Moisture infiltration would be reduced, creating droughty
soil conditions. Vegetation would undergo physiological drought reactions.
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Surface spillage of hazardous materials could occur at the satellite facility. If not remediated
quickly, these materials have the potential to adversely impact soil resources. To minimize
potential impacts from spills, a Spill Prevention, Control, and Countermeasure (SPCC) Plan will
be implemented. The SPCC plan will include accidental discharge reporting procedures, spill
response, and cleanup measures.

Soil Impact Mitigation Measures

BMPs have been included in the project description and will be followed to control erosion,
minimize disturbance, and facilitate reclamation. The following mitigation measures will help
reduce the effects to soil resources at the MEA. BMPs and mitigation measures relevant to soil
resources are also discussed in the water quality and reclamation sections of this document.
Fundamentally, efforts will be made to preserve existing vegetation where practical.

Sediment Control

" Divert surface runoff from undisturbed areas around the disturbed area.

" Retain sediment within the disturbed area.
" Surface drainage shall not be directed over the unprotected face of the fill.
* Operations and disturbance on slopes greater than 40 percent need special sediment

controls and should be designed and implemented appropriately.

• Avoid continuous disturbance that provides continuous conduit for routing sediment to
streams.

• Inspect and maintain all erosion control structures.
" Repair significant erosion features, clogged culverts, and other hydrological controls in a

timely manner.
" If BMPs do not result in compliance with applicable standards, modify or improve such

BMPs to meet the controlling standard of surface water quality.

Topsoil

* Topsoil should be removed prior to any development activity to prevent loss or
contamination.

* When necessary to substitute for or supplement available topsoil, use overburden that is
equally conducive to plant growth as topsoil.

" To the extent possible, directly haul (live handle) topsoil from the site of salvage to
concurrent reclamation sites.

" Avoid excessive compaction of topsoil and overburden used as plant growth medium by
limiting the number of vehicle passes, handling soil while saturated, and scarifying
compacted soils.

* Time topsoil redistribution so seeding or other protective measures can be readily applied
to prevent compaction and erosion.
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Roads

" Restrict the length and grade of roadbeds.
" Surface roads with durable material (i.e., locally obtained native gravel).
" Create cut and fill slopes that are stable.
* Revegetate the entire road prism including cut and fill slopes.
" Create and maintain vegetative buffer strips and construct sediment barriers (e.g., straw

bales, wire-backed silt fences, check dams) during the useful life of roads.

Regraded Material

* Design regraded material to control erosion using activities that may include slope
reduction, terracing, silt fences, chemical binders, seeding, mulching, and other activities.

" Divert all surface water above regraded material away from the area and into protected
channels.

• Shape and compact regraded material to allow surface drainage and ensure long-term
stability.

" Concurrently reclaim regraded material to minimize surface runoff.

Implementation of the above BMPs, SPCCs, and SWPPPs will minimize effects to soils
associated with the construction of the satellite facility.

7.1.4 Surface Water Impacts of Construction

When stormwater drains off a construction site, it can carry sediment and other pollutants that can
potentially harm lakes, streams, and wetlands. The EPA estimates that 20 to 150 tons of soil per
acre are lost every year to stormwater runoff from construction sites. For this reason, stormwater
runoff may need to be controlled by the NDEQ NPDES regulations.

Construction activities at the CBR project to date have had a minimal impact on the local
hydrological system. CBR conducts construction activities under NDEQ permitting regulations
for control of construction stormwater discharges contained in Title 119 (NDEQ 2005). CBR is
required by NDEQ General Construction Stormwater NPDES Permit NER 100000 to implement
procedures that control runoff and the deposition of sediment in surface water features during
construction activities. These procedures are contained in the SHEQMS Volume VI,
Environmental Manual and require active engineering measures (such as berms) and
administrative measures (such as work activity sequencing) to control runoff and sedimentation
of surface water features. CBR must annually submit a construction plan for the coming year and
obtain authorization from the NDEQ under the general permit.

Administrative and engineering controls implemented by CBR during initial site preparation and
construction of the satellite facility and related facilities are expected to ensure that surface water
impacts are minimal.
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7.1.5 Population Impacts of Construction

Construction activities will require the hiring of four to seven temporary construction workers
over the estimated I -year construction and development period. It is expected that these positions
will be filled by local labor from Dawes County or an adjacent county, or by individuals currently
employed on other Cameco projects.

7.1.6 Social and Economic Impacts of Construction

The social and economic impacts to the City of Crawford and surrounding areas during the
construction of the original Crow Butte facility were slight given the relatively small scale of
activities. Given the similar size of the MEA facilities and scope of the project, the impact of
MEA-related construction activities will be similarly slight. CBR estimates that four to seven
temporary construction workers will be involved in constructing the MEA facility. The social
and economic impacts of construction are discussed in more detail in Section 7.6.

7.1.7 Noise Impacts of Construction

The project area is surrounded by agricultural lands and rural residences. The existing ambient
noise in the vicinity of the project area is dominated by intermittent noise from the Burlington
Northern Santa Fe (BNSF) rail line located approximately 1 mile (1.6 Iam) west of the MEA
boundary at its closest point. Intermittent, low levels of traffic noise from Hollibaugh and River
Roads and agricultural equipment also occur. These roads are used primarily to access local
residences and agricultural lands. Nebraska SH 2/71 is located about 4.5 miles (7.24 km) west of
the MEA boundary. Noise from BNSF trains on the rail line and traffic noise from the roads
would be intermittently audible to receptors within and in close proximity to the MEA.

Increased vehicle travel and the operation of construction equipment at the satellite facility during
the construction phase of the project would result in a slight increase in noise impacts to residents
who live close to the MEA. Potential noise impacts from construction equipment are expected to
occur primarily from operation of drilling rigs during wellfield development. Although noise
levels associated with a typical water well drilling rig may reach or exceed 100 A-weighted
decibels (dBA) within 2 meters (6.6 feet) of the rig compressor, noise levels decrease to less than
90 dBA within 6 meters (20 feet) (NRC 2009) and 55 dBA at 1,067 meters (3,500 feet) from the
source (BLM 2005). Impacts to residences and other sensitive receptors 300 meters (984 feet) or
more from the facility would be small (NRC 2009). One occupied residence, located within the
MEA, is approximately 200 meters (656 feet) from the proposed wellfield in MU 4. Construction
noise impacts at this residence would likely be moderate. All other residences near the MEA
boundary are more than 300 meters from the proposed wellfield.

Construction activities would typically occur over an 8-hour work day, 5 days per week. Noise
from construction would not be generated during nighttime hours. Increased noise levels would
be intermittent and temporary. The resulting increase in vehicle noise from construction and
construction traffic (including movement of heavy equipment, which would be much less dense
and slower than typical highway traffic) would be barely perceptible over the existing ambient
noise that is intermittently dominated by the BNSF railroad. Noise from construction and
construction traffic would be temporary and would briefly add to existing noise levels.
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7.2 Environmental Effects of Operations

The major environmental concerns during the operation of the satellite facility will be air quality
effects, land use and water quality impacts, ecological impacts, and radiological impacts.

7.2.1 Air Quality Impacts of Operations

The relatively dry air in the MEA region, combined with seasonal high temperatures and wind
extremes, create the potential for airborne dust from well field construction activities and traffic
on unpaved roads. Under these conditions, it is expected that short-term air quality impacts in the
immediate vicinity of the proposed project will be repetitious. However, based on historical
experience, overall construction activities at the satellite facility are expected to cause minimal
effects on local air quality.

,Construction activities at the satellite facility would cause minimal effects on local air quality. -~-Deleted: The primary new emission source of non-

Effects to air quality would be increased by the addition of suspended fugitive dust particulates radiological pollutants will be tailpipe emissions of
NOR, CO, SO2, non-methane-ethane VOCs, and

generated from vehicular traffic on unpaved roads (in addition to existing fugitive dust caused by PM,0 resulting from vehicle traffic at the satellite

wind erosion) and diesel emissions from construction equipment. Application of water (as facility. Approximately six to eight vehicle trips per
necessary) to unpaved roads would reduce the amount of fugitive dust to levels equal to or less day (VTPD) are anticipated as part of regularoperations. These vehicles are expected to be light-
than the existing condition. Diesel emissions from construction equipment are expected to be duty pickup style trucks. Heavy equipment in the

short-term only, ceasing once the operational phase begins. NRC estimated fugitive dust form ofdrill rigs, equipment haulers, or water trucks
will be used as necessary and are anticipated to

emissions during the construction phase of uranium ISR operations are to be less than 2 pcent average less than one VTPD. These emissions are
of the NAAOS for PM) ý and less than 1 percent for PM 0_(NRC 2009). expected to be minor and should not affect the local

ambient air quality. ¶
The operation of the satellite facility will not result

There will be an increase in the total suspended particulates (TSP) in the region as a result of in major amounts of these non-radiological

construction of the satellite facility. This increase will be greatest during the site preparation emissions and would therefore not be considered a

phase of the satellite facility. Revegetation will be performed where possible to mitigate the major source of emissions under state permitting
regulations, especially because the project will be

problems associated with the resuspension of dust and dirt from disturbed areas. All areas located in a NAAQS attainment area for all criteria

disturbed during construction &ill be revegetated with the exception of facili- pad areas, roads, pollutants and there are no PSD issues (see
and arking/storage areas. Of these, thenl source of TSP isdustediscussions below). This statement would also apply

significant sdust emissions from to the construction activities, which pose higher
unpaved roads. : impact risks than the operations phase (see

discussions in Section 7. 1. 1). Other non-radiological

7.2.1.1 Particulate Emissions During Operations emissions occurring during operations would be
fugitive dust emissions generated by activities such
as onsite traffic related to operations and

The primary new emission source of non-radiological~fugitive dust will be from re-enrained dust '- maintenance, employee traffic to and from the site,
from vehicle travel on paved and unpaved roads. Fugitive dust emissions would be generated by resin transfers from the satellite facility to the main

activities such as on-site traffic related to p tions and maintenance, employee traffic to and , CPF, and heavy truck traffic delivering supplies to
the site and product from the site. Dust emissions

from the site, resin transfers from the satellite facility to the main CPF. and traffic delivering associated with the operational phase will be lower

supplies to the site and product from the site. than those associated with the construction phase.¶

Deleted: are
Particulate matter with a diameter often micrometers (PM 0) was estimated using equations from Deleted: most
EPA's AP 42, Fifth Edition, Volume I, Chapter 13: Miscellaneous Sources, Sections 13.2.2.2
(EPA 2006) and 13.2.1.3 (EPA 2011).

For this analysis, PM• from tailpipe emissions are estimated using On Road Emission Factors
from California ARB EMFAC2002 Scenario Year 2004 (Model Year A 11965 to 2004). These
emissions are expected to be minor and should not affect the local ambient air quality. Tailpipe
emissions would also include NO., CO, SO,. and non-methane-ethane VOCs. which are not
estimated in this analysis.
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The project will be located in a NAAOS attainment area for all criteria pollutants. The operations
of the satellite facility are not expected to result in maior significant amounts of fugitive dust, and
would therefore not be considered a maior source of emissions under state permitting
regulations.,

The amount of dust, as PMp generated from traveling on unpaved roads during operations can be
estimated from the following equations taken from AP 42, Fifth Edition, Volume I. Chapter 13:
Miscellaneous Sources ( 13.2.2.2 equations la and Ib). While both eouations Ia and lb provide a
PM emission factor for unpaved roads, the difference is based on whether the road is within an
industrial site or accessible to the public.

E~kts/12)Aa(S/30)^b -C (1b)
(MI0.5Y^c

where k. a, b, c and d are empirical constants given below and

E = size-specific emission factor (Ib/VMT)
s = surface material silt content (%)

W = mean vehicle weight (tons)
M = surface material moisture content (%)

S = mean vehicle speed (mph)
C = emission factor for 1980's vehicle fleet exhaust, brake wear and tire wear.

The constants for Equations la and lb are taken from Tables 13.2.2-2 and 13.2.2-4, where:

k = 1.5 Ib/VMT(euuation Ia) and k = 1.8 (equation Ib)
a = 0.9 (equation la) and a= I (equation Ib)
b = 0.45 (equation Ia)
c = 0.2 (equation Ib)
d = 0.5 (equation Ib)
C= 0.00047 (equation lb)

Surface material silt content is estimated at 10 percent by using the stone quarrying and
processing mean average from Table 13.2.2-1 (EPA 2006). Mean vehicle weight is estimated at
an average of 5.5 tons per vehicle based on estimated weights of 2 tons for employee and
contractor vehicles, 5 tons for delivery vehicles, and 40 tons for resin transfer trucks. Resin
transfer trucks make up approximately 3 percent of the vehicle traffic. Mean vehicle speeds are
estimated at 30 miles per hour on paved roads. Surface moisture content is estimated at 13
percent based on Table 13.2.2-3 (EPA 2006).

Onsite Emissions

Onsite emissions are generated within the proiect boundaries. Fugitive dust emissions generated
within the proiect boundaries are calculated by estimating vehicle miles traveled (VMTs) within
the MEA and the CPF. The roads located within the MEA and CPF boundaries are unpaved.
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Equation Ia from 13.2.2.2 (EPA) is used to calculate an emission factor for vehicles traveling on
unpaved surfaces at industrial sites. Calculations are for PM1.,

The total travel on unpaved within the project boundaries for personnel, resin transfer, deliveries,
and incidental travel will be approximately 22,854 miles 036,780 km per year)per year based on
the following assumptions:

* Twelve employees and seven contractors arriving at the MEA and traveling 1.22 miles (2
km) round trip (RT) daily

" Ten employees traveling both within the CPF (1.34 miles [2.1 km] RT daily) and the
MEA ( 1.22 RT miles [2 km] daily)

* Seven delivery trucks (50 per week) traveling within the MEA (1.22 RT miles [2 kin]
daily'

* Two resin trucks traveling both within the CPF (1.34 miles [2.1 km] RT daily) and the
MEA (1.22 RT miles [2 km] daily)

Equations la and lb emission factors can be extrapolated to annual average uncontrolled
conditions (but including natural mitigation) under the simplifying assumption that annual
average emissions are inversely proportional to the number of days with measurable (more than
0.254 mm [0.01 inch]) precipitation (EPA 2006) where:

E.= annual size-specific emission factor extrapolated for natural mitigation, IbNMT
E = emission factor from Equation Ia or lb
P = number of days in a year with at least 0.254 mm (0.01 in) of precipitation

Onsite Emission - Unpaved

With an emission factor of 1.27 lb per VMTk, there will be a total PM-0 emission of
approximately 14.5 tons per year, uncontrolled, as a result of increased traffic on unpaved roads
onsite. Mitigation measures, such as the application of water to unpaved roads, will be
implemented as necessary. Application of water as dust control would reduce the total PM 10
emissions. Assuming a 10 =ercent control efficiency with the application of water as dust
control, total PM 1 emissions would be approximately 13.05 tons per year. controlled.

For this analysis, PM10 from tailpipe emissions are estimated using On Road Emission Factors
from California ARB EMFAC2002 Scenario Year 2004 (Model Year A 11965 to 2004).
Assuming 22,854 VMT per year onsite. and assuming a worst-case scenario that all vehicles are
diesel-powered heavy-duty trucks (using the All Model Year Diesel Powered Heavy Duty Trucks
from California Climate Action Registry General Reporting Protocol, Version 3.1, January 2009,
Table C.4), PM10 emissions are estimated at 11.86 pounds per year.

Off Site Emissions

Off site emissions are generated outside the project boundaries. Fugitive dust emissions generated
outside the project boundaries are calculated by estimating VMTs from Crawford to the MEA and
VMTs between the MEA and the CPF. The roads traveled outside the project boundaries are both
paved and unpaved. Equation lb from 13.2.2.2 (EPA 2006) is used to calculate an emission factor
for vehicles traveling on publicly accessible roads, dominated by light-duty vehicles on unpaved
surfaces. Calculations are for PM• Equation 2 from 13.2.1.3 (EPA 2011) is used to calculate the
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quantity of particulate emissions from resuspension of loose material on the road surface due to
vehicle travel on a dry paved road extrapolated to average uncontrolled conditions by application
of a precipitation correction term. Calculations are for PM

The total travel on paved and unpaved roads outside the project boundaries for personnel, resin
transfer, deliveries, and incidental travel will be approximately 713,780 miles per year (1,148,717
km per year). Unpaved VMTs (201,445 miles [324,194 km]) and paved VMTs (512,334 miles
[824,521 kmW) are based on the following assumptions:

" Twelve employees and seven contractors traveling from Crawford to the MEA (11.94 RT
miles RT [19 kmn daily unpaved and 36.8 miles [59 kmI RT daily paved)

" Ten employees traveling between the MEA and the CPF (19.98 miles [32 km] RT daily
unpaved and 36.8 miles [59 km] RT daily paved)

* Seven delivery trucks (50 per week) traveling from Crawford to the MEA (11.94 RT
miles [19 kmI daily unpaved and 36.8 miles [59 km] RT daily paved)

* Two resin trucks traveling between the MEA and the CPF (19.98 miles [32 km] RT daily
unpaved and 36.8 miles [59 kin] RT daily paved)

The number of VMT for resins trucks (assumed 5 tons) is reduced for offsite travel. Therefore,
the mean vehicle weight is estimated at an average of 4.6 tons.

Offsite Emission - Unpaved

The emission factor is extrapolated to annual average uncontrolled conditions based on natural
mitigation because of rainfall and other precipitation from the above referenced EPA equation
(EPA 2006). Unpaved roads off site are graveled. Surface material silt content is estimated at
4.8 percent by using the sand and gravel processing mean average from Table 13.2.2-1 (EPA

With an emission factor of 0.29 lb per VMT for PM . generated on unpaved public roads, there
will be a total dust emission of approximately 29 tons per year, uncontrolled, as a result of
increased traffic on unpaved roads off site. Mitigation measures, such as the application of water
to unpaved roads, will be implemented as necessary. Application of water as dust control would
reduce the total PM 0 emissions. Assuming a 10 percent control efficiency with the application
of water as dust control, total PM10 emissions would be approximately 26 tons per year,
controlled.

Offsite Emission - Paved

The quantity of particulate emissions from resuspension of loose material on the road surface due
to vehicle travel on a dry paved road may be estimated using the following empirical expression:

= f k (sL)0.91 x (W)M .02 I (1 - P/4N) (equation 2 from 13.2.1.3)
where kL sL, W. and S are as defined in Equation 1 and

E= annual or other long-term average emission factor in the same units as k
P = number of "wet" days with at least 0.254 mm (0.01 in) of precipitation during the
averaging period
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N = number of days in the averaging period (e.g.. 365 for annual, 91 for seasonal, 30 for
monthly).:
k = particle size multiplier for particle size range and units of interest
sL = road surface silt loading (grams per square meter) (g/m2), and
W = average weight (tons) of the vehicles traveling the road.

For PM , k is 0.0022 lbiVMT (Table 13.2.1-1-. and the average weight of vehicles is estimated at
4.6 tons. Silt loading is estimated at 0.2 (Table 13.2.1.-2). The number of wet days is estimated at
85 annually (Figure 13.2.1-2). The number of days in the averaging period is 365.

With an emission factor of 0.0.0023 lb per VMT for PM10 generated on paved public roads, there
will be a total dust emission of approximately 0.58 per year, uncontrolled, as a result of increased
traffic on unpaved roads off site. Mitigation measures, such as the application of water to
unpaved roads, would reduce annual emissions.

For this analysis, PM from tailpipe emissions are estimate using On Road Emission Factors
from California ARB EMFAC2002 Scenario Year 2004 (Model Year A 11965 to 2004).
Assuming 713,780 VMT per year off site, and assuming a worst-case scenario that all vehicles
are diesel-powered heavy-duty trucks (using the All Model Year Diesel Powered Heavy Duty
Trucks from California Climate Action Registry General Reporting Protocol, Version 3.1,
January 2009, Table C.4). PM10 emissions are estimated at 373 pounds per year.

7.2.1.2 Criteria Pollutant Regulatory Compliance Issues . Deleted: <#>The amount of dust generated during
operations can be estimated from the following

Tequation taken from "Supplement No. 8 for
The statements in this section apply to both construction and operations phase of the proposed Compilation of Air Pollutant Emission Factors"
satellite facility. (EPA 1978).J

<#>E[27

The NAAQS for PM10 are 150 micrograms per cubic meter (gtg/m 3; 24-hour average), and 50
Aig/m 3 (annual average). The NAAQS standards for other pollutants are presented in Table 2.5-
16. All counties within the 50-mile (80-kin) radius of the project are in attainment of NAAQS.
Concentrations of the criteria pollutants from the operations are not expected to exceed the
regulated or "threshold" level for one or more of the NAAQS pollutants within the 50-mile (80-
km) radius.

In addition to the NAAQS, there are national standards for the PSD of air quality (see discussions
in Section 2.5.5.2). The PSD program is administered by the States of Nebraska and South
Dakota, with their programs designed to protect the air quality in area that are in attainment with
the NAAQS and to prevent degradation of air quality in areas below the standard (designated as
clean air areas). The PSD requirements establish allowable pollution "increments" that may be
added to the air in each area while still protecting air quality. The increment is the maximum
allowable deterioration of air quality. The maximum allowable increments applicable to
Nebraska and South Dakota are shown in Table 2.5-26.

The allowable increments vary by location across the states. Those areas characterized as Class I
(i.e., National Parks and Wilderness Areas) and allow less incremental pollution increase. Class
III areas are planning areas, set aside for industrial growth. Class II areas are essentially all other
areas of the state not designated as Class I or Class III. There are no Class I National Park and
Wilderness Areas in Nebraska. The State of South Dakota has two Class I Areas: Badlands and
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Wind Cave National Parks. The Wind Caves National Park is the closer of the two to the MEA,
at a distance of approximately 60 miles (96.6 km). Therefore, due to the distances to the MEA
proiect site. no impacts associated with PSD requirements at these sites would be expected based
on the estimated amount of emissions from the MEA operations site.

Cumulative Impacts

Cumulative impacts to air quality due to operations of the CPF, NTEA, TCEA, and MEA project
sites would be expected to be small due to the nature of the operations, controls (e.g., dust
control), and distance between the facilities (Figure 1.3-1)

Agricultural activities and vehicles traveling on public roads would continue to generate dust and
vehicle emissions. Implementation of the proposed project would result in fugitive dust and
pollutant emissions from the combustion of fuel to power the engines of construction vehicles and
equipment. Combustion of gasoline and diesel fuels by combustion engines (vehicles, generators,
construction equipment, etc.) would generate local emissions of PM, NOx, CO, VOCs, and S02
during the site preparation and construction period. While specific construction equipment
including size, number of vehicles, and the hours each piece of equipment would operate is not
quantified, the emissions for these operations would be small.

When all three expansion areas and the existing Crow Butte Operation are operational, the
maximum combined dust emissions would be less than 55.1 tons per year. The combined dust
emissions under implementation of the proposed expansion projects are expected to be minor,
dispersed, and should not affect the local ambient air quality. Mitigation measures, such as the
application of water or dust control chemicals to unpaved roads would be implemented as
necessary, along with speed limits on the mine property. Construction and operation of the
expansion areas would result in negligible incremental emissions.

The combined emissions of the proposed expansion areas and the existing operation are not
anticipated to jeopardize NAAQS attainment status in the region or impair visibility within any
federally mandated PSD Class I area. Consequently, implementation of the proposed expansion
projects would result in small cumulative effects on air quality when considered with other
activities in the area.

7.2.2 Land Use Impacts of Operations

The principal land uses for the MEA and the 2.25-mile (3.62-km) AOR is grazing livestock and
raising of crops. Rangeland accounts for 82.6 percent of the land use in the MEA and
surrounding 2.25-mile (3.62-km) AOR as discussed in Section 2.2. The secondary land use
within the MEA license boundary is cropland, which accounted for 8.9 percent of the land use in
the MEA and the AOR. Land use was discussed in detail in Section 2.2.

For the proposed disturbance of 591 acres for the proposed MUs, satellite facilities, eleven MUs,
and roadways, cropland accounts for 71.7 acres or 12.2 percent of the 591-acre total area.
Rangeland accounts for 491.2 acres or 82.0 percent of the total area. Rangeland rehabilitation
(6.9 acres), structural biotope (8.9 acres), forest land (5.6 acres), and drainage (7.3 acres) are the
only other impacted land uses. Table 7.1-1 provides the acres disturbed by the MEA satellite
facility, MUs, and access routes, and Figure 2.2-1 shows the land use designations for the MEA
AOR.

7-14 Q -i A n -t-•m ~ In, Il'



CROW BUTTE RESOURCES, INC.

Technical Report

Marsland Expansion Area

As a result of site preparation and construction, cattle production will be excluded from the areas
that are under development. The total estimated area that will be impacted during the course of
currently planned project is the 491.2 acres (mixed-grass prairie and degraded rangeland)
associated with the satellite facility, wellfield, and roads. As discussed in Section 2.2, livestock
and livestock products carry a value of $55.62 per acre, indicating that livestock production on
impacted rangeland within the MEA carries a potential value of approximately $27,320.

As a result of site preparation and construction, crop production will be excluded from the areas
that are under development. The total estimated cropland area that will be impacted during the
course of the project is 71.7 acres associated with the satellite facility, wellfield, and roads. As
presented previously, non-livestock lands carry a value of $13.61 per acre. Based on this
information, the lost production of crops would be valued at $976 per year.

Considering the relatively small size of the area impacted by operations, the exclusion of
agricultural activities from this area over the course of the project operation will not significantly
impact local or regional agricultural production. The limited impacts are considered temporary
and reversible by returning the land to its former grazing use through post-mining surface
reclamation.

The current operations in the licensed area have shown that CBR can successfully restore the land
surface following mining operations. Surface reclamation activities, including contouring and
revegetation, have been performed routinely following initial MU construction. Additionally,
CBR recently completed surface and subsurface reclamation of a significant portion of MU I
following approval of groundwater restoration. These areas have been successfully recontoured,
and revegetation has been completed in accordance with NDEQ requirements.

Cumulative Impacts

No planned land development projects were identified near the proposed project. The original
license area for the Crow Butte Operation is approximately 2,861 acres and the surface area
affected over the estimated life of the project is approximately 2,000 acres. Late in the project
when all three expansion areas and the existing operation are operating simultaneously, the
expansion areas will displace an additional combined total of 2,543 acres (assuming only I I
MUs) from crop production or livestock grazing. Wheat and hay are the major crops grown on
croplands within the area. In 2007, Dawes County had 44,100 acres of cropland used to grow
alfalfa hay and 43,445 acres used for winter wheat (NASS 2009).

Dawes County is comprised of approximately 202,946 acres of cropland and 616,467 acres of
permanent pasture and rangeland (other than cropland and woodland pastured), for a total of
819,413 acres of agricultural land (NASS 2013). The land uses displaced by the proposed project
represent approximately 0.003 percent of the total agricultural land in Dawes County. Landowner
mineral royalties and leases will offset the loss of crops. Considering the relatively small size of
the area affected, the exclusion of agricultural activities from the expansion areas over the life of
the operation should not have a significant effect on local agricultural production.

These effects would occur over the life of the project; however, once mining is completed, these
effects would be reversible by returning the land to its former cropland or rangeland uses through
post-mining surface reclamation. Mitigation measures for the loss of agricultural production over
the course of the project are discussed in Section 5.1 of the MEA ER. When considered with all
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the other activities in the area, implementation of the proposed expansion projects would result in
a small cumulative effect on land uses.

7.2.3 Geologic and Soil Impacts of Operations

7.2.3.1 Geologic Impacts of Operations

Geologic impacts are expected to be minimal, if any. No significant matrix compression or
ground subsidence is expected, as the net withdrawal of fluid from the basal sandstone of the
Chadron Formation will be on the order of I percent or less, and the anticipated drawdown over
the life of the project is expected to be on the order of 10 percent of the available head, or less.
Further, once mining and restoration operations are completed and restoration approved,
groundwater levels will return to near original conditions under a natural gradient. No faults are
present within the project area that would be subject to potential reactivation due to fluid
injection.

Impacts to paleontological resources due to operations are expected to be minimal.

Cumulative Impacts

The proposed CBR expansion areas (i.e., MEA, NTEA, and TCEA) would have no notable
effects on geology of the region. Therefore, there would be no cumulative impacts.

7.2.3.2 Soil Impacts of Operations

Operational impacts to soils are expected to be minor, and would only occur if BMPs and
mitigation measures are not properly constructed, maintained, and monitored. Improper surfacing
of access roads could lead to rutting and erosion. Off-road travel could lead to unforeseen
vegetation removal, soil compaction, and localized soil loss due to wind and water erosion.

As during construction activities, release of hazardous materials to soils would lead to decreased
soil productivity and an increase in soil loss due to erosion. The SPCC plan will include
accidental discharge reporting procedures, spill response, and cleanup measures.

Cumulative Impacts

Soils in the area would continue to be disturbed from past, present, or reasonably foreseeable
future actions (RFFAs) associated with the existing CPF and proposed MEA, NTEA and TCEA
projects. With proper implementation of BMPs to prevent erosion and control sediment, however,
cumulative effects to soils are not expected to be significant. Rather, the proposed expansion
projects would result in minimal or no cumulative effects to soils.

7.2.4 Archeological Resources Impacts of Operations

ARCADIS (Graves et al. 2011) completed an intensive pedestrian block cultural resources
inventory of approximately 4,500 acres for the MEA during the period from November 2010 to
February 2011. The MEA was inventoried for the presence of historic properties (cultural
resources that are listed or eligible for listing on the NRHP) and may be impacted by proposed
mine development. This inventory recorded 15 newly discovered historic sites and five historic
isolated finds and updated the documentation on two previously recorded historic farmstead sites.
All of the newly recorded historic sites were recommended not eligible for the NRHP and do not
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qualify as historic properties. Isolated finds are by definition not eligible for the NRHP. Historic
farmstead DWOO-242 is recommended not eligible for the NRHP, but appears to be currently or
recently occupied. Site DWOO-243 may have the potential to yield information important in
history and may be potentially eligible for the NRHP, but is not recommended eligible based on
the currently available information. Avoidance of these two sites by project actions is
recommended. If these recommendations are followed, the proposed project will have no adverse
effect on historic properties, and no further cultural resource investigations are recommended.

CBR requested ARCADIS complete a field survey of an additional 160 acres in section 36 T30N
R51W completed during the original field investigation but not reported in the original report.
The 160 acres was field investigated by ARCADIS on February 19, 2011 and no new cultural
resources were discovered (Graves and Graves 2012). One historic bridge (25DW362) was
identified in section 36 T30N R5 1W and reported within the original cultural resource inventory
report. An addendum to the original cultural resources report was prepared to address the
additional 160 acres (Graves and Graves 2012). Historic site 25DW362 was recommended not
eligible for listing on the NRHP with SHPO concurrence.

The Nebraska SHPO concurred with the findings of the addition to the cultural resources report
that no archaeological, architectural, or historic context property resources will be affected by the
proposed project (NSHS 2012). As stated in the SHPO concurrence letter, the SHPO's review
does not constitute the opinions of any Native American Tribes that may have an interest in
Traditional Cultural Properties potentially affected by this project.

Cumulative Impacts

The cumulative effects area for cultural resources is defined as each of the expansion areas
(NTEA, TCEA, and MEA) and one-mile (1.6 km) radius around each of these expansion areas.
No traditional cultural areas or historic properties have been identified in the general area that
would merit consideration of a larger area of potential effects. Records searches have been
completed for each of these cumulative effects areas and complete intensive cultural resource
inventories have been completed for each of the expansion areas. A variety of potentially
important prehistoric and historic resources are present in the general area, including Fort
Robinson State Historic Park north of the TCEA. There are historic properties within the Fort
Robinson State Historic Park near the TCEA. However, sites within the park are protected and
would not be adversely affected. One previously reported historic structure in the MEA is
recommended potentially eligible for the NRHP and is therefore a historic property. This historic
property would be avoided. The project would have no effect to historic properties. Therefore,
the project would not contribute to cumulative adverse effects to historic properties resulting from
the incremental effect of the proposed expansion project when added to other past, present or
RFFAs.

7.2.5 Groundwater Impacts of Operations

Potential impacts to water resources from mining and restoration activities include the following:

7.2.5.1 Groundwater Consumption

Groundwater impacts and consumption related to the satellite facility operation will be fully
assessed in an Industrial Groundwater Permit application required by NDNR (application to be
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submitted following NDEQ approval of the MEA Class III UIC permit). Information from the
existing Groundwater Permit for the current license area indicates that the drawdown from
mining operations in the basal sandstone of the Chadron Formation is minimal (e.g., on the order
of 10 percent of the available head). Based on drawdown data from years of operation in the
current license area, and on the formation characteristics from the MEA pumping test, the
drawdown effect on the Chadron aquifer as a result of operations has been and is expected to
remain minimal.

Groundwater consumption from the operation is expected to be on the order of 0.5 to 2.0 percent
of the total mining flow (6,000 gpm). Consumptive volume (1,500 gpm) will increase during
aquifer restoration, especially during the groundwater sweep phase. However, it is expected thatL
in pek years, the net consumption for the entire operation will be on the order of 50 to 100 gpm.

A simple hydrologic drawdown-distance analysis, using the Theis (1935) equation for confined
aquifers, was conducted to estimate the drawdown at the MEA. The analysis used the water
balance disposal estimate for the year 2024, which corresponds to the tenth year of operations.
The year 2024 in the Marsland water balance is the year during which the highest consumptive
around water use is assumed. The analysis assumes that four MUs are in restoration with an
estimated 250 gpm of consumptive water use, and that five MUs are in production with a bleed
stream of 65 gpm. The total consumptive water use estimated for that year is 315 Upm. The 315
epm consumptive water use represents the worst-case water use during the operation of the MEA.
Consistent with Section 7.2.3.1. the available head over the formation is expected to be reduced
by l0 percent.

The drawdown analysis of the MEA estimates that the drawdown during the worst-case year of
operation is approximately 30 feet in the areas where active restoration is occurring. The
estimated drawdown is about 6 percent to 7 percent of the total head available. The static water
level at Marsland is about 465 ft. and the expected water level during the tenth year of operations
is estimated to be 435 ft. The drawdown in the basal sandstone of the Chadron Formation, at the
monitor well ring, is approximately 15 ft, and the worst-case drawdown at the edge of the 2.25
mile review area will be about 2 ft. As such, this analysis of the MEA is in reasonable agreement
with the actual operating data from the CBR Mine.

CBR reviewed private wells within a 2.25-mile radius of the MEA and found that none of the
wells were completed in the basal sandstone of the Chadron Formation. All of the well
completions are in the overlying Brule Formation and Arikaree Group because the wells are much
shallower (60 to 300 feet) than the basal sandstone of the Chadron Formation (1,000 ft +), and the
water quality of the overlying formations is superior to that of the basal sandstone of the Chadron
Sandstone. Further, the pumping test demonstrated the integrity of the confining layer that
separates the aquifer in the basal sandstone of the Chadron Formation from the overlying
aquifers.

The assumptions include:

> Consumptive Water Use
" The consumptive water use estimates were taken from the MEA water balance for the

year 2024.
" The estimated total consumptive water use for the year is estimated at a total of 315

zpm-
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0 250 gpm RO concentrate
* 65 gpm of production bleed

" The activities for that year are as follows:
" Mine Unit I is in stability.
• Mine Unit 2 is in RO treatment.
" Mine Unit 3 is in RO treatment.
* Mine Unit 4 is in IX treatment.
" Mine Unit 5 is in IX treatment.

" Mine Units 6 through 10 are in production.
" The withdrawal of the restoration bleed and the production bleed is approximated as

a line of wells equally spaced along the length of the MEA.
" The withdrawal of the restoration bleed is from I I wells spaced at equal

distances over 2.5 miles.
* The pumping rate of the I I wells is assumed at 22.7 gym.
* The restoration bleed is simulated over the RO sweep and IX restoration

area.
" The withdrawal of the production bleed is from I I wells spaced at equal

distances over 2.5 miles.
* The pumping rate of the II production bleed wells is 5.9 gpm.
* The production bleed is simulated over the production area.

Drawdown Analysis
" Analysis Theory

" Analysis uses Theis (1935)
* Aquifer has infinite extent, is homogeneous, and is isotropic. (No boundary

conditions)
* Well fully poenetrates the confined aquifer, resulting in horizontal flow to the

well, and flow is laminar.
* Aquifer has uniform thickness.
* Aquifer is fully confined and discharge is derived from storage in the aquifer.
* The equation for predicting drawdown (s) at the well is as follows:

• S= (0/4pi T) x W(u) where
* s is the drawdown
* T is the transmissivitv
* 0 is the pumping rate
* W(u) is the well function

# Time period for the calculation is assumed to be 3 months of continuous
pumping.

• The analysis assumes that the drawdown of interfering wells is additive because
the aquifer is confined.

"Methodology
" Hydraulic information taken from Table 3.4-7 Summary of 2011 Marsland

Pumping Test Results
* Formation data used in the analysis:

Avg. Transmissivity (fl2/day): 1012
> Avg. Hyd. Cond. (ft/day): 25
> Avg. Storativity: 7.46x 10-5
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Methodology
* Well drawdown calculations done using USGS Excel Spreadsheet

Confined Predict.xls
* A series of drawdown calculations were done was conducted for various

distances from the pump well.
> Drawdown calculations were conducted for the restoration wells and

production wells.
* The drawdown estimates for the MEA were calculated using a spreadsheet

with the drawdown values arranged at the proper distance on an assumed
straight line and added to obtain the overall drawdown at the distance point.

References consulted for carrying out this drawdown analysis were Fetter 1994 and Driscoll
1986.

7.2.5.2 Potential Declines in Groundwater Quality

Excursions represent a potential effect on the adjacent groundwater as a result of operations.
During production, injection of the lixiviant into the wellfield results in a temporary degradation
of water quality in the exempted aquifer compared to pre-mining conditions. Movement of this
water out of the wellfield into the monitor well ring 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, and hydrofracturing of the ore
zone or surrounding units.

To date, there have been several confirmed horizontal excursions in the basal sandstone of the
Chadron Formation in the current license area. These excursions were quickly detected and
recovered through overproduction in the immediate vicinity of the excursion. In the majority of
the excursions, the reported vertical excursions were actually due to natural seasonal fluctuations
in Brule groundwater quality and very stringent UCLs. In no case did the excursions threaten the
water quality of an underground source of drinking water because the monitor wells are located
well within the aquifer exemption area approved by the EPA and the NDEQ. Table 7.2-1
summarizes the excursions reported for the current license area.

The subsurface interval composed of the Lower Dakota, Morrison, and Sundance Formations has
been identified as the DDW Injection Zone at the MEA. The subsurface geologic characteristics
beneath the MEA will prevent disposal fluids injected into the Injection Zone from impacting the
overlying fresh water aquifers (i.e., Brule and Chadron Formations). Between the lowermost
Chadron Formation and the Injection Zone are more than 2,500 feet of sediments primarily
consisting of low permeability shale. This separating aquitard protects against vertical migration
of injected fluids to the overlying Brule and Chadron Formations. Shales above and below the
Injection Zone will encase the disposal fluids within the receiving formations and no structural
elements with the potential to disrupt the natural vertical containment have been identified. The
primary groundwater supply in and near the MEA is the Brule Formation, typically encountered
at depths from approximately 30 to 200 feet below land surface, with the exception of locations
where the overlying alluvium is not present. In general, the static water level for the Brule
Formation wells in the MEA ranges from 50 to 150 feet below land surface, depending on local
topography.
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The estimated concentrations of TDS within the Injection Zone are in excess of 10,000 mgIL. No
harmful or reactive incompatibility between the formation brine and the waste constituents are
expected.

CBR has satisfactorily operated a Class I DDW at the nearby CBR CPF facility since 1994
without any adverse impacts. A second DDW well was approved and placed into operation in
fourth quarter of 2011.

7.2.5.3 Potential Groundwater Impacts from Accidents

Groundwater quality could potentially be impacted during operations due to an accident such as
an uncontrolled release of process liquids due to a wellfield accident. If there should be a
wellfield accident, potential contamination of the shallow aquifer (Brule), as well as surrounding
soil, could occur. Wellfield accidents could take the form of a slow leak or a catastrophic failure,
a shallow excursion, an overflow due to excess production or restoration flow, or due to the
addition of excessive rainwater or runoff.

The satellite building will have curbing around the structure, which will contain any accidental
spills or releases of contaminated fluids. This will eliminate the potential for such discharges to
the adjoining groundwater surface and potential contamination of the surrounding soils and the
Brule Formation.

The DDW will receive wastewater from the wastewater tanks located at the satellite processing
facility via an underground PVC/HDPE pipeline. Flow rates from the tankage, tank levels, and
flow rates are all controlled and monitored to ensure any potential leakage is rapidly detected.
All flows and pressures will have limits and alarms programmed in to alert the operator as limits
are approached and to control feed pumps. The details of these systems will be addressed in the
Class I permit application that will be submitted to the NDEQ as part of the required permitting
process. CBR has successfully operated a Class I DDW for approximately 19 years without any
significant spills or releases.

Another potential cause of groundwater impacts from accidents could be releases as a result of a
spill of injection or production solutions from a wellfield building or associated piping. To
control these types of releases, all piping is either PVC, HDPE with butt-welded joints, or
equivalent. All piping is leak-tested prior to production flow and following repairs or
maintenance.

7.2.5.4 Cumulative Impacts

Potential cumulative impacts to groundwater resources are expected to be minimal due to the site
controls and distance from the MEA site to the CPF and proposed TCEA and NTEA. The
operational control and instrumentation systems and excursion monitoring system to be used at
the MEA site are designed to quickly detect potential excursions and any leaks, spills or releases.
Therefore, any area of impact would be considered to be small. These same conditions will also
apply to operations at the proposed NTEA and TCEA, and already apply at the CPF site.
Therefore, it would be extremely unlikely for any groundwater impacts reaching beyond the
license boundary at the Mea site, as well as the CPF, NTEA and TCEA could contribute to any
cumulative impacts.
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The NRC has indicated a concern with potential cumulative impacts on groundwater from
operating multiple ISR facilities in the Crawford basin. In an effort to try to address these
concerns, an evaluation of the potential cumulative impacts associated with development of
expansion areas was conducted, and includes an assessment of water levels and water quality in
the basal sandstone of the Chadron Formation, as well as overlying and underlying aquifers.
Additionally, the effect of deep disposal well operation on the Lower Dakota, Morrison, and
Sundance Formations was assessed. Existing water level data collected prior to, and during
active mining at the CPF site and expansion areas, hydraulic testing results, water quality results,
and deep disposal well design calculations were consulted in conjunction with the anticipated
mine development and production timelines to assess potential cumulative impacts.

Water Level Impacts

As has been demonstrated at the CPF, water levels in the basal sandstone of the Chadron
Formation have decreased approximately 60 feet due to production (bleed rate implementation) in
order to maintain an inward hydraulic gradient. Water quality in the basal sandstone of the
Chadron Formation is considered poor as compared to the shallower Brule formation. Therefore,
there are limited wells completed in the basal sandstone of the Chadron Formation to allow for
monitoring of offsite water levels. According to a 1991 Industrial Groundwater Use Permit,
water levels in Crawford are expected to decrease up to 20 feet from static levels as a result of
mining operations at the CPF site (CBR 2007).

Additionally, pumping tests have been conducted in the basal sandstone of the Chadron
Formation at similar rates as anticipated production bleed rates. These tests have generally been
less than three days in duration, and have resulted in estimated water level decreases greater than
one foot at a distance up to 5,700 feet from the pumping well (Petrotek 2002). The cone of
depression would continue to expand during long-duration pumping, as is the case during
production and groundwater restoration activities. Therefore, the results of pumping tests as well
as observed and projected water levels resulting from the CPF mining operations indicate that
water levels in the basal sandstone of the Chadron Formation will decrease in a mining unit, with
drawdown propagating up to several miles from the pumping center.

Observed water levels in the overlying Brule Formation resulting from CPF mining operations
and during pumping tests indicate the basal sandstone of the Chadron Formation and Brule
Formations are hydraulically disconnected. Therefore, sustained water level decreases in the
basal sandstone of the Chadron Formation are expected to have an insignificant effect on Brule
Formation water levels.

The disposal option for process bleed water and groundwater restoration that is likely to impact
groundwater levels or water quality is injection into the Lower Dakota, Morrison, and/or
Sundance Formations using deep disposal wells. Each expansion area is expected to operate up
to two deep disposal wells. Characterization of the injection zone of Deep Disposal Well #2 at
the CPF site indicates the formation thickness is approximately 67 feet. In order to calculate a
radius of influence resulting from deep disposal well injection over the course of 10 years, mobile
porosity was assumed to be 10 percent. The radius of influence resulting from injecting 45 gpm
into a single well over 10 years is approximately 1,200 feet. The calculated radius of influence
assumes uniform flow across the full injection interval (thickness) and area, and that no
impediments to injection such as injection pressure or aquifer boundaries exist. While deep
disposal well configurations and locations at each expansion area are not yet determined, this
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calculation provides some estimate of the area where deep disposal wells will displace formation
groundwater, which may result in increased pressures or redistribution of groundwater to adjacent
areas.

Cumulative impacts to aquifer water levels resulting from operation of expansion area mines
should consider the duration of overlap and formation where impacts are likely to occur. In the
basal sandstone of the Chadron Formation, drawdown associated with production at NTEA (start
date in 2024), MEA (start date in 2015), and TCEA (start date in 2016) will all overlap with the
final years of groundwater restoration at the CPF site. Based on the water level decreases
expected to occur onsite and propagate out from each mine, overlapping drawdown in the basal
sandstone of the Chadron Formation is expected. In the years 2024 through 2038, it is possible
that each expansion area mine may be drawing water from the basal sandstone of the Chadron
Formation. During this period, the overlapping water level decrease is expected to be greatest in
the center point between two mines, and will likely be on the order of tens of feet. As restoration
activities at the TCEA and MEA conclude (anticipated to be completed in 2038 and 2039,
respectively), the only withdraw of basal sandstone of the Chadron Formation water will be at the
NTEA. Few monitoring wells exist in the basal sandstone of the Chadron Formation outside
mining lease boundaries, making extrapolation of observed onsite water level drawdowns
resulting from CPF activities challenging. Therefore, quantification of overlapping water level
drawdown resulting from simultaneous operation of multiple mines is difficult. However, the
operation of multiple mines is expected to cause potentiometric surfaces in the basal sandstone of
the Chadron Formation to decrease tens of feet in locations where overlap occurs.

Potential cumulative impacts to the Lower Dakota, Morrison, and Sundance Formations resulting
from operation of deep disposal wells at expansion area mines are unclear. While ROI
calculations indicate the area where formation water will be displaced by injected water, it is
unclear where the displaced water migrates. The ability of these confined aquifers to accept
injected water is limited by the presence of overlying and underlying confining units, aquifer
storage, and hydraulic connection within the injected formation and with adjacent aquifers. Little
characterization of the Lower Dakota, Morrison, or Sundance Formations is available in the area
of interest that would enable a meaningful evaluation of overlapping influences among the four
mines.

Surface water levels have been shown to be unaffected by current mining operations, as no
discharge to surface water is permitted and the deep disposal aquifers appear to be hydraulically
disconnected from surface water. No changes to the lack of surface water impacts are expected
as a result of expanded mining operations.

Water Quality Impacts

Water quality in the basal sandstone of the Chadron Formation during mining is controlled by
induced hydraulic gradients toward the mine unit that limit injectate excursions. Monitoring
wells outside the production wellfield are sampled biweekly to ensure that extraction wells are
adequately removing the injectate. Changes to extraction well pumping rates are made to remedy
observed injectate excursions that are indicated by perimeter monitoring well water quality
results. Therefore, water quality in the basal sandstone of the Chadron Formation is not expected
to be significantly affected during mining.
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Mining unit-specific groundwater restoration water quality goals are determined as endpoints for
restoration activities. During groundwater restoration, water is returned to at, or near background
conditions using the best practice technology for treatment. If background concentrations for
mining-related groundwater constituents cannot be achieved using best practice cleanup
technologies, NDEQ groundwater standards become the restoration goal. The objective of
groundwater restoration is to return water quality back to that which is consistent with pre-mining
use. Future use of groundwater is not expected to be affected by mining activities.

The combined water quality controls in place during mining and aquifer restoration goals should
result in water quality in mine units that are not significantly different than background, and do
not influence future use. Therefore, cumulative influences on water quality of the basal sandstone
of the Chadron Formation resulting from operation of multiple mines is not expected. Injected
water quality in the Morrison, and Sundance Formations is monitored on a daily or weekly basis,
depending on the parameter, and reported to the NDEQ on a monthly basis. Therefore, water
quality in the deep injection formations will not be adversely impacted beyond what is permitted
due to operation of deep disposal wells at multiple mines as long as injectate water quality does
not deviate from permit limitations.

Conclusions

Water levels in the basal sandstone of the Chadron Formation have been shown to decrease near
an active mine unit, with potentiometric surface depressions expanding several miles after years
of active mining. This provides hydraulic control of injected water in order to minimize
excursions that cause water quality issues. However, these water level decreases are expected to
radiate from all mines that simultaneously draw water from the basal sandstone of the Chadron
Formation during either production or groundwater restoration, and will induce overlapping
potentiometric surface cones of depression. It is unclear as to the magnitude of decreases that
may result from pumping at multiple mining areas, but it is expected to be on the order of tens of
feet. The majority of the regional water wells are completed in the Brule Formation, and not the
basal sandstone of the Chadron Formation, as water from the Brule Formation is preferred due to
higher water quality and the preference for shallower wells.

Wastewater injected into the Lower Dakota, Morrison, and Sundance Formations using deep
disposal wells will likely have injected radii of influences of greater than a 1,000 feet. These
injections will displace formation groundwater, although it is unclear where that water will
migrate. Little characterization of the Lower Dakota, Morrison, and Sundance Formations has
been completed and only observations of injection pressures and flow rates can be used to infer
the ability to dispose of water using this method. The Morrison Formation has demonstrated the
capacity to accept large volumes of an injected waste stream over an extended period of time at
the nearby CPF.

The subsurface geologic characteristics beneath the proposed expansion areas will prevent
disposal fluids injected into the deep disposal well injection zone from impacting the overlying
fresh water aquifers. Between the lowermost drinking water source aquifer and the deep disposal
well injection are more than 2,500 feet of sediments primarily consisting of low permeability
shale. This separating aquitard protects against vertical migration of injected fluids to the drinking
water source aquifers. Shales above and below the deep disposal well injection zone will encase
the disposal fluids within the receiving formations and no structural elements with the potential to
disrupt the natural vertical containment have been identified.
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Water quality in the basal sandstone of the Chadron Formation during production is maintained
by providing hydraulic control of the injectate. Changes to extraction well operation are made to
remedy observed injectate excursions. Formation water quality is restored to either background
conditions, or conditions that are consistent with pre-mining water quality under the direction of
the NDEQ. As a result, no significant degradation of water quality is expected to result from
operation of expansion area mines. Water quality of the Lower Dakota, Morrison, and Sundance
Formations is protected by permitted specifications on injectate water quality. Therefore, if
permit limitations are not exceeded, there will be no adverse cumulative impact beyond permitted
levels as a result of operation of multiple mines. The EPA and NDEQ will not authorize deep
disposal via a Class I injection well unless the permitting process demonstrates that adequate
operating procedures and controls will be in place and the well will be properly sited so that the
confinement zones and proper well construction minimizes the potential for migration of fluids
outside of the approved injection zone. The conditions and conclusions addressed in this section
apply to the current CPF operations and the proposed MEA, TCEA and NTEA sites.

7.2.6 Surface Water Impacts of Operations

7.2.6.1 Surface Water Impacts from Sedimentation

Protection of surface water from stormwater runoff during ongoing wellfield construction related
to operations is regulated by the NDEQ as discussed in Section 7.1.4.

7.2.6.2 Potential Surface Water Impacts from Accidents

Surface water quality could potentially be impacted by accidents such as failure or an
uncontrolled release of process liquids due to a wellfield accident. Section 7.1.4 discussed the
measures to prevent and control wellfield spills. Wellfield areas are installed with dikes or berms
as an additional. measure to protect surface water. The berms prevent surface spills from entering
all surface water bodies and drainages that connect to surface water bodies and eliminate public
dose and contaminant pathways to surface water.

The satellite building will have secondary containment (curbing around the structure) to contain
any accidental spills or releases of contaminated fluids. This will eliminate the potential for such
discharges to the adjoining groundwater surface and potential contamination of the surrounding
soils and the Brule Formation. In addition, there is a regular program of inspections and
preventive maintenance.

Cumulative Impacts

The MEA site is located south of the Pine Ridge Escarpment, whereas the CPF, TCEA and
NTEA are located to the north of this feature. Any surface runoff that could leave the NTEA,
TCEA, and CPF site would flow toward the White River, and any surface runoff leaving the
MEA site would flow toward the Niobrara River (Figure 1.3-1). Although potential cumulative
impacts could be alleged with the CPF, NTEA, and TCEA sites, this would be highly unlikely
due to lack of permitted surface wastewater discharges, spill controls, containment of potentially
contaminated rainfall or snowfall due to curbing and berms and site operating procedures to
prevent releases of contaminated rainfall or snowmelt. Due to its location and the area
topography, the MEA site would not contribute to any potential cumulative impacts associated
with the other CBR regional operations. Mitigation measures at the MEA site that would
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minimize impacts to the Niobrara River are discussed in Sections 7.1.4 and 7.2.7. These and
similar mitigation measures would also apply to the CPF, TCEA, and NTEA, as discussed in their
NRC application documents. In addition, there are no industrial or agricultural activities in the
area that would be associated with cumulative impacts due to the MEA operations.
Historically, surface water quality has not been shown to be affected by current mining
operations, as no discharge to surface water is permitted, groundwater impacts to surface water
have not occurred, and the deep disposal aquifers appear to be hydraulically disconnected from
surface water. No adverse changes to surface water quality are expected as a result of mining in
the proposed expansion areas.

7.2.7 Ecological Impacts of Operations

7.2.7.1 Impact Significance Criteria

The following impact significance criteria were used to determine the significance of construction
and operation of the proposed project on wildlife and vegetation resources within the project area.
These criteria were developed based on professional judgment, involvement in other NEPA
projects throughout the West, and state and federal regulations:

" Removal of vegetation such that following reclamation, the disturbed area(s) would not have
adequate cover (density) and species composition (diversity) to support pre-existing land
uses, including wildlife habitat;

" Unauthorized discharge of dredged or fill materials into, or excavation of, waters of the U.S.,
including special aquatic sites, wetlands, and other areas subject to the Section 404 of the
Clean Water Act, Executive Order 11988 - flood plains, and Executive Order 11990 -
wetlands and riparian zones;

" Reclamation is not accomplished in compliance with Executive Order 13112 (Invasive
Species);

" Introduction and establishment of noxious or other undesirable invasive, non-native plant
species to the degree that such establishment results in listed invasive, non-native species
occupying any undisturbed rangeland outside of established disturbance areas or hampers
successful revegetation of desirable species in disturbed areas;

• A substantial increase in direct mortality of wildlife caused by road kills, harassment, or other
causes;

• Incidental take of a special status species to the extent that such impact would threaten the
viability of the local population;

* Elimination or permanent reduction in size of an officially designated critical wildlife habitat,
or otherwise rendering such habitat unsuitable;

* Any effect, direct or indirect, resulting in a long-term decline in recruitment and/or survival
of a wildlife population; and

" Construction disturbance during the avian breeding season or impacts to reproductive success
which could result in the incidental loss of fertile eggs or nestlings, or otherwise lead to nest
abandonment, which would violate the regulations prescribed by the Migratory Bird Treaty
Act (MBTA).
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