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4 ENVIRONMENTAL IMPACTS OF CONSTRUCTION, OPERATION,
AQUIFER RESTORATION, AND DECOMMISSIONING ACTIVITIES

4.1 ~Introduction

The potential impacts to environmental resources
during the construction, operation, aquifer restoration,
and decommissioning phases at in-situ leach (ISL)
uranium recovery facilities are analyzed in this
chapter. As discussed in Section 1.4.3, the potential
environmental impacts are evaluated for each of the
four geographic regions that form the basis for this
genenc environmental impact statement (GEIS). In
essence, the analysis involves placing an ISL uranium
recovery facility with the characteristics described in
Chapter 2 of the GEIS within each of the four regional
areas described in Chapter 3. The potential impacts
for each resource are described and evaluated
separately for each region at each stage'in an ISL
facility’s lifetime: construction, operation, aquifer
restoration, and decommissioning/reclamation.

Classifying Impact Significance
' {After NRC, 2003)

Small Impact. The environmental
effects are not detectable or are so
minor that they will neither destabilize
nor noticeably alter any important
attribute of the resource considered.

Moderate Impact: The environmental
effects are sufficient to alter noticeably,
but not destabilize, important attributes
of the resource considered.

Large Impact. The environmental
effects are clearly noticeable and are
sufficient to destabilize important
attributes of the resource considered.

Impact significance is evaluated and reported based on the SMALL, MODERATE,
LARGE classification described in U.S. Nuclear Regulatory Commission (NRC) guidance in
NUREG-1748 (NRC, 2003) and summarized in Section 1.4.3.

Reference

NRC. NUREG-1748, “Environmental Review Guidance for Licensing Actions Associated With
NMSS Programs. Final Report.” Washington, DC: NRC. August 2003.
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4.2 Wyoming West Uranium Milling Region

The general introductory impact information presented here will be applicable to NRC’s review
of license applications for new ISL facilities in the Wyoming West Uranium Milling Region. As
appropriate, information that is also generally applicable to NRC'’s reviews for potential new ISL
facilities to be located in the three other regions will be identified and discussed in the GEIS.

4.21 Land Use Impacts

In the Wyoming West Uranium Milling Region, current information indicates that potential ISL
facilities would primarily be developed in two uranium districts (Gas Hills and Crooks Gap) that
are located on rangeland used for livestock grazing and to a lesser extent for farming. Areas of
past and present uranium milling interest in the Wyoming West Uranium Milling Region are
shown in Figures 3.2-1 and 3.2-2. These areas of milling interest are generally located on
unpopulated rangeland managed by the U.S. Bureau of Land Management (BLM) and can be in
proximity to cultivated areas, private or public lands used for recreation and wildlife
management, timber management, oil and gas exploration and production, coal and metais
'mining, and cultural and historical resources areas.

The permitted areas of existing ISL facilities can be large, ranging from about 1,134 ha

[2,800 acres] for the Crow Butte ISL facility site in Dawes County, Nebraska, to over 6,480 ha
116,000 acres] for the Smith Ranch Uranium Project site in Converse County, Wyoming
(Section 2.11.1). However, the central processing facility at a commercial-scale facility may
occupy only 1 to 6 ha [2.5 to 15 acres], and satellite plants may be even smaller (NRC, 2006).
For the purposes of this discussion, the site areas of current and new ISL facilities to be
licensed can be bounded as follows:

. Total permit area of a new ISL site: 1,000 to 7,000 ha [2,471 to 17,297 acres]

. Total (disturbed land) surface area of a new ISL site including muitiple well fields,
a central processing facility, and satellite plants within the overall permit area: 50 to
750 ha [120 to 1,860 acres] (Section 2.11.1)

Much of the total permitted area of ISL facilities would be expected to remain undisturbed since
surface operations (well fields and processing facilities) would affect only a small portion of the
permitted area. Operations and activities that cause the greatest disturbance of the land and
the subsurface would be expected to take place in the well fields.

ISL surface facilities are considered controlled areas that are fenced to limit access. Entire well
fields or-areas around pump houses and well heads may also be fenced for safety, security, and
to prevent livestock grazing or other types of access.

4,211 Construction Impacts to Land Use

The construction of an ISL facility can potentially impact land uses by: (1) changing and
disturbing existing land uses, (2) restricting access or establishing right-of-way for access,

(3) affecting mineral rights, (4) restricting livestock grazing areas, (5) restricting recreational
activities, and (6) altering ecological, cultural and historical resources.

4.21
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Changes and Disturbances in Land Uses: Construction of an ISL facility would temporarily
prevent land from being used for other purposes. Because the predominant land use in areas
of milling interest is rangeland managed by BLM (Section 3.2.1), grazing and cultivated areas
would be temporarily lost. If an ISL facility was located in forest land, access to timber could be
impeded by construction and some forest resources could be potentially lost. If an ISL facility
abutted pubilic or private land used for recreational activities and for protecting ecological
resources (e.g., National or State Parks, National Forests or Grasslands), these activities and
resources could also be affected..

Land use changes and disturbances would be expected to be most intense during the
construction, period but these disturbances are typically temporary, spanning one to three
construction seasons (Freeman and Stover, 1999). Drilling, trenching, excavating, grading, and
surface facilities construction would be expected to disturb the land most during the construction
phase. Compared to the overall total permit area of a new ISL facility, only a relatively small
fraction (on average, approximately 15 percent) of the permitted site area would be expected to
be changed and disturbed (Section 2.11.1). In addition, the amount of disturbed land would be
small compared to the total ranchland area managed by BLM in the Wyoming West Uranium
Milling Region (see Table 3.2-1). Therefore, impacts to land use changes would be SMALL.
Additionally, licensees implement postconstruction actions, such as recontouring and restoring

_surface cover, well sites, staging areas, trenches and parts of dirt access roads to minimize the
temporary loss of pasture land, grazing rights, or timber resources. The licensees would
coordinate these postconstruction mitigation measures with responsible federal or state
agencies such as BLM, U.S. Fish and Wildlife Service (USFS) or private entities.

Access Restrictions: Access restrictions would be expected to be limited but continue beyond
the construction phase over the operational lifecycle of an ISL facility. As previously noted
(Section 2.11.1), the area of fenced surface facilities would be relatively SMALL (typically
around restricted areas only). The well fields could remain open, but also could be fenced to
limit access. The land around the wells and pump houses would be restored and reseeded.
Right-of-way for access to dirt roads and well fields would be established for the duration of the
project but such rights would not be permanent. Overall, the relatively small areas involved and
the temporary nature of construction indicate the access restriction impacts for potential ISL
facilities in the Wyoming West Uranium Milling Region would be SMALL.

Mineral Rights: It is anticipated that future mineral rights for resources in the permit area other
than uranium, could be either delayed for the duration of an ISL project or intermixed within the
overall permit area of an ISL facility. It is expected that any
potential oil and gas, or coal and metals mining exploration

Mineral Rights, Mining Rights,

and production activities would be addressed by obtaining | "o Rights. or Drilling Rights
mineral rights and surface owner consent before an ISL

facility is built. For example, the Wyoming Department of Rights may be conferred to
Environmental Quality (WDEQ) requires a surface owner remove minerals, oil, or

sometimes water that may be

consent fqrm for all surface owners (WDEQ,_ 2007). present on and under some land.
Existing oil and gas exploration and production or coal bed In jurisdictions supporting such
methane well sites could coexist within an ISL total permit rights, they may be separate
area given that the actual footprint of an ISL facility is small. | from other rights to the land.

The rights to develop minerals,

r.elatlve to the total permit area. Ther_e has been r.elatlvely and the purchase and sale of
little coal bed methane development in the Wyoming West those rights, are contractual
Uranium Milling Region, with a few wells located near the matters that must be agreed

Carbon-Sweetwater County line (Ruckelshaus Institute and between the parties involved.
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‘Environment and Natural Resources; 2005). It is expected that the coexistence and potential
conflicts among different mineral rights on an ISL permit area on public or private lands, would
‘be negotiated and agreed upon between the different mineral rights owners involved. Thus the
potential impacts to current or future mineral rights for resources other than uranlum on an ISL
facility permit area are expected to be SMALL.

Livestock Grazing and Agricultural Restrictions: One of the main commercial uses of
publicly or privately owned open rangelands in the west is livestock grazing, but rangelands also
provide scenic vistas, open spaces, wildlife, and recreational opportunities. Livestock grazing is
an integral and historical part of the western rangeland and contributes to maintaining its
ecological, historical, and social values for owners, residents, and visitors. The potential
impairment to these rangeland values associated with the loss of livestock grazing should also
be considered by ISL operators. Where used, fencing would potentially restnct livestock access
to forage on private or federal lands along dirt roads, on well fields, and on satellite and central
processing facilities. Use of the land as rangeland or cultivated fields and pasture land would
likely be excluded from these fenced areas during the life of the project. For example, for the
Reynolds Ranch satellite plant area, an addition to the Smith Ranch-Highlands property in
Converse County, Wyoming, it was estimated that livestock would be prevented from grazing on
-about 131 ha [325 acres] of land that would be used for uranium recovery and related activities
(e.g., access road construction, pipelines, satellite facility construction) (NRC, 2006). This is in
comparison to the 3,500 ha [8,700 acres] within the Reynolds Ranch permitted area. If part of
‘the land is cultivated or if grazing permits are in effect, mitigation or compensation measures
‘would need to be defined and implemented through agreements between surface owners or
grazing permit holders and ISL operators to mitigate the loss of agricultural production or
-grazing rights in areas with restricted access and fenced areas. Examples of mitigation or
-‘compensation measures could include relocation of livestock and water, pasture and rangeland
improvement on alternate public or private land, purchase of hay to replace the loss of cultivated
‘pasture or open rangeland, purchase of additional grazing rights, or reimbursement to livestock
ranchers for loss of grazing or pasture land.

Impacts to grazing from other ISL facilities would be expected to be similar to the example cited.
Overall, about 150 ha [370 acres] of grazing area could be restricted, compared to the
thousands of hectares [acres] for the whole permitted area of a new ISL facility that would
remain available for grazing. Because a relatively small portion of the grazing permit area
‘available in the Wyoming West Uranium Milling Region would be restricted on fenced portions
‘of the land, overall impacts to grazing and farming would be SMALL. In terms of duration, these
impacts would not necessarily last for the entire duration of an ISL operation and
decommissioning phases, because uranium extraction operations often move from one well
field to the next and the land of a particular well field where operations ceased could partly or
‘totally be reclaimed and returned to previous grazing, farming, or recreational uses.

‘Restriction on Recreational Activities: Fencing and right-of-way conditions would minimally
rrestrict hunting and off-road vehicle access to previously open areas. These recreational
-activities are most common on the grass- or shrub-covered rolling hills of the Wyoming West
Uranium Milling Region where new ISL facilities would be developed on BLM and private lands.
Because the fenced area of an ISL facility, as previously described, would be relatively SMALL
and temporary, and because there would be abundant open space available around the ISL
facility, the impacts to these recreational activities would be SMALL.

42-3
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Altering Ecological, Historical, and Cultural Resources: Depending on the specific
locations of a proposed ISL facility and characteristics of the land and environment, the
construction of a new ISL facility could potentially impact portions of managed lands that contain
localized ecological, historical, and cultural resources (see details in Sections 4.2.5 and 4.2.8,
respectively). These resources could be altered, destroyed, restricted, or made inaccessible.

If these types of impacts were to occur, they would be expected during the construction phase
when most of the land surface disturbances would occur. impacts would be expected to be
mitigated by consuitations with appropriate federal, tribal, and state agencies to identify
appropriate planning and surveying prior to the construction phase that wouid clearly identify
and delineate those site-specific resources. Such planning could help to avoid or mitigate the
degree and intensity of impacts from construction activities. However, surveying and due
diligence activities might not be sufficient to identify historical and cultural resources. These
buried resources could be altered or destroyed during excavation, drilling, and grading activities;
thus impacts to portions of the land containing localized ecological, historical; and cultural
resources would range from SMALL to LARGE, depending on local conditions.

421.2 ~ Operation Impacts to Land Use

The types of land use impacts for operational activities would be expected to be similar to
construction impacts regarding access restrictions because the infrastructure wouid be in place.
Additional land disturbances would not be expected from conducting the operational activities
described in Section 2.4. During the operational period of an ISL facility, the primary changes to
land use would be the expansion of well fields, which is addressed as a construction impact in
Section 4.2.1.1. Sequentially moving active operations from one well field to the next would
shift potential impacts. For example, a well field where uranium recovery activities have ceased
could be partly.restored and reopened for grazing or recreation while a new well field is being
developed, which would have impacts similar to those described in the preceding section for the
construction phase. '

The licensee uses its environmental monitoring program (see Chapter 8) to identify soil impacts
caused by land application of treated process water. Monitoring includes analyzing water
before it is applied to land to ensure release limits would be met and soil sampling to establish
background and monitor for uranium, radium, and other metals. Land that is used for irrigation
is also included in decommissioning surveys to ensure potentially impacted areas would be
appropriately characterized and remediated, as necessary, in accordance with NRC and
applicable state regulations. Because access restriction and land disturbance impacts wouid be
expected to be similar to or less than those expected for construction, the overall potential
impacts to land use from operational activities would be SMALL.

4213 Aquifer Restoration Impacts to Land Use

Duning aquifer restoration, the land use impacts described previously for the construction phase
and the operations phase would remain. In terms of specific activities, the aquifer restoration
uses the same infrastructure as the operations phase and maintenance would be at a similar
level. Land use impacts from aquifer restoration could also decrease as fewer wells and pump
houses would be used and overall equipment traffic and use diminish. Thus, the overall
potential impacts to land use during the aquifer restoration phase are comparable to those of
the operation phase and would be SMALL.

4.2-4
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4.21.4 Decommissioning Impacts to Land Use

The types of land use impacts described for construction, operations, and aquifer restoration
would be similar during the decommissioning of an ISL facility. The specific site activities and
their effects would temporarily increase during decommissioning compared to the operation and
aquifer restoration phases, because there would be greater use of earth- and material-moving
equipment and other heavy equipment associated with land reclamation, dismantling, removal,
and disposal of well field materials, pipelines, and central and satellite processing facilities.
Additionally, surface reclamation activities would invoive use of earth-moving equipment in
regrading certain areas or in removing evaporation pond embankments. Reclaimed areas
would be replanted in accordance with appropriate state or federal regulations and standards.
Because most of the decommissioning phase would occur on previously disturbed and
potentially restricted land, the additional potential impacts to land use during the
decommissioning phase would range from SMALL to MODERATE. Impacts would

decrease to SMALL as decommissioning and reclamation are completed and land is

restored to previous uses.

“The principal -outcomes of aquifer restoration and decommissioning activities would be to end
uranium recovery activities, restore the land to its original condition, and to reestablish the prior
land uses or to redevelop the land for other potential uses. :

422 Transportation Impacts

Truck and automobile use is associated with all phases of the ISL facility lifecycle including
construction, operation, aquifer restoration, and decommissioning. The estimated low
magnitude of road transportation from all phases of the ISL lifecycle (Section 2.8), when
compared with local traffic volumes in the Wyoming West Uranium Milling Region -

(Section 3.2.2), is not expected to significantly change the amount of traffic or accident rates.
One possible exception to this conclusion is that commuting traffic for facility workers, in
particular, during periods of peak employment (during construction), would have greater impacts
when roads with the lowest levels of current traffic are traveled. These low traffic roads may
also be more susceptible to wear and tear from increased traffic. Localized intermittent and
temporary SMALL to MODERATE impacts associated with noise, dust, and incidental livestock
or wildlife kills are possible on all roads but in particular on remote local and unpaved access
roads. The magnitude of these impacts would be influenced by site-specific conditions

including the proximity of local residential housing, other regularly occupied structures,

wildlife habitat, farming, or grazing areas to ISL facility access roads. Unique local road

and environmental conditions (e.g., local hazards, local resource impacts) would be considered
in an NRC-site-specific environmental review. Potential local impacts include loss of forage
palatability from road dust and interference with livestock herding and grazing activities. A more
detailed assessment of transportation impacts for each phase of the ISL facility lifecycle is
provided in the following sections. -

4.2.21 Construction Impacts to Transportation
ISL facilities, in general, are not large-scale or time—cdnsuming construction projects
(Sections 2.3 and Table 2.7-1). The magnitude of estimated construction-related transportation

(Section 2.8) is expected to vary depending on the size of the facility; however, when
considered with the regional traffic counts provided in Section 3.2.2, most roads that would be

4.2-5
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used for construction transportation in the Wyoming West Uranium Milling Region would not
gain significant increases in daily traffic, and therefore traffic-related impacts would be SMALL.
Roads with the lowest average annual daily traffic counts would have higher (MODERATE)
traffic and potential infrastructure impacts, in particular, when facilities are experiencing peak
employment. The limited duration of construction activities (12—18 months) suggests impacts
would be temporary in many areas where an ISL facility would be sited. Temporary SMALL to
MODERATE dust and noise impacts are possible for residents living in the vicinity of unpaved

access roads used for construction transportation activities in the vicinity of ISL facilities.

4.2.2.2

Operational transportation activities inciude
employee commuting, supply shipments, waste
transportation, ion exchange resin transport
(where applicable), and yellowcake
transportation. Overall, the estimated magnitude
of operational truck transportation (Section 2.8) is
generally low (a few trucks per day or less)

and unlikely to generate any significant
environmental impacts above those mentioned

in Section 4.2.2.1. Commuting impacts will
depend on the size of the workforce; however,
most of the roads assessed for average annual
daily traffic counts in the Wyoming West Uranium
Milling Region (Section 3.2.2) have sufficiently
high counts that the increase in traffic due to ISL
facility commuting (Section 2.8) is not expected
to significantly change traffic conditions or
accident rates. For these roads, traffic impacts
would be SMALL. For the roads with the lowest
traffic counts, ISL facility commuting could
significantly increase traffic and impacts would be
MODERATE, particularly during times of

peak employment.

Yellowcake Transportation. NRC and others
have previously analyzed the hazards associated
with yellowcake transportation for both the
generic case (Mackin, et al., 2001; NRC, 1980,
NRC, 1977) and in site-specific environmental
assessments (e.g., in NRC, 1997). These
analyses are conservative and tend to
overestimate impacts (e.g., release model,
accident rates, dosimetry selections, exposed
population density); however, they are
appropriate for screening-level calculations. The

Operation Impacts to Trans portation

Calpulating Potential Radiation Exposure

Radiation Dose. Radiation dose estimates are
quantified in units of either sievert or rem and
are often referred to in either milliSievert (mSv)
or millirem (mrem) where 1,000 mSv=1 Sv and
1,000 mrem=1 rem (Sv=100 rem). These units
are used in radiation protection to quantify the
amount of damage to human tissue expected
from a dose of ionizing radiation.

Person-Sv. Person-Sv [Person-rem] is a metric
used to quantify population radiation dose (also
referred to as collective dose). It represents the
sum of all estimated doses received by each
individual in a population and is commonly used -
in calculations to estimate latent cancer fatalities
in a population exposed to radiation.

Latent Cancer Fatality (LCF). Latent cancer
fatality is a measure of the calculated number of
excess cancer deaths expected in a population
as a result of exposure to radiation. Latent
cancers can occur from one to many years after
the exposure takes place.

International Commission on Radiological
Protection (1990) suggests a conversion

factor that for every person-Sv [100 person-rem]
of collective dose, about 0.06 individuals

would develop a cancer induced by radiation
exposure. If the conversion factor is multipiied
by the collective dose to a population, the result
is the number of latent cancer fatalities in
excess of what would be expected without the
radiation exposure.

Because these results are statistical estimates,
values for expected latent cancer fatalities can
be, and often are, less than one for cases
involving low doses or small populations.

risk analyses combined with past experience show that accidents resulting in potential
yellowcake release must be considered when uranium milling activities are evaluated for safety.
Estimated and actual consequences of such accidents are small, however, in part, due to the
appropriate use of safety controls and emergency response protocols.

4.2-6
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After_yellchake is produced at an ISL facility, it i$ transported to a conversion facility in
‘Metropolis, lllinois (the only conversion facility in the United States), to produce uranium
“hexafluoride (UFs) for use in the production of nuclear reactor fuel.

‘Potential routes and distances from thé Wyoming West Uranium Milling Region are discussed in
‘Section 3.2.2.

A prior transportation analysis (NRC, 1980) estimated risks of transporting yellowcake 2,414 km
11,500 mi] to a conversion plant in lllinois—a distance that is bounding for routes originating
from the Wyoming West Uranium Milling Region to the conversion facility (Section 3.2.2). In the
-prior analysis, annual production estimates (the basis for the estimated number of shipments)
‘were assumed to be 589,670 kg [1,300,000 ib]. This amount of yellowcake results in a facility
making approximately 34 shipments per year {based on 40 drums per shipment carrying 430 kg
[950 Ib] of yellowcake per drum}. This number of shipments is within the range of shipments
reported by ISL facilities discussed in Section 2.8. Yellowcake release was calculated
considering the degree of loss of package containment for a range of accident severities and
information on the likelihood that an accident of a particular severity class would occur when an
accident happens. Two models for package response to accident conditions were considered.
Model 1 assumed complete loss of package contents for any accident severe enough to breach
packages, whereas Model 2 used results from package tests indicating only partial release of
contents for accidents sufficient to breach packages. The resulting population dose estimates
for these estimated releases from a single accident in an area containing 61 people per km?
{158 people per mi’] (i.e., rural residential population living on a given area of land) were

200 person-rem [2 person-Sv] for Model 1 and 14 person-rem [0.14 person-Sv] for Model 2
(NRC, 1980). ' ,

‘When the accident dose results are weighted by accident probabilities (computed as the product
of the vehicle accident rate per unit distance traveled, the number of shipments, and the
shipment distance) and converted to estimated latent cancer fatalities (Mackin, et al., 2001), the
results are 0.01 and 0.0008 cancer deaths per year from yellowcake accidents for a single ISL
facility. These risk results can be recalculated for facilities with higher production estimates,
longer shipment distances, or increased accident rates by adjusting the computed accident
probability term. For comparison, the Smith Ranch-Highlands property in Converse County,
Wyoming, is licensed at 2,500,000 kg [5,500,000 Ib] yellowcake per year (NRC, 2006; Energy
‘Metals Corporation, U.S., 2007; Energy Information Administration, 2004), which would
translate to 145 yellowcake shipments if they were to produce at their maximum permitted level,
thereby increasing the aforementioned risk results of 0.01 and 0.0008 latent cancer fatalities by
a factor of 4.3 to 0.04 and 0.003 latent cancer fatalities.

‘Previously reported accidents involving yellowcake release indicate up to 30 percent of
shipment contents were released (Mackin, et al., 2001; Grella, 1983), which is less than the
fraction used in the previously mentioned calculations. In all cases reviewed, spills from
accidents have been contained and cleaned up quickly (by the shipper with state involvement)
without significant health or safety impacts to workers or the public.

Safety controls and compliance with existing transportation regulations in 10 CFR Part 71 add
confidence that yellowcake can be shipped safely with a low potential of affecting the

environment. For example, transport drums must meet specifications of 49 CFR Part 173,
which is incorporated in NRC regulations at 10 CFR Part 71. To further minimize transportation
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risk, NRC recommends that delivery trucks 'meet safety certifications and that drivers hold
appropriate licenses (NRC, 1997).

As described in Mackin, et al. (2001, Section 4.5), the potential radlologlcal impacts associated
with yellowcake transportation are SMALL.

lon Exchange Resin Transport: Sites that include remote ion exchange processing will
transport loaded ion exchange resins (usually by sole-use trucks) from the remote ion exchange
processing sites to a central processing facility (one truck per day, 7 days per week). The
radiological impacts of these shipments are expected to be lower than estimated risks from the
finished yellowcake product because (1) ion exchange resins are less concentrated {about

50 g/L [0.009 oz/gal]} than yellowcake and therefore will contain less uranium per shipment than
a yellowcake (about 85 percent uranium by weight) shipment, (2) the uranium in ion exchange
resins is chemically bound to the resins; therefore, it is less likely to spread and easier to
remediate in the event of a spill or release of shipped material, and (3) while the shipment
distance for remote ion exchange varies for each ISL site, the total annual distance traveled by
ion-exchange shipments is normally less than the same for yellowcake shipments. The NRC
regulations at 10 CFR Part 71 and the incorporated U.S. Department of Transportation
regulations for shipping ion exchange resins, which are enforced by NRC onsite inspections,
also provide confidence that safety will be maintained and the potential for environmental
impacts would be SMALL.

Radioactive Waste Transportation: Operational 11e.(2) byproduct wastes (as defined in the
Atomic Energy Act of 1954, as amended) can be shipped offsite by truck for disposal at a
licensed disposal site (Section 2.8). All radioactive waste shipments are shipped in accordance
with the applicable NRC requirements in 10 CFR Part 71 and U.S. Department of
Transportation requirements in 49 CFR Parts 171-189. Risks from transporting yellowcake
shipments during operations bound the risks expected from waste shipments, owing to the
concentrated nature of shipped yellowcake, the longer distance yellowcake is shipped relative to
waste destined for a licensed disposal facility, and the relative number of shipments for each
type of material. Therefore, impacts from transportlng ISL facility byproduct wastes would

be SMALL.

Hazardous Chemical Transportation: The number of operational chemical supply shipments
is discussed in Section 2.8 (one facility reported 272 bulk chemical shipments per year). These
shipments must follow U.S. Department of Transportation hazardous materials shipping
regulations and requirements. Spill responses would be similar to the aforementioned for
yellowcake transportation, although a spill of nonradiological materials is reportable to the
appropriate state agency, the U.S. Environmental Protection Agency (EPA), and the

U.S. Department of Transportation. The Occupational Safety and Health Administration sets
worker exposure limits for these chemicals. Mackin, et al. (2001) concluded that the risks
associated with handling and transporting hazardous chemicals can be minimized by using
accepted codes and standards and compliance with Occupational Safety and Health
Administration Standards. The consequences of a chemical transportation incident, however, if
it were to occur in a populated area, could have significant impacts. A chemical transportation
incident at the ISL facility could also affect the impacts associated with radiological processes
carried out at an ISL facility. However, given the precautions taken with such materials, the
likelihood of an incident in a populated area is considered low and therefore the overall risk of a
high consequence accident is considered small. As a result of the low frequency of shipments
(<1 per day) and the low risk of high consequence accidents, the potential environmental
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impacts of chemical transportation to potential ISL facilities Within the Wyoming West Uranium
Milling Region would be SMALL.

4223 Aquifer Restoration Impacts to Transportation

Aquifer restoration transportation impacts are expected to be less than previously discussed
impacts for construction and operations because transportation activities will be primarily limited
to supplies (including chemicals for reverse osmosis), chemical waste shipments, onsite
transportation, and employee commuting. No additional unique transportation activities are
expected during aquifer restoration; therefore, no additional types of impacts associated with
aquifer restoration are anticipated and impacts would be SMALL to MODERATE considering the
potential impacts of commuting during peak employment periods (Section 2.8) on low traffic
roads in the Wyoming West Uranium Milling Region (Section 3.2.2).

4.2.2.4 Decommissioning Impacts to Transportation

Decommissioning 11e.(2) byproduct wastes (as defined in the Atomic Energy Act) can be
shipped offsite by truck for disposal at a licensed disposal site. Section 2.8 provides estimates
of the number of decommissioning-related waste shipments. All radioactive waste shipments
must be shipped in accordance with the applicable NRC safety requirements in 10 CFR Part 71.
As shown in-Section 2.8, the number of estimated decommissioning waste shipments is fewer
than those needed to support facility operations, and therefore potential traffic and accident
impacts are expected to decrease during the decommissioning period. Risks from transporting
yellowcake shipments during operations bound the risks expected from waste shipments owing
to the concentrated nature of shipped yellowcake, the longer distance yellowcake is shipped
relative to waste destined for a licensed disposal facility, and the relative number of shipments
for each type of material. Commuting impacts would decrease from peak employment

(Section 2.8) due to cessation of operations, though this effect would be offset to some degree
by an increase in decommissioning workers. Overall, based on the magnitude of transportation
activities expected for potential ISL facilities in the Wyoming West Uranium Milling Region
dunng decommissioning, impacts would be SMALL.

4.2.3 Geology and Soils Impacts -

Construction, operation, aquifer restoration, and decommissioning activities at ISL facilities may
impact geology and soils. The potential impacts to geology and soils from these activities in the
Wyoming West Uranium Milling Region are discussed in the following sections.

4.2.31 Construction Impacts to Geology and Soils

During construction of ISL facilities, the principal impacts to geology and soils would result

from earth-moving activities associated with constructing surface facilities, wastewater
evaporation ponds, access roads, well fields, and pipelines (Section 2.3). Earth-moving
activities would include _

o  Clearing of ground or topsoil and preparing surfaces for thebprocessing plant, satellite
. facilities, pump houses, access roads, drilling sites, and associated structures

° Excavating and backfilling trenches for pipelines and cables
4.2-9
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. Excavating evaporation ponds and developing evaporation pond embankments

The impact of construction activities on geology and soils will depend on local topography,
surface bedrock geology, and soil characteristics. Construction activities at ISL facilities in the
Wyoming West Uranium Milling Region may increase the potential for erosion from both wind
and water due to the removal of vegetation and the physical disturbance from vehicle and heavy
equipment traffic. Likewise, compaction of soils and removal of vegetation resulting from
construction activities may increase the potential for surface runoff and sedimentation in local
drainages and streams outside disturbed areas.

Generally, earth-moving activities will result in only SMALL (on average, approximately

15 percent of permitted site area) impacts and temporary disturbance of soils—impacts that are
commonly mitigated using accepted best management practices (see Chapter 7). For example,
soil horizons will be disrupted to construct the processing facilities, evaporation ponds, and well
field houses. In the well field, soil disturbance will be limited to drill pad grading, mud pit
excavation, well completion, and access road construction.

Operators of ISL facilities typically adopt best management construction practices to prevent or
substantially reduce soil impacts (see Table 7.4-1). For example, soils removed during
construction of surface facilities are generally stockpiled and stabilized for later use during
decommissioning and land reclamation. These stockpiles are typically located, shaped, and
seeded with a cover crop by the operator to control erosion. Other practices include
constructing structures to divert surface runoff from undisturbed areas around disturbed areas;
using silt fencing, retention ponds, and hay bales to retain sediment within the disturbed areas;
and reestablishing native vegetation as soon as possible after disturbance.

As part of the underground infrastructure at ISL facilities, a network of buried process pipelines
and cables is typically constructed. Pipeline systems are installed between the pump house
and well field for injecting and recovering lixiviant, between the pump house and the satellite
facility or processing plant for transporting lixiviant and resin, and between the processing
facilities and deep injection wells. Trenches for the pipelines are excavated as deep as 1.8 m
[6 ft] below the ground to avoid any potential freezing problem. Operators typically segregate
topsoil from subsoil (i.e., underlying rock) when excavating trenches so that the general soil
profile can be restored during backfilling. Excavating trenches for pipelines and cables normally
results in only SMALL and temporary disturbance of rock and soil. After piping and cabie are
placed in the trenches, the trenches are backfilled with the excavated rock and soil and graded
to surrounding ground topography.

Based on the previous discussion, the impacts of construction activities on geology and soils at
ISL facilities in the Wyoming West Uranium Milling Region would be SMALL because of the
limited time the activity takes place (months), the limited area of site disturbance (on average,
approximately 15 percent of permitted site area), and the shallow depth of excavation 1.2-1.8 m
[4-6 ft].

4.2.3.2 Operation Impacts to Geology and Soils
During ISL operations (Section 2.4), a non-uranium-bearing (barren) solution or lixiviant is

injected through wells into the mineralized zone. The lixiviant moves through the pores in the
host rock, dissolving uranium and other metals. Production wells withdraw the resulting
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“pregnant” lixiviant, which now contains uranium and other dissolved metals, and pumpitto a
central processing plant or to a satellite processing facility for further uranium recovery
and purification.

The removal of uranium mineral coatings on sediment grains in the target sandstones during the
uranium mobilization and recovery process will result in a change to the mineralogical
composition of uranium-producing formations. However, the uranium mobilization and recovery
process in the target sandstones does not result in the removal of rock matrix or structure. In
addition, the source formations for uranium in the WWyoming West Uranium Milling Region occur
at depths of hundreds of meters [hundreds to thousands of feet] (Section 3.2.3), and individual
mineralization fronts are typically 0.6 to 7.5 m [2 to 25 ft] thick (Section 3.1.2). At these depths
and thicknesses and considering that rock matrix is not removed during the uranium
mobilization and recovery process, it is unlikely that collapse in the target sandstones would be
translated to the ground surface. Therefore, impacts to geology from ground subsidence would
be expected to be SMALL. '

The pressure of the producing aquifer is decreased during operation activities because a
negative water balance is maintained in the well field to ensure water flows into the well field
from its edges, reducing the potential for spread of contamination. This change in pressure
theoretically could impact the transmissivity of faults in permitted areas. However, because
uranium producing sandstones tend to be highly porous and transmissive, it is unlikely that
changes in fiuid pressure would reactivate faults or trigger or induce earthquakes. Based on
historical ISL operations, reactivation of faults has not been observed in the Wyoming West
Uranium Milling Region. '

A potential impact to soils arises from the necessity to move barren and pregnant
uranium-bearing lixiviant to and from the processing facility in aboveground and underground
pipelines. If a pipe ruptures or fails, lixiviant can (1) be released and pond on the surface,

(2) runoff into surface water bodies, (3} infiltrate and adsorb in overlying soil and rock, or

(4) infiltrate and percolate to groundwater. '

In the case of spills from pipeline leaks and ruptures, spills could release either radionuclides or
other constituents (e.g., selenium or other metals). Any impacts of these two types of spills are
likely to be bounded by a spill of pregnant lixiviant (Mackin, et al., 2001). If the spill is allowed to
dry, it can pose an ingestion or inhalation hazard to both humans and wildlife. Upon detection,
licensees are required to establish immediate spill responses through onsite standard operation
procedures (e.g., NRC, 2003, Section 5.7). For example, immediate spill responses might
include shutting down the affected pipeline, recovering as much of the spilled fiuid as possible,
and collecting samples of the affected soil for comparison to background values for uranium,
radium, and other metals.

As part of the monitoring requirements at ISL facilities, licensees must report certain spills to the
NRC within 24 hours. These spills include those that cause unplanned contamination that
meets the criteria of 10 CFR 40.60 and those spills that could cause exposures that exceed the
limits established in 10 CFR Part 20, Subpart M. Additional reporting requirements may be
imposed by the state or by NRC license conditions. For example, NRC license conditions may
require that licensees report spills to the NRC project manager and subsequently submit a
written report describing the conditions leading to the spill, the corrective actions taken, and the
results achieved (NRC, 2003). This documentation helps in final site decommissioning
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activities. Licensees of ISL facilities in the Wyoming West Uranium Milling Region must also
comply with applicable WDEQ requirements for spill response and reporting.

Soil contamination during ISL operations could also occur from transportation accidents
resulting in yellowcake or ion exchange resin spills. As for lixiviant spills, licensees must report
certain of these yellowcake or resin spills to both the NRC and WDEQ. License conditions may
also require licensees to report the corrective actions taken and the results achieved. For
nonradiological chemicals stored at the processing facility, spill responses would be similar to
those described for yellowcake transportation, although the spill of nonradiological materials is
primarily reportable to the appropriate state agency or EPA.

In the short term, impacts to soils from spills could range from small to large depending on the
volume of soil affected by the spill. Because of the required immediate responses, spill
recovery actions, and routine monitoring programs, impacts from spills are temporary, and the
overall long-term impact to soils would be expected to be SMALL.

Uranium mobilization and processing during ISL operations produce excess water containing
lixiviants and minerals leached from the aquifer. Other liquid waste streams produced by ISL
operations can include rejected brine from the reverse osmosis system and spent eluant from
the ion exchange system. Any of these waste streams may be discharged to evaporation
ponds or injected into deep waste disposal wells. In addition, wastewater may be treated and
applied to the land using irrigation methods or discharged to surface water drainages. The
impacts of and requirements for discharging treated waste streams to surface water bodies
during ISL activities in the Wyoming West Uranium Milling Region are discussed in

Section 4.2.4.1. The impacts of using evaporation ponds or applylng treated wastewater to the
land are discussed in this section. . - :

Although waste streams are treated before discharge to evaporation ponds, they may still
contain radionuclides and other metals that may become concentrated during evaporation.
Therefore, evaporation pond liner failures and pond embankment failures could result in soil
contamination. Evaporation ponds at NRC-licensed ISL facilities are designed with leak
detection systems to detect liner failures. The licensee is also required to maintain sufficient
reserve capacity in the evaporation pond system to enable transferring the contents of a pond to
other ponds in the event of a leak and subsequent corrective action and liner repair. To
minimize the likelihood of failure, pond embankments at ISL facilities are monitored and
inspected by licensees in accordance with NRC-approved inspection programs, and NRC also
regularly inspects the embankments as part of the federal Dam Safety program.

Land application of treated wastewater involves irrigating select parcels of land and allowing the
water to be evapotranspired by native vegetation or crops (Sections 2.7.2, 4.2.12.2). Land
application of treated wastewater could potentially impact soils. For example, the salinity of the
treated wastewater could increase the salinity of soils (soil salination) and reduce the
permeability of soils in the irrigation area. Land application of the treated wastewater could also
cause radiological and/or other constituents (e.g., selenium or other metals) to accumulate in
the soils, thereby degrading the site potential for subsequent recreational or agricultural use. At
NRC-licensed ISL facilities, the licensee is required to monitor and control irrigation areas, if
used, to maintain levels of radioactive constituents within allowable release standards. In
addition, states typically regulate land application of wastewater and may impose release limits
on nonradiological constituents to reduce negative impacts on soils and vegetation resulting
from soil salination. The licensee uses its environmental monitoring program (see Chapter 8) to
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identify soil impacts caused by land application of treated process water. Monitoring includes
analyzing water before it is applied to land to make sure release limits are met and soil sampling
to ensure that concentrations of uranium, radium, and other metals are within allowable limits.

Areas of a site where land application of treated water has been used are also included in

decommissioning surveys to ensure soil concentration limits are not exceeded. Because of the
routine monitoring program and inclusion of land application areas in decommissioning surveys,
the impacts to soil from land application of treated wastewater would be expected to be SMALL.

4.2.3.3 Aquifer Restoration Impacts to Geology and Soils

Aquifer restoration programs typically use a combination of (1) groundwater transfer;
(2) groundwater sweep; (3) reverse osmosis, permeate injection, and recirculation;
(4) stabilization; and (5) water treatment and surface conveyance (Section 2.5).

The groundwater sweep and recirculation process does not result in the removal of rock matrix
or structure, and therefore no significant matrix compression or ground subsidence is expected.
. The water pressure in the aquifer is decreased during restoration because a negative water
balance is maintained in the well field being restored to ensure water flows into the well field
from its edges, reducing the spread of contamination. However, the change in pressure is

~ limited by recirculation of treated groundwater, and therefore it is very unlikely that ISL
operations will reactivate local faults and extremely unlikely that any earthquakes would be
generated. Therefore, the impacts on geology in the Wyoming West Uranium Milling Region
from aquifer restoration would be expected to be SMALL, if any. :

The main potential impact on soils during aquifer restoration would be spills of contaminated
groundwater resulting from pipeline leaks and ruptures. As with spills of lixiviant during
operations, spill response recommendations during aquifer restoration activities have been
carried forward into NRC guidance of ISL facilities (e.g., NRC, 2003, Section 5.7). Licensees
must report certain spills to the NRC within 24 -hours. These spills include those that cause
unplanned contamination that meets the criteria of 10 CFR 40.60 and those spills that could
cause exposures that exceed the dose limits established in 10 CFR Part 20, Subpart M.
Additional reporting requirements may be imposed by the state or by NRC license conditions.
For example, NRC license conditions may require that licensees report spills to the NRC project
manager and subsequently submit a written report describing the conditions leading to the spill,
the corrective actions taken, and the results achieved (NRC, 2003). Licensees in the Wyoming -
West Uranium Milling Region are also required to comply with WDEQ requirements for spill
response and reporting. The short-term impact on soils from spills of contaminated
groundwater could range from small to large depending on the volume of the affected soil.
Because of the required immediate responses, spill recovery actions, and routine monitoring
programs, impacts from spills are temporary, and the overall long-term impact to soils

is SMALL.

During aquifer restoration, the groundwater is passed through semipermeable membranes that
yield a brine or reject liquid. This reject liquid cannot be injected back into the aquifer or
discharged directly to the environment. The reject liquid is typically sent to an evaporation pond
or to deep well disposal, while the treated wastewater may be reinjected into the aquifer or -
applied to the land.
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If reject water is sent to an evaporation pond, failure of the pond liner or pond embankment
could result in soil contamination. Evaporation ponds at NRC-licensed ISL facilities are
designed with leak detection systems to detect liner failures and are visually inspected on a
regular basis. The licensee is also required to maintain sufficient reserve capacity in the
evaporation pond system to enable transferring the contents of a pond to other ponds in the
event of a leak and subsequent corrective action and liner repair. To minimize the likelihood of
pond embankment failures, NRC requires licensees to monitor and inspect pond embankments
at ISL facilities in accordance with NRC-approved inspection programs. NRC also regularly
inspects the embankments as part of the federal Dam Safety program.

As with ISL operations, land application of treated water during aquifer restoration could
potentially impact soils (Sections 2.7.2, 4.2.12.2). For example, the salinity of the treated

- wastewater could increase the salinity of soils (soil salination) and reduce the permeability of
soils in the irrigation area. Land application of the treated wastewater could also cause
radiological and/or other constituents to accumulate in the soils. At NRC-licensed ISL facilities,
the licensee is required to monitor and control irrigation areas, if used, to maintain levels of
radioactive constituents within allowable release standards. In addition, states typically regulate
land application of wastewater and may impose release limits on nonradiological constituents to
reduce negative impacts on soils and vegetation resulting from soil salination. The licensee
uses its environmental monitoring program (see Chapter 8) to identify soil impacts caused by
land application of treated process water. Monitoring includes analyzing water before it is
applied to land to make sure release limits are met and soil sampling to ensure that
concentrations of uranium, radium, and other metals are within allowable standards. Areas

of a site where land application of treated water has been used are ailso included in
decommissioning surveys to ensure soil concentration limits are not exceeded. Because of

the routine monitoring program and inclusion of land application areas in decommissioning
surveys, the potential impacts to soil from land appllcatlon of treated wastewater would be
expected to be SMALL.

4234 Decommissioning Impacts to Geology and Soils

Decommissioning of ISL facilities includes dismantling process facilities and associated
structures, removing buried piping, and plugging and abandoning wells using accepted
practices. The main impacts to geology and soils in'the Wyoming West Uranium Milling Region
during decommissioning would be from activities associated with land reclamation and cleanup
of contaminated soils. These activities are described in Section 2.6.

Before decommissioning and reclamation activities begin, the licensee is required to submit a

- decommissioning pian to NRC for review and approval. The licensee’s spill documentation—an
NRC requirement—would be used to identify potentially contaminated soils requiring offsite
disposal at a licensed facility. Any areas potentially impacted by operations would be inciuded
in surveys to ensure all areas of elevated soil concentrations are identified and properly cleaned
up to comply with NRC regulations at 10 CFR Part 40, Appendix A, Criterion 6-(6).

Most of the impacts to geology and soils associated with decommissioning are temporary and
SMALL. Because the goal of decommissioning and reclamation is to restore the facility to

preproduction conditions, to the extent practical, the overall long-term impacts to the geology
and soils would be SMALL. ' '

4.2-14

- 528 -



Environmental Impacts of Construction, Operation,

Aquifer Restoration, and Decommissioning Activities

4.24 Water Resources Impacts
4241 Surface Water impacts
42411 Construction Impacts to Surface Water

There would be potential impacts to surface water bodies and wetlands as a result of
constructing ISL uranium recovery facilities (Section 2.3): (1) water quality degradation from
temporary increases in suspended solids concentrations above background levels during
in-stream construction or runoff from disturbed lands; (2) increased sedimentation in
waterbodies resulting from either in-stream construction or construction activities on adjacent
upland areas; (3) channel and bank modifications that affect channel morphology and stability;
(4) reduced flows in waterbodies where fills have occurred; (5) water quality degradation in
water bodies, lakes, impoundments, or surface water-based public water supplies from spills or
leaks of fuel, lubricants, or hazardous materials during construction; and (6) fills and destruction
of wetland areas (e.g., USACE, 2007a—c).

Depending on the construction methods used, installing pipelines and roads across waterbodies
may affect surface water quality in any of these ways. Clearing land for roads, well pads,
pipelines, and other structures exposes bare soil to water and wind erosion thereby increasing
the erosion potential. Erosion potential can be increased further from the decreased
permeability of roads and well pads (i.e., compaction of soil from vehicles increases water
runoff). Increasing the number of low permeability areas increases the energy of runoff, which
in tum can carry more sediment to streams, change filow characteristics, and increase stream
erosion. Best management practices that would be expected to be implemented, as needed, to
limit impacts to surface water are discussed in Chapter 7.

Linear transportation crossings over waterbodies can be built using bridges, pipe culverts,

and box culverts. Impacts from road development would be a direct result of design and the
extent of the waterway and would be handled on a site-specific basis through the U.S. Army
Corps of Engineers (USACE) Section 404 permitting. process. Under Section 404 of the Clean
Water Act (see Appendix B), the USACE—and specifically, the Secretary of the Army—is
responsible for administering a regulatory program that requires permits to discharge dredged
or fill material into U.S. waters, including wetlands. If these activities satisfy general conditions,
they may be authorized under various nationwide permits (USACE, 2007a—c). Specific
construction practices that may reduce construction impacts to surface waterbodies are defined
as part of the USACE permitting process (USACE, 2007a—c). The use of these permits also
requires that the actions satisfy the individual state Section 401 certification with regard to water
quality. If the project does not meet the requirements for a nationwide permit, then an individual
Section 404 permit from USACE would be required. Permanent fills from placing bridge
columns within the waterway or impacts from construction equipment may be long-term effects
of constructing a bridge crossing. The placement of pipe and box culverts could have impacts
to the waterway, along with any temporary impacts from construction.

Clearing existing vegetation when the collection pipelines and linear crossings are built would
be as minimal as necessary to prepare for grading. Grading is typicaily directed away from the
waterbody to reduce the potential for sediment to enter. Temporary erosion control measures
(e.g., silt fences, straw bales) are installed as necessary to minimize the potential for disturbed
soils to enter the waterbody from the right-of-way. Staging areas near waterbody crossings
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would typically be set back from the water’s edge as permitted by topographic and other
site conditions.

Other measures related to minimizing temporary impacts to waterbody crossings such as
managing spoil, timing crossing, providing temporary access, and limiting equipment working in
waterbodies would be considered, as appropriate, during the planning process. For example,
spoil containment devices such as silt fences or straw bales would be installed and set back
from the waterbody bank, minimizing potential for sediment leaving the construction right-of-way
and reentering the waterbody. Operation- or transportation-related spills, collected product
storage, or equipment failure in or near a waterbody could affect aquatic resources and
contaminate the waterbody downstream of the release point. Spill responses at ISL facilities
are described in Section 2.11.2.

Any construction activity in waters protected for fisheries uses is likely to exceed Wyoming's
water quality criteria for turbidity; however, temporary increases in turbidity above the numeric .
critena in Wyoming's Surface Water Quality Standards for a specific activity may be authorized
in response to an application for a variance provided the appllcatlon is submitted to the state for
review and approval prior to exceeding the standards. :

In summary, potential impacts to surface waters from the construction of an ISL facility would be
expected to be SMALL based on the application of federal and state clean water regulations in
conjunction with the use of best management practices. Should the facility require an individual
permit from the USACE, the facility could have MODERATE impacts. However, as a result of
the permitting process, those impacts would be expected to be mitigated though various
mitigation options such as mitigation banking, riparian/wetland enhancement, or creation of new
Waters of the United States. Storm water runoff during construction would be controlled
through a Storm Water Pollution Prevention Plan that is part of a Wyoming Pollutant Discharge
Elimination System permit issued by WDEQ (Section 1.7.5.1). Temporary wastewater
discharges from hydrostatic testing of pipes, tanks, or other vessels; construction dewatering;
and well pump tests would be regulated by a temporary discharge permit from WDEQ. Well
pump tests in uranium-bearing zones would also need to comply with WDEQ monitoring and
effluent limits for total radium and uranium. Isolated wetlands and associated mitigation
measures are also regulated by the WDEQ. Overall, compliance with the applicable federal and
state regulations and permit conditions and the implementation of best management practices
and other mitigation measures would result in potential impacts during construction that would
be SMALL.

42412 Operatioh Impacts to Surface Water

During operations (Section 2.4), surface waters could be impacted by accidental spills from the
ISL facility or by permitted discharges. Spilis from the central processing plant or well fields, as
well as spills during transportation, could impact surface waters by contaminating storm water
rurioff or by contaminating surficial aquifers that are hydraulically connected to surface waters.

As described in Section 4.2.4.2.2.1, flow monitoring and spill response procedures are expected
to limit the impact of potential spills to surficial aquifers. Impacts of spills to surface waters that
are hydraulically connected to surficial aquifers may be SMALL to MODERATE, depending on
the size of the spill, success of remediation, use of the surface water (e.g., for domestic or
agricultural water supply), proximity of the spill to the surface water, and relative contribution of
the aquifer discharge to the surface water.
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Storm water discharges are controlled through a Storm Water Pollution Prevention Plan that is
part of a Wyoming Pollutant Discharge Elimination System permit issued by the WDEQ. The

. Storm Water Pollution Prevention Plan describes the potential sources of storm water
contamination at the facility, routes by which storm water may leave the facility, and the best
management practices that would be used to prevent storm water contamination. For example,
concrete curbing and berms are typically used to contain spills and facilitate cleanup in .
accordance with approved operating procedures. Although the Wyoming Poliutant Discharge
Elimination System permit for storm water discharges does not provide specific numerical water
quality standards, it does include monitoring requirements and specifies that storm water
discharge shall not cause pollution, contamination or degradation of waters of the state. Waters
of the state include wetlands; surface water channels, whether perennial or not; and lakes
and reservoirs. Thus storm water discharges compliant with the Wyoming Pollutant Dlscharge
Elimination System would be expected to result in SMALL impacts to surface waters.

If the licensee wishes to discharge treated wastewater to a surface water body (Section 2.7.2),
the licensee must obtain a Wyoming Pollutant Discharge Elimination System permit from the
WDEQ. The Wyoming Pollutant Discharge Elimination System permit would contain numerical
discharge limits for various pollutants intended to protect surface water quality. Any discharges
must be treated as necessary to meet these limits. The State of Wyoming issues Wyoming -
Pollutant Discharge Elimination System permits under authority delegated by the National
Pollutant Discharge Elimination System (NPDES). Compliance with permit requirements would
result in SMALL impacts to surface waters from ISL facility operation activities.

Should the facility require expansion or new pipelines or linear crossings, then the same
impacts from construction are anticipated (SMALL to MODERATE)

Most ISL operations extract slightly more groundwater than they reinject into the :
uranium-bearing formation (Section 2.4.1). The groundwater extracted from the formation could
result in a depletion of flow in nearby streams and springs if the ore-bearing aquifer is
hydraulically connected to such:features. Most, if not all, ISL operations would take place in ore
bodies within confined aquifers. For the operations to impact local surface water features, the
ore-bearing aquifer would need to have Artesian head and the upper confining beds would need
to have sufficient permeability to allow grouridwater to flow to the surface features. Such
conditions near the ISL facility would not be favorable to permitting an ISL in the first place and
would have allowed groundwater contaminated by the ore body to discharge to the surface
water features even in the absence of any ISL operation. Thus, NRC finds it unlikely that ISL
activities would take place at sites with ore-bearing aquifers with any significant connection to_
surface water features. Assuming the ore-bearing aquifer at an ISL facility had a weak hydraulic
connection to a local surface water feature, the effect of the net groundwater extractions during

. operation would also be weak and the potential impact to the surface water feature wouid be
SMALL. Discharge of produced water to local drainage channels could also result in channet
erosion and headcutting. The impact of any such erosion processes would be SMALL if
mitigated by using properly designed discharge structures.

42413 Aquifer Restoration Impacts to Surface Water
Activities occurring during aquifer restoration that could impact surface waters include

management of produced water, storm water runoff and accidental spills, and management of
brine reject from the reverse osmosis system (Sections 2.5 and 2.7.2). Storm water quality
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would be controlled under a Storm Water Pollution Prevention Plan in the same manner as
during operations.

Alternatives for disposal of produced water that could affect surface water quality include land
application of the treated water, discharge to solar evaporation ponds, and discharge of treated
wastewater to surface waters, depending on site-specific facility planning (Section 2.7.2).

Prior to disposal by land application, water would be treated to remove contaminants and
naturally occurring dissolved solids to levels established by the state. In addition, NRC
requires that public and occupational dose limits of 10 CFR Part 20 be met duning and after
disposal by land application. Despite water treatment to meet these requirements, residual
contaminants and dissolved solids could accumulate on the surface and in the root zone of the
irrigated land. The extent to which these materials would accumulate in the soil at a specific
site depends on the degree to which actual evapotranspiration exceeds the applied irrigation
rate plus precipitation at the site, and the sorptive propertles of the soil with respect to

specific constituents.

Contaminants and accumulated natural salts could leave the facility and enter surface water due
to runoff from excess irrigation or storm events. During land application, these impacts could be
mitigated in accordance with permit requirements by adjusting water application rates to be
consistent with site-specific climate, soil, and vegetation conditions. Residual contaminants, if
any, that remain in soil when operations are shut down would be included in land surveys and
cleaned up, as needed, during decommissioning (Section 2.6) to meet NRC safety regulations.
Because of permit requirements and subsequent decommissioning, potential impacts from
permitted land application would be SMALL.

Produced water permitted to be discharged to local waterways (Section 2.7.2), including
ephemeral stream channels, under a Wyoming Pollutant Discharge Elimination System permit
would need to be treated to remove contaminants to meet state and federal water quality
standards. Potential impacts associated with surface water discharge could include leaching of
natural salts from unsaturated soils and accidental releases of water not meeting

discharge standards, but compliance with permit requirements for discharge would be expected
to result in SMALL potential impacts.

Groundwater extracted from the formation during aquifer restoration could result in a depletion
of flow in nearby streams and springs if the ore-bearing aquifer is hydraulically connected to
such features. Because most, if not all ISL aquifer restoration would be expected to occur
where the ore-bearing aquifers are confined and would have a weak connection to surface
water bodies, local depletion of streams and spnngs would be unlikely, and potential impacts
would be expected to be SMALL

42414 Decommissioning Impacts to Surface Water

During decommissioning of the facility (Section 2.6), temporary impacts to surface waters are
anticipated from sediment loading associated with removal of piping, linear crossings, and other
facility infrastructure. Decommissioning and reclamation would be expected to return the

Waters of the United States to preconstruction/operation status. Storm water runoff would also
be controlied by implementing a Storm Water Pollution Prevention Plan during decommissioning
activities. Impacts to surface water from decommissioning and reclamation activities would

be SMALL. :
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4242 Groundwater Impacts

Potential environmental impacts to groundwater resources in the Wyoming West Uranium
Milling Region can occur during each phase of the ISL facility’s lifecycle. 1SL activities can
impact aquifers at varying depths (separated by aquitards) above and below the uranium-
bearing aquifer as well as adjacent surrounding aquifers in the vicinity of the uranium-bearing
aquifer. Surface activities that can introduce contaminants into soils are more likely to impact
shallow (near-surface) aquifers, while ISL operations and aquifer restoration are more likely to
impact the deeper uranium-bearing aquifer, any aquifers above and below and adjacent
surrounding aquifers. :

ISL facility impacts to groundwater resources can occur from surface spills and leaks,
consumptive water use, horizontal and vertical excursions of leaching solutions from production
aquifers, degradation of water quality from changes in the production aquifer's chemistry, and
waste management practices involving land application, evaporation ponds, or deep well
injection. Detailed discussion of the potential impacts to groundwater resources from
construction, operations, aquifer restoration, and decommissioning is provnded in the

following sections.

42421 Construction. Impacts to Groundwater

During construction of ISL facilities, the potential for groundwater impaéts is primarily from
consumptive groundwater use, introduction of drilling fluids and muds from well drilling, and
spilis of fuels and lubricants from construction equipment (see Section 2.3).

As discussed in Section 2.11.3, groundwater use during construction is limited to routine
activities such as dust suppression, mixing cements, and drilling support. The amounts of
groundwater used in these activities are small relative to pumpable water and would have a
SMALL and temporary impact to groundwater supplies within the Wyoming West Uranium
Milling Region. Groundwater quality of near-surface aquifers during construction would be
protected by best management practices such as implementation of a spill prevention and
cleanup plan to minimize soil contamination (Section 7.4). Additionally, the amount of drilling
fluids and muds introduced into aquifers during well construction would be limited and have a
SMALL impact to the water quality of those aquifers. Thus, construction impacts to groundwater
. resources would be SMALL based on the limited nature of construction activities and
implementation of management practices to protect shallow groundwater.

42422 Operation Impacts to Groundwater

During ISL operations, potential environmental impacts to shallow (near-surface) aquifers are
related to leaks of lixiviant from pipelines, wells, or header houses and to waste management
practices such as the use of evaporation ponds and disposal of treated wastewater by land
application. Potential environmental impacts to groundwater resources in the production and
surrounding aquifers involve consumptive water use and changes to water quality. Water
quality changes would result from normal operations in the production aquifer and from possible
horizontal and vertical lixiviant excursions beyond the production zone (see Section 2.4).
Disposal of processing wastes by deep well injection (see Sectlon 2.7.2) during ISL operations
also can potentially impact groundwater resources.
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424221 Operation Impacts to Shallow (Near-Surface) Aquifers

A network of pipelines, as part of the underground infrastructure, is used during ISL operations
for transporting lixiviants between the pump house and the satellite or main processing facility
and also to connect injection and extraction wells to manifolds inside pumping header houses.
The failure of pipeline fittings or valves, or failures of well mechanical integrity in shallow
aquifers, could result in leaks and spills of pregnant and barren lixiviant (Section 2.3.1.2), which
could impact water quality in shallow (near-surface) aquifers.

The potential environmental impacts of pipeline, valve, or well integrity failures to shallow
aquifers could be MODERATE to LARGE, if :

. The groundwater table in shallow aquifers is close to the ground surface (i.e., small
travel distances from the ground surface to the shallow aquifers) :

. The shallow aquifers are important sources for local domestic or agricultural
water supplies

o Shallow aquifers are hydraulically connected to other locally or regionally
important aquifers

The potential environmental impacts could be SMALL if shallow aquifers have poor water quality
or yields not economically suitable for production, and if they are hydraulically separated from
other locally and regionally important aquifers. ‘

In some parts of the Wyoming West Uranium Milling Region, local shallow aquifers exist and
they are important sources of groundwater locally {e.g., in the vicinity of the Lost Creek area
(Lost Creek ISR, LLC, 2007)]. Hence, for some sites in the Wyoming West Uranium Milling
Region, potential environmental impacts due to spills and leaks from pipeline networks or
failures of well mechanical integrity in shallow aquifers could be MODERATE to LARGE,
depending on site-specific conditions. Potential impacts would be reduced by flow monitoring to
detect pipeline leaks and spills early and implementation of required spill response and cleanup
procedures. In addition, preventative measures such as well mechanical integrity testing (MIT)
(Section 2.3.1.1) would limit the likelihood of well integrity failure during operations.

The use of evaporation ponds or land application to manage process water generated during
operations also could impact shallow aquifers. For example, failure of evaporation pond
embankments or liners could allow contaminants to infiltrate into shallow aquifers. Similarly,
land application of treated wastewater could cause radiological or other constituents

(e.g., selenium or other metals) to accumulate in soils or infiltrate into shallow aquifers. In
general, the potential impacts of these waste management activities are expected to be limited
by NRC and state requirements. For example, NRC requirements for leak detection systems,
maintenance of reserve pond capacity, and pond embankment inspections are expected to
minimize the likelihood of evaporation pond failures. Similarly, NRC and state release limits

-related to land application of waste are expected to limit potential effects of land application of

wastewater on shallow aquifers. Section 4.2.12.2 discusses the impacts of the use of
evaporation ponds and land application of treated wastewater in greater detail and
characterizes the expected impacts as SMALL.
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424222 Operation Impacts to Production a'nd Surrounding Aquifers

The potential environmental impacts to groundwater supplies in the production and other
surrounding aquifers are related to consumptive water use and groundwater quality.

Water Consumptive Use: NRC-licensed flow rates for ISL facilities typically range from about
15,100 to 34,000 L/min [4,000 to 9,000 gal/min] (Section 2.1.3). Most of this water is returned to
the production aquifer after being stripped of uranium (see Section 2.4.1.2). The term
“consumptive use” refers to water that is not returned to the production aquifer. During
operations, consumptive use is due primarily to production bleed (typically between 1 and

3 percent of the total flow) and also includes other smaller losses. As described in o
Section 2.4.1.2, the purpose of the production bleed is to ensure that more groundwater is
extracted than reinjected. Maintaining this negative water balance helps to ensure that there is
a net inflow of groundwater into the well field to minimize the potential movement of lixiviant and
its associated contaminants out of the well field. Because the bleed water must be removed
from the well field to maintain a negative water balance, the bleed is disposed through the
wastewater control program and is not reinjected into the well field.

Hypothetically, if a well field at an ISL facility in the Wyoming West Uranium Milling Region is
pumped at a constant rate of 22,700 L/min [6,000 gal/min] with 2 percent bleed, the total volume
of production bleed in a year of operation would be 240 million L {63 million gal [190 acre-fi]}.
For comparison, in 2000, approximately 6.2 x 102 L [5.05 million acre-ft] of water was used to
irrigate 469,000 ha [1.16 million acres] of land in Wyoming (Hutson, et al., 2004). This

irrigation rate is equivalent to an annual application of approximately 13.2 million L per ha

[4.36 acre-ft/acre]. Thus, the consumptive use of 240 million L [190 acre-ft] of water due to
production bleed in 1 year of operation is roughly equivalent to the water used to irrigate 18 ha
[44 acres] in Wyoming for 1 year. v

Consumptive water use during operations could lower water levels in local wells, impacting local
water users who use water from the production aquifer (outside of the exempted zone). In
addition, if production aquifers are not completely hydraulically isolated from aquifers above and
below, consumptive use may impact local users of these connected aquifers by lowering water
levels in those aquifers. However, effects on aquifers above and below are expected to be
limited in most cases by the confining layers typical of aquifers used for ISL production. As

- discussed in Section 2.4.1.3, licensees conduct preoperations testing to assess the degree of
hydraulic isolation of potential production aquifers at proposed ISL sites.

To assess the potential drawdown that could be caused by consumptive use during operations,
drawdowns were calculated for a hypothetical case in which the water withdrawn by an entire
ISL facility operating at 15,100 L/min [4,000 gal/min] with 2 percent bleed is assumed to be

~ withdrawn from a single well. This scenario would significantly overestimate the drawdown.
caused by ISL operations using water from a similar production aquifer because water
withdrawal at a typical ISL facility is distributed among hundreds of wells (Section 2.3.1.1) and
tens to hundreds of hectares [tens to thousands of acres] (Section 4.2.1). In this extreme case,
drawdowns at locations 1, 10, and 100 m [3.3, 33, and 330 ft] away from the hypothetical well
would be 71, 55, and 39 m [233, 55, and 128 ft] after 10 years of operation. These hypothetical
values were calculated using the Theis Equation (McWhorter and Sunada, 1977) with
transmissivity and storage coefficient values of 10 m%day [108 ft?/day] and 1 x 107, respectively
(chosen from the range of respective parameter vaiues discussed in Section 3.2.4.3).
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To quantify the sensitivity of the drawdowns to aquifer properties, additional drawdowns were
computed by decreasing the aquifer transmissivity or storage coefficient by an order of
magnitude. An order of magnitude (factor of 10) decrease in aquifer transmissivity {i.e., from
10 m?%/day [108 ft¥/day] to 1 m%day [11 ft¥/day]} may not be consistent with the transmissivity of
a production aquifer; for an ISL facility to be practical, the hydraulic conductivity of the
production aquifer must be large enough to allow reasonable water flow from injection to
production wells. Therefore, the analysis presented here is only intended to demonstrate the
sensitivity of drawdown to transmissivity. The effect of reducing the transmissivity was to
increase the hypothetical drawdowns in the production aquifer to 190, 142, and 94 m [623, 142,
and 308 ft] at locations 1, 10, and 100 m [3.3, 33, and 330 ft] away from a single hypothetical
pumping well used to represent an entire ISL facility. If the aquifer storage coefficients were
10 times smaller, drawdowns would be 24, 19, and 14 m [79, 62, and 46 ft] at locations 1, 10,
and 100 m [3.3, 33, and 330 ft] away from the hypothetical well. These calculations indicate
that drawdowns are more sensitive to aquifer transmissivity than storage coefficient. '
Drawdowns near the producing wells would be slightly smaller for larger storage coefficients.
However, drawdowns would be much smaller for larger transmissivity values.

In these calculations, the potential effect of natural recharge to the production aquifers on
groundwater levels is not considered. Consideration of natural recharge would reduce the
calculated drawdowns. However, neglecting natural recharge is not expected to have as much
of an effect as approximating the withdrawal from an entire facility with one hypothetical well.
As previously discussed, this approximation is expected to yield significant overestimates of the
expected drawdowns.

Near a well field, the short-term impact of consumptive use could be MODERATE if there are
local water users who use the production aquifer (outside of the exempted zone) or if the
production aquifer is not well isolated from other aquifers that are used locally. However,
because localized drawdown near well fields would dissipate after pumping stops, these
localized effects are expected to be temporary. The long-term impacts would be expected to be
SMALL in most cases, depending on site-specific conditions. Important site-specific conditions
would include the consumptive use of the proposed facility, the proximity of water users’ wells to
the well fields, the total volume of water in the production aquifer, the natural recharge rate of
the production aquifer, the transmissivity and storage coefficient of the production aquifer, and
the degree of isolation of the production aquifer from aquifers above and below.

Excursions and Groundwater Quality: Groundwater quality in the production aquifer is
degraded as part of the ISL facility’s operations (Section 2.4). The restoration of the production
aquifer is discussed in Section 2.5. In order for ISL operations to occur, the uranium-bearing
production aquifer must be exempted as an underground source of drinking water through the
Wyoming Underground Injection Control (UIC) program. When uranium recovery is complete in
a well field, the licensee is required to initiate aquifer restoration activities to restore the
production aquifer to preoperational conditions, if possible. If the aquifer cannot be returned to
preoperational conditions, NRC requires that the production aquifer be returned to the maximum
contaminant levels provided in 10 CFR Part 40, Appendix A, Table 5C or to alternate
concentration limits approved by the NRC. For these reasons, potential impacts to the water
quality of the uranium-bearing production zone aquifer as a result of ISL operations would be
expected to be SMALL and temporary. The remainder of this section discusses the potential for
groundwater quality in the surrounding aquifers or in the producing aquifer outside of the well
field to be affected by excursions during ISL operations.
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During normal ISL operations, inward hydraulic gradients are expected to be maintained by

production bleed so that groundwater flow is toward the production zone from the edges of the

well field. If this inward gradient is not maintained, horizontal excursions can occur and lead to

the spread of leaching solutions in the ore-bearing aquifer beyond the mineralization zone and

_ the well field. - The rate and extent of spread is largely driven by the collective effects of the
aquifer transmissivity, groundwater flow direction, and aquifer heterogeneity. The impact of
horizontal excursions could be MODERATE to LARGE if a large volume of contaminated water °
leaves the production zone and moves downgradient within the production aquifer while the
production aquifer outside the mineralization zone is used for water production. To reduce the
likelihood and consequences of potential excursions at ISL facilities, NRC requires licensees to
take preventative measures prior to starting operations. For example, licensees mustinstall'a -
ring of monitoring wells within and encircling the production zone to permit early detection of
horizontal excursions (Chapter 8). if there are oil, gas, coal bed methane, or other production
layers near the ISL facility, and if NRC determines that there could be potentials for cross
contamination between the ISL production zone and other production layers based on
environmental impact assessments, NRC may require the licensee to expand the monitoring

~well ring for detection of potential contamination between the ISL production zone and other
mineral production layers.. If excursions are detected, the monitoring well is placed on excursion
status and reported to NRC. Corrective actions are taken, and the well is placed on a more
frequent monitoring schedule until the well is found to no longer be in excursion.

The following discussion focuses on the potential for groundwater quality in the surrounding
aquifers to be affected during ISL operations. The rate of vertical flow and the potential for
excursions between the production aquifer and an aquifer above or below is determined by
multiplying vertical hydraulic gradient across a confining layer by vertical hydraulic conductivity
of a confining layer and dividing the result by porosity of a confining layer (McWhorter and
Sunada, 1977; Driscoll, 1986). For example, for the ratio of vertical hydraulic gradient to the
porosity of a confining layer of 0.1 in the upward direction between two aquifers and a vertical
hydraulic conductivity of 1.0 x 107 m/day [3.3 x 107 ft/day] for an aquitard (upper confinement
of the Battle Springs Formation) separating those two aquifers (Section 3.2.4.3), a leaching
solution would move vertically upward from the production aquifer to an overlying aquifer

at a rate of nearly 3.6 cm/yr [1.4 in/yr]. If the vertical migration rate of a.leaching solution

{i.e., 3.6 cm/yr [1.4 in/yr]} was assumed be constant in the next 10 years, then the leaching
solution would move vertically 36 cm [1.2 ft] away from the production zone. if the thickness of
the aquitard is 1 m [3.3 ft] or more, then the leaching solution would not enter the overlying
aquifer in the next 10 years. The thickness of confining layers is typically greater than 1 m

[3.3 ft] in the Wyoming West Uranium Milling Region (Section 3.2.4.3), and it would take many
decades for the vertical excursion to reach the upper aquifer. If excursions are observed at the
monitoring wells, the licensee is required to implement responses that include increasing
‘sampling and commencing corrective actions to recover the excursion. The excursions typically
would be reversed by increasing the overproduction rate and drawing the lixiviant back into the
extraction zone. :

Vertical hydraulic head gradients between the production aquifer and the underlying and
overlying aquifers could be altered by potential increases in pumpage from the overlying or
underlying aquifers for water supply purposes in the vicinity of an ISL facility (e.g., from the
overlying Green River Formation or the underlying Fort Union Formation near the Great Divide
Basin), which may enhance potential vertical excursions from the production aquifer (e.g., the
Battle Springs Formation near the Great Divide Basin). Discontinuities in the thickness and
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spatial heterogeneities in the vertical hydraulic conductivity of confining units couid lead to
vertical flow and excursions.

In addition, potential well integrity failures during ISL operations could lead to vertical
excursions. Well casings above or below the uranium-bearing aquife—through inadequate
construction, degradation, or accidental rupture—could allow lixiviant to travel from the well bore
into the surrounding aquifer. Moreover, deep monitoring wells drilled through the production
aquifer and confining units that penetrate aquitards could potentially create vertical pathways for
excursions of lixiviant from the production aquifers to the adjacent aquifers.

Some relevant factors when considering the significance of potential impacts from a vertical
excursion (such as local geology and hydrology, proximity of injection wells to drinking water
supply wells) are discussed in Section 2.4.1. Additionally, past experience with excursions
reported at NRC-licensed ISL facilities is discussed in Section 2.11.5.

To reduce the likelihood and consequences of potential excursions at ISL facilities, NRC
requires licensees to take preventive measures prior to starting operations. For example,
licensees must conduct MIT to ensure that lixiviant would remain in the well and not escape into
surrounding aquifers (Section 2.3.1). Licensees are required to conduct aquifer pump tests
prior to starting operations in a well field. The purpose of these pump tests is to determine

.aquifer parameters (e.g., aquifer transmissivity and storage coefficient, and the vertical hydraulic

conductivity of aquitards) and also ensure that confining layers above and below the production
zone are expected to preclude the vertical movement of fluid from the production zone into the

- overlying and underlying units. The licensee must also develop and -maintain monitoring

programs to detect both vertical and horizontal excursions and must have operating procedures
to analyze an excursion and determine how to remediate it. The monitoring programs prescribe
the number, depth, and location of monitoring wells, sampling intervals, sampling water quality
parameters, and the upper control limits (UCLs) for particular water quality parameters

(Chapter 8). These specifications typically are made conditions in the NRC license.

WDEQ noted that monitoring wells should be completed in the lower portion of the first aquifer
above the ore-bearing aquifer and in the upper portion of the first aquifer below the ore-bearing
aquifer. As discussed in Section 3.2.4.3.2, in the Lost Creek area, Quaternary-aged
sedimentary deposits and sandstone layers are above the ore-bearing aquifer and the

Fort Union Formation is below the ore-bearing aquifer. Near the Gas Hills area, the Split Rock
Formation is above the ore-bearing aquifer and the Fort Union Formation is below the
ore-bearing aquifer.

As discussed in Section 3.2.4.3., in the Wyoming West Uranium Milling Region, the Lewis
Shale, with a vertical hydraulic conductivity on the order of 107> m/day [3.3 x 1072 ft/day], is
continuous and thick {e.g., it is 820 m [2,700 ft] thick in the Lost Creek area (Lost Creek ISR,
LLC, 2007)}. The Lewis Shale underlies the aquifer system that includes, from shallowest to
deepest, the Wasatch/Battle Spring (equivalent to the ore-bearing Wind River Formation),
Fort Union, and Lance Formation and the Fox Hill sandstone. Uranium-bearing sandstone
layers in the Wind River Formation near the Gas Hills area are confined by low permeability
layers. At the potential Lost Creek ISL facility, the ore-bearing Battle Springs Formation is
confined below by the thick Lewis Shale (Section 3.2.4.3.3.), which could preclude downward
vertical excursions from the production aquifer. However, although the upper confinement is
reported to be continuous and effective at the local scale at the proposed ISL sites discussed in
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Section 3.2.4.3, the discontinuous nature of the upper confinement of the Battle Springs
Formation at the regional scale (AATA International Inc., 2005) couid allow vertical excursions
of leaching solutions from the production aquifer to the aquifers above at some sites.

In general, the potential environmental impacts of vertical excursions to groundwater quality in
surrounding aquifers would be SMALL if the vertical hydraulic head gradients between the
production aquifer and the adjacent aquifer are small, the vertical hydraulic conductivity of the
confining units is low, and the confining layers are sufficiently thick. On the other hand, the
environmental impacts would be expected to be MODERATE to LARGE if confinements are
discontinuous, thin, or fractured (i.e., high vertical hydraulic conductivities). To limit the
likelihaod of vertical excursions, licensees must conduct MIT to ensure that lixiviant would
remain in the well and not escape into surrounding aquifers (Section 2.3.1). Licensees also
must conduct preoperational pump tests to ensure adequate confinement of the production
zone. In addition, licensees must develop and maintain programs to monitor above and below

-the ore-bearing zone to detect both vertical and horizontal excursions and flow rates, and must
have operating procedures to analyze an excursion and determine how to remediate it.

At the previously discussed ISL facilities in the Wyoming West Uranium Milling Region, the
ore-bearing aquifers (the Battle Springs and the Green River Formations) are confined below
.and above by continuous and thick confining layers. Preliminary calculations discussed
‘previously suggest that the confinements would effectively restrict potential vertical excursions.
Additionally, if the licensee installs and maintains the monitoring well network properly, potential
‘impacts of vertical excursions would be temporary and the long-term effects would be expected
to be SMALL. However, the potential discontinuous nature of the upper confinement at the
regional scale (AATA International inc., 2005) should be taken into account in assessing
potential environmental impacts of other potential ISL facilities in the Wyoming West Uranium
Milling Region. -

424223 Operation Impacts to Deep Aquifers Below the Production Aquifers

Potential environmental impacts to confined deep aquifers below the production aquifers could
be due to deep well injection of processing wastes into deep aquifers. Under different

- environmental laws such as the Clean Water Act, the Safe Drinking Water Act, and the Clean
Air Act, EPA has statutory authority to regulate activities that may affect the environment.
Underground injection of fluid requires a permit from EPA (Section 1.7.2) or from: an authorized
state UIC program. As discussed in Section 1.7.5.1, Wyoming requires UIC Class Ill permits
for injection wells in areas not previously mined using conventional mining and milling. UIC
Class V permits are required for injection wells leaching from older conventional uranium
recovery sites.

In the Wyoming West Uranium Milling Region, the Paleozoic aquifers included in the Upper
Colorado River Basin aquifer system are typically deeply buried, contain saline water, and are
not commonly tapped for water supply (Whitehead, 1996). The Paleozoic aquifers are
separated from the overlying aquifers (including the ore-bearing aquifer) by the regionally
extensive Lewis Shale. Hence, the Paleozoic aquifers (e.g., Tensleep Sandstone) could be
suitable for disposal of leaching solutions. ‘

The potential environmental impacts of injection of leaching solutions into deep aquifers below
ore-bearing aquifers would be expected to be SMALL, if water production from deep aquifers is
not economically feasible or the groundwater quality from these aquifers is not suitable for
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domestic or agricultural uses (e.g., high salinity), and they are confined above by sufficiently
thick and continuous low permeability layers.

42423 Aquifer Restoration Impacts to Groundwater

The potential environmental impacts to groundwater resources during aquifer restoration are
related to groundwater consumptive use and waste management practices, including discharge
of wastes to evaporation ponds, land application of treated wastewater, and potential deep
disposal of brine slurries resuiting from reverse osmosis. In addition, aquifer restoration directly
affects groundwater quality in the vicinity of the well field being restored.

Agquifer restoration typically invoives a combination of the following steps: (1) groundwater
transfer, (2) groundwater sweep, (3) reverse osmosis with permeate injection, and

(4) groundwater recirculation. These steps are discussed in more detail in Section 2.5. In
addition to these processes, potential new restoration processes are being developed. These
processes include the use of controlled biological reactions to precipitate uranium and other
contaminants by restoring chemically reducing conditions to production aquifers. However,
these processes have not yet been used at a commercial scale and their likely impacts will not
be known until the processes have been developed further.

Groundwater consumptive use for groundwater transfer would be minimal, because
milling-affected water in the restoration well field is displaced with baseline quality water from
the well field prior to commencing milling. Groundwater consumptive use would be large for
groundwater sweep, because it involves pumping groundwater from a well field without
injection. The rate of groundwater consumptive use would be lower during the reverse osmosis
phase, because up to 70 percent of the pumped groundwater treated with reverse osmosis can
be reinjected into the aquifer. Groundwater consumptive use could be further decreased during
the reverse osmosis phase if brine concentration is used, in which case up to 99 percent of the
withdrawn water could be suitable for reinjection. in that case, the actual amount of water that
is reinjected into the well field may be limited by the need to maintain a negative water balance
to achieve the desired flow of water from outside of the well field into the well field.

Groundwater consumptive use during aquifer restoration is generally reported to be greater than
groundwater consumption during ISL operation (Freeman and.Stover, 1999; NRC, 2003;
Chapter 2 of this GEIS). One reason for increased consumptive use during restoration is that,
as previously discussed, no water is reinjected during groundwater sweep. Water is not
reinjected during groundwater sweep, because the purpose of the sweep phase is to remove
contaminated water from a well field and draw unaffected water into the well field. For example,
at the Irigaray Mine in Campbell County, Wyoming, between 1.4 and 4.2 pore volumes of water
were removed from six restoration units (comprising nine well fields, some of which were
combined for restoration). The total volume of water consumed to perform groundwater sweep
on all of the well fields was 545 million L [144 million gal].

As discussed in Section 2.5, restoration typically is performed as well fields end production, so
all of the well fields do not undergo groundwater sweep at the same time. For example, at the
-Irigaray Mine (Cogema Mining, Inc., 2004), average pumping rates for groundwater sweep
ranged from approximately 100 L/min [27 gal/min] to pump 120 million L [31 million gal] from
two well fields between June 1991 and August 1993 to 380 L/min [100 gal/min] to pump

190 million L [49 million gal] from three well fields between May 1990 and April 1991. At the
Smith Ranch/Highland Uranium Project in Converse County, Wyoming, an average pumping
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rate of approximately 38 L/min [10 gal/min] was used to pump 3.2 pore volumes {49 million L
[13 million gal]} from the A-Wellfield during almost 3 years of groundwater sweep (Power
Resources, Inc., 2004).

The actual rate of groundwater consumption at an ISL facility at any time depends, in part, on
the various stages of operation and restoration of the individual well fields at the facility. For
example, consider a hypothetical case in which three well fields at a site undergo groundwater
sweep while three undergo reverse osmosis treatment with permeate reinjection and another
three continue production. Hypothetically, while 380 L/min [100 gal/min] are consumed during
groundwater sweep of three well fields, 110 L/imin [30 gal/min] may be consumed to perform -
reverse osmosis treatment in another three well fields, and another 38 L/min [10 gal/min] may
be consumed by production bleed in the remaining three weli fields. The total water
consumption rate while these processes continued would be 530 L/min [140 gal/min].

At a rate of 530 L/min [140 gal/min], 280 million L [74 million gal] would be consumed in 1 year.
For comparison, in 2000, approximately 6.2 x 10" L [5.05 million acre-ft] of water was used to
irrigate 469,000 ha [1.16 million acres] of land in Wyoming (Hutson, et al., 2004). This irrigation
rate is equivalent to an annual application of approximately 13.2 million L/ha [4.36 acre-ft/acre].
Thus, consumption of 280 million L [74 million gal or 230 acre-ft] in 1 year of restoration would
be roughly equivalent to the water used to irrigate 21 ha [53 acres] in Wyoming for 1 year.

Potential environmental impacts are affected by the restoration techniques chosen, the severity
and extent of the contamination, and the current and future use of the production and
surrounding aquifers in the vicinity of the ISL facility. The potential environmental impacts of
groundwater consumption during restoration could be SMALL to MODERATE depending on
site-specific conditions. Site-specific impacts also would depend on the proximity of water
users’ wells to the well fields, the total volume of water in the aquifer, the natural recharge rate
of the production aquifer, the transmissivity and storage coefficient of the production aquifer,
and the degree of isolation of the production aquifer from aquifers above and below.

During aquifer restoration, the most heavily contaminated groundwater may be disposed
through the facility wastewater treatment system (e.g., deep well injection, solar evaporation
ponds, land application after treatment). The impacts of discharging wastes to solar
evaporation ponds or applying treated wastewater to land during restoration are expected to be
similar to the impacts of these waste management practices during operations (SMALL)
(Section 4.2.4.2.2.1).

As discussed in Section 4.2.4.2.2.3, underground injection of fluid requires a permit from the
EPA or the authorized state and approval from NRC. Additionally, the briny slurry produced
during the reverse osmosis process may be pumped to a deep well for disposal (Section 2.7.2).
The deep aquifers suitable for injection must have poor water quality, have low water yields, or
be economically infeasible for production. They also need to be hydraulically separated from
overlying aquifer systems. Under these conditions, the potential environmental impacts would
be expected to be SMALL.

Aquifer restoration processes also affect groundwater quality directly by removing contaminated

groundwater from well fields, reinjecting treated water, and recirculating groundwater. In

general, aquifer restoration continues until NRC and applicable state requirements for

~groundwater quality are met. As discussed in Section 2.5, NRC licensees are required to return
well field water quality parameters to the standards in 10 CFR Part 40, Appendix A,
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- Criterion 5B(5) or to another standard approved in their NRC license. Historical information
about aquifer restoration at several NRC-licensed facilities is discussed in Section 2.11.5.

42424 Decommissioning Impacts to Groundwater

The environmental impacts to groundwater during dismantling and decommissioning ISL
facilities are primarily associated with consumptive use of groundwater, potentiat spills of fuels
and lubricants, and well abandonment. The consumptive groundwater use could include water
use for dust suppression, revegetation, and reclamation of disturbed areas (Section 2.6). The
potential environmental impacts during the decommissioning phase are expected to be similar
to potential impacts during the construction phase. Groundwater consumptive use during the
decommissioning activities would be less than groundwater consumptive use during ISL
operation and groundwater restoration activities. Spills of fuels and fubricants during
decommissioning activities could impact shallow aquifers. Implementation of best management
practices (Chapter 7) during decommissioning can help to reduce the likelihood and magnitude
of such spills and facilitate cleanup. Based on consideration of best management practices to
minimize water use and spills, impacts to the groundwater resources in shallow aquifers from
decommissioning would be expected to be SMALL. »

After ISL operations are completed, improperly abandoned wells could impact aquifers above
the production aquifer by providing hydrologic connections between aquifers. As part of the
restoration and reclamation activities, all monitoring, injection, and production welis will be
plugged and abandoned in accordance with the Wyoming UIC program requirements. The
wells would be filled with cement and clay and then cut off below plow depth to ensure that
groundwater does not flow through the abandoned wells (Stout and Stover, 1997). If this
process is properly implemented and the abandoned wells are properly isolated from the flow
domain, the potential environmental impacts would be expected to be SMALL.

4.2.5 Ecological Resources Impacts
4.2.51 Construction Impacts to Ecological Resources
Vegetation

{SL uranium recovery facility construction primarily affects terrestrial vegetation through (1) the
removal of vegetation from the milling site during construction (and associated reduction in
wildlife habitat and forage productivity and an increased risk of soil erosion and weed invasion);
(2) the modification of existing vegetative communities as a result of milling maintenance;

(3) the loss of sensitive plants and habitats as a result of construction clearing and grading; and
(4) the potential spread of invasive species and noxious weed populations as a result

of construction. _

ISL facilities are typically located in large remote areas of the region. Permit areas of past
facilities have ranges from 1,034 ha to 6,480 ha [2,552 to 16,000 acres] of land (Section 2.10.1).
Typically the impact within these permit areas have been from 49 ha to 490 ha [120 acres to
1,200 acres]. The percent of vegetation removed or land disturbance has been from below 1 to
20 percent, which would be a SMALL impact in relation to the total permit area and surrounding
plant communities. '
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Clearing herbaceous vegetation during construction in a open grassland or shrub steppe
community is anticipated to have a short-term impact. If active revegetation measures were
used with seed mixtures approved by the WDEQ, Land Quality Division, rapid colonization by
annual and perennial herbaceous species in the disturbed staging areas and rights-of-way
would restore most vegetative cover within the first growing season. Impacts from clearing in -
this community would be SMALL.

Clearing woody shrubs and trees would have a primary long-term impact on vegetation
associated with the project if the project is located in a wooded area. Woody shrubs and trees
would recolonize after construction of the right-of-way and staging areas, although
recolonization of disturbed areas would be slower than for herbaceous species. As natural
succession is allowed to proceed in these areas, the early successional or forested communities
that existed before construction would eventually be reestablished. Clearing trees in the milling
site could affect forest vegetation growing along the edges of the cleared areas. Exposing
some edge trees to elevated levels of sunlight and wind could increase evaporation rates and
the probability of tree knockdown. Due to the increased light levels penetrating the previously
shaded interior, shade-intolerant species would be able to grow, and the species composition of
the newly created forest edge may change. Clearing could also temporarily reduce local
competition for available soil moisture and light and may allow some early successional species
to become established and persist on the edge of the uncleared areas adjacent to the milling
site. Impacts from clearing this community would be SMALL to MODERATE depending on the
amount of surrounding wooded area.

Noxious weeds that may invade areas disturbed by construction would be expected to be
controlied on a regular basis. The applicant would be expected to employ minimal use of
herbicides to control noxious weeds, so as not to affect native species on the site. Application
would be by hand sprayers or broadcasting using truck-mounted spraying equipment, as
necessary. Using applicable control techniques, impacts from noxious weeds would be SMALL.

‘Wildlife

There are three primary impacts of ISL uranium recovery facility construction on terrestrial
wildlife: (1) habitat loss or alteration and incremental habitat fragmentation; (2) displacement of
wildiife from project construction; and (3) direct and/or indirect mortalities from project
construction and operation.

Construction activities in wellfields would result in some loss of wildlife habitat; however, this
loss can be minimized if disturbed areas are reseeded when construction is completed in that

. area. The impacts would expected to be greatest in vegetative communities where clearing
would be required to construct wells, access roads, header houses, and pipelines from the well
fields to the header houses. In general, most wildlife, including the larger and more mobile
animals, would disperse from the project area as construction activities approach. Displaced
species may recolonize in adjacent, undisturbed areas or return to their previously occupied
habitats after construction ends and suitable habitats are reestablished. Some smaller, less
mobile wildlife such as amphibians, reptiles, and small mammals may die during clearing and
grading activities. Small mammals and songbirds dependent on shrubs and trees for food,
nesting, and cover would be impacted in areas where clearing is needed for construction.
Wildlife habitat fragmentation, temporary displacement of animal species, and direct or indirect
mortalities is possible, therefore construction impacts would be SMALL to MODERATE.
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Even if available habitat within the site and in adjacent areas supported displaced individuals,
some impact from competition for resources between preexisting species may occur. Some
localized foraging areas may be avoided by big game during construction periods when workers
are present. Noise, dust, and increased presence of workers in or adjacent to foraging areas
may temporarily preclude use by wildlife (NRC, 2004). Habitat loss and fragmentation could be
reduced if the percentage of land affected compared to the total undisturbed vegetative
community acreage within the permitted area and or surrounding area was small. Standard
management practices issued by the Wyoming Game and Fish Department can help to
minimize habitat fragmentation, wildlife stress, and incidental death. Impacts to wildlife species
could range from SMALL to MODERATE, depending on site-specific conditions.

Crucial wintering and year-long ranges vital for survival of local populations of big game

and sage-grouse leks or breeding ranges are loca