3.10.3

Pond Leaks

This section provides a summary of storage pond leak events occurring at the Smith Ranch-Highland
operation since the previous license submittal and associated design and/or operational changes to reduce
the frequency of leak events. All storage pond leak events are reported to the LOD and the NRC.
3.10.3.1
East and West Storage Ponds
A total of 14 leaks have occurred from the East and West Storage Ponds since the previous license
submittal (see Table 3-16, Summary of East and West Storage Pond Leaks). Upon detecting a leak, site
personnel have responded as soon as possible by taking actions to stop and contain the leak. Typical
actions include lowering of pond water (freeboard) levels to prevent additional inflow to the secondary
containment/leak detection system, recovery of pond leakage from the secondary containment system,
isolation of the area of the leak and repair of the liner breach. Once all repairs have been made, water
levels are raised to test the integrity of the primary liner prior to resuming operation of the storage
pond.
Based on the leak event investigations and associated corrective actions, leak events since the previous
license submittal have been limited to minor breaches (e.g., small holes and/or tears) to the primary
liner of the pond containment system. As part of the corrective action process associated with these
events, several design and/or operational changes have occurred to reduce the frequency of pond
leakage. These changes include:
*

Installation of pumps in each pond to supplement the need for transfer hoses and prevent
leaks caused by the camlock end of transfer hoses (1999);

"

Use of higher grade patch kits during liner repair, consisting of HH-66 vinyl cement and vinyl
laminated fabric or equivalent materials (starting 2000);

*

New liner installations on the West Pond (2004) and East Pond (2008); and

"

Fencing upgrades (2009) to restrict wildlife (deer) access.

Since replacement of the primary liner in 2004, the West Pond has performed well with no leaks
occurring since that time. The East Pond, which had the primary liner replaced in 2008, has continted to
experience leaks in consecutive years since 2008. While these leaks from the East Pond have been
limited to minor breaches (holes and/or tears) in the primary liner, Cameco continues to evaluate the
performance of the liner system and potential design and/or operational changes to reduce the
frequency of leak events in the future.
3.10.3.2 Purge Storage Reservoir 2
This section describes information pertaining to Cameco's investigation activities to evaluate seepage
from PSR-2 and potential impacts to the surrounding groundwater. In response to NRC Unresolved Item
040-08964/0801-03 identified by NRC inspectors during the March 2008 inspection, Cameco committed
to installing four monitor wells to determine whether or not PSR-2 was leaking into the groundwater.
The following discussions summarize the 2009 investigation activities and Cameco's plans to further
investigate potential impacts to the surrounding aquifer.
Background
PSR-2 is located north of Wellfield C, approximately 0.8 kilometers (0.5 miles) north-northeast of
Satellite 2 of Cameco's Highland Operation. It was originally constructed in 1979 for use by TVA as a
wastewater settling pond prior to discharge in accordance with a National Pollutant Discharge
Elimination System permit. In 1994, PRI took over operations of the area and PSR-2 was refurbished and
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permitted as a storage pond for a wastewater land-application facility. While the PSR-2 facility was
designed to prevent adverse effects to shallow groundwater, it was not designed to be completely
impermeable and was not subject to the design criteria of Regulatory Guide 3.11 in 1994. This was
acknowledged by the NRC in their technical evaluation report on the PSR-2 facility (NRC, 1994).
PSR-2 temporarily stores wastewater from Satellite No. 2 and Satellite No. 3 after the water has been
treated for uranium, radium and selenium removal and before the water is disposed via land application
at Irrigator No. 2. Waste streams feeding PSR-2 consist of wellfield purge and groundwater restoration
waters (wellfield bleed, groundwater sweep, and RO concentrate). According to information submitted
by PRI for the 1994 Permit, the wastewater met the WDEQ Class of Use limitations for Class III
groundwater, except for selenium (WDEQ Water Quality Rules and Regulations, Chapter 8, Section 4(d),
Cameco Resources, 2009). The WDEQ Class III (livestock) limit for selenium is 0.05 mg/L, which is also
the limit for Class I (domestic) waters.
The selenium concentration has been monitored since 1995 at Irrigator #2, which draws its water from
PSR-2. Concentrations of selenium began decreasing in approximately 2000 and were less than 0.5 mg/L
since that time except for a period during 2006 and 2007. As of September 23, 2009, a Selenium
Treatment Facility has been in operation at a location southwest of Satellite No. 2. Since that time
selenium concentrations have decreased (Cameco Resources, 2010) with the addition of treated water
with selenium concentrations less than 0.05 mg/L as shown in measurements conducted from Irrigator
#2 in 2010.
GroundwaterMonitoring
The 1994 Permit (Permit No. 93-410, Satellite #2 Wastewater Holding Pond and Land Application
Facility) required the construction of two shallow monitoring wells, known as the East and South shallow
wells. The East and South wells were completed to depths of approximately 3 and 4.5 meters (10 and 15
feet) bgs, respectively. Baseline monitoring of these wells was not required; however, the wells have
been routinely monitored since their installation.
Due to concerns of water potentially leaking from PSR-2, Cameco installed four new shallow monitoring
wells in July 2009. Two of the~new wells were installed next to the existing East and Southl wells (MW-4S
and MW-3S, respectively). The other two wells were installed north (MW-2S) and west (MW-iS) of the
reservoir.
Groundwater did not accumulate in boreholes during drilling at each of the four well locations.
According to Cameco (2009), each boring was dry when drilled and was then terminated at a depth of
approximately 15 meters (50 feet) in a gray shale. Wells were completed with a 6-meter (20-foot) screen
section, from 9 to 15 meters (29 to 49 feet) bgs. After installation of wells MW-IS through MW-4S was
completed, water accumulated in these wells. The wells were developed using pumps on September 10,
2009. All of the wells pumped dry after removal of one casing volume of water at an approximate
pumping rate of 8 to 11 liters/minute (2 to 3 gallons/minute) (Cameco Resources, 2009). It was not clear
from the available lithologic data whether the screened intervals from these four wells intersect a
continuous permeable sand zone.
Based on water level data collected after installation of these four new wells, the groundwater flow
direction in this shallow zone was assumed to be to the south-southeast (Cameco Resources, 2009).
However, this direction is heavily influenced by the presence of PSR-2 and may not be indicative of
regional groundwater flow directions around PSR-2. The groundwater encountered in the shallow
monitoring wells is considered to be perched and laterally discontinuous. The uppermost, continuous
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water-bearing zone is postulated to be at a depth of at least approximately 15 to 18 meters (50 to 60
feet) below grade based upon a review of historic hydrogeologic data from wells and borings completed
in the area of PSR-2.
Groundwater samples were for four quarters from the four new monitoring wells (MW-IS through MW45) and the two existing wells just after their initial development in September 2009. Analytical results
are summarized in Table 3-17, Groundwater Sampling Results for Monitor Wells near PSR-2.
Selenium analytical results are summarized in Table 3-17. The South Well and Well MW-1S reported the
highest selenium concentrations. Samples from well MW-3S, located south of PSR-2, and from well MW45, located east of PSR-2 reported selenium concentrations exceeding the WDEQ Class Ill limit of 0.05
mg/L. These analytical results suggest that selenium concentrations in groundwater are elevated in the
shallow sediments surrounding the reservoir, except in areas located upgradient (north) of the reservoir.
Installation of AdditionalGroundwater Monitor Wells
Cameco will further investigate and evaluate seepage from PSR-2. Aquifer testing will be conducted at
existing monitor wells near PSR-2. Groundwater velocities and the potential impacts from PSR-2 will be
estimated using the hydraulic conductivity, hydraulic gradient and an estimated porosity. The estimated
velocity and potential extent of affect will be used to select locations for additional monitor wells. The
groundwater investigation plan was discussed with the NRC during the August 29 through September 1,
2011 inspection, and in a letter to Cameco from the NRC found the plan acceptable (NRC, 2011). Once
the investigation is completed, Cameco will determine if the groundwater in the lower sandstone has
been impacted by seepage at PSR-2.
3.10.4

UIC Deep Injection Wells

Potential for Interaction between UlC Deep Disposal Wells and Oil and Gas
Development
As stated in ER Section 2.1.4.2, existing and proposed UIC deep disposal wells at Smith Ranch and the
North Butte Remote Satellite are, or will be, completed in the Teckla, Teapot and/or Parkman (TTP)
sandstones at depths ranging from approximately 2,743 to 3,048 meters (9,000 to 10,000 feet).
Although these three sandstone units produce economic quantities of oil and gas within portions of
the Powder River Basin, no wells within Smith Ranch or North Butte have produced economic
quantities of hydrocarbons. Oil and gas are typically present in stratigraphic traps where they are
stored in a porous sand that is laterally confined, or trapped, by non-porous sands and vertically
confined by clays and shales. To substantiate this, Cameco reviewed the WOGCC records to identify
developed and undeveloped oil and gas reserves within or near the Smith Ranch and North Butte
sites. The records search for developed reserves at Smith Ranch indicated that three wells located
within the Smith Ranch license area contained uneconomic quantities of hydrocarbons and were
plugged and abandoned shortly after installation. All other producing wells are approximately 1.5
kilometers (1 mile) or more from the license boundary. Review of the records for North Butte
indicated that there are no wells in production from the TTP within or near the North Butte Remote
Satellite license boundary. As for undeveloped reserves, the WOGCC record search indicated that
there are no known planned wells in the TTP within or near the Smith Ranch and North Butte license
boundaries.
3.10.4.1

There is minimal risk that oil and gas wells will capture injected fluids or that UIC injection wells will
restrict the development of oil and gas reserves within 1.5 kilometers (1 mile) of the Smith Ranch or
North Butte license boundaries. Within the Powder River Basin TTP, vertical oil and gas wells are
typically drilled one per 16.2 hectares (40 acres), while horizontal wells are drilled one well per 130
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hectares (320 acres). These wells may not all intersect the same reservoir trap, as they are typically
stratigraphically controlled and discontinuous. The UIC deep injection wells typically are not
completed within economical oil and gas reservoirs. There are no active or planned production wells
within 1.5 kilometers (1 mile) of the Smith Ranch and North Butte license boundaries. Therefore, the
risk is minimal that oil and gas development will restrict the installation and use of UIC injection wells.
The Gas Hills Remote Satellite Facility is located within the Wind River Basin. Planned UIC disposal
wells at this project site target the Flathead Sandstone at depths of 1,050 meters (3,446 feet) and
1,561 meters (5,120 feet). Although the Flathead Formation can contain hydrocarbons, to date their
quantity has been uneconomic. A search of the WOGCC records indicate that there are no active or
planned production wells within the Flathead Sandstone within or near the Gas Hills license area.
Because of the geologic nature of oil and gas reservoir formation, and the fact that there are no
planned or active oil and gas wells within the Flathead sandstone in the Wind River Basin, and the fact
that there are no active or planned production wells within 1.5 kilometers (1 mile) of the Gas Hills
license boundary, there is minimal risk that oil and gas wells will capture injected fluids or that UIC
injection wells will restrict the development of oil and gas reserves within or near each site. Likewise,
the risk is minimal that oil and gas development will restrict the installation and use of UIC injection
wells.
3.10.4.2 Natural and Manmade Migratory Pathways
Improperly abandoned or sealed wells, casing or grouting failures may potentially allow injected fluids
to affect groundwater in other aquifers. Federal and state UIC regulations recognize this potential and
require that each UIC applicant investigate this potential as part of the permit application process. In
Wyoming, each WDEQ UIC application requires an Area of Review analysis which includes an
investigation and identification of potential migratory pathways that may be caused by existing or
plugged and abandoned wellbore or other artificial penetration. The regulations also require that the
applicant include a corrective action plan to address identified improperly completed or plugged and
abandoned wells within the Area of Review. For the UIC well sites permitted to date at Smith RanchHighland, North Butte and Gas Hills, no potential migratory pathway problems requiring contingency
or corrective action plans have been identified.
4

1

To minimize the potential of the injection well itself causing migratory pathway problems due to poor
installation practices, the regulations require that the operator use standard reservoir engineering
practices to design and construct the well. All engineering schematics and subsurface construction
details must be approved by the agency prior to approval of the permit. There must be at least two
layers of concentric casing and cement with the outer casing cemented to the surface. Testing must be
performed during drilling and construction of the well to ensure that there is no vertical migration of
fluids. Prior to operating the well, it is tested internally and externally for mechanical integrity. These
tests are repeated at least once every five years. Continuous monitoring of the well during well
operation also minimizes the potential of the well itself creating contamination problems via
migratory pathways.
Due to the discontinuous nature and low natural permeability of the injection targets at the Smith
Ranch Project sites, it is anticipated that hydraulic fracturing will be required as part of the injection
well construction at all sites in order to provide adequate wellbore injectivity. Hydraulic fracturing is a
well stimulation process that involves the pressurized injection of fluids into the targeted injection
zone of a wellbore. The pressure of the injected fluid exceeds the rock strength of the geologic
formation resulting in the opening of new or the enlargement of existing fractures in the rock. As the
formation is fractured, a "propping agent" such as sand is pumped into the fractures to keep them
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from closing as the pumping pressure is released. It has been shown that the propagation of fractures
due to hydraulic fracturing does not necessarily create fractures that penetrate beyond the zone of
injection thereby creating pathways for migration of fluids into shallower sources of groundwater.
At Smith Ranch-Highland and North Butte sites, the targeted injection zone is within the TTP
formations. The TTP confining units consist of marine shales that limit vertical fracture growth during
hydraulic fracturing. The Type Log for the North Butte well location indicates that approximately 120
meters (400 feet) of shale exists above the Teckla separating it from the lowermost underground
source of drinking water (USDW) (the Fox Hills Sandstone). The Type Log for Smith Ranch-Highland
indicates approximately 180 meters (600 feet) of shale above the Teckla separating it from the
lowermost USDW, which again is the Fox Hills Sandstone. Approximately 243.8 meters (800 feet) of
shale separate the base of the Parkman from the next underlying porous formation, the Sussex
Sandstone.
Data from historical fracture stimulations of the TTP in the Powder River Basin indicate that the
effective fracture lengths are quite small. In fact, they are so small that pressure transient analyses on
most of these deep disposal wells do not identify a propped hydraulic fracture by diagnostic linear
flow and result in a diagnostic radial flow and homogenous reservoir. The required annual pressure
falloff tests (APFT) document this behavior. The wells investigated are listed below with their APFT
results:
*
*
*
*
*
"
*
*

Morton 1-20: radial, homogenous reservoir with no boundaries
Vollman 33-27: radial, homogenous reservoir with no boundaries
SRHUP 6: radial, homogenous reservoir with a single boundary
SRHUP 9: homogenous reservoir with parallel boundaries
SRHUP 10: radial, homogenous reservoir with a single boundary
SR DDW1: radial composite reservoir
SR DDW2: radial, homogenous reservoir with no boundaries
North Butte BY 2: vertical well with finite conductivity fracture

Fer stimulations currently being performed in the TTP, data indicates that fracture height does not
exceed 15 meters (50 feet) above or below the porous sandy interval. A total fracture height of less
than 90 meters (300 feet) is the typical industry well design. Current hydraulic fracture stimulation in
the Cretaceous sands of the Powder River Basin (which includes the TTP) result in horizontal fracture
half-lengths ranging from 90 to 180 meters (300 to 600 feet) with 150 meters (500 feet) being a
common design criterion (WOGCC Dockets 89-2012, 208-2012, and 251-2012).
Specifically, the recent completion and stimulation of North Butte BY 2, the deep disposal well at the
North Butte project, provided pressure transient test analysis results that describe the propped
hydraulic fracture placed in that well. The analysis indicated (a) no vertical fracture growth outside of
the completed sand (i.e., effective fracture height equals the perforated height, so there was no
additional contributing fracture height), and (b) a propped fracture with a fracture half-length of 65
meters (212 feet). Therefore, the hydraulic fracture stimulations used on the deep disposal wells, both
historical and modern do not create fractures that would allow communication with shallower, fresh
water aquifers.
The Smith Ranch and North Butte sites are located in areas with no identified faults. Thus, the
propped fractures cannot be connected to naturally occurring fault systems.
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Prior to drilling Cameco's Gas Hills Test Wells DDW 1 and DDW 2, there were only two historical
Flathead Sandstone penetrations in the Gas Hills area, and both of those wells were plugged and
abandoned with no completion in the Flathead Sandstone. WOGCC records indicate no oil production
from wells completed in the Flathead Sandstone in the state. There are two Flathead Sandstone wells
from which water samples have been collected (one in the Hannah Basin, and the other in the Bighorn
Basin).
Because of the cementation of this sandstone in the Gas Hills area, Cameco anticipates that hydraulic
fracturing will be required to obtain adequate injectivity. There is very little published information on
hydraulic fracturing in the Flathead Sandstone in the Wind River Basin. Cameco is unaware of any
design or modeling that has predicted fracture height or vertical fracture half-length extent in the
Flathead. Although there is identified faulting in the Wind River Basin and within the Gas Hills Project
site, there is little geologic data available showing that the faults could extend into the Flathead.
Therefore, Cameco will need to consider the distance between an existing fault and the disposal well
when preparing the propped hydraulic fracture design. In choosing the locations for DDW 1 and 2,
maximizing the distance from the faults was a major consideration. Although not required by the
Class I non-hazardous waste well regulations, design and planning of disposal wells at the Gas Hills
site will include a geologic structural analysis to show that the area of influence of the disposal well is
free of vertically transmissive faults and fractures.

3.10.4.3

Induced Seismicity

It has long been known that many human activities are capable of inducing earthquakes under certain
conditions including impoundment of reservoirs, surface and underground mining, withdrawal of
fluids and gas from the subsurface, and injection of fluids into underground formations (Ellsworth,
2013). Seismic activity caused by human activities related to fluid injection into or extraction from the
earth is caused by a significant change in rock pore pressure and/or a change in stresses taking place
in the presence of (1) faults with specific properties and orientations, and (2) a critical state of stress
in the rocks (NAS, 2012). Although research is still being carried out on the detailed causes of induced
seismicity, many reports published by government and private entities are available and provide
preliminary results of studies conducted to date on the effects of injecting wastewater into deep
geologic formations. The UIC National Technical Workgroup was tasked by the EPA in 2012 to develop
a report providing practical tools to address the potential for injection-induced seismicity. A draft
report was released in November 2012. The report concluded that in order for an induced seismic
event to occur due to wastewater injection activities, the injection must take place under conditions
of high injection flow and pressure and in proximity to an already stressed fault that is contacted by
the injected fluid via a geologic pathway that allows the increased pressure to communicate with the
fault. The National Technical Workgroup also concluded that, because injection-induced seismicity is
complex and is dependent on a combination of site geology as well as geophysical and reservoir
characteristics, basic petroleum reservoir engineering practices coupled with geologic investigation
can provide the means to better understand reservoir and fault characteristics. This information can
then be used to identify potential induced seismic concerns that can then be minimized through
proper well placement and operation (EPA, 2012). The factors affecting the potential for injection
activities to generate felt seismic events that can be incorporated into the injection well planning
process include:
*
*
"

Injection flow rate;
Volume and temperature of the injected fluids;
Pore pressure;
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"
*
*
*
*

Reservoir permeability;
Fault existence, properties and location;
Crustal stress conditions;
Distance of the fault from the injection point; and
Length of time over which injection takes place (GWREF, 2013).

From the literature research performed, it is evident that the consensus of both the industrial and
regulatory communities is that although injection wells do have some potential for inducing seismicity
in areas where local faults are susceptible, there have been very few felt (magnitude 3.0 or greater)
induced events reported as caused by or likely related to injection well activity (NAS, 2012). Local risks
can be assessed using available geologic information to manage identifiable hazards, so that if
induced seismicity is suspected to become an issue, operating threshold conditions can be adjusted to
keep seismicity at low, non-damaging levels (EPA,2012).
Smith Ranch-HighlandandNorth Butte Sites
Case et al, 2002 has described the seismological characteristics for Campbell and Converse Counties,
Wyoming, which describes no known exposed active faults with surface expression in these counties.
Historically the Powder River Basin has not been a seismically active region. As Campbell and
Converse Counties are in a Zone 0 to Zone 1 area with peak acceleration of 0 to 10%, the chance of
seismic activity in the basin is minimal. At the Smith Ranch-Highland site, geological investigations by
Exxon, Kerr-McGee and Cameco over the past 30 to 40 years have not identified major faults or folds
in the bedrock within the license area (Cameco, 2013). There have been no reports of seismic activity
in the area of the existing disposal wells during the past 27 years of operation at the Smith Ranch site.
Because (a) there are no identified faults in the area of interest around the disposal wells, and (b)
Cameco controls the injection flow and pressure so as to not adversely affect the reservoir being
injected into, the risk of seismic events being induced by Cameco's injection well operations is
considered minimal.
A similar structural situation exists at the North Butte site. In fact, there is less structure apparent at
North Butte because of its close proximity to the center of the Powder River Basin. Faulting within the
license boundary at North Butte has not been identified either by field observation or drill hole log
correlation. Therefore, similar to Smith Ranch-Highland, it is determined that the risk of induced
seismicity caused by injection wells will be minimal here as well.
Gas Hills Remote Sateilite Site
Case et al, 2002 describes the seismological characteristics for Fremont County, Wyoming. The Case
report states there are "two known active fault systems and one suspected active fault system with a
surficial expression within the county boundary."
The South Granite Mountain fault system is composed of faults that border the northern flanks of the
Seminoe Mountains, Ferris Mountain, Green Mountain, and Crooks Mountain. The largest earthquake
that a portion of the fault could produce would be a magnitude 6.86 earthquake. The Gas Hills DDW
#1 and the Gas Hills DDW #2 are located approximately 40 kilometers (25 miles) north of this fault
system.
The Stanger Creek fault system is located near Boysen Reservoir. The largest earthquake modeled for
this system is a magnitude 6.75. The Gas Hills DDW #1 and the Gas Hills DDW #2 are located
approximately 80 kilometers (50 miles) southeast of this fault system.
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The Cedar Ridge/Dry Fork fault system is theorized to be inactive based on available evidence. The
Gas Hills DDW #1 and the Gas Hills DDW #2 are located approximately 80 kilometers (50 miles) south
of this fault system.
All of Fremont County lies within Seismic Zone 1. The UBC correlation is that Zone 1 has an effective
peak acceleration of 5 to 10% g. An earthquake event could cause slight damage to structures.
Locally, within the Gas Hills license boundary, there are several mapped faults located in proximity to
the three proposed disposal wells. For proposed DDW #1, faults include the Buss Fault (approximately
520 meters or 1,700 feet southeast), the Bountiful Fault (approximately 1,070 meters or 3,500 feet
southeast) and the UPZ Fault (approximately 1,525 meters or 5,000 feet south). For proposed DDW #2
location, faults include the Lucky Mc Fault (approximately 120 meters or 400 feet south) and the
Jasper Fault (approximately 550 meters or 1,800 feet south). For proposed DDW #3, faults include the
North Thunderbird Fault (approximately 1,160 meters or 3,800 feet north), the South Thunderbird
Fault (approximately 790 meters or 2,600 feet north) and the Buss Fault (approximately 1,525 meters
or 5,000 feet south). With the exception of the Lucky Mc Fault near proposed DDW #2, the remainder
of the faults are located far enough from the point of injection that affects will be unlikely. However,
as part of the disposal well development plan, Cameco will analyze the probability of injected fluids
reaching the faults and whether the faults are likely suspects for induced seismic events. Operational
plans will be developed to ensure that injection rates and pressures do not exceed that which would
trigger a seismic event.
3.11
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4.0

Effluent Control Systems

Section Summary: Section 4.0 describes effluent control systems for existing operations associated
with the Smith Ranch SUA-1548 license areas and those that will be installed at the Reynolds Ranch, Gas
Hills, and Ruth Remote Satellites. Effluent control systems that are discussed for existing satellites and
yellowcake processing facilities will also be implemented at future satellite and processing facilities.

4.1

Gaseous and Airborne Particulates

The processes associated with ISR operations generate airborne effluents, liquid wastes and solid wastes
(NRC, 2009). Historically, emissions from ISR operations are significantly lower than conventional mining
and milling operations. The primary sources of emissions are from (1) the Smith Ranch CPP, (2) the
existing satellite IX facilities, (3) additional future remote satellite IX facilities and their associated
equipment, and (4) the refurbished Highland CPF.
Because the Smith Ranch Satellites, Reynolds Satellite, North Butte Remote Satellite, and Ruth Remote
Satellite are strictly IX facilities and will have no precipitation of uranium, the only radioactive airborne
effluent is Rn-222 (radon). At the Smith Ranch CPP, the primary effluent is radon released during resin
transfer operations. Uranium particulate emissions are related only to the yellowcake packaging area
when product is being drummed. Yellowcake slurry may also be produced at the Gas Hills Remote
Satellite, but because it will be a wet product, the only significant radioactive airborne effluent will be
radon. Because the dryers themselves are low emission vacuum dryers without vent stacks, no uranium
particulates are released to the atmosphere from the drying process (see Section 4.1.2 below).
4.1.1

Site Location and Layout

SUA-1548 facilities use IX satellites with IX resin loaded with uranium being transported to the CPP or
CPF for elution, precipitation and drying. There are currently five satellite IX facilities at Smith Ranch,
with one additional satellite IX facility planned for construction at the Reynolds Ranch satellite area.
Remote satellites will be constructed at North Butte and Ruth, with potentially two remote satellites
planned for Gas Hills. At the satellites, bulk materials such as cement and sodium bicarbonate and other
bulk reagents are delivered periodically during the life of the operation. The bulk material handling
systems have or will have bag houses to reduce emissions, and the duration of deliveries is relatively
short . Therefore, air particulates have historically not been a major concern and are not expected to be
a concern at future facilities. Routine plant wash-downs and good housekeeping techniques prevent
dried salts resulting from uranium solution spills from becoming airborne.
As mentioned above, the primary radioactive airborne effluent at the satellites is radon. Radon is found
in the uranium-rich lixiviant that comes from the mine unit wellfields into the IX facility. The uranium is
separated from the groundwater by passing it through fixed bed IX units operated in a pressurized
downflow mode. Vessel vents from the individual IX vessels are directed to a sump that is exhausted to
the atmosphere outside the building.
A separate ventilation system is installed for indoor non-sealed process tanks and vessels where radon
or process gases would be expected. The system consists of an air duct or piping system connected to
the top of each process tank. Redundant exhaust fans direct collected gases to discharge piping that
exhaust to the outside atmosphere. The design of the exhaust fans is such that the system is capable of
limiting employee exposures even with the failure of a single fan. Discharge vents are located away from
building ventilation intakes to prevent introducing exhausted radon into the facility as recommended in
Section 3.3 of NRC Regulatory Guide 8.31 (NRC, 2002a). Airflow through openings in the vessels is from
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the process area into the vessel and into the ventilation system, controlling releases that occur inside
the vessel. Venting released radon to the atmosphere outside the plant minimizes employee exposure.
More than 20 years of radon monitoring data show that radon has caused no negative impacts to
employees, the public or the environment. Small amounts of radon may be released inside the satellite
buildings via solution spills, filter changes, IX resin transfer, RO system operation during groundwater
restoration, and equipment maintenance activities. Separate ventilation systems are used as needed for
the functional areas within the plant to remove radon from the buildings. Radon is monitored at
facilities to measure potential exposure to employees. This monitoring program and results are provided
in Section 5.0 of this TR. Since the Reynolds Ranch Satellite, Gas Hills, and Ruth Remote Satellites will
have the same equipment and ventilation systems, it is anticipated that these facilities will cause no
negative impacts, as well.
As the satellite IX and yellowcake slurry processes are entirely wet processes, and uranium is not dried
at the facilities, there are no uranium particulate effluents. Spills inside the satellites are immediately
washed down, thereby eliminating the potential for buildup of radioactive particulates inside the
building.
Small amounts of radon may also be released at the header houses via spills or during well sampling.
Data collected indicate that these releases are minimal and occur infrequently. Each header house is
equipped with an exhaust fan to remove radon that is released in the buildings. Header houses
associated with active mine unit wellfield pattern areas (production or restoration) are routinely
monitored for radon. Four header houses are sampled each month on a rotating schedule to ensure that
all header houses are sampled regularly. Review of radon monitoring records for header houses from
2000 to200 indicates that the average radon concentrations within the header houses did not exceed
10% of the derived air concentration (DAC) during the period. As a similar header house design will be
used for future satellites, similar average radon concentrations are expected there (see Table 4-1, Trend
Analyses of Concentrations of Radon-222 Progeny in the Air).
Other non-radiological particulate emissions are vehicle exhaust, fugitive dust from limited vehicular
traffic and minor sodium bicarbonate releases during the filling of the outside storage vessel. Impacts
from fugitive dust and vehicle emissions are described in Section 7.2 of this TR and Section 4.6 of the ER.
Potential emission impacts from process chemicals (e.g., hydrochloric acid) that will be used at the plant
are described in Section 7.2 of this TR. There are no significant combustion related emissions from the
process facility, as commercial electrical power is available at the site. A backup diesel electrical
generation system is installed at the CPP, CPF and each satellite facility, but the unit is located and
vented to the atmosphere so as not to allow exhaust to enter the building.
4.1.2

Smith Ranch Central Processing Plant
All yellowcake processing activities (elution, precipitation, drying, and packaging) are currently
conducted at the Smith Ranch CPP. As described above, the dryers at the CPP are low-emission vacuum
dryers that do not have stacks venting to the atmosphere and therefore do not require emission stack
testing. The dryer is loaded with yellowcake slurry. Oil which has been heated to approximately 215°C
(420°F) is pumped through an isolating jacket surrounding the drying chamber. The oil is heated by a
gas-fired heater in a closed-loop system. The interior chamber containing the yellowcake is indirectly
heated by the circulating hot oil. The temperature of the yellowcake slurry will increase to 85°C (1857F)
during the approximate 12 hour drying cycle. When the yellowcake slurry reaches the boiling point of
water under vacuum, the water is removed as a vapor at approximately 79°C (175°F). This vapor is
passed to a filter bag house, which is directly connected to and located on top of the dryer shell. The bag
Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised March 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Page 4-2

house removes particulates down to 5 micron. The solids from the filter bag house are returned to the
dryer for packaging. The filtered water vapor continues to the condenser where the water vapor is
condensed. The condensed water drains to a seal tank and is transferred for further processing and/or
disposal. Liquid ring vacuum pumps are used to create the vacuum on the entire system, including the
seal tank, condenser, filter bag house and the dryers prior to and during the entire drying cycle. The
discharge from the vacuum pump is directed to the dryer area enclosure. Air particulate sampling in this
area is conducted monthly pursuant to NRC regulations and guidance. The average uranium
concentration for 2011 was 6.21E-13 ICi/mL, or approximately 0.1% of the DAC.
Similar to the satellite facilities, the primary source of radiological emissions from the CPP is radon, with
a minor amount of particulate emissions from the dryer packaging system. Radon and particulates are
routinely monitored at several locations within the CPP (see Section 5.0 of this TR). Sampling results
have not indicated an exposure problem for either radon or uranium particulates during the last renewal
period. Other non-radiological minor emission sources include fugitive dust from bulk dry reagent
deliveries, vehicular traffic and vehicle exhaust emissions. Radon is vented from the CPP in the same
manner as described above for the satellites. Impacts from fugitive dust and vehicle emissions are
described in Section 7.2 of this TR and Section 4.6 of the ER. Impacts from potential process chemical
emissions (e.g., sulfuric acid) used at the CPP are described in Section 7.2 of this TR.
4.1.3

Highland Uranium Project Central Processing Facility

When the Highland CPF was operational, PRI monitored the yellowcake dryer (calciner) and packaging
scrubber exhaust stacks to determine the emissions rate of particulates, uranium, radium, and thorium
to the atmosphere. Radon was sampled routinely throughout the facility. The CPF has been in a nonoperating standby status since 2003 but is scheduled to be refurbished as an IX and yellowcake
processing facility similar to the Smith Ranch CPP.
The refurbished Highland CPF will include two low temperature vacuum dryer systems. Therefore,
uranium particulate emissions should not be an issue. Cameco has proposed to complete the demolition
and refurbishment of the Highland CPF in phases starting in early 2012. Phase 1 consists of
infrastructure installation and upgrades including modernization of the building services, installation of a
contractor support facility and new electrical substation. Phases 2 and 3 consist of interior building
demolition activities and demolition of the existing dryer. Effluents during these phases are expected to
be minimal. The two air stations (AS-4 and AS-5) will be used during Phases 2 and 3. This information
was provided to the NRC in a letter dated September 15, 20111.

4.2

Liquids and Solids

4.2.1
Liquids
Liquid effluents from an ISR operation are generated during the uranium recovery phases including
construction, operations, aquifer restoration, and decommissioning. As a result, there are several
sources of liquid wastes. The potential waste water sources that exist at the Smith Ranch Project (SUA1548) include the following.
4.2.1.1
Liquid Process Wastes
The operation of the IX process generates production bleed, the primary source of liquid waste, as
discussed in Section 3.9 of this TR. This bleed is treated to remove radium and selenium and is then
routed to surge ponds or storage tanks and eventually to the deep disposal well(s) or land application

I Refurbishment of the CPF has been completed but operation has been deferred indefinitely.
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facility for disposal. The bleed may also be processed through reverse osmosis and sent again through
the IX process before final disposal. Liquid process waste (bleed) from the Gas Hills Remote Satellite will
be routed to evaporation ponds or possibly deep disposal wells. Other liquid process waste streams
from the satellite plants, the CPP and the CPF include plant wash down water and spills collected in the
sumps of the plant buildings. However, these other liquid process waste streams make up a very small
portion of the total waste stream volume.
During mine unit wellfield development and operation, well stimulation (swabbing) and aquifer test
waters are generated. Water collected from well swabbing is containerized and transported to the surge
or storage ponds for eventual discharge to the deep disposal wells. Water collected during aquifer tests
is containerized and can be used on site as drilling water or for dust suppression. Depending on the
quality of the aquifer test water, a temporary WYPDES discharge permit may be needed for land
application of the test water.
Aquifer Restoration
Following production, restoration of the affected aquifer commences which results in the production of
additional wastewater. The current groundwater restoration plan described in Section 6.0 of this TR
consists of at least three primary activities:
"

Groundwater sweep combined with treated water reinjection (typically RO treatment with
permeate injection, as described in Section 6.0 of this TR);

*

Addition of a biological or chemical reductant; and

*

Chemical treatment to adjust pH, if required.

Only the groundwater sweep/groundwater treatment and reinjection activities generate waste water.
During groundwater sweep, water is extracted from the mining zone without injection, causing an influx
of native groundwater to sweep the affected wellfield area. The extracted water is sent directly to the
wastewater treatment and disposal systems during this activity. Aquifer restoration using a biological
reductant (i.e., bioremediation) should be considered as experimental at this time, although Cameco is
actively researching the efficacy of bioremediation as a restoration treatment method.
Groundwater treatment activities involve the use of process equipment to lower the ion concentration
of the groundwater in the affected wellfield area. An RO unit is used to reduce the total dissolved solids
of the groundwater. The RO unit produces relatively clean water stream (RO permeate) and a high TDS
waste water stream (RO reject). The permeate is injected back into the formation, and the reject is sent
to the RO/IX for further TDS reduction prior to disposal. The purpose of recycling the reject stream is to
reduce the final volume of water needing to be discharged to the waste disposal systems. Chemical
reducing (pH) agents such as sodium sulfide or biological reducing agents (R&D) are also employed
during the groundwater treatment phase.
Water Collectedfrom Wellfield Releases
Water from wellfield releases consists of injection or recovery fluid recovered from areas where a liquid
release has occurred from a well or pipeline. The water is collected and transported to the waste water
disposal system for treatment and disposal via deep well injection or land application.
Water Collectedat HeaderHouses
Water from header houses consists of injection or recovery fluids recovered from the sump or basement
in the header house(s) where a liquid release has occurred. Each new header house basement floor has
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a sump and a sump pump capable of pumping spilled fluids from the floor back into a production
pipeline. However, many of the older Smith Ranch header houses do not have concrete basements. A
discussion of the conversion to header houses with basements is provided in Section 4.2.4 below.
Water CollectedatSatellite Facilities
Water collected within a satellite consists of injection or recovery fluids recovered from the sump in the
satellite building where a liquid release has occurred from a piping failure, tank or IX column leakage, or
collection of plant wash down water. These fluids are pumped to a holding tank within the building and
then pumped either to the deep disposal well(s) or, after treatment, to the land application system.
Water Collectedat Deep Injection Wells
The well house at the deep injection well(s) contains a sump and sensor that allow detection of a
release. Collected water from the well house is pumped back into the waste disposal system.
Water Collectedat the CentralProcessingPlant/CentralProcessingFacility
Water collected at the CPP/CPF consists of IX fluids or yellowcake process fluids recovered from the
sump in the CPP/CPF where a liquid release has occurred from a piping failure, tank or IX column
leakage, or collection of plant wash down water. These fluids are pumped to a holding tank within the
building and then pumped to the deep disposal well(s).
Water Collectedfrom Bulk Reagent Storage Locations
Reagents and fuels stored outside and near the facilities are placed within bermed areas to provide
secondary containment and meet the requirements of the Spill Prevention Control and
Countermeasures (SPCC) regulations. The storage tank bermed area contains spills, which are then
removed for appropriate disposal. Accumulated storm water in the bermed area is allowed to
evaporate, as the bermed areas are engineered in accordance to the SPCC requirements.
Domestic Liquid Wastes
Domestic liquid wastes from the restrooms and lunchrooms are disposed in an approved septic system
that meets the requirements of the State of Wyoming. These systems are in common use throughout
the United States and the effect of the system, on the environment is known to be minimal. Liquid
wastes from the facility laboratories are disposed at the deep disp6sal wells. The septic system designs
for SUA-1548 facilities do and will meet requirements of the State of Wyoming.
Storm Water Runoff/Erosion and Sediment Control
Storm water runoff is managed under WYPDES construction or industrial storm water discharge permits
issued by the WDEQ-WQD. Facility drainage is designed to route storm water away or around the
buildings, ancillary buildings and parking areas, chemical and fuel storage areas to protect the
environment. Facility design, procedures, engineering controls, and other BMPs are detailed in the
SWPPP that is part of the storm water permit. This is discussed in greater detail in Section 7.2.7.2 of
this TR.
4.2.2

Liquid Waste Disposal

As capacity is added to the CPP and/or satellites to meet production and restoration levels, disposal
capacity is added via deep disposal injection wells or approved alternative disposal methodologies.
Cameco plans to install a buried waste water transfer pipeline system at the Smith Ranch-Highland
license area which, when fully implemented, will allow disposal fluid to be transferred from facilities
(except the Reynolds Ranch satellite) to a waste disposal system (see Figure 4.1, Proposed Waste Water
Pipeline System). The Reynolds Ranch satellite facility will have its own dedicated deep disposal well.
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Storage tanks at each deep disposal well site will provide surge capacity within the system. To monitor
the integrity of transfer lines, the flows leaving each facility will be compared to the flows arriving at
each deep disposal well site. DEQ SR Plate OP-4 shows the proposed layout of the transfer piping
system.
4.2.2.1
Smith Ranch Central Processing Plant Liquid Waste Disposal
Waste streams to permitted deep disposal wells are composed of liquid effluents from the project that
include the production bleed streams, excess fluids from the elution and precipitation circuits,
yellowcake rinse water, water softener regeneration, plant and satellite wash-down water, CPP and
satellite laboratory waste water, groundwater restoration bleed, and RO waste water.
The production bleed stream is approximately 0.5 to 1.5% (1% average) of the production flow. The
bleed is taken after the IX units have removed the uranium. The bleed stream and wash down water
from the Smith Ranch satellite IX facilities is transferred by pipeline to the CPP. The bleed is then
commingled with other liquid effluents and discharged to a deep disposal well. RO brine from
restoration treatment may be commingled with other plant water for disposal in the waste disposal
system. The RO is used primarily for restoration or may be used as process water for chemical makeup.
Excess liquids from the CPP elution and precipitation circuit and water softener regeneration are routed
directly to the deep disposal well or alternatively, to lined storage ponds for interim storage before
being routed to the disposal well.
Deep DisposalWells
Smith Ranch is currently (January 2012) permitted for ten Class I UIC injection wells to dispose of excess
water generated by both operational and restoration processes. As of September 2011, eight of the ten
wells have been installed and are operable. The two remaining wells to be constructed include SRHUP
#7 and SRHUP #8. Table 3-7 lists the well ID's, permits, authorized injection rates and monitoring
requirements for these disposal facilities. The wastes are injected into permeable portions of three
Cretaceous sandstones-the Parkman, Teapot, or Teckla Formations, at depths ranging from
approximately 2,650 to 2,925 meters (8,700 to 9,600 feet). The waste water from the CPP is routed to
deep disposal well SR1. The locations of these wells are shown on DEQ SR Plate OP-1. Individual UIC well
permits define further requirements for-operating each disposal well.
Waste Water Storage Ponds
Two lined storage ponds located just north of the CPP are used for limited process effluent storage prior
to transfer to the deep disposal injection wells. The East and West Storage Ponds were initially
constructed in 1981 and authorized under the Q-Sand Pilot Project, WDEQ Permit to Mine 633, and NRC
License SUA-1387. The capacity of each pond is 0.10 hectare-meter (0.78 acre-feet) with dimensions of
approximately 30 meters by 30 meters by 2.4 meters deep (100 feet by 100 feet by 8 feet deep). During
operations, 0.9 meter (3 feet) of freeboard is maintained in each pond to protect the berms from windcaused wave action damage.
Each pond is constructed with a compacted sandy clay base overlain by a 30-mil (0.03-inch) thick
Hypalon liner. The bottom of each pond has a two-way slope toward the center. A sand layer is placed
over the bottom of the pond with the synthetic liner on top of the sand. Each lined pond is constructed
with a leak detection system consisting of a network of perforated pipes in a sand layer beneath the
liner with the pipes draining to a collection sump. Should a leak in the liner occur, the water will flow
through the sand, enter a perforated pipe and flow to the sump. The monitoring program for the lined
ponds includes either a fluid level sensor in each pond sump with an alarm displayed at the CPP or a
daily inspection of each sump by an operator. A trained individual visually inspects the storage ponds
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daily for leaks or embankment deterioration and records these inspections. Standard operating
procedures (SOP) detail the monitoring program for the leak detection system.
If 15 centimeters (6 inches) or more of fluid is detected in a leak detection system sump, it will be
sampled and analyzed for chloride and conductivity. If analyses indicate a pond leak, and the analyses
are confirmed, Cameco will notify the LQD and NRC by telephone within 24 hours of receipt of the
confirmed analyses. The water level in the affected pond will be lowered by transferring the contents to
another cell. As long as water continues to flow to the sump, samples will be collected every seven days
and analyzed for chloride and conductivity. Once per month, a sample will be analyzed for bicarbonate,
uranium, and sulfate as well as chloride and conductivity. Cameco will submit a written report to LQD
and NRC within 30 days after the notification of the suspected leak and every 30 days thereafter until
the leak is repaired. The reports will include the available analytical data, the corrective actions taken,
and results of the actions.
Fourteen leaks from the East and West Storage Ponds have occurred since the previous license
submittal. Based on investigations and associated corrective actions, leaks have been limited to minor
breaches (e.g., small holes and/or tears) of the primary liner of the pond containment system. Leak
history and corrective actions are detailed above in Section 3.10.3.
4.2.2.2
Highland Central Processing Facility
When in operation, excess liquids from the Highland CPF are disposed at the Morton 1-20 deep disposal
well located approximately 2 kilometers (1 mile) north of the CPF. However, there is currently no liquid
generated at or disposed from the CPF, as it has been non-operational since 2003. However, as
discussed in Section 4.1.3 above, the refurbished Highland CPF will provide yellowcake processing
capabilities similar to the Smith Ranch CPP, including low temperature, vacuum dryer systems. Once
operational, liquid waste will again be disposed of at the Morton 1-20 deep disposal well.
4.2.2.3
Smith Ranch Satellite Facilities
When not used for RO makeup, water combined from the production bleed stream, wash down water,
and groundwater restoration excess water generated at Satellites 2 and 3 is currently treated for
removal of uranium, and is then transferred to the Selenium Treatment Facility for removal of selenium
and radium. The treated fluid is then pumped to PSR-2 prior to disposal via land application at the
associated pivot irrigator. As an alternative, this waste water may also be disposed via deep disposal
wells Vollman 33-27 or SRHUP #9.
Waste water from Satellites SR-1 and SR-2 is disposed of by deep well injection. The waste water from
the SR-1 is routed to deep disposal wells SR-2 and SRHUP #10, and deep disposal well SRHUP #6 services
SR-2. Table 3-7 provides additional information about these wells.
Satellite No. 1 Radium Settling Basins
Not currently in use, the radium settling basins were constructed in 1987 to settle residual radiumbarium sulfate out of the Satellite 1 waste water after filtration and prior to land application. The area
consisted of two 0.4 hectare-meter (3 acre-feet) lined ponds located east of Satellite 1. Water that
passed through these basins was then transported by buried pipeline to PSR-1 where it was stored prior
to periodic land application.
Cameco has initiated decommissioning and reclamation of the radium settling basins. Most of the clay
liner has been removed and disposed of as lle.(2) byproduct material. Some of the remaining clay liner
exhibits low levels of uranium and Ra-226. Assessments are being made (January 2012) to complete final
reclamation and decommissioning of the basins.
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PurgeStorage Reservoir No. 1 andAssociatedLandApplicationFacility
PSR-1 is located east of Satellite I and was used to store treated mine unit operational purge water and
treated water from Mine Units A and B restoration activities. The reservoir contains approximately 7
hectare-meter (57 acre-feet) when at full capacity. Water stored in the reservoir was periodically land
applied by sprinkler irrigation on a 23 hectare (57 acre) irrigation area when weather conditions
permitted. PSR-I is currently not operating and contains no water. There is an on-going investigation at
the PSR-1 and associated land application area, including annual sampling of soils and vegetation, to
assist in determining the best management of the facilities in the future as well as the reclamation and
surety requirements. PSR-1 and its associated land application facility will both either be
decommissioned and reclaimed after the NRC has approved the Mine Unit B restoration or used again to
provide additional waste water disposal capacity.
The PSR-1 Land Application Areas 1A and 1B are located east of Satellite I near PSR-1. The area consists
of a center pivot irrigation system which covers 23 hectares (57 acres). There has been no land
application at the PSR-1 application area since restoration ceased at Mine Unit B in 2003. Monitoring
requirements for vegetation, soils, etc. are included in Table 3-8.
Purge StorageReservoir No. 2 andAssociatedLand ApplicationArea
PSR-2 can contain approximately 40 hectare-meters (321 acre-feet) of water, and the land application
area comprises approximately 46 hectares (116 acres). The locations of Satellite 2, PSR-2, the land
application area and the 10-centimeter (4-inch) HDPE pipeline used to transport treated water from
Satellite 3 to Satellite 2 and PSR-2 are shown on DEQ SR Plate OP-1.
Concerns about leakage of water from PSR-2 prompted a subsurface investigation to determine if
groundwater had been impacted. A summary of the investigation and the results is provided in Section
3.10.3.2 of this TR.
The PSR-2 Land Application Area is used for the disposal of purge and groundwater restoration fluids
from mine units served by Satellites 2 and 3 after treatment at Satellite 2 to remove radium and
selenium. During periods of land application, weekly samples are collected and analyzed for the
parameters listed in Table 3-9.
Selenium TreatmentFacility
A Selenium Treatment Facility has been constructed and is operating at a location approximately 9
meters (30 feet) southwest of Satellite 2. The facility houses the selenium treatment circuit that is
connected to Satellite 2 and Satellite 3 through buried pipelines. After selenium treatment, the water is
returned to PSR-2 for wastewater disposal.
Satellite 2 and the Selenium Treatment Facility both process waste water currently being discharged into
PSR-2 for subsequent land application. The treatment reduces selenium concentration to average
selenium levels of 0.1 mg/L. The PSR-2 compositor irrigator suction line feeding the pivot is sampled
during the operating season (March-October), and the average selenium concentration must not exceed
0.1 mg/L
The Selenium Treatment Facility includes a radium removal circuit different from the radium removal
method currently used at Satellites 2 and 3. Following radium removal, the treated stream is processed
in selenium removal columns. The spent media of the columns is cleaned in sand washing equipment.
The wastes are disposed at a NRC licensed 11(e).2 byproduct material disposal facility as described
above.
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4.2.2.4

North Butte Remote Satellite Facility

Class l U/C Wells

At the North Butte Remote Satellite, two deep disposal wells are currently (September 2011) permitted
under an existing Class I UIC permit. This satellite facility eventually will have four Class I UIC wells. The
installation of these wells will be staged as needed for operation and restoration requirements. Figure
3.37 shows the disposal well equipment layout within the satellite. In addition to the disposal wells, two
surge ponds will be constructed to provide for temporary storage of waste water prior to disposal into
the deep disposal wells. Specific details pertaining to the operation of the deep disposal wells are
provided in Section 3.6.6.3 of this TR. Prior to operation of the disposal wells, Cameco will evaluate the
components of the deep well disposal with respect to 10 CFR 20.2002 under a SERP and will:
1. Evaluate the waste to be disposed of, including the physical and chemical properties
important to risk evaluation, and the manner and condition of the deep well disposal;
2.

Analyze and evaluate the pertinent information on the nature of the affected environment;

3.

Assess the nature and location of potentially affected licensed and unlicensed facilities; and
4. Review analyses and procedures to ensure that doses are maintained ALARA and within
dose limits.
Surge Ponds

The North Butte Remote satellite includes the construction of a surge pond to temporarily contain waste
water from the satellite facility. The overall pond dimensions will be approximately 85 meters by 104
meters (280 feet by 340 feet) divided into two cells. The cell bottoms will have approximate dimensions
of 15 meters by 36 meters (50 feet by 120 feet) and the pond side slopes will be constructed at 3:1. The
majority of the pond will be below grade, and the second cell will provide redundancy. The pond
location is shown on Figure 1.10 of this TR. Pond design details, the geotechnical investigation and final
design report are provided in Appendix D and are discussed in Section 3.6.6.3 of this TR.
4.2.2.5

Gas Hills Remote Satellite

EvaporationPonds

The Carol Shop Satellite Building will house the final water treatment facilities for the Gas Hills Remote
Satellite. The evaporation ponds, shown on Figure 1.11 of this TR, are designed to be the primary waste
water disposal step at the Gas Hills Remote Satellite. The evaporation ponds will be constructed in
phases to match the development and restoration needs of the satellite operation and will be
constructed in pairs, i.e., Ponds 1 and 2, followed by Ponds 3 and 4, followed by Ponds 5 and 6. Designs
for Ponds 1 and 2 are provided in Appendix E. Design details for the evaporation ponds are provided in
Section 3.6.7.6 of this TR.
ClassI UIC Wells

Cameco is investigating the feasibility of a Class I injection well(s) at the Gas Hills Remote Satellite as a
disposal supplement to the planned evaporation ponds. If technically feasible, Cameco plans to add
wastewater disposal via injection well(s) because (a) injection wells are less costly to operate and
reclaim, and (b) there are fewer environmental concerns as compared to evaporation ponds. Use of
injection wells disposes of concentrated process reject fluids underground, thereby eliminating the
surface contamination concerns associated with evaporation ponds and greatly reducing the volume of
11e.(2) solid material that will require over-the-road transport to distant licensed disposal facilities.
Disposal of waste water using deep disposal wells will be assessed with respect to 10 CFR 20.2002 as
detailed in Section 4.2.2.4.
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4.2.2.6
Ruth Remote Satellite Facility
Cameco anticipates that deep disposal well(s) will be used at the Ruth Remote Satellite for waste water
disposal. However, all existing facilities at the Ruth Project are non-operational and on stand-by status.
Currently, three buildings, two evaporation ponds and three monitoring wells remain on the property.
Cameco has plans to extract uranium at Ruth within the next ten years, but an operations plan that
details the mine unit layout, IXfacility design and other details has yet to be developed.
4.2.3
Solid Wastes
Solid wastes generated at Smith Ranch (SUA-1548) are expected to include 11e.(2) materials (e.g., spent
resin, resin fines, miscellaneous pipe, pumps and fittings) and non 11e.(2) wastes (e.g., domestic trash
and construction debris, empty reagent containers- totes and bags, etc.) which are separated into the
following categories: uncontaminated solid wastes, byproduct solid waste, and hazardous waste.
UncontaminatedSolid Wastes

Waste which is not contaminated with radioactive material or which can be decontaminated to
unrestricted release criteria may include valves, instrumentation, process equipment, etc. Prior to
release for unrestricted use, surveys for residual surface contamination are made and the results
documented. To be released for unrestricted use, decontaminated materials must have activity levels
lower than those specified in NRC guidance (1984). Methods for decontamination and release of
contaminated equipment are discussed in further detail in Section 5.8.6.4 of this TR.
Uncontaminated solid waste will be collected from each SRH licensed facility and disposed of in the
nearest solid waste sanitary landfill. Cameco tracks the solid waste disposal at the Smith Ranch facility
and estimates that the facility transports off-site approximately 32,650 kilograms (72,000 pounds) of
uncontaminated solid waste per year. Cameco anticipates that the North Butte and Gas Hills Remote
Satellites will each produce approximately 229 to 382 meters 3 (300 to 500 yards3) of uncontaminated
solid waste per year. The addition of the Reynolds Ranch satellite will increase the solid waste
production for the Smith Ranch facility by an estimated 153 meters 3 (200 yards3) per year.
Domestic solid wastes from the restrooms and lunchrooms are disposed in an approved septic system
that meets the requirements of the State of Wyoming. These. systems are in common use throughout
the United States and the effect of the system on the environment is known to be minimal.
Byproduct Solid Wastes

Solid and liquid wastes that have become contaminated with uranium and uranium daughter products
as a result of recovering uranium are called 11e.(2) byproduct material. These types of wastes may
include tanks, vessels, IX resin, filter media, process piping and equipment. It could also include fluids
such as the production and restoration waste water streams as well as the solids remaining in the surge
or evaporation ponds at the end of the Project.
All contaminated items that cannot be decontaminated to meet unrestricted release criteria are
properly packaged, transported, and disposed at a disposal site licensed to accept l2e.(2) byproduct
material. It is estimated that 38 to 329 meters 3 (50 to 430 yards3 ) of solid 11e.(2) byproduct material will
be generated each year at the Smith Ranch (SUA-1548) Project sites. Annually, approximately 150,000
kilograms (330,000 pounds) of barium sludge will be shipped off-site for disposal. Those materials that
cannot be decontaminated for unrestricted release will be stored in appropriately labeled and covered
containers and will periodically be transported to an NRC licensed disposal facility. A current disposal
agreement will be maintained with a minimum of one licensed disposal facility throughout the
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duration of licensed operations. Should Cameco contract with a new disposal facility, Cameco will
notify the NRC in accordance with License Condition 9.6 of SUA-1548.
HazardousWastes
The potential exists for an industrial facility to generate hazardous waste as defined by RCRA. In the
State of Wyoming, hazardous waste is governed by WDEQ Hazardous Waste Rules and Regulations.
Based on preliminary waste determinations conducted by Cameco in consideration of the processes and
materials that are used at the project, Cameco will likely continue to be classified as a Conditionally
Exempt Small Quantity Generator, defined as a generator that generates less than 100 kilograms (220
pounds) of hazardous waste in a calendar month and that complies with applicable hazardous waste
program requirements. Cameco expects that only used waste oil and universal hazardous wastes such as
spent batteries, florescent light bulbs, etc. will be generated at the Smith Ranch (SUA-1548) Project. No
pesticides or anti-freeze are stored on-site.
Cameco is committed to recycling universal wastes whenever possible. Used oil is burned for heating
purposes, and excess oil is recycled. In 2010, approximately 3,780 liters (1,000 gallons) of used oil was
recycled.
4.2.4
Potential Release Events Involving Liquid Wastes
Spills from Well Houses, PipelinesandHeaderHouses
Wellfield header houses are not considered a potential source of pollutants during normal operations,
as there are no process chemicals or effluents stored within them. Wellfield facilities could contribute to
pollution only in the event of a release of injection or recovery fluids due to a pipe or well failure. Piping
is checked for leaks prior to operation. Piping from the wellfields to the header houses is typically
buried, minimizing the possibility of a release due to impact to the pipe. Because of the instrumentation
installed on the pipeline, the Plant operators should notice a decrease in flow and pressure indicating a
larger piping leak, prompting mitigation.
The header houses are steel skid structures that can be moved and reused once the groundwater
restoration and surface reclamation have been completed. The steel cladding on the outside of the
header house will be painted a low-reflective color from the BLM approved color chart for oil and gas
facilities. The header houses vary in length but are typically approximately 3 meters wide by 9 meters
long (10 feet wide by 30 feet long). The depth of the header house basements will vary by property but
are typically 1.8 to 2.4 meters (6 to 8 feet) deep. The North Butte header house excavations will be 2.4
meters (8 feet) deep because the Campbell County building code requires that buried pipelines be
installed a minimum depth of 1.8 meters (6 feet) to avoid freezing problems. The North Butte header
house basements will be the deepest excavations for header house construction within the Smith Ranch
Project. The current well boxes are constructed from 0.6 meter (2 feet) diameter by 0.9 meter (3 feet)
tall HDPE corrugated pipe with plate steel covers. The wellhead box covers are typically white or black
and are made of insulated weather proof material, such as metal or fiberglass. Table 4-1.1, Estimated
Number of Surface Structures at Each of the Smith Ranch Project Sites provides the estimated number
of surface structures at each of the Smith Ranch project sites.
Each newer header house basement has a sump and a sump pump capable of pumping spilled fluids
from the floor back into a production pipeline. A conductivity probe or a level transducer installed in
each new header house detects fluids on the floor and/or basement of the house. There are two
separate alarm stages associated with the floor leak detection system. The first alarm is triggered by
water at a depth of a few centimeters (inches), at which time the sump pump will automatically start
pumping water from the sump. The second alarm is triggered when water exceeds a few centimeters
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(less than a foot) in depth, indicating that the leak is larger than the sump pump can handle. If fluids are
detected at the second alarm level, the PLC shuts down the injection flow and shuts off the production
wells in the header house. A beacon on the outside of the header house activates in the event moisture
is detected, and the PLC alarms on the main computer in the Control Room at the satellite facility
indicate that the header house has shut down. Newer header houses built since March 2008, beginning
with Mine Unit 15, Header House 17, have concrete basements to prevent spilled fluids from soaking
into the soil. Header Houses 15-18 through 15-23 also have concrete basements, and MU-9 and MU-K-6
through K-9 currently have this style of basement as will newly constructed header houses.
The flow from individual production and injection wells is measured using turbine meters which are
located in the header house. The individual well flows are measured and adjusted daily. A flow meter is
used to measure the total production and injection flow rates from each header house. At new header
houses, the flow meter instantaneous flow rate is monitored by the PLC. The PLC sends an alarm to the
satellite in the event of a flow problem. High and low flow limits are set for each well, and the well
automatically shuts down if the limits have been exceeded. The automatic shutdown of a well triggers
an alarm at the satellite. A high flow alarm for an injection well may indicate a break in a line between
the injection wellhead and the header house. A low flow alarm for a production well may indicate a leak
between the pump and the header house. Operators monitor the run status of production pumps and
can remotely stop and start the pumps. Each new header house can be remotely shut down from the
satellite.
As described in Section 3.6.5.1, the above discussions pertain to header houses constructed from March
2008 forward. Basement-free header houses were constructed at Mine Units D, E, F, H, I, J, and header
houses K1-K5. Many of the older header houses do not have PLC-based controls. Older wellfields built
prior to Mine Unit K North and 9 do not have concrete basements.
In general, trunk line piping from the plant to the header houses and within the wellfield is constructed
of HDPE with butt-welded joints or the equivalent. All pipelines are pressure tested before being buried
and placed into operation. It is unlikely that a break would occur in a buried section of line because no
additional stress is placed on the piping. Underground pipelines are protected from vehicles driving over
the lines causing breaks, a major cause of pipeline failure. Typically, the only exposed pipes will be at the
central plant, at the wellheads, and in the header houses in the wellfields. Main trunkline flows and
manifold pressures are monitored for process control.
The older header houses are fitted with pilot-operated control valves and a straight-line pipe
configuration. These "Cla-Vals" in the older header houses have responded according to design during
power outages. It is only in the newer header houses where the pipeline configuration has included the
use of a 90-degree "T" in the line that pilot-operated control valves have failed. On May 3, 2011, a spill
occurred in Mine Unit 15A in the wellfield serviced by Header House 15-20. This spill occurred following
a power failure, which caused a pressure variance, which created a hammer effect that caused the ClaVals to fail.
As a result, those new header houses equipped with a 90-degree "T" in the pipeline and Cla-Vals will be
identified and replaced with a mechanical valve. The mechanical valve will shut off the flows at the
header house in the event of a spill or power outage. Also, when there is a power outage, the phase
indicator will alarm in the satellites.
In a letter to NRC dated July 30, 2007 (related to an H-wellfield release) it was indicated that bell holes
were retro-fitted with leak indicators. In areas where fiber optics are being used, all new installations
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will be equipped with "wet sump" detectors that alarm to the nearest satellite plant. Header houses
starting in Mine Unit K, Header House 6, use wellhead leak detection devices. Wellheads in future mine
units will be fitted with leak detection systems. Older wellfields have not been retro-fitted as this would
pose a greater chance for a fluid release than leaving them in their current status.
Engineering and administrative controls are in place at the satellite facilities to prevent both surface and
subsurface releases to the environment and to mitigate the effects should an accident occur.
Satellite Facilities
The satellite and remote satellite facilities are a major component of the ISR operations at the Smith
Ranch (SUA-1548) Project and have the greatest potential for spills or accidents resulting in the release
of fluids containing radioactive materials. Spills could result from a release of process chemicals from
bulk storage tanks, piping failure, or a process storage tank failure. New satellite facilities will be
constructed for the Reynolds Ranch, Gas Hills and Ruth expansion areas, and the engineering design for
these facilities will incorporate proven designs from the Smith Ranch satellites along with new features.
The design of the satellite plant building is such that a release of liquid waste would be contained within
the structure. A concrete curb is built around the entire process building. This pad is designed to contain
the contents of the largest tank within the building in the event of a rupture. In the event of a piping
failure, the pump system will immediately shut down, limiting release. Liquid inside the building, both
from a spill or from wash-down water, will be drained through a sump and sent to the liquid waste
system.
Similar to the header houses, a conductivity probe or a level transducer is installed in the satellite plant
building to detect fluids on the floor and/or sump of the building. There are two separate alarm stages
associated with the floor leak detection system. The first alarms when water is at a depth of a few
inches at which time the sump pump automatically starts pumping water from the sump. The second
alarms when water has reached a few feet in depth, indicating that the leak is larger than the sump
pump can handle. If fluids are detected at the second alarm level, the PLC shuts down the injection flow
and shuts off the production wells. Each satellite building has leak resistant floors, berms and water
stops to prevent spilled fluids from soaking into the soil or leaving the building.
Deep DisposalWells
The design of the deep disposal well houses and wellheads are such that a release of liquids will be
contained within the building or in a bermed containment area surrounding the facilities. Released fluids
inside the building are contained and managed as discussed in Section 4.2.2.1 of this TR.
Surge Ponds
For the North Butte Remote satellite facility, the two-celled double-lined surge pond will be constructed
with a leak detection system consisting of a network of perforated pipes between the primary and
secondary liners with the pipes draining to a collection sump. Should a leak in the liner occur, the water
will enter a perforated pipe and flow to a sump. Monitoring of the lined ponds will include either a fluid
level sensor in each pond sump with an alarm displayed at the satellite or a daily inspection of each
sump by an operator. The storage ponds will be inspected daily for visual indications of leaks or
embankment deterioration by an individual instructed in proper inspection procedures. The pond
inspections will be recorded and initialed by the inspector. A freeboard of at least 1.5 meters (5 feet) will
be maintained in each pond to prevent loss of waste water by wave action and to allow for holding the
contents of another pond on a temporary basis in the event of a leak. SOPs detail the leak detection
monitoring program.
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If 15 centimeters (6 inches) or more of fluid is detected in a leak detection system sump, it will be
sampled and analyzed for chloride and conductivity. If analyses indicate a pond leak, and the analyses
are confirmed, Cameco will notify the LQD and NRC by telephone within 24 hours of receipt of the
confirmed analyses. The water level in the affected pond will be lowered by transferring the contents to
another cell. As long as water continues to flow to the sump, samples will be collected every seven days
and analyzed for chloride and conductivity. Once per month, a sample will be analyzed for bicarbonate,
uranium, and sulfate as well as chloride and conductivity. Cameco will submit a written report to LQD
and NRC within 30 days after the notification of the suspected leak and every 30 days thereafter until
the leak is repaired. The reports will include the available analytical data, the corrective actions taken,
and results of the actions.
EvaporationPonds
The evaporation ponds at the Gas Hills Remote Satellite will be visually inspected daily for normal
operation, including condition of ancillary features such as the exposed liner above the water surface,
the berm, fences and diversion and/or storm runoff control structures. The leak detection manhole will
be visually inspected daily and the sump pump tested at least once every two weeks. These inspections
will be documented and maintained on site. If flow from the leak detection sump pump is observed,
water will be sampled and analyzed for chloride, bicarbonate and conductivity. If the analysis indicates
pond leakage, a confirmation sample will be collected within 24 hours of receipt of the first analytical
results. If the second analytical tests confirm leakage, Cameco will notify the NRC and LQD by telephone
within 24 hours of confirmation. Once every seven days during the leak and for two weeks following
completion of repairs, water samples will be collected from the leak detection sump and analyzed for
chloride and conductivity. Once per month while the pond is leaking, water samples will be collected
from the leak detection sump and analyzed for the suite of parameters contained in LQOD Guideline 4,
Table 2. Within 30 days of the verbal notification, Cameco will submit a written report to NRC and LQD.
The report will include analytical data and describe mitigative actions and the results of those actions.
Once a leak has been verified and reported, the contents of the leaking pond will be transferred into
another pond or ponds, and an investigation will be conducted to determine the source of the leak. This
investigation will include inspection of the manhole and individual drain line clean out systems. Once
the source of the leak has been identified, appropriate actions will be taken to repair damage to the
system.
Once the pond has been repaired and tested, the agencies will be notified verbally or in writing (via a
letter or e-mail) that the pond has been repaired and is being put back into service. A final report
describing remedial and repair activities will be provided to the agencies within 60 days after repairs
have been completed.

4.3

Contaminated Equipment

The surfaces of potentially contaminated equipment and materials will be surveyed for contamination
before they are released to unrestricted areas. The applicable surface contamination limits are provided
by NRC Guidelines (1984). These guidelines will be used to conduct a comprehensive radiation survey to
determine whether contamination is within the limits specified in the referenced guidelines and is
ALARA before release of the equipment or material for unrestricted use.
If contamination above these limits is detected, the equipment or material will be decontaminated until
the limits are reached, or the item will not be released to unrestricted use. Radioactivity on surfaces will
not be covered by paint, plating, or other covering unless contamination levels, as determined by a
survey and documented, are below the aforementioned limits before application of the covering. A
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reasonable effort will be made to minimize the contamination before use of any covering. The
radioactivity of the interior surfaces of pipes, drain lines, or duct work will be determined by surveying
traps and other appropriate access points, provided that contamination at these locations is likely to be
representative of contamination on the interior of the pipes, drain lines, or duct work.
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5.0

Operations

Section Summary: Section 5.0 describes administration at Cameco such as corporate structure,
management programs, personnel requirements, training, security, etc. applicable at SUA-1548 sites.
Many of the titled sections have been reviewed and approved in past submittals to the NRC; however,
sections containing updates and revisions since the last renewal are summarized below.
Section 5.1 presents Cameco's organizational structure. Many of the position descriptions have been
modified to clarify roles, responsibilities and reporting structure to ensure compliance with the NRC
regulations and provide safe working conditions. Of note, the Vice President, Projects and Growth
(Section 5.1.1.3); General Manager US Operations (Section 3.1.1.4); Manager, SHEQ-Div. (Section
5.1.1.5); and Mine Manager, North Butte/Smith Ranch Highland Operation (Section 5.1.1.6) are
positions which were added to the license by the SERP process during the renewal period.
Section 5.2 addresses the management control program, which has remained relatively unchanged since
the last renewal. Most of Section 5.3 remains unchanged and describes the internal inspections, audits
and reports performed at Smith Ranch SUA-1548, with the exception of Section 5.3.2 Annual ALARA
Audits. This section has been updated to include a summary of the ALARA reports by year with regard to
the major actions resulting in reduced radiological exposures.
Sections 5.4 through 5.9 contain revisions and updated and/or new information for this renewal. Section
5.4 includes new detailed qualification requirements for personnel administering the radiation safety
program. Section 5.5 describes training programs which have been revised to include training
requirements for visitors and contractors to the sites. Section 5.6 presents the DOT Hazardous Materials
Training Program never before reviewed. Section 5.7 deals with security, which has been updated since
the last renewal to include new security measures. Section 5.8 addresses radiation safety controls and
monitoring which have been reviewed in past renewals. However, many of the subsections present
summaries of data collected between 2000 and 2010 as well as the historical data. A new section
discussing prenatal and fetal exposure is presented in Section 5.8.3.4. Section 5.9 contains new and
updated information and data regarding environmental monitoring, plus new information related to the
remote satellite facilities. Data provided in semi-annual reports submitted to the NRC have been
tabulated by subsection topic and trended for discussion.

5.1

Corporate Organization and Administrative Procedures

Required NRC licenses, amendments and financial surety arrangements/mechanisms are issued in the
name of PRI, a wholly owned subsidiary that does business as Cameco.
Cameco is committed to conducting operations in compliance with applicable parts of 10 CFR Chapter 1
and the conditions in SUA-1548. Cameco will maintain a performance-based approach to the
management of the environment, health and safety program, including radiation safety. The Safety
Health Environment and Quality Management System (SHEQMS) encompasses licensing, compliance,
environmental monitoring, industrial hygiene, and health physics programs under one umbrella, and it
includes company-wide involvement, from the individual worker to senior Cameco management.

5.1.1

Corporate Organization and Responsibilities for Safety

Figure 5.1, Cameco Organizational Chart provides a partial organization chart for Cameco with respect
to the operation of the Smith Ranch SUA-1548 license areas, including North Butte, Gas Hills and Ruth
Remote Satellites. Management levels that play a key role in the SHEQMS and may serve a functional
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part of the SERP are described in Section 5.2.3. This organization allows environmental, health, industrial
safety, and radiation safety matters to be considered at any management level.
5.1.1.1
Board of Directors
The Board of Directors has the ultimate responsibility and authority for radiation safety and
environmental compliance for activities at the Smith Ranch SUA-1548 license areas. The Board of
Directors sets corporate policy and provides procedural guidance in these areas. The Board of Directors
provides operational direction to the President of Cameco Resources.
5.1.1.2
President
The President is responsible for interpreting and acting upon the Board of Directors policy and
procedural decisions. The President directly supervises the Vice President of Projects and Growth, and
the General Manager, U.S. Operations. The Board of Directors empowers the President with the
responsibility and authority for the radiation safety and environmental compliance programs. He/she is
responsible for ensuring that operations staff are complying with applicable regulations and
permit/license conditions through direct supervision of the Vice President of Projects and Growth, and
the General Manager, U.S. Operations.
5.1.1.3
Vice President, Projects and Growth
The Vice President, Projects and Growth reports directly to the President and supervises the Manager,
SHEQ-Div. He/she is responsible for administration of Cameco's division level environmental and
quality management programs through direct supervision of the Manager, SHEQ-Div.
5.1.1.4
General Manager, U.S. Operations
The General Manager, U.S. Operations is responsible for managing day-to-day operations at Smith
Ranch SUA-1548 license areas and reports directly to the President. The General Manager is responsible
for ensuring that site personnel at the Smith Ranch SUA-1548 license areas comply with Industrial
Safety, Radiation Safety, Environmental Protection Programs, and relevant state and federal regulations.
The General Manager has the responsibility and authority to suspend, postpone or modify, immediately,
if necessary, activity that is determined to be a threat to employees, public health, or the environment
or is potentially a violation of state or federal regulations. The General Manager cannot unilaterally
override a decision for suspension, postponement or modification if that decision is made by the RSO.
5.1.1.5
Manager, Safety, Health, Environment and Quality-Division
The Manager, SHEQ-Div reports directly to the Vice President, Projects and Growth and is responsible
for administration of Cameco's divisional level environmental and quality management programs. The
Manager, SHEQ-Div provides a divisional review of agency correspondence and serves as the project
manager for NRC licensing activities. Manager, SHEQ-Div has the responsibility and authority to
terminate immediately activity that is determined to be a threat to employees, public health, or the
environment, or is potentially a violation of state or federal regulations as indicated in reports.
5.1.1.6
Mine Manager, North Butte /Smith Ranch Highland Operation
The Mine Managers at both North Butte/Smith Ranch Highland Operations report directly to the
General Manager, East Central Wyoming. The Mine Managers are responsible for ensuring that
operations personnel at both the Smith Ranch/Highland and North Butte Operations comply with
Industrial Safety, Radiation Safety, and Environmental Protection Programs as stated in the SHEQMS.
The Mine Managers are also responsible for company compliance with regulatory license
conditions/stipulations, regulations and reporting requirements. The Mine Managers have the
responsibility and authority to immediately terminate any activity that is determined to be a threat to
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employees, public health, or the environment, or is potentially a violation of state or federal
regulations as indicated in reports from the RSO. The mine managers cannot unilaterally override a
decision for suspension, postponement or modification if that decision is made by the RSO.
5.1.1.7
Manager, Safety Health Environment and Quality-Site
The Manager, SHEQ-Site reports directly to the Mine Manager, and oversees all SHEQ programs as
stated in the SHEQ Management System. This position assists in the development and review of
environmental sampling and analysis procedures and is responsible for routine auditing of the programs.
The Manager, SHEQ-Site has the responsibility and authority to suspend, postpone, or modify activity
that is determined to be a threat to employees, public health, or the environment, or is potentially a
violation of state or federal regulations.
5.1.1.8
Radiation Safety Officer
Reporting directly to the Mine Manager, the RSO is responsible for the daily supervision of the radiation
safety and industrial safety programs at company operations. Responsibilities include the development
and implementation of radiation safety programs, ensuring that records are correctly maintained, and
assisting the Manager, SHEQ in compliance with the NRC regulations and license conditions applicable
to public and worker health.
The RSO conducts and/or oversees training programs for the supervisors and employees with regard to
the proper application of radiation protection procedures. The RSO or a designee inspects facilities to
verify compliance with applicable radiological health and safety requirements. The RSO has the
responsibility and the authority, through appropriate line management, to suspend, postpone, or
modify work activity that is unsafe or potentially a violation of NRC regulations or license conditions,
including the ALARA program. Depending on the level of activity at the site, the RSO may also fulfill the
responsibilities of the Health Physics Technician (HPT).
Health Physics Technician
5.1.1.9
The HPT conducts radiological surveys, collects air, water, soil and vegetation samples, performs
analyses and collects data for the radiation safety program, performs calculations of employee radiation
exposures, keeps records, and conducts various other activities associated with implementation of the
environmental and radiation protection programs. At the Smith Ranch/Highland site, the HPT reports
directly to the RSO. At the North Butte site, the HPT reports directly to the Mine Manager with
secondary reporting to the Smith Ranch-Highland RSO.
5.1.2

ALARA Policy
The purpose of the ALARA Policy is to keep exposures to radiation as low as possible and to as few personnel
as possible, taking into account the state of technology and the economics of improvements in relation to
benefits to the public health and safety, and other societal and socioeconomic considerations, and in relation
to the use of atomic energy in the public interest.
In order for an ALARA Policy to correctly function, individuals, including management, supervisors, health
physics staff, and workers, must take part and each share in the responsibility to keep exposures as low as
reasonably achievable (ALARA). This policy addresses this need and describes the responsibilities of each.
5.1.2.1
Management Responsibilities
Consistent with Section 1.1 of NRC Regulatory Guide 8.31, the licensee management is responsible for the
development, implementation, and enforcement of applicable rules, policies, and procedures as directed by
regulatory agencies and company policies. These shall include:
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*

The development of a strong commitment to and continuing support of the implementation
and operations of the ALARA program;

*

An Annual Audit Program which reviews radiation monitoring results, and procedural and
operational methods;

"

A continuing evaluation of the Health Physics Program including adequate staffing and
support; and

*

Proper training and discussions which address the ALARA program and its function to facility
employees and, when appropriate, to contractors and visitors.

5.1.2.2
Radiation Safety Officer Responsibility
The RSO is responsible for ensuring technical adequacy, proper radiation protection, and the overall
surveillance and maintenance of the ALARA program including the following:
"

The responsibility for the development and administration of the ALARA program;

"

Sufficient authority to enforce regulations and administrative policies that affect aspects of
the Health Physics Program;

•

Assist with the review and approval of new equipment, process changes or operating
procedures to ensure that the plans do not adversely affect the Health Physics Program;

*

Maintain equipment and surveillance programs to assure continued implementation of the
ALARA program;

"

Assist with conducting Annual ALARA Audits with Management to determine the effectiveness
of the program and make appropriate recommendations or changes as may be dictated by the
ALARA philosophy;

*

Review annually existing operating procedures involving or potentially involving handling,
processing, or storing of radioactive materials to ensure the procedures are ALARA and do not
violate newly established or instituted radiation protection practices; and

*

Conduct or designate daily inspections of pertinent facility areas to observe that general
radiation control practices, hygiene, and housekeeping practices are in line with the ALARA
principle.

5.1.2.3
Supervisor Responsibility
Supervisors are the front line personnel responsible for implementing the ALARA program. Each shall be
trained and instructed in general radiation safety practices and procedures. Their responsibilities include:
"

Adequate training to implement the general philosophy behind the ALARA program;

*

Provide direction and guidance to subordinates to enable adherence to the ALARA program;

*

Enforcement of rules and policies as directed by regulatory agencies and company management;
and

*

Seek additional help from management and the RSO should radiological problems be deemed by
the supervisor to be outside their sphere of training.

5.1.2.4
Worker Responsibility
Because success of both the radiation protection and ALARA programs is contingent upon the
cooperation and adherence to those policies by the workers themselves, the facility employees must be
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responsible for certain aspects of the program in order for the program to accomplish its goal of keeping
exposures as low as possible. Worker responsibilities include:
"

Adherence to rules, notices, and operating procedures as established by management and the
RSO;

*

Making valid suggestions which might improve the ALARA program;

*

Reporting promptly, to immediate supervisor, malfunction of equipment or violation of
procedures which could result in an unacceptable increased radiological hazard;

*

Proper use and fit testing of respirators; and

*

Proper use and return of bioassay sample kit at its required time.

5.2

Management Control Program

5.2.1

Safety, Health, Environment and Quality Management System

Cameco's SHEOMS formalizes the approach and ensures consistency across its operations. The
management system is a key element assuring that management demonstrates "due diligence" in
addressing SHEQ issues and describes how the operations of the facility will comply with the
requirements of the Cameco SHEQ Policy and Regulatory requirements.
The SHEQMS:
"

Assures that sound management practices and processes are in place to ensure that strong
SHEQ performance is sustainable.

*

Clearly sets out and formalizes the expectations of SHEQ management.

"

Provides a systematic approach to the identification of SHEQ issues and ensures that a
system of risk identification and management is in place.

"

Provides a framework for personal, site and corporate SHEQ responsibility and leadership.

"

Provides a systematic approach for the attainment of Cameco's SHEQ objectives.

e

Ensures continued improvement of SHEQ programs and performance.

The SHEQMS has the following characteristics:
*

The system is compatible with the ISO 14001 Environment Management System.

*

The system is straightforward in design and is intended as an effective management tool for
types of activities and operations, and is capable of implementation at levels of the
organization.

"

The system is supported by standards that clearly spell out Cameco's expectations, while
leaving the means by which these are attained as a responsibility of line management.

*

The system is readily auditable.

*

The system is designed to provide a practical tool to assist the operations in identifying and
achieving their SHEQ objectives while satisfying Cameco's governance requirements.

The SHEQMS uses a series of standards that aligns with specific management processes and sets out the
minimum expectations for SHEQ performance. The standards management processes consist of
assessment, planning, implementation (including training, corrective actions, safe work programs, and
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emergency response), checking (including auditing, incident investigation, compliance management, and
reporting), and management review. Cameco has developed procedures consistent with these
standards and regulatory requirements to implement these management controls. The procedures are
contained in the following eight volumes:
Volume
Volume
Volume
Volume
Volume
Volume
Volume
Volume

1
2
3
4
5
6
7
8

-

Management System Manual
Management Procedures
Operating Procedures
Health Physics Manual
Health and Safety Manual
Environmental Manual
Training and Awareness Manual
Emergency Procedure Manual

5.2.1.1
Emergency Management Protocols, Procedures and Programs
Cameco uses a SHEQMS, which formalizes the approach to the management of safety, health,
environment and quality of operational activities and ensures consistency across operating facilities.
The SHEQMS meets the following requirements:
"

ISO 14001:2004 Environment Management
Environmental Management Program (EMP).

*

Occupational Health and Safety Assessment Series (OHSAS) 18001, Health and Safety
Management System (HSMS) Standard, and Cameco's Corporate Safety and Health
Management Program (SHMP).

System Standard

and Cameco's Corporate

The system is straightforward in design and is intended as an effective management tool for most
types of activities and operations, capable of implementation at levels of the organization. It is
supported by Standards that clearly spell out expectations, while leaving the means by which these
are attained as a responsibility of line management. The system is auditable and implements
assurance tools, including performance indicators, as an integral part of the system. Finally, the
system is designed to provide a practical tool to assist the operations to identify and achieve SHEQ
objectives while satisfying regulatory requirements.
This management process is supported at each step by open internal and external communications to
provide continual feedback on environment, health, and safety issues. The management process
incorporated in this SHEQMS is similar to the Plan-Do-Check-Act (PDCA) methodology on which ISO14001:2004 and OHSAS-18001: 2007 are based.
The process is based on four steps from the PDCA methodology:
*

Plan what resources are required to implement the strategy;

*

Do the plan;

*

Check to ensure objectives are being met, review the results, and determine whether value is
added to the business; and

*

Act on the results.
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The SHEQMS Standards set forth the expectations of senior management and relate to international
standards for EMS and HSMS Programs. The SHEQMS Standards are the minimum expectations that
Cameco places on company operations for safety, health, environment and quality performance.
Requirements stipulated in SHEQMS Standards must be conformed to, although the means by which
these requirements are achieved are left to the discretion of each operation.
The radiation protection procedures to be used by personnel during ISR at the Cameco sites are
contained within a volume of the SHEQMS. The manual has been written to assure that health physics
monitoring and surveillance at Wyoming operations is performed in accordance with applicable
statutes, regulations and guidance for ensuring the safe handling of radioactive and hazardous
materials.
Employees and contractors working at Cameco licensed facilities must be properly trained. Cameco
requires new hires (employees and contractors) to attend an established course in the inherent risks
of exposure to radiation and the fundamentals of protection against exposure to uranium and its
daughters. This course is repeated annually for employees and contractors. The course follows the
following format:
1.

Fundamentals of Health Protection
*
*
*

2.

Personal Hygiene at UR Facilities
*
*
*
*

3.

Wearing protective clothing,
Using respiratory protective equipment correctly,
Eating, drinking, and smoking only in designated areas,
Using proper methods for decontamination (i.e., showers).

Facility-Provided Protection
*
*
*
*
*
*
*

4.

The radiologic and toxic hazards of exposure to uranium and its daughters,
How uranium and its daughters enter the body (inhalation, ingestion, and skin
penetration),
Why exposures to uranium and its daughters should be kept ALARA.

Ventilation systems and effluent controls,
Cleanliness of the work place,
Features designed for radiation safety for process equipment,
Standard operating procedures,
Security and access control to designated areas,
Electronic data gathering and storage,
Automated processes.

Health Protection Measurements
*
*

Measurement of airborne radioactive materials,
Bioassays to detect uranium (urinalysis).

Cameco's ALARA policy is designed to keep exposures to radioactive material and other hazardous
material as low as possible. For the policy to be effective, individuals from management to workers
must take part in and share the responsibility for keeping exposures ALARA and make the program
successful. The ALARA program is evaluated annually to ensure quality.
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Non-routine and emergency operations can occur on site. Should a non-routine operation involve
potential exposure to radioactive materials and no standard operating procedures exist, a Radiation
Work Permit (RWP) is required before the operation can proceed. The RSO or a designee qualified by
experience and training shall review the radiological setting prior to the initiation of the work to
assure that necessary precautions are being taken. In an emergency, or an unexpected occurrence,
respirators may be required to limit the inhalation of airborne material or other potentially hazardous
substances. In this instance, there would likely be no time to implement a RWP, but the maximum
practical protective actions would be taken immediately and adjusted as appropriate. The Respiratory
Protection Program is implemented and maintained under the guidance of the site RSO and the health
physics (HP) staff.
Cameco employs several exposure monitoring programs, both internally and externally. The external
program consists of an area monitoring program using portable survey devices, an individual
monitoring program using personal dosimeters, and a dose evaluation program that assesses the data
collected during the area and individual monitoring programs to determine the magnitude of
individual doses.
The internal program generally consists of three elements. These three elements include an air
monitoring program using a combination of real-time, fixed, and portable devices, an individual
monitoring program using direct bioassay and personal breathing zone air monitoring, and a dose
evaluation program that evaluates the data collected by the air and individual monitoring programs to
determine the magnitude of individual doses. Exposure determinations are designed to comply with
NRC regulations and derived using NRC published regulations and guidance.
Cameco routinely ships radioactive materials which includes transporting loaded resin or yellowcake
slurry between a satellite and CPP/CPF, transport of dried yellowcake to an offsite location for further
processing, or shipments of 11e.(2) byproduct material to a NRC licensed disposal site. Every shipment
of source or byproduct material goes through a series of documented surveys and inspections prior to
leaving the satellite or CPP/CPF to prevent potential exposure to the public, environment, or
employees. Shipments meet NRC and DOT requirements.
Cameco uses various types of field survey and laboratory counting instruments to determine
concentrations of radioactive material and radiation levels. These surveys are conducted in order to
meet the requirements set forth in 10 CFR Part 20. Each instrument has procedures in place for the
proper storage, maintenance, and use.
The Cameco SHEQMS is integrated into each operational facility. The policies and procedures in place
are part of Cameco's commitment to the health and safety of the employees, public, and the
environment and will remain in effect for the life of each operational facility.

5.2.1.2

Occupational Health and Safety Programs

An industrial safety program is in place at Cameco operations and is designed to ensure compliance
with corporate policies as well as relevant federal and state safety, training, and reporting standards.
Cameco employs an extensive SHEQ staff. Staffing consists of a Director of SHEQ Manager, Division,
SHEQ site managers, coordinators, and specialists, safety personnel and environmental technicians
whom are highly qualified and trained.
To ensure that the policies and procedures for the industrial safety program meet current standards
and are being properly implemented, the active sites have a safety committee derived of SHEQ
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personnel and employees. The responsibility of this committee is to identify areas in need of
improvement, determine if changes need to be made and make recommendations, institute plans to
achieve objectives and implement changes. Accordingly, a comprehensive review of the Industrial
Safety Program is performed every three years as required by Cameco's policy defined within the
SHEQMS. The program evaluation will review the following:
*
*
"
"
*
•

Inspection results (in-house and regulatory agency inspections);
Documented training program activities;
Industrial safety meetings;
Operating procedures;
Emergency preparedness; and
Accident/Incident documentation.

Cameco has established written operating procedures for routine operations with associated hazards
such as storage of hazardous chemicals and operation of heavy equipment. The SOP can be found at
each site and on the SHEQ drive in which employees have access. Routine operations include normal
production activities that are generally repetitive and are carried out under acceptable conditions.
Non-routine work is reviewed by the immediate supervisor and includes a job hazard analysis (JHA). If
necessary, the safety staff and the RSO will be notified. No non-routine work is completed without
first performing a JHA.
Cameco employs a series of facility inspections to maintain compliance throughout operating sites.
These inspections range from daily, weekly, monthly, quarterly and annually. Each inspection is
documented and filed. On a daily basis, Cameco requires that pre-shift inspections of work areas and
mobile equipment be performed. On a monthly basis, the safety staff or trained designee(s) inspects
the fire extinguishers and the first aid kits/AED units. This monthly inspection ensures that the
equipment is functioning properly and supplied with the proper supplies. The U.S. Occupational
Safety and Health Administration (OSHA) requires monthly fire extinguisher inspections and if an
extinguisher has been discharged, it is to be reported immediately to the Safety staff and exchanged
for a fully charged and ready to operate extinguisher.
Each week, the Safety Staff or designee(s) qualified by experience and training, performs a general
inspection of the mine site. This inspection follows the weekly general inspection forms provided to
the Safety staff. The inspector ensures safety rules are being followed, watches for uncontrolled
safety hazards, and ensures that workers are trained to perform the tasks they are engaged in. The
emergency eyewash and shower stations are inspected to verify that there is adequate water supply
and no leakages are occurring. The results of the inspections are documented and corrective actions
are taken as necessary.
Quarterly, pipes, valves, outlets, hydrants and hoses that are part of the mine's firefighting system are
visually inspected for damage or deterioration. A check-off inspection tag or sheet is signed and dated
by the inspector after the inspection is completed. The Safety staff or trained designee performs an
inspection of on-site contractor equipment, training, and workplace inspection documentation.
Deficiencies noted during the inspection are brought to the attention of the contractor and the
responsible Supervisor so they can be mitigated. Corrective action will be taken as necessary.
In order to comply with 29 CFR 1910.304(b)(3)(ii)(C)(2), a Competent Person will conduct an inspection
of grounding systems which may be subject to flexing, vibration, or corrosion on an annual basis and
after repair. Grounding systems include equipment grounding conductors, grounding electrode
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conductors, and grounding electrodes as defined in the OSHA Program Policy. This inspection includes
drop cords. The date of the inspection and the measured resistance of the ground must be maintained
until the next annual inspection. The fire extinguisher and suppression system have annual
inspections to ensure mechanical integrity.
Safety posters and signs are posted throughout the operating sites in order to meet regulatory
requirements and to provide employees with information regarding facility hazards. These include the
following:
*

Emergency phone numbers at appropriate locations;

*

Health and safety hazards which are not obvious must be posted or barricaded (29 CFR
1910.37(a)(2);

*

Suitable traffic control signs that warn of hazardous conditions shall be posted (29 CFR
1910.144(a)); and

*

Suitable danger
1910.37(b)(5)).

signs shall

be posted

at major electrical

installations

(29 CFR

Cameco has a comprehensive reporting system for injuries and incidents which occur within Cameco
operations. The reporting of injuries and incidents provides the organization with the opportunity to
prevent injuries and incidents that are more serious. Reporting and investigating on the near misses
and injuries and incidents reduces the chances they will reoccur. Conducting an effective injury and
incident/damage investigation satisfies several different requirements within the organization.
Organizational safety policies, as well as good safety practice, require that an investigation be
performed to determine how the injury or incident happened, why it happened, and what is needed
to prevent reoccurrence in the future.
An effective health and safety program requires effective two-way communication between
employees and the employer. Employees must understand what actions are expected of them to
ensure that the mine is a safe and healthy place to work. Management must have the input and
suggestions from the individuals that understand their jobs the best. To that end, the following steps
ensure effective communications:
*

Open Door Policy: Every employee has the right and responsibility to identify health and
safety concerns in the workplace. To informally address employee concerns, an open door
policy will be maintained by the Safety staff. Safety concerns should be taken to the
Safety staff immediately. If the employee desires, the Safety staff will handle these
concerns in a confidential manner. The Safety staff may also institute a safety suggestion
program that will allow employees to make suggestions in an anonymous manner.
Radiation safety concerns should be brought to the attention of the RSO.

*

Safety Postings: Facilities will use centrally located bulletin boards to post health and
safety-related posters, notices and policies. A current copy of this Volume will be
maintained in the SHEQ Library. Facilities will also use specific health and safety signs to
communicate requirements to employees. These signs will remind employees of safety
rules, dangerous conditions, and special precautions. Safety signs will be posted on tanks
and machinery, at entrances to work areas, and in high hazard areas.
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Performance-Based License Condition
Pursuant to 10 CFR 40.44, SUA-1548 is a Performance-Based License (see License Condition 9.4 of SUA1548), and under that license condition, Cameco may, without prior NRC approval or the need to obtain
a License Amendment:
"
*
*

Make changes to the facility or process, as presented in the license application (as updated);
Make changes in the procedures presented in the license application (as updated);
Conduct tests or experiments not presented in the license application (as updated).

A License Amendment and/or NRC approval will be necessary prior to implementing a proposed change,
test or experiment if the change, test or experiment would:
1.

Result in any appreciable increase in the frequency of occurrence of an accident
previously evaluated in the license application (as updated);

2.

Result in any appreciable increase in the likelihood of occurrence of a malfunction of a
structure, system or component important to safety previously evaluated in the license
application (as updated);

3.

Result in any appreciable increase in the consequences of an accident previously
evaluated in the license application (as updated);

4.

Result in any appreciable increase in the consequences of a malfunction of a structure,
system or component (SSC) previously evaluated in the license application (as updated);

5.

Create a possibility for an accident of a different type than any previously evaluated in the
license application (as updated);

6.

Create a possibility for a malfunction of SSC with a different result than previously
evaluated in the license application (as updated);

7.

Result in a departure from the method of evaluation described in the license application
(as updated) used in establishing the final safety evaluation report (FSER) or the EA or
TERs or other analyses and evaluations for license amendments; and

8.

For purposes of this paragraph as applied to this license, SSC means any SSC which has
been referenced in a staff SER, TER, EA, or EIS and supplements and amendments thereof.

Additionally, the licensee does not require a license amendment if the change, test, or experiment is
consistent with the NRC conclusions, or the basis of, or analysis leading to, the conclusions of actions,
designs, or design configurations analyzed and selected in the site or final SER, TER, and EIS or EA. This
would include all supplements and amendments, and TER, EAs, EISs issued with amendments to this
license.
Safety and Environmental Review Panel
5.2.2
Determination by Cameco of compliance concerning the above listed conditions is made by a SERP. The
SERP consists of a minimum of three individuals. One member of the SERP will have expertise in
management and will be responsible for managerial and financial approval for changes; one member
will have expertise in operations and/or construction and will have expertise in implementation of any
changes; and one member will be the RSO, or equivalent. Other members of the SERP may be utilized as
appropriate, to address technical aspects of the change, experiment or test, in several areas, such as
health physics, groundwater hydrology, surface water hydrology, specific earth sciences, and others.
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Temporary members, or permanent members other than the three identified above, may be
consultants.
The SERP procedure will be used to evaluate all major changes, experiments or tests at the facility as
outlined in the SHEQOMS, Volume II, Management Procedures. The changes may be derived from
operational and/or economic considerations and can include changes dictated by regulatory
requirements including state and federal agencies outside of the NRC organization. The SERP will be
responsible for ensuring that such changes result in no degradation in the essential safety or
environmental commitments of Cameco. The SERP may delegate any portion of these responsibilities to
a committee of two or more members of the SERP. The committee will report their findings to the full
SERP for a determination of compliance with License Condition 9.4.
The SERP will implement the following reviews during their evaluation of proposed changes to the
facility operations:
Compliance Review
"

The SERP will conduct a review of the most current NRC license conditions to assess which,
if any, conditions will have an impact on or be impacted by the potential SERP action. If the
SERP action will conflict with a specific license requirement, then a license amendment will
be necessary before initiating the change. This review will include information included in
the approved license application.

"

The SERP will determine if the change, test, or experiment conflicts with applicable NRC
regulations (example: 10 CFR Parts 20 and 40 requirements). If the SERP action conflicts
with NRC regulations, a license amendment will be necessary.

"

The SERP will review whether the change, test, or experiment is consistent with NRC's
conclusions regarding actions analyzed and selected in the licensing basis. Documents that
the SERP must review in conducting this evaluation include any SERs, technical evaluation
reports, EAs, or EISs prepared to support issuance of or amendments to the license. The RSO
will maintain a current copy of all pertinent documents for review by the SERP during these
evaluations.

*

The SERP will review the change, test or experiment-to assure there is no degradation in the
essential safety or environmental commitments in the license application or approved
reclamation plan.

"

The SERP will review the proposed action to determine if any adjustment to the financial
surety arrangement or approved amount is required. If the proposed action will require an
increase to the existing surety amount, the financial surety instrument must be increased
accordingly. The surety estimate must be approved through a license amendment by the
NRC.

Upon completion of the review, the SERP will document its findings, recommendations, and conclusions
in a written report. All members of the SERP will sign concurrence on the final report. If the report
concludes that the action meets the appropriate performance-based license condition requirements and
does not require a license amendment, the proposed action may then be implemented. If the report
concludes that a license amendment is necessary before implementing the action, the report will
document the reasons why, and what course Cameco plans to pursue. The SERP report will include the
following:
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1.

A description of the proposed change, test, or experiment (proposed action);

2.

A listing of all SERP members conducting the review and their qualifications (if a
consultant or other member not previously qualified);

3.

The technical evaluation of the proposed action including all applicable aspects of the
SERP review procedures listed above;

4.

Conclusions and recommendations;

5.

Signatory approvals of the SERP members; and

6.

Any attachments such as all applicable technical, environmental, or safety evaluations,
reports, or other relevant information including consultant reports.

All SERP reports and associated records of any changes made pursuant to the performance-based
license condition will be maintained by the RSO until the NRC license is terminated. Copies of the SERP
report will be distributed to the General Manager and members of the SERP.
On an annual basis, Cameco will submit a report to the NRC that describes all changes, tests, or
experiments made pursuant to the performance-based license condition. The report will include a
summary of the SERP evaluation of each change. Additionally, any replacement pages of the License
Application and/or supplementary information reflecting changes made to the license application as a
result of the performance-based license condition will also be provided with each annual report. Each
replacement page will include both a change indicator for the area of change, (e.g., highlighted text in
italics or underline or bold marking vertically in the margin adjacent to the portion actually changed),
and a page change identification, (date of change or change number, or both).
5.2.3

Standard Operating Procedures

Written SOPs have been established for operational activities involving source and 11e.(2) byproduct
materials that are handled, processed, stored, or transported by employees. The procedures enumerate
pertinent radiation safety procedures to be followed. Written procedures have also been established for
in-plant and environmental monitoring, bioassay analysis, and instrument calibration for activities
involving radiation safety. A copy of the written procedure is kept in the area where it is used.
Procedures involving radiation safety are reviewed and approved in writing by the RSO prior to being
implemented. The RSO reviews the SOPs annually.
5.2.4

Radiation Work Permit

In the case that employees are required to conduct activities of a non-routine nature where there is the
potential for significant exposure to radioactive materials and for which no SOP exists, a Radiation Work
Permit is required. The Radiation Work Permit describes the scope of the work, precautions necessary to
maintain radiation exposures ALARA, safety equipment or specialized clothing, and supplemental
radiological monitoring and sampling to be conducted during the work. The Radiation Work Permit is
reviewed and approved in writing by the RSO or designated HPT prior to initiation of the work. The HPT
is instructed to assess the complexity of activity and contact the RSO by phone if questions arise. To
become designated, the HPT must demonstrate competency by preparing a minimum of six RWPs
under the supervision of the RSO. The RSO will document the competency demonstration.
5.2.5

Facility Posting

NRC regulations in 10 CFR Parts 19 and 20 require that licensees post signs, labels, notices to employees,
copies of licenses, and other items. The SHEQ staff conducts periodic surveys to ensure that these
required postings are current and meet the applicable standards. NRC license conditions allow posting
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the entire facility with signs that state "Any area within this facility may contain radioactive material".
Use of these signs at all facility entry points meets the requirements of 10 CFR 20.1902 in lieu of posting
each building or room with "Radioactive Material" signs. "Airborne Radioactivity Areas" and "Radiation
Areas" must be posted in accordance with the requirements in 10 CFR 20.1902.
5.2.5.1
Airborne Radioactivity Area Posting Requirements
In order to ensure that the exposure of workers and other persons to radioactive materials is ALARA,
NRC regulations require that any room, enclosure, or area that contains airborne radioactive materials
in excess of the applicable DAC, or the concentration of airborne radioactive materials are such that an
individual present in the area without respiratory protective equipment could exceed, during the hours
an individual is present in a week, an intake of 0.6% of the annual limit on intake (ALl), or 12 DAC-hours,
be posted as an Airborne Radioactivity Area. The determination of whether an area meets the definition
of an Airborne Radioactivity Area must consider all radioactive materials present in the air. If a
combination of radon daughters and airborne uranium is present in an area, their concentrations
divided by the appropriate DAC should be added and the unity rule applied and compared with the
criteria from 10 CFR 20.1003.
Persons entering areas posted as Airborne Radioactivity Areas must wear the proper respiratory
protection as determined by the RSO under the instructions contained in the Respiratory Protection
Program. Airborne Radioactivity Areas are posted with signs saying "Caution Airborne Radioactivity
Area".
5.2.5.2
Posting Radiation Areas
One purpose of gamma surveys is to identify Radiation Areas so that they may be properly posted. The
NRC requires that any area where the gamma exposure rates are high enough that a major portion of
the body of an individual could receive a dose in excess of 0.005 rem in an hour at 30.5 centimeters (12
inches) from the radiation source or any surface that the radiation penetrates be designated and posted
as a Radiation Area (10 CFR 20.1003). If the results of a gamma survey indicate dose rates at or above
this level, the area must be posted as a Radiation Area. Areas where gamma dose rates are approaching
5 mrem/hour should be carefully surveyed on a more frequent basis to ensure posting requirements are
met. In addition, gamma dose rates approaching 7 mrem/hour should be carefully surveyed on a more
frequent basis to ensure clean out procedure requirements, if necessary, are met. A list of Radiation
Areas should be prepared (or revised) after each survey and maintained by the RSO or designee.
Regulatory Guide 8.30 recommends that the number of areas on the list be held to a manageable
number. Tanks, columns, rooms, and miscellaneous items that have a known history in other areas to
become a posted radiation area, will be posted as such.

5.3
5.3.1

Cameco Management Audit and Inspection Program
Radiation Safety Inspections

5.3.1.1
Daily Inspections
The RSO, HPT, or trained designated operator conducts a daily facility inspection. The purpose of the
walk-through inspection is to ensure proper implementation of radiation safety requirements and
standard operating procedures.
The RSO will determine the specific areas at the facility that will be included in the daily inspection
based on the potential for radiological hazards and specific license requirements. The inspection is
primarily a visual inspection to ensure that process designs and procedural methods for maintaining
exposures ALARA are being implemented and used correctly. During the walk through inspection, the
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RSO, HPT, or designated operator documents on a standard inspection form or in a log book the results
of the inspection. The documentation contains the radiological/safety hazards examined.
In areas where corrective actions are needed the appropriate employee or supervisor will be notified. A
RWP will be issued if the RSO or designee determines a significant radiological hazard or potential
hazard exists for which there is no SOP (see Section 5.2.4 above).
Although the inspection helps, ensure a satisfactory working environment, it cannot replace the
employees' or supervisors' role in maintaining exposures ALARA. The walk through inspection is
intended to assist both supervisory personnel and employees in maintaining an awareness of the
potential radiological hazards and to institute preventative or corrective measures. The qualifications
and requirements for a trained designated operator are provided in Section 5.5.4.
5.3.1.2
Weekly Radiation Safety Officer Inspections
The RSO and the facility manager or their designees shall perform a weekly inspection of all facility areas
to observe general radiation safety practices and review required changes in procedures and
equipment. In addition, the following items should be reviewed:
*
*
*
*
*
"

Housekeeping;
Thermoluminescent dosimetry (TLD) badge usage/storage;
Buildings secure or occupied;
Byproduct material storage areas secure and signs posted;
Radiological signs posted and in good condition; and
Operator Log Book.

5.3.1.3
Monthly Radiation Safety Officer Inspections
On a monthly basis, the RSO or designee will review all monitoring and exposure data for the month.
The RSO will prepare a written summary of the significant radiological protection activities including a
summary of personnel exposure data, including bioassays and time weighted calculations; a summary of
all pertinent radiation survey records; and a summary of daily and weekly inspection results. The
monthly summary will specifically address any trends or deviations from the ALARA program, including
an evaluation of the adequacy of implementation of license conditions regarding radiation protection
and ALARA. The summary will provide a description of the unresolved problems and will propose
corrective measures.
5.3.2

Annual ALARA Audits

Cameco conducts annual audits of the radiation safety and ALARA programs. Cameco may use qualified
personnel from other uranium recovery facilities or an outside radiation protection auditing service to
conduct these audits. The purpose of the audits is to provide assurance of full compliance with all
radiation health protection procedures and license condition requirements. Any outside personnel used
for this purpose will be qualified in radiation safety procedures as well as environmental aspects of ISR
operations. The auditor will meet the minimum qualifications for education and experience for the RSO
as described in Section 5.4.3.
The audit of the radiation protection and ALARA programs has been and will continue to be conducted
in accordance with the recommendations contained in Regulatory Guide 8.31. A written report of the
results will be submitted to corporate management. The RSO may accompany the auditor but may not
participate in the conclusions.
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The annual ALARA audit report will summarize the following data:
*
*
*
*
*
*
"
*

Employee exposure records;
Bioassay results;
Inspection log entries and summary reports of wellfield and process inspections;
Documented training program activities;
Applicable safety meeting reports;
Radiological survey and sampling data;
Reports on overexposure of workers; and
Operating procedures that were reviewed during this time period.

The ALARA audit report will specifically discuss the following:
"
•
*

Trends in personnel exposures;
Proper use, maintenance and inspection of equipment used for exposure control; and
Recommendations on ways to further reduce personnel exposures from uranium and its
daughters.

The ALARA audit report is submitted to and reviewed by the management. Implementation of the
recommendations to further reduce employee exposures, or improvements to the ALARA program, is
reviewed with the ALARA auditor.
An audit of the QA/QC program is also conducted on an annual basis. An individual qualified in analytical
and monitoring techniques who does not have direct responsibilities in the areas being audited will
perform the audit. The results of the QA/QC audit are documented with the ALARA audit.
The annual ALARA audits provide a listing of procedural, engineering control, and other changes that
were made during the year that were directly or indirectly related to reducing radiation exposures to
workers in compliance with NRC's policy of requiring licensees to maintain radiation dose to levels that
are in compliance with ALARA. Procedural changes to reduce potential worker radiation exposures were
also accompanied by an increased emphasis on employee training. Areas where procedural changes
were made include the areas of respiratory protection and the bioassay program.
5.3.2.1
ALARA Improvements
Major improvements in engineering controls have continued to be explored and implemented where
practical. Some of the major actions that resulted in reduced releases to the work environment and/or
reduced radiation exposure are noted below as reported in the Annual ALARA audit reports.
CalendarYear 2000: Exhaust fans were relocated closer to the floor in the Satellite Facilities to reduce
Rn-222 in the buildings.
CalendarYear 2001: "P-traps" located on tanks in both the plant and satellites have been extended with
a clear plastic tube allowing operators to easily recognize when traps require additional water to
minimize the potential escape of Rn-222. The sump located under the shaker deck has been vented
through the ceiling of the plant to assist in the removal of potential Rn-222.
Calendar Year 2002: An in-depth risk screening and assessment was conducted for 17 identified
potential hazards. Vacuum pumps were removed from the dryer area for ease of access to maintenance
while minimizing exposures and enhancing housekeeping. The resin transfer from trailers was

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Page 5-16

redesigned to include a closed bottom feed rather than an open hole in the top, minimizing escape of
Rn-222 during resin transfers.
Calendar Year 2003: It was recommended that the Hammermill and associated piping systems be
redesigned at the Highland CPF to minimize the release of airborne particulates during drying operations
(was not implemented because the CPF was placed in standby).
Calendar Year 2004: A new dryer bag house was constructed, and Smith Ranch CPP exhaust fans and
resin traps were installed. A motor activated valve was installed on injection trunk lines in the header
houses in the mine unit prior to bringing the mine unit on line. The motor activated valve reduces the
amount of injection fluid potentially released in an upset condition.
CalendarYear2005: Improvements were made to CPP Dryer A, and a drum vibrator and audible alarms
were installed on Rn-222 prisms (monitors).
Calendar Year 2006: Maintenance and improvements on CPP Dryer A were made. Ventilation fans on
tanks T-20 and T-21 were installed and additional ventilation hoses were provided in the CPP. Existing
overhead fans were moved closer to floor level to reduce Rn-222 concentrations in the CPP.
Calendar Year 2007: Due to an increase in radiation dosimeter readings for CPP operators, several
actions were undertaken after it was realized that the malfunction of a sand filter allowed more solids to
build up in tanks, creating higher exposure rates. A procedural change was made to establish an action
level of 8 mrem/hour for tank cleanout and 10 mrem/hour as a tank tag out level. Cameco provided
real-time alarming dosimeters to CPP operators with alarm set at 1.8 mrem/hour to alert operators that
they were in an elevated radiation area. Lead shielding was recommended to be added to the bottom
3 feet of one tank in the CPP to reduce exposure rates. Time studies were conducted of CPP operators to
better understand the sources of radiation doses. The frequency of sampling for Rn-222, gamma, and air
particulates was increased to weekly to obtain better statistical data. The ALARA audit for 2007 lists 10
actions taken to further reduce radiation doses.
Calendar Year 2008: Fourteen actions were taken to reduce radiation exposure, including adding lead
shielding to the transfer water tank T-21, performing job hazard analysis for work in the CPP, installing
shaker deck ventilation, and restricting access to radiation areas.
Calendar Year 2009: Nine actions were taken to reduce radiation exposure, including replacement of
the CPP Dryer A condenser bundle, upgrades to the CPP T7C agitator system, extension of the Satellite
SR-2 ventilation to the roof line, improvements to CPP drum lifts and drum hoods.
Calendar Year 2010: Twelve actions were taken to reduce radiation exposure, including improving the
CPP bag filter system, improving the piping system on the cooling bundles, installing shaft guards on T-7
agitators, changing out CPP vacuum lines to stainless steel, scraped and sealed CPP-truck bay, T-6 area
and resin transfer area floors to minimize contamination and promote easy cleanup.
The maximum Total Effective Dose Equivalents (TEDE) reported for workers at Smith Ranch are well
below applicable standards, are consistent with doses the NRC indicates to be representative of uranium
ISR facilities, and are stable over the 10-year period since the last license renewal submittal (see Section
5.8.3.5 for additional information on TEDE). External dose equivalents described above represent the
largest component of the TEDE. As demonstrated by implemented actions, Cameco is committed to
continually evaluating sources of worker exposures to ionizing radiation and implementing
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improvements in order to maintain occupational radiation exposures at levels which are in compliance
with ALARA.
5.3.3

Record Keeping and Retention

The SHEQMS Volume II, Management Procedures, provides specific instructions for the proper
maintenance, control, and retention of records that are consistent with the requirements of 10 CFR 20
Subpart L and 10 CFR 40.61 (d) and (e). Records of surveys, calibrations, personnel monitoring,
bioassays, transfers or disposal of source or byproduct material, and transportation accidents are
maintained on site until license termination. Records containing information pertinent to
decommissioning and reclamation such as descriptions of spills, excursions, contamination events, etc.
as well as information related to site and aquifer characterization and background radiation levels are
also maintained on site until license termination. Duplicates of significant records are maintained in the
corporate office or other offsite location.

5.4

Qualifications of Personnel Conducting the Radiation Safety Program

5.4.1

Manager, Safety Health, Environment and Quality

The position of SHEQ Manager requires a Bachelor's Degree in engineering or science from an
accredited college or university, or equivalent work experience, and a minimum of five years supervisory
experience. Work experience will include industrial process/production experience, and industrial
process/production management. A minimum of five years of experience in environmental and safety
management and operations functions will be required as well as the ability to meet the requirements
of Regulatory Guide 8.31 for the position of RSO.
5.4.2

Radiation Safety Officer

In accordance with NRC Regulatory Guide 8.31, the position of RSO requires the minimum qualifications
as follows:
*

Education - A Bachelor's Degree or an Associate's Degree in the physical sciences, industrial
hygiene, environmental technology or engineering from an accredited college or university
or an equivalent combination of training and relevant experience in uranium mill/ISR
radiation protection.

"

Health Physics Experience - A minimum of one year of work experience relevant to uranium
mill/ISR operations in applied health physics, radiation protection, industrial hygiene or
similar work.

*

Specialized Training - A formalized, specialized course(s) in health physics specifically
applicable to uranium milling/ISR operations, of at least four weeks duration. The RSO
attends refresher training on uranium mill health physics every two years.

*

Specialized Knowledge - The RSO, through classroom training and on-the-job experience,
possesses a thorough knowledge of the proper application and use of health physics
equipment used in the operation, the procedures used for radiological sampling and
monitoring, methods used to calculate personnel exposures to uranium and its daughters,
and a thorough understanding of the ISR process and equipment used and how hazards are
generated and controlled during the process.
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5.4.3
Health Physics Technician
In accordance with NRC Regulatory Guideline 8.31, the HPT will have one of the following combinations
of education, training and experience:
1. Education - An Associate's Degree or two years or more of study in the physical sciences,
engineering or a health-related field, or high school diploma and a combination of
experience and training.
Training - At least a total of four weeks of generalized training in radiation health protection
applicable to uranium mill/ISR operations.
Experience - One year of work experience using sampling and analytical laboratory
procedures that involve health physics, industrial hygiene, or industrial safety measures to
be applied in a uranium mill/ISR operation.
2. Education - A high school diploma.
Training - A total of at least three months of specialized training in radiation protection
relevant to uranium mills or ISR operations of which up to one month may be on-the-job
training.
Experience - Two years of relevant work experience in applied radiation protection.
The RSO oversees the inspections and may designate qualified HPTs or HPTs-in-Training to complete the
routine inspections. These HPTs must demonstrate correct usage of instruments, and an understanding
of activity limits and radiation hazards. They must also have knowledge of the license, regulations, and
Regulatory Guides. They are also required to know the SOPs for tasks they are performing.
Radiation Training administered to the HPTs is overseen by the RSO, and training is given by the RSO or
designated HPT. The HPTs-in-Training must possess an excellent understanding of radiation hazards and
SOPs to be able to present information about radiation safety clearly such that training recipients can
understand the risks and hazards of site radiation. The HPT's qualifications are reviewed and
documented by a SERP in accordance with Section 5.2.3.

5.5

Training

Site employees and contractor personnel participate in a training program covering radiation safety,
radioactive material handling, and radiological emergency procedures. The training program is
administered in keeping with standard radiological protection guidelines and the guidance provided in
NRC Regulatory Guide 8.29, NRC Regulatory Guide 8.31, and NRC Regulatory Guide 8.13. The technical
content of the training program is under the direction of the RSO. The RSO or properly trained HPT will
conduct radiation safety training. Cameco provides radiological safety instruction that includes personal
hygiene, contamination surveying before eating or leaving the operating area, requirements for
personal monitoring devices and respirators, housekeeping requirements, spill cleanup procedures, and
emergency actions.
5.5.1
Radiation Safety Training Program Content
5.5.1.1
Visitors
Visitors to Smith Ranch SUA-1548 license areas who have not received training will be escorted by onsite personnel properly trained and knowledgeable about the hazards of the facility. At a minimum,
visitors will be instructed specifically on what they should do to avoid possible hazards in the area of the
facilities that they are visiting. A visitors log is maintained to document the name and purpose of the
visit. Contractors for CBM (North Butte and Ruth Remote Satellite facilities) operations or technicians
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performing maintenance at wind turbines (Smith Ranch) are required to check in and are provided
instructions on what they should do to avoid possible hazards in the area of the facilities that they are
visiting.
5.5.1.2
Contractors
Contractors having work assignments at Smith Ranch SUA-1548 license areas will be given appropriate
radiation safety training. Contract workers who will be performing work on heavily contaminated
equipment will receive the same training normally required of Smith Ranch workers as discussed in
Section 5.5.1.3.
5.5.1.3
Permanent Employees
Newly hired Cameco employees (and some contractors as noted in Section 5.5.1.2) will receive training
as uranium recovery workers. The training program will incorporate the following topics recommended
in Section 2.5 of NRC Regulatory Guide 8.31.
Fundamentals of health protection:
*
*
*

Using respirators when appropriate;
Eating, drinking and smoking only in designated areas; and
Using proper methods for decontamination.

Facility-provided protection:
*
*
"
"
*

Cleanliness of working space;
Safety designed features for process equipment;
Ventilation systems and effluent controls;
Standard operating procedures; and
Security and access control to designated areas.

Health protection measurements:
*
*
*
*

Measurements of airborne radioactive material;
Bioassay to detect uranium (urinalysis and in vivo counting);
Surveys to detect contamination of personnel and equipment; and
Personnel dosimetry.

Radiation protection regulations:
*
*
*

Regulatory authority of NRC, OSHA and state;
Employee rights in 10 CFR Part 19; and
Radiation protection requirements in 10 CFR Part 20.

Emergency Procedures
New workers, including supervisors, will be given instruction on the health and safety aspects of the
specific jobs they will perform. This instruction is done in the form of individualized on-the-job training.
Retraining is performed annually and documented.
5.5.2

Testing Requirement

A written test with questions directly relevant to the principals of radiation safety and health protection
in the facility covered in the training course is given to each worker following the training session. The
instructor reviews the test results with each worker and discusses incorrect answers to the questions
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with the worker until worker understanding is achieved. Workers who fail the exam are retested and
test results remain on file.
5.5.3

On-The-Job Training

5.5.3.1
Radiation Safety Training
On-the-job training will be provided to HPTs in radiation exposure monitoring and exposure
determination programs, instrument calibration, plant inspections, posting requirements, respirator
programs and radiation safety procedures.
5.5.3.2
Refresher Training
Permanent facility workers will also receive an annual refresher training course that includes a review of
new radiation safety regulations, site safety experience and radiation exposure trends. Radiation safety
problems or subjects will also be offered for discussion during the annual refresher or at least four times
per year during routine safety meetings. Safety meeting subjects and attendance records will be
maintained on file at the site. Specialized instruction on the radiation health and safety aspects of jobs
involving higher than normal exposure risks will be provided by the RSO, HPT and/or Supervisor.
Following initial radiation safety training, permanent employees and long-term contractors will receive
on-going radiation safety training as part of the annual refresher training program and, if determined
necessary by the RSO, during monthly safety meetings. This on-going training will be used to discuss
problems and questions that have arisen, relevant information or regulations that have changed,
exposure trends and other pertinent topics. Each worker who may be required to use respiratory
protective equipment will receive training in the use of the specific equipment to be used. No person is
allowed to use respiratory equipment until they are specifically trained in the use of the equipment.
5.5.3.3
Training Records
Records of training will be kept until license termination for employees trained as radiation workers (i.e.,
occupationally exposed employees).
5.5.4

Qualifications and Requirements for Daily Inspections

The RSO will qualify Designated Operators to conduct daily walk-through inspections of work and
storage areas at the Smith Ranch CPP, Highland CPF, and associated satellite facilities. The Designated
Operators will only conduct inspections on weekends and holidays when neither the RSO nor HPT is
present. With the exception of the Thanksgiving holiday, the Designated Operator will not conduct
inspections for more than two days per week (three days if a Federal holiday falls on Friday or
Monday). For the Thanksgiving holiday only, the Designated Operator may perform the daily
inspections for four consecutive days.
Problems noted by the Designated Operator during the daily inspection will be recorded on an
inspection form, signed and dated, and retained on file. The RSO will review the inspection forms and
take appropriate action to correct noted problems.
A qualified Designated Operator has no authority for the development and administration of the
radiation protection program, other than conducting daily inspections. The Designated Operator may
not approve plans for new equipment, process changes, or changes in operating procedures that
might affect the radiation protection program. The Designated Operator does not conduct radiation
safety audits or make determinations about personnel dosimetry. A Designated Operator may not
authorize non-routine maintenance jobs involving potential for personnel radiation exposure or
radioactive contamination for which there are not standard operating procedures nor an existing
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radiation work permit. The Designated Operator will not have the authority to release materials for
unrestricted use. In the event of an emergency, the on-call RSO or HPT will be responsible for
radiation protection decisions. At the Smith Ranch CPP, Highland CPF and associated satellite
facilities, the only activity required to be performed by the RSO or HPT on a daily basis is the daily
inspection. For that reason, it is not necessary for the Designated Operator to perform other HPT
functions on weekends or holidays.
The Designated Operator will observe, through visual inspection, radiation safety practices,
housekeeping and implementation of the radiation safety program throughout the CPP/CPF and
satellites. Such duties include, but are not limited to, inspecting for compliance with radiation safety
postings, contamination control, proper control point ingress and egress, control of airborne
radioactivity, worker protection practices in the yellowcake drying and packaging area, and proper
storage of byproduct material.
5.5.4.1
Minimum Qualifications for Designated Operators
Before a Designated Operator may conduct such inspections, he must be qualified by reason of
training and experience to observe proper implementation of good radiation safety practices. In
addition to the annual radiation worker training required by Regulatory Guide 8.31, Section 2.5, the
operator seeking designation must not only complete one-time training specific to daily inspections,
but also demonstrate proficiency. The additional training will emphasize how the inspections affect
employee safety and contamination control.
At a minimum, the operator seeking designation must have the following combination of education,
training and experience:
*

Education: a high school diploma or equivalent

"

Training: New employee radiation safety training includes guidance pertinent to prenatal
radiation exposure (Regulatory Guide 8.13), instruction concerning risks from occupational
radiation exposure (Regulatory Guide 8.29), and additional training specific to conducting
daily inspections. The Designated Operator will be required to demonstrate proficiency
during daily inspections to the RSO. Specifics on the additional training and the. proficiency
demonstration are provided below in the technical basis.

*

Experience: A minimum of three months' work experience in operations or maintenance
at a uranium recovery facility, including procedures that involve health physics, industrial
safety or industrial hygiene.

5.5.4.2
Additional Training for Designated Operators
The additional radiation safety training afforded to operators seeking designation involves four hours
training during which the Designated Operator will observe radiation safety practices, housekeeping
and implementation of the radiation safety program throughout the CPP/CPF and satellites. Such
duties include, but are not limited to, inspecting for compliance with radiation safety postings,
contamination control, proper control point ingress and egress, control of airborne radioactivity,
worker protection practices in the yellowcake drying and packaging area, and proper storage of
byproduct material.
The additional training for Designated Operator includes the following topics:
1.

Employee PPE usage

2.

Personal contamination control (ingress and egress)
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3.

Radiation area boundaries

4.

Signage

5.

Labeling

6.

Leaks

7.

Yellowcake spillage

8.

Ventilation

9.

General housekeeping

10. Reporting procedures specific to type of finding (e.g. how and when to contact the on-call
RSO or HPT)
11. Completion and control of the daily inspection form
Following completion of the training, the trainee is given a written test covering the above training
topics. The test requires an 80% grade to pass the training course.
5.5.4.3
Demonstration of Proficiency
Upon completion of training and prior to designation, an operator is required to demonstrate an
understanding of and proficiency in conducting the daily inspections. Prior to performing inspections
on their own, the operator seeking designation performs a minimum of four daily inspections under
the supervision of the RSO or HPT. The supervised inspections cover the training topics listed above
and will be documented with signatures of the RSO or HPT and the operator seeking designation on
the daily inspection form. An operator who fails to qualify is reevaluated after performing additional
supervised inspections until proficiency is demonstrated to the satisfaction of the RSO.
5.5.4.4
Documentation
The designation process is documented in a file, which includes education, training results with a
passing test score and signed supervised daily inspection forms. The designation itself will be cosigned by the Designated Operator and the RSO when the RSO is satisfied that the training and
supervised inspections demonstrate proficiency.

5.5.4.5

Maintaining Designated Operator Status

To remain qualified, the Designated Operator must complete annual refresher training which
addresses the same topics covered in the additional training described above. A test will be given with
a required passing grade of 80%. The Designated Operator must complete at least two supervised
inspections performed semi-annually under the direct supervision of the RSO or HPT.

5.6

U.S. Department of Transportation Hazardous Materials Training

The NRC and the DOT share primary responsibility for the transportation of radioactive materials within
the United States. The NRC regulations for the transportation of radioactive materials are codified in 10
CFR Part 71, "Packaging and Transportation of Radioactive Materials". DOT's hazardous materials
regulations, which address radioactive materials, are codified in 49 CFR Parts 100-199. A provision in the
NRC regulations, specifically 10 CFR Part 71.5, requires that NRC licensees comply with DOT's hazardous
material regulations.
DOT amended their regulations in May 1992 to add new sections to 49 CFR regulations pertaining to the
transportation of hazardous materials. Specifically, the change of interest adds Subpart H to 49 CFR Part
172. This section requires employers who transport hazardous materials to provide hazardous material
training to any employee who directly affects hazardous material transportation safety.
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A hazardous material employee is defined to include anyone who:
*

Loads, unloads, or handles hazardous materials;

*

Tests, repairs, marks, modifies any container or package used to transport hazardous
materials;

*

Prepares hazardous materials for shipment;

*

Is responsible for the safety of transporting hazardous materials; or,

"

Operates a vehicle used to transport hazardous materials.

It can be seen by the definition that Cameco employees transporting IX resin, yellowcake slurry or other
materials meeting the definition of hazardous materials fall into this classification, and therefore, must
receive training.
A hazardous materials training is required at least every three years. In addition to this, whenever
procedures or conditions change, training will be provided to ensure a safe work environment. An
evaluation of risks associated with hazardous materials accidents is provided in Section 7.0.

5.7

Security

Measures to secure NRC-licensed material from unauthorized removal and access are in place at all
SUA-1548 license areas. In accordance with License Condition No. 10.1.7 of SUA-1548, the active mine
unit wellfield production areas are controlled with fences and appropriate signs. Areas containing NRC
source or 11e.(2) byproduct materials are fenced. The main access entry points are equipped with
locking or automatic gates. The operating facilities are manned 24 hours per day, 7 days per week, and
in controlled and/or unrestricted areas, surveillance is maintained through the presence of the
operators and workers on site. Visitors are required to check in and sign in at the office before being
allowed to enter controlled access areas of the facilities. Also, Cameco has further increased security at
the Smith Ranch CPP/main office complex by installing continuous video surveillance of outside areas.
NRC-licensed material in the form of 11e.(2) byproduct material and source material is securely stored
within fenced areas at the CPP and satellite facilities. Operators perform a visual inspection at the
beginning of each shift to ensure the proper storage and security of NRC-licensed material. The
inspection will determine whether NRC-licensed material is properly stored in a restricted area or, if in a
controlled or unrestricted area, is properly secured. Operators will ensure that uranium loaded IX resin
and byproduct material are properly secured. If NRC-licensed material is found outside a restricted or
controlled area, the operator will ensure that it is secured, locked and moved to a restricted area, or
kept under constant surveillance by direct observation by site personnel until it can be removed to a
restricted area. The results of these inspections are retained on site for review by regulatory agencies.
Cameco routinely receives, stores, uses and ships hazardous materials as defined by the DOT. In addition
to packaging and shipping requirements, DOT Hazardous Materials Regulations at 49 CFR 172, Subpart I,
Security Plans, requires that persons offering for transportation or transport certain hazardous materials
develop a security plan. The security plan must address transportation security risks and evaluate
appropriate measures to address those risks. Hazardous materials shippers and transporters subject to
these standards must take measures to provide personnel security by screening potential job applicants,
prevent unauthorized access to the hazardous materials or vehicles being prepared for shipment, and
provide for in route security. Companies must also train appropriate personnel in the elements of the
security plan.
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Transport of licensed/hazardous material by Cameco employees on public roads is typically restricted to
transporting IX resin or yellowcake slurry from the satellite facilities to the Smith Ranch CPP or
transferring contaminated equipment between company facilities. The goal of the driver, cargo, and
equipment security measures is to ensure the safety of the driver and the security and integrity of the
cargo from the point of origin to final destination by:
"

Clearly communicating general point-to-point security procedures and guidelines to drivers
and non-driving personnel;

"

Providing the means and methods of protecting the drivers, vehicles, and cargo while on the
road; and

*

Establishing consistent security guidelines and procedures that will be observed by
personnel.

For the security of tractors and trailers, the following will be adhered to:
*

If material is stored in the trailer, access will be secured at all openings with locks and/or
tamper indicators;

"

Off-site tractors will always be secured when left unattended with windows closed, doors
locked, the engine shut off, and no keys or spare keys left on or in the vehicle; and

"

The vehicle will be kept in sight by an employee at all times when left unattended outside a
restricted area.

These security guidelines and procedures apply to all transport employees. All driving and non-driving
personnel will be expected to be knowledgeable of, and adhere to these guidelines and procedures
when performing load-related activities.
Cameco will also maintain security measures at flammable/combustible above ground storage tanks at
the Smith Ranch SUA-1548 license areas in accordance with SPCC Regulations (40 CFR 112).

5.8

Radiation Safety Controls and Monitoring

Cameco has a strong corporate commitment to and support for the implementation of the radiological
control program at all SUA-1548 license areas as has been shown by Cameco's record of compliance
over the past 25 years. This corporate commitment to maintaining personnel exposures ALARA is
incorporated into the radiation safety controls and monitoring programs described in the following
sections.
To that end, Cameco has undertaken a sampling program to evaluate a variety of radiation protection
issues raised by NRC with respect to other ISR facilities. The SUA-1548 sampling plan presents objectives
and purposes, components of the dose assessment and a decision matrix/path forward. The sampling
plan will be implemented for one year, after which it will be evaluated with NRC to determine whether
additional sampling is required or if the program can be discontinued. The plan identifies the sample
type, location, equipment frequency/duration and lower limit of detection (LLD) (Table 5-1, 2012 Smith
Ranch Radiological Sampling Plan). The sampling plan will be updated to include the Reynolds Ranch
Satellite once it becomes operational. A similar sampling plan will be developed for each of the remote
satellites (North Butte, Gas Hills, and Ruth).
In summary, the sampling plan will provide site-specific data to evaluate:
*

Dose to the public;
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"
*
*
*
"

Dose to office workers, lab workers, wellfield workers and wellfield construction personnel;
Implications to occupational dose from ingrowth of short-lived beta-emitting isotopes;
Implication of short-lived beta-emitting isotopes on contamination control, for both
personal contamination and for release of equipment and materials for unrestricted use;
Implications of isotope mixtures on establishing the site-specific DAC; and
Potential for using Ra-226 concentrations in pregnant lixiviant as a component of 10 CFR
40.64 effluent reporting.

As elements of the sampling plan are completed, Cameco will provide data and propose program
revisions where necessary for NRC consideration. Because the existing program will continue until the
various sampling activities are complete and concurrence is reached with NRC as to appropriate
program modifications, the following sections reflect current practice.
5.8.1

External Radiation Exposure Monitoring Program

5.8.1.1
Personnel Dosimetry
ProgramDescription
10 CFR 20.1502 (a)(1) requires exposure monitoring for "adults likely to receive, in one year from
sources external to the body, a dose in excess of 10% of the limits in 20.1201 (a)." Ten percent of the
dose limit would correspond to a Deep Dose Equivalent (DDE) of 0.005 sieverts (0.500 rem). External
radiation exposure was monitored at the Highland facility during the period 1988 through 1993 by the
use of personal radiation dosimeters, such as TLD or Optically Stimulated Luminescent dosimeter
badges. Employees, except several office personnel that did not enter areas where potential exposures
existed, used dosimeters. During the period 1988 through 1993 the monitoring data collected from the
dosimeters showed that the annual dose to workers was less than 10% of the 0.005 sieverts (0.500 rem)
annual limit contained in 10 CFR 20.1201(a). Therefore, consistent with 10 CFR 20.1502, beginning on
January 1, 1994, individual monitoring devices, such as TLDs, were used to monitor occupational
exposures only to CPF operators because they could potentially exceed 10% of the annual limit
contained in 10 CFR 20.1201(a) due to the potential exposure to airborne uranium. Accordingly, it is not
required that occupational exposures to external radiation be determined or recorded for other
workers, although Cameco has continued to monitor some additional workers.
To ensure that potential exposures to gamma radiation remain less than 10% of the annual limit (or less
than 5 milli-seiverts [500 mrem]), the two work groups with the greatest potential for exposure (CPP
operators and satellite/restoration operators) will use NRC approved dosimeters. Quarterly monitoring
data collected from these badges will be recorded and reviewed annually to ensure that exposures do
not exceed 5 milli-seiverts (500 mrem).
Dosimeters will be provided by a vendor that is accredited by the National Voluntary Laboratory
Accreditation Program of the National Institute of Standards and Technology as required in 10 CFR
20.1501. The dosimeters used at the sites have a dose range from 0.01 to 10 milli-sieverts (1 to 1,000
mtrem).
Results from personnel dosimetry will be used to determine individual DDE for use in determining TEDE.
HistoricalProgramResults
Most Cameco workers do not require monitoring for radiation exposure since they do not have the
potential for receiving 10% of the dose limits for internal or external radiation. Cameco conservatively
chooses to monitor more employees than required to assure compliance with this requirement. For
example, workers at the satellites and mine unit areas are only occasionally exposed to gamma-emitting
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External gamma surveys are performed with survey equipment that meets the following minimum
specifications:
1.

Range - Lowest range not to exceed 100 ItR/hour full scale with the highest range to read at
least 5 mR /hour) full scale;

2.

Battery operated and portable.

Examples of satisfactory instrumentation meeting these requirements are the Ludlum Model 3 survey
meter with a Ludlum 44-38 probe or equivalent. Gamma survey instruments will be calibrated at the
manufacturer's suggested interval or at least annually and will be operated in accordance with the
manufacturer's recommendations. Instrument checks will be performed each day that an instrument is
used.
Gamma exposure rate surveys are performed in accordance with standard operating procedures.
Existing survey locations for the Smith Ranch CPP and satellites are shown on:
*
"
*
"
"

Figure
Figure
Figure
Figure
Figure

5.2:
5.3:
5.4:
5.5:
5.6:

Radiological
Radiological
Radiological
Radiological
Radiological

Sampling Locations at the CPP;
Monitoring Locations at Satellite No. 2 and Selenium Plant;
Sampling Locations at Satellite 3;
Sampling Locations at SR-1; and,
Sampling Locations at SR-2.

Proposed in-plant monitoring locations for the North Butte and Gas Hills remote satellite buildings are
shown on Figure 5.6A, North Butte Remote Satellite Proposed Radiological Monitoring Sites and
Figure 5.6B, Gas Hills Remote Satellite Proposed Radiological Monitoring Sites, respectively.
Gamma survey instruments will be checked prior to
manufacturer's instructions. Surveys will be performed in
NRC Regulatory Guide 8.30. Similar gamma surveys will be
room, the RO area, IXcolumns, and the process tank/trailer
5.8.2

each day's use in accordance with the
accordance with the guidance contained in
conducted at future satellites at the control
bay area.

Airborne Radiation Monitoring Program

5.8.2.1
Airborne Uranium Particulate Monitoring
ProgramDescription
Airborne particulate levels at ISR yellowcake processing facilities that employ vacuum dryers are very
low since there are no radionuclide emissions (see Section 4.0 for a description of the vacuum dryers).
The primary potential source of airborne uranium is during yellowcake packaging. This operation will be
confined to the dryer room. The room will be closed and posted as an airborne radioactivity area during
packaging. In the drying and packaging areas at the CPP, the potential exists for exposure to yellowcake
dust. In the slurry unloading area the potential for exposure to airborne uranium is considerably less
than in the drying and packaging areas as slurry unloading is performed on a very infrequent basis. The
airborne uranium sampling locations for the CPP are shown on Figure 5.2.
Airborne uranium particulate monitoring at the CPP and pilot building was historically performed on a
monthly basis. Given the extensive data that exists for the pilot building that shows the virtual lack of
airborne uranium in this area, and the fact that IX equipment and tanks have been removed, this area is
no longer monitored for airborne uranium.
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External gamma surveys are performed with survey equipment that meets the following minimum
specifications:
1.

Range - Lowest range not to exceed 100 .ilR/hour full scale with the highest range to read at
least 5 mR /hour) full scale;

2.

Battery operated and portable.

Examples of satisfactory instrumentation meeting these requirements are the Ludlum Model 3 survey
meter with a Ludlum 44-38 probe or equivalent. Gamma survey instruments will be calibrated at the
manufacturer's suggested interval or at least annually and will be operated in accordance with the
manufacturer's recommendations. Instrument checks will be performed each day that an instrument is
used.
Gamma exposure rate surveys are performed in accordance with standard operating procedures.
Existing survey locations for the Smith Ranch CPP and satellites are shown on:
*
"
*
*
*

Figure
Figure
Figure
Figure
Figure

5.2:
5.3:
5.4:
5.5:
5.6:

Radiological
Radiological
Radiological
Radiological
Radiological

Sampling
Sampling
Sampling
Sampling
Sampling

Locations
Locations
Locations
Locations
Locations

at
at
at
at
at

the CPP;
Satellite #2 and Selenium Plant;
Satellite #3;
SR-1; and,
SR-2.

Proposed in-plant monitoring locations for the North Butte and Gas Hills remote satellite buildings are
shown on Figure 5.6A, North Butte Remote Satellite Proposed Radiological Monitoring Sites and
Figure 5.6B, Gas Hills Remote Satellite Proposed Radiological Monitoring Sites, respectively.
Gamma survey instruments will be checked prior to
manufacturer's instructions. Surveys will be performed in
NRC Regulatory Guide 8.30. Similar gamma surveys will be
room, the RO area, IXcolumns, and the process tank/trailer
5.8.2

each day's use in accordance with the
accordance with the guidance contained in
conducted at future satellites at the control
bay area.

Airborne Radiation Monitoring Program

5.8.2.1
Airborne Uranium Particulate Monitoring
ProgramDescription
Airborne particulate levels at ISR yellowcake processing facilities that employ vacuum dryers are very
low since there are no radionuclide emissions (see Section 4.0 for a description of the vacuum dryers).
The primary potential source of airborne uranium is during yellowcake packaging. This operation will be
confined to the dryer room. The room will be closed and posted as an airborne radioactivity area during
packaging. In the drying and packaging areas at the CPP, the potential exists for exposure to yellowcake
dust. In the slurry unloading area the potential for exposure to airborne uranium is considerably less
than in the drying and packaging areas as slurry unloading is performed on a very infrequent basis. The
airborne uranium sampling locations for the CPP are shown on Figure 5.2.
Airborne uranium particulate monitoring at the CPP and pilot building was historically performed on a
monthly basis. Given the extensive data that exists for the pilot building that shows the virtual lack of
airborne uranium in this area, and the fact that IX equipment and tanks have been removed, this area is
no longer monitored for airborne uranium.
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Airborne uranium particulates at the CPP are monitored to assess unanticipated occurrences of uranium
in the air and provide uranium airborne concentration data used in the exposure determinations for the
CPP operators and the dryer operators. The monitoring locations and frequency are as follows:
Monitoring Location

Monitoring Frequency

Precipitation Area
Yellowcake Storage Area
Dryer Room

Monthly
Monthly
Monthly

To estimate the routine exposure of dryer operators to uranium, a high volume sampler is set up in the
yellowcake packaging area or representative samples are collected with a breathing zone sampler. Dryer
operators are required to wear respiratory protection during yellowcake packaging operations because
of the potential release of airborne uranium during this procedure.
Breathing zone sampling is performed during certain operational tasks to determine individual exposure
to airborne uranium. Sampling is performed with a lapel sampler or equivalent. The air filters are
counted and compared to the DAC using the same method used for area sampling. Air samplers are
calibrated at the manufacturer's recommended frequency or at least every six months using a primary
calibration standard. Air sampler calibration will be performed in accordance with standard operating
procedures.
Measurement of airborne uranium is performed by gross alpha counting of the air filters using an alpha
scaler such as a Ludlum Model 2000 or equivalent with a Ludlum 43-10 detector or equivalent. The
current efficiency of both of these instruments is 35%. Counting time is adjusted to assure the LLD is less
than 10% of the site-specific DAC.
If an airborne uranium sample exceeds 25% of the DAC, the RSO will investigate the cause and the
sampling frequency is increased to weekly. The investigation and corrective actions taken are
documented.
Area samples are collected at specified sample locations (see Figure 5.2) in accordance with standard
operating procedures. These procedures implement the guidance contained in NRC Regulatory Guide
8.25. Samples are taken with a glass fiber filter and a regulated air sampler such as an Eberline RAS-I or
equivalent. The sample volume will be adequate to achieve the LLD for uranium in air. Samplers are
calibrated at the manufacturer's suggested interval, or semi-annually, with a digital mass flowmeter or
other primary calibration standard. The results are used to determine employee time weighted
exposures.
The Highland CPF dryer has not operated since 2003. Cameco anticipates installing at least two new
rotary vacuum dryers at the CPF during the next renewal period. Airborne particulate monitoring
will resume once the CPF renovations are completed and the facility is operational. If yellowcake
slurry is not produced at the satellite facilities, airborne uranium particulate monitoring will not be
required. Due to the fact that the uranium-bearing fluids at the satellite facilities are fully contained
within pipes, tanks, and IX vessels, the likelihood of significant quantities of uranium in the air is very
remote. This is supported by many years of data collected at both Smith Ranch and Highland satellites
that show virtually no occurrence of airborne uranium at these facilities. If yellowcake slurry production
begins at the Gas Hills Remote Satellite, uranium particulate monitoring will be performed as described
above since yellowcake slurry will be produced at that satellite.
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Smith Ranch Site-SpecificAL1 and DAC
Cameco performed an analysis of the solubility characteristics of Smith Ranch yellowcake and the
material was then classified according to the days, weeks, and years classification scheme of 10 CFR Part
20. The complete report, provided in Appendix I, Smith Ranch Analysis of Day, Week, and Year
Classification includes a dosimetry interpretation.
This study showed that the yellowcake produced at Smith Ranch was primarily of solubility type D with a
relatively low type W component. The resulting site specific ALl and DAC values are 0.98 lICi and 4.8E-10
ItCi/ml, respectively. In comparison, the 10 CFR 20 Appendix B to Part 20 ALl and DAC for uranium (nat)
are 1.0 ItCi and 5E-10 IiCi/ml, respectively.
Addendum 1 to Appendix I provides sampling data and analysis to support that radionuclides (except
U-nat) contributing to human dose at the Smith Ranch-Highland site are present at concentrations
that are less than the 10 CFR 20.1204(g) limits, which allows licensees to disregard them. For that
reason, no adjustment to the DAC is required to address radionuclide mixtures.
HistoricalProgramResults
Airborne uranium data from the yellowcake and dryer rooms of the CPP from 1999 through 2010 have
been used to assess Cameco's performance in limiting air concentrations of uranium in the workplace.
Table 5-3, Natural Uranium Concentrations in Air as a Percent Derived Air Concentration presents data
from 1999 through 2010. Excluding the maximum measurement in 1999, the average and maximum
measured concentrations were below the DAC for soluble uranium (nat) of 5E -10 pCi/ml. As indicated in
the 1999 ALARA report (RAMC, 2000), an effort by site management beginning in 1999 to improve
housekeeping practices in the yellowcake dryer area was effective in reducing airborne concentrations.
This general reduction can be seen in the average and maximum airborne uranium concentrations over
the years of interest and continued downward trends in the ALARA levels. The maximum airborne
concentration corresponds to periods when yellowcake is being packaged. In these instances,
respiratory protection is required to be worn by workers in these areas.
5.8.2.2

Radon Daughter Monitoring

ProgramDescription
Surveys for radon daughter concentrations are conducted in the operating areas of the Smith Ranch CPP
and satellites on a monthly basis at specified locations. Sampling locations are determined in accordance
with the guidance contained in NRC Regulatory Guide 8.25. Radon daughter sampling locations for
existing Smith Ranch (SUA-1548) Project facilities are shown on Figures 5.2 through 5.6. The sample
locations for future satellites and remote satellites will include the control room, the RO area (when
being used), IX columns, and the process tank/trailer bay area. Clean area surveys will be conducted in
the lunchroom.
Samples are collected with a low volume air pump (e.g., lapel sampler) and then analyzed with an alpha
scaler using the Modified Kusnetz method described in ANSI-N13.8-1973. Routine radon daughter
monitoring is performed in accordance with standard operating procedures. Air samplers are calibrated
at the manufacturer's suggested interval or semi-annually with a digital mass flowmeter or other
primary calibration standard. Air sampler calibration is performed in accordance with standard
operating procedures.
Results of radon daughter sampling are expressed in working levels (WL) where one WL is defined as any
combination of short-lived Rn-222 daughters in one liter of air without regard to equilibrium that emit
1.3 x l0- MeV of alpha energy. The DAC limit from Appendix B to 10 CFR 20.1001 - 20.2402 for Rn-222
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with daughters present is 0.33 WL. Cameco has established an action level of 25% of the DAC or 0.08
WL. Radon daughter results in areas with an average concentration in excess of the action level will
result in an investigation of the cause and an increase in the sampling frequency to weekly until the
radon daughter concentration levels do not exceed the action level for four consecutive weeks.
HistoricalProgramResults
Airborne Rn-222 progeny monitoring was conducted in the Smith Ranch facilities for the periods
indicated below:
*
"
*
"
"
*
*
*
*

Smith Ranch Pilot Plant
CPP
Satellite Plant SR-1
Satellite Plant SR-2
Satellite Plant No. 1
Satellite Plant No. 2
Satellite Plant No. 3
Selenium Plant
Header Houses

1999-2004
1999-Present
1999-Present
2009-Present
2000-Present
2000-Present
2000-Present
2009-Present
2000-Present

Monitoring was discontinued in the Smith Ranch pilot plant in October of 2004 as a result of a SERP
(SERP report No. 2004-5; PRI, 2004) to eliminate the restricted area designation of the pilot plant.
Inspections at Satellite No. 1 were changed to monthly in 2006 after the satellite was placed on stand-by
and power shutdown. The inspection changes were approved by a SERP (SERP No 2005-4; PRI, 2005).
Monitoring at the Selenium Plant and Satellite Plant SR-2 only began in 2009.
Rn-222 progeny monitoring is reported in units of a WL as previously described, which is any
combination of Rn-222 progeny in one liter of air that would result in emission of 1.3 x 10 5 mega
electron volts of potential alpha energy. The DAC for Rn-222 progeny is 0.33 WL. Table 5-4, Radon-222
Progeny Concentrations in Air for Smith Ranch Facility Structures as a Percent of Derived Air
Concentration presents the Rn-222 progeny concentrations in air as a percent of the DAC for each
monitored building. The average concentrations are less than 10% of the DAC. Most maximum
concentrations are less than the Rn-222 progeny DAC. However, in SR-1 in 2000 and 2001, and in the
CPP in 2001, the Rn-222 progeny DAC exceeded 100% of the DAC.
Occupational airborne radioactivity concentrations at Smith Ranch SUA-1548 license areas are routinely
monitored at a frequency which allows for timely investigations and corrective actions, if needed, to
respond to conditions or practices which result in airborne radioactivity concentrations above the action
level of 25% of the DAC. Annual average air concentrations for natural uranium and Rn-222 progeny are
well below 25% of the DAC. Since 1999, there has been one case (in 1999) where the action level was
exceeded for natural uranium maximum concentrations, but there have been no exceedances since that
time. There were several exceedances for maximum Rn-222 progeny concentrations during the 1999 to
2003 time period at the CPP, Satellite SR-1 and Satellite No. 2, but these maximum concentrations have
been below or very close to the action level from 2004 through 2010. In. each exceedance case, an
appropriate investigation and corrective action was performed. The annual average air concentrations
are less than the 10% of DAC criteria where occupational monitoring of airborne radionuclides is
required by 10 CFR §20.1502.
Table 4-1 provides a summary of the trends in Rn-222 progeny in air since 1999. No increasing trends of
workplace airborne radioactivity were identified except at the header houses. The maximum
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concentration (6% of the DAC) at the header houses was recorded in 2004 but decreased to 4% of the
DAC by 2005. The decreasing trend continued through 2007 but has slightly increased (~0.3%) from
2009 to 2010. There were several exceedances of the 25% of the DAC action level for maximum Rn-222
progeny concentrations during the 2008 to 2010 time period at the header houses. Cameco is
committed to limiting occupational airborne radioactivity concentrations to levels which are ALARA.
5.8.3

Exposure Calculations

Employee exposures at the Smith Ranch SUA-1548 license areas are monitored in accordance with NRC
Regulatory Guide 8.34: "Monitoring Criteria and Methods to Calculate Occupational Radiation Doses." A
bioassay program consistent with NRC Regulatory Guide 8.22, Rev. 1: "Bioassay at Uranium Mills" is
used to assess the adequacy of the monitoring and respiratory protection programs for protection from
airborne uranium dust.
Employee exposures to airborne uranium are estimated for routine and non-routine activities. As
previously stated, when previously operational, the exposure to dried yellowcake at the Highland CPF
was considered "insoluble" (Y-Class) because of the high temperature dryer (calciner) used. After the
planned refurbishment and installation of low temperature vacuum dryers, the dried yellowcake will be
considered "soluble" (D-Class). The exposure to dried yellowcake at the Smith Ranch CPP is considered
"soluble" (D-Class). Exposure to uranium that has not been dried is also considered "soluble" (D-Class).
The exposure estimates for employees are based on exposure times and the concentrations of airborne
uranium as determined from routine air monitoring or non-routine air monitoring (i.e. breathing zone
monitoring or specific area air monitoring). Routine exposures to uranium and radon daughters are only
determined for CPP workers (central plant operators, dryer operators) as, in accordance with 10 CFR
20.1502(b)(1), they are the only workers routinely exposed to airborne radionuclides in concentrations
which are likely to result in annual exposures in excess of 10% of the ALl, without respiratory protection.
These potential exposures result from the need to work in the yellowcake dryer and yellowcake
packaging facilities. Routine exposures are estimated using exposure times generated from annual time
studies or actual occupancy times. Time studies are updated after significant change in equipment
procedures, or job functions. When the CPF becomes operational again, exposures to uranium and
radon progeny will also be evaluated for operators in the process and dryer areas.
Non-routine exposures to uranium result from performing non-routine operational or maintenance
tasks that have the potential for creating a significant exposure to airborne uranium. These types of
exposures are documented using a Radiation Work Permit, which specifies the types of radiological
monitoring required for the task (area or breathing zone sampling) and the protective equipment and
clothing employees must wear while performing the task. The sampling results are evaluated and
documented. These data, together with the employee's time in the area, are used to estimate the nonroutine exposure. Each CPP worker's routine and non-routine exposure to soluble and insoluble uranium
is recorded at least monthly and summarized annually.
As discussed in Section 5.8.2.2, routine employee exposure to radon daughters is determined for only
CPP and satellite plant workers. Routine exposure times are determined by annual time studies or actual
occupancy times. These time studies are also updated after a significant change in equipment,
procedures, or job functions. Similar to non-routine uranium exposures, non-routine radon daughter
exposures are documented using a Radiation Work Permit. Each CPP worker's routine and non-routine
exposure to radon daughters is recorded monthly and summarized annually. Following is a discussion of
the exposure calculation methods and results.
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5.8.3.1
Natural Uranium Exposure
Exposure calculations for airborne natural uranium (soluble or insoluble) are performed using the intake
method from NRC Regulatory Guide 8.30, Section 2. The natural uranium intake is calculated using the
following equation:

I,, = bJ-•x 1Xt.1
i1

PF

where:
It,= uranium intake, Itg or ItCi
ti = time that worker is exposed to concentrations Xi (hr)
3
Xi = average concentration of uranium in breathing zone, Ig/m , IpCi/m
b = breathing rate, 1.2 m 3/hr
PF = the respirator protection factor, if applicable
n = number of exposure periods during the week or quarter

3

The intake for uranium is calculated and recorded. The intakes are totaled and entered onto each
employee's Occupational Exposure Record. The data required to calculate internal exposure to airborne
natural uranium is determined as follows.
Time of Exposure Determination
The results of periodic time studies for each classification of worker or 100% occupancy time is used to
determine routine worker exposures. Exposures during non-routine work (i.e., work requiring a
Radiation Work Permit) are based upon actual time.
Airborne Uranium Activity Determination
Airborne uranium activity is determined from surveys performed as described in Section 5.8.2.1.
Exposures to airborne uranium are compared to the site-specific DAC of 5E-10 ICi/ml.
5.8.3.2
Radon Progeny Exposure
Exposure calculations for airborne radon progeny are performed using the intake method from NRC
Regulatory Guide 8.30, Section 2. The progeny intake is calculated using the following equation:
Il

I

I170i=1 PF
where:
Ir= radon progeny intake in working level months
ti = time that the worker is exposed to concentration Wi (hr)
Wi = average number of working levels in the air near the worker's breathing zone
during time (ti)
170 = number of hours in a working month
PF = the respirator protection factor, if applicable
n = the number of exposure periods during the year.
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Time of Exposure Determination
The results of periodic time studies for each classification of worker or 100% occupancy time are used to
determine routine worker exposure times. Exposures during non-routine work (i.e., work requiring a
Radiation Work Permit) are based upon actual time.
Radon ProgenyConcentrationDetermination
Radon progeny concentrations are determined from surveys performed as described in Section 5.8.2.2.
The working-level months (WLM) for radon progeny exposure are calculated and recorded. The WLM is
totaled and entered onto each employee's Occupational Exposure Record. Exposures to radon progeny
are compared to the DAC for radon progeny from Appendix B of 10 CFR 20.1001 - 20.2401 (i.e., 0.33
WLM).
5.8.3.3
Reports of Overexposure
10 CFR 20.2203 requires that overexposure reports be made to the appropriate NRC Regional Office if
the intake of uranium and/or radon exceeds the quantities specified in 10 CFR 20.1201. The following
exposure limits require NRC notification:
1.

Soluble Uranium - if an employee has an intake of more than 10 mg of soluble uranium in
one week. This intake is in consideration of chemical toxicity.

2.

TEDE - if an employee exceeds the TEDE annual limit of 0.05 sievert (5 rem). The annual
TEDE is determined by summing annual doses from soluble uranium, insoluble uranium
and radon.

Prenatal and Fetal Exposure
5.8.3.4
10 CFR 20.1208 requires that licensees ensure that the dose to an embryo/fetus during the entire
pregnancy from occupational exposure of a declared pregnant woman does not exceed 0.005 sievert
(0.5 rem). Licensees are also required to make efforts to avoid substantial variation above a uniform
monthly exposure rate to a declared pregnant woman that would satisfy the 0.005 sievert (0.5 rem)
limit. The dose to the embryo/fetus is calculated as the sum of (1) the deep-dose equivalent to the
declared pregnant woman and (2) the dose to the embryo/fetus from radionuclides in the embryo/fetus
and radionuclides in the declared pregnant woman.
The dose equivalent to the embryo/fetus is determined by the monitoring of the declared pregnant
woman. 10 CFR 20.1502(a)(2) requires monitoring the exposure of a declared pregnant woman when
the external dose to the embryo/fetus is likely to exceed a dose from external sources in excess of 10%
of the embryo/fetus dose limit. 10 CFR 20.1502(b)(2) also requires that the licensee monitor the
occupational intakes of radioactive material for the declared pregnant woman if her intake is likely to
exceed a committed effective dose equivalent in excess of 0.0005 sieverts/year (0.05 rem/year). Based
on this threshold, the dose to the embryo/fetus must be determined if the intake is likely to exceed 1%
of the ALl during the entire period of gestation.
Prior to declaration of pregnancy, the woman may not have been subject to monitoring based on the
conditions specified in 10 CFR 20.1502. In this case, Cameco will estimate the exposure during the
period monitoring was not provided, using a combination of surveys or other available data (e.g., air
monitoring, area monitoring, and bioassay). Exposure calculations will be performed as recommended in
NRC Regulatory Guide 8.36 (NRC, 1992). Specifically, dosimeters will be exchanged monthly and more
frequently if the potential dose to the embryo/fetus approaches the limit.
.

External Dose to the Embryo/Fetus
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The DDE to the declared pregnant woman during the gestation period will be taken as the external dose
for the embryo/fetus. The determination of external dose will consider occupational exposures of the
declared pregnant woman since the estimated date of conception and will be based on the methods
discussed above.
0

Internal Dose to the Embryo/Fetus

The internal dose to the embryo/fetus will consider the exposure to the embryo/fetus from
radionuclides in the declared pregnant woman and in the embryo/fetus. The dose to the embryo/fetus
will include the contribution from radionuclides in the declared pregnant woman (body burden) from
occupational intakes occurring prior to conception. The intake for the declared pregnant woman will be
determined as discussed above.
5.8.3.5
Total Effective Dose Equivalent
In accordance with 10 CFR 20.1201, the TEDE is determined on an annual basis for each CPP and CPF
worker by adding the deep dose external gamma exposures for the year to the internal exposures from
radon progeny and uranium. The annual limit for the TEDE is 50 millisieverts (5,000 mrem).
For most workers, the dose equivalent from internal exposure is very small. The maximum and average
TEDE for CPP workers is summarized in Table 5-5, Annual Total Effective Dose Equivalent for CPP
Workers, and the average TEDE for site workers is depicted in Figure 5.6C, Component Contributions
to Average TEDE for the time period of 1999 through 2011. No worker has been exposed above the
regulatory limit of 50 millisieverts (5,000 mrem) in a year. The maximum TEDE occurred in 2001 where a
worker's badge received 10.8 millisieverts (1,080 mrem), or 22% of the allowable limit. An investigation
determined that this was the result of improper storage of the TLD badge when off site. The average
TEDE for CPP workers ranged from 4.19 to 6.19 millisieverts (419 to 619) mrem during the 2002 to 2011
time period. To put this into perspective, the average US radiation worker received approximately 3.0
millisieverts (300 mrem) per year.
NUREG 1910 (NRC, 2009) cites the occupational doses measured at the Crow Butte ISR facility in
Dawes County, Nebraska (also owned by Cameco) as representative of occupational doses from an
ISR facility. The highest TEDE values measured at the Crow Butte facility were 6.75 millisieverts (675
mrem) in 2005 and 7.13 millisieverts (713 mrem) in 2006. Those highest TEDE values are similar to
the highest TEDE values listed in Table 5-5 for Smith Ranch.
5.8.3.6
Respiratory Protection Program
Respiratory protective equipment is supplied by Cameco for activities where engineering controls may
not be adequate to maintain acceptable levels of airborne radioactive materials or toxic materials.
Respiratory equipment usage is in accordance with a respiratory protection program designed to
implement the guidance contained in NRC Regulatory Guide 8.15 and NRC Regulatory Guide 8.31 (NRC,
May 2002). The respirator program is administered by the RSO as the Respiratory Protection Program
Administrator.
5.8.4

Bioassay Program

5.8.4.1
Program Description
The bioassay program meets the guidelines contained in Revision 1 of NRC Regulatory Guide 8.22
"Bioassay at Uranium Mills" (USNRC, August 1999). Permanent employees that handle yellowcake
submit a baseline urinalysis prior to their initial assignment at the facility. A urinalysis is also requested
from permanent employees at the time of termination of employment if they were recently involved in
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yellowcake processing activities. CPP, CPF and dryer operators, who are the only workers to routinely
work in the yellowcake precipitation, drying and packaging areas, are required to submit monthly urine
specimens for uranium analysis. Specimens are collected two to four days after the employee has left
the work area (i.e., after a weekend and prior to entering the work area). Consistent with Regulatory
Guide 8.22, quality control of the monthly urinalyses is assured by including one blank and two spiked
samples with each month's batch of specimens. The blank and spiked samples are labeled with nonemployee names in order that the contract laboratory is not aware of the particular specimens' content.
Laboratory results for these specimens are compared with known values to ensure that laboratory
results are accurate.
Workers potentially exposed to concentrations of uranium above regulatory limits are also required to
submit urine specimens for uranium analysis two to four days following the potential exposures.
Workers meeting this requirement are typically working under the direction of a Radiation Work Permit.
This is required even if respiratory protection has been utilized to ensure that the respiratory protection
equipment has been worn properly and that respirators are functioning as designed.
Cameco also collects random monthly urine specimens from other workers at the facility to confirm that
workers are not subject to an unknown uptake of uranium. The contract laboratory provides immediate
notification (via telephone or email) of urinalyses exceeding 15 Ig/L uranium. Table 5-6, Actions Taken
for Individual Urinalysis Results lists the actions taken for individual urinalysis results.
5.8.4.2
Historical Program Results
Summaries of the bioassay results presented in the annual ALARA audit reports for Smith Ranch were
used to evaluate the historical performance of the program to limit intakes of uranium. Elevated
baseline bioassay results from new employees or contract employees are not considered here since they
reflect exposures obtained from sources other than Smith Ranch. The results are presented in Table 5-7,
Bioassay Results for Smith Ranch from 1999 through 2010 for the categories of exposures listed in NRC
Regulatory Guide 8.22, Table 1. In accordance with regulatory guidance, a review was conducted for
exposures greater than 15 Itg/L. Affected personnel were interviewed, and the most likely cause of the
exposure was documented as noted in the footnotes to Table 5-7. The results of these investigations
were presented in the annual ALARA audit reports.
Over the 11-year period (1999-2010), only 32 (0.6%) of the 4,804 samples that were taken exceeded the
action level of 15 [Ig/L. Samples above the action level were investigated and corrective actions were
taken where appropriate. The results of the investigations and corrective actions were detailed in the
annual ALARA audit reports. Most of the action level exceedances occurred during 1999 through 2000
and were attributed to improper personal hygiene and improper use of personal protective equipment,
poor housekeeping practices, and abnormal problems with the respirators. Appropriate corrective
actions were taken, and the numbers of reported intakes have continued to remain small in number as a
result of continued management attention, improved procedures, and worker training.
Qualitatively, there appears to be a clear reduction in the number of elevated bioassay samples from
1999 through 2010, and most of this reduction occurred over the course of two years (1999 and 2000).
Bioassay data associated with operation of the CPF dryer during the period of interest is available for the
years 2000 through 2002. During this period, 269 bioassay samples were collected from employees and
contractors performing work associated with the CPF dryer. Of these 269 samples, two samples
exceeded the 15 Itg/L action level, which represents less than 1% of the samples collected.
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Uranium intakes at Smith Ranch are closely monitored, as evidenced by the number of samples
collected per year. This allows for timely investigations and corrective actions, if needed, to respond to
conditions or practices which result in bioassay results above the action level of 15 micrograms/Liter.
Since 2003, five samples out of 3,160 collected (0.16%) were above the first tier action level of 15
micrograms/Liter. In each case, an appropriate investigation and corrective action was performed. Since
2003, 3,145 samples out of 3,160 samples collected (99.5%) were below the LLD of 5 micrograms/Liter.
In 2009 and 2010, 1,319 samples were collected and none of the samples exceeded the 15
micrograms/Liter action level. This demonstrates that the soluble uranium intakes are limited to levels
below regulatory limits (i.e., levels which are ALARA).
Bioassay Quality Assurance Program
5.8.4.3
Elements of the Quality Assurance requirements for the Bioassay Program are based on the guidelines
contained in NRC Regulatory Guide 8.22 as follows:
*

Each batch of samples submitted to the analytical laboratory is accompanied by two blind
control samples. The control samples are from persons that had not been occupationally
exposed and are spiked to a uranium concentration of 10 to 20 micrograms/Liter and 40 to
60 micrograms/Liter. The results of analysis for these samples are required to be within ±
30% of the spiked value. Cameco has tracked the results of the blind spike analysis, and
analytical results have fallen within the acceptable range within the last 10 years.

"

The analytical laboratory spikes 10 to 30% of samples received with known concentrations
of uranium and the recovery fraction determined. Results are reported to Cameco. Results
have been within ± 30%.

5.8.5

Administrative Action Levels

An administrative action level is set at 2.5 milligrams of soluble uranium for a calendar week. An
administrative action level is set at 125 DAC-hours for exposure to insoluble uranium and/or radon
daughters for a calendar quarter. If the action level is exceeded, the RSO will initiate an investigation
into the cause of the occurrence, determine corrective actions that may reduce future exposures and
document the corrective actions taken. Results of the investigation will be reported to management
within one month of the action level being exceeded.
The results of the personal gamma radiation monitoring from the dosimeters are evaluated on a
quarterly basis and an administrative action level is set at 312 mrem per quarter. If an employee's
exposure exceeds this level, the RSO will investigate the reason for the exposure and initiate corrective
measures to prevent a recurrence.
The results of the bioassay program are also used to evaluate the adequacy of the respiratory protection
program at the facility. An abnormally high urinalysis will be investigated both to determine the cause of
the high result and determine if the exposure records adequately reflected that such an exposure may
have actually occurred.
5.8.6

Contamination Control Program

General
5.8.6.1
The primary sources of potential surface contamination at Smith Ranch are associated with yellowcake
precipitation, drying, and packaging activities. The recovery and elution portions of the process do not
present a significant surface contamination problem except for dried spills or when special equipment
maintenance is required. The primary method for control of surface contamination is instruction in, and
enforcement of, good housekeeping and personal hygiene practices. Visible yellowcake or production
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fluid spills are cleaned up as soon as possible to prevent drying and possible suspension into the air,
which could pose an inhalation hazard. Plant operators are instructed in the proper use of equipment
and the prevention of spills and solution leaks at various stages of the process. Inadvertent
contamination of designated "clean areas" is controlled by instructing employees not to enter such
areas with clothing or equipment contaminated with radioactive materials.
5.8.6.2
Surface Contamination Control for Uranium
To ensure these administrative controls are effective in controlling surface contamination, alpha
contamination surveys are performed monthly by the RSO or designee in process areas and weekly in
designated clean areas. Routine surveys in the process areas of the CPP, CPF and satellite facilities
consist of both a visual inspection for obvious signs of contamination and instrument surveys to
determine total alpha contamination. Visible yellowcake outside the drying and packaging facilities
requires prompt cleanup to minimize the potential for the material to become airborne. If the total
alpha survey indicates contamination greater than 200,000 disintegrations per minute/100
centimeters 2, the area will be cleaned and resurveyed.
In designated clean areas, such as lunch rooms and offices, the target level for contamination is "nothing
detectable". If the total uranium alpha survey in these areas indicates contamination in excess of 250
disintegrations per minute/100 centimeters 2 (25% of the Table 5-8, Allowable Limits for Removal to
Uncontrolled Areas) a smear test will be performed to assess the level of removable alpha activity. If
smear test results indicate removable contamination greater than 250 disintegrations per minute/100
centimeters 2, the area will be cleaned promptly and resurveyed. Regulatory Guide 8.30 recommends
weekly smear tests for removable activity. However, the NRC approved an alternate approach where
total alpha contamination surveys are performed in clean areas on a weekly basis and smears are
obtained when the total alpha contamination exceeds 25% of the limit for clean areas (i.e., 250
disintegrations per minute/100 centimeters 2). The RSO will investigate the cause of the contamination
and implement corrective action to minimize the potential for a recurrence. Total alpha surface
contamination levels exceeding the limits shown in Table 5-8 will also require cleanup and investigation.
Before yellowcake drums leave the packaging area, they are washed to remove visible yellowcake. Prior
to shipment, the drums are surveyed for total alpha contamination. Although the limit for removable
contamination on drums shipped in sole use vehicles is 2,200 disintegrations per minute/100
centimeters2 , a target level of 1,500 disintegrations per minute/100 centimeters 2 is used at Smith Ranch.
If the total alpha survey results reveal contamination in excess of 1,500 disintegrations per minute/100
centimeters2 , a smear survey is performed. If this survey indicates contamination in excess of 1,500
disintegrations per minute/100 centimeters 2, the drums will be rewashed and resurveyed.
Yellowcake processing equipment that must be removed for maintenance or repair is thoroughly
decontaminated prior to its removal from the area to prevent the possibility of contamination in the
maintenance shop or other areas.
5.8.6.3
Personnel Contamination Control
Change rooms, showers and lockers for clean clothing are provided for employee use. An operable and
appropriately calibrated alpha survey meter is made available for employee use at the exit of the CPP
and satellite facilities and at the entrance to the lunch room at the CPP. Specifications and survey
details are provided in Addendum 1 to Appendix I (Appendix I-1). Alpha survey stations will also be
employed at the refurbished CPF. Employees are instructed in the use of the survey meter, techniques
for minimizing contamination, maintaining good personal hygiene, and in basic decontamination
methods. Employees are also instructed on methods and procedures for good housekeeping practices
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within process areas to minimize the potential for contamination of personnel and equipment.
Personnel are allowed to conduct contamination monitoring of small hand-carried items as long as
surfaces can be reached with the instrument probe and the item did not originate in yellowcake areas.
Other items are surveyed as described in Sections 5.8.6.2 and 5.8.6.4.
Employees working in the precipitation, drying and packaging areas, as well as those involved in process
equipment maintenance or repair are provided with appropriate protective clothing and equipment.
Protective clothing is laundered on site or, if a disposable type, is disposed at a facility licensed to accept
such wastes.
Employees with potential exposure to yellowcake dust can shower and change clothes each day prior to
leaving the site. An employee who showers and changes clothes is considered to be free of significant
contamination. In lieu of showering, employees are required to survey their clothing, shoes, hands, face
and hair with an alpha survey instrument prior to leaving the site. These surveys and/or showers are
documented and maintained on site.
As recommended in NRC Regulatory Guide 8.30 (NRC, May 2002a), Cameco conducts quarterly
unannounced spot checks of personnel to verify the effectiveness of the surveys for personnel
contamination. The purpose of the spot check surveys is to ensure that employees are adequately
surveying and decontaminating themselves prior to exiting a restricted area or entering a clean area.
5.8.6.4

Surveys of Equipment and Materials Prior to Release to an Unrestricted Area

ProgramDescription
The RSO, the HPT, or properly trained employees perform surveys for removable contamination as well
as surveys for alpha and beta contamination of items removed from the restricted areas with the
exception of small, hand-carried items. Surveys for beta contamination are performed consistent with
Appendix I-1. Beta surveys are performed in specific operations that involve handling large quantities of
aged yellowcake. An annual beta survey is conducted in areas that would typically be subject to residual
uranium concentrate contamination, specifically, the precipitation, drying and packaging areas of the
CPP and CPF. Equipment and materials to be released from the precipitation, drying and packaging areas
for unrestricted use will be surveyed for beta contamination. The release limits are set as specified in
"Guidelines for Decontamination of Facilities and Equipment Prior to Release for Unrestricted Use or
Termination of Licenses For Byproduct or Source Materials" (NRC, 1987). If the equipment or material
does not meet the limits, it will be decontaminated and resurveyed. The survey results are
documented and maintained on site.
Surveys are performed with the equipment described in Appendix I-1. Survey equipment is calibrated
annually or at the manufacturer's recommended frequency, whichever is more frequent. Surface
contamination instruments are checked daily when in use. Alpha survey meters for personnel surveys
are response checked before each use.
5.8.6.5
Protective Equipment and Procedures
Process and maintenance workers who work in yellowcake areas or work on equipment contaminated
with yellowcake will be provided and required to wear protective clothing including coveralls, boots or
shoe covers. Workers who package yellowcake for transport will also be provided gloves and respirators.
Before leaving the yellowcake processing area, workers involved in the precipitation or packaging for
transport of yellowcake, will, at a minimum, monitor their hands and feet using a calibrated alpha
survey instrument. Spot surveys will be performed for alpha contamination at least quarterly on workers
leaving the recovery plant area. The monitoring results are documented and maintained on file.
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At the CPP and satellite plants, eating is only allowed in designated lunch room areas that are separated
from the process areas. Eating or smoking in the plant controlled areas is prohibited and violators are
subject to disciplinary action.
5.8.6.6
Conditional Release Program
Cameco uses a conditional release program to allow items, including items in packages and resin
trailers, to be removed from restricted areas. Conditionally released items will be identified as such
until returned to restricted areas or surveyed for unrestricted release by the RSO or an HPT. Resin
trailers at the satellite plants will be surveyed and transported to the CPP or CPF where they will reenter a restricted area.
Designated non-radiation safety staff may perform the conditional release surveys. These designated
individuals will be qualified through a combination of education, facility specific experience and
training specific to the risks associated with conditional release. The competency of the designee will
be evaluated prior to designation and continued competency will be maintained through refresher
training and spot checks in the field.
5.8.6.6.1 Items and Packages
Table 5-8.1, Elements of Conditional Release Program for Items, presents the elements of the
conditional release program for items and items in packages. Please see Section 5.8.6.6.2 for
information on conditional release of resin trailers.
5.8.6.6.2 Resin Trailers
Table 5-8.2, Elements of Conditional Release Program for Resin Trailers, presents the elements of the
conditional release program for resin trailers. Please see Section 5.8.6.6.1 for information on
conditional release of items and items in packages.

5.9

Environmental Monitoring Programs

5.9.1

Quality Assurance

Cameco has established the following QA Program for radiological, non-radiological effluent and
environmental (including groundwater) monitoring programs at the Smith Ranch SUA-1548 license
areas. This QA Program addresses elements discussed in NRC Regulatory Guide 4.15, "Quality Assurance
for Radiological Monitoring Programs (Normal Operations) - Effluent Streams and the Environment."
QA comprises those planned and systematic actions which are necessary to provide adequate
confidence in the results of a monitoring program. QC includes those quality assurance actions that
provide a means to control and measure the characteristics of measurement equipment and processes
to established requirements. Therefore, quality assurance includes QC.
The overall objectives of the QA program are:
"

To identify deficiencies in the sampling and measurement processes to those responsible for
these operations so that corrective action can be taken.

"

To obtain a measure of confidence in the results of the monitoring programs to assure
regulatory agencies and the public that the results are valid.

The first step of a reliable QA Program is a formal delineation of the organization structure,
management responsibilities, and training requirements for management personnel. These items have
been covered in a previous section. Other components of the program are described below.

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Page 5-40

5.9.1.1
Radiological and Environmental Monitoring Procedures
A critical step to ensure quality assurance objectives includes written procedures for various aspects of
the radiological and environmental monitoring programs. Procedures for radiological and environmental
monitoring programs are contained in SHEQ Manual IV-Health Physics Manual (radiological monitoring
program procedures), and SHEQ Manual VI- Environmental Manual (environmental monitoring program
procedures). These manuals describe the procedures used to collect samples, complete laboratory
analyses and survey, calibrate equipment, evaluate data, etc. for the radiological and environmental
monitoring programs. Procedures contained in SHEQ Manual IV-Health Physics Manual include the
following programs:
*
*
"
"
*
*
*

Airborne Radioactivity Monitoring
External Radiation Monitoring
Contamination Control
Respiratory Protection
Exposure Monitoring
Transportation of Radioactive Materials
Radiological Laboratory Programs

Procedures contained in SHEQ Manual VI-Environmental Manual include the following programs:
"
*
*
*
*
*
*
*

Liquid Effluent Monitoring
Air Monitoring
Soil and Sediment Monitoring
Vegetation Monitoring
Wellfield Development and Monitoring
Waste Management
Topsoil Management
Other Management Programs

5.9.1.2
Duplicative Sampling and Inter and Intra Laboratory Analyses
An effective O.A Program ensures that contract and in-house laboratories are accurately analyzing and
reporting radiologic and chemical analyses. Cameco uses an off-site EPA certified laboratory for most
radiologic and chemical samples.
For every 20 excursion groundwater monitor well samples, a duplicate sample and a spiked sample are
analyzed by Cameco's in-house laboratory. The duplication begins with original sample aliquots and
allows the analyst to determine the precision of the analytical result. Standard addition spikes consist of
the addition of a known amount of analyte to a duplicate sample aliquot. These spiked samples are
useful in estimating the accuracy of an analytical result as well as identifying potential interferences.
In accordance with the applicable SOPs, baseline water quality samples for new wellfield areas are
submitted within the required holding time to an EPA approved laboratory for filtration and
preservation prior to analysis. Protocols have been established for the storage and shipment of samples,
including standard chain-of-custody procedures.
5.9.1.3
Instrument Calibrations
Electronic instruments used to conduct radiologic surveys or determine the concentrations of radiologic
material are calibrated by a qualified contractor on a routine basis to ensure that they are operating
within specified ranges for the radionuclides being measured. In accordance with SOPs, certain
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instruments, such as alpha and Geiger-Mueller probes, are functionally checked with a known radiologic
source on a more frequent basis (daily or weekly). Air pumps used to collect environmental or breathing
air samples are routinely calibrated. Cameco only uses EPA-approved laboratories which adhere to strict
protocols so that that their electronic instruments are properly calibrated to ensure valid results. A list
of the survey and monitoring instruments by manufacturer, range, sensitivity, calibration methods and
frequency and planned use is detailed in Table 5-9, Radiation Survey and Monitoring Equipment.
5.9.1.4
In-house Laboratory QA/QO
Cameco operates and maintains an in-house laboratory for radiological and non-radiological analyses.
Cameco has a laboratory-wide QA/QC program designed to assess and monitor the ongoing quality of
the testing performed at the laboratory. The purpose of the QA/QC program is to identify and correct
problems before they occur and if possible to determine in advance potential problem areas and
institute measures for their resolution. Cameco has developed a QA Plan, and employees involved with
the sampling and laboratory work flow have read and follow its guidelines. Standard Operating
Procedures have been written for analytical testing and are reviewed and updated regularly as new
techniques and instrumentation become available.
5.9.1.5
Records
Records of radiologic surveys, instrument calibrations, radiological and chemical analyses, and employee
exposures are retained on site under the direction of the RSO. To maintain the integrity of the program,
the RSO and others, through the audit program, periodically review records to ensure that they are
complete and accurate, and calculations have been done properly. These types of records are
maintained on site until license termination. Critical records are periodically duplicated and stored in a
second location in the case of fire or a similar type disaster. Computer programs used to determine
employee exposures or other components of the program are verified with hand calculations to ensure
that they are accurate.
5.9.1.6
Audits
Cameco management periodically inspects and audits the radiation safety and environmental
monitoring programs to verify compliance with applicable rules, regulations, license requirements and
to ensure that exposures of employees, the public, and the environment are ALARA. The Annual ALARA
Audit is discussed in Section 5.3.2.

5.10 Environmental Monitoring Programs During Operations
5.10.1 Airborne Effluent and Environmental Monitoring Program
Cameco is undertaking a sampling program at Smith Ranch which will identify the sample type, location,
equipment frequency/duration and LLDs. The Sampling Plan is discussed in detail in Section 5.8.
5.10.1.1 Air Particulate Monitoring
To ensure compliance with 10 CFR 20.1301, 20.1302 and 20.1501, Cameco maintains a continuous
ambient air particulate monitoring program at five separate locations at Smith Ranch. Cameco's
approach to demonstrating compliance with the public dose limits is described in TR Section 7.3.3.5.1.
Section 1.1.1 of Regulatory Guide 4.14 was used in selecting air sampling sites at the original Smith
Ranch-Highland project site; at that time it was acceptable to NRC to use regional meteorology data to
assist in locating the stations. Since then, Cameco has installed an onsite meteorological station to
corroborate the initial siting criteria, replace the Smith Ranch-Highland upwind sampling station, and
to site a new station at Reynolds Ranch.
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An additional air monitoring station will be installed at the Reynolds Ranch satellite facility prior to
commencement of operations. Cameco also plans to establish a new upwind station to replace the
current upgradient station (AS-i, Dave's Water Well). The Highland CPF and the Smith Ranch CPP have
the greatest potential for airborne releases to the environment. Two of these stations (AS-4 and AS-5)
were used to monitor downwind conditions of the Highland CPF but are inactive as a result of the CPF
being placed in standby status in 2002. Monitoring at AS-4 and AS-5 will resume once operations begin
again at the refurbished CPF.
Environmental monitoring stations AS-i, AS-2 and AS-3 are equipped with high-volume air samplers that
collect particulate samples for analysis for uranium (nat), Th-230, Ra-226 and Pb-210. A track-etch
detector and an environmental dosimeter are placed at each monitoring station for measurement of Rn222 and gamma radiation exposure rates. The filters in particulate samplers are normally changed at
least monthly and composited quarterly. The more frequent filter changes recommended in
Regulatory Guide 4.14 have historically not been necessary because dust loading on the filters has
been low and has not compromised sample integrity. Should dust loading characteristics change in the
future, Cameco will evaluate the situation and alter the filter change frequency accordingly. Results of
the analyses are reported to the NRC in the semi-annual reports. The results of the monitoring are
summarized in Table 5-10. Radionuclides Air Monitoring Data 2000-2010 at Dave's Water Well (AS-i);
Table 5-11, Radionuclides Air Monitoring Data 2000-2010 at Smith Ranch Controlled Area-Fence Line
(AS-2); and Table 5-12, Radionuclides Air Monitoring Data 2000-2010 at Vollman Ranch (AS-3). The
cited tables also have graphs that illustrate the radiological data trends over time. The locations of the
air monitoring stations at Smith Ranch are shown on Figure 5.7, Smith Ranch Environmental Sampling
Location Map and are as follows:
"

AS-1 (Dave's Water Well): This station monitors background conditions, upwind of both the
Smith Ranch and Highland wellfields and yellowcake processing facilities.

*

AS-2 (SR Controlled Area-Fence Line): This station monitors conditions downwind of the
Smith Ranch CPP Controlled Area Boundary.

*

AS-3 (Vollman Ranch): This station monitors the nearest downwind resident to the Smith
Ranch CPP Controlled Area.

"

AS-4 (Highland Controlled Area): This station monitors conditions downwind of the Highland
CPF Controlled Area Boundary (when the Highland CPF is operating).

*

AS-5 (Fowler Ranch): This station monitors the nearest downwind resident to the Highland
CPF Controlled Area (when the Highland CPF is operating).

*

AS-6 (Reynolds Ranch Satellite): This station will monitor conditions downwind of the
Reynolds Ranch satellite area once the facility is constructed and becomes operational.

The CPF and CPP have the greatest potential for airborne releases to the environment compared to the
satellites where only resin transfer occurs. AS-2 was selected as the probable location of highest
exposure to the public from emissions from the CPP while AS-3 is selected as the nearest resident which
is approximately 7.3 kilometers (4.5 miles) downwind of the CPP.
Monitoring results for AS-4 and AS-S are not included in the analysis because the CPF was not
incorporated into the license until 2003 and has been in standby status since September 2002.
Monitoring is not required at these locations while the CPF is not operating, per License Condition 11.6
of the NRC Source Materials License SUA-1548.
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Passive radon track-etch detectors are placed at the monitoring stations and exchanged periodically for
analysis of Radon-222 by an accredited outside laboratory. The net concentration is obtained at a
location by subtracting the value obtained at AS-1 (Dave's Water Well [background location]) from the
value obtained at the other two locations of interest, AS-2 (CPP Controlled Area Fence Line) and AS-3
(Vollman Ranch, the nearest downwind resident). Radon was measured quarterly from the last half of
1999 through 2004 and semi-annually from 2005 to the present. For consistency, the data from the
quarterly measurements were averaged to yield semi-annual concentrations, and those concentrations
were used for comparison and data analysis purposes. The data processing did not affect results, but
sampling frequency decreased the temporal resolution.
The Radon-222 concentrations measured at AS-2 and AS-3 were at or below the value listed in 10 CFR
20 Appendix B for Radon-222 without daughters present, except at AS-2 during the first half of 2007. On
June 6, 2007 a routine check of the monitoring station revealed that the Velcro securing the Track-Etch
detector failed, and the detector had fallen out of its holder and was lying face-up on the ground. The
result from this detector was abnormally high (1.85 x 10-8 IVCi/ml) when compared to historical data
from this location. This datum was therefore considered suspect and not included in the analysis.
Monitoring location AS-2 is located downwind of the CPP controlled area boundary fence line. This is
considered the location where a member of the public could be exposed to the highest concentration of
airborne radionuclides. Since this well is within the licensed boundary, Cameco maintains control over
the long-term use of this area and does not permit high occupancy use by members of the public. Thus,
the monitoring data represent maximum exposure conditions for short-term occupancy by the public,
with exposure times considered to be a few hours per year or less.
Vollman Ranch (AS-3) located within the wellfield license boundary as shown in Figure 5-7 is the nearest
resident to and downwind of the CPP. It is unreasonable to assume that members of the public would
have an occupancy time within the license area greater than a small fraction of that of Vollman Ranch
residents. Other exposed people include an occasional hunter, person servicing a nearby wind farm, and
other members of the public spending a few hours per year as they use the public roads. The residents
of Vollman Ranch are known to use the ranch as their principal residence and workplace.
An analysis of the particulate data for these locations reveals that in general, monitoring station results
report higher concentrations of uranium particulates for the years prior to 2003. The net annual radon
concentrations are presented in Table 5-13, Net Rn-222 Concentrations at Monitoring Locations AS-2
and AS-3. The net concentrations are derived by subtracting the concentrations at the background
location from the measured values at the monitoring location for the sampling period. The net annual
Rn-222 concentrations are compared to the NRC effluent concentration (EC) Guidelines in the table. As
can be seen from the table, the annual average net concentrations for these two locations are less than
or equal to 5% of the EC. The table also reveals that several net values for the years prior to 2005 are
negative, indicating that the values of the radon measurements at the background location were higher
than those at AS-2 and AS-3. This might be explained by another source of radon in the area, such as the
nearby coal mine and power plant, or it is possible that the negative results may be statistical
fluctuations resulting when two nearly equal numbers are subtracted, each having a statistical
uncertainty.
The NRC attributed the elevated lead-210 (Pb-210) concentrations in early 2001 to emissions from the
nearby operating coal strip mine and power plant. Because Pb-210 is formed in the atmosphere from
the decay of airborne radon, one can assume that a source of Pb-210 could also be a source of radon.
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Cameco uses the ECL listed in 10 CFR 20 Appendix B, Table 2 for compliance of the radionuclides of
concern. The limits and their likely solubility class are 3E-12 IpCi/ml for U(nat) (Class D), 2E-14 ItCi/ml for
Th-230 (Class W), 9E-13 3 ItCi/ml for Ra-226 (Class W), 6E-13 pCi/ml for Pb-210 (Class D) and 1E-8 lICi/ml
for Rn-222 without progeny present. As noted above, a sampling plan is being implemented that will
directly measure radon progeny at these locations so that the implications of aged natural radon with
progeny, versus freshly produced operational radon with more limited progeny and the choice of 10
CFR 20 Appendix B Table 2 may be rendered moot.
The air particulate monitoring program complies with guidance in NRC Regulatory Guide 4.14, Revision 1,
"Radiological Effluent and Environmental Monitoring at Uranium Mills". The LLD for the air
particulate sampling program is specified as 1 x 10-16 ICi/ml for uranium (nat), Ra-226, and Th-230; LLD for
Rn-222 is 2 x 1010 I.Ci/ml; and the LLD for Pb-201 is 2 x 10i's tCi/ml.
The primary effluent from the CPP is radon and its progeny, and the concentrations of radioactive
particulates are near background levels and small compared to the NRC ECL. The only measureable net
particulate concentration of significance is Pb-210, which is a decay product of radon. The net annual average
data for Pb-210 for the fence line (AS-2) and Vollman Ranch (AS-3) locations is given in Table 5-14, Net Lead210 Concentrations at Monitoring Locations AS-2 and AS-3 along with the percent of the ECL Guideline. For
the years 2004-2008, the average annual concentration of Pb-210 was less than 1% of the ECL. For the years
prior to 2004, the average net concentrations ranged from 15% to 17% of the ECL. The average concentration
measured at the fence line was less than that at the background location for three of four years. These data
show that the Pb-210 emissions are very low, and the concentrations are well within acceptable limits. The
NRC agreed with Cameco that the elevated Pb-210 concentrations at Vollman Ranch in 2001 probably
resulted from effluent from the nearby operating coal strip mine and/or power plant (NRC, 2001).
The concentrations of the other radionuclides of concern (natural uranium, Radium-226 (Ra-226), and
Thorium-230 (Th-230) were determined to be a small fraction of the ECL without subtracting the
background concentrations. The concentrations are near background and have negligible contribution to
public dose from site operations.
Cameco has collected over 300 samples for particulates, radon and gamma analysis for the Smith Ranch
airborne monitoring program. The Smith Ranch monitoring program effectively monitors potential
airborne effluent and gamma exposure rates resulting from site activities and is consistent with the
recommendations in NRC Regulatory Guide 4.14, Revision 1 (USNRC, 1980). Site monitoring results show
airborne releases of radionuclides well below the ECL in 10 CFR 20 Appendix B used for compliance
purposes by Cameco. The gamma exposure levels are well below the 0.05 rem per year requirement
contained in 10 CFR 20 Subpart D.
Net radon air concentrations were not significantly different for the AS-2 and AS-3 sampling locations
and are well below the ECL. Radon concentrations at the AS-i (Dave's Water Well-Background)
increased in 2008 and 2009, but this increase is likely due to the same off-site source mentioned above
for Pb-210 since Pb-210 is a decay product of Radon-222. A similar increasing trend for net radon
concentrations at the AS-2 and AS-3 locations in 2008 and 2009 was also noted, but the net
concentrations had declined at AS-i, AS-2 and AS-3 in 2010.
Net annual gamma exposures were below the 0.5 millisievert (50 mrem) requirement in 10 CFR 20
Subpart D at locations measured. Positive trends were observed at the background locations at AS-i and
AS-3. A negative trend was observed for net exposure rate data collected at the AS-2 location, but the
net gamma concentrations have increased at AS-2 since 2006. The analysis supports the conclusion that
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impacts from off-site sources are being measured at the monitoring stations. The data show that
environmental impacts from site operations comply with applicable regulations and are ALARA.
The remote satellites at North Butte and Gas Hills will have air particulate monitoring stations
installed early in 2012 to collect air particulate data at those locations. The data will be compiled and
submitted to the NRC with the semi-annual reports once the remote satellites are in operation. The
on-site meteorological data collected from the sites was used as input in the design of the air
particulate monitoring stations at the remote satellite facilities. In accordance with the guidance
provided in Section 1.1.1 of Regulatory Guide 4.14, Cameco considered the following factors in
determining the air sampling locations: (1) average meteorological conditions, including wind speed,
wind direction and atmospheric stability; (2) prevailing wind direction; (3) site boundaries nearest to
the satellite, wellfields, etc.; (4) direction of the nearest occupiable structure; and (5) location of
estimated maximum concentrations of radioactive materials.
5.10.1.2 Soil and Vegetation Sampling at Air Particulate Monitoring Stations
Prior to 2000, soil and vegetation were sampled annually at Smith Ranch and Highland. However, this
annual sampling program was discontinued following an NRC inspection stating that the license did not
require annual soil and vegetation sampling (IR 40-8857/99-02).
However, to confirm compliance with Criterion 7 of Appendix A to 10 CFR 40 and 10 CFR Part 20,
Subpart L NRC requested that Cameco resume annual soil and vegetation sampling at the air sampling
stations located within the Smith Ranch license area in accordance with Regulatory Guide 4.14.
Alternatively, Cameco may provide justification either (a) for not sampling annually or (b) for an
alternate sampling methodology.
As requested, Cameco will initiate an alternative soil sampling program at the Smith Ranch license
area soil sampling stations. This program has been initiated at Cameco's Crow Butte facility and
consists of collecting three soil samples annually from the location estimated to be the point of
maximum concentration (Item [5], Section 1.1.1 of Regulatory Guide 4.14) to demonstrate the
continued absence of detectable radiological affect. These three samples will provide an assessment
of soil data quality. If soil samples report increasing concentrations, the need for additional soil
and/or vegetation sampling will be evaluated.
5.10.2

Surface Water Monitoring Programs

5.10.2.1 Smith Ranch
When sufficient water exists for sampling, Cameco samples 10 livestock ponds and Sage Creek within
the Smith Ranch license area quarterly for analysis of natural uranium and Ra-226. These stock pond
monitoring points (Figure 5-7) were added August 18, 2003 as part of Amendment No. 5 (NRC, 2003)
combining the Smith Ranch and Highland operations. Quarterly samples are reported semi-annually to
NRC in effluent monitoring reports.
Water pumped to dewater the Bill Smith underground mine during the 1970s was discharged into Sage
Creek drainage, which consequently flowed at that time. During dewatering, creek samples were
collected upstream and downstream to verify no discharge of contaminants. However, the drainage
stopped flowing once dewatering ceased, and sampling has been limited since then.
Sampling of effluent from the CPF was discontinued in the third quarter of 2002 when the facility was
placed on standby status. Surface water sampling points are located as follows to evaluate potential
impacts from ongoing mining operations:
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Smith Ranch

*
"
"
"
*
*
*
*
*
"

SW-1 (Stock Pond): closest to Mine Unit 15 (MU-15), sampled when water is available;
SW-2 (Stock Pond): closest to Mine Unit 4 (MU-4), sampled when water is available;
SW-3 (Stock Pond): closest to Mine Unit 2 (MU-2), sampled when water is available;
SW-4 (Stock Pond): closest to Mine Unit 1 (MU-1), sampled when water is available;
SW-5 (Stock Pond): closest to Mine Unit J (MU-J), sampled when water is available;
SW-6(Stock Pond): closest to Mine Unit F (MU-F) , sampled when water is available;
SW-7 (Stock Pond): closest to Mine Unit D (MU-D), sampled when water is available;
SW-8 (Stock Pond): closest to Mine Unit H (MU-H), sampled when water is available;
SW-9 (Stock Pond): closest to Mine Unit H (MU-H) , sampled when water is available; and
SW-1O (Stock Pond): closest to Mine Unit I (MU-I), sampled when water is available.

Reynolds Ranch
*

Spring 1 (Spring): closest to Mine Units 23 and 24 (MU-23 and MU-24),, sampled when water
is available;

"

Impoundment #2 (Stock Pond): located within Mine Unit 27 (MU-27) and is close to Mine Unit
21 (MU-21),, sampled when water is available;

*

Windmill Impoundment (Stock Pond): closest to Mine Units 25 and 26 (MU-25 and MU-26),
sampled when water is available;

*

Impoundment #6 (Stock Pond): hydrologically isolated from the mine units, sampled when
water is available;

*

Impoundment #7 (Stock Pond): hydrologically isolated from the mine units, sampled when
water is available; and

"

White Rock Springs (Stock Pond): hydrologically isolated from the mine units, sampled when
water is available.

Surface water quality is monitored for the presence of radionuclides that may have been released in
unrestricted areas in liquid and gaseous effluents during the preceding six-month period. Eighteen percent
(49 out of 259) of samples collected through the fourth quarter of 2010 reported no Ra-226 above the
analytical detection limit of 2.0x10 1 ' ltCi/ml (Table 5-15, Surface Water Monitoring Historical Review).
Seven percent (20 out of 259) of samples collected through the second quarter of 2010) reported no natural
uranium above the analytical detection limit of 2.0x10z10 pCi/ml. Concentrations of Ra-226 measured since
1999 have ranged from below analytical detection limits to 1.1x10 8 pCi/ml. Concentrations of natural
uranium have ranged from below analytical detection limits to 2.2xi0 7 lpCi/ml. Table 5-15 compiles and
summarizes the quarterly monitoring data previously reported semi-annually in compliance with 40 CFR
§40.65.
Data gaps in Table 5-15 occur when sufficient surface water was not available or was frozen at scheduled
sampling times. This is expected given the ephemeral nature of drainages and cold winter climate in the
license area.
Concentrations of natural uranium and Ra-226 (Table 5-15) were less than the natural uranium and Ra-226
ECLs of 3E-7 ItCi/ml and 6E-8 liCi/ml, respectively (10 CFR 20, Appendix B). These ECLs provide a
conservatively safe level for the public assuming that a member of the public was continuously exposed to
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these concentrations throughout the year. Concentrations of uranium in the surface water
monitoring samples are comparable to the concentrations in most natural waters in the region, which
range from 0.0001 to 0.01 parts per million (mg/L) (Heakin, 2000). While trends would be difficult to
ascertain given the scarce and intermittent data, the average concentrations of uranium over the last
decade are typically more than an order of magnitude less than the ECL. Likewise, average concentrations
of Ra-226 over the last decade are typically two orders of magnitude less than the ECL.
Reynolds Ranch surface water will be sampled for four quarters, and the sample results will be
submitted to the NRC prior to commencement of Reynolds Ranch operations. Surface water monitoring
results collected to date are presented in ER Table 3.4-1.
5.10.2.2 North Butte Remote Satellite
The limited surface water supplies within and adjacent to the North Butte Remote Satellite area are
used for livestock and wildlife watering. Even during wet years, Willow Creek at the south end of the
satellite license area flows only for a few months. During dry years such as 1988, there may be no flow
during the entire 12-month period. Stock reservoirs in the area provide additional sources of water for
livestock and wildlife. North Butte Remote Satellite Environmental sampling locations shown on Figure
5.8, North Butte Environmental Sampling Location Map. Surface water sampling locations and surface
water sources are listed in Table 5-15.1, Surface Water Sampling Locations and Sources and shown on
Figure 5.8.1, Surface Water Sampling Locations.
If present, surface water will be grab sampled quarterly from stock reservoirs and surface drainages that
are sufficiently close to the operation to receive drainage from potentially contaminated areas or mine
unit leaks or spills. Surface drainages will be sampled upstream and downstream, if possible. As these
drainages are ephemeral and flow only in response to snow melt or precipitation events, samples will be
collected opportunistically when water is flowing. Surface water samples will be analyzed for uranium,
Ra-226 and Pb-210.
In June 2011, baseline surface water samples were collected at 15 locations. The majority of the samples
were collected from standing water in ephemeral ponds and drainages. The results of the baseline
monitoring are discussed in Section 6.0 of the ER.
5.10.2.3 Gas Hills Remote Satellite
The effects on surface water quality and quantity will be minimal at the Gas Hills Remote Satellite. With
the exception of WCC, most drainages throughout the satellite license area are ephemeral and flow only
intermittently in response to spring runoff or occasional intense thunderstorms. Environmental
sampling locations at the Gas Hill Remote Satellite are shown on Figure 5.9, Gas Hills Environmental
Sampling Location Map.
At least four surface water sites will be routinely sampled during the operations at the Gas Hills Remote
Satellite:
1.

Cameron Spring station, located south of Mine Unit No. 1 in the SE1/4 of the SE1/4, Section
2, T32N, R9OW.

2.

Section 23 Stock Pond, a small constructed pond near the northern end of Mine Unit No. 1,
located in SW1/4 of the NE1/4, Section 32, T33N, R89W.

3.

Two locations in WCC, which flows through a portion of Mine Unit No. 4. WCC-1 station is
located in the upstream reach south of the Mine Unit 4 boundary. WCC-2 station is located
further downstream within Mine Unit 4.
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Cameron Spring is located hydraulically and topographically upgradient from Mine Unit No. 1 and should
not be affected by the ISR operations. A grab sample will be collected annually and analyzed for uranium
and Ra-226. An estimate of flow will be made at the time each sample is collected. WCC-1, WCC-2 and
Cameron Spring already have established gauging stations for stream flow measurement.
The stock pond in Section 23 is located between Mine Unit No. 1 and No. 2 and will receive runoff from
the southwest portion of the Mine Unit No. 2 area. Starting with the commencement of mine unit
pattern installation in the southwest portion of Mine Unit No. 2, this pond will be sampled quarterly and
a grab sample will be analyzed for uranium and Ra-226. An estimate of water volume will be made at
the time each sample is collected.
The two established WCC surface water monitoring stations described in the Gas Hills WDEQ Appendix 6
will be grab sampled quarterly starting at the time wellfield installation activities begin in Mine Unit No.
4. Flow measurements will be made at the time the samples are collected. Each sample will be analyzed
for uranium and radium-226.
5.10.2.4 Ruth Remote Satellite
Surface water (Dry Fork of the Powder River and stock reservoirs) is present at the Ruth Remote
Satellite, but the operational surface water sampling locations have not yet sited, and a surface water
monitoring program has not yet been developed. The Dry Fork of the Powder River is classified as an
intermittent stream within the satellite license area. The stream flows mainly in response to snowmelt
and convective rainstorms; however, the alluvium is partially saturated and supports phreatophytic
vegetation such as cottonwood trees and willows. Uranerz conducted a quarterly surface water
monitoring program for the Ruth R&D operation starting in March 1980 until 1985 when the program
was discontinued after regulatory approval of the aquifer restoration.
5.10.3

Environmental Groundwater Monitoring Programs

Operational Groundwater Monitoring
5.10.3.1
During wellfield operation, Cameco carefully monitors the location of production fluids within the
defined production zone groundwater. Production fluids exiting the production zone are indicated if UCL
parameter concentrations increase in groundwater monitoring samples. If groundwater concentrations
of the UCL parameters exceed the defined excursion criteria, specific regulatory and operational
procedures are followed.
Groundwater from the "M," "MO," "MS" and "MU" or "MD" wells is sampled twice each month at
approximately two-week intervals, but not less than 10 days apart, and are analyzed for the UCL
parameters. The trend of multiple sample results over time will be evaluated for wellfield status.
Sampling and statistical methods to determine UCL parameters and concentrations are discussed in
Section 3.4.
Cameco follows an excursion detection and control program that complies with NRC and WDEQ
requirements. An excursion is determined to have occurred at a monitor well if two of the three UCL
values are exceeded in a regularly scheduled sampling event. If an excursion is indicated during a routine
sampling, a verification sample is taken within 24 hours of the receipt of the results from the initial
sampling event. If the results of the second sampling event indicate an excursion occurred, the
excursion will be considered confirmed. If the results from the first and second sampling events provide
conflicting information as to whether an excursion has occurred, the third sample will be collected
within 24 hours of the receipt of the results from the second sampling event. The results of the third
sample will determine whether a confirmed excursion status exists. If confirmation sampling results are
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not complete within 30 days of the initial sampling event that indicated that an excursion might be
present, the excursion will be considered confirmed for the purpose of meeting NRC and WDEQ
reporting requirements.
During an excursion, monitor wells on excursion status will be sampled at least once every seven days
and analyzed for the UCL parameters and uranium. If an excursion is not controlled within 30 days
following confirmation, each affected well will be sampled and analyzed for the parameters in Table Op7 from the Smith Ranch WDEQ Operations Plan. LQD Rules and Regulations Chapter 11, Section 12(d)(i)
require that excursion samples be analyzed for antimony, barium, beryllium, conductivity, copper, lead,
mercury, nitrate, pH, and thallium. The WDEQ may waive the analysis of specific parameters if, based on
historical groundwater sampling data, the parameter(s) is not considered likely to occur as a result of ISR
activities.
Routine excursion monitoring (every two weeks) for alkalinity, chloride and conductivity at perimeter,
overlying and underlying monitor wells will continue until restoration is approved by the NRC. The MPwells will be sampled at the beginning of the stability period and quarterly thereafter. LQD, NRC and/or
Cameco may determine that additional stability sampling rounds beyond the first five may be necessary.
Occasionally, a scheduled groundwater sample cannot be collected because of insufficient water,
inclement weather/impassable roads, safety concerns, or equipment malfunction. If a sample cannot be
collected from a well, the two previous samples from that well will be evaluated together with the
available wellfield data to determine the status of the wellfield.
If the trend analysis suggests that a missed sample might have been important, (i.e., indicating a trend
towards or away from a potential excursion), water level measurements will be used, if available.
Cameco will notify NRC and WDEQ verbally within 24 hours of missing the sample(s). Since wells are
sampled twice a month with at least 10 days between sampling events, the missed well(s) will be
sampled at the next scheduled interval, conditions permitting. Written notification will be submitted
within 15 days of the verbal notification and will include a trend analysis of two previous samples and
the most recent sample, and a description of actions being taken to prevent an excursion.
Prior to sampling, static water level is measured in the well and recorded to calculate the water volume
standing in the casing. Water quality samples are obtained by pumping the monitoring wells with
dedicated submersible pumps. To assure that water within the well casing has been adequately
displaced and representative formation water is sampled, wells are pumped a certain amount of time,
based on the particular well's performance. A minimum of one casing volume of water will be removed
from the well prior to sampling.
Prior to sampling, the electrical conductivity (corrected to 25°C), temperature, and pH are measured
periodically to monitor for stabilizing water quality conditions indicating that formation water is flowing
into the well. Data for each well are periodically reviewed to ensure that both sampling and analytical
procedures are adequate. Water quality samples are analyzed for the UCL parameters, usually within 48
hours of sampling, at the on-site laboratory. Samples are analyzed in accordance with EPA approved
methods.
5.10.3.2 Smith Ranch Satellite
This section describes the approved Smith Ranch and North Butte groundwater environmental monitoring
program that will be used at the Reynolds Ranch Satellite, Gas Hills and Ruth Remote Satellites. Excursion and
restoration groundwater monitoring programs are described in Sections 3.0 and 6.0, respectively.
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Operating livestock and domestic wells within 1 kilometer (0.6 mile) of operating mine units at Smith Ranch
have historically been sampled quarterly for uranium and Ra-226. Since the last renewal, nine new mine units
have commenced operation resulting in an increase in the number of livestock and domestic wells that are
sampled quarterly. Table 5-16, Domestic and Livestock Wells in Smith Ranch Groundwater Monitoring
Program summarizes the location and use of each well in the groundwater monitoring program at the time
of this license renewal request. The wells are identified as: GW-1 through GW-6, GW-8 through GW-18, and
GW-20 (Figure 5.7).
Concentrations of uranium have exceeded the ECLs three times at well GW-5, which is located
between mine units J and K. No other results have exceeded the ECLs. However, the results of the
groundwater monitoring program indicate that Smith Ranch wellfield operations have not affected
aquifers encountered at the depths of the wells, which range from approximately 46 to 213 meters
(150 to 700 feet) bgs. Concentrations of uranium and Ra-226 from the livestock and domestic wells
are compared to the ECL presented in 10 CFR Part 20, Appendix B. The limits presented in 10 CFR
Part 20 are applicable to the assessment and control of dose to the public and are equivalent to the
radionuclide concentrations which, if ingested continuously over the course of a year, would
produce a TEDE of 0.05 rem. These ECLs are 6E-8 ICi/ml for Ra-226 and 3E-7 ICi/ml for natural
uranium. These exceedances are summarized in Table 5-17, Uranium Results for GW-5 Which
Exceeded Effluent Concentration Limit. Water well GW-5 is located in an area with shallow natural
uranium mineralization, along with other naturally occurring radioactive minerals, as documented
in the July-December 2004 semi-annual report for SUA-1548. These areas are referred to as the
"Snow Claims," which have a zone depth from approximately 15 to 36 meters (50 to 120 feet) as
determined from area downhole geophysical logs indicating the mineralized "E" sandstone from the
surface to 36 meters (120 feet) in this area. Well GW-5 is approximately 30 meters (100 feet) deep,
which is within this mineralized zone. As depth to uppermost groundwater in the region is approximately +/100 feet, portions of the mineralized zone seasonally may be above the top of groundwater allowing
uranium to oxidize. The oxidized uranium is more soluble in groundwater, potentially leading to dissolution of
uranium when the water level rises in the well. The known natural occurrence of uranium in these shallow ore
bodies plus the great distance to the nearest wellfield operating at the time (approximately 0.3
kilometers or 0.5 miles from MU-F) make it unlikely that the elevated uranium concentration is caused by ISR
operations.
5.10.3.3 North Butte Remote Satellite
There are 10 livestock wells or springs within the North Butte Satellite license area or within 2
kilometers (1 mile) of the license boundary. The water from these wells is not suitable for human
consumption and is used for livestock watering only. The residents at the Pfister Ranch haul their
drinking and cooking water to their house. Quarterly groundwater samples will be collected from the
well (Beck Well) at the Pfister Ranch once operations commence.
Groundwater samples will be collected quarterly from operating domestic and stock wells located within
2 kilometers (1 mile) of operating mine units. Samples obtained from these wells will be analyzed for
dissolved and suspended uranium, Ra-226 and Pb-210. In June 2011, groundwater samples were
collected from seven wells located within 2 kilometers (1 mile) of the planned operations. The well
designation and locations are provided in Table 5-18, Livestock Wells in North Butte Groundwater
Monitoring Program.
5.10.3.4 Gas Hills Remote Satellite
Cameco has not yet developed an operational sampling plan for groundwater locations within 1
kilometer (0.6 mile) of the Gas Hills license boundary. There are seven livestock wells or springs (see
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Section 5.10.2.3) within the license area or within 2 kilometers (1 mile) of the license boundary. The
springs will be sampled during operations as described in Section 5.10.2.3.
The Carol Shop well (Carol Shop No. 1) provided water to the Carol Shop during conventional mining.
This well is completed in a non-uranium bearing portion of the production aquifer and is located in the
SE1/4 of the NW1/4, Section 28, T33N, R89W. Apparent high Ra-226 concentrations in groundwater
from this well will limit the usage of this water as a drinking water/showering source for the Carol Shop.
Currently, Cameco is evaluating the need to plug and abandon this well and replace it with a new well
completed in a different aquifer.
5.10.3.5 Ruth Remote Satellite
Cameco has not yet developed an operational sampling plan for Ruth area wells. There are 11 livestock
wells or springs within the license area or within 2 kilometers (1 mile) of the license boundary. There are
numerous CBM wells near the Satellite license area. Currently, the CBM produced water is being
conveyed through underground pipelines to Salt Creek for surface discharge.
5.10.4

Wastewater and Land Application Monitoring Program

5.10.4.1 Soil and Vegetation Monitoring at Land Application Areas
To assist in assessing impacts of irrigating treated wastewater at the Smith Ranch Satellite No. 1 and
Satellite No. 2 Wastewater Land Application Facilities (Irrigation Areas), the irrigation water, soil, and
vegetation are monitored for various constituents including uranium Ra-226. This monitoring program
has been in place since the start of each facility. Results of the monitoring program are reported to the
NRC in the semi-annual reports. Results of the monitoring program are also reported to the LQD.
The monitoring programs for the Satellite No. 1 and Satellite No. 2 Wastewater Land Application
Facilities are shown in Tables 3-8 and 3-9, respectively. The monthly grab samples are used to monitor
that the barium chloride treatment system is reducing Ra-226 to acceptable concentrations (less than
the ECL of 60 pCi/L [6.0-8 ItCi/mL]). Monitoring data collected throughout the life of the project shows
that the treatment system is effective in reducing Ra-226 concentrations to levels below the ECL.
A mean Ra-226 concentration of 2.51 E-8 ItCi/mL was calculated for the radium treatment system
effluent at Satellite No. 1 for 2000 through June 2004. This average is 42% of the ECL. The Satellite No. 1
Land Application Facility has not received treated water for disposal since the Satellite No. 1 suspended
operation in September 2003.
The results of monitoring data for the radium treatment system at Satellite No. 2 for the period 2000
through 2010 shows a mean Ra-226 concentration of 5.72 E-9 IiCi/mL, which is 10% of the ECL.
Monitoring data for the Satellite No. 3 treatment system, which has been operational since January
1999, shows a mean Ra-226 concentration of 2.20 E-8 pCi/mL (37% of the ECL) for the period 2000
through December 2010.
Radium treatment sampling for the Selenium Treatment Facility began in July 2010. Results of the
monitoring data from the radium treatment facility for the period of July 2010 through June 2011 shows
a mean concentration of 4.37 E-9 pCi/mL which is 7% of the ECL. The 10 CFR 20, Appendix B ECL for Ra226 is 6.0 E-8 ICi/mL.
Wastewater from Satellites 2 and 3 is now treated for radium and selenium removal at the Satellite 2
Radium Treatment Facility prior to land application at Land Application Facility 2. The irrigation fluid
quality has been monitored at both irrigation facilities since irrigation operations started. Review of the
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irrigation fluid monitoring results at the Satellite No. 1 facility for the period 2000 through June 2004
shows the following mean concentrations of uranium and Ra-226 (weighted by volume of water
applied):
Uranium (nat): 0.20 mg/L or 1.35 E-7 pICi/mL
Ra-226: 4.3 pCi/L or 4.3 E-9 [.Ci/mL
Results of this monitoring program at the Satellite No. 2 facility for the period 2000 through 2010 show
the following mean concentrations of uranium (nat) and Ra-226 (weighted by volume of water applied):
Uranium (nat): 0.50 mg/L or 3.4 E-7 IiCi/mL
Ra-226: 45.0 pCi/L or 4.5 E-9 IVCi/mL
The concentrations of uranium and Ra-226 within the treated wastewater applied at both irrigation
facilities are within the range of concentrations predicted in the information submitted to the NRC for
use of these facilities.
The monitoring programs for the Satellite No. 1 and Satellite No. 2 Wastewater Land Application
Facilities also require that soil samples be collected annually in August at depths of 0 to 15.2
centimeters, and 15.2 to 30.5 centimeters (0 to 6 inches, and 6 to 12 inches) to assess impacts of
irrigation on the irrigated soil. Results of the soil monitoring for uranium and Ra-226 at the Satellite No.
I and Satellite No. 2 facilities are summarized in Table 5-19, Mean U-nat and Radium-226 in Soil at
Satellite No. 1 Irrigation Area 1 for Period 2000-2010, and Table 5-20, Mean U-nat and Radium-226 in
Soil at Satellite No. 2 Irrigation Area 2 for Period 2000-2010, respectively.
Natural uranium concentrations in soils from the Satellite No. 1 facility have been increasing within the 0
to 15.2 centimeters (0 to 6 inches) soil depth, compared to a background range of 6.89 E-7 to 4.0 E-6
I.Ci/g (1.0 to 5.9 milligrams/kilogram). The data obtained from 2000 to 2010 shows a mean natural
uranium concentration of 8.06 E-5 ICi/g (11.8 milligrams/kilogram) for the 0 to 15.2 centimeters (0 to 6
inches) soil depth. The Ra-226 data for the same time period and same depth shows a background range
of 9.35 E-7 to 4.0 E-6 iCi/g (0.9 to 4.0 pCi/g) and a mean concentration of 1.94 E-6 ItCi/g. There is no
discernible increase in Ra-226 concentrations, which ranges from 1.08 to 4.5 E-6 IVCi/g (1.1 to 4.5 pCi/g)
with a mean of 1.91 E-6 GCi/g. No problems are therefore anticipated in meeting soil radionuclide
release criteria.
A review of the natural uranium concentration data for the 15 to 30 centimeter (6 to 12 inch) soil depth
at the Satellite No. 1 facility shows only a minimal increase above background. Since no discernible
increase in Ra-226 concentrations have been observed at this same depth, no problems are anticipated
in meeting soil radionuclide release criteria.
The higher concentrations of uranium in the near surface soil (0 to 15 centimeter [0-5.9 inch] depth) is
attributed to the uranium attaching to soil particles and being more concentrated due to evaporation of
soil water near the surface. If deemed necessary at decommissioning, it would be possible to reduce the
near surface concentrations by deep plowing and mixing the soil.
A review of the data for the PSR-2 facility, which has not been in operation as long as the PSR-1 facility,
shows that uranium is also increasing in the near surface soil (0 to 15 centimeter depth [0-5.9 inch]). The
data obtained from 2000 to 2010 shows a natural uranium mean concentration of 5.94 E-6 gICi/g (8.8
milligrams/kilogram) which is minimally above the background range of 8.0 E-7 to 7.72 E-6 pCi/g (1.2 to
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11.4 milligrams/kilogram). Data for the 15 to 30 centimeter (6 to 12 inch) depth shows no discernible
increase in soil uranium concentrations compared to background ranges.
Given the projected future agricultural use of the land, Cameco believes that the current land
application practices, even with the modest increases in uranium concentrations observed, provide
adequate environmental, health, and safety protection. As discussed in Appendix J, Purge Storage
Reservoir No. 2 Shallow Groundwater Characterization Plan of this TR, soils under irrigation at Satellite
No. 2 have exhibited slight increase in uranium concentration (~0.18 mg U/kg soil per year) since the
start of data collection in 1993. Using a regression analysis of concentration as a function of time (see
Appendix J), there is 95% confidence that the uranium concentration is increasing. Since the soil
uranium concentrations have remained consistently less than the EPA MCL-based Soil Screening Level of
14 mg/kg (USEPA, 2011), which is substantially more stringent than the Wyoming Solid and Hazardous
Waste Division (SHWD) Voluntary Remediation Program's soil cleanup level (WDEQ, 2011) of 49 mg/kg
soils that is based on the EPA risk-based Soil Screening Level. While the Soil Screening Levels are not
cleanup standards, they are guidelines that suggest whether chemical-specific concentrations at a given
facility warrant further investigation. Golder predicted that if soil uranium concentrations continue to
increase, the soils under irrigation would reach the MCL-based Soil Screening Level by the year 2039.
A review of the Ra-226 data for both soil depths at the Satellite No. 2 facility shows that concentrations
have not exceeded the background range of radium-226 concentrations. Because no discernible
increase in Ra-226 is evident Cameco expects to be able to meet soil radionuclide release limits.
The vegetation at both irrigation facilities is also monitored annually in August to test for accumulation
of radionuclides in the vegetation. Monitoring of the vegetation started at the Satellite No. 1 facility in
1991, while monitoring of the Satellite No. 2 facility commenced in 1996. The mean uranium and Ra-226
concentrations in vegetation for the Satellite No. 1 and Satellite No. 2 are listed in Tables 5-21, Mean Unat and Radium-226 Concentrations in Vegetation at Satellite No. 1 Irrigation Area for Period 20002010 and 5-22, Mean U-nat and Radium-226 Concentrations in Vegetation at Satellite No. 2 Irrigation
Area for Period 2000-2010, respectively. Since 1998, radionuclide and other parameters have been
analyzed on a dry weight basis, instead of a wet weight basis, as requested by LQD.
Vegetation samples from the Satellite No. 1 facility reported radium-226 concentrations remain very
close to background concentrations. During the period 2000 through 2010, vegetation from the Satellite
No. 1 irrigation facility exhibited background uranium concentration levels ranging from <1.00 E-5 to
1.00 E-2 ICi/g (<0.01 to 14.77 milligrams/kilogram) with a mean detectable concentration of 1.38 E-3
IiCi/g (2.03 milligrams/kilogram). Table 5-21 shows the highest uranium concentrations in 2000, 2001
and 2004. The uranium concentration for vegetation in 2005 also appears to be elevated but is suspect
as the "background" sample concentration also showed anomalously high uranium concentrations
greater than the facility sample. In subsequent years, uranium concentrations in vegetation decrease
until 2009 when an increase in uranium concentration is noted.
From 2000 through 2010, vegetation samples from the Satellite No. 2 irrigation facility exhibited a mean
uranium concentration of 1.32 E-2 ICi/g (19.43 mg/kg). By comparison, background uranium
concentration ranges from <1.10 E-6 to 2.30 E-3 ItCi/g (<0.002 to 3.40 mg/kg) with a mean detectable
concentration of 5.86 E-4 I•Ci/g (0.87 mg/kg).
From 2000 through 2010, the Satellite No. 2 facility mean Ra-226 concentration in vegetation was 1.46
E-4 VICi/g. By comparison, the background radium-226 concentration levels range from 4.40 E-6 to 2.50
E-4 ICi/g with a mean value of 7.49 E-5 pCi/g.
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5.10.4.2 Radium Treatment Sampling
Currently, the effluent from Satellites 2 and 3 is treated for Ra-226 and selenium at the Selenium
Treatment Facility at Satellite 2, and the treated effluent is discharged to PSR-2. Cameco grab samples
the radium treatment system effluent monthly to test this wastewater treatment prior to discharge into
PSR-2. The monthly Ra-226 grab samples for Satellites 2 and 3 are collected at the discharge points of
the radium treatment system at each facility. Monitoring data collected throughout the life of the
treatment system demonstrates it reduces Ra-226 concentrations to levels below the ECL (6.OE-9
liCi/ml) for Ra-226. None of the samples from Satellite 2 and 3 have exceeded the ECL since May 2001.
The Ra-226 monitoring at the Selenium Treatment Facility began in July 2010, and Ra-226 effluent
concentrations have remained below the ECL. Results of the radium treatment sampling are provided in
Table 5-23, Radium-226 Concentrations from the Radium Treatment Systems at Satellites 1, 2 and 3
and Selenium Treatment Facility for the Period 2000 through 2010. No samples have been collected
from the Satellite 1 radium treatment system since it ceased operation in 2003.
5.10.4.3 Irrigation Fluid Sampling
Cameco monitors the treated irrigation fluid that is disposed of at both irrigation facilities (Irrigation
Areas 1 and 2) in accordance with the approved license application and the WDEQ Wastewater Land
Application permits. Irrigation Areas 1 and 2 receive treated effluent from Satellites 1 and 2,
respectively. Effluent from Satellite No. 3 is treated at the Selenium Treatment Facility and is land
applied at Irrigation Area 2. The grab samples are collected at the pump suction line for the irrigator
pivot during each month of operation and analyzed for various parameters including calcium,
magnesium, sodium, potassium, sulfate, bicarbonate, chloride, TDS, SAR, pH, arsenic, barium, boron,
selenium, uranium (nat) and Ra-226.
Between January 2000 and September 2003, 45.8 hectare-meters (371 acre-feet) of water have been
treated and discharged at Irrigation Area 1. The average selenium concentration of the applied water
was 0.59 mg/I, which is near the EPA drinking water standard (0.5 mg/I) for selenium. The average Ra226 concentration was 4.3E-9 pCi/ml, and the maximum concentration during this period was 1.7E-8
ItCi/ml. The average uranium (nat) concentration was 0.20 mg/I (1.4E-7 pCi/ml), and the maximum
concentration was 0.67 mg/I (4.5E-7 pCi/ml). The ECL for uranium (nat) is 3E-7 pCi/ml. As previously
stated, Satellite 1 has not operated since 2003.
Between January 2000 and June 2011, 175.3 hectare-meters (1,421 acre-feet) of water was treated and
discharged at Irrigation Area 2. The average selenium concentration of the applied water was 0.57 mg/I
which is near the EPA drinking water standard (0.5 mg/I) for selenium. The average Ra-226
concentration was 4.5E-8 ItCi/ml, and the maximum concentration during this period was 2.1E-6 IpCi/ml.
The average uranium (nat) concentration was 0.50 mg/I (3.4E-7 ItCi/ml), and the maximum
concentration was 1.1 mg/I (7.6E-7 pCi/ml). Results of irrigation fluid sampling at Irrigation Areas 1 and 2
are provided in Table 5-24, Effluent Monitoring for Irrigation Area 1 and Table 5-25, Effluent
Monitoring for Irrigation Area 2.
5.10.4.4 Soil Water
In accordance with the approved SUA-1548 license and the WDEQ Wastewater Land Application Facility
permits, Cameco collects unsaturated zone soil water samples at the irrigation areas (Irrigation Area 1
and 2) annually and analyzes them for various parameters including uranium and Ra-226. In 1999, pore
water samples were collected from the lysimeters monitoring the 0.6-, 1.2-, and 1.8-meter (2-, 4-, and 6foot) depths at Irrigation Area 1. The 1999 sample concentrations of Ra-226 increased over the previous
year; however, the concentration was within the range reported since 1991. Between the years 2000
and 2002 there was insufficient water at the 0.6- and 1.2-meter (2- and 4-foot) lysimeters, and samples
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could not be collected. Samples were collected at the 1.8-meter (6-foot) lysimeter, and a comparison of
the data showed no significant changes or trends. In 2003, samples collected from all three depth
intervals showed no significant changes. From 2004 to 2010, no samples could be collected due to
insufficient water attributed to drought conditions and cessation of land application in 2003.
Since 2000, sufficient water has not been available from the Irrigation Area 2 lysimeters to submit for
laboratory analysis. The lack of water was again attributed to lack of precipitation and limited irrigation.
Cameco is currently evaluating other options other than the suction lysimeters to collect the soil water
samples. Results of the soil water monitoring at Irrigation Area 1 are provided in Table 5-26, Satellite 1
Land Application Facility (Irrigator No. 1) Annual Soil Water Data.
5.10.4.5 Waste Disposal Well Monitoring
Smith Ranch is permitted for 10 Class I UIC injection wells to dispose of excess water generated by both
mine unit and yellowcake processing operations. As of August 2011, eight of the ten wells have been
installed and are operable. Planned wells SRHUP #7 and SRHUP #8 have not yet been constructed.
North Butte has a Class I UIC permit currently in renewal. Four Class I UIC wells are eventually planned
for North Butte. The installation of these wells will be staged as needed for operation and restoration
requirements. Cameco is currently conducting a drilling program at the Gas Hills Remote Satellite to
evaluate the efficacy of deep well injection. As part of the WDEQ Underground Injection Control
Program requirements, Cameco is required to analyze the fluids injected into the waste disposal wells
for TDS, total alkalinity, ammonia, uranium, Ra-226 and pH.
5.10.4.6 Evaporation Ponds
The surge ponds at Smith Ranch are sampled semi-annually for bicarbonate, calcium, chloride, sodium,
sulfate, TDS, uranium (nat), Ra-226 and Th-230. To date, sample analyses have remained below UIC
permit requirements. Pond monitoring programs are detailed in Cameco SOPs.
The evaporation ponds will be visually inspected daily for normal operation and condition of ancillary
features. Ancillary features include the exposed liner above the water surface, the berm, fences and
diversion and/or storm runoff control measures. In addition, the leak detection manhole will be visually
inspected daily, and the sump pump will be tested at least once every two weeks. These inspections will
be documented and maintained on site. If flow from the leak detection sump pump is observed, the
water will be sampled and analyzed for chloride, bicarbonate and conductivity. Should the analysis
indicate that a pond is leaking, a verification sample will be collected within 24 hours of receipt of the
first analysis results. If the analytical results of the verification sample verify that the pond is leaking, the
NRC and LQD will be notified by telephone within 24 hours of verification. Within five days of the verbal
notification, a written report will be submitted to NRC and LQD. The report will include analytical data
and describe mitigation actions and the results of those actions. Once every seven days during the leak
and for two weeks following completion of repairs, water will be sampled from the leak detection sump
and analyzed for chloride and conductivity. Once per month while the pond is leaking, water will be
sampled from the leak detection sump and analyzed for the suite of parameters contained in LQD
Guideline 4, Table 2.
Once a leak has been verified and reported, the contents of the leaking pond will be transferred into
another pond or ponds, and an investigation will be conducted to determine the source of the leak. This
investigation will include inspection of the manhole and individual drain line clean out systems. When
the source of the leak has been identified, appropriate actions will be taken to repair damage to the
system.

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Page 5-56

Once the pond liner has been repaired and tested, the agencies will be notified verbally or in writing (via
a letter or e-mail) that the pond has been repaired and is being put back into service. A final report
describing all remedial and repair activities will be provided to the agencies within 60 days after repairs
have been completed.
A freeboard of at least 0.9 meters (3 feet) will be maintained in each pond to prevent loss of solutions by
wave action and to allow for holding the contents of another pond on a temporary basis in the event of
a leak.
During operation of PSR-1, a shallow monitor well, located southwest of the PSR-1 was monitored at
least weekly for potential seepage from the reservoir. Monitoring ceased when operations at PSR-1
ceased in 2003. Water levels are measured on a quarterly basis and groundwater samples are required
on a semi-annual basis from the two shallow monitoring wells located adjacent to PSR-2. Cameco
conducts quarterly sampling of both wells. Shallow Wells No. 1 and No. 6 are located adjacent to the
south and east sides of the reservoir, respectively. In addition, four new monitoring wells have recently
been installed around the perimeter of PSR-2 for a supplemental internal investigation regarding
potential seepage from the PSR into the subsurface.
Two surge ponds will be constructed at the North Butte Remote Satellite. Initially, two evaporation
ponds will be constructed at the Gas Hills Remote Satellite with four more potentially to be built in
stages as development progresses. Leak detection monitoring will commence once the remote satellites
are operational.
5.10.5

Reporting Procedures

5.10.5.1
Semi-Annual Report
Pursuant to 10 CFR 40, Section 40.64, Cameco will report the results of the effluent and environmental
monitoring programs and other information required by license conditions to the NRC semi-annually.
5.10.5.2 Annual Report
As required by W.S. 35-11-411, Cameco will submit an annual report to the WDEQ/LQD. The report shall
contain the following information:
1.

Maps showing locations of wells installed in conjunction with the ISR activity and areas
where groundwater restoration has been achieved, is occurring, or is planned within the
next year. The map also shows areas where production is expected to commence during the
next year.

2.

The total quantity of recovery fluid injected and extracted during the annual reporting
period for each mine unit including a description of how these quantities were determined.

3.

Water quality monitoring program results including a map and description of excursions that
occurred during the period, their location and extent.

4.

An updated potentiometric surface map for aquifers that are or may be affected by the ISR
operation.

Cameco will use the annual report as a means to update or revise the mine plan as operations progress.
The annual report will contain the bond estimate for surface and aquifer restoration for the current and
following year's operations. The NRC receives a copy of the WDEQ annual report.
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5.10.5.3 Mine Unit Data Submittals
Prior to commencing lixiviant injection into a new mine unit, certain baseline information will be
collected and summarized in a baseline data package (Hydrologic Testing Document) for submittal to the
LQD for their approval of planned operations in the new mine unit. The package will also be submitted
to the NRC for review. The specific information included in the Hydrologic Testing Document is provided
in Section 3.3.
5.10.5.4 Non-Routine Reports
In the event that a report of a non-routine incident becomes necessary, Cameco will follow reporting
procedures for that incident as specified by the particular regulatory agency. In most cases, both the
WDEQ and NRC are notified by telephone or e-mail within 24 to 48 hours of verified monitor well
excursions, pond leakage, significant spills, tank ruptures, or other incidents that would trigger the
reporting requirements provided in 10 CFR 20, Subpart M. Written reports will follow such telephone
reports within the timeframes discussed in this LRA, or by other requirements imposed by the regulatory
agency.

5.11
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6.0

Groundwater Quality Restoration, Surface Reclamation
and Facility Decommissioning Plans

Section Summary: This section describes groundwater restoration of wellfields following production,
decommissioning, and reclamation of facilities. Certain aspects of the overall restoration plan and
process described in Section 6.1 have changed, as discussed below. The established aquifer exemptions
are summarized and listed in Section 6.1.1. Section 6.1.2 focuses on groundwater restoration criteria,
which have not changed. However, new RTVs for various wellfields are included with this submittal.
Section 6.1.3 presents updated restoration schedules and water balances developed for Smith Ranch
and the North Butte and Gas Hills Remote Satellites. Section 6.1.4 addresses the groundwater
restoration methodology, which has been revised and updated to clarify the steps necessary for
successful groundwater restoration for SUA-1548 license areas and includes new discussions regarding
the use of bioremediation and selenium treatment. Section 6.1.5 identifies the restoration monitoring
requirements, which NRC has previously approved. Section 6.1.6 includes a commitment by Cameco to
submit a final groundwater restoration report of findings to regulatory agencies. Sections 6.1.7 and 6.1.8
present a history and status of wellfield restoration activities at the Smith Ranch site. Section 6.1.9
proposes a new groundwater restoration plan. Section 6.1.10 is a history of restoration activities at the
Ruth Remote Satellite.
Sections 6.2 through 6.4 include descriptions of subjects addressed and approved in earlier licensing
submittals. Section 6.2 describes activities necessary to complete decommissioning including submittal
of a decommissioning plan, well plugging and abandonment and surface reclamation. Section 6.3
explains the procedure employed for removal and disposal of project infrastructure (i.e., building and
equipment), and Section 6.4 describes the subsequent radiological surveys required post-reclamation.
Section 6.5 focuses on financial surety estimates updated for Smith Ranch and added for the remote
satellites.

6.1

Groundwater Restoration

ISR is an iterative process, conducted in phases from the installation of the production, injection and
recovery wells through the restoration of the affected groundwater. When the uranium concentration
of the lixiviant from a portion of or an entire mine unit falls below the predetermined economic
recovery limit, uranium extraction/production will cease, and groundwater restoration of the mine
unit will commence. In accordance with 10 CFR 40.42(d), once a decision has been made to
permanently cease lixiviant injection in a portion of or an entire mine unit, Cameco will start
restoration within 60 days of notifying NRC of this decision.
10 CFR 40.42(h)(1) specifies that groundwater restoration must be completed within 24 months after
restoration activities have been initiated. If restoration requires more than 24 months to complete,
Cameco will notify the NRC and request an alternate schedule for completing restoration. With respect
to reclamation of waste disposal areas, uranium recovery licensees are exempt from the requirements
in 10 CFR 40.42d(4), g and h. The request will provide adequate justification and information to ensure
that restoration will be completed as soon as practical and that the health and safety of workers and the
public will be protected (NRC, 2008). Pursuant to 10 CFR 40.42(i), the NRC Staff may approve a request
for an alternate decommissioning schedule (including groundwater restoration) if the Staff determines
that the request is warranted based on:
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*

Whether it is technically feasible to allow completion of groundwater restoration or
decommissioning activities within the allotted 24-month period;

*

Whether sufficient waste disposal capacity is available to allow completion of groundwater
restoration or decommissioning activities within the allotted 24-month period;

*

Whether a significant volume reduction in wastes requiring disposal will be achieved by
allowing short-lived radionuclides to decay over a longer period of time;

*

Whether a significant reduction in radiation exposure to workers can be achieved by
allowing short-lived radionuclides to decay over a longer time period; and

*

Other site-specific factors, case-by-case, such as the regulatory requirements of other
government agencies, lawsuits, groundwater restoration activities, monitored natural
attenuation, actions that could result in more environmental harm than deferring the
groundwater restoration or decommissioning activity, and other factors beyond the control
of Cameco.

6.1.1

Aquifer Exemption and Restoration Goals

Prior to commencing operations in an area, Cameco requests an aquifer exemption for the portion of
the aquifer to be impacted by ISR activities. Approval of an aquifer exemption by WDEQ and EPA is
required before ISR operations can begin. The aquifer exemption removes the production zone from
protection under the Safe Drinking Water Act. Approval is based on existing water quality, the ability to
commercially produce minerals, and the lack of use as an underground source of drinking water.
Groundwater restoration prevents mobilized constituents from affecting aquifers adjacent to the ore
zone. Aquifer exemptions have been received by Cameco for the following facilities licensed under SUA1548:

1,2

*

Smith Ranch: Monitor well ring of each mine unit (EPA, August 1990)1.

*

Highland: Monitor well ring of each mine unit (EPA, June 1987; September 1991)2.

*

North Butte Remote Satellite: Monitor well ring of each mine unit (EPA, October 1990).

"

Gas Hills Remote Satellite: The edge of each mine unit plus 0.40 kilometer (0.25 mile), also
including an additional 16-hectare (40-acre) parcel intersected by the 0.40-kilometer (0.25mile) zone; EPA excluded from the exemption a 0.40-kilometer (0.25-mile) buffer around
the Carol Shop well because they concluded that "water quality at this site is
unknown... the aquifer was used as an undergroundsource of drinking water..." (USEPA,
February 2001). WSEO groundwater rights application and well completion record
describes the intended water use as "Miscellaneous," "not used for consumption," and
"Water will be put to use in the shop itself and not used for drinking water" (Nov. 25,
1977). Water quality from the well does not meet drinking water standards and should not
be used for drinking water. Cameco is attempting to have the exclusion removed.

"

Ruth Remote Satellite: Monitor well ring of each mine unit (EPA, October 1990).

With the March 2014 WDEQ approval of the Smith Ranch-Highland combination permit amendment, the

aquifer exemption boundary was modified to be a nominal 46 meters (150 feet) beyond the monitor well ring
except for areas where containing hydraulically connected mine workings extending beyond the monitor well
ring(s), where the aquifer exemption boundary will be 1,000 feet beyond the mine workings.
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The approved primary groundwater restoration goal for SUA-1548 is to return the groundwater quality
within the affected zone to the standards identified in 10 CFR 40, Appendix A, Criterion 5B(5), which is
consistent with pre-operational baseline water quality conditions. Specifically, the groundwater is to be
restored to the values provided in the table in 10 CFR Part 40, Appendix A, Criterion 5C. If after
employing BPT in an effort to achieve pre-operational baseline, the restoration efforts do not achieve
baseline conditions, Cameco may propose ACLs in accordance with 10 CFR Part 40, Appendix A, Criterion
5B(6) that continue to protect public health, safety and the environment and do not produce an
unacceptable degradation to the water use of adjacent groundwater resources.
Groundwater Restoration Criteria and Restoration Target Values
The restoration criteria for the groundwater in a mine unit is based on the baseline water quality data
collected for each mine unit from the wells completed in the planned Production Zone (i.e., MP-Wells),
on a parameter-by-parameter basis pursuant to the methodology described in Section 3.4.4.1 of this
TR.
6.1.2

MP well baseline data are screened for outliers and averaged over the mine unit for each parameter. If
the data indicate that waters of significantly different quality exist within the same mine unit, the data
will be divided into sub-zones and evaluated to determine RTVs for each sub-zone.
Outliers are anomalously high or low values relative to the other values and can compromise a data
base. To evaluate outliers, the data are reviewed to identify obvious outliers. These values are then
evaluated using the tolerance-limit formula recommended in LQD Guideline No. 4. Once an outlier is
identified, the reasons for the outlier will be investigated and the data point will be corrected if possible.
If no explanation for the outlier can be ascertained, the data point will be excluded if it fails the
tolerance limit statistical screening.
RTVs are established based upon statistical analysis of the baseline water quality parameters. To
account for natural variation in water quality within the mining zone, the RTVs are calculated as the
mean plus two standard deviations of the baseline concentrations for each parameter. The exact
average baseline value for a particular parameter will probably not be met at the end of groundwater
restoration; therefore the restored concentration should fall within a range of acceptable values around
the mean baseline value. The mean plus two standard deviations accounts for the variability in the
measured values and should encompass 95% of the expected values for a given parameter.
RTVs have been calculated for five mine units at Smith Ranch that are currently in restoration: Mine
Units 1, 4/4A, C, D and E (Table 6-1, Smith Ranch Restoration Target Values). Cameco is calculating
RTVs for the other mine units in production at Smith Ranch. At the satellites, Cameco will calculate RTVs
for the various mine units during the mine unit baseline sampling and analysis program. If, during
restoration, the average concentration of a parameter in the designated production area wells within
the mine unit (i.e., MP-Wells) is not reduced to the RTV within a reasonable time frame using BPT,
Cameco will apply for ACLs consistent with the requirements of Criterion 5B(5) and 5B(6) of Appendix A
to 10 CFR Part 40. If approved by NRC, ACLs are considered to be adequate protection of public health
and the environment.
6.1.3

Groundwater Restoration Schedule

Schedules for groundwater restoration at Smith Ranch including Highland and Reynolds Ranch are
provided in Tables 3-12, 3-13, and 3-14. These tables identify the practical extraction rate range and
estimated pore volumes (including flare factor) for each mine unit at Smith Ranch. The schedule for
project operations and groundwater restoration for North Butte is provided in Table 3-15. The water
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balance provided in Table 3-15 identifies the practical extraction rate range and estimated pore volume
of each mine unit at North Butte. A restoration schedule has also been developed for the Gas Hills
Remote Satellite as part of the water balance for the site. The schedule for project operations and
groundwater restoration for Gas Hills is provided in Table 3-11.
The proposed water balances for the North Butte and Gas Hills Remote Satellites are preliminary. More
detailed restoration schedules will be developed for these sites as hydrologic unit testing further defines
the hydrogeologic characteristics of these remote satellites. A water balance has not yet been
completed for the Ruth Remote Satellite, so a restoration schedule has not been determined. A
restoration schedule for the Ruth Remote Satellite will be provided to NRC once the data have been
collected and the schedule has been developed.
The schedules for the mine units at Smith Ranch-Highland, North Butte and Gas Hills Remote Satellites
are based on extraction of one pore volume of groundwater sweep (GWS) and treating and re-injecting
eight pore volumes of water during clean water injection. The water balances for Smith Ranch and
Highland use actual deep disposal well injection rates and show that for Mine Units 1, C, D/D ext where
restoration is currently underway, it is estimated less than eight pore volumes will be required to
complete restoration. The duration of restoration activities will vary according to the size of the area
being restored, the porosity and permeability of the production zone, and the extent to which the
groundwater has been affected. The restoration schedule recognizes that it is necessary to isolate
restoration from production activities. If restoration areas are not isolated, lixiviant could potentially
flow into areas undergoing restoration, thus reducing the effectiveness of restoration efforts and
increasing the length of time to achieve groundwater restoration.
The duration of groundwater restoration for each mine unit is affected by many factors. The two most
critical factors are the practical extraction rate and number of pore volumes until restoration is
achieved. The practical extraction rate is that rate which creates a cone of depression such that lixiviant
from adjacent producing mine unit patterns do not flow into mine unit patterns undergoing
groundwater restoration.
Groundwater restoration of a mine unit will follow the completion of uranium production consistent
with the requirements of 10 CFR 40.42(d). Cameco may ask NRC for delay of groundwater restoration
under 10 CFR 40.42(f) if more time is required to complete restoration. If the mine unit or portion of a
mine unit being prepared for groundwater restoration is located adjacent to an active production area,
restoration activities may need to be delayed until production is completed in the adjacent unit. At that
time, the mine unit portion that just completed production may need to serve as a buffer zone between
the restoration unit and another unit that is in a production phase. Once production ceases in a mine
unit or portion thereof, additional restoration wells may need to be installed and additional equipment
replaced or added to header houses, both of which prolong the pre-restoration schedule.
In accordance with 10 CFR 40.42(i), Cameco requests approval of the schedules referenced above as
an alternate restoration schedule for the Project. Cameco understands that, except for reclamation of
waste disposal areas, 10 CFR 40.42(h)1 requires that restoration be completed within 24 months of
commencement. However, based upon past experience, Cameco has developed realistic restoration
schedules for the various mine units at Smith Ranch, including Highland and Reynolds Ranch designed to
achieve the fastest restoration possible given geologic, hydrologic and technical constraints inherent
with the restoration process. Cameco will strive to improve restoration timing (see Section 6.1.8).
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Groundwater Restoration Methodology
6.1.4
A combination of at least three major phases of groundwater restoration may be necessary to return
the quality of affected groundwater to as near pre-operational conditions as practicable, using BPT,
including:
1. Groundwater Treatment and reinjection to reduce TDS. This effectively includes GWS
because of the initial high bleed rate (5-20%) needed during the beginning of groundwater
restoration. Straight GWS may still be used during restoration for hydraulic control or spot
treatment of an area. An equivalent of at least 1 pore volume of groundwater will be
"swept" from the formation during this process.
2.

Biological Reductant and/or Chemical Reductant Treatment (may include pattern
recirculation.

3. Chemical Treatment for pH (if required).
The proposed groundwater restoration methodology is designed to (a) minimize the volume of
groundwater consumed during the restoration process and (b) optimize restoration equipment used
in treating groundwater. The methodology is based on current, industry-wide practices as well as
innovations developed by Cameco. As groundwater restoration technology continues to evolve,
alternative restoration methods which can possibly accelerate and/or improve groundwater
restoration success will be considered, evaluated and implemented. Regulatory approval will be
obtained prior to initiating an alternative restoration method not previously approved by the LQD.
The sequence of restoration activities will be determined based on operating experience, wastewater
system capacity and the progress of restoration in individual mine units. The various phases of
restoration will be used based upon the most efficient means to restore a mine unit. For some mine
units, certain phases of restoration may not be selected if deemed unnecessary.
Cameco will accomplish groundwater restoration by employing a series of steps carefully designed in
a specific sequence as described below to reduce the dissolved solids level in an efficient and cost
effective manner. Depending on the actual circumstances, some of the stages may be omitted or
extended in order to optimize a particular objective.
Oxidant Termination
6.1.4.1
The addition of oxidant to the injection system will be terminated at the start of restoration in a
mining unit. This action will tend to end additional oxidation reactions. Solubilized uranium in the
recovery stream should decrease quickly as the oxidation potential decreases, especially for those
chemical species that are readily oxidized.
Reagent Termination
6.1.4.2
After the concentration of oxidized species begins to decrease, leaching chemicals will no longer be
added to the injection solution. This procedure will result in decreasing lixiviant strength and,
consequently, decreasing the total dissolved solids through normal consumption and bleed stream
processes.
6.1.4.3
Treated Water Injection
Groundwater treatment and reinjection will be the primary tool used during the restoration process.
Historically, GWS, the process whereby large quantities of groundwater are removed from the
production zone and sent to the wastewater disposal system, has been used to draw fresh
groundwater from outside the affected area into the patterns to lower the TDS of the impacted
groundwater. GWS draws affected water toward each recovery well, thereby containing the affected
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water volume within close proximity of the peripheral wells in each pattern group. GWS has to be
practiced with caution, as excessive pumping can cause undesirable movement of groundwater into
other active restoration areas and/or operating mine units in the same formation.
Practical experience with restoration at Smith Ranch-Highland has shown that the large recovery
volume associated with GWS results in a very large consumptive use of groundwater because a large
quantity of wastewater has to be disposed. GWS will reduce the TDS but is not an efficient technique
to effectively achieve acceptable concentrations of other constituents. Cameco has found that
groundwater treatment (such as RO) and reinjection operations reduces the TDS and other
byproducts of the mining process faster than GWS alone and uses significantly less water. During
production, the typical bleed to maintain hydraulic control is between 0.5 and 1.5%. Groundwater
treatment using RO to treat the water will result in a net bleed of 5 to 20% unless a source of makeup
water from other sources is used. The increased bleed rate during RO treatment will effectively draw
the affected water plume towards the recovery wells while the clean water injection will effectively
reduce the concentration of TDS and trace elements in a more efficient and timely manner. The bleed
during groundwater treatment and reinjection will be managed to recover production flare and to
limit unintended groundwater movement from production areas completed in the same aquifers.
Various considerations for properly using this restoration methodology include:
1.

Selection of existing pattern wells to be used for Groundwater Treatment
Reinjection/GWS.

and

The chosen wells will be screened across the optimum stratigraphic interval within the
aquifer for effective sweep. Laterally, the wells will be located where pumping can be
balanced to prevent migration of affected groundwater volumes away from pattern areas
and limit the incursion of affected water that may lie outside the monitor well ring.
Preference will be given to wells located in zones with the highest TDS concentration.
2.

The volume of groundwater to be treated and disposed.
The water balance assumes nine pore volumes of groundwater treatment/GWS. All
affected wastewater from the mine units that is not treated and reinjected will be treated
in the wastewater treatment system and disposed via UIC Class I disposal wells. If the
water meets WYPDES discharge limits, it may also be discharged to the surface under a
WYPDES surface discharge permit or a land application permit.

3.

Configuration of injection and production wells.
The optimum configuration will use the available treatment facility capacity to
systematically circulate treated water through the aquifer via the existing well patterns.
The pattern size and configuration will be determined for each header house during the
restoration planning process.

4.

Required time to complete treated water injection into a mine unit or portion of a mine
unit.
The time required to complete treated water injection will depend on the initial water
quality within the mine unit patterns being restored. Typically, more time will be required
to restore the groundwater quality of the first set of patterns within a mine unit as
compared to those patterns that are adjacent to already treated patterns. Experience has
shown that treated water injection works best when the treated water is directed to only
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a small number of patterns at one time before advancing to the next pattern area(s). The
restoration plan assumes that complete restoration will require nine pore volumes of
water treatment. The timeline for restoration is based on the water treatment capacity
assumptions in the production water balance.
5.

Monitoring of indicator parameters to confirm completion of treated water injection
phase.
Completion of the treated water injection phase in each pattern is determined by the
reduction in concentration of selected water quality parameters to their final RTV.
Decreasing chloride, bicarbonate and sulfate concentrations are typically indicative of
effective formation sweep. The uranium concentration will be reduced (e.g., 2 to 3 mg/L)
during treated water injection but may not be completely eliminated until biological
remediation has been conducted and/or a chemical reductant has been added to the
injection stream.

6.

Other water treatment that may be used.
Treated groundwater may contain a significant amount of entrained oxygen because of
the water handling system and the treatment process. Because the injection of excess
oxygen has a negative effect on restoration progress, the excess oxygen will be removed
using a vacuum degasser and/or a catalytic bed using hydrogen gas. The oxygen gas is
removed when the treated water is distributed over packing material in a tall vertical tank
while a vacuum is pulled on the vessel. An additional benefit of the vacuum degassing
process is the removal of some residual carbon dioxide from the water. The use of the
catalytic bed and hydrogen gas to remove oxygen will remove oxygen from the water to
lower levels but will not remove carbon dioxide from the water stream.

The bleed water withdrawn during restoration may be treated by RO or a similar process. The treated
water, called permeate, will be reinjected, recycled through the process plant and/or potentially
surface discharged under a WYPDES surface discharge permit or through a permitted land application
facility. Should it become apparent that surface discharge or land application is a viable option the
proper permits will be obtained from WDEQOWQD. Discharge locations and discharge water quality
and flow volume monitoring will be performed in accordance with applicable permit requirements.
6.1.4.4
Biological/Chemical Reductant
If certain parameters remain elevated during restoration efforts, the use of bioremediation (i.e.,
bioreduction) and/or the addition of a reducing agent or chemical reductant will be implemented.
Typically, this additional process is used as necessary on individual mine units or on a pattern-bypattern basis. Bioremediation and/or redunctant addition may be used before, during or after the
groundwater treatment/reinjection phase using pattern recirculation.
The use of bioremediation and/or introduction of chemical reductants into the formation may be
effective in reducing the effect of the ISR process and immobilizing redox sensitive parameters such as
selenium, arsenic and uranium. Bioremediation has been demonstrated to be effective in a laboratory
setting, but further studies are needed to demonstrate a positive effect in an actual mine unit.
Cameco believes that bioremediation techniques for groundwater restoration can be developed and is
actively researching this area.
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Bioremediation is accomplished through the injection of nutrients into the groundwater so that native
bacteria in the orebody can reduce redox-sensitive species such as metals. Nutrients include electron
donors such as molasses, ethanol, methanol, cheese whey, cooking oil or other food sources. The choice
of the nutrient is based on the native bacteria species present. The food that best stimulates biological
remediation is determined by performing microcosm studies. A microcosm is an artificial, simplified
ecosystem used to simulate and predict the behavior of the natural ecosystem under controlled
conditions.
Prior to implementing a bioremediation program Cameco will submit a proposal to the NRC and LQD
for review and concurrence including:
"

The stated goal of the bioremediation, and the target conditions that will be evaluated
during the program.

*

A control plan to limit oxygen introduction into the formation.

*

The testing results addressing the carbon source and its effect on the bacterial population in
the wellfield.

"

A discussion on the nutrient forms such that they can be uniformly applied to the wellfield.

*

The target concentrations in the wellfield for the nutrients and chemical additives (based on
bench testing results).

*

Assurance that the wells, piping, pumps etc. are in proper working order, prior to the test.

*

A monitoring plan, which defines interim goals, while providing flexibility to make
corrections depending on interim results.

*

Procedures to address biofouling and undesirable precipitation (such as carbonate).

If a native bacterial assemblage is not available within the formation, chemical reductants may be
required. Chemical reductants typically consist of a sulfur compound such as gaseous hydrogen sulfide
(H1
2 S) or dilute solutions of sodium hydrosulfide (NaHS) or sodium sulfide (Na2 S).
6.1.4.5
Chemical Addition for pH Adjustment
Adjustment of pH may assist in immobilizing certain parameters, particularly metals. NaOH and KOH
are commercially available and are commonly used for pH adjustment, although other pH adjusting
chemicals may be used. This step may be combined with groundwater treatment and reinjection or as
the final stage of injection.
6.1.4.6
Stabilization
Once the average concentration of the recovery stream meets the goals as stated above, the
restoration operation will terminate in that mining unit. A final round of samples will be collected
from the designated restoration sampling wells to document the success of the aquifer restoration
program. At this point, the post-restoration stability monitoring period will begin and continue for 12
months. The post restoration monitoring will include quarterly sampling of the MP wells and sampling
of the monitoring wells (M, MO and MU wells) once every two months.
If no significant increasing trends are identifiable during the stabilization period, restoration will be
deemed successful. A summary report requesting approval of restoration will be submitted along with
the appropriate water quality data. After written notice is received that restoration has been
achieved, wells will be plugged and the surface reclaimed as described later. Stabilization sampling is
discussed in more detail in Sections 6.1.5.2 and 6.1.5.3.
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6.1.4.7
Wastewater Disposal
The excess water created by the restoration process is disposed of through land application and/or deep
well injection. There are currently (January 2012) 10 Class I deep disposal injection wells permitted
(eight of which have been drilled) for the disposal of excess water generated by both mine unit and
yellowcake processing operations. In addition to the deep disposal wells, PSR-2 and a land application
facility allows for the disposal of treated process water by evaporation and land application.
The groundwater extracted and treated during production and restoration contains selenium. The
Satellite No. 2 Selenium Treatment Facility treats water from Satellites No. 2 and 3 for the removal of
selenium, thereby allowing a treated stream to be discharged into PSR-2 for eventual disposal by land
application. The Selenium Treatment Facility also includes a radium removal circuit. After removal of
uranium and Ra-226, the water is pumped into selenium removal columns where the selenium is
captured in an iron-sand media. When the media reaches selenium saturation, the media is removed,
dewatered, and disposed at a NRC licensed disposal facility. New iron-sand media is installed in the
selenium removal column, and the column is put back into service.
Operating experience has shown that the rate of land application and evaporation during the summer
months sufficiently reduces the contained volume (water level) in PSR-2 such that continuous inflow to
the reservoir can occur during the winter months when land application cannot be done.
The current plan for water disposal at the North Butte Remote Satellite is to dispose of excess water
exclusively through deep well injection. North Butte has two permitted UIC Class I disposal injection
wells, and one of them has been installed (January 2012). Additional disposal wells will be permitted
and installed as required. It is estimated that four UIC disposal wells will be required over the life of the
North Butte Satellite.
Two surge ponds will be maintained at North Butte to store wastewater from the satellite facility prior
to deep well injection. The design of the ponds meets the guidance provided in NRC Regulatory Guide
3.11 (NRC, 2008) and the standards providedin 10 CFR Part 40, Appendix A,Criterion 5(A).
At the Gas Hills Remote Satellite, excess water will be disposed of in evaporation ponds and/or through
deep well injection. Cameco is drilling two test injection wells for determination of a suitable receiving
formation and its hydraulic properties of the formation. Initially, two evaporation ponds will be
constructed and four additional ponds will be installed during the life of the project. The design of the
evaporation ponds meets the guidance provided in NRC Regulatory Guide 3.11 (NRC, 2008) and the
standards provided in 10 CFR Part 40, Appendix A, Criterion 5(A).
The wastewater disposal methodology at the Ruth Remote Satellite has not been determined. Two
evaporation ponds remain from the Ruth R&D project,. and these ponds may be used again once Ruth
becomes operational. Deep well injection may also be considered, although no permitted wells
currently exist.
6.1.4.8
Restoration of Stacked Ore Horizons
Restoration of stacked ore horizons is conducted through either twinned or recompleted wells,
depending upon the separation distance between the two completion intervals. If the separation
distance is small (< 15 feet), restoration will be conducted as for single-well completions. If the
separation distance is greater than 15 feet, restoration will be performed in a slightly different
manner. After the lower-most completion zone has been mined out, the injection/production wells
will be temporarily sealed using a neat cement slurry or other methods approved for use by the
WDEQ/LQD. Mining will then progress to the upper zone. After mining has been completed in the
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upper zone, the temporary seals in the lower zones will be removed thereby opening the wells to
both mining zones. Restoration will then proceed as for a single completion well with the same target
restoration and stability values for both zones treated as a single hydrologic unit.
Needed restoration pore volumes will be estimated using the same criteria as for single completion
mine units. The key parameter in calculating pore volumes is the thickness of the completed screen
interval plus the vertical flare factor. Prior to starting production in the second completion, the pore
volume calculation will be revised to incorporate the thickness of the additional completion interval.
The revised values will be included in the updated surety calculations. If twinning is used instead of
multiple completions, the total pore volume of both completion intervals will be calculated and
provided in the surety estimate prior to production from the first interval.
6.1.5

Groundwater Restoration Monitoring

6.1.5.1
Operational Monitoring
At the start of groundwater restoration in each mine unit or portion thereof, groundwater from each
MP well is sampled and analyzed for the parameters in Table 6-2, Groundwater Restoration Monitoring
Parameters, and compared to the MP-wells baseline characterization of that mine unit. This sampling
effort will characterize an "end of injection" water quality average. To track the progress of restoration
the MP wells in active restoration areas will be sampled and analyzed for conductivity, chloride and
uranium once every two months, with at least 45 days between sampling events. In the event inclement
weather or malfunction delay scheduled groundwater sampling for more than seven days, Cameco
will notify the NRC and LQD. Depending on the results of initial restoration sampling, other parameters,
such as selenium, may be tracked during restoration to evaluate the need for bioremediation/reductant
addition, pH control, etc.
The perimeter wells (M wells), overlying aquifer wells (MO or MS-wells), and underlying aquifer wells
(MU or MD-wells) are sampled once every two months (with at least 45 days between sampling events)
and analyzed for the excursion parameters chloride, total alkalinity or bicarbonate, and conductivity.
Static water levels are also measured in these wells prior to sampling.
6.1.5.2
Restoration Stability Sampling
Once active restoration has been completed, Cameco will notify LQD and NRC and submit a
restoration report that documents how restoration was conducted, data to support the decision to
enter stability monitoring, and the current end of restoration mine unit conditions. Following the
submission of the restoration report, a minimum one-year stability monitoring period commences to
demonstrate that the restoration standard can be maintained. The groundwater restoration stability
monitoring program consists of:
1.

Continued routine excursion monitoring for alkalinity, chloride and conductivity at M, MO
and MU monitor wells.

2.

Sampling of the M P-wells at the beginning of the stability period and quarterly thereafter.
LQD, NRC and/or Cameco may determine that additional stability sampling beyond the
first five events may be necessary. Samples will be analyzed for the parameters in Table 62.

3.

Restoring wells on excursion status to 10 CFR 40, Appendix A Criterion 5B(5) standards or
approved ACL concentrations.

4.

In the event that one agency (NRC or WDEQ) approves restoration of a mine unit before
the other agency has concurred that restoration is complete, excursion sampling of the
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M, MO and MU monitoring wells will continue at a specified schedule based on site
specific conditions and determined through hydrologic analysis to ensure protection of
down gradient groundwater.
In the event inclement weather or malfunction delay scheduled groundwater sampling for more than
seven days, Cameco will notify the NRC and LQD.
Routine excursion monitoring for alkalinity, chloride and conductivity at perimeter, overlying and
underlying monitor wells will continue until NRC approves restoration. The MP-wells will be sampled
at the beginning of the stability period and quarterly thereafter. Cameco will consult with NRC should
additional restoration stability monitoring appear to be required after completing the initial four
quarters of stability monitoring. Should the stability monitoring show that the mine unit is not stable,
Cameco will continue to monitor quarterly for up to three additional years. After three years, Cameco
will discuss the statistical analysis of the data, an alternative monitoring plan, and a corrective action
plan as part of an ACL application to the NRC. Cameco will apply appropriate groundwater statistical
and modeling methodologies to analyze the groundwater quality data and to determine potential
trends.
Determination of Restoration Success
6.1.5.3
At the end of the stability period, Cameco will evaluate mine unit groundwater restoration and
stability by (a) comparison of groundwater monitoring data to the RTVs and (b) no increasing indicator
parameter concentrations. Cameco will prepare a report of this evaluation for regulator review and
approval. Should the stability data show that the mine unit is not stable, stability monitoring will
continue for up to an additional three years. After three years Cameco will discuss with NRC the
statistical analysis of the data, an alternative monitoring plan, and a corrective action plan as part of
an ACIL application.
After concurrence from the WDEQ and NRC that the restoration goals have been achieved and stability
criteria have been met, decommissioning and surface reclamation of the restored area will be initiated
as described in Sections 6.2 and 6.3.
Smith Ranch Restoration History
Mine Unit I
6.1.6.1
Mine Unit 1 has been undergoing restoration since September 2006. Mine Unit 1 produced from 1997
to 2006. Groundwater sweep was performed until May 2007. The RO and de-carbonation phase began
in May 2007. The de-carbonation system was shut down in November 2009 to eliminate residual oxygen
from the system being sent back to the aquifer. As of July 25, 2011, sodium sulfide is being added to the
system as a reductant concurrent with RO treatment. Restoration using RO reinjection and sodium
sulfide addition in Mine Unit 1 is continuing as of January 2012.
6.1.6

Mine Unit-4/4A
6.1.6.2
Mine Unit 4/4A has been undergoing restoration since December 2010. Mine Unit 4/4A produced from
September 1999 to December 2010. RO treatment continued until April 2011, when technical issues
related to the reject brine IX recovery process necessitated temporary cessation of restoration.
Restoration activities recommenced in May 2011. Additional groundwater modeling has been
performed and replacement wells will be installed in those areas of the mine unit that require them.
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6.1.7
Highland Restoration History
6.1.7.1
Mine Unit A
In November 2003, LQD conditionally approved Mine Unit A restoration after concluding that the
restoration effort used BPT, and the groundwater had been restored to its class of use. The NRC
approved the Mine Unit A restoration on January 15, 2004 (see also PRI / Kearney, 2004). However,
Both LQD and NRC wanted additional monitoring to validate the fate and transport model, which
predicted that the downgradient groundwater quality would be protected through natural
attenuation. As a condition of approval of the groundwater restoration in Mine Unit A, the LQD
required continued long-term monitoring downgradient of the restored mine unit. A Long-Term
Monitoring (LTM) Plan was approved by the agencies and implemented beginning June 2004. The LTM
predicted that Ra-226 and redox sensitive parameters should decrease over time as the restored
groundwater moved toward and through the more reducing environment; specific target end values
were not proposed. Mine Unit A produced from 1988 to 1991. Active groundwater restoration was
performed from 1991 to 1998, followed by a 13-month stability monitoring period from February 1999
to April 2000. Pursuant to a 1996 discussion with LQD, it was agreed that a calculated pore volume is
equivalent to 3.7 hectare-meters (30 acre-feet) of water. Pore volumes of groundwater extracted
and/or treated and reinjected were as follows:
*
0
*
*
*

1.3 pore volumes of groundwater sweep.
12.4 pore volumes of RO sweep.
1.95 pore volumes of groundwater sweep for excursion control.
1.9 pore volumes of recirculation for reductant addition.
0.2 pore volumes of groundwater sweep during recirculation for excursion control.

The LTM plan was implemented from June 2004 through March 2005, when NRC gave final approval of
Mine Unit A restoration. Cameco plugged and abandoned the Mine Unit A wells in accordance with
applicable rules and regulations, as reported to LQD in the 2005 third and fourth Quarter Reports.
Actual groundwater concentrations are similar to those predicted in the LTM Plan to occur by natural
attenuation. Wells MP-4 and 1-21 are completed in the production zone, and samples from these wells
are representative of restored production fluids. LTM-4 is a monitor well completed in the flare from the
production zone. M-3 and M-4 are wells completed in the 20-Sand down gradient of Wells MP-4, 1-21,
and LTM-4. Actual concentrations of Fe, Mn, Se, and Ra-226 down gradient of MP-4 are similar to the
concentrations at the perimeter wells. While uranium concentrations are slightly higher than
predicted, Well LTM-4 (inside the monitor well ring) exhibits uranium concentrations below the
baseline concentration of 0.05 mg/L.
6.1.7.2
Mine Unit B
WDEQ approved Mine Unit B groundwater restoration on April 2, 2008. Mine Unit B was in production
from January 1988 to July 1991. Active groundwater restoration was performed from July 1991 to June
2004, followed by a six-month stability period from June to December 2004. LQD raised concerns about
Well BM-42, groundwater from which had reported excursion parameters and uranium
concentrations exceeding the UCLs since November 2002. As detailed in 3.10.2.1, groundwater
collected from a well subsequently installed to replace Well BM-42 did not exhibit excursion, and LQD
agreed that Well BM-42 had been restored to class of use.
Because of WDEQ concerns about elevated arsenic concentrations reported in groundwater from Wells
MP-14, MP-21 and MP-22, an additional six months of stability sampling was conducted. The additional
sampling results showed arsenic concentrations decreasing over time and that the mine unit average
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arsenic concentration was less than the drinking water standard. Another set of samples collected in
October 2006 demonstrated groundwater quality stability within the mine unit. Final pore volumes of
groundwater extracted and/or treated and reinjected were as follows:
0
0
*
*
a
*

2.93 pore volumes of groundwater sweep
13.47 pore volumes of RO sweep
0.92 pore volumes of recirculation for uranium removal
0.88 pore volume of bioremediation treatment
1.09 pore volume of sodium sulfide treatment
5.22 pore volumes of bleed for hydraulic control

PRI initially submitted a groundwater stability report to LQD in 2005 (PRI, 2005). In June 2009, Cameco
wrote to request that NRC approve Mine Unit B restoration (Cameco, 2009). NRC rejected the request
(USNRC, September 2010) because (a) Well BM-42 remained on excursion status and (b) Mine Unit B
had been pumped during the stability (no pumping) period. The NRC had stated in NRC Regulatory Issue
Summary 2009-5 (1) The Process for Scheduling Licensing Reviews of Applications for New Uranium
Recovery Facilities; and, (2) The Restoration of Groundwater at Licensed Uranium In Situ Recovery
Facilities that NRC determined that "Criterion 5B of Appendix A, of 10 CFR Part 40 contains the
appropriate standards that will be applied to groundwater restoration at ISR facilities".
The mine unit average concentrations of uranium and other constituents exceed baseline
concentrations and the limits from Criterion 5B of Appendix A. In May 2013, Cameco submitted to the
NRC for evaluation and approval of an ACL application for Mine Unit B under 10 CFR Part 40, Appendix
A, Criterion 5 (C). As of July 2014, the ACL application remained under review.
6.1.7.3
Mine Unit C
Production from the 50-Sand aquifer in Mine Unit C began by injection of lixiviant in the C8 and C10
pattern groups in July 1989. Injection of lixiviant into the last group of patterns remaining in production
was stopped on May 11, 1999. Preparation for restoration of the groundwater in the northern portion of
Mine Unit C began in the spring of 1997.
GroundwaterRecirculationand Degassing
In July 1999, PRI completed construction of a groundwater IX recirculation loop between the northern
portion of Mine Unit C and Satellite No. 2 to reduce the concentration of residual uranium which
remained in solution after production had ended. The second phase of this operation was to remove
residual carbon dioxide gas from the re-circulated groundwater. A de-carbonator was installed for this
purpose at Satellite No. 2 and began operating on March 7, 2003.
However, in early 2009, the use of the de-carbonator unit was discontinued due to concerns related to
re-introducing oxygen into the injection stream. The addition of oxygen into the injection stream is
believed to keep uranium in solution, such that it inhibits the desired precipitation of uranium. Also,
the addition of oxygen to the injection stream may be a contributing factor to the increase in uranium
concentration by mobilizing additional uranium in the ore zone of the formation. Groundwater
recirculation and degassing was discontinued at Satellite No. 2 by May 31, 2010.
Reverse Osmosis
Three RO units were installed in 2006, and the RO permeate was passed through the de-carbonator.
However, in order to proceed with the Mine Unit C Bioremediation Project, Cameco discontinued use
of RO units as of April 10, 2009 after LQD approval (LQD, April 2009).
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BioremediationProject
Cameco proposed bioremediation to assist with groundwater restoration. Bioremediation had
previously been used in Mine Unit B to lower the groundwater selenium concentration, achieving
selenium concentrations averaging 0.009 mg/L at the end of active groundwater restoration.
After the success of the Mine Unit B Bioremediation Program, further laboratory experiments were
conducted to identify other food sources that would stimulate the naturally occurring bacteria present
in the aquifer on site and return the aquifer to reducing conditions faster than what was achieved in
Mine Unit B. Laboratory tests identified two potential food sources better for stimulating the growth of
the naturally occurring bacteria and accelerating the reduction of selenium, uranium, and other redox
sensitive ions. Limited bioremediation testing using the new food began in February 2006. Plugging
problems associated with the well screens were experienced using only cheese whey as a substrate,
and the experiment was suspended. Cameco reviewed the substrate injection and surmised that
switching the substrate to a combination of methanol plus cheese whey would relieve some of the
plugging problems experienced using cheese whey only.
WDEQ approved Cameco's request to proceed with bioremediation throughout Mine Unit C, and the
program began with injection of substrate on April 20, 2009. The concentration of selenium plunged
early in the experiment and remained low throughout the project. However, bioremediation did not
reduce uranium concentrations as expected, and the bioremediation project ended in January 2010.
Cameco submitted a report to LQD (Cameco, March 2010) concluding that the results of the
bioremediation program were inconclusive because the project was hampered by biologic and chemical
factors. The most important of these was the inadequate injection/delivery of substrate to the
formation because of inoperative wells in portions of the mine unit (failed wells), wells clogging during
the course of organic carbon addition, and the existence of an adjacent underground mine drift. The
plugging problem appeared limited to the well bore and, in many instances, jetting and swabbing
restored flow to the wells. A secondary problem was oxygen contamination from forced draft decarbonation and from wells pumping off. The LQD reviewed, commented on, and asked questions
about this report (WDEQ, April 2010). Cameco responded to LQD comments during the 3 rd Quarter of
2010.
Cameco submitted a conventional groundwater restoration plan for Mine Unit C to LQD (Cameco,
February 2011). Restoration in Mine Unit C is continuing as of January 2012.
6.1.7.4
Mine Units D and D-Extension
Mine Units D and D-Extension have been in active restoration since April 2011. Injection of lixiviant
into the last group of patterns remaining in production was halted in April 2007 in Mine Unit D and
February 2007 in Mine Unit D-Extension because of the need for infrastructure upgrades. Infrastructure
upgrades began in winter 2009, and, Cameco installed 35 replacement wells in the mine unit between
June 2010 and April 2011.
6.1.7.5
Mine Unit E
Mine Unit E is currently (2012) undergoing restoration preparations, including the installation of 177
replacement wells and refurbishment of header houses. GWS is still occurring in some areas and RO
treatment is ongoing at those header houses that have received adequate GWS.
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6.1.8

Groundwater Restoration Improvements

Since the previous license renewal, Cameco has developed and implemented several procedures that
have resulted in improving and expediting groundwater restoration within the Smith Ranch site mine
units. Cameco will continue during the next license period to research, experiment, and adjust
operations that effect more timely and cost effective groundwater restoration at the Smith Ranch
project sites.
Prior to restoration, Cameco reviewed injection well MIT reports for Mine Units C, D/D-Extension, E,
1, and 4 to determine if wells needed to be repaired/replaced and whether additional
injection/production wells may be needed to facilitate restoration. This assessment resulted in the
replacement/addition of approximately 300 wells within these wellfields to provide sufficient
coverage for enhanced groundwater recovery and more effective overall restoration. Pre-restoration
well assessment will be continued in the future.
Prior to restoration, Cameco also inspected and refurbished header houses at Mine Units C, D, E, 1
and 4, including bellholes and pipelines. The purpose of refurbishment was to reduce restoration
delays and interruptions caused by forseeable equipment and materials failures. Inspection and
refurbishment will be continued throughout restoration to maximize and more effectively direct
restoration flow. Pre-restoration header house assessment will be continued in the future.
Cameco has continued to expand disposal capacity for GWS and RO reject water since the last license
renewal. Currently at the Smith Ranch-Highland site, wastewater is disposed of via seven Class I UIC
deep disposal wells and one land application irrigator system. Cameco completed rehabilitation
activities (a.k.a. work over) on the Morton and Vollman deep disposal wells to restore injection
capacity for the disposal of restoration brines and other fluids. Cameco installed three additional deep
disposal wells (SHRUP 6, SHRUP 9 and SHRUP 10) during the renewal period, which created even more
disposal capacity. For long-term maintenance of injection well infrastructure, Cameco initiated an
anti-scalant treatment program to preserve well integrity and maintain injection efficiency. Cameco
permitted three additional deep disposal wells under the UIC regulations that will be installed as
needed for disposal capacity. To maximize restoration, RO capacity was increased from 3,410 liters
per minute (900 gpm) to approximately 8140 liters per minute (2,150 gpm) during 2011-2012.
In some cases such as in complex hydrogeological settings, Cameco may also use groundwater flow
and mass transport model simulations as a tool to optimize the restoration process.
Effluent disposal via land application previously was limited or prohibited by selenium and radium
concentrations exceeding the land application permit limits. However, technology advancements and
infrastructure development have reduced selenium and radium concentrations to levels allowed for
land application. Cameco constructed a Selenium Removal Plant adjacent to Satellite-2 to treat
wastewater after radium removal and prior to land application. The plant removes sufficient selenium
from the water to allow the continued use of PSR-2 and the related pivot irrigator. Evaluation of
selenium removal and subsequent land application indicate that land application of the treated
wastewater does not pose a substantial risk to public health or the environment.
Cameco conducted groundwater restoration bioremediation experiments at the Smith Ranch (in 2003)
and Crow Butte (in 2009) facilities. Nutrients used in these experiments included methanol coupled
with molasses. Subsequent experiments were performed using cheese whey coupled with methanol.
The results of these small-scale experiments showed that bioremediation works to reduce redoxsensitive constituents but can be problematic to implement. Cameco continues to explore the
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possibility of bioremediation as an aid to restoration through a research partnership with the
University of Wyoming.
Cameco is committed to continuing research efforts in the area of groundwater restoration to identify
process risks and technology or methodologies that can be used to reduce the volume of water that
needs to be treated to achieve desirable restoration outcomes. Additional in-house studies designed
to provide methods for increasing disposal capacity and improving water management are ongoing
and will also serve to accelerate restoration progress. Cameco is also working with the University of
Wyoming School of Energy Resources on other research topics in ISR restoration of potential benefit
to the Wyoming uranium industry. These research programs are being funded by the State of
Wyoming.
Other ongoing restoration research programs being conducted at the Smith Ranch-Highland site
include:
*

Field evaluation of the restorative capacity of the aquifer down gradient of an active uranium
ISR mining site during the operational phase, through Los Alamos National Laboratory.

*

Critical Evaluation of Restoration Goals based on Improved Geochemical and Toxicological
Characterization of Baseline and Post-Mining Site Conditions, through Colorado State
University and South Dakota School of Mines.

*

Cameco has also allowed researchers from Lawrence Berkley Laboratory and the USGS access
to core material for groundwater restoration research programs that are funded by other
outside sources.

6.1.8.1
Ruth Restoration History
The Ruth R&D project restoration was conducted from February 1984 through December 1984. During
this restoration phase the TDS were reduced in the affected groundwater using a phased plan
incorporating RO technology, together with a reduction phase using hydrogen sulfide gas. At the
termination of the restoration phase, the stabilization period was initiated and continued through
December 1985. Both the NRC and WDEQ approved the restoration in letters dated February 1986 and
March 1986, respectively.

6.2

Decontamination and Decommissioning

6.2.1
Introduction
The goal of surface reclamation is to return disturbed areas to their pre-ISR land use of livestock grazing
and wildlife habitat. The baseline soils, vegetation and radiological data will be used as a guide in
evaluating final reclamation success. Vegetation success criteria will be in accordance with Section
6.2.4 of this TR. In concurrence with the landowner desires and approved by the NRC and WDEQ, an
alternative use may be justified. For example, if the landowner desires to retain certain roads or
buildings, this will be discussed with the regulatory agency.
As stated in Section 6.1 of this TR, 10 CFR 40.42 requires timely groundwater restoration and
decommissioning/surface reclamation of uranium recovery facilities, including ISR facilities. The
following sections generally describe the planned decommissioning activities and procedures for SUA1548 facilities. At least 12 months prior to the planned commencement of final decommissioning of
the entire license area or an individual area within the license, Cameco will submit to NRC a detailed
Decommissioning Plan for their review and approval. The final decommissioning plan will include a
description of:
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*
*
"
*
"
6.2.2

Planned decommissioning activities,
Structures and equipment to be decommissioned,
Methods planned to ensure protection of workers and the environment from radiation hazards,
The planned final radiation survey (benchmark analysis), and
An updated, detailed cost estimate.
Well Plugging and Abandonment 3

Following regulatory concurrence by both WDEQ. and NRC that groundwater restoration has been
completed within a mine unit or for the license area as a whole, wells will be abandoned in accordance
with applicable State and Federal regulations. Following are typical well abandonment requirements:
1.

The abandonment material may be neat cement slurry, sand-cement grout, bentonite chips
or other plugging materials as approved by the LQD Administrator, which will prevent the
movement of fluids into or between unauthorized zones or water-bearing strata.

2.

Except for bentonite chips, the abandonment material will be mixed with water and
pumped through the drill pipe, or a tremie pipe in the case of a hose reel, filling the well
from bottom to top.

3.

The well will remain open for at least 48 hours to allow for settling of the abandonment
fluid. As needed, additional abandonment materials will be added to the well until the well
has been plugged to within at least 0.6 meters (2 feet) of the surface.

4.

After the fluid level has stabilized, the soil around the well collar will be excavated to expose
the casing to at least 0.6 meters (2 feet) bgs. The casing will then be cut off at a minimum of
0.6 meters (2 feet) bgs.

5.

A cement or concrete hole plug will be placed in the top of the casing. If cement is used to
plug the well and it is within 0.9 meters (3 feet) of the surface, a concrete plug will not be
required.

6.

If the abandoned well is a monitor well contained within a monitor well ring surrounding a
mine unit, a steel plate will be placed on top of the well casing concrete plug showing the
permit number, well identification, and date of plugging. The marking device will be
installed at a minimum depth of 0.6 meters (2 feet) bgs.

7.

The excavated area around the abandoned well and any surface disturbance will be
backfilled with the excavated material to the original surface and seeded with the approved
seed mixture.

8.

A written abandonment report will be completed for each abandoned well, providing
detailed documentation of the abandonment, which will be placed in the individual well file
and reported to WDEQ and the WSEO in accordance with LQ.D Rules and Regulations
Chapter 11, Section 15(e).

9.

The boundaries of each mine unit and the location of the monitor well ring around each
mine unit will be recorded as a deed notice with the appropriate county, in accordance with
LQD Rules and Regulations Chapter 11, Section 8(h)(i).

Should a well have artesian flow to the surface, a counter pressure will be applied to force the
abandonment fluid into the annular space of the well. This counter pressure will be maintained for the
3This

section has been revised to ensure that it complies with WDEQ/LQD Rules and Regulations Chapter 11
revisions enacted November 20, 2013 and Cameco well abandonment procedures.
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length of time required for the abandonment fluid to set or fully hydrate to permanently seal off the
flow and/or pressure of the artesian aquifer such that surface or subsurface leakage will not occur. The
well will then be abandoned as described in 1 through 9 above. Written abandonment reports for wells
that are artesian to the surface will be submitted to the appropriate State agencies.
6.2.3

Surface Disturbance
Construction of ISR processing facilities causes long-term surface disturbances. Lesser surface area is
also disturbed short term during well drilling, pipeline installations, road construction, and header
house construction. Disturbances associated with drilling, mine unit construction and pipeline
installation are relatively limited and are reclaimed and seeded in the same season. Vegetation typically
can be re-established over these areas within two years of the initial disturbance.
6.2.4
Surface Reclamation
All disturbed surfaces will be scarified and contoured, if necessary, followed by topsoil placement and
seeding with the WDEQ-approved seed mix. As ISR construction does not necessitate major changes in
the natural topography, no major recontouring is anticipated, and the existing ground topography will
closely mirror the final ground topography.
The reclamation area will not be left as a "hole," nor will it be significantly elevated above the existing
ground surface. Salvaged topsoil will be used for reclamation purposes, and stockpiled and salvaged
topsoil will be replaced on the final ground surface. Areas to receive topsoil will be treated first with a
harrow, chisel plow or conventional disk to relieve compaction. Topsoil will be placed in a single lift to
avoid compaction. If necessary, the replaced topsoil will be disked to create a proper seedbed. On
slopes of 4H:1V or flatter, topsoil will be placed along the contour. Topsoil thicknesses generally will be
uniform and reflect the approximate thickness of topsoil originally available at the locality being
reclaimed. Cameco will determine this replacement thickness on site, typically by augering adjacent
undisturbed surface to determine original topsoil thickness. The undisturbed ground will be smoothly
transitioned into the disturbed ground following replacement of the topsoil. Topsoil will not be placed if
site conditions are excessively wet, dry or frozen. Such ground conditions would cause excessive clods
or frost chunks to form and may impart undesirable physical characteristics to the final seedbed.
Once the surface reclamation activities are completed, the area will be seeded with the approved seed
mix. Seeding is completed in the spring or fall during the year in which the topsoil is replaced. Seeding
is completed either during the fall seeding window (mid-October until frozen ground conditions) or, if
spring seeding is required, no later than mid-April. Seeding is typically done using a drill seeder, or seed
may be hand broadcast if the area is small.
In addition to seeding areas that require topsoil replacement, seeding will also occur where vegetation
has been removed or disturbed. These would most likely be areas within the mine units where no
topsoil was removed and normal operations have impacted the vegetation. These areas will be scarified
to loosen the surface soil prior to seeding. No seeding will be conducted when the ground is frozen or
snow covered. The reclaimed surface will be available for unrestricted use at the end of the
decommissioning/reclamation process.

6.3
6.3.1

Procedures for Removing and Disposing of Structures and Equipment
Preliminary Radiological Surveys and Contamination Control

Prior to decommissioning of structures, equipment or scrap, preliminary radiological surveys will be
conducted to characterize the levels of contamination on structures and equipment and to identify
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potential hazards. These surveys will include alpha, beta and gamma surveys and smear surveys, where
appropriate. In general, the operational contamination control program, as discussed in Section 5.8.6 of
this TR, will be applicable to decommissioning of structures. The surveys will support the development
of procedures for dealing with such hazards prior to commencement of decommissioning activities.
Based on the results of the preliminary radiological surveys, gross decontamination techniques will be
employed to remove loose contamination before decommissioning activities proceed. This initial
decontamination will generally consist of washing accessible surfaces with high-pressure water. In areas
where contamination is not readily removed by high-pressure water, a decontamination solution (e.g.,
dilute acid) may be used. The wash water will be contained and properly disposed.
6.3.2
Removal of CPP, CPF and IX Buildings and Ancillary Equipment
The majority of the equipment in the process buildings as well as the buildings themselves, may be
reusable, depending on age and functionality. Alternatives for the disposition of buildings and
equipment are discussed below.
All potentially contaminated equipment and materials including tanks, filters, pumps, piping, etc., will be
inventoried, listed and designated for one of the following removal alternatives:
1.
2.
3.
4.

Removal to a new location within SUA-1548 for future use;
Removal to another licensed facility for use;
Decontamination to meet unrestricted use criteria for release, sale or use by others; or
Disposal at an NRC-licensed disposal facility, if the equipment or materials cannot be
decontaminated to unrestricted release criteria.

It is anticipated that process buildings will be decontaminated, dismantled and released for use at
another location. If decontamination efforts are unsuccessful, the material will be transported to an
NRC-licensed disposal facility. Cement foundation pads and footings will be broken up and (a) buried
on site if approved by the regulatory agencies and surface owners, (b) transported to a solid
waste disposal site, or (c) if contaminated, transported to an NRC-licensed disposal facility.
6.3.2.1
Building Materials, Equipment and Piping to be Released for Unrestricted Use
Salvageable building materials, equipment and other materials to be released for unrestricted use will
be surveyed for alpha contamination in accordance with NRC guidance. Release limits for alpha radiation
are as follows:
*

Removable alpha
centimeters.

•

Average total alpha contamination of 5,000 disintegrations per minute/100 square
centimeters over an area no greater than 1 square meter.

"

Maximum total alpha contamination of 15,000 disintegrations per minute/lO0 square
centimeters over an area no greater than 100 square centimeters.

contamination

of

1,000

disintegrations

per

minute/100

square

Decontamination of surfaces will be to ALARA . Non-salvageable contaminated equipment, materials,
and dismantled structural sections will be transported to an NRC-licensed disposal facility. In most cases,
the byproduct material will be shipped as Low Specific Activity (LSA-I) material, UN2912, pursuant to 49
CFR 173.427.
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Any underground or above-ground petroleum storage tanks will be closed in accordance with Wyoming
Statute 35-11 Article 14 (Wyoming Storage Tank Act of 2007), as applicable. If the tank(s) is registered
with the WDEQ/Storage Tank Program, the Program authorities will be notified of the proposed
closure, and Cameco will coordinate required closure sampling.
6.3.2.2
Preparation for Disposal at Licensed Facility
If facilities or equipment are to be moved to a facility licensed for disposal of 11e.(2) byproduct material,
the following procedures will be used.
*

Exterior surfaces of process equipment will be surveyed for contamination. If the surfaces
are found to be contaminated, equipment will be washed down to permit safe handling.

*

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

"

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

*

Contaminated buried main trunk lines and sump drain lines will be excavated and removed
for transportation to an NRC-licensed disposal facility.

*

Contaminated HDPE liners and contaminated soils underlying the surge ponds and
reservoirs will be excavated and removed for transportation to an NRC-licensed disposal
facility.

6.3.3

Waste Transportation and Disposal

Pursuant to License Condition 9.6 of SUA-1548, materials, equipment, and structures that cannot be
decontaminated to meet the appropriate release criteria will be disposed at an NRC-licensed disposal
site. A current disposal agreement will be maintained with a minimum of one licensed disposal facility
throughout the duration of licensed operations. Should Cameco contract with a new disposal facility,
Cameco will notify the NRC in accordance with License Condition 9.6 of SUA-1548.
Transportation of contaminated waste materials and equipment from the site to the approved licensed
disposal facility or other licensed sites will be conducted in accordance with the DOT Hazardous
Materials Regulations (49 CFR Part 173) and the NRC transportation regulations (10 CFR 71).

6.4

Procedures for Conducting Post-Reclamation and Decommissioning
Radiological Surveys

Surface soils will be cleaned up in accordance with the requirements of 10 CFR Part 40, Appendix A,
including a consideration of ALARA goals and the chemical toxicity of uranium.
"Benchmark" modeling will be performed and submitted with the decommissioning plan required by
License Condition 9.11 of SUA-1548. The NRC issued a Final Rule (64 FR 17506) on April 12, 1999 that
requires the use of the existing soil radium standard to derive a dose criterion for the cleanup of
byproduct material. An amendment to Criterion 6(6) of 10 CFR Part 40, Appendix A was effective on
June 11, 1999. This "benchmark approach" requires that NRC licensees model the site-specific dose from
the existing radium standard and then use that dose to determine the allowable quantity of other
radionuclides that would result in a similar dose to the average member of the critical group. These
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determinations must then be submitted to NRC with the site decommissioning plan or included in
license applications. Cameco will use RESRAD Version 6.4 or later versions to calculate radiation doses
and estimate cancer risks to the existing population groups and to derive cleanup standards for
radioactively contaminated soils.
Cameco will use site-specific parameters and NRC guidance (Appendix E to NUREG-1569) to conduct
benchmark modeling. This guidance discusses acceptable models and input parameters.

6.5

Financial Surety

6.5.1

Financial Surety Estimates and Arrangements
Cameco maintains NRC-approved financial surety arrangements in the form of letters of credit (LCs)
issued for each individual site licensed under SUA-1548. Consistent with 10 CFR 40, Appendix A,
Criterion 9, which states in part "...In order to avoid unnecessary duplication and expense, the
Commission may accept financial sureties that have been consolidated with financial or surety
arrangements established to meet requirements of other Federal or state agencies...," the NRC has
accepted financial surety instruments listing the WDEQ as the "beneficiary" and/or the WDEQ and
Department of Interior, BLM, together as "co-beneficiaries." The amounts of the LCs are based on
estimates that assume third-party costs and incorporate reclamation obligations for both existing
operations and planned expansions within the upcoming year. The term "reclamation" encompasses
groundwater restoration, facility decommissioning and surface reclamation activities, including the offsite disposal of 11e.(2) byproduct material.
License Condition 9.5 of SUA-1548 requires submittal of a revised financial surety arrangement within
three months of NRC approval of a revised closure plan (if the estimated costs exceed the amount
covered in the existing LCs). It is Cameco's understanding that this condition does not apply until final
decommissioning activities are performed on a project-by-project basis.
Proposed annual updates to the financial surety amounts for each project are submitted to the NRC at
least 90 days prior to the anniversary dates listed in License Condition 9.5 of SUA-1548. These dates
coincide with the WDEQ Permit to Mine Annual Report and Surety Estimate Update due dates and allow
for coordination and submittal of the annual updates to multiple agencies (NRC, WDEQ, and BLM) at
one time. Cameco's LCs are issued on an annual auto-renewal basis to ensure that the financial surety
arrangement is extended for one year in the event NRC has not approved a proposed financial surety
update within 30 days of the LC's expiration (i.e., auto-renewal) date. Cameco's annual updates include
the necessary supporting documentation and detail showing a breakdown of costs and basis for cost
estimates, including adjustments for inflation (e.g., based on Consumer Price Index) and maintenance of
a 25% contingency.
In the event of plans for expansion or operational changes that were not included in the previous year's
surety update, Cameco submits an updated financial surety package for NRC approval at least 90 days
prior to the commencement of construction activities. Cameco coordinates submittal of the annual
updates to both agencies (NRC and WDEQ) and forwards copies of the WDEQ's surety review(s) and
final surety arrangements upon WDEQ approval. The annual estimate updates identify NRC-related
aspects (e.g., decontamination, decommissioning, 11e.(2) byproduct disposal, etc.) and are consistent
with the groundwater restoration, facility decommissioning and surface reclamation portions of the
license application for the project. The annual estimates are also consistent with Appendix C to NUREG1569.
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Cameco continuously maintains NRC-approved LCs in the amounts identified in License Condition 9.5 of
SUA-1548. A comparison between the (minimum) financial surety amounts identified in SUA-1548,
Amendment No. 16, and current (August 2011) LC amounts are provided below:
"

Smith Ranch

SUA-1548 Amount ($14,456,300)
Current LC Amount ($120,044,303)

"

Highland

SUA-1548 Amount ($21,278,100)
Current LC Amount ($92,730,470)

*

Ruth

SUA-1548 Amount ($181,000)
Current LC Amount ($181,000)

*

North Butte

SUA-1548 Amount ($442,000)
Current LC Amount ($1,745,000)

*

Gas Hills

SUA-1548 Amount ($1,944,000)
Current LC Amount ($3,068,800)

"

Reynolds Ranch

SUA-1548 Amount ($3,331,600)
Current LC Amount ($78,839,439) (Included in Smith Ranch)

Cameco has recently submitted updated cost estimates associated with the North Butte and Gas Hills
Remote Satellite Operations Plans updates, and will submit updated cost estimates for Ruth Remote
Satellite and Reynolds Ranch Satellite at least six months prior to the expected commencement of
construction of commercial facilities at these sites.
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7.0

Potential Environmental Effects

Section Summary: This section addresses potential environmental impacts resulting from
construction and development at SUA-1548 license areas. Many of the potential environmental effects,
or impacts, have been previously reviewed and approved for the Smith Ranch-Highland license area, but
are considered here in relation to the remote satellite areas. Section 7.1 deals specifically with
environmental impacts associated with construction activities at the project sites (air, noise, land use,
surface water, etc.), while Section 7.2 focuses on environmental effects associated with operations
(fugitive dust, wildlife, visual impacts etc.). Radiological effects for licensed areas are presented in
Section 7.3. Section 7.4 describes non-radiological effects, which have been reviewed in prior license
renewals. Section 7.5 presents potential accidents resulting from operations, which have been
previously reviewed and approved; however, two new aspects--range fires and associated risks of CBM
operations--have been included in Sections 7.5.4 and 7.5.6, respectively.

7.1

Site Preparation and Construction Activities

The major site preparation and construction activities associated with the Smith Ranch SUA-1548 license
areas will include the following:
*

Construction of new satellite IX plants, offices and maintenance facilities at Reynolds Ranch,
North Butte, and Gas Hills;

*

Construction of surge ponds and deep disposal wells at the North Butte Remote Satellite;

*

Construction of evaporation ponds and disposal wells at the Gas Hills Remote Satellite;

*

Construction of new deep disposal wells at Reynolds Ranch;

*

Construction of new mine unit wellfields at all facilities;

*

Construction of power lines and pipelines to service the Reynolds Ranch Satellite, North
Butte Remote Satellite and Gas Hills Remote Satellite;

*

Design and development of the Ruth Remote Satellite; and

"

Grading and construction of access roads, as required.

The site preparation and construction activities for the Ruth Remote Satellite will include many of the
above referenced tasks, but the specific details for the development of Ruth have not been finalized.
Details regarding disturbance areas and other impacts for the Ruth Remote Satellite are not provided in
this LRA.
Site preparation and construction activities will include topsoil salvaging, site clearing and leveling,
building erection, and access road construction. The impacts from wellfield construction activities,
including the construction of injection, production, and monitor wells are discussed in Section 7.2 below
because these are ongoing activities at the Smith Ranch-Highland license area. This section discusses the
short term impacts of initial site preparation and satellite IX plant construction where they differ from
the operational impacts.
Environmental impacts of construction of the satellite facilities are estimated based on studies
conducted by Cameco. The impacts are also projected based on experience with the current operation
and historical construction activities at the Smith Ranch-Highland facilities since 1987.
The area contained within the Smith Ranch contiguous license area, including the Reynolds Ranch
satellite, totals approximately 16,200 hectares (40,000 acres). Based on recent calculations of actual and
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potential disturbed areas for the rest of the Project life (BLM, 2011), construction and operation
activities associated with the development of mine unit wellfields and additional satellite facilities will
disturb a total of approximately 760 hectares (1,880 acres), or less than 5% of the total area. Cameco
estimates that more than 87% of the total disturbed mine unit wellfield acreage (approximately 660
hectares [1,630 acres]) will be short-term disturbance (one year or less). Final reclamation of areas
disturbed will occur during final decommissioning activities for each mine unit.
It is anticipated that a total of approximately 160 hectares (400 acres) used for wellfields, buildings, pads
and roads will be disturbed during the operational life of the North Butte Remote Satellite. As
restoration, final reclamation and interim surface stabilization occur contemporaneously with
development and production, it is expected that no more than approximately 69 hectares (170 acres)
will be disturbed at one time. Surface disturbances will include construction of access roads, wellfields,
underground pipelines and utilities, facility site grading, construction of surge ponds, and contouring for
control of surface runoff. Areas disturbed will be reclaimed during final decommissioning activities.
From the 1950s to the early 1980s, much of the surface area within and adjacent to the Gas Hills
Remote Satellite license area was extensively mined for uranium employing conventional underground
and surface mining methods. Of the approximately 3,455 hectares (8,538 acres) within the Gas Hills
license boundary, approximately 15%, or 518 hectares (1,281 acres), have been previously disturbed by
underground and/or surface mining activities. Approximately half of the land surface within proposed
Mine Unit 5 and portions of proposed Mine Units 2, 3 and 4 have been disturbed by previous
conventional mining and subsequent reclamation. Exploration drilling and associated access road
construction completed since the 1950s has disturbed much of the remaining surface within the
proposed mine units. Many of the historical drilling access roads still exist.
At least 14,000 exploration boreholes have been drilled within the Gas Hills Remote Satellite license area
since the 1950s. It is estimated that this previous drilling disturbed approximately 105 hectares (260
acres), or 27% of the area contained within the five proposed ISR mine units (approximately 393
hectares [972 acres]). Between 1996 and 2011, Cameco drilled 897 boreholes and 20 wells at the Gas
Hills Remote Satellite using existing roads to reach the drilling sites.
At least 14 historical open-pit or underground mining operations were located within and adjacent to
the Gas Hill Remote Satellite license area. Detailed information on historic disturbances and reclamation
activity is illustrated in the WDEO, Permit Appendix Di-Land Use, Plates D1-E and D1-W. Known areas of
underground workings include the Thunderbird Shaft west of Mine Unit 5 between Mine Units 3 and 5
(Plate D1-E) and the Atlas Mine Workings west of Mine Unit 3 (Plate Dl-W). Areas previously disturbed
by mining are summarized in WDEQ Permit Appendix D6-Hydrology, Table D6-1-1, and Plate D6-1.
Modern open-pit and limited underground mining has been conducted in the West Gas Hills area (by
Pathfinder and Umetco), the Central Gas Hills area (by Pathfinder), and the East Gas Hills area (by FAP
and Umetco). The Veca, A-8, PC, B2/B3, Atlas/Peach, Thunderbird, Rox, and Tee Pit areas were
reclaimed between 1989 and 1992 under WDEQ's AML program. Reclamation is ongoing at Umetco's
East Gas Hills Mine (WDEO, Permit No. 349C) and Pathfinder's Central Lucky Mc Mine (WDEQ Permit No.
356C). The Two States, Area 9, and Blackstone Slot were reclaimed by AML between 1992 and 1998. PRI
completed reclamation activities at the Buss Pit (WDEQ Permit No. 438in 1995).
Cameco estimates that 70% of the total disturbed area (approximately 371 hectares [916 acres]) at the
Gas Hills Remote Satellite will be short-term disturbance (one year or less) associated with mine unit
construction. The remaining 30% of disturbed acreage (approximately 159 hectares [393 acres]) will be
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long-term disturbance associated with proposed evaporation ponds, wastewater deep disposal injection
wells, mineral processing and water treatment facilities, mine unit header houses, pump stations and
access roads. These disturbances will remain for the life of the Gas Hills Remote Satellite. For the
projected 25-year operational life of the Gas Hills Remote Satellite, it is estimated that approximately
159 hectares (393 acres) of the approximately 3,455 hectares (8,538 acres), or 5%, will not be available
for wildlife habitat use until final reclamation. At the end of the Gas Hills Remote Satellite operations,
the entire 3,455 hectares (8,538 acres) will be returned to the pre-ISR mining use of wildlife habitat and
livestock grazing.
Due to the relatively minor nature of disturbances created by ISR, there are only a few areas disturbed
to the extent to which subsoil and geologic materials are removed, causing significant topographic
changes that need backfilling and recontouring. Generally, surge/evaporation pond construction results
in redistribution of subsurface materials, which require replacement and contour blending during
reclamation. The existing contours will only be interrupted locally. Changes in the surface configuration
caused by construction and installation of operating facilities and access roads will be caused by topsoil
removal and storage along with the relocation of subsoil materials used for construction purposes.
These surface effects are unavoidable and will last for the duration of the operation, until final
decommissioning. Mitigation measures for land surface effects are discussed in Section 5.0 of the ER.
7.1.1

Potential Air Quality Effects of Construction

Construction activities at the SUA-1548 facilities including Smith Ranch and the North Butte, Gas Hills,
and Ruth Remote Satellites will cause minimal effects on local air quality. Effects to air quality include
increased suspended particulates from vehicular traffic on unpaved roads, and diesel emissions from
construction equipment and drill rigs. The application of water to unpaved roads reduces the amount of
fugitive dust to levels equal to or less than the existing condition. Diesel emissions from construction
equipment are expected to be minimal but long term, as maintenance, employee, delivery and drilling
vehicles will be present at the sites for the life of the project. Estimated fugitive dust emissions during
construction of ISR facilities are less than 2% of the National Ambient Air Quality Standards for PM 25 and
less than 1% for PM 10 (NRC, 2009). There will be an increase in the total suspended particulates (TSP) in
the region as a result of construction of the new satellite facilities. This increase in TSP will be greatest
during the site preparation phase of each satellite facility. Areas disturbed during construction are
revegetated with the exception of facility pad areas, roads, and areas covered by the pond liners. Of
these, the only significant source of TSP is dust emissions from unpaved roads. Section 7.2.1 (below)
discusses specific regulatory issues associated with air quality effects of the operation. As discussed in
Section 3.6.6 of the ER, the current and proposed road upgrades at the North Butte and Gas Hills (AML
and Dry Creek Roads) should reduce the fugitive dust emissions.
7.1.2

Potential Land Use Impacts of Construction

As discussed in Sections 2.2.2, 2.4.2, and 2.5.2, rangeland, pasture and wildlife habitat are the primary
land uses within the SUA-1548 license areas and the surrounding 3.2-kilometer (2-mile) review area.
CBM wells and infrastructure are also located on rangeland throughout the North Butte and Ruth license
areas. Surface disturbance within a mine unit does not occur at once but is sequenced over several
years, depending on the uranium production rate and the availability of mine unit development and
construction equipment and personnel. Long-term fencing will be constructed around the mine unit
production facilities and processing satellites primarily to prevent sheep and cattle from interrupting
production activities and damaging surface installations (production and injection wellheads) while still
allowing wildlife forage.
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The total land disturbance for the Reynolds Ranch Satellite, including wellfields, facilities and roads,
will be approximately 158 hectares (390 acres), with approximately 46 hectares (114 acres) removed
from wildlife habitat use until final reclamation. Approximately 5 hectares (12 acres) of BLMadministered surface would be removed from wildlife habitat use until final reclamation. The
Reynolds Ranch Satellite license area encompasses approximately 3,351 hectares (8,280 acres), of which
approximately 1,748 hectares (4,320 acres) are split estate, (i.e., private surface overlying federal
minerals); 294 hectares (726 acres) are BLM surface and minerals; 1,052 hectares (2,600 acres) are fee
lands and minerals; and 259 hectares (640 acres) are state lands. Approximately 9% of the surface estate
in the project area is managed by the BLM, 83% privately owned, and 8% state, while the mineral estate
is 61% federal, 31% private, and 8% state.
The North Butte Remote Satellite license area contains approximately 409 hectares (1,010 acres). The
proposed mining units will occupy approximately 154 hectares (380 acres) of which approximately 75
hectares (185 acres), or 60%, will be directly disturbed by ISR related activities during the approximate
15-20 year life of the operation. Construction of the satellite building and associated structures,
including roads, at the North Butte Remote Satellite will encompass approximately 6 hectares (15
acres). As a result of site preparation and construction, rangeland and pasture use will be excluded from
the area that is under development. CBM facilities within and adjacent to the North Butte Remote
Satellite license area will not be affected. Considering the relatively small size of the areas affected by
satellite and mine unit wellfield construction activities, the exclusion of grazing from the satellite and
mine unit areas over the course of the development and operation of the facility will have minimal
impacts on local livestock production.
The Gas Hills Remote Satellite license area contains approximately 3,440 hectares (8,500 acres), which is
primarily BLM administered surface. Based on the current production plan, a total of approximately 607
hectares (1,500 acres), or less than 20% of the total area within the license boundary, will be disturbed
in phases over the approximate 25-year life of the operation. Because wellfields are reclaimed and
vegetated after installation, these areas will be available for wildlife forage throughout the life of the
operation. Wellfield areas will be fenced to keep out livestock that could damage wellheads or other
wellfield equipment. Acreages that will be excluded from wildlife forage and cattle grazing for the life of
the operation include the existing Carol Shop, which will be refurbished for the ISR process and
groundwater restoration equipment. The Alternative Satellite building and associated structures will
encompass approximately 4.1 hectares (10 acres). The evaporation ponds will exclude approximately 2
hectares (5 to 6 acres).
The Ruth Remote Satellite license area contains approximately 572 hectares (1,414 acres). Currently,
two buildings and two lined evaporation ponds from the 1981 R&D operation remain on-site. Topsoil
has been stockpiled adjacent to the building disturbance area and the evaporation ponds. A Plan of
Operations has not yet been developed for Ruth, so the estimated total land disturbance area from
future ISR operations is not known at this time. Cameco will be developing design and operational plans
for this satellite operation during the next renewal period and will provide them to NRC upon
completion.
7.1.3

Potential Surface Water Impacts of Construction

When storm water drains off a construction site, it can carry sediment and other materials that can
potentially impact lakes, streams and wetlands. The EPA estimates that 18 to 135 metric tons (20 to 150
tons) of soil/acre are lost every year to storm water runoff from construction sites. For this reason,
storm water runoff is regulated by the WDEQ NPDES (WYPDES). Construction projects exceeding 2
hectares (5 acres) are required to have a large construction storm water permit. Construction projects
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ranging from 0.4 to 2 hectares (1 to 5 acres) are required to have a small construction storm water
permit. Currently (2011), North Butte (WYR104286) and Smith Ranch (WYR104157) have authorization
under large construction (North Butte) and large industrial (Smith Ranch) general WYPDES permits. If
required, Cameco will seek a modification of the Smith Ranch permit to include the additional Reynolds
Ranch satellite license area.
A large construction permit (WY103870) for the Gas Hills Remote Satellite was issued to Cameco on
August 24, 2008, but the permit expired in March 2011. Cameco renewed this Gas Hills permit effective
December 9, 2011, which again expires March 2016. Prior to construction activities, Cameco will obtain
a WYPDES permit for the Ruth Remote Satellite.
Construction activities at SUA-1548 facilities to date have had a minimal effect on the local hydrological
system. Construction activities are conducted for control of construction storm water discharges under
LQD and WQD regulations contained in Chapter 2, WDEQ, WQD Rules and Regulations. WDEQ requires
implementation of procedures that control runoff and the transport of sediment to nearby surface
water features during construction activities.
7.1.4

Potential Population, Social and Economic Impacts of Construction
The potential population, social and economic impacts of construction are discussed in ER Sections 3.10
and 7.3. Overall, the Smith Ranch SUA-1548 license area has and will continue to provide positive
benefits to the local communities and the State of Wyoming.
7.1.5

Potential Noise Impacts of Construction

Sections 3.7 and 4.7 of the ER provide a summary of the potential noise impacts at the Smith Ranch
(SUA-1548) license areas. A noise study conducted at the Smith Ranch-Highland license area evaluated
the noise levels from the various equipment common to ISR operation and discussed the nearest
receptors and potential effects at each facility.
Increased vehicle travel and the operation of construction equipment at the Reynolds Ranch Satellite
and at the North Butte, Gas Hills and Ruth Remote Satellite facilities during the construction phase of
the project could result in a slight increase in noise. Noise from construction would not be generated
during nighttime hours. Construction activities typically occur over an 8- to 12-hour work day, 5
days/week. Increased noise levels would be intermittent and temporary. The resulting increase in
vehicle noise from construction and construction traffic would be barely perceptible over the existing
ambient noise.
The EPA has compiled data regarding the noise generating characteristics of typical construction
activities, both with and without the use of equipment mufflers. These data, which represent composite
construction noise, are presented in Table 7-1, Noise Range Levels of Typical Construction Equipment.
These noise levels would diminish rapidly with distance from the construction site at a rate of
approximately 6 dBA1 per doubling of distance. For example, a noise level of 84 dBA measured at 15
meters (50 feet) from the noise source to the receptor would reduce to 78 dBA at 31 meters (100 feet)
from the source to the receptor, and reduce by another 6 dBA to 72 dBA at 61 meters (200 feet) from
the source to the receptor (EPA, 1971). According to the tests conducted by Cameco and assuming a

1The decibel A filter is widely used. dB(A) roughly corresponds to the inverse of 40 dB (at 1 kHz) equal-loudness
curve for the human ear. Using the dBA-filter, the sound level meter is less sensitive to very high and very low
frequencies. Measurements made with this scale are expressed as dB(A).
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worst-case noise source (PVC chipper), the calculated noise level at a location 3 kilometers (2 miles)
from the noise source would be 77 dBA.
Construction of the new satellites and mine units at Smith Ranch and the North Butte, Gas Hills and Ruth
Remote Satellite license areas will require the equipment listed in Table 7-1 with the exception of a pile
driver. Drilling rigs will also be used during the construction phase of the project.
Layne Christensen Company conducted an in-house occupational health noise analysis for a TH-75E drill
rig, which is similar to that which would be used at the Smith Ranch SUA-1548 license areas.
Manufactured by Ingersoll Rand, the TH-75E, is a top head drive, reverse circulation, air rotary drilling
rig that uses an 8-cylinder, 600-HP deck mounted Cummins KTA-19C engine capable of drilling over 762
meters (2,500 feet) into the earth. The TH-75E is typically used with an Ingersoll Rand 1,000/350 screwtype air compressor. Sound levels (85 to 90 dBA) recorded next to the drilling rig were reported to be
above the OSHA/Mine Safety and Health Administration action levels.

7.2
7.2.1

Potential Effects of Operations
Potential Air Quality Impacts of Operations

Past and current uranium extraction operations at Smith Ranch-Highland have resulted in minimal air
quality emissions. This will likely be true of operations at the Reynolds Ranch Satellite and the North
Butte, Gas Hills and Ruth Remote Satellites. Because the uranium extraction process is performed
indoors, and interior modifications are made to existing buildings, air impacts from construction are

considered to be minimal and or temporary. Installation of mine unit wellfields is an on-going part of the
operation and has been considered in the fugitive dust calculations for operational conditions.
Air pollutants such as nitrogen oxide (NOx) will be emitted from drilling equipment and other vehicles.
The NRC completed an air quality study for the Environmental Impact Statement for the Nichols Ranch,
WY ISR Project to estimate NOx emissions (NRC, 2011; NUREG 1910 Supplement). The NRC calculated
drilling rig emissions for the proposed Nichols Ranch ISR Project wellfield development activities at 8.0 x
10- 3 metric tons (8.8 x 10-3 tons) of NOx per well, which was several orders of magnitude less than the
NOx emissions from wells drilled for oil and gas exploration and production.
Historically, emissions from ISR operations are significantly lower than conventional mining and milling
operations. The primary source of emissions from ISR facilities like the Smith Ranch SUA-1548 license
areas will be fugitive dust from vehicular traffic on unpaved access roads and in the wellfield areas and
minor emissions from the processing plant and associated equipment. It has been estimated that a total
of approximately 344 metric tons/year (368 tons/year) of air particulates are emitted from the
operations activities at the Smith Ranch license areas at full-scale production (excluding the Ruth
Remote Satellite). More than 99% of this total is from estimated fugitive dust emissions, calculated as
worst case without dust control measures applied. The emissions from the Reynolds Ranch Remote
Satellite are estimated to be approximately 36 metric tons/year (40 tons/year). The fugitive dust
emissions directly correlate with the license area size; that is, the fugitive dust emissions are higher for
the Gas Hills Remote Satellite compared to the North Butte Remote Satellite. Fugitive dust emissions
from the remote satellites are estimated to range from 100 to 130 metric tons (110 to 140 tons)/year.
The proposed road upgrades at North Butte and Gas Hills (AML and Dry Creek Roads) should reduce the
fugitive dust emissions. Section 3.6.6 of the ER also discusses fugitive dust emissions.
A breakdown of the emissions from Smith Ranch is as follows.
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Process Facility
Actual air emissions from the CPP are very minimal as the processes are aqueous in nature. There will be
minor emissions from hot water heaters used in the precipitation circuit, and the two hot oil heaters
associated with each vacuum dryer unit. Emissions from the outside hydrochloric and/or sulfuric acid
tanks were estimated for this application and found to be negligible. There are no non-radioactive
process air emissions from the satellite facilities, as only the IX process takes place at these locations. In
summary, the air emissions from the CPP are:
1. Dryer hot oil heaters: 0.065 metric tons/year (0.072 ton/year)
2. Hot water boiler:-0.155 metric tons/year (0.171 ton/year) S02
3. Acid tanks (HCI and H 2 02 ): negligible

S02

The EPA considers sulfur dioxide to be a major air pollutant that can have significant effects upon human
health. The concentration of sulfur dioxide in the atmosphere can influence the habitat suitability for
plant communities as well as animal life. However, the sulfur dioxide releases during the operation of
the current Smith Ranch facilities have been negligible at 0.22 metric tons/year (0.24 tons/year). Listed
Hazardous Air Pollutants are not released to the atmosphere during operations.
Fugitive Dust
Fugitive dust from vehicular traffic on unpaved roads is the primary emission associated with the Smith
Ranch SUA-1548 operations. Fugitive dust is created by traffic on the main access roads, the secondary
access roads to the satellites, and traffic within the mine unit areas. Fugitive dust is also generated from
trucks delivering supplies and transporting IX resin, yellowcake slurry, chemicals, etc. to process
facilities. Employee travel on unpaved roads to the various operating units is also a significant
component of the total fugitive dust emissions. Wellfield traffic, including drilling rigs, water trucks, pipe
trucks and geophysical logging trucks provides the largest contribution to fugitive dust emissions.
The fugitive dust (PM1 0) estimates were calculated using the methodology provided in EPA's AP-42
publication (EPA, 1995). The non-Sl (non-metric) units in the following equations were maintained for
consistency with the publication. For reference, the metric conversion from lb/vmt (pounds per vehicle
mile travelled) to grams (g) per vehicle kilometer travelled (vkt) is:
llb/vmt = 281.9 g/vkt
Two equations are provided in EPA Publication AP-42, Section 13.2.2 Unpaved Roads as follows:
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Where:
E= emission factor (lb/vmt)
C = emissions factor for 1980s fleet exhaust, brake wear and tire wear
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a = 0.9 (Industrial Roads, 1.0 Public Roads)
b = 0.45 (Industrial Roads)
c = 0.2 (Public Roads)
d = 0.5 (Public Roads)
k = particle size multiplier -assumed 0.36 (particle •10% I.m)
s = silt content of road surface material (%)- assume 10%
S = mean vehicle speed (mph)
W= mean vehicle weight (tons)
p = number of days with at least 0.01 inches of precipitation per year - assume 100 days.
Equation 1 is used to estimate emissions from vehicles travelling on unpaved surfaces at industrial sites
such as secondary access roads, wellfield roads and other minor roads. Equation 2 provides an estimate
of emissions from publicly traveled roads, which include unpaved roads to the license area and the main
access road at the ISR facility. Weights were assumed for the various vehicles, and to be conservative,
the vehicles were assumed to be fully loaded the entire trip. Again, the most significant emissions
source was wellfield traffic followed by employees commuting to the ISR facilities. A summary of the
estimated annual fugitive dust emissions (PM1 0) in metric tons is provided below.
Facility

Employee
y
Travel

Drilling
Suprt

Smith Ranch
North Butte
Gas Hills

0
34.5
54.0

102.7
42.1
41.4

Constructi
CSupport

8.0
5.8
8.5

Operational

Operational
Supply Support
Deliveries

Transport of
Resin/Yellowcake
Slurry

Total
Emissions
(metric tons)

30.1
12.5
12.5

0
0.5
1.5

0.4
1.4
12.2

141.2
96.9
129.8

The fugitive dust emission estimates are well below the allowable limits of the State of Wyoming. Actual
fugitive dust releases during operations are reduced by use of water spray bars on drilling rig water
service vehicles.
7.2.2
Potential Noise Impacts of Operations
Noise-generating activities in the CPP, CPF, Smith Ranch satellites and the North Butte and Gas Hills
Remote Satellite facilities are or will be primarily indoors, thus minimizing off-site sound levels. Wellfield
equipment (e.g., pumps, compressors) would also be expected to be contained within structures (e.g.,
satellite facilities), minimizing sound levels to off-site receptors. Administrative and engineering controls
are used to maintain noise levels in work areas below OSHA standards and are mitigated by use of
personal hearing protection. Traffic noise from commuting workers, truck shipments to and from the
facility, and facility equipment is localized, limited to roads and highways in the vicinity of Smith Ranch
SUA-1548 facilities, access roads within the sites, and access roads in the wellfields.
Noise levels from a particular source decline as distance to the receptor increases. Other factors, such as
the weather and reflecting or shielding, also help intensify or reduce the noise level at a given location.
A commonly used rule of thumb for roadway noise is that for every doubling of distance from the
source, the noise level is reduced by about 3 dBA at acoustically "hard" locations (i.e., the area between
the noise source and the receptor is nearly complete asphalt, concrete, hard-packed soil, or other solid
materials) and 4.5 dBA at acoustically "soft" locations (i.e., the area between the source and receptor is
earth or has vegetation, including grass) (EPA, 1974). Noise from stationary or point sources is reduced
by about 6 to 7.5 dBA for every doubling of distance at acoustically hard and soft locations, respectively.
Noise levels may also be reduced by intervening structures; generally, a single row of buildings between
the receptor and the noise source reduces the noise level by about 5 dBA, while a solid wall or berm
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reduces noise levels by 5 to 10 dBA. The topography of the area will also serve to reduce the noise
levels.
Mine unit delineation drilling and well installation are the primary sources of noise during ISR
operations. The anticipated noise levels for a drilling rig are provided in Section 7.1.5 above.
7.2.3

Potential Land Use Impacts of Operations

As discussed in Sections 2.2.2, 2.4.2, and 2.5.2, rangeland/pasture and wildlife habitat are the primary
land uses within the SUA-1548 license areas and within the surrounding 3-kilometer (2-mile) buffer area.
CBM facilities and infrastructure are also located on rangeland throughout the North Butte and Ruth
Remote Satellite license areas. As with site preparation and construction, rangeland use of some of the
land surface will be excluded during the life of the project. Existing and potential CBM facilities will not
be affected. Considering the relatively small size of the area affected by operations, the exclusion of
grazing from these areas over the life of the Smith Ranch SUA-1548 license will have a minimal impact
on local livestock production.
Areas near the Smith Ranch license area are leased for exploration oil and gas drilling into the Niobrara
Shale. However, with directional drilling capabilities, multiple oil and gas wells can be drilled from one
drill pad, thereby minimizing surface disturbance and interference with ISR operations. It is not
anticipated that the ISR activities at Smith Ranch will affect potential oil and gas drilling and/or
exploration activities. The target formation (Niobrara) for oil and gas production is considerably
deeper (approximately 3,048 to 3,658 meters [10,000 to 12,000 feet] in depth) than the uraniumbearing zone where the ISR operations are focused (approximately 60 to 365 meters (200 to 1,200
feet] in depth). The uranium-bearing zone and Niobrara Formation are separated by the thick, marine
Pierre Shale. Although oil and gas production from the Niobrara has been economically successful in
the Colorado Denver-Julesburg Basin, oil and gas production potential from the Niobrara in the
Powder River Basin is still in early development stages.
Various locations near Smith Ranch are leased for exploration of oil and gas drilling into the Niobrara
Shale. Several oil and gas companies have begun enhanced oil recovery (EOR) programs at existing oil
fields within Converse County. For example, following environmental approval in 2011, Australiabased Linc Energy planned to start EOR at its Wyoming oilfields by injecting CO2 into the South
Glenrock B Unit 34 in the Powder River Basin. Required CO2 supplies will initially be delivered to the
field operations by trucks until a pipeline system can be built to provide this commodity. Furthermore,
new directional drilling capabilities provide a means of developing multiple wells from one drill pad
location. Cameco's Smith Ranch operations will not affect existing oil and gas activities, based on
current oil company development plans.
Potential Geology and Soil Impacts of Operations
7.2.4
Geology Impacts of Operations
7.2.4.1
Geological impacts from ISR operations at SUA-1548 operations have been and are expected to remain
minimal. No significant matrix compression or ground subsidence is expected, as the net withdrawal of
fluid from the target sandstone is approximately 1%. Also, ISR does not remove any of the formation
material from the aquifer thereby negating potential for subsidence. Finally, once production and
restoration operations are completed, groundwater levels will return to near original conditions under a
natural gradient.
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7.2.4.2

Potential Soil Impacts of Operations

LQD regulations require that Cameco perform ISR activities in a manner that minimizes topsoil
damage and controls the amount of sediment lost to wind and water erosion (LQD Rules and
Regulations Chapter 11, Section 4(a)(iii), and Chapter 3, Section 2(c)(i) through (iii)). The operator must
protect topsoil and subsoil from excessive compaction, degradation, and wind and water erosion where
stockpiling of topsoil and subsoil is necessary. Surface drainages must be diverted around the operation
in an erosionally stable manner and meet certain minimum design standards.
Cameco salvages suitable topsoil from construction of access roads, wellfield staging areas, building sites
(including satellite buildings and header houses), permanent storage areas, designed impoundment
sites, chemical storage sites and other areas subjected to repetitive vehicular traffic. The topsoil is
placed in long-term stockpiles.
Stockpiles, regardless of size, are provided with erosion and sediment control. Such controls may include
toe ditches, wattles, etc. Large stockpiles may also be sprayed with a tackifier to inhibit soil erosion.
Topsoil stockpiles are seeded using either hydroseeding or crimp mulching as soon as possible after
construction with the approved permanent seed mix to minimize loss of erosion (see Section 6.2.4). To
further minimize erosion, a fast growing cover crop may also be interseeded with the permanent seed
mix on topsoil stockpiles. Interseeding is typically conducted using a broadcast method. In accordance
with LQD Rules and Regulations Chapter 3, Section2(c)(i)(D), permanent topsoil stockpiles are identified
with a highly visible sign with the designation "Topsoil" in letters at least 15.2 centimeters (6 inches)
high.
7.2.5
Potential Cultural Resource Impacts of Operations
In accordance with NRC, WDEQ and SHPO requirements, cultural resource surveys have been conducted
on lands comprising the SUA-1548 license areas (see Sections 2.2.4, 2.3.4, 2.4.4, and 2.5.4 of the ER).
These surveys have been approved by the BLM, WDEQ LQD, NRC and SHPO. A discussion of the historic
and cultural resource studies conducted at the SUA-1548 license areas is provided in Sections 3.8 and
4.8 of the ER. The studies are also provided in Appendix D-3 of the WDEQ permits for Smith Ranch,
North Butte and Gas Hills. The studies for the Ruth Remote Satellite are provided in Section 7 (Appendix
"D-3", Archaeology) of the Supportive Information for WDEQ Permit to Mine Application, and in the
U.S.N.R.C. Source Material License Application. Cameco's primary mitigation procedure for cultural
resources is avoidance of the identified features. To ensure that no unapproved disturbances of cultural
resources occurs, License Condition 9.9 of SUA-1548 requires that work resulting in the discovery of
previously unknown cultural artifacts shall cease. The artifacts will be inventoried and evaluated in
accordance with 36 CFR Part 800, and no further disturbance of the area will occur until Cameco has
received authorization from the NRC to proceed.
7.2.6

Potential Visual and Scenic Impacts of Operations

The Smith Ranch license area is located on private land, with the exception of small parcels of land
within the license area which are public lands administered by either BLM or the State of Wyoming. The
North Butte Remote Satellite license area is entirely on private land and is not managed by any public
agency to protect scenic quality. The majority of the Gas Hills Remote Satellite license area is
administered by the BLM; although several tracts of private land are within the license area. The Ruth
Remote Satellite license area contains BLM and private lands. The BLM has inventoried visual resources
of lands within the boundaries of their respective field offices, including private lands, with their Visual
Resource Management (VRM) system. A discussion of the visual and scenic resources and potential
impacts and mitigation efforts for the SUA-1548 license areas is provided in ER Sections 3.9 and 4.9,
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respectively. In general, adverse effects will be mitigated through the use of non-contrasting building
colors and a timely mine unit wellfield reclamation program.
7.2.7

Potential Groundwater Impacts of Operations

7.2.7.1
Groundwater Consumption
Cameco has conducted detailed groundwater flow modeling to assess potential cumulative impacts
resulting from groundwater consumption associated with ISR activities at Smith Ranch and the North
Butte and Gas Hills Remote Satellites. The results of the impacts analysis are presented in Section 4.4 of
the ER.
The results of the groundwater modeling predict that the maximum drawdown in the affected
aquifers in the vicinity of the Smith Ranch-Highland license area will be approximately 6 meters (22
feet) over the 33-year model period. For the entire Smith Ranch SUA-1548 project, the most significant
groundwater impact will be the withdrawal and disposal (deep injection, land application and/or
evaporation) of approximately 3,106 hectare-meters (25,180 acre-feet) of groundwater over the life of
the operation. This volume represents approximately the same amount of water produced (dewatered)
from the Kerr-McGee Bill Smith underground uranium mine (located within the Smith Ranch-Highland
license area) between 1974 and 1982 and discharged to surface streams. In the case of Smith Ranch
SUA-1548 operations, most of the water removed from the wellfield production zones is returned to the
groundwater aquifer after treatment. The remaining water removed from the formation (approximately
a 1% bleed) is disposed through deep well injection, land application or evaporation.
For the Smith Ranch license area, the consumptive use of groundwater for the remaining life of the
operation is estimated to be approximately 2,050 hectare-meters (16,607 acre-feet). Of this amount,
approximately 47 hectare-meters (383 acre-feet) are estimated to be from future processing of IX resin
at the Highland CPF. The anticipated consumption at the Reynolds Ranch satellite is 105 hectare-meters
(855 acre-feet). A portion of the 1% bleed stream may be used in various plant processes, such as eluant
make-up, filter backwash, resin washes, plant wash down and other process purposes. The portion of
the bleed stream used for these purposes will also be disposed of in the waste disposal system.
For the North Butte Remote Satellite, the greatest volume of water used will occur during the
groundwater sweep phase of groundwater restoration at each mine unit. Based on the anticipated
production rate and the waste minimization program at the facility, it is estimated that the maximum
annual volume of treated groundwater requiring disposal will be approximately 276 million liters (73
million gallons), or 525 liters/minute (140 gallons per minute) average. The deep well injection volume
for the life of the satellite operation is estimated to be 273 hectare-meters (2,213 acre-feet). The
operational phase will result in a wellfield bleed stream of approximately 1% of the recovery flow, or
about 95 to 227 liters/minute (25 to 60 gallons per minute) being removed from the groundwater
system ("A", "B" and "C" sand members of the North Butte production sand). This approximate 1% bleed
stream will ultimately be disposed of through deep well disposal.
The groundwater sweep phase of restoration uses the greatest volume of water from each mine unit
wellfield. The estimated groundwater consumption at the Gas Hills Remote Satellite will be 39 hectaremeters per year (318 acre-feet/year). For a projected 20-year project life, approximately 785 hectaremeters (6,360 acre-feet) of groundwater will be consumed. This approximate 1% bleed stream will
ultimately be disposed of via evaporation ponds and/or disposal wells. The results of the groundwater
modeling at the Gas Hills Remote Satellite predict maximum drawdowns in the production aquifer of 3
meters (10 feet) at the permit boundary during years 8 and 9, corresponding with the period of
maximum groundwater withdrawals.
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The Ruth Remote Satellite will be operated similar to the North Butte and Gas Hills Remote Satellites.
The groundwater consumptive use at Ruth will be determined once an operational plan, including a
water balance, is developed for the remote satellite.
7.2.7.2
Impacts on Ore Zone Groundwater Quality
Before ISR activities are allowed, WDEQ and the EPA must classify and exempt the production zone
aquifer from protection under the Safe Drinking Water Act. One of the criteria for exemption is that
the water is not currently used as an USDW and will not be used as an USDW in the future. By
restoring water quality of the exempted aquifer, Cameco ensures that adjacent, non-exempted
aquifers will not be affected in the future.
During ISR operations, water quality affects are usually of greater concern than water consumption
because water consumption during production is relatively small. The greatest potential impact to
groundwater quality is primarily from the lixiviant, which includes (1) the addition of sodium
bicarbonate, CO2 and oxygen to the groundwater, (2) the addition of chloride to the groundwater by IX
recovery processes, and (3) the interaction of these chemicals with the mineral and chemical
constituents of the production zone. The result is that during production, the concentration of most of
the naturally occurring dissolved constituents will be appreciably higher than their concentrations in the
native groundwater.
Groundwater withdrawal and reinjection will occur throughout the project life and is a critical
component of the production and restoration operations. There will be short-term impacts to the
quantity and quality of the groundwater within the production zone on a wellfield-by-wellfield basis.
Over the long term, the groundwater concentration of some parameters within the production zone
may vary slightly compared with initial conditions; however, changes are minimal and will not alter the
potential use category of these waters as defined by the WDEQ. Even so, NRC and WDEQ regulations
require that post-restoration groundwater quality meets the primary standard of baseline conditions. If
baseline is not attainable, Cameco must apply to the NRC for alternate concentration limits, or, for the
LQD, demonstrate that the water quality meets the pre-ISR use category.
7.2.7.3
Potential Groundwater Quality Impacts from Accidents
Lixiviant Excursions
Water quality impacts in adjacent aquifers from ISR activities are related to the identification, control,
and cleanup of excursions. During production, injection of the lixiviant into the production zone aquifer
results in a temporary degradation of water quality compared to pre-operational conditions. Movement
of this water out of the production zone and to the monitor well ring is defined as an excursion.
Excursions of production fluid can result from an improper balance between injection and recovery
rates, undetected high permeability strata or geologic faults, improperly abandoned exploration drill
holes, discontinuity and unsuitability of the confining units allowing movement of the lixiviant out of the
ore zone, poor well integrity, or hydrofracturing of the ore zone or surrounding units. Past experience at
the Smith Ranch-Highland license area has shown that proper wellfield monitoring and operation
provide for timely discovery, control, and recovery of excursions, thereby minimizing groundwater
effects.
Excursions of lixiviant at ISR facilities have the potential to impact adjacent aquifers with radioactive and
trace elements that have been mobilized by the ISR process. The historical experience at Smith Ranch
and other ISR uranium operations indicates that the selected excursion indicator parameters and UCL
allow detection of horizontal excursions early enough that corrective action can be taken before water
quality outside the exempted aquifer boundary is significantly degraded. As noted in NUREG/CR-6733
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(NRC, 2001), significant risk from a horizontal or vertical excursion would occur only if it persisted
undetected for a long period of time.
As previously stated, both LQD and NRC require restoration of affected groundwater in the production
zone following production activities. NRC requires as the primary goal that Cameco return the
groundwater in the production zone to baseline water quality conditions, with secondary standards
presented in 10 CFR Part 40, Appendix A, Criterion 5B. Constituent concentrations higher than Criterion
5B will require an ACL application.
Successful groundwater restoration has been demonstrated using the methods discussed in Section 6.0
of this TR. Therefore, long-term effects on groundwater quality are expected to be minimal.
Surface andSubsurface Releases
The potential for impacts to groundwater and surface water at SUA-1548 license areas as a result of an
uncontrolled release of process liquids from a header house, well or pipeline leak during operations is
low because there is little surface water near these sites. The uppermost aquifer beneath these sites is
greater than 30 meters (100 feet) below the surface. Should a release occur, the immediate effect would
be to the surrounding soil. A shallow excursion may result from either a low-rate leak that remains
undiscovered or a sudden catastrophic failure. The potential environmental impacts from spills and
mitigative measures are discussed in further detail in Section 7.5 below.
PondLeaks
Leaks from ponds and reservoirs have the potential to impact shallow groundwater aquifers. The Smith
Ranch-Highland license area has several ponds, which include the east and west storage ponds at the
CPP and the two purge storage reservoirs at Highland. Surge ponds will be constructed at the North
Butte Remote Satellite, and evaporation ponds will be constructed at the Gas Hills Remote Satellite.
Section 3.10 of this TR provides a summary of storage pond leak events occurring at the Smith RanchHighland license area since the previous license submittal and subsequent design and/or operational
changes made to reduce the leak potential. Liner leaks, or seepage in the case of PSR-2, are the primary
causes of leakage of fluids into the unsaturated zone. Cameco will be installing deeper monitoring wells
at PSR-2 to determine if the shallow aquifer underlying the PSR has been adversely affected. Lessons
learned at Smith Ranch and Highland have been applied to the pond designs for the North Butte and Gas
Hills Remote Satellites.
7.2.8

Potential Surface Water Impacts of Operations

7.2.8.1
Potential Surface Water and Wetlands Impacts
Mine unit wellfield construction and reclamation activities may potentially impact surface water. The
potential to affect surface waters during operation of the SUA-1548 license areas is considered
minimal and temporary. The majority of the surface water at SUA-1548 license areas is derived from
ephemeral drainages that have water flowing in them only during periods of snowmelt or significant
precipitation events. However, intermittent surface water flow is present at the Gas Hills Remote
Satellite (WCC and Cameron Spring) and constructed stock ponds at the North Butte Remote Satellite.
Constructed stock ponds, which are tributary to Sage Creek and Box Creek are present at Smith Ranch.
The potential for affects to surface water is low. During production, restoration, and after reclamation,
the surface will be vegetated to minimize temporary effects to surface water quality.
The physical presence of the surface facilities, including the wellfields and associated structures, access
roads, satellite IX buildings, office buildings, pipelines, CPP, and CPF facilities and other structures
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associated with the ISR process is not expected to significantly change peak surface water flows because
of the relatively flat topography of the drainages at the sites, the low regional precipitation, the
absorptive capacity of the soils, and the small area of disturbance relative to the large drainage area
within and adjacent to the license areas. In areas where these structures may affect surface water
drainage patterns, diversion ditches and culverts are used to prevent excessive erosion and to control
runoff. In areas where runoff is concentrated, energy dissipaters are used to slow the flow of runoff to
minimize erosion and sediment loading in the runoff.
7.2.8.2
Potential Surface Water Impacts from Sedimentation and Erosion
As discussed in TR Section 3.8.3, the primary goal during construction and operation at SUA-1548
licensed areas is to minimize erosion and sedimentation. Preservation of existing vegetation and
sequencing the construction activities in progressive phases limits the amount of surface being
disturbed. Beyond standard preservation and protection measures as described in Section 3.8.3, BMPs
are used to provide erosion/sediment control. The BMP chosen will depend upon the existing
situation.
BMPs may include but are not limited to the following:
1.

Ditches and Berms - A temporary ditch or ridge of compacted soil at the top or base of
disturbed areas, including stockpiles, used to (1) divert storm water runoff away from
disturbed upland areas, or (2) capture sediment laden storm water runoff from disturbed
areas and route to a protected outlet, sediment trap or basin. Ditches and berms may also
be constructed on the contour across slopes, reducing overall slope lengths and diverting
captured flows to a controlled discharge location.

2.

Conveyance Channel - A permanent designed earthen or vegetated channel that is
shaped, sized and surfaced to safely convey concentrated flow without causing excessive
erosion.

3.

Riprap - Temporary or permanent erosion resistant ground cover of large loose angular
stone with filter fabric and/or granular bedding used to (1) protect soil from erosive forces
of concentrated storm water runoff, (2) slow the velocity of concentrated runoff and (3)
stabilize slopes with seepage problems and/or non-cohesive soils.

4.

Outlet Protection - Structurally lined aprons or other energy dissipating devices placed at
the point of a concentrated discharge. Outlet protection preserves the integrity of outlet
structures, prevents scour from concentrated discharge, and minimizes the potential for
downstream erosion by reducing flow velocity and energy.

5.

Sediment Trap - A temporary ponded area formed by constructing an earthen
embankment or incised basin which is used to detain sediment laden runoff from small
disturbed areas (<5 acres) long enough to allow for sediment settling. Discharge is
controlled through a protected outlet.

6.

Straw Bale Barrier - A temporary sediment barrier consisting of a row of entrenched and
anchored straw bales used to (1) intercept and detain small amounts of sediment from
disturbed areas of limited extent and (2) decrease the velocity of overland sheet flow.

7.

Silt Fence - A temporary sediment barrier consisting of a synthetic filter fabric stretched
and entrenched across supporting posts used to (1) intercept and detain small amounts of
sediment from disturbed areas of limited extent and (2) decrease the velocity of overland
sheet flow.
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8.

Biobags or Wattles - A manufactured burlap, jute mesh or geotextile wrapped sausagelike barrier used to prevent movement of sediment off of a site or stockpile.

9.

Check Dam - A small temporary dam of stone, sand bags, straw bale or alternate material
placed across a swale or drainage ditch, typically in series. Check dams are used to reduce
the velocity of concentrated flow, thereby limiting erosive forces. Check dams can also
provide very limited sediment capture.

Implementation of BMPs is discussed in Section 3.8.3. The appropriate uses of these BMP controls are
summarized in Table 3-19. Typical designs of various BMPs and installation methods are presented on
Figure 3.41.
7.2.8.3
Potential Surface Water Impacts from Accidents
Surface water quality could potentially be impacted by accidents such as excessive storm water runoff
or a release of process fluids due to a leak. Section 7.5 below discusses measures to prevent and control
spills. Process buildings and chemical storage areas are or will be constructed with sumps or secondary
containments, and a regular program of inspection and preventive maintenance is performed.
7.2.9

Potential Impacts to Terrestrial and Aquatic Ecology

7.2.9.1
Vegetation
No T&E species have been documented within the SUA-1548 license areas. Therefore, no impacts are
anticipated.
As with any surface disturbing activity, weeds will opportunistically occur and periodically need to be
controlled. At the Smith Ranch site, weeds, predominantly Canadian thistle (Cirsium arvense), are
sprayed with a registered herbicide once per year, typically in late spring or early summer, or as advised
by the herbicide application instructions. Areas sprayed include road cuts and fills, areas around
buildings and fences, and other isolated areas within and around recently constructed wellfields that
have been disturbed by construction and operations activities. The herbicide spraying is performed by a
certified applicator in accordance with BLM and county weed and pest requirements. The same weed
control measures will be implemented at the North Butte, Gas Hills, and Ruth Remote Satellites.
7.2.9.2
Wildlife
Compared with conventional surface mining, ISR poses a lower level of potential impact on wildlife,
especially big game species such as deer and antelope. Pronghorn antelope are frequently seen grazing
within the operational wellfield areas at Smith Ranch. This is primarily because the area of disturbance
is limited and temporary. Heavy equipment, such as large earth excavators and haul trucks, are not
used, and the number of people involved in an ISR operation is significantly less than a conventional
mine.
Adverse effects to wildlife as a result of the Smith Ranch SUA-1548 license areas activities will be
minimal for the following reasons:
1.

No important big game migration routes or crucial winter habitats have been identified
during surveys performed to date.

2.

ISR activities disturb relatively small amounts of land surface at one time.

3.

Areas disturbed by mine unit construction or operations activities will be revegetated after
mine unit well pattern construction and will be available for wildlife use throughout the
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project life; fencing will be used only to keep livestock out of active production/restoration
areas.
4.

Livestock restrictive fencing will be limited to relatively small areas and will not significantly
impede wildlife movements.

5.

Vehicular traffic will be limited with reduced speed limits used for safety purposes and to
decrease the likelihood of vehicle and wildlife collisions.

7.2.9.3
Fish and Macroinvertebrates
No aquatic habitat exists at the SUA-1548 license areas that will support fish. Therefore, no adverse
effects from construction or operations to fish can occur. The wetland inventory was updated in 2011 at
Smith Ranch and is provided as ER Appendix A. During the June 2011 survey, HWA identified 19
potential wetland sites at Smith Ranch. Potential wetlands were delineated in 2010 at the North Butte
Remote Satellite license area during the confirmation vegetation survey and are discussed in the North
Butte WDEQ Appendix D11, which includes a wetlands determination letter from the USACE. Aquatic
habitats in these wetlands may harbor macroinvertebrates.
A jurisdictional wetlands delineation for the Gas Hills Remote Satellite area has not been conducted.
However, approximately 11 hectares (28 acres) of potential wetlands were mapped based on the
presence of wetland vegetation. Potential wetlands that occur within the license area were delineated
based on vegetative characteristics and are shown on the Gas Hills WDEQ Appendix D8-Vegetation
Plates D8-1E and D8-1W. Most of this wetland vegetation exists along and within the stream channel of
WCC, but wetland vegetation also occurs along the margins of Cameron Spring Reservoir and several
small seeps, which issue from the base of the Beaver Divide near the southern boundary of the license
area. Aquatic habitats in these wetlands may harbor macroinvertebrates. Disturbance of wetlands and
potential aquatic habitats within the production areas will be avoided whenever possible.
A jurisdictional wetlands delineation for the Ruth Remote Satellite license area has not been conducted
to date. As described in the Supportive Information for WDEQ Permit to Mine Application and U.S.N.R.C.
Source Material License Application, Volume 1, Section 13, electrofishing was conducted in potholes in
the Dry Fork drainages. Ephemeral, standing water up to 1.5 meters (5 feet) deep has been documented
in the potholes. Results of the electrofishing showed that a small population of plains and fathead
minnow were present along with an unidentified species of catfish. Overall, the aquatic habitats for fish
and macroinvertebrates at the Ruth Remote Satellite are limited.
In general, disturbances of wetlands within the limits of proposed production areas will be avoided.
Should it become apparent that a potential wetland area may be affected by ISR operations, a
mitigation plan will be developed for approval by LQD and the USACE. The most likely type of
disturbance would be a road and/or pipeline crossing. Prior to disturbance of a potential wetland area,
Cameco will contact the USACE for a jurisdictional wetland determination and if needed, a mitigation
plan will be submitted to both USACE and LQD for review and approval with the Hydrologic Testing
Package for each mine unit.

7.3

Radiological Effects

Exposure pathways to radiological materials at ISR operations are considerably different from pathways
associated with conventional uranium mining and milling methods. The environmental advantages of
ISR are two-fold. First, the majority of the radioactive daughter products remains underground and are
not removed with the uranium. Second, for the production of yellowcake, the use of modern vacuum
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dryers reduces the potential for radiological air particulate releases typically associated with
conventional uranium milling facilities to insignificant levels (USNRC, 1997: FEIS/ NUREG-1508).
Ionizing radiation is ubiquitous throughout the United States and, according to the National Council on
Radiation Protection and Measurement, the average background radiation dose to a member of the
public in the United States is approximately 300 mrem/year. Dose from naturally occurring sources,
which is the largest potential source of public radiation dose within the ambit of NRC's definition of
"background radiation," is highly variable (i.e., it can vary by as much as a factor of ten across the
country). Dose from "background radiation" results from cosmic radiation sources such as cosmic rays
from the sun and supernova explosions and from anthropogenic (human) activities, such as global
fallout and surface nuclear weapons testing, internal dose from ingested or inhaled radionuclides,
terrestrial gamma doses, and the largest percentage of dose, which is from radon and its decay
products. Indeed, the largest everyday anthropogenic activity causing releases of radon into the
atmosphere is farming. As a result, it can be said with confidence that members of the public are
exposed to radiation dose all of the time and that, depending on a person's geographic location,
exposure can vary greatly.
As the drying and packaging operations at the CPP, as well as those that will be conducted at the
refurbished CPF, are conducted under vacuum, the only expected routine emission for the Smith Ranch
CPP will be radon gas released from the IX columns and tanks within the buildings and minor releases
from the wellfields and surge/evaporation ponds. Radon, a decay product of Ra-226, is dissolved in the
lixiviant as it travels through the ore to a production well where it is brought to the surface. The
concentration of radon in the production solution and estimated releases are calculated using the
methods found in NRC Regulatory Guide 3.59 (NRC, 1987). The details of and assumptions used in these
calculations are found in Section 7.3.3 below.
MILDOS-AREA, a dispersion model approved by NRC, is used to model radiological effects on human and
environmental receptors (e.g. air and soil) using site-specific radon release estimates, meteorological
and population data, and other parameters. The estimated radiological effects resulting from routine
site activities are compared to applicable public dose limits as well as naturally occurring background
levels.
MILDOS-AREA modeling results for the SUA-1548 license area were included in the 2003 NRC License
amendment combining SUA-1511 with SUA-1548 and incorporating the Ruth and North Butte licenses
into SUA-1548. The effects of radon releases from wellfields, satellites, CPP, and ponds during
production and restoration were modeled using MILDOS-AREA to estimate potential radiological effects
caused by air emissions. The 1997 version of the model allows comparison of air concentrations at
specific receptor sites with the ALC (Allowable Concentrations) given in 10 CFR 20. The annual
population doses computed by MILDOS-AREA for the period of maximum emissions of radon indicated a
dose of 0.3 person-rem/year from operational activities to persons living within 80 kilometers (50 miles)
of the site. Nearby receptors were also assessed using MILDOS-AREA. The highest radon concentration
at a license boundary receptor with access to an unrestricted area was 7.99E-05 WL compared to an ALC
of 1.10E-03 WL. The Total Effective Dose was predicted to be 2.24 mrem/year at this receptor
(downwind of the CPP).
MILDOS-AREA modeling results for the Reynolds Ranch satellite were included in the 2004 NRC
Amendment (SUA-1548). The effects of radon release from proposed wellfields and satellite during
production and restoration were modeled. The maximum annual TEDE from the Reynolds Ranch
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satellite was predicted to be 4 mrem/year at the nearest occupied, downwind residence during the
period of maximum production activity. This dose is well below the 10 CFR 20 limit of 100 mrem/year.
MILDOS-AREA modeling results for the Gas Hills Remote Satellite were documented in the PRI Gas Hills
Amendment Application for NRC Materials License SUA-1511 dated June 1998. The modeling showed
that the expected Rn-222 concentrations at the site boundaries and downwind human receptors would
be less than the effluent release limit in 10 CFR 20, Appendix B. The 1998 MILDOS evaluation did not
include Mine Unit No. 5 because there was insufficient data available to determine whether it will
contain economically recoverable reserves.
MILDOS-AREA modeling was performed for the Gas Hills Remote Satellite again in 2014 incorporating
the 2012 on-site meteorological data into the analysis. The effects of radon release from the proposed
wellfields and satellite during production and restoration were modeled. The Gas Hills MILDOS report
and output data are provided in Appendix M, Radiation Doses from Cameco's Gas Hills Expansion
Area In-situ Uranium Leaching Operations.
MILDOS-AREA modeling will need to be conducted for the Ruth Remote satellite once the operations
plan has been developed. MILDOS-AREA U.S.N.R.C. Source Material License Application, Volume 1,
Section 14 contains MILDOS modeling results only for North Butte because former owner Uranerz
planned to process the uranium loaded resin at North Butte.
MILDOS-AREA modeling was performed for the North Butte Remote Satellite in 2011 and revised in
2014 to include on-site meteorological data. The modeling results are discussed in subsequent sections
of this TR. The effects of radon release from the proposed wellfields and satellite during production and
restoration were modeled. The North Butte MILDOS report and output data are provided in Appendix K,
Radiation Doses from Cameco's North Butte Expansion Area In-situ Uranium Leaching Operations.
With the addition of Reynolds Ranch and revised water balance, additional MILDOS-AREA modeling was
performed for the Smith Ranch operations, and the 2011 modeling results are discussed in subsequent
sections of this TR. The effects of radon release from the proposed wellfields and satellite during
production and restoration were modeled. The MILDOS-AREA code used weather data from the
Glenrock Coal Company, which was the most representative weather data available for the Smith Ranch
license area at the time. A meteorological station will be installed at Smith Ranch. After a year's worth of
data have been collected from the station, it will be evaluated to determine if the site-specific data is
comparable to the regional data used in the modeling. The Smith Ranch MILDOS report and output data
are provided in Appendix L, Radiation Doses from Cameco's Smith Ranch and Reynolds Ranch In-situ
Uranium Leaching Operations.
7.3.1

Potential Exposure Pathways

Release of radon to the atmosphere is considered the only potentially significant radiological
exposure pathway for the project. There are no routine particulate emissions from the SUA-1548
licensed operations. Liquids released from the facility are treated on site to reduce the concentrations of
uranium and radium to those acceptable for release to unrestricted areas as specified in 10 CFR 20
Appendix B Table 11. As mentioned earlier, atmospheric radon is the predominant pathway for effects
on human and environmental media. Impacts of radon releases can be expected in all quadrants
surrounding the facility, the magnitude of which is driven predominantly by wind direction and
atmospheric stability. As a noble gas, radon itself has very little radiological effect on human health or
the environment. Radon has a relatively short half-life (3.8 days), and its decay products are short-lived
alpha-emitting, non-gaseous radionuclides. These decay products have the potential for adverse effects
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to human health and the environment. All exposure pathways, with the possible exception of
absorption, can be important depending on the environmental media affected (Figure 7.1, Human
Exposure Pathways for Known and Potential Sources from the SUA-1548 Project).
Within the pressurized downflow IX columns, radon will remain in solution and be returned to the
formation. Radon will not be released to the atmosphere from the IX columns under normal
operations. The purge water removed from the injection fluid will be routed to a tank at atmospheric
pressure and the radon in this tank will be vented to the air outside of the building. In this case it is
assumed that all of the radon is released from this solution.
There will be minor releases of radon during the air blow down prior to resin transfer to the resin trailer.
The radon released during air blow down and during column filling is vented to the atmosphere. The
wellfields are also sources of radon emissions due to loss of pressure on the solution during well work
overs and sampling. Radon loss from well venting is estimated to be less than 1% of the radon
concentration contained in the process solution.
7.3.2

Potential Exposures from Water Pathways

The solutions in the production zone aquifer are controlled and monitored to ensure that migration
does not occur. The overlying and underlying aquifers are also monitored.
The North Butte Remote Satellite facility will have double-lined surge ponds that will be used to store
wastewater prior to deep well injection. Double-lined evaporation ponds will be constructed at the Gas
Hills Remote Satellite. The surge/evaporation ponds will be double-lined with impermeable synthetic
liners. There will be a leak detection system installed to provide a warning if the primary liner develops a
leak so that immediate action can be taken to repair the liner before it becomes a major problem. The
ponds, therefore, are not considered a source of liquid radioactive effluents.
The primary method of waste disposal at the SUA-1548 facilities is deep well injection under the UIC
program. Land application is also used at Satellite No. 2 at the Smith Ranch license area.
The CPP, CPF and satellite facility processing buildings are constructed on a curbed concrete pad to
prevent liquids from entering the environment. Solutions used to wash down equipment will drain to a
sump and be pumped to the wastewater disposal circuit. The curbed pad will be of sufficient size to
contain the contents of the largest tank should it rupture. Since no routine liquid discharges of process
water are expected, there are no definable water related pathways. Current and future SUA-1548
satellite facilities are or will be constructed with secondary containment features. ALARA analyses of
waste disposal facilities is discussed in Section 4.0 of this TR.
7.3.3

Potential Exposures from Air Pathways

7.3.3.1
Source Term Estimates for MILDOS-AREA Modeling
Smith Ranch
The source terms used to estimate radon releases from Smith Ranch and the Reynolds Ranch Satellite,
include five wellfields at Smith Ranch, eight wellfields at Reynolds Ranch, and resin transfers at the
satellite buildings and CPP. The MILDOS-AREA modeling assumed that the wellfields would operate
simultaneously. MILDOS-AREA was used to estimate the radiological effects of shipping resin to Smith
Ranch from off-site facilities. Finally, the MILDOS-AREA was used to simulate the radiation effects at
Smith Ranch from the operations at Reynolds Ranch and vice versa. The parameters used to characterize
and estimate the radiation releases are provided in Table 7-2, Parameters Used to Estimate and
Characterize Source Terms at Smith Ranch. These variables are used to calculate the source terms
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provided on page 5 of the MILDOS output reports. The MILDOS report for Smith Ranch-Reynolds Ranch
is provided in Appendix L.
Gas Hills Remote Satellite
The source terms used to estimate radon releases from the Gas Hills Remote Satellite include four
production areas and two satellite facilities. The parameters used to characterize and estimate
releases are provided in Table 7-2.1, Parameters Used to Estimate and Characterize Source Terms at
Gas Hills Satellite. These variables are used to calculate the source terms provided on page 5 of the
MILDOS output reports. The MILDOS report for Gas Hills is provided in Appendix M.
North Butte Remote Satellite
The source terms used to estimate radon releases from the North Butte Remote Satellite
wellfields and one satellite building. The parameters used to characterize and estimate
provided in Table 7-3, Parameters Used to Estimate and Characterize Source Terms at
Satellite. These variables are used to calculate the source terms provided on page 5 of
output reports. The MILDOS report for North Butte is provided in Appendix K.

include four
releases are
North Butte
the MILDOS

ProductionReleases
As outlined in Faillace, et al (1997), no particulate materials are released from the production wellfield
because the process streams, from production and injection wells to IX columns in the satellite facility,
are in a closed-loop circuit. The primary radioactive emission from the process streams of the
production wellfield is radon. In the natural environment, radon results from the decay of radium-226
and migrates though the rock or soil by diffusion and convection. In the orebody the primary movement
of radon is by advection, rather than diffusion.
The general equation describing the change in radon concentration in the process water of a wellfield
can be expressed as:

V

JS - (L + v)VCR," -

(FP + F )CRl

(1)

I

dT
where

V = volume of water in circulation (L),
CRn= Rn-222 concentration in the process water (pCi/L),
f = fraction of radon source carried by circulating water (dimensionless),
S = radon source (pCi/d),
L = decay constant of Rn-222 (0.181/d),
v rate of radon venting from piping and valves during circulation (l/d),
F,= purge rate of treated water (L/d), and
Fi = water discharge rate from resin unloading of IX column (L/d).
The radon source term, S, can be expressed as

S=106 xLNRa]ADP (2)
where
106 = unit conversion factor (cm3/m3),
E = emanating power of active ore zone (dimensionless),
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[Ra] = Ra-226 concentration in ore zone (pCi/g),
A = area of ore zone or (m),
D = average thickness of ore zone (m), and
P = bulk density of ore material (g/cm 3).
The water discharge rate from the resin unloading, F,, can by calculated by

F=NyVIP

(3)

where
Vi = volume of IX column (L),
Ni = number of IX column unloadings per day, and
Pi = porosity of IX resin material (dimensionless).
Under steady-state conditions, the radon concentration in the process water,

CR,

-

106 [Rn]ADPELf

(L+v)V+F +F+

CRn,

can be written as

(4)

When the pressure is released during transfer of purge fluid to a tank at atmospheric pressure or
during resin transfer, radon is readily released into the atmosphere. The amount of radon available for
release from the purge is dependent on the water volume purge rate, Fp, and on the radon
concentration in the purge liquid, CRn. By conservatively assuming that available radon in the purge
water is released, the annual radon emission is

Rnw,,=3.65x1O-l°C,,Fp (5)
where
3.65 x 10z1 = unit conversion factor (Ci/pCi)(d/year), and
Rn, = Rn-222 release rate from purge water (Ci/year).
The annual Rn-222 release from the occasional venting from wellheads and leaking transport piping are
Rn,, = 3.65xlO-•°vCR,,V

(6)

where
Rn, is the annual radon release from venting (Ci/year).
The annual radon discharge from the unloading of the IX column contents is
RnA =3.65x10-'°CR,,Fi (7)
where
Rnx is the annual radon release of the IXcolumn contents (Ci/year).
The total annual release of radon from the facility is the sum of Rnw, Rn, and Rnx. The input parameters
are provided in Table 7-2, Table 7-2-1, and Table 7-3. Equations 3 through 7 were used to estimate the
source term for radon emissions for production in the MILDOS-AREA model.
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RestorationReleases
The basic operating processes of the restoration wellfield are similar to those of the production
wellfield. Groundwater affected by recovery processes in the production wellfields is restored to its premining levels primarily by groundwater sweep and "pump and treat" (RO treatment and reinjection).
Reductants may be added to the reinjection stream to precipitate certain elements and remove them
from the groundwater in the formation. Like the production wellfield, no particulate materials are
expected to be released from the restoration operations. The primary source of radon release is the
process water circulating within and discharged from the restoration operations. The annual radon
releases from the restoration wellfield therefore can be calculated by equations 5 and 6.
New Welflfeld Releases
Conventional rotary rigs are commonly employed for drilling activities at SUA-1548 license areas.
Because exploration drill holes are drilled by using water and drilling additives and sealed with highviscosity bentonitic mud to maintain aquifer isolation, no particulates are expected to be released
during drilling operations. The only source of radioactive release is the radon release from radiumcontaining ore cuttings temporarily stored in the open mud pit. During the period when the ore cuttings
are exposed in a mud pit, radioactive decay of Ra-226 is producing radon continuously. The amount of
radon available for release, or the maximum release rate, in a year as a result of Ra-226 decay from ore
cuttings in storage is assumed to be given by the following expression:

Rnw, = 10-12 EL[Ra]TMN (8)
where
Rnw = Rn-222 release rate from the new wellfield (Ci/year),
1012 = unit conversion factor (Ci/pCi),
[Ra] = concentration of Ra-226 in ore (pCi/g),
E = emanating factor (dimensionless),
L = decay constant of Rn-222 (0.181/d),
T = storage time in mud pit (d),
M = average mass of ore material in the mud pit (g), and
N = number of mud pits generated per year.
The following data were used to determine the radon doses from new wells at Smith Ranch, Gas Hills
and North Butte Remote Satellites:
Storage time in the pits = 10 days
Ore material in the pits delineation hole = 1.61E5 g
Ore material in the pits cased hole = 7.06e5 g
Number of pits = varies by year
The quantity of radon released from new wellfields is much less than 1% of the radon released during
wellfield production.
Radon-222 Release Summary
A summary of the estimated radon releases (Ci/year) from the Smith Ranch, North Butte and Gas Hills
Remote Satellite license areas is provided in tables included in Appendix K, Appendix L, and Appendix
M. The estimated radon release values are also found on page 5 of the MILDOS-AREA output reports.
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Sources were modeled using the MILDOS-prescribed format and inputs for that type of source.
Sources of potential release include new production area development, releases from radon in purge
water and from wells venting during both production and restoration, and Rn releases during IX
column unloading. Radon releases from production and restoration purge water was assumed to
occur at the location of the central processing plant. Radon releases from venting were assumed to be
at the centroid of the mine unit in question.
The QAJUST factor in MILDOS was used to adjust the timing and fraction of a year that various sources
operate. The annual rate of release from a specific resource was varied depending on timing of the
release. In all cases, the modeling time step was set to I year. For example, a particular mine unit is in
production for 90% of the time, so QAJUST is set at 0.90 to account for that diminished output on a
yearly basis. By varying QAJUST in this way, it was possible to estimate the variation in dose as the
project progresses.
7.3.3.2
Potential Receptors
The potential receptors used in the MILDOS-AREA simulations for Smith Ranch, North Butte, and Gas
Hills Remote Satellites are presented in Appendix K, Appendix L, and Appendix M and include the
license boundaries, nearby residences, and towns and cities within 80 kilometers (50 miles).
7.3.3.3
Miscellaneous Parameters
The MILDOS-AREA simulations for Smith Ranch used weather data (1995-2009) from the Glenrock Coal
Company. The Glenrock Coal Company ceased operations in circa 2000, but metrological data were
collected at the site until December 2009. A meteorological station will be installed at Smith Ranch.
After a year's worth of data have been collected from the station, it will be evaluated to determine if
the site-specific data is comparable to the regional data used in the modeling. The MILDOS-AREA
simulations for Gas Hills and North Butte used weather data (2012 for North Butte and 2011 for Gas
Hills) from the on-site meteorological stations.
The population distribution used in the MILDOS-AREA model to estimate population doses is from the
demographic information presented in Sections 2.2.3 and 2.3.3 of this TR and ER Section 3.10.
7.3.3.4

Total Effective Dose Equivalent to Individual Receptors

Smith Ranch - Reynolds Ranch Radon-222Release Summary
The calculated TEDE at the license boundaries, nearest receptors and cities and towns within an 80kilometer (50-mile) radius of Smith Ranch are summarized in Table 7-4, Estimated Total Effective Dose
Equivalent to Receptors within 80 kilometers of Smith Ranch. The north license boundary reported
the highest dose of 4.8 mrem/year. The dose rate at the nearest occupied residence (Sunquest Ranch)
was 39.5 mrem/year. The highest dose rate at towns and cities within an 80-kilometer (50-mile) radius
from Smith Ranch was 0.6 mrem/year at Glenrock and Douglas. Table 7-4 also provides the TEDE at the
various receptors for a different radon-222 distribution (10% mine/90% satellite).
Table 7-5, Estimated Total Effective Dose Equivalents to Receptors within 80 kilometers of Reynolds
Ranch provides a summary of the dose rates for operations at the Reynolds Ranch Satellite with the
different radon-222 distribution and an upper bound purge rate. The highest license boundary dose was
24.8 mrem/year at the east boundary. The dose rate at the nearest occupied residence (Duck Creek
Ranch) was 3.9 mrem/year. The highest dose rate at towns and cities within an 80-kilometer (50-mile)
radius from Reynolds Ranch was 0.8 mrem/year at Wright.
For the MILDOS-AREA simulations, the annual dose limit (100 mrem/year) provided in 10 CFR 20.1301
was not exceeded for individuals likely to receive the highest dose from operations at Smith Ranch and
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the Reynolds Ranch Satellite. The radiation dose rates were less than 5 mrem/year for IX resin
shipments to Smith Ranch, radiation from Reynolds Ranch operations on Smith Ranch and radiation
from Smith Ranch operations on Reynolds Ranch.
GasHills Remote Satellite Radon-222 ReleaseSummary
The calculated TEDE at the license boundaries, nearest receptors and cities and towns within an 80kilometer (50-mile) radius of the Gas Hills Remote Satellite are summarized in Table 7-5.1, Estimated
Total Effective Dose Equivalent to Receptors within 80 kilometers of the Gas Hills Remote Satellite.
Results of MILDOS modeling indicate that no boundary location is likely to receive greater than the 10
CFR 20 limit of 100 mrem/year TEDE. The maximum modeled dose at any boundary location, 4.45
mrem/year, occurs at the East Boundary, located several hundred meters east of the MU-4 in year 12.
The nearest residence (i Ranch) also has the highest predicted dose in year 12 of 0.24 mrem/year.
Both dose rates assume 100% occupancy at the modeled location. Potential scenarios of various
members of the public, such as a courier, member of a tour group or a recreational camper at the east
boundary location would receive doses far less than I mrem in the maximum project year.
Collective dose, expressed in person-rem/year to residents surrounding the project, is very small
relative to natural background radiation. The average background radiation to a person in the United
States is 310 mrem. Collective dose from the Gas Hills project to the 13,000+ residents within 80
kilometers (50 miles) is approximately 100,000 times lower than the dose to the same population
from ubiquitous natural background radiation
North Butte Remote Satellite Radon-222 Release Summary
The calculated TEDE at the license boundaries, nearest receptors, and cities and towns within an 80kilometer (50-mile) radius of the North Butte Remote Satellite are summarized in Table 7-6, Estimated
Total Effective Dose Equivalent to Receptors within 80 kilometers of the North Butte Remote Satellite.
Results of MILDOS modeling indicate that no boundary location is likely to receive greater than the 10
CFR 20 limit of 100 mrem/year TEDE. The maximum modeled dose at any boundary location, 58.4
mrem, occurs at the East Boundary, located only 100 meters (328 feet) east of the satellite in the year
2020. In the same year the dose rate at the nearest occupied residence (Pfister Ranch) was 0.53
mrem/year. These dose rates assume 100% occupancy at the modeled location. Potential scenarios of
various members of the public indicate that workers who are resident at the company mancamp
northeast of the satellite would receive less than 15 mrem/year. Other exposure scenarios result in
far lower doses.
7.3.3.5
Population Dose
The annual population effective dose commitment to the total population in the region within 80
kilometers (50 miles) of the Smith Ranch, Reynolds Ranch Remote Satellite, Gas Hills Remote Satellite
and North Butte Remote Satellite is also predicted by the MILDOS-AREA code. The population effective
dose rate within an 80-kilometer (50-mile) radius of the North Butte Remote Satellite was 0.053 personrem/year and 0.04 person-rem/year at the Gas Hills Remote Satellite. The population effective dose
rate within an 80-kilometer (50-mile) radius from Smith Ranch and Reynolds Ranch was 270 and 238
person-rem/year, respectively.
7.3.3.5. I Compliance with 10 CFR 20.1302 (1)
10 CFR 20.1302 (1) states that it is acceptable to show compliance to public dose limits by
demonstrating by measurement or calculation that the TEDE to the individual most likely to receive
the highest dose from the licensed operation does not exceed the annual dose limit. Cameco will
show compliance with this requirement through one of the two methods outlined below. The first
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method is to perform a dose assessment using measured effluent concentrations at a monitoring
location positioned near the maximum receptor. In regards to radon and radon progeny dose, the
dose assessment will be performed using the following equation:
D = DCFI CiFiTi

Where:
D
DCF
Ci
Fi
Ti

= annual dose (TEDE) (mrem/year)
= dose conversion factor for Rn-222 with 100% equilibrium factor with its progeny
from 10 CRF 20 Appendix B - 500 mrem/hr per pCi Rn/I
= annual average concentration of Rn-222 in air (pCi/I) measured at the receptor
location
= radon equilibrium factor at the receptor
= occupancy factor for the receptor

In the event that a receptor is exposed in multiple locations (e.g. indoors and outdoors), applicable
equilibrium and occupancy factors will be used for those locations. For this receptor, currently
exposures will be assumed to be indoors as this is the most conservative assumption. If multiple
exposure locations are to be used in the future, the NRC will be notified prior to this change.
A dose conversion factor (DCF) has been established using the 10 CFR 10 Appendix B, Table 2, value
for radon with daughters present in air (1 x 10-10 ItCi/mL or 0.1 pCi/I) and the annual dose of 0.5
mSv/year (50 mrem/year). Therefore, the dose conversion factor for radon-222 with progeny at 100%
equilibrium is determined as 0.5 mSv/year (50 mrem/year)) divided by 0.1 pCi/L, or 5 mSv/year per
pCi Rn/L.
The annual radon concentration at the receptor will be determined by calculating the average net
radon concentration at the receptor location based on semi-annual radon-222 measurements with
track etch cups. As this is a private residence, measurements indoors on private property is not a
feasible alternative. In an article published by Shiager (1974), it was shown that buildings immediately
adjacent to tailings piles had indoor radon concentration in equilibrium with those found outdoors. In
FSME-ISG-01 draft guidance, it is stated as acceptable to assume that the indoor radon concentration
due to licensee activities is equal to the outdoor concentration.
The equilibrium factor between radon and radon progeny is assumed to be 50% for indoor exposure.
This value is based on Regulatory Guide 3.51 and National Council on Radiation Protection and
Measurement 160 and is mentioned in FSME-ISG-01 draft guidance as an acceptable default for
indoor equilibrium factor. The actual occupancy factor for this receptor will be determined based on
an assessment of actual residency time.
The alternate method involves use of the MILDOS-AREA atmospheric dispersion code. As per the
discussion below, samples will be collected and release rates for radon will be determined for each
source term. This information can be used as inputs to the MILDOS-AREA model in order to determine
a dose to this receptor.
Since the Smith Ranch project utilizes a vacuum dryer prior to packaging of yellowcake, the principal
radionuclides released from the facility are radon and its associated daughter products. Cameco has
identified three general locations that have the potential for release of radon and its daughters.
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These locations are the CPP or satellite, the header houses, and, to a lesser extent, the wellfields.
How the quantity of principal radionuclides released from each of these potential sources will be
accounted for at each facility will be discussed in more detail.
CPPor Satellite
Emissions from the CPP or satellite will be determined based on the following assumptions and
measurements. The total radon emission from the CPP or satellite will be the sum of the radon
released from the vents of the tanks with the potential to contain significant quantities of radon plus
the ambient radon in the facilities that is vented through the building's exhaust fans.
Releases of radon from vented tanks will be calculated by measuring the concentration of radon
being emitted from the tank vents and the rated capacity of the vent fan. Lucas cells will be used to
sample the air in the vent and quantify the concentration of radon at each vent. Only tanks that are
considered to be significant sources of radon emissions will be sampled. The use of scintillation cells
for the measurement of radon is an approved method, as outlined in Method 115 from 40 CFR 61
Appendix B. While the method describes the use of scintillation cells for underground mining and
tailing piles, it can be applied to this application.
Measurements of the radon from tank vents will be performed at a minimum of once a quarter.
Samples will be taken during highest predicted concentrations and will be used to determine the
effluent of radon from vented tanks. To evaluate the conditions that would represent the highest
concentration of radon in the vents, samples will be collected during different stages of the tank's
operation. These stages will be filling, emptying, mixing and static. These samples will be collected
during the first quarter after approval of this program. After the initial sampling, a single sample will
be collected from each vent on a quarterly basis to represent the radon concentration in the tank
vent.
Once the concentration of radon in the tank's vent is determined the quantity of radon emitted from
the vent can be calculated assuming the manufacturer's flowrate (cf/min) for the ventilation fan
associated with the tank vent. Fans will be assumed to be running continuously, and total releases
from vented tanks will be calculated and added to total radon released from the plant.
The amount of radon in the CPP or satellite air will be determined using Track Etch cups with
quarterly exposures. Semi-annually the quarterly sample results will be averaged to determine the
ambient radon concentration in the facilities air. The rate of radon released from the process facility
will be based on the manufactures flowrate for each of the exhaust fans. It will be assumed that the
fans are operational 100% of the time, which will represent the worst case.
A total radon release from the CPP or satellite will be calculated quarterly based on the sum of the
radon released from the tank vents and the ambient radon released as a result of the building
ventilation. This release rate will be reported semi-annually in agreement with 10 CFR 40.65.
The history of particulate sampling at the Smith Ranch-Highland project indicates that, as expected,
there are not significant quantities of the particulate radionuclides released from the facility.
Cameco proposes that for one year, the emission of particulates at the CPP or CPF will be estimated
based upon semi-annual isotopic analysis of filters used for particulate samples. The concentrations
of the radionuclides reported from the analysis of the filters by an outside accredited lab will be
used to calculate the quantity of the particulate radionuclides released from the facility. The exhaust
fan rates that are used for the radon estimate will be used for the airborne particulate release
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calculations. The fans will be assumed to operate 100% of the time. Total effluents for each
radionuclide will be reported on a semi-annual basis in agreement with 10 CFR 40.65. If after one
year the NRC agrees that these emission rates are insignificant Cameco will submit a written request
to discontinue this reporting.
HeaderHouses
Radon emissions from header houses will be estimated based on the following assumptions and
measurements. The concentration of radon in air released from the header houses will be based on
radon measurements taken within the header house utilizing Track Etch cups with a quarterly
exposure time. Semi-annually the quarterly samples will be averaged and the radon concentration
will be used along with the manufacturer's rating on the header house exhaust fan to determine the
total radon released from the header house on a semi-annual basis. This assumes that all radon in
the header house is released into the environment at a rate of the exhaust fan. The exhaust fans in
the header houses are operated on a continual basis.
Four productions and four restoration header houses will be monitored at Smith Ranch-Highland
(North Butte and Gas Hills when in production) as described above and the average radon emission
per header house will be attributed to the remaining operational header houses in each group. The
emissions from the operational header houses will be totaled on a quarterly basis and reported in
the semi-annual report consistent with the requirements of 10 CFR 40.65
Wellfield
Injection wells have sealed wellheads and the potential of radon release is minimal. Potential
emission of radon in the wellfield is limited to production wells; however, this source is minimal. The
release of radon from production wells is considered to be negligible. The submersible pumps are
positioned just above the production zone of the wellfield and approximately 450 feet to 700 feet
below ground surface with several tens of feet of water above them. These submersible pumps are
extracting production fluids containing dissolved radon from the formation and transfer these
solutions to the nearest header house through a closed poly line under pressure. This production
fluid is the source of the radon measured in the header houses.
The stagnant nature of the fluid above the pump lacks the turbulence to release a significant amount
of radon gas into the well bore above the fluid surface. The stagnant water in the well above the
pump is raised or lowered within the well bore by atmospheric conditions or changes in pump flow
rates. These minor changes in the water level in the wellbore are the only means to exhaust gases
from the production wellhead. Given the small volume of gas and the low concentration of radon in
this gas, the radon released from the production wells is minor when compared to the quantity
released from the CPP/Satellites and the header houses. This source of radon will not be included in
the reported quantity of radon released from Crow Butte.
A potential source of radon emitted from the wellheads and piping occurs when the wellheads are
opened to the atmosphere to depressurize a wellhead that has become pressurized. Because this
situation is transient and very short lived, in addition to being highly localized, emissions from this
situation will be measured through the use of grab samples collected with scintillation cells.
Sampling of at least one well per quarter will be planned to determine the radon concentration in
the gases released during depressurization of the wellhead. These samples will be collected in the
airstream being vented from the well. The volume of gas will be calculated based on the casing
volume and well pressure. The casing volume will assume the casing diameter and the average
length of the casing from ground surface to the top of the screen for the mine area.
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The other potential source of radon release from the wellfields is the unplanned releases of process
fluid resulting from spills in the wellfield. The amount of radon released as a result of a spill will be
estimated based on the volume of fluid released and an estimate of the radon concentration in that
fluid. The concentration of radon in the fluid will be based on the calculations used to determine the
radon concentration in production fluid by the program MILDOS. While the quantity of radon
released as a result of spills in the wellfields is minor this procedure will represent a conservative
estimate of the radon released.
The quantity of radon released from the CPP/Satellite, header houses, well venting, and spills will be
summarized on a quarterly basis and reported in the semi-annual report consistent with the
requirements of 10 CFR 40.65. If the reported radionuclide emission is significantly greater than that
anticipated in the license renewal the cause of the unexpected value will be discussed in the report.
In summary, compliance with 10 CFR 20.1302 (1) will be demonstrated by considering both actual
and potential public receptors. The actual receptors include local residents. Potential receptors are
members of the public who may be at or near the site for greater than 50 hours per year. For the
potential receptors, an estimate will be made of the hours spent at or near the site.
The estimate will include:
*
"
*
*
*
*

Operations Summary
Model Inputs and Assumptions
Adjustment of Radon Venting Rate Using Environmental Data
Meteorological Data
Receptors and Identification of Maximally Exposed Individual
Dose Estimate for Compliance Demonstration

7.3.3.6
Potential Exposure to Flora and Fauna
There are two primary potential pathways for radiological exposures to flora and fauna: radon
emissions, and accidental spills of wellfield fluids (e.g., lixiviant).
Radon Releases
Radon emissions at satellite facilities that do not process yellowcake slurry or involve drying and
packaging are considered the primary air contaminant during operations. Radon emissions during
normal operations are considered the most important pathway for exposure to flora and fauna due to
deposition of radon decay products on surface water, surface soils and vegetation. The MILDOS-AREA
model provides an estimate of surface deposition rate as a function of distance from the source for the
radon decay products and calculates surface concentrations.
The potential exists for individual fauna (e.g., small mammals and birds) that are mobile to have contact
with higher, but short-term, concentrations of radon than the public due to the potential proximity to
releases. However, due to the typical mobility of such animals, it is likely that individuals would receive
only an intermittent exposure, as opposed to a constant concentration for the entire year.
FluidDischarges
There are currently no planned surface discharges from SUA-1548 licensed facilities except for the Smith
Ranch Satellite 2 Land Application facility. The primary disposal method for facility wastewaters is via
Class I deep disposal wells or evaporation ponds (Gas Hills). Therefore, fluid discharges would be
associated with spills, e.g., pipeline breaks or leaks. Spills of this type would be expected to occur within
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the restricted mine unit wellfield areas and between the wellfields and satellite process facility. Satellite
processing buildings, fuel tanks, and chemical tanks are constructed on pads that are engineered to
contain spills from a pipe rupture, leaking vessel or inadvertent spill. Therefore, it is unlikely that spills in
the processing area would reach soils and vegetation. Cameco operating procedures provide for ongoing
monitoring of operational activities and for a rapid corrective action response to spills, which would
result in cleanup of the spilled material and, if applicable, removal of contaminated soil and vegetation.
Long-term experience at Smith Ranch has shown that single-event spills typically do not cause significant
contamination of soil and vegetation. There is limited potential for wildlife or domestic animals to
consume contaminated vegetation or seeds. Other than the potential for accidental spills discussed
above which would be immediately assessed and cleaned up, the satellite facilities would not be
expected to significantly affect food source such as vegetation and seeds that local animals depend
upon.

7.4

Potential Non-Radiological Effects

7.4.1
Potential Non-Radioactive Airborne Effluents
An ISR facility by design is a self-contained circuit. Wastes generated by the facility are contained and
eventually removed for disposal elsewhere. There has not been in the past nor is it anticipated that
there will be a significant environmental impact from the non-radioactive airborne effluent releases in
the future. Non-radioactive airborne effluents at the SUA-1548 license areas are limited to fugitive dust
from access roads and mine unit activities and non-radioactive particulate emissions from the CPP's area
heaters and hot oil heaters. The emissions from the CPP are permitted under WDEQ AQD Permit No.
OP-202.
Fugitive dust emissions will be minimal and dust suppressants will only be used if conditions warrant
their use. Cameco's procedures for controlling fugitive dust emissions during construction and
operations are detailed in Section 3.8.5 of this TR. When operational, WDEQ AQD Permit No. OP-202
requires annual particulate emission testing of the yellowcake dryer (which is fueled with natural gas)
and yellowcake packaging room scrubber exhaust stacks. Currently (January 2012) the Highland CPF is
not operational. However, two rotary vacuum dryers will be installed at the CPF once the facility is
refurbished, and emissions from the CPF will be similar to the Smith Ranch CPP. The monitoring
programs discussed in Section 5.10 are designed to quickly identify adverse conditions that may result
during operations. No long-term irreversible effects have been identified and none are anticipated
during the next renewal period.
7.4.2
Non-Radioactive Liquid Effluents
There have been no non-radioactive liquid effluents discharged to the environment during the operation
of the SUA-1548 license since the last renewal. Section 3.10 presents mitigation measures that have
been implemented to reduce the potential for discharges during the next renewal period.

7.5

Potential Effects of Accidents

Accidents involving human safety associated with ISR facilities typically have far less severe
consequences than accidents associated with underground and open pit mining methods. ISR provides a
higher level of safety for employees and neighboring communities when compared to conventional
mining methods or other energy related industries. Accidents that may occur would generally be
considered minor when compared to other industries. Radiological accidents that might occur would
typically manifest themselves slowly and are, therefore, easily detected and mitigated. The remote
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location of the SUA-1548 licensed facilities and the low level of radioactivity associated with the process
combine to decrease the potential hazard of an accident that would jeopardize the general public.
NRC has previously evaluated the effects of accidents at conventional uranium milling facilities in NUREG
0706 and, specifically, at ISR uranium facilities in NUREG/CR-6733. These analyses demonstrate that, for
most potential accidents, consequences are minor as long as effective emergency procedures and
properly trained personnel are used. The SUA-1548 licensed facilities are consistent with the operating
assumptions, site features, and designs examined in the NRC analyses in NUREG/CR-6733. Cameco has
developed emergency management procedures to implement the recommendations contained in the
NRC analyses. Training programs have been developed and implemented to ensure that Cameco
personnel are adequately trained to respond to potential emergencies. These training programs are
discussed in Section 5.5 of this TR.
NUREG 0706 considered the environmental effects of accidents at single and multiple uranium milling
facilities. Analyses were performed on incidents involving radioactivity and classified these incidents as
trivial, small, and large. NUREG-0706 also considered transportation accidents. Some of the analyses in
NUREG 0706 are applicable to ISR facilities, such as transportation accidents. NUREG/CR-6733
specifically addressed risks at ISR facilities and identified the "risk insights" that are discussed in the
following sections.
7.5.1

Potential Accidents Involving Radioactivity

7.5.1.1
Tank or Vessel Failure
A spill of materials contained in the process tanks at ISR facilities present a minimal radiological risk.
Process fluids are contained in vessels and piping circuits within the processing buildings. Oxygen,
hydrogen peroxide, C02, propane and fuel are stored in outside storage tanks. Tanks that contain
liquids such as fuel, acids, and hydrogen peroxide are bermed or curbed to contain potential leaks. The
satellite facilities are designed to control and confine liquid spills from tanks, should they occur. The
facility building structures and concrete curbs are designed to contain the liquid spills from leakage or
rupture of a process vessel and direct spilled solution to a floor sump. The floor sump system directs
spilled solutions back into the facility process circuit or to the waste disposal system. Bermed areas, tank
containments, or double-walled tanks will perform a similar function for process vessels located outside
the building. Consequently, such an accident would be of short duration and the remedial procedure is
incorporated into the process plant design.
Tanks are constructed of materials suitable for their service. Instantaneous failure of a tank is highly
unlikely. Tank failure would be more likely to occur as a small leak in the tank. In this case, the tank
would be emptied to at least a level below the leaking area, and repairs or replacement would be made
as necessary.
7.5.1.2
Potential Pipe Failure
Rupture of a pipe within the CPP or satellites can be easily detected by operating staff and can be
quickly controlled and repaired. Spilled solution will be contained and managed in the same fashion as
for a tank failure.
7.5.1.3
Potential Wellfield Spill
The rupture of an injection or recovery line in a mine unit wellfield, or a trunkline between a wellfield
and satellite or CPP, would result in a release of injection or production solution which could impact the
ground in the area of the break. Piping from the CPP or satellite to and within a wellfield is buried for
frost protection. Pipelines are constructed of HDPE with butt-welded joints. Pipelines are pressure
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tested with water at operating pressures prior to final burial and following maintenance activities that
may affect the integrity of the system.
Each mine unit wellfield has several header houses where injection and production wells are
continuously monitored for pressure and flow. Individual wells have set high and low flow alarm limits.
Monitoring parameters and alarms are observed in the satellite control room via a computer system.
Each new header house has a "wet building" alarm to detect the presence of liquids in the building
basement. High- and low-flow alarms have been proven effective in the detection of significant piping
failures (e.g., failed fusion weld). A discussion of the construction and leak detection features at new
header houses is provided in Section 3.6.
Occasionally, small leaks at pipe joints and fittings in the header houses, bellholes or at the wellheads
may occur. Until remedied, these leaks may drip process solutions onto the underlying soil. Cameco has
implemented a program of continuous wellfield monitoring by roving wellfield operators and periodic
inspections of each well that is in service. Small leaks in wellfield piping typically occur in the injection
system due to the higher system pressures. These leaks seldom result in adverse effects. Following
repair of a leak, Cameco requires that affected soil be surveyed for contamination and the area of the
spill documented. If contamination is detected, the soil is sampled and analyzed for the appropriate
radionuclides. Affected soil may be removed as appropriate.
7.5.1.4
Potential Lined Pond Failure
Smith Ranch uses two lined holding ponds. Two surge ponds are proposed for the North Butte Remote
Satellite. Initially, two evaporation ponds will be installed at the Gas Hills Remote Satellite. Leakage from
the ponds could potentially effect soil and groundwater. Existing ponds at Smith Ranch are routinely
monitored for leakage. As stated earlier, the ponds to be built at the North Butte and Gas Hills Remote
Satellites will be double lined and will have a leak detection system designed to detect potential leaks
before they impact the environment.
The ponds leak detection systems will consist of a network of perforated pipes in a permeable granular
layer beneath the primary liner with the pipes draining to a collection sump. Should a leak in the liner
occur, the water will flow through the permeable layer between the two liner systems, enter a
perforated pipe and flow to a sump. The monitoring program for the lined ponds will include either a
fluid level sensor in each pond sump with an alarm displayed at the satellite or a daily inspection of each
sump by an operator. A trained individual will visually inspect the ponds daily for leaks, liner damage,
or embankment deterioration due to erosion, slumps or other defects. The daily pond inspections will
be recorded and initialed by the inspector. The environmental monitoring program associated with the
leak detection system is discussed in Section 5.10.
7.5.1.5
Potential Lixiviant Excursion
Excursions of lixiviant at ISR facilities have the potential to contaminate adjacent aquifers with
radioactive and trace elements that have been mobilized by the mining process. These excursions are
typically classified as horizontal or vertical. A horizontal excursion is a lateral movement of mining
solutions outside the mining zone of the orebody aquifer. A vertical excursion is a movement of
solutions into overlying or underlying aquifers. In the event that an excursion does occur and is
accidentally undetected, concentrations of metals such as uranium, arsenic, selenium and Ra-226 are
likely to be low due to natural precipitation and adsorption onto clays. This phenomenon occurs
because the metals, which are mobilized in the oxidized environment of the production area, are
selectively removed from solution via precipitation and adsorption as they move into the reduced
environment outside of the oxidized production area. Should an excursion occur, the excursion

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Page 7-31

correction procedures outlined in Section 3.10.2 will be undertaken. Environmental monitoring to detect
a lixiviant excursion is provided in Section 5.10.
Hydraulic testing of existing wellfield areas prior to mining in the SUA-1548 license areas has defined the
aquifer characteristics for the production zone at the site. The ore-bearing strata are physically and
hydraulically separate from overlying and underlying aquifers. The well completion procedures used and
the mechanical integrity testing for each injection well performed prior to leach solution injection
ensure that injected solutions are contained within the wellfield. The monitoring program for overlying
and underlying aquifers is a redundant check to ensure that the injection is controlled. Should an
excursion occur, the excursion correction procedures outlined in Section 3.10.2 will be implemented as
soon as possible.
Cameco controls the lateral movement of lixiviant by maintaining wellfield production flow at a rate
slightly greater than the injection flow. This difference between production and injection flow is referred
to as "process bleed." The bleed solution will either be recycled in the plant or sent to the liquid waste
disposal system. When process bleed is properly distributed among the many patterns within the
wellfield, the lixiviant is contained within the monitor well ring.
Cameco monitors for lateral movement of lixiviant using a horizontal excursion monitoring system. This
system consists of a ring of monitor wells completed in the same aquifer and zone as the injection and
production wells. Monitor wells are installed as discussed in Section 3.5. Monitor wells are sampled
twice each month for approved excursion indicators.
The historical experience at Smith Ranch and other ISR uranium operations indicates that the selected
indicator parameters and UCL allow detection of horizontal excursions early enough that corrective
action can be taken before water quality outside the exempted aquifer boundary is degraded. As noted
in NUREG/CR-6733, significant risk from a horizontal excursion would occur only if it persisted for a long
period without being detected.
Vertical excursions can be caused by improperly cemented well casings, well casing failures, improperly
abandoned exploration wells, or leaky or discontinuous confining layers. Cameco prevents vertical
excursions through aquifer testing programs and rigorous well construction, abandonment, and testing
requirements. Aquifer testing is conducted before mining wells are installed to detect leaks in the
confining layers. Aquifer test reports are submitted to the LQD for review prior to initiating mine unit
wellfield operations. Well construction and integrity testing is conducted in accordance with LQD
regulations and methods approved by NRC, EPA and LQD. Construction and integrity testing methods
have been discussed in detail in Section 3.5.2. Well abandonment is conducted in accordance with
methods approved and monitored by the LQD and are discussed in detail in Section 3.3.2.
Cameco monitors for vertical excursions in the overlying aquifer using overlying and, where necessary,
underlying aquifer monitor wells. These wells are located within the mine unit wellfield boundary at a
density of one well per 16 hectares (4 acres). These monitor wells are sampled twice each month for
approved excursion indicators.
Excursion parameters (UCLs) for aquifers are near baseline concentrations so that minor changes in
water quality are detected and precautionary measures are taken. Because excursion parameters are
inert and their movement in groundwater is unimpeded, it is unlikely that, when excursion correction
procedures are initiated, chemical parameters other than the excursion indicators would be different
from baseline values.
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No radiological groundwater degradation should result when a well is in excursion status. In the event
that an excursion does occur and is accidentally undetected, concentrations of metals such as uranium,
arsenic, selenium and Ra-226 are likely to be low due to natural precipitation and adsorption onto clays.
This phenomenon occurs because the metals, which are mobilized in the oxidized environment of the
production zone, are selectively removed from solution via precipitation or adsorption as they move
into the reduced environment outside of the production zone.
7.5.2

Potential Transportation Accidents

The potential transportation impacts associated with the transport of yellowcake, yellowcake slurry, and
uranium-laden resins from ISR operations have previously been assessed by NRC. The NRC has assessed
the transport of dried and packaged yellowcake from conventional uranium mills and has reviewed the
proposed transportation of yellowcake and uranium-loaded IX resins from central processing facilities in
a variety of license applications for new conventional or ISR uranium recovery facilities and license
amendment applications for new satellite wellfields from existing licensees. Furthermore, during the
review of PRI's license amendment request for the Gas Hills satellite facility, the NRC staff evaluated the
impacts of shipping IX resin from the Gas Hills Remote Satellite to and from the Smith Ranch CPP (NRC,
2004). The EA identified that, as the amount of traffic generated from shipping the IX resin to Smith
Ranch would be minor compared to the overall traffic volume along the transportation route, it would
not be expected to significantly contribute to congestion or accident rates along those roadways. These
analyses have demonstrated that the transport of such materials does not pose a significant threat to
public health and safety or the environment.
Because loaded IX resins, yellowcake slurry or yellowcake is transported off-site from a satellite or the
CPP or CPF, transportation safety must be addressed. If the product is dried yellowcake, the drums are
transferred to a truck trailer by a forklift, and the shipment is sealed and treated as a dedicated
shipment. If the product is yellowcake slurry or loaded IX resin, it is to be transferred into a designated
tanker truck and transported from the satellite to either the CPP or CPF for further processing. At a
hypothetical production rate of 40 metric tons (1 million pounds) per year, up to 50 shipments of
yellowcake or up to 1,000 shipments of resin could be transported off site each year. In most cases,
after leaving the satellite, CPP or CPF, transportation typically is on unpaved roads initially in remote
locations and on paved roads later in the shipment. In some cases, unpaved roads may be used for
transport from a satellite to the CPP or CPF. By-pass routes are used to the extent practicable so that
these shipments do not pass through population centers. Transport conveyances carrying IX resin,
yellowcake slurry or dried yellowcake are required to carry the appropriate certifications, and drivers
are required to hold appropriate licenses. DOT training requirements are provided in Section 5.6 of this
TR.
Potential Accidents Involving Resin or Yellowcake Slurry Shipments
7.5.2.1
Resin is transported from the existing Smith Ranch satellites to the CPP using specially designed sole-use
transport trailers on existing roads within the license area. Resin from the Reynolds Ranch satellite will
be transported a short distance on County Road 31 (Ross Road). Resin will also be transported from the
North Butte Remote Satellite, Gas Hills Remote Satellite, and Ruth Remote Satellite to the refurbished
Highland CPF. Yellowcake slurry will also be transported from Gas Hills to the Highland CPF.
Furthermore, Cameco has NRC approval to process third-party resin and yellowcake slurry at the Smith
Ranch CPP and Highland CPF.
One of the potential additional risks associated with the operation of satellite facilities is the transfer of
IX resin to and from the satellite facilities. Resin will be transported to and from the satellite facility in a
15,120-liter (4,000-gallon) capacity tanker trailer. It is currently anticipated that one load of uraniumCameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
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loaded resin will be transported from the North Butte Remote Satellite to the CPF for elution and one
load of barren eluted resin will be returned to the satellite facility on a daily basis. Both IX resin and
yellowcake slurry will be transported from the Gas Hills Remote Satellite to the CPF.
Cameco has developed comprehensive transportation plans for the Smith Ranch, North Butte Remote
Satellite and Gas Hills Remote Satellite. A transportation plan will be developed for the Ruth Remote
Satellite once the plans for the development of this satellite have further progressed. Within these
traffic plans are the proposed transportation routes for resin and yellowcake slurry (Gas Hills) and
estimated number of trips based on the anticipated production rates for each facility.
Resin shipments are treated similarly to yellowcake shipments with regards to DOT and NRC regulations.
Materials will be handled as LSA-1 shipments for both uranium-loaded and barren eluted resin.
Pertinent procedures include:
"

The resin, either loaded or eluted, will be shipped as "Exclusive Use Only." This will require
the outside of each container or tank to be marked "Radioactive LSA" and placarded on four
sides of the transport vehicle with "Radioactive" diamond placards.

*

A bill of lading will be included for each shipment (including eluted resin) indicating that a
hazardous cargo is present. Other items identified will be the shipping name, ID number of
the shipped material, quantity of material, the estimated activity of the cargo, the transport
index and the package identification number.

*

Before each shipment of loaded or eluted resin, the exterior surfaces of the tanker will be
surveyed for alpha contamination. Gamma exposure rates will be obtained from the surface
of the tanker and inside the cab of the tractor. The survey results will appear on the bill of
lading.

*

Licensed and trained drivers will transport the resin between the satellite facilities and the
CPP/CPF.

"

Cameco's current emergency response plan for yellowcake and other transportation
accidents to or from the yellowcake processing facilities is contained in Cameco's SHEQ MS
Volume VIII, Emergency Manual. This plan is being revised to include an emergency resin
transfer accident procedure. Personnel at the satellite facilities and the CPP/CPF have
received training for responding to a resin transfer transportation accident.

For transportation purposes, Cameco treats the eluted resin the same as the uranium loaded resin. It is
possible that the eluted resin may be clean enough to be transported as non-radioactive material, as
defined by DOT regulations. Operating experience will aid in the determination of the most practical and
efficient way of dealing with the shipment of barren resin. Regardless, compliance with applicable DOT
and NRC regulations will be the primary determining factor.
The worst case accident scenario involving resin transfer transportation would be an accident involving
the transport truck and tanker trailer when carrying uranium loaded resin where the entire tanker
contents have been spilled. Because the uranium is ionically-bonded to the resin and the resin is in a wet
condition during shipment, the radiological and environmental impacts of such a spill are minimal. The
radiological or environmental impact of a similar accident with barren, eluted resin would be very minor.
The primary environmental impact associated with either accident would be the salvage of soils affected
by the spill and the subsequent damage to the topsoil and vegetation structure. Areas affected by the
removal of soil would be revegetated.
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*

In the event of a transportation accident involving the resin transfer operation, Cameco will
institute its emergency response plan for transportation accidents. To minimize the effects
from such an accident, the following procedures will be followed: Each resin hauling truck
will be equipped with a radio or cell phone, which can communicate with either the CPP,
CPF or the satellite facilities. In the event of an accident and spill, the driver can use the
radio or cell phone to summon help.

*

A check-in and check-out procedure has been implemented where the driver will call the
receiving facility prior to departure from his location. If the resin shipment fails to appear
within a set time, a crew would respond and search for this vehicle. This system assures
reasonably quick response time in case a driver is incapacitated in an accident.

"

Personnel at the satellites and CPP/CPF as well as the designated truck drivers have
specialized training to handle an emergency response to a transportation accident.

*

Each resin transport vehicle is equipped with an emergency spill kit, which the driver can
use to begin containment of spilled material.

"

Both the satellite and CPP/CPF facilities are equipped with emergency response packages to
quickly respond to a transportation accident.

In 2009, NRC staff evaluated the risk of transportation accidents related to shipments of third-party IX
resin to the Smith Ranch CPP (NRC, 2009). NRC staff previously evaluated IX resin transportation risks
during their review of amendment requests to add Gas Hills, SR-2 and Reynolds Ranch satellite facilities
to the SUA-1548 license (NRC, 2004, Jan. 2007, Dec. 2007). NRC staff concluded that if an accident
causes the release of resin and entrained water, IX resin, liquids and affected soil would be removed
from the spill site and processed through the elution circuit or disposed of at a NRC licensed disposal
facility. Disturbed areas would then be reclaimed in accordance with applicable state and NRC
regulations. NRC staff also determined that there would be no risk of airborne release of uranium, as it
remains ionically fixed to the resin (NRC, 2009).
7.5.2.2
Potential Accidents Involving Yellowcake Shipments
NUREG 0706 concluded that the probability of a truck accident involving shipments of yellowcake in a
year is 11% for each uranium extraction facility. This calculation used average accident probabilities (4.0
x 10 7/kilometer for rural interstate, 1.4 x 106/kilometer for rural two-lane road, and 1.4 x 10 6/kilometer
for urban interstate) that NUREG/CR-6733 determined were conservative. The DOT reported that in
2007 only eight out of 17,000 hazardous material transportation accidents involved radioactive material.
As with resin shipments, yellowcake slurry or dried product shipments are made in accordance with DOT
and NRC regulations. Shipments are handled as LSA material and follow the same general shipping
procedures as outlined for IX resin shipments in Section 7.5.2.1 above. The shipments meet the
minimum packaging (Type IP-1 Industrial Packages) and labeling requirements for the transport of
radioactive materials. Standard steel drums meet IP-1 requirements. Labeling requirements are as
provided in NRC regulations at 10 CFR Part 71, which are compatible with the internationally accepted
International Atomic Energy Agency TS-R-1 transport regulations.
The worst case accident scenario involving yellowcake transportation would be an accident involving the
transport truck where the integrity of one or more drums containing yellowcake was breached, resulting
in a release to the environment. Unlike IX resin shipments, ISR operators do not typically transport dried
yellowcake to conversion facilities but rather contract with transport companies that specialize in
shipments of yellowcake. These contract companies have extensive emergency response programs
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including spill response equipment on board, drivers trained in radiological emergency response,
constant monitoring of truck location and operating parameters, and standing contracts with
environmental emergency response contractors for cleanup of spills. As with IX resin, the primary
environmental impact associated with an accident involving the spill of yellowcake would be the salvage
of soils affected by the spill and the subsequent damage to the topsoil and vegetation structure.
NRC has approved the shipment of yellowcake slurry from the SUA-1548 satellites to the CPP. Currently,
Cameco only plans to produce slurry or loaded resin from the Gas Hills Remote Satellite. The effects of
an accident involving yellowcake slurry would not be different from dried yellowcake, with the
exception that the contained water in the slurry would prevent windblown contamination of nearby
soils and vegetation. Response and cleanup would be the same as described above for resin or dried
yellowcake. In 25 years of operation, PRI/Cameco has never experienced an accident involving a
yellowcake shipment.
7.5.2.3
Potential Accidents Involving Shipments of Process Chemicals
Potential accidents involving truck shipments of process chemicals to the SUA-1548 facilities could result
in a local environmental impact. Spills would be removed and the area would be cleaned and reclaimed.
Shipments of the chemicals used in ISR processing in truckload quantities are common to many
industries and present no abnormal risk. These chemicals include dry solid sodium carbonate, liquid CO2 ,
liquid oxygen, concentrated sulfuric acid, hydrochloric acid liquid (37%), hydrogen peroxide, sodium
hydroxide, and dry solid sodium chloride (salt). The production of yellowcake slurry at the Gas Hill
Remote Satellite will increase the number of process chemical shipments to the facility but will reduce
the number of resin shipments to Smith Ranch. As most of the spilled material would be recovered or
removed, no significant long-term environmental impacts are anticipated from a shipping accident
involving these materials.
7.5.2.4
Potential Accidents Involving Shipments of I1 e.(2) Byproduct Material
Low level radioactive 11e.(2) byproduct material or unusable contaminated equipment generated
during operations will be transported to an NRC-licensed disposal site as needed and at the time of
decommissioning. Because of the low levels of radioactive concentrations involved, these infrequent
shipments are considered to have minimal potential impact in the event of an accident. The effects of an
accident involving the transportation of such wastes will be mitigated by the emergency response plan
for transportation accidents.
7.5.3

Potential Natural Disaster Risk

NUREG/CR-6733 considered the potential risks to an ISL facility from natural disasters. Specifically, the
risk from an earthquake and a tornado strike were analyzed. NRC determined that the primary hazard
from these natural events was from dispersal of yellowcake from a tornado strike and failure of
chemical storage facilities and the possible reaction of process chemicals during either event.
NUREG/CR-6733 recommended that licensees follow industry best practices for design and construction
of chemical facilities. Cameco is committed to following these standards.
The ISR project areas in both the Powder River Basin and Wind River Basin are in seismic risk Zone 1. The
Gas Hills Mining district is located in the south-central portion of the Wind River Basin, which historically
has experienced a moderate level of seismic activity compared to the rest of the state and is the most
seismically active of the SUA-1548 license areas. Earthquakes have been reported south, northwest and
northeast of Jeffery City (Reagor, et al, 1985) in the Wind River Basin. In 1975, a non-damaging
magnitude 3.5 earthquake was reported approximately 40 kilometers (25 miles) north of Jeffery City,
which places the earthquake within 16 kilometers (10 miles) of the Gas Hills Remote Satellite area.
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Three active exposed faults in the Wind River Basin and Gas Hills project area have been documented
(NRC, 2004). Most of the central United States is within seismic risk Zone 1 and only minor damage is
expected from earthquakes that occur within this area. Seismology is discussed in detail in Sections
2.2.6, 2.3.6, 2.4.6, and 2.5.6, and Section 3.3.3 of the ER. When applicable, Cameco will use seismic
building codes in the design of their ISR structures.
According to the Wyoming Climate Atlas for 1950 to 1994, the State of Wyoming ranks 2 5 th in the
number of annual tornadoes (10), 3 3 rd in fatalities (six deaths per million people), 3 7 th in injuries, and
36th in property damage ($49,339,505) in the US (excerpted from the Wyoming Climate Atlas). The
occurrence of severe weather for the SUA-1548 license areas is provided in Section 3.6.1.5 of the ER.
In NUREG/CR-6733, the NRC concluded that the risk from tornadoes is very low at uranium ISR facilities
and that no design changes are necessary to mitigate the risk. One recommendation was to locate
chemical storage tanks sufficiently far apart that potential leaks caused by tornado damage would not
result in reactions between different chemicals mixing together. Cameco has procedures and provides
instructions to operating personnel for response and mitigation of natural disasters and associated spills
of radioactive and chemical materials. Emergency response procedures will include:
*
*
*
*

Notification of personnel of potential severe weather;
Evacuation procedures;
Damage inspection and reporting; and
Cleanup and mitigation of chemical or radioactive material spills.

7.5.4
Potential Range Fire Risk
The following is Cameco's procedure for addressing a potential range fire at the Smith Ranch SUA-1548
license areas. This text is reflected in Cameco's Emergency Preparedness and Response Program Volume III - Emergency Procedures Manual, Section 3; Fires and Explosions. This policy is the standard
program for SUA-1548 operations and will be extended to address the specifics of the remote satellites
at North Butte, Gas Hills, and Ruth.
If a grass fire occurs in the immediate vicinity of the CPP, CPF or satellite buildings, management will be
immediately notified. The Incident Commander will make a general announcement over the radio and
telephone intercom warning employees of the location and nature of the range fire. The Incident
Commander will then proceed to the area of the range fire and assess the situation.
A range fire near the CPP, CPF, satellites or the fuel storage area(s) may involve hazardous chemicals
and/or radioactive materials. Before attempting to fight a fire, responding personnel must ascertain the
location and size of the fire and determine the likelihood of involvement of chemicals or radioactive
materials. If these materials may be involved, personnel MUST evacuate the area and consult the
instructions for responding to fires in the Chemical Emergency Response Guide, Chapter 11.
Upon assessing the situation, the Incident Commander will determine the appropriate response (i.e., call
911, send employees to fight fire, provide the necessary firefighting equipment, possible site
evacuation, etc.). During off-shift hours, the Lead Plant Operator will ensure that senior management is
contacted and, if necessary, that 911 is called. During off-shift hours, the Lead Plant Operator is
responsible for making decisions until management arrives or the Lead Plant Operator is otherwise
instructed by management.
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The Incident Commander will maintain radio or visual contact with employees fighting the fire and will
keep the main office appraised of the situation. Range fires must be fought in teams of at least two and
from the upwind side of the fire.
Equipment will only be operated by those individuals task trained in the operation of those particular
pieces of equipment. The Incident Commander or his designee will make the determination as to which
personnel will remain on duty at the sites and who is available to assist the first responders (volunteer
fire department) with firefighting activities, if requested.
7.5.5
Potential Chemical Risk
NUREG/CR-6733 noted that the scope of the NRC mission includes hazardous chemicals to the extent
that mishaps with these chemicals could affect releases of radioactive materials. The use of hazardous
chemicals at Smith Ranch is regulated by OSHA.
Of the highly hazardous chemicals, toxics, and reactives listed in Appendix A to 29 CFR §1910.119, none
are used at the SUA-1548 facilities. The satellite facilities use oxygen, CO2, and sodium bicarbonate for
addition to the injection solution. Sodium sulfide may be used as a reductant during groundwater
restoration activities. Other operations requiring process chemicals described in NUREG/CR-6733 will be
performed at the CPP and/or the CPF.
The SUA-1548 license areas construction, operating, and emergency procedures have been developed
to implement the codes and standards that regulate hazardous chemical use.
7.5.5.1
Oxygen
Oxygen gas is not flammable but it vigorously accelerates combustion. Materials that normally will
not burn, may burn in an enriched oxygen atmosphere. Hydrocarbon materials may form explosive
compounds when exposed to an enhanced oxygen environment. The design and installation of the
oxygen storage facility is typically performed by the oxygen supplier and meets applicable industry
standards. The oxygen is delivered to Smith Ranch SUA-1548 licensed facilities by truck and stored on
site under pressure in a cryogenic tank in liquid form. The oxygen is added to the barren lixiviant
upstream of the injection manifold. The design and installation of underground and above-ground
gaseous oxygen piping, including material specifications, velocity restrictions, location and specifications
for valves, and design specifications for metering stations and filters are in accordance with industry
standards contained in Compressed Gas Association (CGA) G-4.4. Header houses will be equipped with
an exhaust ventilation system.
Combustibles such as oil and grease may spontaneously ignite or explode in oxygen. Cameco contractors
and personnel ensure that oxygen service components are cleaned to remove oil, grease, and other
combustible material before putting them into service. Acceptable cleaning methods are described in
CGA G-4.1. Cameco has developed and implemented emergency response procedures for a spill or fire
involving oxygen systems.
7.5.5.2
Carbon Dioxide
The primary hazard associated with the use of CO2 is concentration in confined spaces, presenting an
asphyxiation hazard. Bulk CO2 facilities are typically located outdoors and are subject to industry design
standards. Floor level ventilation and CO2 monitoring at low points is performed to protect workers from
undetected leaks of CO2 within the CPP.
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7.5.5.3
Sodium Carbonate and Sodium Chloride
Sodium carbonate and sodium chloride are primarily inhalation hazards. Soda ash and CO2 will be used
to prepare sodium carbonate for injection in the mine unit wellfields. Sodium carbonate and sodium
chloride are also used for regeneration of IXresin. Dry storage and handling systems will be designed to
industry standards to control the discharge of dry material.
7.5.5.4
Sodium Sulfide
Sodium sulfide may be used as a reductant during groundwater restoration. Sodium sulfide is corrosive
and will cause severe eye and skin bums. Routes of entry into the body include inhalation, ingestion, and
contact with the skin. Under low pH conditions, sodium sulfide can react with water to liberate
hydrogen sulfide gas. Sodium sulfide can be flammable in the presence of heat and open flame. Sources
of ignition should be avoided. Sodium sulfide will be stored separately from hydrogen peroxide and
sulfuric acid.
7.5.5.5
Sodium Hydroxide
Sodium hydroxide, also known as caustic soda or lye, is used to adjust the pH in the yellowcake
precipitation circuit. Solid sodium hydroxide or solutions of sodium hydroxide may cause chemical
burns, permanent injury or scarring if it contacts unprotected human skin. It may cause blindness if it
contacts the eye. Protective equipment such as rubber gloves, safety clothing and eye protection are
used when handling the material or its solutions. Dissolution of sodium hydroxide is highly exothermic,
and the resulting heat may cause heat burns or ignite flammables. It also produces heat when reacted
with acids. Sodium hydroxide is corrosive to some metals, e.g. aluminum, which produces flammable
hydrogen gas on contact. Sodium hydroxide is also mildly corrosive to glass, which can cause damage to
glazing or freezing of ground glass joints. Sodium hydroxide is stored separately from hydrogen peroxide
and sulfuric acid.
7.5.5.6
Hydrogen Peroxide
Hydrogen peroxide is one of the reagents used in the precipitation phase at SUA-1548 licensed facilities.
Hydrogen peroxide has replaced anhydrous ammonia as a precipitant. A 50% solution of hydrogen
peroxide is added to the acidified uranium-rich eluant to form an insoluble uranyl peroxide compound.
Hydrogen peroxide is a strong oxidizer and is a reactive, easily decomposable compound. Its hazardous
decomposition products include oxygen and hydrogen gas, heat, and steam. Decomposition can be
caused by mechanical shock, incompatible materials including alkalis, light, ignition sources, excess heat,
combustible materials, strong oxidants, rust, dust, and a pH above 4.0. When sealed in strong
containers, the decomposition of hydrogen peroxide can cause excessive pressure to build up which
may then cause the container to burst explosively.
As noted in NUREG/CR-6733, a hydrogen peroxide piping system leak in a process building has the
potential to result in localized vapor concentrations in excess of the immediately dangerous to life or
health value of 75 ppm within several minutes. A leak in a confined space has the potential to generate
lethal concentrations of vapor at an even faster rate. Cameco has incorporated recommendations
concerning materials of construction for tanks and piping systems and the use of local ventilation with
explosion-proof fans to control vapors in the event of a leak of hydrogen peroxide.
The SUA-1548 licensed operations include the use of hydrogen peroxide at a concentration of 50%
contained in a hydrogen peroxide tank with a capacity of 23,000 liters (6,000 gallons). With the design
hydrogen peroxide concentration and capacity, Cameco is not subject to the regulatory program for
Process Safety Management of Highly Hazardous Chemicals in 29 CFR §1910.119.
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7.5.5.7

Sulfuric Acid

Sulfuric acid is used to remove carbonate from the rich eluate in preparation for precipitation with
hydrogen peroxide or ammonia. The sulfuric acid is stored in a tank located outside the building and
piped to the precipitation circuit. The concentration of sulfuric acid fumes that are immediately
dangerous to life and health is 15 mg/m 3. In the risk analysis from NUREG/CR-6733, a spill of 93%
sulfuric acid was not deemed a significant inhalation hazard to workers as long as normal air dilution is
available from the facility ventilation system. NUREG/CR-6733 also noted that sulfuric acid reacts
vigorously with ammonia, sodium carbonate, and water, which are present at the Smith Ranch CPP/CPF.
To minimize the potential for chemical reactions in the unlikely event of simultaneous tank leaks, the
sulfuric acid storage tank is located away from other process tanks.
The use of sulfuric acid is subject to threshold planning quantities contained in 40 CFR Part 355,
Emergency Response Plans for threshold quantities in excess of 450 kilograms (1,000 pounds). The
Smith Ranch operations currently include a sulfuric acid tank with a capacity of 23,000 liters (6,000
gallons). Based on the design capacity, Cameco is subject to the Emergency Response Plan
requirements.
7.5.6

Potential Accident Risks Associated with Coal Bed Methane Development

The presence of CBM development at the North Butte and Ruth Remote Satellite license areas presents
potential accident risks not commonly associated with uranium ISR, including increased risks of methane
seepage, explosions and/or fires.
7.5.6.1
Methane Migration and Seepage
Methane gas can reach the surface by naturally occurring seepage along fault lines, fractures, or
sandstone layers in areas where coal beds are shallow. Gas migration could also be enhanced during
CBM development in areas along a coal outcrop, which are not present on the North Butte or Ruth
Remote Satellite license areas. Non-CBM wells that penetrate the coal seam may provide pathways for
migration of methane if the casings or plugs are inadequate or faulty or lack isolation through the coal
horizons.
The potential for migration of methane in CBM wells is minimized or prevented by the use of the current
CBM industry standards for cementing and casing wells that isolate or protect zones from gas or fluid
migration.
Risks from methane associated with oil and gas wells, including CBM wells, are controlled through BLMmandated conditions of approval for the Application for Permit to Drill that address well conditions,
casing, ventilation, and plugging procedures appropriate to site-specific CBM development plans. CBM
operators must have emergency plans and employee training programs that address fire prevention and
control measures.
7.5.6.2
Potential CBM Pipeline Ruptures
CBM development involves the potential for leaks or ruptures of buried gas pipelines. Most ruptures
occur when heavy equipment accidentally strikes the pipeline while operating in close proximity. These
ruptures may result in a fire or explosion if a spark or open flame ignites the escaping gas.
The CBM operators monitor the pipeline flows by either remote sensors or daily inspections of flow
meters. Routine monitoring reduces the probability of effects to health and safety from ruptures by
facilitating the prompt detection of leaks. If pressure losses are detected, the wells are shut in until the
problem is isolated and addressed.
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Materials used in the pipelines are designed and selected in accordance with applicable standards to
minimize the potential for a leak or rupture. Pipeline markers are posted at frequent intervals along the
pipelines to warn excavators and to reduce the risk of accidental rupture from excavating equipment.
Cameco will work with the CBM operator located on the license areas to ensure that gas collection and
transmission lines within proposed development areas are adequately marked to prevent accidental
rupture by ISR activities.

7.6

Potential Population, Social and Economic Effects

The potential population, social and economic effects of operations is discussed in ER Sections 3.10 and
7.0. The SUA-1548 license areas are located in rural remote areas, and the potential population and
social effects with the continued operation of Smith Ranch and the construction of Reynolds Ranch and
the remote satellites will be minimal. In contrast, the potential economic effects of these activities will
be positive and will benefit the state of Wyoming and surrounding communities.

7.7
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8.0
8.1

Alternatives

Introduction

As required by 10 CFR 51 and NUREG-1569, this section provides a listing of alternatives to the proposed
action, including the proposed action, the no-action alternative, and reasonable alternatives considered
but not carried forward for detailed analysis.

8.2

Proposed Action

As described in Section 1.0 of this TR, and Sections 1.0 and 2.0 of the ER, the proposed action is to
renew the Source Material License SUA-1548 for an additional 10-year period. Approval of this proposed
action will allow Cameco to continue ISR operations at Smith Ranch and commence construction and
operation of the North Butte, Gas Hills, and Ruth Remote Satellite facilities.
As presented in Section 3.0, the identified uranium ore bodies at Smith Ranch-Highland, North Butte,
Reynolds Ranch, Gas Hills, and Ruth have been shown to be amenable to the ISR process based upon
R&D, laboratory testing, and operational experience. The ISR process involves the circulation of a
recovery solution consisting of native groundwater infused with oxidizing and complexing agents, which
is pumped into the ore zone through injection wells. Uranium dissolves into the recovery solution and is
eventually pumped to the surface using recovery wells. The recovered solution is passed through
pressurized, down-flow IX columns where the uranium attaches to synthetic IX resins. After the uranium
attaches to these resins, it is removed from the resin using a strong brine solution. Uranium is then
precipitated, washed, and dried into the final product-yellowcake.
Once uranium has been removed from the groundwater solution, this groundwater, less a small bleed
rate which is treated and disposed, is re-infused with the oxidizing and complexing reagents and recirculated through the recovery zone in a continuous process until the economically recoverable
uranium resource in a given zone is removed. After uranium recovery is complete, groundwater in that
area is restored to meet groundwater protection standards presented in 10 CFR 40, Appendix A,
Criterion 5(B)(5) on a parameter-by-parameter basis using BPT. If groundwater restoration activities are
unable to achieve the background or maximum contaminant levels (whichever is greater) in Criterion
5(B)(5), a license amendment application request will be submitted to NRC for approval of ACL, but only
after demonstrating that there are no specific hazards, and the restored constituent concentrations are
ALARA. After successful groundwater restoration has been achieved, all associated surface facilities will
be subject to decontamination and decommissioning and final reclamation requirements such that,
ultimately, there will be no visual evidence of site use, and the entire disturbance area can be released
for "unrestricted use."
Cameco has presented operational information to the NRC as well as new operating plans in accordance
with license conditions and guidance within NUREG-1569 (June 2003) for the North Butte and Gas Hills
Remote Satellites. As part of this application, Cameco is requesting the following:
*

NRC approval of revised operational and reclamations plans, which include the option of
producing yellowcake slurry at the Gas Hills Remote Satellite.

"

NRC approval of the option for the use of deep disposal wells as an alternate or
supplemental means of waste disposal at the Gas Hills Remote Satellite.

"

NRC approval of the detailed designs and specifications for the evaporation ponds at the
Gas Hills Remote Satellite as well as the surge ponds and redesigned satellite at the North
Butte Remote Satellite as presented in this LRA supplement.
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"

NRC approval of approximately 365 third-party shipments of loaded IX resin per year from
other licensees at the Highland CPF. SUA-1548 currently allows Cameco to receive and
process up to 365 third-party shipments of loaded IX resin at the CPP per calendar year.

*

NRC authorization of the refurbished Highland CPF to receive IX resins and yellow cake
slurry from third party licensees (toll processing) for the purposes of processing, drying,
packaging and transporting the source material to a uranium conversion facility on their
behalf. This action was previously evaluated by the NRC and approved on March 15, 1993 as
Amendment 46 to Source and Byproduct Materials License SUA-1511 for the Highland
Uranium Project (NRC, 1993).

*

NRC approval of an increase in flow rate at the following facilities:
1.

Reynolds Ranch Satellite from 17,032 liters/minute (4,500 gallons/minute) to
22,709 liters/minute (6,000 gallons/minute)

2.

North Butte Remote Satellite from 15,139 liters/minute (4,000 gallons/minute)
to 22,709 liters/minute (6,000 gallons/minute)

3.

Gas Hills Remote Satellite from 45,418 liters/minute (12,000 gallons/minute) to
51,095 liters/minute (13,500 gallons/minute)

Cameco recognizes that information contained in the LRA regarding the Ruth Remote Satellite may not
meet current NRC requirements. Cameco has not revised an operational plan or adequately defined the
mineral resource at the Ruth Remote Satellite (January 2012). Prior to initiation of ISR activities at the
Ruth Remote Satellite, baseline environmental data, environmental impact analysis and the operating
plan will be updated and provided to NRC Staff.
Cameco has presented operational information, affected environmental baseline data, a summary of
potential impacts from the proposed action, and an evaluation of alternatives to the proposed action in
accordance with NRC guidance provided in NUREG-1748. An environmental evaluation has also been
completed. Cameco is requesting that the NRC approve the operation plans and environmental
information and analysis for renewal of License No. SUA-1548.

8.3

No-Action Alternative

10 CFR Part 51 as adopted by the NRC pursuant to NEPA and NUREG-1569 require that Cameco assess
the no-action alternative. If the NRC chooses to deny the renewal of Source Material License SUA-1548,
Cameco would be forced to cease recovery operations at Smith Ranch and complete groundwater
restoration, decontamination and decommissioning, and reclamation in a timely manner, leaving a
valuable mineral commodity unused. This denial would also affect the continued development of
mineral resources at the North Butte, Gas Hills and Ruth Remote Satellites. Each of these remote
satellites would go into immediate reclamation. Cameco currently has contracts for the sale of SUA-1548
uranium to be used as fuel in nuclear reactors. Denial of the license renewal application will impair
Cameco's ability to deliver on these contracts and will have an impact on both national and international
efforts to be independent (or partially independent) of fossil fuels as a power generation source. Finally,
denial of this license renewal application would result in significant adverse financial and economic
growth impacts to Converse, Campbell, Fremont, Johnson, and Natrona Counties where the sites are
located due to loss of tax revenue and jobs.
Currently, the U.S. nuclear power generating industry is the world's largest producer of nuclear power,
generating approximately 800 billion kWh of electricity in 2010, or over 20% of the total U.S. output and
30% of the worldwide electricity generation (WNA, 2011a). The U.S. imports approximately 90% of its
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uranium from foreign sources such as Canada, Australia, Russia, and Kazakhstan (WNA, 2011b). In 2010,
domestic uranium recovery companies produced 2M kilograms (4.4M pounds) of yellowcake uranium
(EIA, 2011). By comparison, U.S. nuclear fuel reactors will require 23M kilograms (50.7M pounds) of
yellowcake equivalent in 2011 (WNA, 2011b). Thus, domestic nuclear power generating companies were
required to import or receive from government-based programs (i.e., down-blending of U.S. and
Russian-based highly-enriched uranium) more than 90% of their required uranium. Denial of the
requested license renewal by the NRC would cause the domestic nuclear power generating capacity to
be deprived of enough uranium to supply approximately five nuclear power reactors per year, based on
an estimated annual production from Smith Ranch and North Butte of 1.6M kilograms (3.SM pounds)
and an average annual requirement of about 0.23M kilograms (0.51M pounds) of yellowcake equivalent
for each of the 104 U.S. nuclear reactors operated in 2010 (WNA, 2011). Accordingly, these power
reactors will be required to import sufficient uranium to fill this requirement, causing continued U.S.
dependence on foreign sources of uranium for the foreseeable future.

8.4

Alternative Action

In contrast to the ISR process, alternative extraction methods would most likely follow a more
conventional open pit or underground mining extraction system. Conventional mining practices have
been historically employed within portions of the SUA-1548 license area, specifically Smith RanchHighland Uranium Project and in the Gas Hills. Conventional resource extraction would require
excavating an open pit that extends down to the ore stratum. At the base of the mine pit, uranium ore
would be removed, loaded and transported to processing facilities. Historically an open pit was used to
develop a highwall face, and underground techniques were employed to remove additional ore.
Overburden is generally removed by heavy equipment through the processes of ripping, loading and
hauling. Furthermore, drilling and blasting techniques may also be used to further expose the ore body.
Removed material, such as topsoil and overburden would be stockpiled adjacent to the mine pit and by
so doing, enlarge the disturbance footprint. Potential groundwater infiltration to the open pit will
require this water to be pumped from the pit area to maintain access to the desired ore stratum (i.e.,
mine dewatering).
Conventional open pit extraction at new sites where no recovery has occurred often requires
conventional processing facilities to upgrade the raw ore into a concentrated form. A conventional mill
will require operations to accomplish this concentration process including crushers, solution tanks, and
concentration facilities. Sulfuric acid is the typical dissolution agent used within the milling process. Mill
waste is delivered to a tailings pond located near the conventional mill.
The heap leach process is a technology that is considered to be part of the conventional mining and
milling industry (NRC, 2009). Heap leaching includes placing ore in a heap and spraying the heap with an
acid solution that separates the uranium from the ore. The uranium-rich solution is then collected and
transported to an IX facility. Heap leaching requires some crushing and grading to build up the ore pile.
Uranium recovery from heap leaching is expected to range from 50 to 80%, resulting in a final tailings
material of around 0.01% U30 8 content. Once heap leaching is completed, the depleted materials are
11e.(2) byproduct material that must be placed in a tailings impoundment unless NRC grants an
exemption for disposal in place. Heap leaching for uranium recovery was used mostly on an
experimental basis in the 1970s and 1980s but has not been commonly used in the United States since
then. While impacts from heap leaching may be less than those from conventional milling, impacts from
heap leaching are still greater than those associated with ISR processing. This type of alternative would
increase potential environmental impacts and would increase the required effort needed to extract the
ore content.
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If uranium deposits exist at depths too far below the surface for open pit extraction, underground
mining techniques might be employed. These techniques typically include a deep vertical shaft, cross
cuts, and tunnels to provide access to remove the uranium ore. Typically, a ventilation shaft or multiple
ventilation shafts, manways and haulage ways would be required. The nature of the process and depth
of mining would require dewatering and surface discharge of the dewatered groundwater. Although this
process would produce less waste material compared to open pit, worker safety, cost and the
environmental effects of dewatering must be addressed.
From an environmental perspective, open pit and underground production and the associated milling
generate higher risks to employees, the public, and the environment. Radiological exposure to
personnel in these processes is increased not only from the extraction process but also from milling and
the resultant mill tailings. Moreover, the personnel injury rate is traditionally much higher in open-pit
and underground extraction processes as compared to ISR operations. Mill tailings ponds and heap
leaches are highly regulated by the NRC and necessitate very rigorous closure standards.
In a comparison of the overall impacts of ISR to conventional mining, an NRC evaluation (1983, NUREG0925, Para. 2.3.51) concluded that environmental and socioeconomic advantages of ISR include the
following:
1.

Significantly less surface area is disturbed than in surface mining, and the degree of
disruption is much less.

2.

No mill tailings are produced, and the volume of solid wastes is reduced significantly. The
gross quantity of solid wastes produced by ISR is generally less than 1% of that produced by
conventional milling methods (more than 950 kilograms (2,090 pounds) of tailings usually
result from processing each metric ton (2,200 pounds) of ore.

3.

Because no ore and overburden stockpiles or tailings piles are created, and crushing and
grinding ore-processing operations are not needed, corresponding air pollution problems
caused by windblown dusts from these sources are eliminated.

4.

Tailings produced by conventional mills contain essentially all of the Ra-226 originally
present in the ore. By comparison, less than 5% of the Ra-226 in an ore body is brought to
the surface when ISR methods are used. Consequently, operating personnel are not exposed
to the radionuclides present in and emanating from the ore and tailings, and the potential
for radiation exposure is significantly less than that associated with conventional mining and
milling.

5.

By removing the solid wastes from the site to a licensed waste disposal site and otherwise
restricting them from contaminating the surface and subsurface environment, the entire
site can be returned to unrestricted use within a relatively short time.

6.

ISR consumes significantly less water than conventional mining and milling.

In the EA for the last SUA-1548 license renewal (NRC, 2001), NRC concluded that the environmental
impacts associated with the renewal did not warrant limiting future operations or denial of the license
renewal. Cameco expects that the impact analysis contained in this SUA-1548 license renewal is similar
to that evaluated in 2001 and that the NRC Staff's conclusions should be the same as in 2001.
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8.5

Reasonable Alternatives Considered but not Carried Forward for
Detailed Analysis
8.5.1
Lixiviant Alternatives
At Smith Ranch and associated remote satellite locations, familiarity with several pilot programs prior to
the commercial phase and 24 years of operational experience have shown that sodium
carbonate/carbon dioxide lixiviant efficiently removes the uranium from the sandstone host rock with
little environmental impact.
At the North Butte Remote Satellite, the geology and mineralogy is similar to what is found at Smith
Ranch. Initial laboratory core testing at the Cameco Research Center in Port Hope, Ontario indicates
recovery rates as high as 80% with a standard 1.0 gram/liter sodium carbonate lixiviant using gaseous
oxygen or liquid hydrogen peroxide as an oxidant. Alternatively, native groundwater can be fortified
with a carbonate complexing agent of sodium bicarbonate and/or gaseous carbon dioxide to which the
oxidant is added. Specific ratios of carbonate and oxidant concentrations are determined and modified
as necessary during production.
Strong acid-based lixiviants are not currently considered viable options. Both ammonium carbonate and
strong acidic solutions have been used in the past in ISR operations but are now rarely used because of
the difficulties in restoring and stabilizing the affected ore zone aquifers. As discussed in the final
Supplemental EIS for the Moore Ranch ISR Project (NRC, 2010), acid-based lixiviants such as sulfuric acid
dissolve heavy metals and other solids associated with uranium in the host rock creating chemical
compounds that require additional remediation effort and have greater adverse environmental impacts.
An ammonia-based lixiviant is not currently considered a viable option, although ammonia-based
lixiviants have been used in the past at ISR projects in Wyoming and other states. Operational
experience has shown, however, that ammonia adsorbs onto clay minerals associated with the uranium
host rock and then slowly desorbs from the clay fractions during aquifer restoration (NRC, 2010a). At the
Irigaray ISR Project in Johnson County, Wyoming and ISR projects in other states, traces of the
ammonium bicarbonate lixiviant have remained in the aquifer even after extensive aquifer restoration
attempts, requiring great consumptive use of groundwater to restore an ammoniated mine unit.
8.5.2
Waste Management Alternatives
The primary liquid waste management methodology for Smith Ranch and the North Butte, Gas Hills, and
Ruth Remote Satellites is deep well disposal in conjunction with storage/surge ponds and/or tanks to
dispose of high TDS liquid wastes that primarily result from uranium processing activities. Zones
receiving these types of wastes are approximately 2,700 to 3,000 meters (9,000 to 10,000 feet) below
the ground surface and are authorized by the State of Wyoming UIC Program and the EPA. An additional
wastewater disposal method at Smith Ranch consists of land application. Treated mine unit purge water
is stored in a surface reservoir and land applied during the above-freezing temperature months of the
year. Deep well disposal is the only wastewater disposal method proposed for the North Butte and Ruth
Remote Satellites. Evaporation ponds employing both conventional and enhanced evaporation are also
proposed at the Gas Hills Remote Satellite. No other wastewater disposal alternatives appear to be
technically feasible or economically viable at this time.
All 11e.(2) solid wastes are transported off site and disposed at an NRC licensed disposal facility. Cameco
will maintain a contract with a minimum of one licensed disposal facility throughout the duration of
licensed operations for disposal of 11e.(2) byproduct waste disposal.
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The ER compares the potential environmental impacts of the no-action alternative, the proposed action
and the alternative action as described above for all resource groups: land use, transportation, geology,
soils, water resources, ecological resources, air quality, noise, historic and cultural resources, visual
resources, socioeconomics, public and occupational health, and waste management.
8.5.3

Cumulative Impacts

Cumulative impacts to the environment occur when several ongoing developments occur within the
same area at the same time. ER Section 2.2 addresses energy development nearby or adjacent to the
SUA-1548 license area. ER Section 4.0 presents the cumulative impacts analysis in greater detail and
addresses those resources where a cumulative impact analysis is meaningful. Meaningful cumulative
impacts are discussed in ER Section 4.0.
8.6
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9.0
9.1

Cost Benefit Analysis

General

The general need for uranium is in the operation of nuclear power reactors. For reactor licensing
evaluations, the benefits of the energy produced are weighed against related environmental costs,
including a prorated share of the environmental costs of the uranium fuel cycle. Incremental impacts in
the fuel cycle are justified in terms of the benefits of energy generation. However, it is appropriate to
review the specific site-related benefits and costs of an individual fuel-cycle facility such as SUA-1548.
The monetary benefits to the state and local communities from Smith Ranch and the North Butte, Gas
Hills and Ruth Remote Satellites are discussed in Section 7.0 of the ER.
Nuclear generation began more than 50 years ago. Today, this energy source generates as much global
electricity as was produced then by all sources. Some two-thirds of the world population inhabits
nations where nuclear power plants are an integral part of electricity production and industrial
infrastructure. Half the world's people live in countries where new nuclear power reactors are in the
planning process or under construction. Even in light of the recent Fukushima Daiichi nuclear disaster in
Japan, nuclear energy continues to be an attractive option for the development of clean energy.

9.2

Quantifiable Benefits and Costs

9.2.1

Current Quantifiable Benefits and Costs

SUA-1548 operations will accrue monetary benefits to the surrounding communities from local
expenditures, and state and local taxes paid by the project. To further identify project benefits to
adjacent communities, a study of the economic impacts associated with SUA-1548 was completed by
the University of Wyoming, Department of Agriculture and Applied Economics (University of Wyoming,
2010). Developed at the request of Cameco, the document satisfies guidance established in NUREG1569 and NUREG-1748. The study measured the impact of jobs, employee income, government
revenues, purchases of goods and services, contractor payments, production royalties, and other
economic contributions from SUA-1548 on the Wyoming economy. Costs and benefits associated with
SUA-1548 were evaluated. Costs and benefits associated with the Ruth Remote Satellite were not
quantifiable at the time of the study. An operation plan has yet to be developed by Cameco for the Ruth
Remote Satellite. Information relevant to the operational plan will be provided at a later date.
Cameco's presence in Wyoming has proven beneficial to the Wyoming economy as a whole and to local
communities in particular. For example, Cameco's Wyoming expenditures from 2005 to 2009 increased
from $16M to $40.3M. Approximately two-thirds of this increase went to purchasing products from
Wyoming vendors, while payroll comprised roughly 25% of this increase. An estimated 10% was allotted
to Wyoming taxes and royalty payments. Total expenditures in Wyoming by Cameco for this period are
estimated to be $139.6M.
The recent relocation of Cameco's U.S. Headquarters from Denver, Colorado to Cheyenne, Wyoming in
2010 is estimated to have increased the total annual operating expenditures in Wyoming to $42.8M.
Utilizing this annual expenditure sum, the Cameco/University of Wyoming Study developed the
following economic correlations resulting from uranium operations in the state. See Section 7.0 of the
ER for a more detailed discussion of the economic benefits associated with Cameco uranium production.
*

Cameco payroll in Wyoming is estimated to be $12.5M (approximately 169 employees).
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*

Secondary employment (Cameco employees spending with other Wyoming businesses) is
estimated to have added an additional 69 jobs to the Wyoming economy for a total
employment positive impact of 238 jobs.

*

Labor income generated from the 69 secondary jobs is estimated to have added $2.2M.
Combined with the $12.5M in Cameco income, the total income is estimated to be $14.7M.

*

Cameco payroll also generated an estimated $7.8M in secondary output due to spending by
Cameco employees with other businesses in Wyoming. Combined with the $12.5M in
Cameco earnings output, the total economic output is estimated to be $20.3M.

*

Wyoming taxes and royalty payments paid by Cameco are estimated to be $3.7M.
Approximately 26 tax revenue related jobs are created from this revenue.

"

Secondary employment, resulting from spending of royalty payments by households and by
spending of tax revenue by state and local governments in Wyoming, is estimated to have
added an additional 19 jobs to the Wyoming economy (income of approximately $613,000).

*

Cameco purchases an estimated $26.1M from Wyoming vendors annually. Recipients of
these purchases include payments to drilling contractors and purchases from over 300
businesses located within Wyoming. Purchases to Wyoming vendors in support of SUA-1548
operations supports an estimated 105 jobs in the Wyoming economy. Secondary
employment in Wyoming, resulting from spending by these vendors and their employees
supports an additional 56 jobs in the Wyoming economy for a total positive employment
impact of 162 jobs.

*

The largest vendor purchases are from construction ($12M), trade ($9.7M), and
transportation/information/public utilities ($4M). Additionally, these direct expenditures
also generate an estimated $6.9M in secondary output in the Wyoming economy due to
spending by the vendors and their employees. The combined total output effect is
estimated to be $32.9M.

9.2.2

Future Quantifiable Benefits and Costs

Giving additional support to the Wyoming economy, jobs created by SUA-1548 are deemed to be well
paying jobs. For the 169 jobs directly with Cameco, the average salary per job is approximately $74,000.
Jobs (301 direct jobs) associated with Cameco's expenditures in Wyoming have an average salary per job
of approximately $67,000. Because secondary employment tends to be more service oriented, the
average earnings for these jobs are somewhat lower at slightly less than $35,000. Still, the overall
average for all jobs associated with Cameco's operations in Wyoming is more than $56,000. This is 25%
higher than the Wyoming average ($45,106) and 12% above the U.S. average ($50,259) in 2008.
Results from this analysis indicate that for every direct uranium job created in the mining sector, there
are 1.6 other jobs created elsewhere in the Wyoming economy. The study also indicates that for every
$1.00 of uranium employment income, there is $1.20 of income in other sectors of the Wyoming
economy.
The above summary reflects the economics for current Cameco production. Expanded Cameco
operations, as requested in this LRA, would provide greater economic benefits to the Wyoming
economy. Approval of this LRA would allow further development of Cameco's uranium operations in
Wyoming to include the North Butte and Gas Hills Remote Satellites. Operational plans for the Ruth
Remote Satellite are not yet developed, but plans are to begin design of this facility late in the next
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renewal period. Further development of Cameco's uranium operations in Wyoming will positively
impact the following sectors:
1.
2.

Construction expenditures associated with the expansions.
Increased production from facilities once the expansion is completed.

Cameco is planning to spend a total of $82M to expand its uranium production facilities in Wyoming
over the next three years. Anticipated spending includes $17M in 2011, $30M in 2012, and $35M in
2013 (University of Wyoming, 2010). Proposed investment from Cameco on further developing their
uranium production facilities could support up to 656 job-years (1 job for one year = 1 job year) of total
employment in Wyoming over the 3-year period. Estimated total labor income resulting from this
employment could be up to $34.3M resulting in the total economic activity potentially reaching up to
$52.3M. The average salary per job is estimated to be more than $52,000 annually. Projected economic
impacts would continue for the duration of the 3-year construction period.
With the expansion of production facilities, Cameco is planning to eventually increase uranium
production from the current level of 0.9M kilograms (1.9M pounds) per year to 1.6M kilograms (3.6M
pounds) per year. Proposed expanded levels of production would increase Cameco expenditures in
Wyoming to approximately $80.2M per year including: $23.7M in payroll, $7.1M in Wyoming taxes and
production royalties, and $49.4M in vendor purchases. Increased expenditures in Wyoming are
estimated to support a total employment of 843 jobs. Estimated labor/household income at this level of
expenditure would be $51.5M and the total economic activity in the state's economy with the expansion
would be approximately $112.1M.
The proposed SUA-1548 expansion will add employment to the local communities in close proximity to
the operation. Environmental impacts of the project are and will continue to be minimal as
demonstrated by 25 years of operations at Smith Ranch with minimal resulting environmental impacts.
Groundwater impacts, radiological impacts and the disturbance of the land are the three potential
uncompensated environmental costs associated with SUA-1548. Groundwater will be restored to as
near pre-ISR quality as possible, as has been demonstrated by Cameco at Smith Ranch and groundwater
restoration efforts completed to date by other operators. Radiological impacts of the project have been
and will continue to be small as the amount of solid 11e.(2) byproduct materials produced is small and
such materials are transported off site for disposal at a NRC-licensed disposal facility. Disturbance of the
land has been and will continue to be a very small impact, which is mitigated by the approved surface
reclamation techniques to bring the land back to its pre-ISR uses. Interim reclamation efforts at Smith
Ranch and other ISR projects have demonstrated that this goal is achievable. The benefits associated
with the production of uranium and the power generated as a result is considered to offset the
relatively small risks associated with the above noted environmental impacts.
Alternatives Benefits and Costs
Denial by the NRC of this LRA (the no-action alternative) would force Cameco to cease uranium recovery
operations at Smith Ranch. Groundwater restoration, decontamination and decommissioning/
reclamation in a timely manner would begin, leaving a valuable mineral commodity undeveloped. This
action would also result in no further development at the North Butte, Gas Hills, and Ruth Remote
satellites. Denial would also result in the loss of all uranium production and the sale of uranium as fuel.
Finally, non-license renewal would result in significant adverse financial and economic growth impacts
to the State of Wyoming and adjacent communities to the project due to loss of tax revenue and jobs.
Financial impacts to Wyoming would likely exceed $42M per year once restoration is completed.
9.2.3
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If Cameco was required to employ a conventional mining alternative (alternative action), uranium
recovery operations would continue. However, the environmental and socioeconomic impacts of this
alternative action would be far greater than the proposed action. Specifically, the physical land
disturbance would be greater and the number of workers required to accomplish the proposed action
would be significant. Although there would be greater payrolls, tax revenues and jobs, the sale of
nuclear fuel would not likely increase and mineral royalty payments to the state would remain the same
or might be lower.
In considering the energy value of the uranium produced by ISR methods, the economic benefit to the
local communities, the minimal radiological impacts, minimal disturbance of land, and mitigable nature
of all other impacts, it is believed that the overall benefit-cost balance for the project is favorable, and
that renewing SUA-1548 for an additional 10 years is the appropriate regulatory action.
Section 7.0 of the ER provides more detail related to the project's economic parameters.

9.3

References
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10.0 Environmental Approvals and Consultations
As discussed in Section 1.0, this is a renewal application of NRC License SUA-1548 originally issued in
1992, and renewed in 2001. A summary of all relevant permits for SUA-1548 and their current status is
provided in Table 10-1, Smith Ranch Required Permits, Table 10-2, North Butte Required Permits,
Table 10-3, Gas Hills Required Permits, and Table 10-4, Ruth Required Permits.
There have been numerous official consultations held with state and federal agencies during the course
of obtaining approval to operate SUA-1548. A record of these consultations is provided in Table 10-5,
Agency Consultations.
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Table 1-1 Summary of SUA-1548 Amendments Since Last Renewal
Amendment No.

0

Date Issued

May 8, 2001

I

September 27, 2001

2

March 5, 2002

3

July 11, 2002

Topics Addressed

License renewed based on November 15, 1999 license renewal submittal and
supplemental information provided by letter dated September 27, 2000.
Changed surety from $8.1M to $8.7M to reflect: (1) construction of new and
expansion of existing buildings; (2) additional surface disturbance associated with
wellfield construction; and (3) groundwater reclamation during an additional year of
commercial mining operations. License Condition (LC) 9.5 was amended to reflect
change. All other conditions remain the same.
This amendment revised Chapter 6 of the license renewal submittal to allow the use of the
wellfield horizontal flair factors. Factors contained in Table 7.1 of the amended license
renewal submittal are acceptable, unless additional information from the restoration of
the first wellfield show RAMC analysis to be incorrect.
This amendment accepted the wellfield #1 restoration plan and LC 10.8 was changed
pursuant to the technical evaluation report to allow wellfield restoration.
LC 12.3 was changed to allow the licensee to add wellfield restorations to Appendix Lof
the renewal submittal through the SERP, but will require submittal of wellfield completion
reports of each wellfield for NRC review and approval.
An administrative change to LC 9.4 to reflect the changes made to the new approved
Change, Test, and Experiment LC.
This amendment addressed transfer of control of SR from RAMC to PRI. Administrative
changes for LC 1, 2, 9.1, 9.5, 9.6 were made. An addition of LC 9.12 which requires that the
closing and transfer of site records occur before Amendment 3 is effective was added. LC
9.5 was amended to reflect an upgrade in the 2002 surety amount from $8.7M to $12.2M
pending approval from the state of Wyoming.
Administrative changes were made to LC 9.4(b)(i), (ii), (iii) and (iv) indicating the addition
of the word "appreciable" before the word "increase".
Administrative changes to correct errors in Amendment 3 were made. Specifically, in LC
9.1 and 9.6, RAMC was removed. In LC 9.5, RAMC was changed to PRI. An Irrevocable
Letter of Credit from the BNY PARIBAS, New York Agency in the amount of $12.2M was
added to LC 9.5.

5August 18, 2003

6January 29,2004

Amendment 5 reflects the consolidation, establishing SR as the main uranium processing
facility, with the HUP, RU and NB facilities to be operated as satellite facilities.
LC 9.1 was modified to indicate that the SR-HUP will be the primary processing facility,
while the HUP, RU and NB facilities will be operated as satellite facilities.
LC 9.3 was modified to include the additions of the HUP, RU and NB Facilities on the SR
license.
LC 9.5 was modified to reflect that in addition to the currently approved surety instrument
in the amount of $14.5M for SR, PRI added $21.3M for the HUP, $0.1M for RU, $0.06M for
NB to the existing surety instrument, in favor of the State of Wyoming.
Section 10 was modified to indicate that LC 10.1 applies to the SR-HUP; LC 10.2 applies to
the RU and NB facilities. Additionally, LC 10.2 indicates that the RU and NB facilities cannot
become operational until new operating plans are submitted and approved by the NRC.
LC 10.1.2c was modified to require PRI to notify the NRC prior to restarting the Highland
dryer.
LC 10.1.3 was updated to incorporate the guidance in NUREG-1569 concerning well
integrity testing.
LC 10.1.6 was modified to include requirements for SR-HUP radium settling ponds and purge
reservoirs.
LC 10.1 was modified to include requirements for disposal of liquid effluents for SR-HUP.
Renewal submittal, which allows PRI's SERP to add additional wellfields for restoration.
LC 10.1.9 was modified to incorporate the license renewal submittal requirements from
Chapters 5 and 6 of PRI's approved license
This amendment incorporates the GH Satellite facility into SUA-1548. An EA and SER were
produced by the NRC. SUA-1548 amendments include:
LC 9.1: Revised, see SER
LC 9.3: Revised, see SER
LC 9.5: Revised, see SER
LC 9.6: Revised, see SER
LC 9.9: Revised, see SER
Section 10.3 GH added
LC 10.3.1: new condition, see SER
LC 10.3.2: new condition, see SER
LC 10.3.3: new condition, see SER
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Table 1-1 Summary of SUA-1548 Amendments Since Last Renewal
Amendment No.

Date Issued

7

March 22, 2004

10

August 10, 2005

12

January 10,2008

Topics Addressed
LC 9.5 was revised to indicate that PRI shall continuously maintain approved surety
instruments in the amount of no less than $104,600 for RU and $78,800 for NB. All other
LC conditions remain the same.
LC 9.5 was amended by revising LC 9.5 to indicate that PRI shall continuously maintain
approved surety instruments in the amount of no less than $15,695,700 for the SR facility
and $22,402,000 for the Highlands facility. All other conditions of the license shall remain
the same.
LC 10.2.2 was revised to: (1) reduce inspection frequency at Ruth facility to quarterly; (2)
eliminate inspection requirement for NB; and (3) indicate that the leak detection system
check at the RU evaporation ponds consists of visual inspection of the pond liners,
embankment, and fences.
LC 9.5 was revised to indicate that PRI shall continuously maintain approved surety
instruments in the amount of no less than $16,629,800 for the SR facility and $21,786,700
for the HUP.
License was amended to allow operation of RR as a satellite facility. The NRC prepared an
ER and SER for this amendment. LC 9.1, 9.3, 9.5, 9.6 and 9.9 were revised to reflect this
change, refer to SER Section 8.
New license conditions LC 9.13, 10.4 and 10.4.1 were added, as follows:
LC 9.13: Before engaging in any uranium recovery operations in an undeveloped area, the
licensee shall submit a complete evaluation of the area's baseline radiological
characteristics for the NRC's review and approval.
LC 10.4: RR added
LC 10.4.1: Processing operations for the RR shall not exceed an average monthly flow rate
of 4,500 gallons per minute, exclusive of restoration flow.
License was amended to allow construction and operation of the in-situ leach satellite SR2. The NRC prepared an ER and SER for this amendment. LC 9.3 and 9.3 were revised to
reflect this change:
LC 9.3 was revised to include PRI's SR-2 operational-related submittals of October 11, 2006
and December 29, 2006.
LC 9.9 was revised by adding a condition related to Class IIICultural Resource inventoried
sites located in the southwestern portion of the SR-HUP.
License was amended to reflect changes to Chapter 9, "Management Organization and
Administrative Procedures" of the license renewal submittal submitted by PRI in response
to a NRC issued NOV. A TER was prepared by the NRC. The following LCs were affected:
LC 9.2 was revised to reflect the correct mailing address for submission of written
notices and reports.
LC 9.3 was revised to include PRI's submittal dated March 20, 2008.

14

March 12, 2009

15

September 15, 2009

16

March 11, 2010

License was amended to update surety for the GH Facility to include activities tentatively
planned for 2009, including installation of the MU "1" monitoring well ring, installation of
the interior monitoring wells within MU "1", upgrades to site infrastructure, and
exploration drilling to further delineate the ore body.
LC 9.5 was revised to increase the GH surety from $986,000 to $4,054,800.
License was amended to allow for processing of third party ion exchange resin from other
NRC licensed facilities in Wyoming at SR-HUP. NRC prepared EA that documents NRC's
environmental review of proposed action.
LC 10.1.12 was added to allow SR-HUP to receive and process up to 365 toll shipments of
loaded ion exchange resin at the SR CPP each calendar year.
Surety update for GH, RU and NB Satellite Facilities and the addition of Deep Disposal Well
SR-HUP No.10.
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Table 1-2 Summary of SERPS
Date

12-Jan-00

24-Feb-00

25-Sep-00

SERP No.

28

29

30

Subject

Synopsis

Test to Assess Effectiveness of
Increased Airflow at the
Packaging Enclosure Scrubber

Increasing airflow is expected to potentially remove
more uranium dust from the area, and should reduce
worker exposure. The test is to be conducted by fully
opening the impinger on the scrubber as part of the
semi-annual stack test, assessing emissions and scrubber
performance under current conditions and then with the
impinger fully opened.

Revision to Appendix A"Respiratory Protection
Program", of the Operations
Plan

Installation of Reverse Osmosis
(RO) Permeate De-Carbonator
Tank at Satellite #1

The Respiratory Protection Program for HUP was
substantially revised in January 2000 in order that new
NRC requirements (10 CFR 20, Subpart H) could be
included. The program was revised in accordance with
NRC Regulatory Guide 8.15 "Acceptable Programs for
Respiratory Protection". Additional
In the process of ground water restoration in Aand BWeilfields, significant quantities of dissolved C02 have
been detected in the production zone after leaching is
complete. This keeps the pH of the ground water slightly
acidic, which allows dissolution of calcite and
corresponding increase of bicarbonate. Bicarbonate
continues to complex with oxidized uranium.
Decarbonation will increase ground water pH and will
assist with lowering uranium concentrations. Previous
test at Satellite #2 under SERP No. 24 showed 90 percent
CO2 removal, directly resulting in significant reduction of

Results
The SERP concluded that the relatively minor and short duration of the
test fit the intent of the license conditions, but a license condition that
specifically prescribes the scrubber differential pressure will not be met.
NRC guidance was sought. NRC indicated that the test was allowable by
license condition intent for such tests of short duration. SERP approved
the test. If the test shows that the airflow should be changed a license
amendment will be prepared before permanent change will be
instituted. The test was performed, but a decision was made not to
implement this change.
The SERP concluded that the proposed changes, which were
necessitated by amended NRC regulations, will not result in adverse
safety of environmental impacts. The revised Respiratory Protection
Program is attached to the SERP memo.

The SERP considered radon off-gassing with CO2 as a radiation
protection concern. The de-carbonator tank will be equipped with
continuously operating forced air ventilation that exhausts to
atmosphere. Radon monitoring will be conducted to ensure that no
unanticipated conditions develop which could result in unacceptable
occupational exposure. SOP for RO operation will be revised to include
the de-carbonator tank. NRC was consulted and it was confirmed that
the installation of a de-carbonator was in conformance with license
conditions. The proposed change was approved.

bicarbonate in ground water.

16-Oct-00

31

Organizational Realignment

Uranium production from HUP will be reduced from the
current (2000) level, Casper office will be closed, and
several departments will be reorganized. Several
positions including the Manager of Environmental and
Regulatory Affairs/Corporate Radiation Safety Officer
(CRSO) were eliminated. A new position, titled ManagerHealth, Safety and Environmental affairs was desired,
replacing the existing Environmental Superintendent and
including the responsibilities of the CRSO. The new
position also retains the responsibilities of the Site RSO,
and will directly supervise the Safety Superintendent.
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The SERP concluded that the proposed organizational realignment is
consistent with NRC License SUA-1511 and Regulatory Guide 8.31 and
will not compromise the effectiveness of the ALARA and environmental
compliance programs. Revised pages to reflect the organizational
realignment changes are included in Attachment B of the Semi-Annual
Effluent Monitoring Report submitted for the 2nd half 2000.
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Date

11-Jan-01

14-Feb-01

28-Mar-01

SERP No.

32

33

34

Subject

Organizational Realignment
and Minor Change to
1J-3and
ingProcedutos
Operating Procedures

Change of Dosimetry
Technology

Yellowcake Storage

Synopsis
The position of General Manager of Operations for HUP
has been eliminated with the responsibilities being
assumed by the Senior vice President of Operations. The
position of General Manager, Wellfields has been
reassigned to part-time status. The Wellfield Operations
Superintendent will now report directly to the Senior
Vice President of Operations. The Wellfield Operations
Superintendent will assume the remaining
responsibilities formally supervised by the General
Manager, Wellfields.
Change to dlosimetry technology at HUP is needed due to
a merger of the current dlosimetry vendor Eberline
Dosimetry and Landauer Inc. New dosimeters based on
thermoluminescence (TLD badge) for monitoring external
exposure will be replaced by optically stimulated
luminescence (OSL) technology. The license renewal
submittal refers specifically to TLD technology, thus a
change to the license renewal submittal is necessary.
Evaluate storage of drummed yellowcake at the South
Warehouse portion of the HUP CPF in addition to the
existing Yellowcake Warehouse. Due to market
conditions additional storage for 1 to 1.5 million pounds
is needed. The South Warehouse is approximately 250
feet from the Yellowcake Warehouse and is of similar
construction. A new SOP is needed for transfer of
yellowcake to the South Warehouse.
Consolidation of the Environmental and Safety
Department, eliminating the position of Safety

28-Mar-01

35

2-May-012-ay013lAtiiiesd
36

The SERP concluded that the proposed organizational realignment is
consistent with NRC License SUA-1511 and Regulatory Guide 8.31 and
will not compromise the effectiveness of the ALARA and environmental
compliance programs Revised pages to reflect the organizational
realignment changes are included in Attachment B of the Semi-Annual
Effluent Monitoring Report submitted for the 2nd half 2001.

SERP evaluation considered CFR Title 10, License SUA-1511 amendment
14, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
It was determined that the OSL dosimeters are more than adequate to
monitor personnel gamma exposures and their use conforms with NRC
requirements and ALARA principles. Revised pages to reflect the change
in dosimetry are included in Attachment B of the Semi-Annual Effluent
Monitoring Report submitted for the 2 nd half 2001.
SERP evaluation considered CFR Title 10, License SUA-1511 amendment
14, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
The SERP identified and addressed the following: safe transport of
drummed yellowcake to the South Warehouse; proper posting of the
building; and monitoring of radiation levels and conditions in the
building. A new SOP was prepared. It was determined that this change
does not conflict with NRC regulations, the license renewal submittal, EA
or SER. The change was approved.
The proposed change was deemed necessary to meet the depressed
uranium market conditions, planned future operations, and to permit
more efficient utilization of staff responsible for environmental and

including the Manager-Health, Safety and Environmental
Affairs and the Radiation Safety Technician.

safety programs at HUP. The planned reduction in future operations
also reduces the number of contractors at the site, and contributes to
the need to consolidate radiological and non-radiological components of
the health and safety function. Revised pages to reflect the
organizational realignment changes are included in Attachment Bof the
Semi-Annual Effluent Monitoring Report submitted for the 2 nd half 2001.

Uranium will be recovered from the 40-Sand production

SERP evaluation considered CFR Title 10, License SUA-1511 amendment
14, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.

Commencement of Production
Activities in
insthe
thet D-Extension

zone, same as utilized by the D-Wellfield. The dconsist of 3 headerhouses. A hydrologic
Extension willassubi-Extensi.onE
cncrn

The SERP determined that the D-Extension Wellfield hydrologic
information conforms to the license renewal submittal, specifically

Welfield

teresadreptsed shroubmitsteatio n of aE conwerans a
were addressed through installation of a new well and a

Organizational Realignment
and Minor Change to
Operating Procedures

Superintendent. The non-radiation related health and
safety programs formerly administered in part by the
Safety Superintendent will be administered by the

Results
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Section 7 of the Operations Plan. WDEQ approved the hydrologic test
results and UCL's. The SERP approves the change to allow
m commencement of production operations in the D-Extension Wellfield.
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Date

20-Aug-01

SERP No.

37

Subject

Change to Operation
Monitoring Plan Used During
Ground Water Restoration

Synopsis
*A, B, and C-Wellfields are in restoration. A change is
proposed to the Monitoring Plan eliminating the
monitoring of MP-Wells on an annual frequency. A
baseline set would establish "end of mining" conditions
and the MP wells would be monitored every 60 days for
conductivity, chloride and uranium. The purposes for
this change are to reduce the cost of monitoring which
has limited usefulness in the ground water restoration
program, and to allow limited manpower resources to be
used for more significant activities needed for the ground
water restoration program.
A small-scale test of bioremediation for ground water
restoration is proposed for the B-Wellfield, in the B-16
pattern area. Bench tests indicate that addition of
nutrients will enhance the population and activity of

22-Aug-01

7-Nov-01

3-Dec-01

38

39

40

Test to Evaluate
Bioremediation for Ground
Water Restoration

Organizational Realignment

Revised UCL's for Well DMU-6.

bacteria.
Bacterialprincipally
activity could
naturallydissolved
occurringmetal
reduce
compounds,
uranium
and selenium. The proposed test includes decarbonation
and addition of alcohol and molasses. Production wells

Results
SERP evaluation considered CFR Title 10, License SUA-1511 amendment
14, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
The SERP determined, based on 8-9 years of restoration monitoring that
discontinuation of annual monitoring of the MP wells would not
compromise PRI's ability to assess the progress of restoration activities
or demonstrate that Best Practicable Technology has been utilized.
WDEQ-LQD approved this change to WDEQ Permit No. 603. It was
determined that the proposed change does not conflict with NRC
regulations, License SUA-1511, the EA or the SER. The change was
approved.
SERP evaluation considered CFR Title 10, License SUA-1511 amendment
14, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
The proposed test will not result in conditions which significantly differ
from the existing license basis because: NRC regulations do not
preclude addition of non-toxic nutrients to the production zone; limited
U.S. Environmental
of Agency
non-toxic
nutrients
do not conflict
addition
(EPA)
Underground
Injectionwith
Control
(UIC) Program
Protection
requirements associated with in situ leaching (ISL) mining; and the

three days for uranium
be sampled every
will
n
concentrationFlw
e ryathres anda foruresatinj
concentration. Flow rates and pressures at injection
wells will also be monitored to indicate changes in
formation permeability.

proposed test will enhance naturally occurring bacterial populations,
very similar to conditions which currently occur, more slowly, in the
production zone and have been previously evaluated as part of the
existing license basis. The bioremediation test was approved by the
SERP.

Personnel changes and future operations at the highland
Uranium Project result in elimination of the position of
Manager, Plant and Restoration. The position of General
Manager Operations has been reinstated. The General
Manager Operations is responsible for managing the dayto-day operations of the project and reports to the
Senior Vice President Operations.
DMU-6 monitors the underlying zone at the D-extension
Wellfield. Operational and monitoring data were
inconsistent with baseline values and UCL's.
Inconsistency is believed to result from poor well
development prior to baseline sampling. Proposed UCL's
were developed from 11 sampling results through
September 2001. Proposed UCL's will ensure adequate
detection in the event of an excursion.
I

SERP evaluation considered CFR Title 10, License SUA-1511 amendment
14, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
The proposed change to reporting structure does not conflict with NRC
requirements. Revised pages to reflect the organizational realignment
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are included in Attachment B of the Semi-Annual Effluent Monitoring
Report submitted for the 2 nd half 2001.

SERP evaluation considered CFR Title 10, License SUA-1511 amendment
15, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
Minor change to UCL's for Well DMU-6 conforms to the requirements in
the License Submittal and does not conflict with NRC regulations.
WDEQ also approved the minor revision to UCL's. The change was
approved.
I
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30-Aug-02

SERP No.

41

Subject

Administration and
Operational; Changes Relative
to the Acquisition of the SR

Synopsis
Acquisition of SR resulted in combining the work forces
of both operations, moving all administrative and Main
Office functions to SR and conduct all resin and
yellowcake processing for both facilities at the SR Central
Processing Plant. The CPP at HUP will be placed on
"Stand-By", until market condition recover, allowing
uranium production from other PRI properties. HUP CPF

Results
In addition to administrative and operational changes, discussion with
NRC will lead to the combination of licenses SUA-1511 (HUP and SUA1548 (SR) as a single license, SUA-1548. This change is considered to be
mutually beneficial to PRI and NRC. A4 to 6-month transition period
was proposed to: move administrative functions from HUP to SR Main
Office; transport resin from HUP satellites to SR for processing;
preparation of the HUP CPF for "Stand-by" status; and construction of

will also be maintained as a back-up to be used in case of
an operational upset. A 3.5-mile gravel road will be

the gravel road between SR and HUP Satellite Plant #. 3. Additional
details for each phase of the changes were provided in the SERP memo.

constructed to facilitate operational changes.

All administrative and operational changes were approved.

Radium Settling Basins were designed to settle out
radium-barium-sulfate solids from the wellfield purge

SERP evaluation considered CFR Title 10, License SUA-1511 amendment

filter presses were installed to remove treatment solids
30-Sep-02

3-Oct-02

42

43

Discontinuation of Use of
Satellite Plant #1 Radium
Settling Basins

Discontinuation of Routine
Monitoring Activities
Associated with "Stand-By"
Status of HUP Central
Processing Facility

at Satellite Plant #1. The basins were retained as
secondary "polishing" treatment prior to discharge to the
Purge Storage Reservoir or to the pivot irrigator. The
treatment target is to treat the water to less than 30
picoCurries per liter (pCi/L) radium-226 to meet NRC's
unrestricted release standard. Due to maintenance
issuestwicthdpumpase sandard.
p
etheRadiuSetinge

15, EA for renewal of SUA-1S11, and the SER for renewal of SUA-1511.
SERP evaluation determined the following: use of filter presses for
removal of residual solids is sufficient to meet regulatory standards;
revision to the License Submittal pages that cover the radium settling
basins will be made; monitoring activities at the basins can cease when
the ponds are drained; basins will be considered for decommissioning
and reclamation in 2003; and the fence around the basins must be
maintained. Revised pages to reflect the discontinuation of use of Sat.

issues with pumps and piping at the Radium Settling

No. 1 Radium Settling Basins are included in Attachment Bof the SemiAnnual Effluent Monitoring Report submitted for the 2 nd half 2002.

Basins, the discontinuation of their use was evaluated.
All uranium processing related activities at the HUP
Central Processing Facility (CPF) were completed on
September 20, 2002. Most cleanup and maintenance
activities required for CPF "Stand-By" status were
completed by September 30. Cleanup and winterizations
should be complete by October 31. Routine monitoring

SERP evaluation considered CFR Title 10, License SUA-1511 amendment
15, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
The SERP concluded that none of the monitoring activities are necessary
in "Stand-By" mode for the CPF because yellowcake processing activities

associated with yellowcake processing will no longer be
necessary. Specific items for discontinuation include:
daily inspection of the CPF including alpha meter
performance checks; weekly activities including clean
area alpha survey, alpha meter reliability check, gamma
meter performance check and respirator smear surveys;
monthly and quarterly activities including process area
alpha and gamma surveys and radon grab samples;
continuous monitoring of particulate uranium at the
Dryer and Packaging Rooms; and monitoring activities at
eh "Overlook" environmental monitoring site, including

will not occur, which in turn makes it unnecessary to assess radiological
doses to workers, the public, or the environment. NRC concurrence was
sought and confirmed. Monthly monitoring will begin, consistent with
other PRI "Stand-By" facilities. Ifyellowcake processing is restarted at
the CPF the Overlook monitoring station will be started 3 months prior.
The alpha survey station will be maintained at the main entrance for use
by anyone with reason to enter the Process Area. Continuous
monitoring of the annulus pressure at the Waste Disposal Well will
ell
will
monting oegannless
urehat
the w

air particulate, passive radon and gamma monitoring.
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16-Dec-02

30-Jan-03

SERP No.

44

45

Subject

Installation and Operation of a
Pilot Selenium Removal Circuit
at Satellite Plant #3

Installation and Operation of a
De-Carbonator Circuit at
Satellite Plant #2

SUA-1511 (HUP) SUA-1548 (SR)
Organizational Realignment

8-May-03

47

SUA-1511 (HUP) SUA-1548 (SR)
Organizational Realignment

Synopsis

the sand/gravel/iron bed. Treated water will be disposed
with the normal treated purge water. Long-term benefit

Results
Title 10, License SUA-1511 amendment
CFR
considered
SERP evaluation
15, EA for renewal of SUA-1511, and the SER for renewal of SUA-1511.
Installation of a selenium removal pilot plant will not result in a
condition that differs from the existing license requirements because
neither WDEQ nor NRC regulations preclude the removal of selenium
from water prior to irrigation; and if successful, the selenium
concentration in land applied water could be reduced to 0.005 ppm,

application disposal.

enhancing environmental protection. Adecision was made not to
implement this change.

A pilot plant is proposed for Satellite Plant #3 for
selenium removal from purge water. Treatment will
consist of gravity flow through sand, gravel, and granular
iron. Selenium is expected to precipitate and remain in

Wellfield-C restoration isbeing affected by dissolved CO2
in the production zone. pH is slightly acidic which allows
for continued dissolution of calcite, increasing the
bicarbonate concentration. Elevated bicarbonate
concentration causes continued complexation with trace
quantity of uranium remaining in the production zone.
The dlecarbonator will remove C02, increasing the pH of
the restored ground water and lowering the uranium
concentration.
The Safety Supervisor/Radiation Safety Officer
terminated employment. The EHS staff reporting
structure requires revision such that the RST's report
directly to the Manager-Health, Safety and
Environmental Affairs/Corporate Radiation Safety
Officer.
Manager-Health, Safety and Environmental
Affairs/Corporate Radiation Safety Officer was placed on
temporary disability leave. The Environmental Scientist
has assumed the role of Acting Manager-Health, Safety
and Environmental Affairs. A new Radiation Safety
Officer has been brought on site. Onsite reporting
structure is revised such that the Acting Manager-Health,
Safety and Environmental Affairs reports directly to the
General Manager of Uranium Operations.
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The addition of a de-carbonator at Satellite #2 is consistent with a
previous SERP (No. 30) for Satellite Plant #1, and is a minor change at
Satellite Plant #2. SERP evaluation considered CFR Title 10, License SUA1511 amendment 15, EA for renewal of SUA-1511, and the SER for
renewal of SUA-1511. NRC Headquarters confirmation was obtained.
The SERP concluded that a license amendment was not needed and the
addition of the Satellite Plant #2 de-carbonator does not conflict with
any regulatory requirement.
The organizational realignments were found to be consistent with NRC
Licenses SUA-1511 and SUA-1548 and Regulatory Guide 8.31, and
should not compromise the effectiveness of the ALARA and
environmental compliance programs. Revised pages to reflect the
organizational realignment are included in Attachment Bof the SemiAnnual Effluent Monitoring Report submitted for the 2nd half 2003.
The organizational realignments were found to be consistent with NRC
Licenses SUA-1511 and SUA-1548 and Regulatory Guide 8.31, and
should not compromise the effectiveness of the ALARA and
environmental compliance programs. Appropriate pages of the SR and
HUP license submittals were revised and provided as an attachment to
the SERP memorandum. Revised pages to reflect the organizational
realignment are included in Attachment Bof the Semi-Annual Effluent
Monitoring Report submitted for the 2nd half 2003.
I

I
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SERP No.

Synopsis

assessed from a health and safety standpoint. The ponds
fluids
treated purge and restoration
were used to retain
urg StoageResrvor N. 1and
prio topumingto

Results
Concerns identified and mitigated included airborne hazards to workers,
sampling of material to determine adequacy of removal, contractor
training, personal contamination control of contractors, contamination
trol ofrconacteint, and ocu ntaton ofofthexntiof
the extent of

subsequent irrigation at the land application facility. The
ponds' clay liners and residual solids will be removed and

d do t
Lcnse Conditin9
doenot of th
e on containe inte CER, EA or Tecnia E

to settle out
their intended purpose
actually used forbarim
prcipiate- istea fiterconsistent
rdiu clorde
briumes chride raediu prtheSteipte -linst.Theaod
fiNot s
presses were used at the Satellite Plant. The ponds

co

Subject

Planned activities for the decommissioning of two
Satellite Plant No. 1 Radium Settling Ponds were
prio topumingto
urg StoageResrvor N. 1and

8-Sep-03

1

Decommissioning Satellite
Plant No. 1 Radium Settling

Pond

Ponds

ond wee
mteral.The
bypodut material.
a byproduct
diposd
The ponds
were nver
never
disposed as

received treated water with only small residuals of
uranium.take
uranium.

17-Oct-03

26-Nov-03

2

3

10-Dec-03Expansion

EHS Department
OHSaDepatment
Organizational Changes

EHS Department
Organizational Change,
Radiation Safety Officer

of Bioremediation

Testing of B-Wellfield

23-Apr-04

2004-1

Start-up of I-Wellfield

Current Manager-Health, Safety and Environmental
Affairs/Corporate Radiation Safety Officer, W.F. Kearney
returned from temporary disability and re-assumed the
responsibilities of Radiation Safety Officer. Mr. Kearney's
return also results in the Environmental Scientist position
returning to previous responsibilities, reclassified as
"Senior Environmental Scientist". The organizational
structure is also revised for a new position of "Safety
Supervisor". The Senior Environmental Specialist has
been revised in title to "Environmental Coordinator" and
a new position of Environmental Specialist is added.

Jake Hagar was promoted from Radiation Safety
Technician to Radiation Safety Officer. SERP reviewed his
qualifications

a carbon source
use of methanol
PRI
has reviewed the
Por enhasneved
threusedof
methanol as
asacarbon
soure
fxpansionoforium
en ced boreediin. Oierw
aredtmare
sodium sulfide or hydrogen sulfide, which are marginally

control of contractor equipment, and documentation
cleanup of the ponds. The SERP determined that the planned activities

promie any
onports.

contained in the SER, EA or Technical Evaluation Reports.
evaluation
The planned decommissioning activities constitute ALARA and are

nen with

activities

ri
cond ute and

d brC

with activities previously conducted and reviewed by NRC.

all of the material has been removed from the ponds. More material
will have to be removed before the ponds can be reclaimed. This should

tk

lc
nlt
01o 02
place in late 2011 or 2012.

The proposed organizational changes were found to be consistent with
NRC License SUA-1548 and Regulatory Guide 8.31, and should not
compromise the effectiveness of the ALARA and environmental
compliance programs. Revised pages to reflect the EHS Department
organizational changes are included in Attachment B of the Semi-Annual
Effluent Monitoring Report submitted for the 2nd half 2003.

Mr. Hagar's education, training and work experience were reviewed and
found to be in conformance to requirements for promotion to the
position of Radiation Safety Officer, meeting the requirements of license
SUA-1548 and NRC Regulatory Guide 8.31. Revised pages to reflect the
EHS Department organizational changes are included in Attachment B of
the Semi-Annual Effluent Monitoring Report submitted for the 2nd half
2003.
training and emergency procedures were recommended. The
Additional
expansion of the proposed bioremediation test was found to be
consistent with section 6.1.3.3 (Ground Water Treatment) of the License
Submittal. WDEOQ-Land Q~uality Division (LOD) approved the proposed

effective and present greater safety concerns. The SERP
considered the hazards of methanol flammability and
toxicity.

test as a revision to Permit No. 603. Bioremediation will not alter the
conclusions determined by NRC in the Final SER or the EA. SERP
approved the bioremediation test as meeting license requirements.

Review of hydrologic test document, baseline water
quality data and monitoring wells Upper Control Limits
(UCLs) prior to wellfield startup. SERP also conducted an
operations/technical review, environmental/safety
review and a compliance review,

The test document was reviewed against NRC License SUA-1548. The
Environmental/Safety Review showed no increased environmental or
safety risk from start-up of I-Wellfield. The checklist of NRC
requirements was reviewed and it was concluded that a license
amendment was not necessary.
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22-Jul-04

SERP No.

2004-2

Subject
Changes to SR General Well
Sampling Methods, Highland
Reporting Parameters, and
New Access Database
Implementation

Synopsis
The change in well sampling methods at SR included
taking water level measurements for a cluster of wells
and sampling the cluster on the same day, rather than
resulted in sample collection several days removed from
takingrequirement.
from
e ction wvrl dange
re
sure m
level measurements. Highland will change from
reporting bicarbonate to alkalinity as a UCL. A new

Results
SERP concluded that the reviewed changes would not require a License
Amendment and does not conflict with any other regulatory
reurmn.Asthecagswiloteutinhedrdtonf
Also these changes will not result in the degradation of
any essential safety or environmental commitments in the License
Renewal Submittal, EAs or current operating procedures.

combined database was implemented.

30-Jul-04

12-Oct-04

2004-3

2004-5

Revised UCLs; for Well M-212

20045 to the Radiation
Changes
Safety Programchanges

Self identified violation for two slight exceedances of the
M-212
monitor well
well Mthat
perimeter mnitor
Excursion criteria
3Uresultiogin
critgeri at
atoperi

n to PRI's acquisition of the operation, proposed
Due
d
th of
ionpro
DuangetoRs ancquisitincedfrequen
include reduced frequency of monitoring

There was no occurrence of excursion of mining fluids. This well has
anomalous water quality, thus it's UCLs for alkalinity and conductivity
shows
Historical
those ofcome
otherinwells.
lower has
than
are considerably
gradually
line with
that ofdata
other
the water quality
wells. No uranium was detected, proving no excursion of mining fluid.
The UCLs were increased, consistent with other wells.
Changes included: Discontinue Designating the Pilot Building as a
"Restricted Area"; Change Frequency of Airborne Uranium Monitoring at
CPP Dryer Room; Change Frequency of Breathing Zone Samples for
Dryer Operator. It was decided that the proposed changes would not
require a License Amendment and does not conflict with any other
regulatory requirement. The changes will not result in degradation of
any essential safety or environmental commitments in the License
Renewal Submittal or EAs. Changes were approved.

21-Dec-04

10-Mar-05

S-Jun-OS

2004-6

2005-1

2005-2

Temporary Management
Replacement for General
Manager of Operations

Start-up of Mine Unit-15

EHS eparmentStaf
Changes
Staff Chages
EHS Department
to the Manager - Health,
Safety, and Environmental
affairs, and appointment of
Radiation Safety Officer

Ralph Knode is leaving SR-HUP for temporary assignment
in Kazakhstan (2 years). Chuck Foldenauer has been
named to fulfill the duties of General Manager.

Review of hydrologic test document, baseline water
quality data, and planned mining activities prior to
wellfield startup. SERP also conducted an
operations/technical review, environmental/radiation
safety/industrial safety review and a compliance review.

appointed General Manager's qualifications were reviewed

The newly
and approved as consistent with the license, and should not result in the
adationeo anssentia sae orcenv entalcotment in
degradation of any essential safety or environmental commitments in
the License Renewal Submittal EAs or current operating procedures.

Injection and production operations through Headerhouse 15-1 are
nearly ready. Required submittals to WDEQ-LQD have been made. The
hydrologic test objectives were met. No increased environmental or
safety risk result from start-up of Mine Unit-15. The checklist of NRC
requirements was reviewed and it was concluded that a license
amendment was not necessary. Also commencement of production at
MU-15 will not result in degradation of any essential safety or
environmental commitments in the License Renewal Submittal, EA or
current operating procedures.

and Environmental
Safety,
of Health,
Officer
terminated
Safety
Precedent ManagerRadiation
Affairs/Corporate
employment. Ken Milmine was appointed as Manager of
r
T
HeaplthySafenty aendEnvironmental afair asMand
Health, Safety and Environmental Affairs, and Tim

Candidates' qualifications were reviewed and approved as consistent
with the license and Regulatory Guide 8.31, and should not compromise
the effectiveness of ALARA or environmental compliance programs.

McCullough was appointed as acting Radiation Safety
Officer.
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16-Jun-05

28-Jul-05

SERP No.
2005-3

2005-4

Subject

Synopsis

Discuss changes to the evaporation ponds at the SR CPP
Evaporation Pond Sludge
area, including removal of sludge and relining with a new
Removal and Liner
Replcemnt ynteti lier ver he ld ynteti lier.Condition
Replacement
synthetic liner over the old synthetic liner.

Reduction of Inspection
Frequency at Satellite Plant
No. 1

Results
conditonn in Licens
iew. Review as
envionmen
Cnditonm9.4as smaie d inte Linse Requirns checklist

Operations/Technical Review was conducted along with a Safety and
9.4 as summarized in the License Requirements checklist.

License amendment was not required.

Facility inspection at Satellite Plant No.1 area are

SERP concluded that reducing the inspection frequency at Satellite Plant

conducted daily. Satellite Plant No.1 and other
associated facilities are not in operation. Activities will
be very limited since mining and restoration activities are
complete in this area. PRI is proposing to change to

No. 1 from daily to weekly is consistent with License and should not
compromise the effectiveness of the ALARA and environmental
compliance programs. Daily inspections will be required if Satellite No. 1
is in use.

weekly inspections.

1-Feb-06

20053A

Amendment - Evaporation
Pond Sludge Removal

Discuss amendment of SERP 2005-3 to include use of a
track hoe.

Operations/Technical Review was conducted along with a Safety and
Environmental Review and Compliance Review. Use of track hoe was
approved. License amendment was not required. Use of track hoe will
not result in degradation of any essential safety or environmental
commitments in the License Renewal Submittal, EAs or current
operating procedures.

Review and approval of adding Mine Unit D, E, and i to

1-Feb-06

2005-5

Adding Mine Unit E,D and I to
Restoration Plan
Restorationton

16-May-06

2006-3

whennOperationsoisapreparedsto

atiPlans

Arlene Crook was appointed Radiation Safety Officer,
EHS Department Staff changes
ofSthe
rmeniaaion
anafetynoffocersrppinedngdatonMaetyloigr,
of the Radiation Safety Officer
replacing Tim McCullough

Operations/Technical Review was conducted along with a Safety and
Environmental
Review. Addition of Mine Units to the Restoration Plan
wsapoe.Lcneaedetwsntrqie.Cagst
h
was approved. License amendment was not required. Changes to the
Restoration Plan will not result in degradation of any essential safety or
environmental commitments in the License Renewal Submittal, EAs or
current operating procedures.
Ms. Crook's qualifications were review and deemed to satisfy Regulatory
Guide 8.31. A subsequent NRC Site Inspection resulted in a
determination that this individual didn't meet License Condition 9.7
Requirements (refer to Attacment A-3 Table A-3-1 for NOV and NOV
closure details).

16-May-06

2006-2

Start-up of J-Wellfield

Review of hydrologic test document, baseline water
quality data and monitoring wells UCLs prior to wellfield
startup. SERP also conducted an operations/technical
review, environmental/radiation safety/industrial safety
review and a compliance review.

Injection and production operations through Headerhouse J-3 are nearly
ready. Required submittals to WDEQ-LQD have been made. The
hydrologic test (pump test in June-July 2005) objectives were met. Data
loggers were installed to monitor water levels in the overlying aquifer.
No increased environmental or safety risk result from start-up of JWellfield. The checklist of NRC requirements was reviewed and it was
concluded that a license amendment was not necessary.

Operation of a shredder to
7-Jul-06

2006-1

shred wellfield 11(e)2
byproduct waste prior to final
off-site disposal

11(e)2 byproduct waste (mostly pipe) has been stored
onsite. Offsite disposal facilities do not want waste
forms with large void space. A shredder would be used
onsite to reduce the disposal volume of 11(e)2 waste
pipe.

Use of a shredder to reduce the volume of 11(e)2 waste prior to off-site
disposal is consistent with the license and Regulatory Guide 8.31.
Shredder operation will not compromise the effectiveness of ALARA and
environmental compliance programs. SERP conclusions include
shredder operations guidance (personnel protective equipment (PPE),
Radiation Work Permit (RWP), SOP). SOPs prepared in September 2006
are attached to this SERP.
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Table 1-2 Summary of SERPS
Date

SERP No.

Synopsis

Subject

Rin

t

17-Jul-06

2006-4

Elev

12-Mar-07

2007-1

Self Identified Violation

Review of information presented on occurrence of
elevated radon inside the CPP associated with tank
cleaning and in the RO area.

Environmental Dosimeter supplier/product requirements

in EHS Volume VI and as described in license renewal
submittal.

17-Apr-07

13-Jul-07

23-Oct-08

2007-2

2007-4

Lab testing for
decontamination of shredded
material for potential release

South West Bicarbonate
s
Sou

EHS Management
Replacement and the addition
of Assistant Environmental
Health and Safety (EHS)
Manager/RSO

Mine Unit 9 Hydrologic Test
Report

Results
SERP recommendations include: providing negative pressure vent fans
on tanks T-20 and T-21 in the existing overhead vent line; ensure that
vent hose used to ventilate open tanks is long enough to reach outside
the building; review SOPs to ensure proper ventilation and worker
protection; repositioning of ceiling mounted fans to louvered window
close to the tanks; equivalent tanks will also be checked for ventilation
and fans will be installed if necessary; and UW Engineering Dept will
perform an energy audit to minimize heat loss while maintaining
adequate ventilation.
License Renewal Submittal states that Spherical thermoluminescent
dosimetry (TLD's) will be used. EHS Volume VI describes use of
Landauer X9 Environmental TLD dosimeter. Cameco switched to a
Program
Laboratory
Voluntary
National
comparable
to allow
supplier.
The EHS
VolumeAccreditation
will be updated
(NVLAP)
certified

Assess results of decontamination efforts regarding
shredded poly pipe. Onsite lab work will be conducted
by trained personnel, utilizing all appropriate protective
equipment. The effects of decon solution concentration,
time and agitation will be evaluated for maximum
decontamination result. All SOPS will be read and signed
by individuals associated with testing.
Testing of cores indicated increased uranium recovery
could be achieved with increased bicarbonate
concentration for the South West Mine Unit

The position of Environmental Health and Safety
Assistant Manager and RSO is added to the
Organizational Reporting Structure

Review of hydrologic test document, baseline water
quality data and monitoring wells UCLs prior to wellfield
startup. SERP also conducted an operations/technical
review.

Cameco Resources Smith Ranch Project Technical Report - February 2012
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changes in suppliers and to account for technology improvements. The
License Renewal Submittal needs to be revised to allow any product or
vendor that meets NRC qualifications. The checklist of NRC
requirements was reviewed and it was concluded that a license
amendment was not necessary.
Oxalic acid is to be tested and has not been previously assessed. A
Material Safety Data Sheet for oxalic acid was provided along with
reference to appropriate new and existing SOPs. The checklist of NRC
requirements was reviewed and it was concluded that a license
amendment was not necessary.
A bicarbonate addition system for the South West area is consistent
with license conditions and should not compromise the effectiveness of
the "As Low As Reasonably Achievable" (ALARA) and environmental
compliance programs. The checklist of NRC requirements was reviewed
and it was concluded that a license amendment was not necessary.
The addition of Environmental Health and Safety Assistant does not
require a license amendment and does not conflict with any other
regulatory requirement. This change will not result in degradation of
any essential safety or environmental commitments in the License
Renewal Submittal, EA or current operating procedures.
The test document was reviewed against NRC License SUA-1548,
Chapter S, 5.13 "Mine Unit Hydrological Test Document. The
Environmental/Safety Review showed no increased environmental or
safety risk from start-up of the 9-Wellfield. The checklist of NRC
requirements was reviewed and it was concluded that a license
amendment was not necessary.
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Table 1-2 Summary of SERPS
Date

SERP No.

- Rsoron
Treatment - Restoration

7-Jan-09Trtent

Mine Unit KHydrologic Test
Report Extension HH 8 & 9

8-Mar-09

0-71609-1

Resin (Scale) Traps

RSO Refresher Re-training

16-Apr-09

g
baserinet waerl
Revliew oftahydrmologic tsdcent,
quality data and monitoring wells UCLs prior to wellfield
review, environmental/radiation safety/industrial safety

Results
Methanol storage tank is within a bermed area. There will be no
chemical differences than in past practices. The need for additional
sampling during treatment may be evaluated during the treatment
period. The checklist of NRC requirements was reviewed and it was
concluded that a license amendment was not necessary.
The test document was reviewed against NRC License SUA-1548,
Chapter S, 5.13 "Mine Unit Hydrological Test Document. The
Environmental/Safety Review showed no increased environmental or
safety risk from start-up of Kwellfield. The checklist of NRC

review and a compliance review,

requirements was reviewed and it was concluded that a license
amendment was not necessary.

Synopsis

Subject

Use of methanol as a carbon source for bioremediation

Install resin traps to capture carbonate scale in the IC
trunkline, preventing the repeated fouling of turbine
meters on the ICheaders.

Applicable alternate classes for substitution in place of
normal RSO refresher training
Cameco constructed an apparatus for measuring
Gas/Liquid Ratio (GLR) in each leg of an ICdistribution

Gas/Liquid Ratio Meter

4-Sept-09

Header. This will assist in well field balancing and
determine the proper ratio of 02 in the injection stream.
This system is portable and will test each ICline at the

ASOP will need to be written and approved prior to operating
/maintaining this equipment. AJHA will need to be performed prior to
the commencement of work. The checklist of NRC requirements was
reviewed and it was concluded that a license amendment was not
necessary.
NRC suggested that alternate pertinent classes would be beneficial. A
list of classes was provided for review. Alternate classes were deemed
acceptable by the SERP. The checklist of NRC requirements was
reviewed and it was concluded that a license amendment was not
necessary.
Pre-operational SOPs were written prior to the using the new GLR
meter. The checklist of NRC requirements was reviewed and it was
concluded that a license amendment was not necessary.

header independently.
Construct a Selenium Removal Plant which will contain

10-Sept-09

10-Feb-10

0-301009-1

02/10-1

Selenium Treatment Facility

Instalan
6, 9, and 10 of

the Selenium removal process, plus provide Radium
3.that
Sa 3.
an Sat
remoal
Sat wterfromSat2
2 and
removal for water
from or

Install new DDWs to be used for the disposal of wastes
including, the production bleed stream, wash down
water, and ground water sweep.

ASERP completed the SERP review and approved the operation of the
Selenium Circuit portion of the new Selenium Treatment facility only.
The checklist of NRC requirements was reviewed and it was concluded
e commit w ill
ees
n
was
Tha aelise am endment
a license amendment was not necessary. The committee will

reconvene at a later date to perform an ORC/SERP for the operation of
the Barium Chloride Treatment Circuit.
The deep injection wells described in Permit 09-054 will inject into the
same receiving formations as the existing permitted well. The well
construction, monitoring and operation are analogous to the approved
permitted wells. The only difference will be in the sampling parameters
and this will be addressed in the SOPs. The WDEO/EPA has reviewed for
completeness and approved the construction and operation for the
wells listed in Permit 09-054. The SERP has reviewed the Permit and
additional documentation and determined that a license amendment
was not necessary.
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Table 1-2 Summary of SERPS
Date

SERP No.

Synopsis

Subject

Revised reporting structure to include North Butte and
SRH.Postios
Diecto
ofbot
an

10-Feb-10

02/10-2

Organizational Restructure

Maagerwil be

modified to reflect this new structure which indicates the
to directly to Director,
reports
now
Manager,
now
reports
thPof
d
ereatoDirtor.
Mager, SHEQ
ShEQ
SHEO, who now reports the VP of Operations.

Designating an alternate radiation safety person and/or a
lead position to be considered as available personnel
resources to assist in performing the weekly required
and facility foreman inspections,

27-Jul-10

05/10-1

Alternate RSO

19-Jul-10

07/10-1

F200/F300 Sampling Change

ASinlen
07/10-1 mPle
F200#e colcten
dnrem
clofr
r1994.
e
Selenium Plant containing a barium chloride radium
removal system to demonstrate compliance,

Results
The SERP concluded that the proposed organizational realignment
should be beneficial to the operation of the environmental, health, and
safety programs and is consistent with NRC License SUA-1548 and
Regulatory Guide 8.31 and should not compromise the effectiveness of

the ALARA and environmental compliance programs. Revised pages to
th

LRaneniomtlcmpacergas.evedaeso

reflect the organizational restructure changes are included in
Attachment B of the Semi-Annual Effluent Monitoring Report submitted
for the 1st half 2010.
The SERP reviewed the Permit and additional documentation and
determined that the utilization of alternate HP designees to perform
weekly RSO and facility foreman inspections would be acceptable.
Revised pages to reflect the assignment of alternate personnel to
perform RSO inspections are included in Attachment B of the SemiAnnual Effluent Monitoring Report submitted for the 2nd half 2010.
The SERP concluded that the proposed change was consistent with the
reviewed documents and meets the requirements of the sampling
procedure as described in the original amendment application, June 10,
The Selenium Plant will become the single point of radium
removal in the wastewater circuit and as such, only one point for
compliance sampling will be available. Revised pages to reflect the
F200/F300 sampling change are included in Attachment B of the SemiAnnual Effluent Monitoring Report submitted for the 2nd half 2010.

Rehabilitate Morton 1-20 and Vollman 33-27 in 2010.
Develop SRHUP 6, 9, and 10 in 2010. Develop SRHUP 7
and 8 in 2011. Add HCL where possible to all disposal
fluid transfer lines, at the origin, to prevent scaling and
DDW Infrastructure,
4-Aug-10

07/10-3

-

Installation, Degasser
Eesrntione

improve DDW performance. Install distribution
infrastructure to allow the transfer of disposal fluid from
the CPP, or any Satellite, to any DDW. Proposed an
alternate process for using RO in restoration, and the use
of a vacuum degasser to remove oxygen and carbon
dioxide from the ICflow prior to injection in to the well
field. Mine Unit 4 was added to the wellfield Restoration
Plan.

Adde Mineto Unit0-Extension
Plan.Mn
the
9-Aug-10

8/10-1

Mine Unit 0-Extension
to the
Restoration
Plan

waperfe

soradion

Plan. Mine
Unit this
Drestoration
SERP was
performed
however,
did not include
the Mine
Unit 0-in
2006;
Extension.
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The WDEQ/EPA has been reviewed for completeness and approved the
construction and operation for the wells listed in Permit09-054. The
SERP committee reviewed the Permit and additional documentation and
determined that the infrastructure for deep injection wells, installation
and operation of RO unit at SR-1, and adding MU 4 to the restoration
plan were not contrary to the license or reviews conducted by the NRC
during previous approvals. Revised pages to reflect the DDW
infrastructure changes are included in Attachment B of the Semi-Annual
Effluent Monitoring Report submitted for the 2nd half 2010.

The SERP concluded that the proposed addition of Mine Unit DExtension to the restoration plan would not require a License
Amendment and does not conflict with any other regulatory
requirements. The SERP has been completed in alignment with the SERP
copedfrthadionfMneUtDHdrHuss1-5nds
completed for the addition of Mine Unit D, Header Houses D1-D5 and as
a result the SERP approved the addition of the this extension to the
Restoration Plan.
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Table 1-2 Summary of SERPS
Date

SERP No.

Synopsis

Subject

The responsibility of the SHEQ group to be split into two
groups at the division level. One group to be accountable
for implementing the Safety, Health, Environmental and

27-Oct-10

5-May-11

5-May-11

10/10-2

03/11-1

03/11-2

Organizational Restructure

Minor Revision to NRC
Application Chapter 9

Approval of RSO

Results
The SERP concluded that the proposed organizational realignment
should be beneficial to the operation of the environmental, health and
safety programs and is consistent with NRC license SUA-1548 and
Rgltr

ud

.1adsol

o

opoieteefcieeso

Quality Program. The other group to be accountable for
andreglatry ffarsthe
raditio saetyproram
radiation safety programs and regulatory affairs,
including licensing/permitting. Both position to report
directly to the President.

Regulatory Guide 8.31 and should not compromise the effectiveness of

Proposed a revision to the NRC License Application,
Chapter 9 Section 9.6 to allow more flexibility in the

The SERP reviewed the page changes and potential impacts to the site
training program and application. The panel considered the change to
be of administrative nature and did not impact the license, application,
or the regulations. A copy of the page changes to the application will
need to be prepared for submittal with semi-annual report.

scheduling of annual training provided to employees. The
proposed change would remove the word "quarterly"
from the application and replace it with "at most four
times per year" or "once a year."

Approval of Arlene Faunce as Radiation Safety Officer.

ALARA and environmental compliance programs. Revised pages to

reflect the organizational restructure changes are included in
Attachment B of the Semi-Annual Effluent Monitoring Report submitted
for the 2nd half 2010.

The SERP reviewed all supplied documents and determined that Ms.
Faunce met the requirements of Regulatory Guide 8.31 concerning the
qualifications of a Radiation Safety Officer. As such, the panel
recommended that Ms. Faunce be approved as the Radiation Safety
Officer for Smith Ranch-Highland.
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Table 1-3 Summary of NRC Inspection Topics and Findings for Smith Ranch (SUA-1548)
Inspection Scope items

Management
Organization
and Controls

Site
Operations

Radiation
Protection

February 11, 2000

x

x

x

August 11, 2000

x

x

x

xcairtnisrues

March 9, 2001

x

x

x

x

July 26, 2001

x

x

x

x

17,

x

x

x

x

October 3, 2002
September 8, 2003

x
x

x
x

x
x

x
x

September 24, 2004

x

x

Report Date

Environmental Protection
and Radioactive Waste
Management

Process Safety
Information

Transportation
Activities

Emergency
Preparedness

Findings
(IFI, URI, NCV, VIO)

VIO failure to use SOPs and
RWPs during remedial
activities
VIO failure to use SOPs for
instruments

________________calibrating

May

2002

x
IFI to review instrument

September___4,_2_04_________calibration

tracking system

IFI to review groundwater

September 16, 2005
September__6,_2_05

August 11, 2006

procedures

_sampling

x

x

x

x

x

x

ViO conducting non-routine
work without an RWP; VIO
shipment of resin trailer with
external contamination above
DOT limits

April24, 2007
October 15, 2007

May 16, 2008

VIO failure to post a radiation
area
x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

November 25, 2008

URI related origin of a
conversion factor used to
calculate weekly soluble
uranium from total DAC-hrs;
response adequately
addressed concern and URI
closed in inspection report
VIO exceeding the dose limit
for members of the public near
the byproduct storage bins;
VIO failure to store byproduct
storage bins in a restrictive
area;
VIO failure to control a
restricted area

April27,2009

Cameco Resources Smith Ranch Project Technical Report - February 2012
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Tables
Page 15

Table 1-3 Summary of NRC Inspection Topics and Findings for Smith Ranch (SUA-1548)
Inspection Scope items

Report Date

November 1.6, 2009

Management
Organization
and Controls

Site

Radiation

Operations

Protection

Environmental Protection
and Radioactive Waste
Management

Process Safety
Information

Transportation
Activities

Emergency
Preparedness

Findings
(IFI, URI, NCV, VIO)
VIO failure to decommission
well field within 24 months
and failure to request an
alternate decommissioning
schedule; NCV failure of a
worker to provide a monthly
sample; Revised

xbioassay

procedure deemed adequate

by NRC and NCV closed in
inspection report
NCV failure to take a
confirmatory sample within 24
hours when a monitoring well
exceeded upper control limits
VIO failure to post a radiation
April 29, 2010

Xarea

December 17, 2010

x

October 25, 2011

x

x

x

x

x

x

x

VIO failure to demonstrate
that packages used for
shipment of radioactive
material met applicable
regulatory requirements
URI failure to store
contaminated materials in a
restricted area boundary; VIO
failure to provide a 30 day
follow-up report and copies of
WDEQ correspondence
regarding a spill; VIO failure to
have an alarm to notify
wellfield operators about
exceedence
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Table 1-4 Summary of NRC Inspection Topics and Findings for Highland Uranium Property (SUA-1511)
Inspection Scope Items

Report Date
January 26, 2000
August 11,2000

March 8, 2001

Management
Organization
andOperations

Site

x
x

x
x

x

Radiation
Protection

Environmental Protection
and Radioactive Waste
Management

X
X

x
x

x

X

x
x
x

X
X
X
Non-Cited Violation

Process
Safety
Information

Transportation
Activities

Emergency
Preparedness

Findings
(IFI, URI, NCV, VIO)

VIO failure to survey
equipment for removable
contamination; violation
withdrawn by NRC in letter
dated May 21, 2001

August 30, 2001
x
May 17, 2002
x
October 4, 2002
x
Acronyms: IFI Inspector Follow-up Item

NCV

x
X
x
URI Unresolved Item

VIO Violation

The violation found in the March 8, 2001 Inspection Report was documented as closed in the August 30, 2001 Inspection Report.
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Table 1-5 Notices of Violation and Non-Cited Violations for Smith Ranch During the Period of 2000 Through 2010
Report Date

Closure

Licensee Response

Description of NOV/NCV

Line supervisors were directed "to initiate RWPs for all corrective actions related to future

Feb 11, 2000

"From July through December 1999, eight spill events occurred
lqureds
Dec allon rodu9cteighospijecints
ro involving 98,330ug
onsite involving 9l,330 gallons of production or injection liquids
ressed, stout an
cnin workers
oearedioaeti
RWP, workers repaired equipment; processed, stored, and
transported radioactive material; and conducted environmental

monitoring associated with all eight spill recovery
(NRC, 2000b)

Aug 11, 2000

operations".

NOV- Severity Level IV
radiation
the alpha
calibrated
lph raiaton
'Th technician
raiaton afty
echicin
aliratd te
"The radiation safety
counter without following the established written procedure
'Calibration of the Scintillation Counter. Consequently, the
technician did not conduct the counter efficiency calibration or
establish the instrument operating voltage as stated in the written

Aug 11, 2006

April 24, 2007

spills...and to assess any potential radiological hazards prior to implementation of corrective
action to restore operations after the spill". Use of RWPs will continue "where an SOP has
not been developed for use in order to assess the potential hazards inherent in the work
areas related to radioactive material." Response also notes that "personnel exposure
histories...showed no adverse or increased exposure resulting from the execution of the
work"; and "neither human health nor the environment were adversely affected by the lack
of a written SOP or RWP". Full compliance was achieved on January 13, 2000, through
corrective steps taken (RAMC, 2000a).

NRC documented the NOV as closed by verifying
that corrective actions were completed and
particularly noted improvements to licensee's
SOP No. 1110 "Work Order/RWP". (NRC,
2000d)

The calibration in question occurred on June 7, 2000. The RSO conducted a verification
calibration on July 14, 2000 (immediately after the NRC Inspection) and "concluded and
verified that employee safety was not compromised as a result of the June 7 1h calibration"
(RAMC, 2000d).
included:
actions
Corrective
Planned
Task Observations to ensure that there are no deviations from
1.
Periodic
wriodic Proneduresk
written procedures.

NRC documented the NOV as closed by verifying
that corrective actions were completed. (NRC,

2.
3.

A formalized task training program was designed and implemented for all
environmental and health physics procedures.
RSO conducted additional calibrations by the correct procedure and by the incorrect

2001b)

4.

procedure (used by the RST on June 7) to re-verify the scintillation counter
efficiencies. The additional calibrations verified "no significant difference between
the results". (RAMC, 2000d).
Systematic review of the Health Physics Manual during the regular Annual Review.

Licensee (PRI) responded on September 20, 2006 by letter to NRC describing corrective
actions including a procedure for assessing internal doses from uranium uptakes. NRC
documented review of PRI's response stating "We have reviewed your reply and find it
responsive to the concerns raised in our Notice of Violation." (NRC, 2006b)

NRC documented the NOV as closed by verifying
that corrective actions to prevent recurrence
were completed. NRC noted that the protocol
to assess internal doses from uranium intakes
"was in agreement with NRC guidance
documents". (NRC, 2007d)

"Shipment of resin tanker with external removable contamination
in excess of the U.S. Department of Transportation limit." (NRC,
2006a)

Swipe sampling of the tanker prior to shipment was conducted in four discrete areas, which
were not contaminated. The resin tanker never left SR property, moving only from Satellite
SRI to the Central Processing Plant. "Corrective actions taken by licensee included staff
meetings, retraining, and updating of the applicable survey procedure." (NRC, 2006a)

NRC documented the NCV as both opened and
satisfactorily closed in the same inspection
report. (NRC, 2006a)

NOV- Severity Level IV
"On April 3, 2007 the Satellite SR-1 resin transfer water tank area,
an accessible area in which an individual could receive a dose
equivalent in excess of 0.005 rems (0.05 mSv) in one hour at 30
centimeters from the tank surface that the radiation penetrated,
was not posted with a sign bearing the radiation symbol and the
words "Caution, Radiation Area." (NRC, 2007d)

Licensee immediately posted the tank as a radiation area and responded on May 18, 2007
by letter to NRC. NRC documented review of PRI's response stating "We have reviewed
your reply and find it responsive to the concerns raised in our Notice of Violation." (NRC,
2007e)
"The licensee subsequently elected to implement area postings versus equipment postings.
This programmatic change was necessary because radiological conditions routinely vary as a
result of operational evolutions. The licensee also updated site procedures to specify when
tank cleanouts were necessary. Additionally, the licensee began conducting area gamma

NRC documented the NOV as "discussed" in the
subsequent inspection report (NRC, 2007f) and
ultimately "closed" during the next inspection
stating that "the inspectors reviewed the
licensee's corrective actions and determined
that these actions were effective." (NRC,
2008c)

NOV- Severity Level IV
"On or about February 15, 2006, workers commenced with nonroutine work on a yellowcake dryer without a radiation work
permit. As a result, one worker experienced an intake of
radioactive material." (NRC, 2006a)
NCV

radiation surveys more frequently than required by the license." (NRC, 2008c)
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Table 1-5 Notices of Violation and Non-Cited Violations for Smith Ranch During the Period of 2000 Through 2010
Report Date

NOV Severity Level IV
"NRC conducted a review of past SERP determinations which
involved changes in site staffing. The violation involved the SERP's

Dec 11, 2007

Licensee Response

Description of NOV/NCV

approval of an individual as radiation safety officer, although this
individual did not meet the requirements specified in License
Condition 9.7." (NRC, 2007g)
This NOV resulted from an "in-office" review of past SERP
determinations, conducted after an on-site inspection September
20-21, 2007.

Ina letter reply to NRC, PRIdescribed the following corrective actions:
1.
Documentation will be provided to Operation Review Committee (ORC)/SERP participants
prior to group review of the proposed activity.
2.
Work requests entered in to the automated preventive maintenance system were modified
to include consideration of ORC/SERP review requirements before the "work request" could
become a "work order".
3.
Safety, Health and Environment (SHE) review of ORC/SERPs decisions for consistency with
license conditions.
4.
ORC/SERP attendees will include Management, SHE, RSO or designee, and
5.
6.
7.
g.
9.

Nov 25, 2008

NOV Severity Level IV
"Byproduct storage bins at satellite Sat-3 and satellite Sat-2 were found
to have exposure rates of 3.5 millirems in any one hour at one foot from
the surfaces of the bins. Both bins were located in unrestricted areas."
(NRC, 2008d) The regulatory standard for exposure rate is less than 2
millirems
(mrems) in any one hour.
NOV Severity Level IV
bIns a1.
NOVTSvebproity
sael
"The byproduct storage bins at satellite Sat-3 and satellite Sat-2
with licensed radioactive material, ins
contained items contaminated
stoag pndngdipoal
ad er i uretrctd ma."(NC,
storage pending disposal, and were in unrestricted areas." (NRC,
2008d) Bins with byproduct material should have been maintained
within the restricted area.

NOV Severity Level IV
"The licensee did not control and/or maintain constant surveillance of
uranium contained in the T-207 transfer storage tank inthe satellite SR1 building, which is a controlled area...The satellite SR-1 building and the
immediate area around the T-207 transfer storage tank were
unoccupied by employees, the doors to the SR-1 building were
unlocked, and the overhead bay doors were open allowing uncontrolled

Manager/Supervisor of the department involved in the change.
Review of ORC/SERP procedures by Managers and Supervisors on an annual basis.
Documentation demonstrating aspects of the change, test or experiment reviewed will be
attached to records of ORC/SERP meetings.
Anew training position was proposed with responsibility for overseeing and maintaining
documentation of all training activities.

Closure

NRC documented the NOV as closed. "The
inspectors reviewed the corrective actions from
the December 28, 2007 letter and identified
that the licensee had adequately addressed and
implemented the nine corrective actions." (NRC,
2008c)

Arevised organizational chart and description of responsibilities was submitted as an
amendment to Chapter 9 of the existing license renewal submittal.
Allpositions described in the license renewal submittal that require meeting specific
qualifications will undergo the ORC/SERP process prior to approval of an individual to fill
such a position. (PRI,2007h)

(PRI) responded on December 22, 20sB by letter to NRC describing corrective
Licensee
atosCorciecinsnlud:"The
Surrounding byproduct bins with chain-link fence and restricting access to the public
by using chain locks.
.
using curin gates.
2.
Installing security gates and padlocks affixed at the bottom of the overhead doors in all
satellites.
3.
Installing coded security locks on all exterior doors in each satellite building.
NRC documented review of PRI's response stating "We have reviewed your reply and find it
responsive to the concerns raised in our Notice of Violation. We will review the
implementation of your corrective actions during a future inspection to determine that full
compliance has been achieved and will be maintained." (NRC, 2009b).

NRC documented the NOVs as closed.
NRC inspectors viewed the new fences and
verified that the areas were locked.
vrfe htteaeswr
okd
Confirmatory
exposure rates taken by the NRC
inspectors were found to be 1000 lpR/hr (1
millirem/hr) at the fence line."
"The NRC inspectors verified that the security
ty
"Te at inspectes verified whe
were op ed
whe tetheeheadedoors
overhead doors were open and the exterior
doors were locked." (NRC, 2009d)

access to licensed source materials." (NRC, 2008d)
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Table 1-5 Notices of Violation and Non-Cited Violations for Smith Ranch During the Period of 2000 Through 2010
Report Date

NOV Severity Level IV
"The licensee failed to complete decommissioning of Mine Units l and

C within 24 months and failed to request an alternate decommissioning

Nov 16, 2009

schedule. Specifically, the licensee began decommissioning of Mineour
se1 during July 2006 and Mine Unit C during May 1999, both of which
wc
Uithe luicnse had nothrequesd
continueto be
dn ecJulyi2saned, and
alternate decommissioning schedule until August 13,2009." (NRC,
2009g)

Nov 16, 2009

Licensee Response

Description of NOV/NCV

NCV
"The licensee collected bioassay samples to assess the potential for
intakes of uranium. During the inspection, the licensee discussed with
the inspectors a self--identified violation. InJuly 2009, a new CPP
operator failed to provide a routine monthly bioassay sample." (NRC,
2009g)
NCV
"During the inspection, the licensee discussed with the inspectors a selfidentified violation. On July 7, 2009, two constituents at monitoring
well FM-8 exceeded the upper control limits (UCLs) for alkalinity and
conductivity. The licensee did not resample monitoring well FM-8 until
July 20, 2009. This is a violation ...of LC11.5, which states, in part, that if
two UCLs are exceeded in a well, the licensee shall take a confirmation
sample within 24 hours and analyze it for the excursion indicators."
(NRC, 2009g)

Ucensee (Cameco) responded on December 16, 2009 by letter to NRC describing corrective actions.
Corrective actions included:
"On July 31, 2009. Cameco submitted a license amendment request to revise portions of its current
license related to ground water restoration at its Smith Ranch - Highland Uranium Project. On
August 13, 2009, Cameco submitted to Mr. Doug Mandeville of the NRC a Request for Alternate
Schedule for Completion of Decommissioning (Ground water Restoration) for Mine Units C,D,Dextension, E,F, I and 4/4A/4-extension. The NRC staff accepted those requests for full review on
September 2 and September 11, 2009, respectively. Ground water restoration is currently taking
place in mine units C and 1, with unit Dscheduled to begin in January 2010", (Cameco Resources,

Closure

NRC has responded by letter to Cameco Resources
replyuand oieo
find it
stating '"Weotecnen
have reviewed your
asdi
rsosv
Notice of
Violation. We will review the implementation of
your corrective actions during a future inspection to
determine that full compliance has been achieved
and will be maintained." (NRC, 2009h)

"Cameco is working closely with the Wyoming Department of Environmental Quality and the NRC
to meet our commitments for ground water restoration in our mine units. Work currently in
progress includes: Increasing wastewater disposal capacity by installing new deep disposal wells,
ongoing restoration in two mine units and preparations to begin restoration in three additional
units in 2010, purchase of an additional 500 gallon/minute reverse osmosis unit for restoration
support, continuing to refine our restoration process through pilot and small scale testing, and
providing updates to our restoration schedule in the NRC semi-annual report. Aformal request for
restoration schedule changes will be sent to NRC as needed." (Cameco Resources, 2009)
"CRsubmitted to NRC an alternate schedule on August 13, 2009 explaining when reclamation
efforts in each wellfield will take place. CRwill be in full compliance upon NRC's approval of CR's
alternative schedule." (Cameco Resources, 2009h)
"Corrective actions included changing their procedure to require workers to submit routine
bioassays within the first two weeks of every month. If a worker does not submit a bioassay
within the first two weeks of a month, an e-mail notice from the radiation safety staff is sent
to the employee's supervisor as a reminder. This procedure ensures that the employee, the
employee's supervisor, and the radiation safety staff are aware if an individual had not
provided a bioassay sample within the month." (NRC, 2009g)

"The inspectors concluded that the revised
procedure was adequate." (NRC, 2009g) NRC
documented the NCV as both opened and
satisfactorily closed in the same inspection
sa orin
report.

"Corrective actions include updating their monitoring well sampling procedure to have two
separate individuals review the sampling results for any exceedances of parameters." (NRC,
2009g)

"The inspectors found the corrective action to be
adequate." (NRC, 2009g) NRC documented the
NCV as both opened and satisfactorily closed in
the same inspection report.
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Table 1-6

5-Year MIT Failures
First MIT
Failure Date

CI-030
CI-031
CI-032
CI-033
CI-034
CI-038
CI-044
CI-045
CI-048
CI-050

8/20/2001
1/10/2001
7/20/2001
7/18/2001
1/17/2001
8/24/2010
1/8/2001
7/18/2001

CI-051

1/12/2001

CI-052
CI-054
CI-056A
CI-057

1/5/2001
1/9/2001

Second MIT
Failure Date

First MIT
Failure Date

Third MIT
Failure Date
CI-225
CI-228
HI-686
P-50
PI-55
HI-701
HI-711
HI-713

8/24/2010

12/9/2003
12/16/2003
11/20/2003
1/20/2004
3/22/2004
1/12/2004
1/2/2004
1/7/2004

7/23/2001

HI-719

1/9/2004

1/10/2001

HI-734

1/15/2004

HI-739

1/15/2004

HI-746
HI-759

1/16/2004
1/20/2004

3-P142

1/20/2004

7/12/2005

1/10/2001

1/9/2001

4P-034

3/19/2004

CI-060

1/10/2001

BP-48

5/21/2004

CI-064
CI-066
CI-077
CI-100
CI-108
cl-109
CI-116
CI-120
CI-122
CI-124

1/9/2001
1/9/2001
7/23/2001
8/14/2000
4/27/2001
4/19/2001
7/17/2001
7/17/2001
7/24/2001
9/26/2001

CP-91
CP-471
CP-561
CP-991
CP-122
CP-1271
CP-1541
FI-24
FI-30
FI-32

4/5/2004
4/6/2004
4/6/2004
4/8/2004
5/7/2004
4/9/2004
5/4/2004
4/15/2004
4/14/2004
5/6/2004

CI-136

2/21/2001

FI-36

5/6/2004

CP-016AI
CP-0201
CP-0281
CP-0321
CP-0431
CP-0481
CP-0521

6/6/2001
7/23/2001
7/20/2001
6/18/2001
6/6/2001
8/13/2001
6/6/2001

FI-45A
FI-47
FI-48
FP-421
FP-471
FI-58
FI-74

5/5/2004
5/6/2004
5/6/2004
5/12/2004
6/29/2004
5/12/2004
5/14/2004

CP-1101

6/22/2000

FP-2001

5/10/2004

DI-001
DI-002
DI-003
DI-004
DI-005
DI-006

1/18/2001
1/19/2001
1/22/2001
2/22/2001
1/22/2001
1/22/2001

FP-2021
FI-359P
FP-3791
FI-700
FP-450
FP-4361

5/10/2004
5/11/2004
5/12/2004
5/19/2004
4/19/2004
4/28/2004

DI-007P

1/24/2001

FL-4551

4/26/2004

DI-008P

2/21/2001

4P-9

6/4/2004

DI-012

1/19/2001

4P-191

6/20/2004

DI-013
DI-015
DI-016P
DI-017P
D1-018

1/19/2001
1/16/2001
2/21/2001
1/24/2001
1/4/2006

41-19
4P-411
CP-1411
FI-394P
FI-421

6/18/2004
6/29/2004
7/7/2004
8/2/2004
9/20/2004

D1-021

2/21/2001

FI-935

8/20/2004

DI-022
D1-024

1/23/2001
2/15/2001

4P401
4P431

7/27/2004
7/29/2004

DI-025P

1/16/2001

4168

7/27/2004

DI-026
DI-030

1/17/2001
7/26/2001

4182
41228

7/28/2004
7/27/2004

DI-031A
D1-032

7/25/2001
7/26/2001

4P881
41199

9/8/2004
9/29/2004

D1-034
DI-035P

7/26/2001
7/25/2001

41208
41220

9/27/2004
9/28/2004

6/8/2011

8/21/2006

4/17/2006
7/18/2005

7/14/2005
7/20/2001
6/18/2001

6/18/2001

1/4/2006

7/14/2005
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4/9/2004

Tables
Page 21

Table 1-6

5-Year MIT Failures
First MIT
Failure Date

Second MIT
Failure Date

Third MIT
Failure Date

First MIT
Failure Date

DI-039
DI-045
DI-049

7/26/2001
7/31/2001
7/31/2001

HI-771
HI-774
HI-782

12/23/2004
11/22/2004
12/23/2004

DI-OS1

7/30/2001

HI-801

12/17/2004

DI-052P

7/30/2001

HI-804

10/20/2004

DI-053

8/8/2001

41-186

10/14/2004

DI-054
DI-055
D1-056
DI-057P

8/8/2001
8/1/2001
8/1/2001
7/27/2001

41-188
41-191A
41-195
41-205

10/14/2004
10/7/2004
10/4/2004
10/13/2004

D1-086
DI-088
DI-090

7/16/2001
7/16/2001
7/13/2001

41-206
41-210
FI-0352

10/13/2004
10/12/2004
3/9/2005

DI-093P
D1-095
D1-096

7/27/2001
7/13/2001
7/13/2001

FI-0366
HI-818
HI-822

3/9/2005
1/31/2005
2/2/2005

DI-103P
D1-105
D1-106

7/27/2001
4/4/2001
4/4/2001

HI-824
HI-831
HI-832

2/2/2005
1/25/2005
1/25/2005

D1-109
DI-112A

4/5/2001
4/5/2001

HI-835
HI-867
CI-252
CI-254
CI-261
FP-06311
FP-06421
CI-075
CI-097
CI-102
CI-134
CI-331
CI-363
CI-364

1/25/2005
2/24/2005

D1-113

4/5/2001

D1-114
D1-115
D1-116
D1-117
D1-118
D1-120
D1-121
D1-122
DP-0051
DP-0081
DP-0111

4/19/2001
4/13/2001
4/17/2001
4/2/2001
4/4/2001
4/4/2001
4/2/2001
4/2/2001
2/6/2001
2/20/2001
1/24/2001

DP-0171

2/23/2001

CP-2011

9/22/2005

DP-0181
DP-0191
DP-0271
DP-0371
DP-0411
DP-0421
DP-0441
DP-0451
DP-0481
DP-0501
EI-099
EI-104
EI-106
EI-107
EI-109
EI-112
EI-113
EI-114
EI-118

8/8/2001
8/7/2001
8/20/2001
8/9/2001
7/13/2001
8/14/2001
4/4/2001
4/6/2001
4/16/2001
4/4/2001
8/28/2001
8/30/2001
9/5/2001
9/5/2001
9/6/2001

FI-0081
FP-00671
41-396
41-423
41-425
4P-249
4P-2601
4P-301
DI-023P
FI-0579P
FI-0582P
FI-0589
FI-0601
FI-0609
FP-03081

9/19/2005
9/27/2005
12/5/2005
10/14/2005
10/12/2005
12/27/2005
12/15/2005
12/22/2005
1/5/2006
1/9/2006
1/18/2006
1/18/2006
1/20/2006
1/23/2006
1/19/2006

9/6/2001

FP-03211

1/23/2006

9/4/2001
8/9/2001

11-047
DI-204

3/16/2006
6/6/2006

9/13/2001
9/7/2001

FI-0182
FI-0184

5/5/2006
4/25/2006

8/2/2001

FI-0185

4/25/2006

8/2/2001

FI-0191

5/2/2006

8/3/2001
8/2/2001
8/6/2001

FI-0195
FI-0219
FI-0622

5/1/2006
5/3/2006
4/4/2006

EI-119A

EI-126
EI-130
EI-132
EI-133
EI-134

6/19/2001
8/1/2001

9/7/2001

Second MIT
Failure Date

Third MIT
Failure Date

4/1/2005

4/6/2005
4/5/2005
4/15/2005
5/26/2005
7/18/2005
7/28/2005
7/28/2005
7/18/2005
9/13/2005
7/15/2005
9/22/2005
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Table 1-6

5-Year MIT Failures
First MIT
Failure Date

Second MIT
Failure Date

First MIT
Failure Date

Third MIT
Failure Date

8/3/2001
8/2/2001
8/3/2001
8/3/2001
8/3/2001
8/3/2001
8/6/2001
8/3/2001
6/22/2001
6/22/2001

FI-0804
151-449
1P-015
CI-039
CI-040A
CR-013
DI-048P
EI-102
EI-108P
EI-116

4/3/2006
4/6/2006
5/19/2006
7/17/2006
7/17/2006
7/17/2006
8/4/2006
8/29/2006
8/30/2006
8/31/2006

6/23/2001

EI-138

8/3/2006

6/23/2001

EI-142A

8/3/2006

6/23/2001
6/23/2001
6/29/2001

EI-144
FI-0672
FI-0674

8/3/2006
8/11/2006
9/19/2006

6/27/2001

11-046
1P-035
1P-111A
1P-121
31-141
41-331
41-332
41-336
4P-224
EI-088
EI-172
EI-175
EP-0151
EP-0731
FI-0676
FI-0695
F1-0762
FI-0765P
F1-0774
FI-0778
FP-03701
FP-04221
21-230
2P-075
31-055B
31-088A
31-099
31-104
31-140
31-143
31-152

9/13/2006
8/23/2006
8/14/2006
9/21/2006
8/4/2006
8/4/2006
8/7/2006
8/2/2006
10/6/2006
12/6/2006
12/7/2006
10/6/2006
12/7/2006
10/25/2006
10/12/2006
11/2/2006
11/30/2006
12/4/2006
11/15/2006
12/8/2006
10/12/2006
10/19/2006
10/17/2006
12/8/2006
11/7/2006
11/15/2006
11/29/2006
11/7/2006
11/14/2006
12/12/2006

5/14/2001
5/9/2001
6/5/2001
6/4/2001

31-161
31-185
31-187A
3P-119

12/1/2006
12/1/2006
12/5/2006
12/11/2006

FI-0346

4/16/2000

FI-0793

1/26/2007

FI-0356

9/26/2001

FI-0817

1/24/2007

F1-0403
F1-0408
F1-0568
FI-0578
FI-0584
FI-0585AP
F1-0591

4/10/2000
3/28/2000
1/26/2001
1/31/2001
2/22/2001
2/12/2001
2/12/2001

FI-0820
FI-0902
11-003
11-013A
31-036
31-074
31-076A

1/9/2007
2/12/2007
2/28/2007
3/5/2007
1/19/2007
1/30/2007
2/22/2007

EI-135
EI-136
EI-137
EI-139
EI-140
EI-141
EI-143
EI-147
E1-150
EI-151
EI-155
EI-156
EI-158
EI-159
EI-160
EI-161
EI-162
EI-163A
EI-164
EI-165
EI-166A
EI-167
EI-241A
EI-243
EP-0241
EP-0271
EP-0291
EP-0371
EP-0391
EP-0431
EP-0441
EP-0501
EP-0541
EP-1031
EP-1091
FI-0015
FI-0034
FI-0093A
FI-0156
F1-0157
F1-0158
FI-0170
FI-0171
FI-0172
FI-0173
F1-0175

7/2/2001
6/27/2001
6/26/2001
6/25/2001
6/25/2001
4/16/2001
4/6/2001
9/5/2001
9/17/2001
9/17/2001
8/2/2001
8/3/2001
8/3/2001
6/19/2001
6/26/2001
6/26/2001
10/3/2000
4/17/2001
9/24/2001
9/25/2001
10/30/2000
1/15/2001
1/16/2001
9/25/2001
4/30/2001
5/4/2001
5/9/2001
3/3/2011
5/2/2001

FI-0183
FI-0194
F1-0208
FI-0228

6/25/2001

8/6/2001

3/3/2011

6/21/2001

Second MIT
Failure Date

Third MIT
Failure Date

9/6/2006
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Table 1-6
Well
FI-0607A

FI-0608
FI-0610

5-Year MIT Failures
First MIT

Failure Date
6/22/2001
2/21/2001
2/15/2001

Second MIT

Failure Date

Third MIT

Failure Date
31-080
31-229
31-271

First MIT

Second MIT

Third MIT

Failure Date
3/9/2007
3/8/2007
2/12/2007

Failure Date

Failure Date

FI-0612
FI-0613
FI-0614
FI-0621
FI-0625
FI-0628
FI-0629
FI-0630
FI-0633
FI-0637
FI-0638
FI-0639
FI-0887
FP-03201
DI-98

2/16/2001
2/20/2001
2/20/2001
4/9/2001
4/10/2001
4/11/2001
4/11/2001
4/12/2001
4/13/2001
6/21/2001
4/13/2001
4/13/2001
6/26/2001
6/20/2001
7/13/2001

3P-056
3P-074
3P-114
CI-030A
EI-260
EI-311
EI-426
EI-441
EI-442
FI-0072
FI-0953
FI-0993
11-106
11-193
1P-073

3/12/2007
1/15/2007
3/22/2007
4/20/2007
4/17/2007
4/13/2007
5/16/2007
4/27/2007
5/1/2007
4/11/2007
5/10/2007
6/14/2007
4/30/2007
6/18/2007
6/19/2007

DIP-108

4/13/2001

31-069

5/3/2007

DIP-111
FIP-620

4/13/2001
4/18/2001

31-156
31-157

5/2/2007
4/11/2007

FIP-635

6/20/2001

31-224

4/13/2007

1-202
1-218
1-221
1-236
1-330
P-5
CR-5
DI-24
EI-196
EI-202
EI-211
EI-212
EI-215A
EI-217

6/25/2001
5/15/2001
5/21/2001
5/18/2001
5/24/2001
6/25/2001
2/20/2002
2/15/2002
1/30/2002
1/30/2002
1/8/2002
1/8/2002
1/10/2002
1/9/2002

31-275
3P-034
3P-090
3P-091A
3P-133
41-086
41-087
41-093
41-095
41-099
41-102
41-105
41-107
41-122

4/12/2007
4/5/2007
4/18/2007
4/20/2007
5/4/2007
6/8/2007
6/12/2007
6/11/2007
5/10/2007
6/11/2007
5/9/2007
5/16/2007
5/16/2007
5/9/2007

EI-218

3/19/2002

4P-042

6/12/2007

EI-219
EIP-220
EI-221
EI-222
EI-224
EIP-225
EI-226
EI-228
EI-229A
EI-230
EI-231
EI-232
EI-233
EPI-58
EPI-94
EPI-97

1/4/2002
1/9/2002
1/4/2002
1/4/2002
1/10/2002
1/10/2002
1/10/2002
1/10/2002
1/11/2002
1/10/2002
1/11/2002
1/11/2002
1/11/2002
3/19/2002
1/14/2002
1/9/2002

FI-0996
FI-1008
FI-1023A
1P-077
1P-122
21-231
21-237
21-241
21-251
21-256
21-282
21-283
21-285A
2P-1671
2P-175
41-134

7/6/2007
8/9/2007
8/14/2007
7/18/2007
8/8/2007
9/28/2007
9/28/2007
9/28/2007
9/24/2007
8/23/2007
8/28/2007
8/28/2007
8/28/2007
9/5/2007
8/28/2007
7/6/2007

EPI-99

1/9/2002

41-143

7/9/2007

EPI-100

1/11/2002

4P-048

7/17/2007

FI-771A

1/17/2002

4P-064A

7/31/2007

FI-775
FI-794
FI-795

1/17/2002
2/12/2002
2/22/2002

21-264
2P-130
31-015

10/3/2007
11/15/2007
11/1/2007
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Table 1-6

5-Year MIT Failures
First MIT
Failure Date

Second MIT
Failure Date

First MIT
Failure Date

Third MIT
Failure Date

Second MIT
Failure Date

10/17/2007
11/21/2007
11/19/2007
12/5/2007
3/4/2008
3/4/2008
1/15/2008
1/7/2008
3/12/2008
6/3/2008
6/25/2008

2/6/2002
1/21/2002
1/28/2002

31-208
FI-1134
F1-1139
FP-06341
21-156
2P-101
31-264
3P-108
F1-1211
BI-073P
B1-115
BI-125
BI-199
CI-125
FI-0159
FI-0704A
F1-0707

FI-830

1/28/2002

F1-1286

5/19/2008

FI-831
FI-832
FI-833

2/8/2002
2/11/2002
1/22/2002

F1-1288
F1-1295
21-157

5/20/2008
5/19/2008
4/9/2008

FI-900

2/5/2002

21-158A

4/9/2008

FI-901

2/5/2002

2P-080

6/3/2008

FI-903
FPI-448
FP-451

2/5/2002
1/15/2002
2/7/2002

2P-087
2P-096
31-244

4/11/2008
6/2/2008
5/20/2008

FP-504
FP-505

1/31/2002
1/30/2002

BI-135P
BI-179

7/28/2008
7/24/2008

EI-237
EI-238
EI-242
EI-244
EI-245

4/9/2002
4/10/2002
5/7/2002
5/7/2002
5/7/2002

BI-364
BI-406P
BI-415
21-006
21-046

8/25/2008
8/15/2008
8/29/2008
7/23/2008
8/27/2008

EI-246

5/8/2002

21-122

7/8/2008

EI-247
EI-248
EI-249
EI-250
EI-252

5/8/2002
5/8/2002
5/13/2002
5/10/2002
5/10/2002

2P-007
2P-014
2P-023A
2P-0471
2P-058A

8/4/2008
8/11/2008
8/6/2008
7/14/2008
7/11/2008

EI-253

5/13/2002

2P-074

7/23/2008

EI-257
EI-261

5/14/2002
5/14/2002

31-247
31-252

7/10/2008
8/21/2008

EI-262
EI-267

5/14/2002
5/17/2002

3P-169
11-077

8/21/2008
10/20/2008

EI-268
EI-269

5/20/2002
5/15/2002

HI-773
11-217

9/9/2009
7/30/2009

EI-271
EI-274
EI-275

5/20/2002
5/28/2002
5/28/2002

41-199
4P-0601

8/18/2009
7/1/2009
7/1/2009

EI-276

5/20/2002

15P-0015

9/1/2009

EI-277
EI-278
EI-279

5/28/2002
5/29/2002
5/29/2002

15P-0023
15P-0025
15p-0026

9/28/2009
8/26/2009
9/24/2009

EI-280

5/29/2002

15P-0041

9/30/2009

EI-310
EI-314

4/3/2002
4/8/2002

151-0011
15P-0040

10/7/2009
10/8/2009

4/20/2010

EI-315
EI-323

4/8/2002
4/11/2002

15P-0053
15P-0066

10/6/2009

4/21/2010

12/17/2009

EI-325

4/11/2002

15P-0077

12/29/2009

FI-797A
FI-799
FI-800A
FI-801
FI-805
FI-809
FI-810
FI-811A
FI-813
FI-815
F1-819

1/18/2002
2/22/2002
2/12/2002
2/12/2002
1/18/2002
2/11/2002
1/18/2002
1/22/2002
1/16/2002
2/6/2002
1/21/2002

FI-821

1/15/2002

FI-822

1/16/2002

FI-823

2/6/2002

FI-824
FI-827
FI-829

Third MIT
Failure Date

6/30/2008

6/19/2008
4/23/2008

4/3/2008
4/3/2008
4/3/2008

4P-247
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Table 1-6

5-Year MIT Failures
First MIT
Failure Date

Second MIT
Failure Date

Third MIT
Failure Date

First MIT
Failure Date

EI-327
EI-331

4/12/2002
4/12/2002

CI-188
CI-194

11/4/2009
10/28/2009

EI-333

4/15/2002

CI-211

10/26/2009

EI-334
EI-337
EI-411

4/15/2002
4/15/2002
6/25/2002

12/30/2009
10/24/2009
10/22/2009

EI-412
EI-418

6/25/2002
6/28/2002

FI-0894
HI-741A
HI-803
CI-202

EI-419

CI-241

1/8/2010
1/5/2010

6/27/2002

CI-255

2/24/2010

EI-420
EI-422

6/27/2002
6/28/2002

151-0197
151-0350

4/28/2010
6/30/2010

EI-423

6/27/2002

15i-0424

4/19/2010

EIP-258

5/15/2002

15P-0045

5/3/2010

EP-105
EPI-107

4/26/2002
5/7/2002

15P-0069
15P-0080

4/20/2010
4/21/2010

EPI-110
EPI-125

5/8/2002
5/28/2002

15P-0094
15P-0116

4/21/2010
4/28/2010

EPI-191
FI-790

6/24/2002
5/23/2002

15P-0118
15P-0122

5/18/2010
5/17/2010

FI-791

5/24/2002

15P-0129

4/14/2010

FI-792
FI-808
FI-816
FIP-851
FI-859

5/23/2002
5/6/2002
4/18/2002
6/14/2002
6/11/2002

15P-0131
15P-0132
15P-0134
15P-0137
15P-0140

5/28/2010
5/27/2010
5/5/2010
5/27/2010
6/8/2010

FI-860
FI-869
FI-951

6/18/2002
6/13/2002
6/12/2002

15P-0142
151P-0144
151P-0147

5/26/2010
6/8/2010
6/20/2010

FP-434
FP-502

5/1/2002
5/6/2002

15P-0149
15P-0151

6/24/2010
4/20/2010

FP-506
11112

5/1/2002
7/24/2002

15P-0154
151P-0156

6/24/2010
6/8/2010

11128
11130
11131
11133

7/2/2002
7/16/2002
7/2/2002
7/22/2002

15P-0158
15P-0161
15P-0162
1SP-0186

6/28/2010
6/17/2010
6/17/2010
6/30/2010

11141

7/17/2002

41-406

6/15/2010

11142 P.T.
11143

7/18/2002
7/17/2002

5/25/2010
4/1/2010

11144

7/16/2002

1P80
1P81
1P83A
31148
31149

9/3/2002
7/1/2002
8/20/2002
8/26/2002

4P-2661
4P-299
CI-079
CI-081
CI-085
CI-096
CI-241
CI-333

31159

7/25/2002

Third MIT
Failure Date

4/28/2010

6/21/2010

6/3/2010

6/21/2010
6/21/2010
6/21/2010

4/22/2010
4/20/2010

3P99
3132
3161

8/20/2002
8/26/2002

FI-0113A
FP-06331

5/26/2010
6/16/2010

12/17/2002
12/16/2002

HI-101P
HI-117

6/1/2010
4/9/2010

3185

12/16/2002

HI-123P

6/1/2010

3110A
3116
3117
313

1/3/2003
1/8/2003
1/13/2003
1/9/2003

HI-207
HI-218
HI-222
HI-858

5/27/2010
6/9/2010
5/11/2010
4/28/2010

3P17

1/20/2003

151-0398

7/30/2010

3P2

1/13/2003

15P-0166

7/27/2010

1-85

6/19/2003

15P-0168

7/22/2010

1-88

6/19/2003

1SP-0174

7/22/2010

1-89

6/19/2003

15P-0181

7/1/2010
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Table 1-6

5-Year MIT Failures
First MIT
Failure Date

Second MIT
Failure Date

Third MIT
Failure Date

First MIT
Failure Date

CI-25

4/3/2003

15P-0187

8/9/2010

EI-338

4/7/2003

15P-0189

8/18/2010

EI-339
EI-340

4/7/2003
4/4/2003

15P-0199
15P-0208

7/26/2010
7/22/2010

EI-343

4/4/2003

15P-0216

8/9/2010

EI-344
EI-345
EI-236
EI-348
EI-350

4/9/2003
4/10/2003
4/7/2003
4/9/2003
4/4/2003

15P-0227
15P-0233
CI-035
CI-053
CI-335

8/10/2010
9/15/2010
8/20/2010
8/24/2010
9/10/2010

EI-351

4/9/2003

CI-337

7/16/2010

EI-353A
EI-357
EI-361
EI-363
EI-364
EI-365
EI-367
EI-369
EI-370

4/11/2003
5/9/2003
5/12/2003
5/12/2003
5/12/2003
5/13/2003
5/14/2003
5/13/2003
5/13/2003

CP-1671P
CP-2121
FI-0094
FI-0126
FI-0545
HI-012
HI-035
JI-044
151-0436

8/13/2010
8/26/2010
7/22/2010
7/22/2010
7/1/2010
8/11/2010
8/31/2010
8/5/2010
12/23/2010

EI-372

6/27/2003

151-0462

11/29/2010

EI-376
EI-379
EI-381
EI-386
EI-390
EI-391A
EI-393
EI-394
EI-695

5/14/2003
5/21/2003
5/12/2003
5/6/2003
5/8/2003
5/7/2003
5/14/2003
5/25/2003
5/21/2003

15P-0200A
FI-0565
FI-0611
15P-0076
15P-0079
15P-0139
KI-054
KP-004
KP-013

11/29/2010
12/7/2010
12/23/2010
3/17/2011
3/17/2011
1/13/2011
1/13/2011
1/28/2011
1/26/2011

EI-396

6/26/2003

KP-052

3/15/2011

EI-397A

5/21/2003

KP-054

1/13/2011

EI-401

6/26/2003

KP-072

1/26/2011

EPI-114
EPI-152
EPI-155
EPI-166
EPI-178

6/30/2003
4/10/2003
4/10/2003
5/7/2003
5/8/2003

CI-084
DI-157
FI-0163
FI-0210
FI-0237

3/16/2011
1/25/2011
3/3/2011
3/7/2011
3/22/2011

EPI-181

5/7/2003

FI-0573P

3/3/2011

F1-1127
FIP-1128
F1-1131
FIP-1135
FI-1141A
FI-1354A
F1-1358
F1-1363

4/3/2003
4/3/2003
4/2/2003
4/1/2003
4/1/2003
4/28/2003
4/28/2003
4/29/2003

FI-0627A
FI-0632
JI-126
11-208
KI-006
CI-041
CI-112
CI-117

1/18/2011
3/17/2011
3/30/2011
6/23/2011
6/14/2011
5/9/2011
4/20/2011
4/20/2011

FI-1364A

5/5/2003

CP-0241

6/30/2011

F1-1368
PR-9
IP-86
1-95
1-120
1-182
1-192
1-193
1-210A

4/29/2003
8/8/2003
7/1/2003
7/1/2003
7/3/2003
8/12/2003
9/30/2003
9/24/2003
9/26/2003

5/11/2011
4/18/2011
5/11/2011
4/25/2011
6/9/2011
4/25/2011
6/10/2011
6/9/2011
4/11/2011

1-278

8/6/2003

1-285

8/6/2003

DI-091
DI-094
DI-099
FI-0186
FI-0353
F1-0566
F1-0692
FP-00581
JI-203
1P-100
1P-108
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Table 1-6

5-Year MIT Failures
First MIT
Failure Date

Second MIT
Failure Date

Third MIT
Failure Date

First MIT
Failure Date

1-431

7/7/2003

1P-119

8/12/2011

1-432

7/10/2003

21-150

7/28/2011

P1-147

8/7/2003

21-184

7/28/2011

EPI-182

8/5/2003

2P-003

9/14/2011

FI-135
FI-155
FI-666
FI-701
FI-1185
FI-1215
FI-1217
31-232
31-237
31-247
4P-115

9/16/2003
9/18/2003
8/28/2003
9/3/2003

31-089
31-117
31-139
3P-015

7/11/2011
8/29/2011
8/2/2011
9/12/2011

8/18/2003

3P-057

9/15/2011

7/17/2003
7/24/2003
9/23/2003
9/24/2003
9/23/2003
9/19/2003

3P-096
3P-1241
3P-125
151-0739
151-0741
151-0752

9/23/2011
9/30/2011
9/29/2011
8/31/2011
8/31/2011
9/2/2011

3P-81
3P-170

10/14/2003
10/10/2003

KI-043
KP-001

8/10/2011
7/11/2011

1-355
1-405
Cl-1
CI-9
CI-59
Cl-110

10/29/2003
10/7/2003
11/24/2003
11/23/2003
12/1/2003
12/1/2003
12/9/2003
12/19/2003
12/9/2003

KP-002
KP-003B
KP-005
KP-008
KP-017
KP-019
CP-0191
FM-004
FP-04181

7/11/2011
8/5/2011
7/11/2011
7/12/2011
7/12/2011
8/4/2011
8/16/2011
9/9/2011
7/25/2011

CI-164
CI-218
CI-220
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Table 3-1 Mine Unit Development Schedule

MU
MU
MU
MU
MU

Mine Unit
A
B
C
D
E

MU
MU
MU
MU
MU
MU
MU

F/F-Fringe
H
H Ext
I
I Ext
J
K/K North

MUM
MU 1
MU 2
MU3
MU
MU
MU
MU
MU

4/4A
8
9
15/15A
10

MU
MU
MU
MU
MU
MU
MU
MU
MU
MU
MU
MU
MU
MU

12
13
7
11
16
17
27
21
28
23
22
24
25
26

Drilling/Development Time Frame - Comments
WDEQ approved restoration.
WDEQ approved restoration.
Off - not producing.
Off- not producing.
Off- not producing.
One pattern operating in HH F-23. Approx. five new HHs on the mine unit fringe are being
planned with delineation. Drilling in 2012 and MWs and production drilling in 2013-2014.
Eleven HHs actively producing.
Proposed; No drilling to date.
Six HHs are active, two new HHs are being planned for production drilling in 2011.
Proposed; No drilling to date.
Six HHs are active.
Nine HHs are operating. Five HHs are scheduled for startup in 2011, and two additional HHs
are scheduled in 2012.
Proposed; No drilling to date.
Off- not producing.
Four HHs are active. Redrills in HH 2-5 are scheduled for 2011.
Two HHs are active. Redrills in several HHs are scheduled for 2011. One new HH is scheduled
frOl
for 2011.
Off- not producing.
Proposed.
Twelve HHs are active.
Twenty-two HHs are active. Two additional HHs are scheduled to be turned on in 2011.
Actively installing monitoring wells. Monitoring and production wells are planned to be
initiated in 2011.
Proposed; may actually become an extension to MU 10.
Proposed.
Monitoring well installation planned in 2011; production drilling 2012-2013.
Delineation 2011-2012; monitoring and production wells in 2013-2014.
Proposed.
Proposed.
Production wells installed in 2012 and 2013.
Delineation drilling in 2012-2014; monitor and production wells in 2015-2016.
Delineation Drilling 2013; monitoring and production well drilling 2014-2016.
Delineation drilling 2014-2015; monitoring well and production well drilling 2016-2017.
Delineation drilling 2015-2016; monitoring well and production well drilling 2017-2018.
Delineation drilling 2015-2016; monitoring well and production well drilling 2017-2018.
Delineation drilling 2016-2017; monitoring well and production ell drilling 2018-2019.
Delineation drilling 2016-2017; monitoring well and production well drilling 2018-2019.
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Table 3-2 Gas Hills Flow Rate Estimates

Depth to SWL (ft)
SWIL to Ore (ft)
Surface Injection Pressure (psia)
Delta P - Injection (ft)
Delta P - Production (ft)
Permeability (md)
Single Row 5-Spot Rate (gpm)
Double Row 5-Spot Rate (gpm)'
Double Row 5-Spot Max Rate (gpm) 2
Groundwater Sweep Max Rate at one
month (gpm)
Groundwater Sweep Max Rate at one year
(gpm)
RO Max Rate at one year (gpm) 3
Ei = Injection Efficiency
Ep = Production Efficiency
1 - Ei=20%, Ep=85%, Bleed=l%
2 - Bleed = 1%
3 - Bleed=10%

Mine Unit
#1
265
180
74
436
180
1000
41.0
20.0
20.0
Ei=20%
Ep=45%
12.0

Mine Unit
#2
230
120
58
365
120
400
13.0
7.0
13.0
Ei=32%
Ep=90%
3.5

Mine Unit #3
North
250
60
52
370
60
600
10.0
10.0
11.0
Ei=20%
Ep=100%
3.0

Mine Unit #3
South
415
187
101
647
187
600
28.0
19.0
19.0
Ei=20%
Ep=70%
8.0

Mine Unit

10.0

2.5

2.0

6.0

1.8

20.0

6.0

4.5

13.0

4.0

150
100
42
246
100
300
7.5
4.0
9.0
Ei=40%
Ep=100%
2.0

Table 3-3 Summary of Groundwater Flow Path Simulation for Gas Hills Remote Satellite
Mine Unit
#1

Mine Unit
#2

Mine Unit #3
South

Mine Unit #3
North

Mine Unit
#4

1000
0.017
62

400
0.042
62

600
0.0013
3

600
0.029
62

Direction of Groundwater Flow

Northwest

Northwest

North

Northeast

300
0.054
62
North to
Northwt
Northwest

Well Pattern and Orientation

Double
Row 5-Spot
at 90E

Block 5-Spot
at 90E

Block 5-Spot
at 45E

Block 5-Spot
at 90E

Block 5Spot at 30E

20
12.032
10
12.960

13
9.419
3
9.435

19
11.001
7
11.794

11
9.166
3
9.435

9
8.606
2
11.531

Permeability (md)
Hydraulic Gradient (ft/ft)
Groundwater Velocity (ft/yr)

Maximum Design Rate (gpm)
Contacted Volume using Adjusted Rates (Mgal)
Maximum Groundwater Sweep Rate (gpm)
Groundwater Sweep Volume (Mgal)
Mgal = million gallons

_

at9E90E___
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Table 3-4 Baseline Water Quality Parameters
Parameter
Ammonia as N
Nitrate + Nitrite as N
Bicarbonate as Alkalinity
Boron
Carbonate as Alkalinity
Fluoride
Sulfate
Total Dissolved Solids
Arsenic (Dissolved)
Cadmium (Dissolved)
Calcium (Dissolved)
Chloride (Dissolved)
Chromium (Dissolved)
Iron (Total and Dissolved)
Magnesium (Dissolved)
Manganese (Total)
Molybdenum (Dissolved)
Potassium (Dissolved)
Selenium (Dissolved)
Sodium (Dissolved)
Zinc (Dissolved)
Radium-226
Radium-228
Gross Alpha
Gross Beta
Uranium
Vanadium
• From Energy Laboratories, 2008
** mg/L unless otherwise specified

Minimum Reporting ***
0.05
0.05
1.0
0.1
1.0
0.1
1.0
10
0.001 (Low Level)
0.0001 (Low Level)
1.0
1.0
0.001 (Low Level)
0.005 (Low Level)
1.0
0.005 (Low Level)
0.00005
1.0
0.001 (Low Level)
1.0
0.001 (Low Level)
0.2 pCi/L
1.0 pCi/L
1.0 pCi/L
2.0 pCi/L
0.0003
0.1
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Table 3-5 Topsoil/Subsoil Management
Nature of Disturbance
Main Facilities Area, Building, Storage Areas, Surge
Ponds/Evaporation Ponds

Culvert, Erosion Protection, Road Crossings

Management
Salvage and stockpile all recommended suitable topsoil and subsoil.
Replace and seed upon decommissioning.
Existing CBM roads and new roads. To the extent new disturbance takes
place, CR will windrow (salvage) 3 to 6 inches of suitable topsoil within
area of disturbance in accordance with landowners' instructions. At the
end of mining, landowner (private or public) will specify reclamation of
roads.
Salvage 6 to 24 inches of recommended suitable topsoil and subsoil.
Rpaeadse
pndcmisoig
decommissioning.
Replace
and seed upon

Secondary Access Roads (to header houses within
mine units)
Non-constructed Roads (from header houses to
individual wells and access to monitor well rings)

Windrow (salvage) 3 to 6 inches of suitable topsoil. Replace and seed
upon decommissioning.
Topsoil will not be removed. Traffic will be minimized and restricted to
defined corridors. **

Primary Access Road

Segregate suitable topsoil and subsoil during backhoe trench
construction. Replace topsoil and subsoil in sequence and regrade
contemporaneously. Seed at first available seeding window.
** During operations, mine unit activity includes routine maintenance and monitoring of wells and header houses within a wellfield or mine unit.
This requires daily, light vehicle access to the wellfield areas.
Pipeline and Utility Corridors and Installation of Drill
Holes and Wells

Table 3-6 Deep Disposal Well Information

Well ID

Status

Morton 1-20
Vollman 33-27
SRHUP#6, 9 & 10
SRHUP#7 & 8

Existing
Existing
Existing
Permitted

Reynolds DW#1

Existing

Permit

Authorized Injection
Rate
(gpm)

09-054

105 gpm/well

04-611

105 gpm

SR DW#1
Existing
99-347*
300 gpm/well
SR DW#2
Existing
* 99-347 is under WDEQ renewal review under a new application.

Quarterly Analysis
Carbonate, Bicarbonate, Ammonia, Uranium, TDS,
Radium 226, Hydrogen Sulfide, pH, Chloride,
Sulfate, Conductivity, Uranium, Trioxide, Uranium
Dioxide, Arsenic, Lead, Mercury, Total Phenolic
Hydrocarbons, VOCs (624 Long List)
TDS, Total Alk., Nat Uranium as U, Radium 226, and
pH
TDS, Total Alk., NH3 as N, Nat Uranium as U,
Radium 226, and pH
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Table 3-7 Purge Storage Reservoir No. 1 Land Application Monitoring Program (when operational)
Sample Type
Treated Excess Water

Irrigation Fluid

Irrigated soil thoroughly
blended composite 6-12
inch depth
Irrigated Vegetation

Location
At radium settling ponds or
discharge from Satellite No. 1
radium treatment system
At irrigation pivot during
irrigation
24, 48, 72
inch depth
One sample per four irrigated
Ones
acres

Frequency

Analyses

Monthly; grab

Ra226

Grab sample during each
calendar month of operation

Na, Ca, Mg, CI, SO4, As, Se, U,
Ra226, HCO 3 , TDS, K, Ba, B,
R,
H
SAR, pH

August

One sample at each soil
August; if harvested as hay,
I sample location, composited
one sample per cutting
Visual Inspection
Irrigation perimeter
Daily during irrigation
Note: Heavy metal analyses in soils will be performed on plant available or ADPTA extractable fraction.

pH, Electrical Cond., Cl, S04,
HCO 3, B, U, Ra226
Na, Ca, Mg, K,As, Se, B, Ba,
Ra226, U, Electrical Cond.,
SAR, pH
As, Se, B, Ra226, U, Ba
Check for runoff

Table 3-8 Purge Storage Reservoir No. 2 Land Application Monitoring Program
Sample Type
Treated Excess Water

Location
At discharge from radium
treatment system at Satellite
Nos. 2 and 3

Frequency

Analyses

Monthly; grab

Ra226
U,
SBa,Se,
K,

Irrigation Fluid

At irrigation pivot during
irrigation

Grab sample each calendar
month of operation

Mg 3C, ,
Ra226, HCo
R,
H
SAR, pH

Soil Water

At two 4 ft lysimeters

June

pH, Electrical Cond., Cl, S04,
HCO 3, Se, B, U, Ra226

At shallow wells 1 and 2
Water level quarterly, semiadjacent to reservoir
annual grab water quality
Four sample sites per quarter
Irrigated Soil
of irrigated area, obtained at
August
depths of 0-6 inches, 6-12
inches
One sample at each soil
Irrigated Vegetation
sample location, composited
August
by quarter
Visual Inspection
Irrigation perimeter
Daily during irrigation
Note: Heavy metal analyses in soils will be performed on plant available or ADPTA extractable fraction.

pH, Electrical Cond., Cl, SO 4,
HCO 3, Se, B, U, Ra226
Na, Ca, Mg, K, As, Se, B, Ba,
Ra226, U, Electrical Cond.,
SAR, pH

As, Se, B, Ra226, U, Ba
Check for runoff

Table 3-9 PMP Hydrologic Analysis
Drainage
West

Contributing Area
(ac)
38.9

PMP
(in)
19

PMF
(cfs)
500

Flood Stage
(ft)
2.7

Relief
(ft)
9

East

277.9

19

3501

6.7

50
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Table 3-15 Summary of Spills and Releases
Date
of
Detecon
Detection

Location

Description

11/23/99
11/28/99 1:30am

HH-F-15
Wellfield 3, Production
well 3-P-133

Approximately 900 gallons were released.
Approximately 1,500 gallons of production fluid were
released with a natural uranium content of approx.
149.7 mg/l. The spill was contained in the wellfield and

Fitting on bottom of tank broke.
Mechanical failure of a flexible rubber hose fitting
joining the wellfield to the poly piping to the
header house caused the leak.

Replaced fitting.
The hose was replaced and approx. 100 gallons of the spill
were recovered with a vacuum truck and disposed of.

12/4/99

Wellfield 1, Header
House 2

did not threaten any waters of the state.
Approximately 50,000 gallons were released.

Failure of an aluminum cam- lock fitting.

Replaced fitting and inspected all like fittings in wellfield.

12/9/99
12/11/99 3:00am

CMP-5
Wellfield 1, Header
House 2

Approximately 900 gallons were released.
Approximately 25,000 gallons of injection fluid were
released with a natural uranium content of approx. 5.6
mg/l. The spill left the fenced wellfield area, but did not
leave the permit area and did not threaten any waters

Well not shut off after pumping.
Failure of an aluminum camlock fitting that was
connected to the header house filtration system
used to remove suspended particulates within the
injection solutions,

Incident discussed with operator
Wellfield 1 production was shut-in to visually inspect and
rectify the construction issue. Bleed solutions were continued
in the wellfield to maintain hydrologic control of the wellfield
mining solutions. The inspection indicated that no other
operating wellfield utilized aluminum camlock fittings. Areas
adversely affect by the spill will be reseeded as the seasons
permit. Additional erosion control structures will be
constructed and the affect soil graded.

Cause

of the state.

Resolution

12/31/99 4:30pm

Wellfield 1, Header
House S

Approximately 3,000 gallons of injection were released,
with a natural uranium content of 4.5 mg/l. The spill
did not leave the permit area, but did enter an
ephemeral drainage adjacent to the header house.

Equipment Failure: Failed joint holding PVC pipe
together.

Production was halted from Header Houses 4 and 5 until
similar glue joints were visually inspected. Bleed solutions
were continued in the wellfield to maintain hydrologic control
of the wellfield mining solutions. The minor rills were graded
and reseeded as the seasons allowed.

1/17/00
2:30pm

Wellfield 4, well 4-P-2

Approximately 6,300 gallons of production fluid were
released, with a natural uranium content of approx. 26
mg/L. The spill stayed within the fenced wellfield and
did not leave the permit area or threaten any waters of
the state.

Equipment Failure: failed manufacturer's crimp
fitting connecting a flexible hose coming out of the
wellhead to poly pipe which runs to the header
house.

Similar crimp fittings were inspected and any that appear to
have poor placement were replaced. Areas adversely affected
by the spill will be reseeded as the seasons permit.

2/3/00

C-17

Approximately 1,800 gallons were released.

Insured clean-out line was below ground to prevent freezing.

2/3/00

FP-156

Approximately 300 gallons were released.

Clean-out line froze and broke, power down in
wellfield.
Wellhead hose failed at well head.

2/15/00
2/26/00 4:30am

FI-1128
Wellfield 4, well 4-P13

Approximately 300 gallons were released.
Approximately 3,780 gallons of production fluid were
released, with a natural uranium content of approx. 36
ppm.

Well head flange failed.
Equipment failure: Failed manufacturer's crimp
fitting connecting a flexible "red" hose coming out
of the wellhead to poly pipe which runs to the
header house.

Replaced flange.
All hoses of the type that failed were replaced with a higherquality product. Areas adversely affected by the spill were
reseeded as the seasons permit.

4/3/00

FI-1209
Wellfield 4, well 4-P30

Replaced flange.
All hoses of the type that failed were replaced with a higherquality product.

10/22/00 6:00pm

Wellfield 4, well 4-1-39

Approximately 1,000 gallons were released.
Approximately 780 gallons of production fluid were
released, with a U3 Ox concentration of 24 ppm. The
spill stayed within the permit area and did not threaten
any waters of the state.
Approximately 1,100 gallons of injection fluid were
released. The spill stayed within the permit area and
did not threaten any waters of the state.

Well head flange failed.

8/7/00 8:00pm

Equipment Failure: Failed manufacturer's crimp
fitting connecting a flexible "red" hose coming out
of the wellhead to poly pipe which runs to the
header house.
Human Error: Spill resulted from the failure of an
employee to re-insert a plug in the gas trap after
routine servicing.
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Hose replaced and placed back into service.

Training program and protocols were reviewed to see if
improvements can be made to prevent similar occurrences in
the future. The minor surface erosion resulting from the spill
were smoothed and seeded in the spring.
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Table 3-15 Summary of Spills and Releases
Date of

Detecon
Detection

Location

Description

Cause

11/22/00 12:00
noon

Wellfield 4, well 4-1140

Approximately 1,870 gallons of injection fluid were
released, with a U3 0 8 concentration of 2.3 ppm. The
spill stayed within the permit area and did not threaten
any waters of the state,

Human Error: Spill resulted from the failure of an
employee to re-insert a plug in the gas trap after
routine servicing,

4/13/01

H-1-2

4/19/01

Cl-186

Approximately 1,500 gallons were released.
Approximately 600 gallons were released.

Glue joint on well head flange failed.
Split 1.25-inch union to transition at well head.

6/18/01 10:15pm

Deep Disposal Well #1

Approximately 1,100 gallons of water were released
with a U3 0 8 concentration of 3 ppm. The spill stayed
within the permit area and did not threaten any waters
of the state.

10/10/01

EPI-110

Approximately 100,800 gallons were released.

Equipment Failure: Failure of 3/8-inch diameter
stainless steel tubing leading to the flow meter at
the deep disposal well pump. The tubing sheared
due to excessive vibration caused by failed
bearings in the pump.
Meter run piped to wrong well.

10/14/01 8:30am

Injection pipeline
(SWY., SE%,Sec.26,
T36N, R74W)

10/22/01
10:30pm

Wellfield 3, Header
house 3-2

Approximately 3,600 gallons of water were released,
with a U308 concentration of 0.9 ppm. The spill stayed
within the permit area and did not threaten any waters
of the state.
Approximately 62,400 gallons of injection fluid were
released with a U309 concentration of 2.7 ppm. The
spill stayed within the permit area and did not threaten

12/5/01 3:30am

Wellfield 3, wells 3-144 and 3-1-53

1/4/02
7am

3-P-163

Approximately 1,800 gallons of production fluid were
released containing 18 ppm U308. The spill stayed
within the permit area and did not threaten any waters
of the state.

4/11/02

C-24

4/24/02
12:10pm

Header house 4-7 in
the (NW /4, SW %,

Approximately 1,000 gallons were released.
Approximately 18,000 gallons of water were released,
with a natural uranium concentration of approximately

0.5-inch metal fitting corroded and failed.
A glue joint connecting a 6-inch PVC Schedule 40
pipe on the injection circuit to a 6-inch PVC

Sec.35, T36N, R74W)

1.2 ppm. The spill stayed within the permit area and
did not threaten any waters of the state.

4/25/02
12:10pm

Header house 4-7 (NW
%,SWY, Sec.3S, T36N,
R74W)

Approximately 3,500 gallons of water were released,
with a natural uranium concentration of approximately
1.2 ppm. The spill stayed within the permit area and

Schedule 80 fitting failed. The cause of the spill is
thought to be due to the use of bad glue or the
license renewal submittal of glue to the joint after
the primer had dried.
PVC piping might have been damaged by UV
radiation or from improper gluing techniques.

7/30/02

HH-4-8

did not threaten any waters of the state.
Approximately 1,480 gallons were released.

Broken flange on main IC header.

Approximately 750 gallons were released.

Threads bad on hose, resulting in failure.

Resolution
Training program and protocols were reviewed to see if
improvements could be made to prevent similar occurrences
in the future. All wells swabbed since September 1, 2000
were inspected to confirm the plugs were replaced. Minor
surface erosion resulting from the spill were smoothed and
seeded in the spring.

10/10/02

any waters of the state
Approximately 3,600 gallons of injection fluid were
released, with a natural uranium concentration of
approx. 0.8 ppm. The spill stayed within the permit
area and did not threaten any waters of the state.

Failure of an injection fluid pipeline connecting
Wellfield 3 and the central processing plant; Water
passed between a valve disc and the valve seat
which were seated, but were not leak tight.
Equipment Failure: Failed flange in the main PVC
injection line feeding the header house.

Human Error: The spill resulted when an operator
turned on two wells without realizing surface
piping had been disconnected to carry out
maintenance. The piping had been taped shut, but
the tape was insufficient to prevent flow.
Galvanized nipple at wellhead corroded through
and allowed water to escape.
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Repairs completed.
Uncertain if fitting was faulty or over tightened. Repairs
completed.
Upon discovering the leak, the well was immediately shut off.
To prevent similar occurrences in the future, the pump was
fitted with a device capable of shutting down the pump if
excessive vibration is detected.
Corrected and returned to service.
The valve was immediately tightened upon discovery of the
leak. The minor erosion resulting from the spill was repaired.

The minor erosion resulting from the spill was repaired and
the area was reseeded in the spring.

The minor erosion resulting from the spill was repaired and
the area was reseeded in the spring.

The corroded nipple was removed and replaced with a
stainless steel nipple, which is resistant to corrosion.
Galvanized nipples are no longer used for this license renewal
submittal and previously used galvanized nipples are being
replaced. The minor erosion resulting from the spill was
repaired and the area was reseeded in the spring.
Repaired and returned to service.
Failed line was replaced with new parts. The next day the
same line failed at a different fitting. See description of spill
below.

Additional destructive testing was conducted to assist in
determining the possible cause of the failures. Employees will
be retrained on the proper techniques of PVC gluing. The
minor erosion resulting from the spills was repaired.
Investigation was completed. The failure was caused by lack
of support on the trunk line feeding the header. All header
houses were inspected and similar issues corrected.
Repaired and returned to service.

Tables
Page 40

Table 3-15 Summary of Spills and Releases
Date
of
Detecon
Detection
1/11/03
7:00am

2/9/03
6:00pm

Location

Description

Cause

Resolution

Wellfield No. 3, Well
3P-97

Approximately 1,380 gallons of production fluid were
released with a natural uranium concentration of

A crimp ring on the end of a pre-manufactured
hose at a production wellhead caused the spill,

(NEY, SWY¼,Sec.26,
T36N, R74W)

approximately 20 mg/I, and affected approximately 0.1
acres. The released fluid flowed into a draw, but did
not exit the fenced wellfield area.
Approximately 500 gallons of production fluid were
released, with a natural uranium concentration of
approximately 2 mg/I, and affected approximately 0.01
acres. The released fluid flowed into a dry draw, where
it ponded and soaked into the ground. The fluid did not

The well was immediately shut-in and the well was repaired
using a new hose and put back into service. All hoses with
similar style crimp rings that are still in service will be replaced
by hoses that have banded end connections.

The crimp ring on a pre-manufactured hose failed
and allowed the release of production fluid.

The well was immediately shut-in. The well was repaired
using a new hose with a different type of hose connection. All
hoses in the area with similar style crimp rings were replaced
on Feb. 10, 2003 with hoses that have banded end
connections.

Pinhole in steel tee inside the culvert (trunk line
station).

Repairs completed and returned to service.

Wrong well turned on by operator.
The release was caused by the separation of a
Schedule 80 PVC elbow along the injection pipeline
due to apparent inferior glue joint. In addition, the
low pressure and sump water detection devices
used on this pipeline did not shut down the header
house and activate the alarm, allowing the release
to go undetected until the Operator discovered it.
The fluid was released from a cracked pipe at the
wellhead of CMP-13. During monitoring events the
purge water is piped to the C-14 Headerhouse.

Review of procedures and revisions, as necessary.
The header house was immediately shut down. The safety
circuit shunt trip and alarm system were redesigned to ensure
that any future spill occurrences are detected in a timely
manner. The area will be reevaluated during decommissioning
of the wellfield to ensure that applicable decommissioning
standards for soil are not exceeded.

Wellfield No. 3, Well
3P-113
(NEX, SW¼, Sec.26,
T36N, R74W)

exit the fenced wellfield area.
Approximately 1,400 gallons were released.

5/21/03

Trunk line station

8/4/03
9/6/03
7:40am

Fl-106
Headerhouse 4-7 in
Wellfield 4
(NW%, Sec.35, T36N,
R74W)

Approximately 28,000 gallons were released.
Approximately 20,800 gallons of injection fluid were
released, with an approximate natural uranium
concentration of 1.1 mg/I and affected approximately
0.25 acres. The entire affected area is contained within
the fenced wellfield area.

9/29/03

CMP-13

Approximately 5,000 gallons of water with a U309
concentration of approximately 2 mg/I were released
from CMP-13. Fluid did not enter waters of the state.

10/15/03

2P-182

Approximately 5,000 gallons of production fluid with a
U30 concentration of approximately 47 mg/I were
released from well 2P-182. All the released fluid was
retained in the fenced wellfield area.

The release resulted from the failure of a pressure
relief valve on the wellhead.

The well was immediately shut off. A vacuum truck was used
to recover approximately 4,000 gallons. All relief valves are
being replaced.

10/20/03
2:30pm

C-Wellfield, Well CI-28
(SW%, NEX, Sec.14,
T36N, R72W)

Approximately 2,800 gallons of injection fluid were
released, with an approximate uranium concentration
of 1.5mg/I, which affected approximately 0.5 acres. All

The release was likely due to a break in the well
casing just below the surface of injection well CI28.

The well was immediately shut off and repaired. Mechanical
Integrity tests continue to be conducted on a regular schedule
to prevent this type of release. It was not possible to retrieve

released fluid remained within the fenced wellfield area
and did not entire into any waters of the state.

12/20/03
10:30am

2/8/04
9:30prm

The situation was corrected and the well placed back into
service.

Headerhouse F-44 in
the F-Wellfield; fluid
leaking from Well Fl1286 meter run.
(NWX, SEY, Sec.21,
T36N, R73W)
D Extension Wellfield,
Well DI-204

Approximately 600 gallons of injection fluid were
released, with an approximate uranium concentration
of 1.5 mg/l. The released fluid remained within the
fenced wellfield area and did not enter into any waters
of the state.

A crack in a PVC end cap allowed the release of
injection fluids.

Approximately 500 to 1000 gallons of injection fluid
were released, with an approximate uranium

The well was investigated with a downhole camera
and was found that the well had leaked at the first

any of the released fluid, as the fluid immediately absorbed
into the ground. The entire area will be reevaluated during
the decommissioning of the wellfield to ensure that applicable
decommissioning standards for soils are met.
Well FI-1286 was immediately shut off, the end cap was
replaced, and fittings were repaired. It was not possible to
retrieve any of the released fluid. The entire area will be
reevaluated during the decommissioning of the wellfield to
ensure that applicable decommissioning standards for the
soils are met.
The well was immediately shut down and tagged out. The top
joint of the well casing was repaired and the well was brought

(NEI4, SWY, Sec.22,
T36N, R73W)

concentration of 1.1 mg/l. The released fluid flowed
into two small ponds of water in an ephemeral draw,
contained within the fenced area of the wellfield.

casing joint, approximately 20 feet below the
surface. A separation in the splined groove casing
was observed at this joint. The last mechanical
integrity test was conducted on June 28, 2001 and

back into service. Approximately 1500 gallons of combined
injection fluid, snowmelt, and purged monitor well water
were recovered from the two small pools. The entire area will
be reevaluated during the decommissioning of the wellfield to

no problems were noted.

ensure that applicable decommissioning standards for soils
are met.
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Table 3-15 Summary of Spills and Releases
Date of
Detecon
Detection
2/11/04
3:15pm

Location
Mine Unit 4, Well 41307
(NWJ4, NE4, Sec.22,

Description
Approximately 400 to 600 gallons of injection fluid were
released, with an approximate uranium concentration
of 1.3 mg/I, and affected 0.01 acres.

The PVC flange assembly separated from the well
casing at the top of well 41-307. The separation
appears to be due to improper application of the
glue at the joint,

Approximately 800 to 1000 gallons of production fluid
overflowed onto the ground, with an approximate
uranium concentration of 11.1 mg/I. The released fluid
flowed approximately 200 feet where it then soaked
into the ground. Approximately 0.01 acres were
affected.

The release occurred when a steel fitting on the
production line inside the valve station failed.
Investigation showed that the cause of the failure
was rusting of the fitting.

Approximately 2700 to 5000 gallons of production fluid
overflowed onto the ground, with an approximate
uranium concentration of 11 mg/I. The release flowed
approximately 500 feet where it soaked into the
ground. Approximately 0.6 acres were affected.

The release occurred when a carbon steel fitting on
the production pipeline located inside the valve
station failed. Investigation showed that the cause
of the failure was due to corrosion of the fitting.

T35N, R74W)

5/3/04
2:20pm

Mine Unit 4, near
Headerhouse 4-9
(SEX, SWY4,Sec.35,
T36N, R74W)

7/22/04
10:00am

9/6/04

Mine Unit 4, near
Headerhouse 4-9
(NW%, SW¼, Sec.35,
T36N, R74W)

Mine Unit 2, Injection
well 21-122

Cause

The well was tagged out of operation until the PVC flange
assembly is installed back on the well casing. Proper glue
application to the joint will be practiced to prevent future
separation of the PVC flange assembly to this well. The entire
area will be reevaluated during the decommissioning of the
wellfield to ensure that applicable decommissioning standards
for soils are met.
The main line was immediately shut down and repairs were
completed. It was not possible to recover any of the fluid
released to the ground; however, the fluid that remained in
the culvert was recovered. Repairs were also made to other
areas where this type of fitting was in place. The entire area
will be reevaluated during the decommissioning of the
wellfield to ensure that applicable decommissioning standards
for soils are met.
Approximately 200 gallons were recovered from the small
depression, and fluid from the culvert was also recovered. The
fitting was replaced with stainless steel. All valve stations at
Smith Ranch were inspected to assess if any similar equipment
existed, and if found, were replaced. The entire area will be
reevaluated during the decommissioning of the wellfield to
ensure that applicable decommissioning standards for soils
are met.
The well was turned off.

Approximately 1,600 gallons of injection fluid were
released. No fluid reached any waters of the state. All
fluid soaked into the ground.
Approximately 1000 gallons of production fluid
overflowed onto the ground, with an approximate
uranium concentration of 10.5 mg/I. The released fluid
flowed approximately 600 feet where it then soaked
into the ground. Approximately 0.03 acres were
affected.
Approximately 2,000 gallons of injection fluid emerged
from the point of failure and covered approximately
0.23 acres. The approximate uranium concentration of
the injection fluid was 1.6 mg/I. None of the released
fluid entered waters of the state.

Investigation with a downhole camera showed the

The cause of the release was determined to be
failure of a fusion joint,

The Injection Trunk Line was immediately shut down and
repaired that evening. Approximately 1,200 gallons of the
released fluid was recovered before it was absorbed. The
entire area will be reevaluated during the decommissioning of
the wellfield to ensure that applicable decommissioning
standards for the soils are met.
Approximately 2,400 gallons were recovered with the vacuum
truck.

leak occurred at the first casing joint located about
15 feet below ground.
The release occurred when a steel reducer
connecting the production line inside the valve
station failed. Investigation showed that a hole
had developed in the reducer as a result of rusting.

9/12/04
1:30pm

F-Wellfield, near
Headerhouse F-42
(NE%,SEX, Sec.21,
T36N, R73W)

9/29/04
1:20prm

Near Mine Unit I,
along the 14-inch
injection trunk line
that runs from Mine
Unit I to Satellite No. 2
(SWY., NW¼., Sec.24,
T36N, R73W)

10/9/04
4:00pm

Mine Unit C, at 6-inch
pipeline in the C-19

Approximately 5,000 gallons of fluid with a uranium
concentration of 7 mg/I were released. No fluid

Excavation of the valve station showed that the
release was caused by a hole rusted in the steel

Valve Station
Well FPI-45, located in
the F-3 area of Mine
Unit-F
(SE¼., NE¼., Sec.21,

reached waters of the state.
Approximately 300 gallons of injection fluid were
released into a small, dry, ephemeral channel. All fluid
soaked into the ground. The fluid had an approximate
uranium concentration of I mg/I. The affected area

tee.
The cause of the release was a pop-off valve that
was stuck in a partially open position,

T36N, R73W)

was less than 0.01 acres.

1/10/05
10:00pm

Resolution
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The main line was immediately shut down. The fluid that
remained in the culvert was recovered. The reducer was
replaced and the pipeline placed back into service.

The well was shut off and the valve was serviced before the
well was restarted. Before restarting, the valve was isolated
and it was verified that the well was operating properly. All
similar installations are being inspected to ensure the pop-off
valves and all related equipment are functioning as intended.
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Table 3-15 Summary of Spills and Releases
Date of
Detecon
Detection

Location

Description

Cause

Resolution
The header house was immediately shut down and repairs to
the main PC header were completed on Feb. 27, 2005. The
production bypass valve at Satellite No. 3 has been marked to
distinguish it from the adjacent valve to avoid similar
occurrences. Approximately 4,500 gallons of production fluid
combined with runoff water was recovered.
The well was immediately shut down and repairs were
completed. A retaining trench was dug upstream of the playa
to catch any remaining production fluid flowing toward the
playa.

2/26/05
10:30am

Weilfield F,
Headerhouse F-5

Approximately 3,000 gallons of production fluid were
released and flowed down an ephemeral draw for
approximately 475 feet. The approximate uranium
concentration of the production fluid was 11.5 mg/I,
and the release affected approximately 0.1 acres.

Operator failed to open the production bypass
valve at Satellite No. 3 prior to starting the wellfield
after an unscheduled shutdown and opened
another valve by mistake.

5/16/05
9:30am

H-Wellfield, Injection
well HI-35
(SW1, SEt, Sec.12,
T36N, R72W)

Approximately 20,700 gallons of injection fluid flowed
from the hose onto the ground and into a small playa.
The uranium concentration of the production fluid was
approximately 1.1 mg/I and the release affected

The release occurred when a brass nipple on the
hose connection at the wellhead failed as a result
of corrosion.

5/31/05
4:45am

Mine Unit I at a valve
station manhole near
Headerhouse 1-3
(SEY, SWX, Sec.24,
T35N, R73W)

approximately 1.5 acres.
Approximately 4,700 gallons of injection fluid flowed
from the manhole onto the ground. The fluid flowed
approximately 3,300 feet down an ephemeral draw
where it then entered a small stockpond. The
approximate uranium concentration of the released
fluid was 1.1 mg/l. The release affected 0.22 acres.

8/16/05
12:30pm

Mine Unit 15, a
manhole near the
staging area
(SW%, SEX, Sec.10,
T35N, R74W)
Mine Unit F,
Production well FP435

The release occurred when a fused joint on a 6inch poly feeder line failed. It is believed this
failure was the result of settling of the 6-inch line
and a weak fusion at the joint.

The joint was repaired and the line was placed back into
service.

Approximately 1,050 gallons of production fluid flowed
from the manhole onto the ground, with an
approximate uranium concentration of 2.9 mg/I. The
release affected 0.1 acres.

The release occurred when the flange between the
18-inch steel tee and the 18-inch poly trunk line
began leaking.

Approximately 1,000 gallons of production fluid flowed
from the well onto the ground. The approximate
uranium concentration of the production fluid was 15.4
mg/I and the release affected approximately 0.04 acres.

The release occurred when a 1.5-inch Schedule 80
union on the wellhead failed.

Mine Unit 2,
Well 2P-182
(SWY¼,SW¼,Sec.25,
T36N, R74W)

Approximately 4,500 gallons of production fluid flowed
from the wellhead onto the ground. The approximate
uranium concentration of the production fluid was 8.6
mg/I and the release affected approximately 0.2 acres.

The release occurred when a 1.5-inch Schedule 80
union on the wellhead failed,

The line was immediately shut down and repairs were
completed. A small earthen dam was placed to prevent
further migration of the released fluids. As a result, the spill
did not enter any ephemeral drainage. Approximately 200
gallons of released fluid was recovered from ponded areas.
The well was immediately shut down and repairs were
completed. The union was replaced with a brass union
instead of PVC. The entire area will be re-evaluated during
the decommissioning of the wellfield to ensure that applicable
decommissioning standards for soils are met.
The well was immediately shut down and repairs were
completed. The union was replaced with a brass union
instead of PVC.

12/30/05
11:45am

Mine Unit C, Injection
Well Ci-140
(SW1, NEX, Sec.14,
T36N, R73W)

Approximately 1,000 gallons of restoration injection
fluid flowed from the wellhead and absorbed into the
ground. The approximate uranium concentration of the
restoration injection fluid was 0.7 mg/I and the release
affected 0.15 acres.

The release occurred when the PVC wellhead
casing failed at ground level due to degradation of
the casing. The well was operating under normal
operating pressures. The well passed the previous
MIT in January 2005.

The well was immediately placed out of service until repairs
could be made. The entire area will be reevaluated during the
decommissioning of the wellfield to ensure that applicable
decommissioning standards for soils are met.

1/9/06
12:30am

Mine Unit 3,
Headerhouse 3-3
(SW¼,Sec.26, T36N,
R74W)

Approximately 6,240 gallons of injection fluid flowed
from the headerhouse. The approximate uranium
concentration of the injection fluid was 1.7 mg/I and
the release affected approximately 0.75 acres.

The release occurred when a full-faced rubber
gasket failed at the tee for the main 6-inch ICline.
The failure was caused from high pressure in the IC
line and failure of the high/low pressure automatic
shutdown device to function.

Upon discovery, the well was immediately placed out of
service until repairs could be made. Flow from Mine Unit 3
was sent to the central processing plant instead of Satellite
SR-1 until the corrective actions could be completed. A
variety of corrective actions were conducted, including
installing pressure reducing valves, wet alarms, and alarm
lights.

2/10/06
9:30am

Mine Unit 2, Well 2P182
(NEt, SW¼, Sec.26,
T36N, R74W)

Approximately 1,000 gallons of production fluid flowed
from the wellhead onto the ground. The release had an
approximate uranium concentration of 21.0 mg/I and
affected approximately 2,000 square feet.

The release occurred when a 1.5-inch Schedule 80
union on the wellhead failed.

The well was immediately shut down and repairs were
completed. The union was replaced with a brass union instead
of PVC. The entire area will be reevaluated during the
decommissioning of the wellfield to ensure that applicable
decommissioning standards for soils are met.

8/30/05
5:15am

9/2/05
8:30pm
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Table 3-15 Summary of Spills and Releases
Date
of
Detecon
Detection
10/21/06
6:00am

11/22/06
9:30am

Location

Description

Deep Disposal Line
from Bellhole 3-6-7 in
Wellfield 3

Approximately 7,041 gallons of deep disposal well fluid
filled the bellhole to the plant supply line level. The
fluids then followed the supply line for 50 feet and

(SE1, SWX, Sec.26,
T36N, R74W)

surface to be absorbed into the ground. The uranium
concentration of the released fluid was 1.8 mg/I and the
release affected approximately 0.11 acres.

Wellfield 3
(SEX, SWX, Sec.26,

Approximately 2,100 gallons of mine waste fluid were
released and absorbed into the ground. The uranium
concentration of the mine waste fluid was 7.1 mg/I and
the release affected approximately 0.15 acres,
Approximately 10,000 gallons of mixed monitor well
and restoration and mine waste fluid were absorbed
into the ground. The released fluid had an approximate
uranium concentration of 1.0 mg/I and affected

T36N, R74W)

Cause

Resolution

The release occurred when a welded joint in a
carbon steel tee failed.

The plant was immediately shut down upon discovery of the
release and until repairs could be completed. Approximately
3,100 gallons were recovered from two ponded areas.

The release occurred when a fused joint of a 6-inch
buried polyline failed.

The release occurred when a PVC line tied to the
cleanout line failed as a result of freezing and
subsequent breakage.

The line was immediately shut down until repairs could be
completed. The entire area will be reevaluated during the
decommissioning of the wellfield to ensure that applicable
decommissioning standards for soils are met.
Upon discovery, the line was immediately shut down until
repairs were completed. Approximately 9,000 gallons were
recovered.

The release occurred when a water trap failed as a
result of corrosion preventing proper seating.

Upon discovery, the line was immediately shut down until
repairs could be completed.

Upon discovery, the line was immediately shut down until
repairs could be completed. A total of 3,500 gallons were
recovered with a vacuum truck. Mine Unit F and parts of Mine
Unit D were taken out of service while an investigation was

12/5/06
11:00am

Wellfield C,
Headerhouse C-22

12/13/06
11:30am

Wellfield I, Well 1-1-14

1/13/07

Wellfield F, bellhole F47

Approximately 5,000 gallons of injection fluid were
released. The uranium concentration of the fluid was
2.0 mg/I and the release affected 0.03 acres.

The release occurred with the failure of a metal
fitting.

2/19/07
8:15am

Wellfield 15,
production well P-76

The outer casing was checked and found to be
good, the inter tubing had a hole and was replaced.

5/21/07

Wellfield I, Injection
well 1-19

Approximately 6,000 gallons of production fluid were
released. The uranium concentration of the fluid was
32.5 mg/I and the release affected approximately 0.09
acres.
Approximately 700 gallons of injection fluid were
released and absorbed. The uranium concentration of
the fluid was approximately 1.2 mg/I and the release
affected 0.03 acres.

The cause was a petcock valve left in the open
position.

Upon discovery, the valve was closed by the operator. The
entire area will be reevaluated during the decommissioning of
the wellfield to ensure that applicable decommissioning
standards for soils are met.

6/19/07
12:30pm

Wellfield K, Injection
well K1-156

Approximately 900 gallons of production fluid were
released, with a uranium concentration of

An employee had finished swabbing well K1-156
and was backing the truck to attach the water
trailer. The trailer was bumped when attempting
to hook-up and the plastic water tank was

The trailer was taken out of service. Approximately 60 gallons
were recovered with a vacuum truck. The affected soils were

approximately 0.26 acres.
Approximately 560 gallons of injection fluid were
absorbed into the ground. The released fluid had an
approximate uranium concentration of 2.0 mg/I and
affected approximately 0.04 acres.

approximately 41.2 mg/I. The release affected
approximately 0.03 acres.
6/22/07

Wellfield H, injection
well HI-744

Approximately 198,500 gallons were released from the
injection well, with a uranium concentration of 3.3
mg/I.

6/25/07

Wellfield H,

Approximately 3,747 gallons of production fluid were

production well HP397

released with a uranium concentration of 21.0 mg/I,
affecting 0.28 acres.

breached, releasing the fluid.
HI-744 was not adequately isolated. A tee and
valve were left in place on the meter run to HI-744
after HI-744 was removed from service. The valve
isolating HI-744 was mistakenly opened and the
valve to well HP-3911 was closed,
Corroded brass nipple at the wellhead.
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conducted to assess the cause.
Upon discovery, the line was immediately shut down until
repairs could be completed. A total of 5,500 gallons were
recovered.

removed from the spill area and disposed of at a licensed ByProduct Facility.
An extensive environmental investigation was completed to
determine the impacts of the release. Cameco removed and
disposed the affected soil, reseeded and stabilized the area.
The release was limited to a total area of less than two acres,
completely on Cameco's property and within the permitted
area.
This release was detected while determining the extent of the
affected area from the injection fluid release on 6/22/07. The
release was mitigated in conjunction with the larger release
noted above.
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Table 3-15 Summary of Spills and Releases
Date of
Detecon
Detection

Location

6/27/07

Wellfield 2, injection
well 2-1-166

8/23/07
10:55am

Deep disposal pipeline
adjacent to Wellfield 2

Description
Approximately 900 gallons of injection fluid was
released, with a uranium concentration of 1.1 mg/I.
The release affected approximately 0.07 acres.
Approximately 11,600 gallons of deep disposal fluid
were released from the buried pipeline with

Wellfield 4

approximately 7,500 gallons surfacing. The release
affected approximately 0.34 acres.
Approximately 2,887 gallons of production fluid were
released from the booster pump station. The release
affected approximately 0.18 acres.

8/17/08
1:00am

Mine Unit K injection
trunk line to

Approximately 7,965 gallons of injection fluid were
released, with a uranium concentration of 1.4 ppm. The

9/17/08
1:30am

Headerhouse K-6
Booster House #3,
located northeast of
Wellfield K

release affected approximately 1.55 acres.
Approximately 3,932 gallons of production fluid were
released from the booster station.

10/30/08
12:23am

Mine Unit K injection
8-inch trunk line to
Headerhouse K-7

12/29/08
10:30am

Mine Unit 9, well 91-44

Approximately 5,500 gallons were released from the
trunk line, with an approximate uranium concentration
of 2.0 ppm. The release affected approximately 1 acre.
Approximately 1,144 gallons of injection fluid were
released, with an approximate uranium concentration
of 0.2 ppm. The released fluid went beyond the fenced
area and terminated approximately at the monitor well
ring.

1/9/09
3:00pm

Mine Unit 15, well
1SP-122

1/10/09
10:30pm

Satellite No. 2

7/18/08
12:00prm

2/9/09
8:30am

Booster station #5,
located northeast of

Valve station in
Wellfield 2
(SEX, SEX, Sec. 26,
T36N, R74W)

Approximately 2,169 gallons of production solutions
were released, with an estimated U308 concentration of
11 ppm.
Injection and production fluid leaked onto the floor of
Satellite No. 2. The sump activated and transferred

Cause
The release was caused by a broken flange.

The cause of the release was a failure of a cold
fusion joint in the buried Deep Disposal polyline.

Failure of a poly-can that encases a booster pump
as a result of heat/pressure in the pump, and
consequent melting of the polyethylene material of
the can.
The cause of the leak was a fuse joint failure on the
trunk line.
The cause of the release was a failure of a
polyethylene can that encases a booster pump as a
result of heat/pressure in the pump, and
consequent melting of the polyethylene material of
the can.
The cause of the leak was a failed electrically fused
collar,
A 1-inch polyline from the well was punctured
while attempting the removal of ice at the
wellhead. The well was not operating at the time
and the operator did not realize the puncture had
occurred. The well was turned back on at the
header house and the release occurred.
A 14-inch transition at well 1SP-122 was leaking
due to rusted threads.
An 8-inch Schedule 80 dump valve and associated
piping broke free of IX-21 in Satellite No. 2,

solutions to a storage tank within the satellite,
Approximately 1,820 gallons exited the building,

releasing fluid to the process area of the satellite,

Approximately 14,600 gallons of production solution
were released with a U308 concentration of
approximately 7 ppm.

A 16-inch steel tee on the main pipeline between
Satellite SR-1 and the Central Processing Plant was
leaking due to corrosion.

4/2/09
7:50pm

Mine Unit K, Well no.
KI-218

Approximately 1,474 gallons of injection solution were
released from the well, with a U30H concentration of

5/11/09
11:45pm

Mine Unit J,
Headerhouse J-3

approximately 2.0 ppm.
Approximately 6,500 gallons of production solution
were released, with a U3 08 concentration of

The release was caused by operator error.

The release resulted from a failed gasket.

Resolution
Mine Units 2 and 3 were shut off until all wells could be
inspected. The wells were inspected for potential problems as
they were brought back on line.
The line was shut off and repaired.

Upon discovery of the leak, the wellfield was immediately shut
down. Corrective actions included setting booster pump
drives to operate above a specific frequency, and an alarm if it
falls below the frequency.
Upon discovery, the pipeline was immediately isolated by
shutting down the trunk line. A vacuum truck recovered 450
gallons of the spilled solution.
The wellfield was immediately shut down. Corrective actions
include setting booster pump drives to operate above a
specific frequency and to alarm if it falls below the frequency.

The pipeline was immediately isolated upon discovery of the
leak by shutting down the trunk line. The use of the electric
fusion below ground was discontinued in August 2008.
The well was immediately shut down until repairs could take
place. The polyline was repaired.

Approximately 2,000 gallons were recovered and disposed of
via deep disposal well. Transitions of this type were inspected
visually and replaced as needed.
The leak was isolated, clean up was completed, and radiation
surveys confirmed the clean-up was successful. The satellite
and affected area was cordoned off to reduce access until
radiological surveys were completed. The dump valve and
piping were repaired and the satellite placed back into service.
The valve station was repaired. Approximately 3,800 gallons
were recovered and disposed of via deep disposal well. At the
time of the leak, Cameco Resources already had a list of this
type of valve station prioritized based on risk of a leak. The
details from this spill were used to refine that list and implement
repairs as necessary.
Mine manager met with all wellfield operators to discuss
incident.
Approximately 5,600 gallons of the released fluid were
recovered from the headerhouse.

approximately 19.8 ppm. Most of the released fluid
was contained within the header house.

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Tables
Page 45

Table 3-15 Summary of Spills and Releases
Date of
Detecon
Detection

Location

Description

Cause

Resolution

5/26/09
1:00pm

Mine Unit H, well HI43

Approximately 5,050 gallons of injection fluid were
released from the well, with an approximate U308
concentration of 3.0 ppm.

The release was the result of the flange separating
from the wellhead casing.

The H wellfield was turned off, awaiting replacement fittings
for several wellheads in the H wellfield. Approximately 7,350
gallons were recovered, which included rainwater that had
pooled in the area and co-mingled with the injection fluid.

6/10/09
12:30pm

Mine Unit 9, Well no.
91-142
Mine Unit K, Well no.
KI-1O

A 1-inch diameter line was accidently damaged,
causing the leak. The damage may have been from
digging that occurred in a nearby drill pit.
The release was caused by the failure of a brass
pipe nipple at the wellhead which had corroded
from the inside,

The line was repaired.

8/26/09
4:30am

Approximately 190 gallons of injection solutions were
released from the well, with an approximate U30 8
concentration of 0.7 ppm.
Approximately 1,500 gallons of injection fluids were
released from the well, with an estimated U 308
concentration of 1.1 ppm.

9/23/09
2:30pm

Bellhole No. 21E, near
Headerhouse 1 in
Mine Unit E
Mine Unit 9, Well 91127A,(SEJ4, SEY, Sec.8,
T35N, R74W)
MU-J, JI-184, in HH-J-5

Approximately 90,600 gallons of treated process water
were released from Belfhole No. 21E, with an
approximate uranium concentration of 0.01 mg/I.
Approximately 560 gallons of injection solution was
released with a U3 08 concentration of 1.4 ppm.

The release resulted from an open, unused 3-inch
clean-out line connected to the Selenium
Treatment Plant.
Operator swabbed well onto ground rather than
the water trailer.

Approximately 224 gallons of injection solution was
released with a U3 08 concentration of 1.3 ppm.

Pop off valve had PVC shavings back flushed into
the valve seat, causing failure.

The well was shut off and the valve replaced.

MU 9 HH 9-9, Well No.
91-239
MUD

Approximately 94 gallons of injection solution was
released with a U3 0 8 concentration of 1.1 ppm.
Approximately 100 gallons of injection solution was
released with a U30 8 concentration of 0.5 ppm.
Approximately 112 gallons on injection solution was
released with a U3 09 concentration of 0.5 ppm.
Approximately 236 gallons of injection solution was
released with a U3 08 concentration of 1.1 ppm.
Approximately 323 gallons of injection solution was
release with a U308 concentration of 14.2 ppm.
Approximately 318 gallons of injection solution was

Because of a missing spline, the well head came off
when the well was pressurized.
A contract backhoe was excavating a mud pit and
encountered a poly trunk line.

The spline in the well head was installed.

The well was turned on but was not connected to
the piping.
The well was hit by a vehicle and the impact broke
the casing,
1 inch polyline failed.

The well was connected to the piping.

A 1-inch Schedule 80 Union failed and allowed fluid

The union was replaced.

11/19/09

1/28/10
2/11/10
2/11/10
2/11/10

During well repairs prior to the release, the decision was made
to replace these brass nipple fittings with stainless steel
fittings. As a result of the spill, a wellfield operator was been
assigned to inspect all the wellheads in the welifield to
expedite and prioritize replacement of the fittings.
The source of the release was immediately turned off and two
vacuum trucks were mobilized to the scene, recovering
approximately 22,000 gallons of the released water.
Apparent cause investigation resulted in a revision to the SOP,
and the changes were reviewed with all swabbing operators.

The poly line was repaired.

3/17/10

MU 15 HH 15-8 Well
No. 15-296
MU 15 HH 15-16 Well
No. 151-575
MU 15 HH 15-18 Well
15P-361
MU 1 HH 1-5 Well No.

7/8/2010

11-201
MU K,KI-006

released with a U30u concentration of 0.5 ppm.
Approximately 1,440 gallons of injection solution was
released with a U3 09 concentration of 1.0 ppm.

to spray inside of the well head.
O-ring seal 5' below surface failed and let the well
leak to surface

7/8/2010

MU-1 Main Pipeline

Approximately 1,190 gallons of production fluid was
release with a U30 8 concentration of 2.4 ppm.

16" poly fusion joint separated

9/10/10

MU 15 HH 15-12

Approximately 350 gallons of injection solution was

O-ring seal in completion cap split.

This appeared to be a non-generic failure, probably due to an
unreported vehicle contact with the exposed casing prior to
start-up. The leak did not occur until the well pressured up.
No action is warranted.
The cause of this leak was never identified. It was probably a
failed fusion. The line has been isolated. It will be blinded and
abandoned in-place. (Complete by 9/30/2010)
The O-ring was replaced,

MU 2 HH 2-1

released with a U3O0concentration of 1.3 ppm.
Approximately 244 gallons of injection solution was

6-inch gasket failed in the main IC header inside

The gasket was replaced.

3/1/10
3/9/11

9/22/10
9/22/10

MU-15, HH 15-12

released with a U308 concentration of 0.8 ppm.
Approximately 960 gallons of injection solution was
released with a U3 08 concentration of 1.5 ppm.

10/7/10

MU I HH I-1, Well No.

Approximately 252 gallons of injection solution was

11-0071P

released with a U3 08 concentration of 3.0 ppm.

the headerhouse.
Main pipeline appeared to be leaking

A hose fitting failed due to corrosion.

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

The casing was repaired.
The polyline was replaced.

This line was installed during a time when compressed air was
used for leak testing. Our current use of hydrostatic testing
should eliminate this type of failure. No action is warranted.
The hose fitting was replaced.
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Table 3-1S Summary of Spills and Releases
Date of
Detecon
Detection
12/22/10

Location

Description

MU H HH 15-22 Well
No. 151-796
MU K

Approximately 137 gallons of injection solution was
released with a U30 8 concentration of 1.2 ppm.
Approximately 35,000 gallons of pump test water was

5/3/11

MU-15, HH 15-20

released.
Approximately 1,500 gallons of production fluid was
released with a U308 concentration of 99 ppm.

5/19/11

SR-2 Bellhole #1

Approximately 790 gallons of production fluid was

3/10/11

released with a U-30 concentration of 20.3 ppm.
7/22/11

MU-1, 11-179

Approximately 53 gallons of injection fluid was released
with a U 30%concentration of 0.8 ppm.

Cause
Pop off valve failed.

Resolution
The pop off valve was replaced.

Modular tank failure during pump test.
Power line fuse at headerhouse 15-20 blew down
and all power to the headerhouse was off. Clay
valve failed to close causing injection fluid to
continue to be fed into the formation, pushing
water up to overflow from the production (8) wells.

Header house 15-20 was isolated manually to stop the
overflow which was done immediately upon discovery on May
3, 2011.

Restart of wellfield and booster pumps after power
outage at 5R2 and discovered an 18" gasket on a
blind flange failed.
Well was shut off for P-well being down. In the
time it was off, the flange was cut off to be fitted

The gasket was replaced and the power was restored.

Well was immediately shut off. Action was taken to finish
repair to the wellhead and the well was returned to service.

with a splined wellhead, but job was not finished.
Well was turned back on by an operator and not
checked.
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Table 3-16 Summary of East and West Storage Pond Leak Events - November 15, 1999 through September 30, 2011
Leak
Event #

Pond

Leak Identification
Date

Cause of Breach to
Primary Liner

1

west

Oct-99

Camlock end on transfer
hose

Nov-99

2

West

Mar-00

Old liner patches

Jun-00
Jun-01

3
West
East

Sep-00
Nov-00

Small hole(s) - cause
unknown
Ice expansion

Corrective Actions, Design and/or
Operational changes
Holes repaired; Pump installation in
pond(s) to supplement need for
transfer hoses
Holes repaired: Higher grade patch
kits: HH-66 vinyl cement and vinyl
laminated fabric
Holes repaired

Dec-00

Holes repaired

Oct-01

Holes repaired

Oct-01

Holes repaired

3
4
5

East

Aug-01

Small Hole(s) - cause
unknown

6

West

Aug-01

Small Hole(s) -cause
unknown

7

West

Ja-02

Small Hole(s)

7 Wet

8
8
9

East
Jan-02
Eastan-0unknown
East
Oct-05

10

East

Dec-08

11

East

Apr-09

12

East

Jul-10

13

East
East__

____3__

14
East
14_____ East__

___

Jun-li
un-11______

-

unknown

Jan-02

cause

2004

Holes repaired and new liner

Small Hole(s) - cause

Mar-02

Holes repaired

Maintenance - use of track
hoe to clean out sludge
Holes (deer access to pond)
Maintenance - repair of
dock with pre-fabricated
floating platform

Oct-08

New liner

Dec-08

Holes repaired; Fencing upgrades

Apr-09

Holes repaired

Small hole(s)

cause

Sep-10

Holes repaired

Small hole(s) - cause
unknown

Jul-il
Jul-11

Holes repaired
Holesrepaired

Aug-li
Aug-l_

Holes repaired
Hoesrepaired

-

unknown__________________
_

Liner Repair
Date

Aug-li
Small hole(s) - cause
Aug-11________
_
unknown
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Table 3-17 Groundwater Sampling Results for Monitor Wells Near PSR-2
Parameter

3/5/2009

General Chemistry
Bicarboante as HCO 3 (mg/L)
Chloride (mg/L)

1

6/26/2009

1

9/3/2009

1

11/12/2009

East Well
3/23/2010

6/25/2010

9/22/2010

11/18/2010

3/17/2011

293
401

339
480

366
414

282
368

321
376

427
502

401
442

331
409

294
409

Sulfate (mg/L)

2490

2390

2310

2440

2320

2340

2420

2390

2430

Specific Conductivity (pmhos/cm)
pH

5120
7.52

5310
7.51

5240
7.51

5070
7.9

S050
7.29

5280
7.36

5210
7.47

5090
7.5

5090
7.3

Dissolved Metals
Barium (mg/L)

>0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Selenium (mg/L)
Uranium (pCi/mL)

0.046
3.78E-08

0.096
4.50E-08

0.045
5.99E-02

<0.0025
<6.77E-10

0.038
3.47E-08

0.065
5.57E-08

0.039
5.36E-08

Radium-226 (pCi/mL)

9.OOE-10

9.60E-10

8.98E-10

8.1E-10

1.6E-09

7.70E-10

7.80E-10

0.036
4.43E-08
8.40E-10

0.029
3.69E-08
1.10E-09

Parameter
General Chemistry
Bicarboante as HCO 3 (mg/L)

3/5/2009

6/26/2009

1

9/3/2009

11/12/2009

South Well
3/23/2010

6/25/2010

9/22/2010

11/18/2010

]

3/17/2011

352

385

384

Dry well

343

310

Dry well

Dry well

Dry well

Chloride (mg/L)
Sulfate (mg/L)

278
2370

327
2390

329
2270

254

321

Dry well

Dry well

Dry well

Specific Conductivity (pmhos/cm)
pH
Dissolved Metals
Barium (mg/L)
Selenium (mg/L)
Uranium (OCi/mL()

4740

4790

4890

Dry well
Dry well
Dry well

2050
4280

2190
4400

Dry well
Dry well

Dry well
Dry well

Dry well
Dry well

7.8

7.8

7.68

Dry well

7.74

7.59

Dry well

Dry well

Dry well

<0.001
1.78

<0.001
1.63

<0.001
1.46

Dry well
Dry well

<0.1
2.21

<0.001
2.02

Dry well
Dry well

Dry well
Dry well

Dry well
Dry well

5.50E-07
1.10E-09

5.37E-07
7.70E-10

3.87E-07
1.OOE-09

Dry well
Dry well

2.48E-07
2.40E-10

5.57E-08
1.40E-09

Dry well
Dry well

Dry well

Dry well

Dry well

Dry well

Radium-226 (liCi/mL)
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Table 3-18 Erosion and Sediment Control Table

0

_n

Type of
Disturbances

..

CL

.

i
.2 to .2

-

-2

0.0

U

LMo'
CO 1

3

0'hf_

to

0

0.to

X

X

X

X

X
X

X
X

X
X

X
X

X
X

X

X

X
X

X

Exploration Areas

X

X

X

X

X

X

X

X

X

X

X

X
X

X
X

X
X

X
X

X

X

X

X

X

Mine Units
Irrigation Areas

X

X

X

Access Roads

Powerlines
Buried Lines

X

Temporary
Erosion
Protection

Sediment Controls

Erosion Controls

X
X
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Table 4-1 Trend Analyses of Concentrations of Radon-222 Progeny in Air
Location
Central Processing Plant

Radionuclides
Rn222 Progeny- Average

Data Trend Direction
Stable

Pilot Plant
Satellite Plant SR-1
Satellite Plant No. 1

Rn222 Progeny - Average
Rn 222 Progeny- Average
Rn222 Progeny - Average

Stable
Negative
Negative

Satellite Plant No. 2

Rn 222 Progeny- Average

Stable

Satellite Plant No. 3

Rn222 Progeny- Average

Stable

Satellite Plant SR-2

Rn222 Progeny - Average

Negative*

Selenium Plant

Rn222 Progeny-Average

Negative*

Header Houses

Rn222 Progeny - Average

Stable

Rn 22 progeny monitoring is reported in units of a working level (WIL), which is any combination of
Rn222 progeny in one liter of air that would result in emission of 1.3 x 105 mega electron volts of
potential alpha energy. The DAC for Rn222 progeny is 0.33 WIL. Table 5-4 presents the Rn222 progeny
concentrations in air as a percent of the DAC for each monitored building. The average concentrations
in all cases are well below, and do not exceed, 10 percent of the DAC. The maximum concentrations
occasionally are above the Rn222 progeny DAC for SR-i in 2000 and 2001 and the CPP in 2001, but
otherwise have been less than the DAC.
Note: The trend analysis provided within this section covers the period from 2000 to 2010. Rn222
progeny monitoring has only been conducted at the SR-2 and the Selenium Plant since 2009.
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Table 4-1.1 Estimated Number of Surface Structures at Each of the Smith Ranch Project Sites*

Property
Smith Ranch-Highland-Reynolds
North Butte/Brown Ranch
Gas Hills
Note:

Processing
Plants

Satellite
Plants

Water
Treatment
Facilities

DDW
Pump
Buildings

DDW
Wellhead

Header
Houses

Wellhead

2
0
0

6
1
1

1
0
0

10
4
3

12
4
3

330
73
70

14,300
4,065
3,200

* Totals as of April 29, 2014
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Table 5-2 Average Annual Radiation Dosimeter Reading (mrem)
Workers
2002
2003
2004
2005
2006
CPP
363
250
286
305
249
Lab
110
96
65
98
103
Satellite SR-1
204
130
87
111
179
Satellite-2
132
138
145
188
108
Satellite-3
102
145
140
146
165
Maintenance
26
90
98
150
82
SR-2
Note: The Annual Dose Limit for a radiation worker, 5,000 mrem/year - 10 CFS 20.1201.

2007
498
112
124
169
232
76

2008
336
104
56
125
147
35

2009
389
53
65
86
208
34
138

1

2010
417
131
77
67
177
54
103

Table 5-3 Natural Uranium Concentrations in Air as a Percent Derived Air Concentration
Year

1999

Average

2000

5.89

Maximum

2001

4.55

2002

1.26

2003

1.48

2004

1.00

2005

1.00

2006

1.00

2007

1.00

2008

2009

1.00 1 1.00

2010
1.0

9.40 1 5.40 1 10.5 1

5.4

93.98 1 21.31 1 16.66 1 17.65 1 24.00 1 22.00 1 14.60 1 15.00 1

1.0 1

Table 5-4 Radon-222 Progeny Concentrations in Air for Smith Ranch Facility Structures as a Percent of Derived Air Concentration
Location

Statistic
Average

Pilot Plant

Maximum

1999

2001

2002

3.0

2000
6.1

3.0

3.0

2003
3.1

2004
2.0

9.1

18.2

12.1

15.2

24.2

24.2

6.1
175.8

3.0
36.4

3.1
24.2

4.0
24.2

4.0
24.2

UP

Average
Maximum

6.1
57.6

3.0
30.3

SR-1

Average
Maximum

6.1
81.8

6.1
172.7

3.0
175.8

6.1
78.8

6.1
24.2

5.0
24.2

*Satellite No 1

Average
Maximum

-

3.1

3.1

3.0

-

-

-

3.1
24.2

3.0
24.2

*Satellite No 2
*Satellite No 3
*Header Houses
*Selenium Plant
*Satellite No. SR-2

2005

2006

2007

2008

2009

2.0
24.2

5.0
51.5
1.0
24.2

2.0
24.2
1.5
24.2

2.7
24.2
1.5
24.2

2.0
24.2

2.0
24.2

-

-

1.8
20.3
1.2
14.5

2010

1.8
21.5
1.5
12.4

Average

4.0

2.8

2.7

6.1

5.0

3.0

3.0

5.0

3.0

3.0

1.8

Maximum

-

-

-

63.6

24.2

24.2

24.2

27.6

24.2

42

12.1

Average

3.9

3.3

3.6

9.1

7.0

4.0

3.0

2.0

2.0

1.5

1.5

Maximum

-

-

-

24.2

24.2

24.2

24.2

24.2

24.2

13.3

9.7

Average

1.8

2.3

2.3

3.1

6.00

4

3

2.7

2.4

2.7

3.0

Maximum

-

-

-

24.2

24.2

24.2

24.2

24.2

27.3

26.7

27.9

-

-

-

-

3.0
14.5

1.8
21.5

2.7
138

1.5
15.5

Average
Maximum
Average

Maximum

*Data prior to 2003 are associated with Highlands Uranium Project prior to incorporation into the Smith Ranch license.

Table 5-5 Annual Total Effective Dose Equivalent for CPP Workers (mrem)

2003
2004
2005
2006
2007
2008
2009
2010
2011

Airborne Uranium
(rem)
Average
Maximum
0.002
0.035
0.003
0.019
0.001
0.001
0.002
0.001
0.001
0.001
0.000

0.009
0.006
0.009
0.011
0.010
0.013
0.007

External Gamma
(rem)
Average
Maximum
0.118
0.364
0.121
0.294
0.151
0.142
0.109
0.104
0.107
0.092
0.062

0.350
0.490
0.437
0.431
0.539
0.593
0.586

Radon Daughters
(rem)
Average
Maximum
0.017
0.170
0.033
0.263
0.032
0.033
0.018
0.014
0.010
0.025
0.019

0.248
0.333
0.112
0.145
0.096
0.112
0.257
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TEDE
(rem)
Average
Maximum
0.137
0.525
0.156
0.516
0.184
0.175
0.129
0.119
0.118
0.118
0.081

0.545
0.774
0.529
0.586
0.630
0.716
0.723
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Table 5-6 Actions Taken for Individual Urinalysis Results

a

Uranium Content of Specimen
Less than 15 pg/L.
1
2

b

15 to 35 pg/L or 9 to 16 nCi in vivo.

3
4

1
c

Greater than 35 pg/L.
2

d

Greater than 35 pg/L for two
consecutive specimens, or greater
than 130 pg/L for any single specimen.

Required Action(s)
None.
Confirm results (repeat analysis).
Attempt to identify cause of elevated
result.
Take corrective measures and/or limit
empoye e ex sure.
employee's exposure.
Document corrective actions.
Submit documentation to NRC, as part of
10 CFR 40.65 report.
Take actions specified for b above
Restrict employee from yellowcake area
work until results of subsequent specimens
are less than 15 pg/L.
Take actions specified for c above.

1

Table 5-7 Bioassay Results for Smith Ranch from 1999 Through 2010
Total Number
Of Bioassays

Number
<LLD

Number
LLD to 15 pg/L

Number
15 to 35 pg/L

Number
>35 pg/L

1999

408

390

0

18a

0

2000

388

381

0

6b

1 (364 plg/L)b

2001

304

302

0

1

1 (59 Vg/L)c

2002

303

193

10

0

0

2003
241
236
5
0
0
1(61 pig/L)d
1d
4
167
173
2004
2005
184
183
1
0
0
2006
446
444
1
0
1 (39 I.g/L)e
2007
509
508
0
It
0
2008
529
526
2
0
1 (44 pg/L)g
2009
485
485
0
0
0
2010
834
832
2
0
0
Notes:
1.
LLD= 5 Ig/L;
2.
Inferred causes for elevated bioassay results:
a. Causes attributed to improper use of respirators, poor personal hygiene, and/or poor housekeeping.
b. Personnel sneezing, water infiltration of respirator, improper use of respirator, or entering area
without respirator.
c. Believed to be from employee bringing contaminated gloves to nose or mouth.
d. Probable improper bioassay sample handling.
e. Maintenance worker worked without respiratory protection.
f. Driller pulled wet piping material from well. Two elevated results were from baseline samples and are
not reported here.
g. Contract employee likely inadvertently contaminated sample.

- February 2012
Ranch Project
Smith Ranch
Cameco Resources
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Project Technical
Technical Report
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Table 5-8 Allowable Limits for Removal to Uncontrolled Areas
These values are taken from: Regulatory Guide 1.86, "Termination of Operating Licenses for Nuclear Reactors," and
"Guidelines for Decontamination of Facilities and Equipment Prior to Release for Unrestricted Use or Termination of License
for Byproduct, Source or Special Nuclear Material."
Surface Contamination levels for uranium, radium and their associated decay products on equipment to be released for
unrestricted use, clothing, and non-operating areas of mills are as follows:
c
a
b
Maximum
Removable
Nuclide
Average
1,000 dpm/100 cm2
Natural Uranium
5,000 dpm/100 cm2
15,000 dpm/100 cm;
20 dpm/100 cm;
Radium-226
100 dpm/100 cmd
300 dpm/100 cm;
a. Averaged over no more than 1 cmi.
b. Applies to an area of not more than 100 cm2.
c. Determined by smearing with dry filter or soft absorbent paper, applying moderate pressure and assessing the amount of
radioactive material on the smear.
Beta-Gamma Radiation
EAverage: 0.2 mR/hr above background
B Highest: 1.0 mR/hr above background

Cameco Resources Smith Ranch Project Technical Report - February 2012
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Table 5-8.1 Elements of Conditional Release Program for Items
Applicability
Appropriate Use

Condition of Item

-

Not required for small personal items or notebooks.
Not applicable to resin trailers; conditional release of resin trailers is addressed separately.

-

Conditional release of items will not be used casually - tools or equipment (items) available
outside the restricted area should be accessed even when inconvenient.

-

The surface of each item or package containing an item must be free of surficial dirt, debris,

-

Tracking

-

Additional Training
Demonstration
Proficiency

Training
Documentation

Maintaining
Designation

of
-

-

grease, oil, loose paint or other material that could become detached.
When the item is difficult to clean or survey, it must be placed in an appropriate package that
can be surveyed for release.
The action limit for conditional release of items will be 50 cpm. Consistent with Volume IV,
Section 5.6 of the SHEQ Health Physics Manual, if this action limit is exceeded, the item or
package should be decontaminated and resurveyed. If the limit is exceeded upon resurvey,
conditional release requires approval from a member of the radiation safety staff.
At the point and time of conditional release from a restricted area each item or package will be
logged.
At the point and time of conditional release each item or package will be tagged.
Tags will not be removed during the period of conditional release; tags may only be removed
when the item or package is returned to a restricted area or released by the RSO or an HPT.
Education: A high school diploma or equivalent.
Training: New employee radiation safety training, including guidance pertinent to prenatal
radiation exposure (Regulatory Guide 8.13) and instruction concerning risks from occupational
radiation exposure (Regulatory Guide 8.29); and additional training specific to conducting
conditional releases of items at SRH facilities. In addition, the designee will be required to
demonstrate proficiency during conditional releases of items to the RSO.
Six months work experience at a uranium recovery facility, including procedures that involve
health physics, industrial safety or industrial hygiene at a uranium recovery facility is required.
Four hours conditional release classroom training addressing:
o
Use of survey equipment,
0
Logging and Tagging,
o
Recordkeeping.
80% passing grade on a test covering the above topics.
Prior to designation, demonstrate to the RSO an understanding of and proficiency in conducting
the conditional releases.
Perform a minimum of six conditional releases of items under the supervision of the RSO or
HPT.
Cover the training topics listed above.
Documented with signatures of the RSO or HPT and the designee.
Re-evaluation is allowed after performing additional supervised inspections until proficiency is
demonstrated to the satisfaction of the RSO.
File includes education, training results with a passing test score, documented conditional
releases.
Co-signed by the designee and the RSO.
Annual refresher training covering same topics described above.
80% passing grade on a test covering the same topics described above.
At least two supervised conditional releases of items performed semiannually under the direct
supervision of the RSO or HPT.
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Table 5-8.2 Elements of Conditional Release Program for Resin Trailers
Condition of
Trailer

Criteria

-

Pre-trip tractor and trailer inspection.
The resin trailer must be free of surficial dirt, debris, grease, oil, loose paint or other material
that could become detached.

-

Pre-trip gamma and alpha surveys.
Alpha activity <2200 dpm/10OCm 2 above background.
If alpha activity is >2200 dpm/OOCm 2 above background clean contaminated area(s) and
resurvey.
If alpha activity cannot be cleaned below this level contact a member of radiation safety staff to
perform a smear (removable) survey with the same action level.
Transportation Survey Form.

Tracking

-

Qualification

Additional
Training
Demonstration of
Proficiency

Training
Documentation

Maintaining
Designation

-

-

Education: A high school diploma or equivalent.
Training: New employee radiation safety training, including guidance pertinent to prenatal
radiation exposure (Regulatory Guide 8.13) and instruction concerning risks from occupational
radiation exposure (Regulatory Guide 8.29); and additional training specific to conducting
conditional releases of resin trailers at SRH facilities. In addition, the designee will be required to
demonstrate proficiency during conditional release of resin trailers to the RSO.
Six months work experience at a uranium recovery facility, including procedures that involve
health physics, industrial safety or industrial hygiene at a uranium recovery facility is required.
Four hours conditional release classroom training addressing:
Use of survey equipment
o
Completion of transportation survey forms
0
0
Recordkeeping
80% passing grade on a test covering the above topics.
Prior to designation, demonstrate to the RSO an understanding of and proficiency in conducting
the conditional releases of resin trailers.
Perform a minimum of six conditional releases of resin trailers under the supervision of the RSO
or HPT.
Cover the training topics listed above.
Document with signatures of the RSO or HPT and the designee.
Re-evaluation is allowed after performing additional supervised conditional releases of resin
trailers until proficiency is demonstrated to the satisfaction of the RSO.
File includes education, training results with a passing test score, documented conditional
releases.
Co-signed by the designee and the RSO.
Annual refresher training covering same topics described above.
80% passing grade on a test covering the same topics described above.
At least two supervised conditional releases of resin trailers performed semiannually under the
direct supervision of the RSO or HPT.
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Table 5-9 Radiation Survey and Monitoring Equipment
Manufacturer

Model #

Ludlum

3

Range
(face scale)
0-2 mR/hr

Ludlum

19

0-50 .tR/hr

25-5000

NA

Calibration
Frequency
Annual'
Annual'

Ludlum2221
Ludlum
ratemeter/scaler

cps

Various

44-10

Annual'

Gamma surveys

Ludlum

0-500 cpm

0.1-100

43-5

Annual'

Personal alpha
surveys and truck

Digital

43-9 drawer

Annual

43-78 drawer

Annual'

3

X Factor
(multiplier)
0.1-100

Probe/Drawer
44-6

Planned Use
Truck surveys
Low level gamma
surveys

surveys

Ludlum

2000

1

Kusnetz Method

Ludlum

2000

Digital

Ludlum

3

0-5 Kcpm

0.1-100

44-9 pancake

Annual'

Ludlum
Giliam

12
GilAir 3

0-500 cpm
5-500 cc/min

0.1-100

43.5
NA

Annual'
Bios DHHC 1 Dry Cell
Calibrator

1.

Analysis for modified
Large sample alpha
survey

Alpha, beta and
gamma surveys

Alpha surveys
Monthly radon
testing

Calibration by EPA approved laboratory of instrument manufacturer.
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Table 5-10 Radionuclides Air Monitoring Data 2000-2010 Dave Water Well (AS-i)

Dave's Water Well (Background)
Uranium (pCi/ml)
Thorium-230 (pCi/mt
Radium-226 (pCi/ml
Lead-210 (pCI/ml)
Radon-222 (pCi/ml)

2010
9.13E-17
" 7.82E-17
" 6.65E-17
1.10E-14
7.5E-10

2008
1.08E-16
2.04E-16
4,08E-16
1.29E-14
1.1E-09

2007
2.03E-16
1.33E-16
1.46E-16
1.32E-14
3.0E-09

2006
1.48E-16
1.00E-16
1.40E-16
1.74E-14
6.67E-10

152

159

134

153

151

Gamma (mrem/yr)

Normalizal
1.OOE+15
1.00E+17
1.OOE+16
1.00E+17

2009
1.13E-16
0.OOE+00
1.71E-16
1.11E-14
1.4E-09

Uranium (giCi/ml)
Thorium-230 (gCi/ml)
Radium-226 (pCi/ml)
Lead-210 (gCi/ml)
Radon-222 (pCi/ml)

2005
2004
2003
2.03E-16 2.03E-16 1.86E-15
1.33E-16 1.33E-16 1.OOE-16
1.46E-16 1.46E-16 1.60E-16
1.32E-14 1.32E-14 5.75E-15
3.0E-09 3.0E-09 9.8E-10
134

134

------

3.00

-

2008
0.11
20.40
4.08
1290.00
1.05

2007
0.20
13.33
1.46
1322.75
2.98

2006
0.15
10.00
1.40
1743.00
0.67

2005
0.20
13.33
1.46
1322.75
2.98

2004
0.20
13.33
1.46
1322.75
2.98

2003
1.86
10.00
1.60
575.00
0.98

151.00

152.00

159.00

134.00

153.00

134.00

134.00

128.00

P

2002

2002
2001
2000
0.10
4.93
3.51
10.00
29.00
29.60
1.00
17.90
10.90
582.00 44100.00 50100.00
0.85
0.98
0.85
131.00

2006

2008

130.00

---

98.00

_

-

-

,= 15.00
15.00

2004

a

98

35.00

30.00
25.00
= 20.00

2000

130

2000
3.51E-15
2.96E-16
1.09E-15
5.01E-13
8.50E-10

Dave's Water Well (Background)
Thorium-230

2,00
.1.001998
•=0.00
E•

131

2009
0.11
0.00
1.71
1107.50
1.40

Dave's Water Well (Background)
U' ranium
5.00

128

2010
0.09
7.82
0.66
1104.75
0.75

1.OOE+09 Gamma (mrem/yr)

V4.00i

2002
2001
1.00E-16 4.93E-15
1.00E-16 2.90E-16
1.00E-16 1.79E-15
5.82E-15 4.41E-13
8.50E-10 9.75E-10

12

"
a.

-2.00

..

0,00 91998

.-

--

•

--2000

2002

Year

2004

2006

2008

2010

-2012

Year

Dave's Water Well (Background)
Radium-226

Dave's Water Well (Background) Lead210

20.00
ra50000.010
15.00

S40000.010

S10.00

30000.00
E 20000.00

5.00

10000.00
-E0-00
1998
-s-.5.00

2000

2002

2004

2006

2008

2010

2012

Year

z

1-----4'-•----0a.O
0.01
1998
2000
2002

2006

2008

2010

2012

Year

Dave's Water Well (Background)
Radon-222

Dave's Water Well (Background)
Gamma

3.50

160.00

+ 3.00
j2.50
2.00
E 1.50

-

140.00

- ---------

1998

___

10000

80:00

--

E 60.00
40 ,00

1.00
S0.50
--E0.00
a.

.4o4L-2004

20,00
0.00
2000

2002

2004

2006

2008

2010

2012

1998

Year
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Table 5-11 Radionuclides Air Monitoring Data 2000-2010 Smith Ranch Controlled Area-Fence Line (AS-2)

Fenceline (Controlled Area Boundary)
Uranium (tCi/ml)
Thorium-230 (pCi/mI) <
Radium-226 (luCi/ml) <
Lead-210 (pCi/ml)
Radon-222 (iiCi/ml)
Gamma (mrem/yr)
Normalization
1.00E+15
1.00E+17
1.00E+16
1.00E+17
1.00E+09
none

Uranium (iCi/ml)
Thorium-230 (pCi/ml)
Radium-226 (luCi/ml)
Lead-210 (pCi/ml)
Radon-222 (pCi/ml)
Gamma (mrem/yr)

2010
2009
2008
2.59E-15 5.37E-16 2.86E-16
4.1E-17
-1.5E-17 1.48E-17
5.02E-17 -6.6E-18 3.54E-16
3.34E-15 2.07E-15 -3.7E-15
SE-10
1.2E-09
6E-10
31
34
-10

2007
5.13E-17
0
-4.6E-17
-1.iE-15
-1.SE-09
23

2008
0.29
4.1
3.54
-374
0.6
-10

2007
0.05
0
-0.46
-112.5
-1.5
23

2010
2.59
-1.55
0.50
334.25
0.5
31

2009
0,54
1.48
-0.07
206.75
1.2
34

2006
2005
3.47E-16 5.13E-17
5E-18
0
-2.1E-17 -4.6E-17
-1E-1s -1.iE-15
3E-10 -1.5E-09
27
23
2006
0,35
0.5
-0.21
-100.5
0.3
27

2004
5.13E-17
0
-4.6E-17
-1.1E-15
-1.5E-09
23

2003
-1.6E-15
0
-6E-17
8.5E-16
2.2E-10
20

2002
2001
2000
8.2E-17 9,07E-15 2.12E-14
0 2.75E-16 6.79E-16
0 1.45E-15 6.08E-15
-4.3E-16 3.2E-14 -2.6E-14
4E-10 1.05E-10
4E-10
-3
18
28

2004
0.05
0
-0.46
-112.5
-1.5
23

2003
-1.63
0
-0.60
85
0.22
20

2002
0.08
0
0.00
-43
0.4
18

2005
0.05
0
-0.46
-112.5
-1.5
23

Fenceline Uranium

2001
9.07
27.5
14.50
3200
0.105
28

2000
21.19
67.9
60.80
-2600
0.4
-3

Fenceline Thorium-230

25.00

70.00

S20.00

;Z 60.00
50.00

" 15.00

-

E10.00

ooo

Z

40.00

aS

30.00
20.00
10.00

5.00
0.00

o.oo
1.99
2000

2002

2004

2006

2008

2010

---------

, -10.00

2012

2000

8

-20.00

Year

900
90

_...2012
.....
.2000. . .. =01f

00
Year

Fenceline Lead-210

Fenceline Radium-226
65.00

4000

5500

V 3000

k 45.00

2000
-

*S35.00

-

-

-

1000
0

_

',,,,

.

25.00
-1000

-15.00

-2000

5.00
-5.00
1998

-3000
2000

2002

2004

2006

2008

2010

1998

2012

2000

2002

2008

2010

2012

Year

Fenc eline Radon-222

Fenceline Gamma
40
35
30
25+
20

1.5

r

2006

2004

Year

0.5

-

_

-

_

_

*5 0
•

-10
85

-0.
-1.5

-2
1998

2000

20C2

2006

2004

2008

2010

2012

-5
-10
-15
1998

2000

Year

Cameco Resources Smith Ranch Project Technical Report - February 2012
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

2002

2004

2006

2008

2010

2012

Year

Tables
Page 62

Table 5-12 Radionuclides Air Monitoring Data 2000-2010 Vollman Ranch (AS-3)

Vollman (Nearest Downwind Residence)
2010
3.381-16

Uranium (pCi/ml)
Thorium-230 (VOCi/ml) <
Radium-226 (tuCi/ml) <
Lead-210 (pCi/mi)

2009
5+41-16

2008
2.81E-16

2007
3.57E-16

2006
1.38E-16

2005
3.57E-16

2004
3.57E-16

4E-17

0
-3.83E-17

0
-1.65E-17

0
-3.83E-17

0
-3.83E-17

0
-5.6E-17

0
1E-18

-8.8E-17
-1.69E-15

-1.55E-16
-9.9E-16

1.92E-15
1E-10

4.18E-16
-1.6E-09

4.18E-16
-1.6E-09

2.045E-14
-3E-11

7.4E-16
5.5E-10

-4.283E-13
7.25E-10

-4.921E-13
2.5E-10
33.4

9.11-18

6.05E-17

2.1E-17

-5.75E-17

4.5E-17

2003
1.034E-14

2002
1.38E-15

2001
-4.656E-15

Radon-222 (pCi/ml)

-3.43E-15
1E-09

3.22E-15
-3.5E-10

-5.86E-15
5E-11

4.18E-16
-1.6E-09

Gamma (mrem/yr)

7

5

10

-6

-12

-6

-6

-5

8

3

2010
0.34
0.91

2009
0.54

2008
0.28

2007
0.36

2006
0,14

2005
0.36

2004
0.36

2003
10.34

2002
1.38

2001
-4.66

6.05

4.00

0.00

0.00

0.00

0.00

0.00

0.00

-8.80

-0.57

0.45
-586.00

-0.38
41.75

-0.17
192+00

-0.38
41.75

-0.38
41.75

0.10

-1.60

-1.60

-0.56
2045.00
-0.03

0.01
74.00
0.55

-16.90
-42830.00
0.73

Normalization
1.OE+15
Uranium (lCi/mi)

2000
-6.2E-16

2000
-0.62

-15.50
-9.90

1.0OE+17

Thorium-230 (pCi/ml)

1.00E+16

Radium-226 (gCi/ml)

1.00E+17
1.OOE+09

Lead-210 (ptCi/ml)
Radon-222 (i.Ci/ml)

0.21
-343.25
1.00

0.05

-1.60

Gamma (mrem/yr)

7.00

5.00

10.00

-6.00

-12.00

-6.00

-6.00

-5.00

8.00

3.00

0.25
33.40

-3.4325

3.22

-5.86

0.4175

1.92

0.4175

0.4175

20.45

0.74

-428.3

-492.1

none

322.00
-0.35

Vollman Uranium

Vollman Thorium-230
10.00

12.00
mO1.O

E

-49210.00

5.00

8.00
-600

--......

0.00

4.00
E

O 2.00
-•0.00

-5.00

E
C---b--•
.....-----

-2.00
-4.00
-6.00 L
1998

- _10.00

-- = -

' -15.O
2000

2002

2004

2006

2008

-20.00
1998

2012

2010

2000

2002

2004

2006

2008

2010

2012

2010

2012

Year

Year

Vollman Radium-226

Vollman Lead-210

5.00

20000.00
+

0.00

10000.00

.

0.00
-10000.00

-5.00

E -20000.00

1 -10.00

---

t -15.00

1

I-30000.00

1-4

00

-50000.00
-60000.00

-20.0019W -

-2000-200-- 2004

1'000
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1-20S---2010 -3012
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40.00
35.00

-

-

11

30.00
25.00
20.00 r-------15.00

-

20.00

E 15100L

-

8 5.001 r---- ----•--•r--I----

53. 1--

2008

Vollman Gamma

Vollman Radon-222
40.00
30.00

2006

Year

Year

0.00
-5.00
-10.00

.

~

.

_

.
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.

-__

-15,00
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2000
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Year

Year

Vollman Uranium
1.05E-14 ",

5.00E-16

-

-9.50E-15
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..&

2000

2002

2004

2006

-'

2008

-4

2010

2012

Year
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Table 5-13 Net Rn-222 Concentrations at Monitoring Locations AS-2 and AS-3

Year

Average Net Rn-222
Concentration (lCi/mi)
AS-3 Vollman Ranch

Percent of Effluent
Concentration
Guideline
Gdi

Average Net Rn-222
Concentration (gCi/ml)
AS-2 Smith's Ranch
Down-Wind Fence Line
Boundary

Percent of
Effluent
Concentration
Guideline

1999*
2000
2001
2002
2003*

-4.00x10 01°
-2.25 x10-"0
-5.00 x1O"'1 1
-3.0 x10-"°
-1.5 x1O--I°

-4.0
-2.3
-0.50
-3.0
-1.5

-3.00 x10'10
3.75 xlO"'I
1.00 x10' 0°
3.0 xlO"'1
-5.0 x1O_"1

-3
3.75
1
3
-0.50

2004

-1.6 x10-9

-16

-1.5 x1O"'

-15

2005
2006
2007*
2008

3.0
1.5
3.0
5.0

3.0
1.5
3.0
5.0

2.5
4.5
4.0
3.5

2.5
4.5
4.0
3.5

x1O--1°
xlO"-'
x1O-'°
xl 0-1

9

xlO--1°
x1O"1°
x1O--1°
x10--1'

(%)

2009
* Data for 2007 for AS-2 based on second six-month period. All 1999 data based on last six-month period

Table 5-14 Net Lead-210 Concentrations at Monitoring Locations AS-2 and AS-3
Year

Average net Pb-210
Concentration (gCi/ml)
AS-3 Vollman Ranch

Percent of Effluent
Concentration
Concenin

Average Net PB-210
Concentration (gCi/ml) AS-2
Smith's Ranch Down-Wind

Percent of Effluent
Concentration
Concenin

Fenceline Boundary (gCi/ml)
-2.32 xlO14
-2.64 x1O-1'
-4.00 xlO-1s
-1.75 xlO-"i
3.10 xlO" 6

-3.80
-0.44
-0.70
-0.29
0.05

GuidelineGudln

1999
2000
2001
2002
2003*

(pCi/ml)
-4.69x10-14
-4.25x10-1
1.01x10- 13
2.63x10""
4.05x10-' 6

2004

4.18x10-"

0.07

-5.32 x10-

2005
2006

3.39x10-1
1.92x10"Is

0.56
0.32

1
-2.44 xlO
"
-1.01 x0l"i

-0.41
-0.17

2007

2.23x10-

0.37

-3.70 x1O-is

-0.62

2008
-4.39x10* 5S
-0.73
2009
3.22x10-1
0.54
2010
-3.43x10 "5
-0.57
2011*
2.00x10"'
0.33
* All 2003 data based on second six-month period.
* All 2011 data based on first six-month period.

1
-2.81 xlO
"
2.07 xlO"Is
3.34 x10O15
1.50 x10 1s

-0.47
0.34
0.56
0.25

15

-7.80
-0.71
16.8
0.04
0.07
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Table 5-15 Surface Water Monitoring Historical Review

Sample Location

Radionuclide

1"s' A Rtr

2001

2000
di

200

N Qtr

'i
~ 2001F~

~

N/A
N/A
N/A
N/A
N/A
N/A
N/A

V"
NO
/tr
Qtr
N/A
N/A
N/A
N/A
N/A
N/A
N/A

SWi

UR6
SW-1

N/A
N/A

N/A
N/A

N/A
N/A

SW-2

Ra-226
UN-t

N/A
N/A

N/A
N/A

N/A
N/A

Ra-226

Rat

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A
N/A

Uaat

N/A

N/A

N/A

N/A

UN-22
UN6

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

UNat

SW-4

N/A
N/A

N/A
N/A

N/A
N/A

a-226
UNat

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

SW-3

SW-4

Qtr

4N/Qtr
N/A
N/A

2" /sA
Qtr
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Qtr
N/A
N/A
N/A
N/A
N/A
N/A
N/A

2

Ra-226

N/A
N/A

N/A

N/A
N/A

N/A

RaRa-226

N/A

SW-5
SW-9

UNat

N/A

N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Ra-226

UNat

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Sage Creek Upstream

R~a22
UNit

Dry
Dry

Dry
Dry

Dry
Dry

Dry
Dry

Dry
Dry

Dry
Dry

Dry
Dry

Dry
Dry

Sage Creek Downstream

R~a-2
Ra-226

Dry
Dry

Dr
Dry

Dry
Dry

Treatment Plant Outfall

UNat

Dry

Dry

Dry

Dry
Dry
Dry

Dry
Dry
Dry

Dry
Dry
Dry

Dry
Dry
Dry

Dry
Dry
Dry

SW-3
SW-6
SW-7

Ra-226

N/A
N/A

Notes:
N/A-We're not monitored until operations commenced in 2004 upstream of this drainage.
unless otherwise stated.
N/Ci/m
All units in
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Table 5-15.1

Surface Water Sampling Locations and Sources
Identification

Impoundments

Historic SW Site

Upstream SW
Sampling Site

Downstream SW
_________NBSD3

Latitude

Longitude

Elevation

Water Source

NBI1

43.7719

-105.9433

5045.88

Stock Well

NBI2

43.7514

-105.9364

4948.11

Ephemeral Stream

NBI3

43.7614

-105.9347

5015.92

Ephemeral Stream

NBI4

43.7603

-105.9297

5018.28

Ephemeral Stream

NBI5

43.7578

-105.9647

4859.01

Ephemeral Stream

NBI6

43.7811

-105.9297

5161.78

Ephemeral Stream

NBI7

43.7675

-105.9147

5078.99

Ephemeral Stream

NBI8

43.7675

-105.9147

5072.68

Ephemeral Stream

NBI9

43.7792

-105.8978

5174.4

Ephemeral Stream

NBI10

43.7792

-105.8847

5182.28

Ephemeral Stream

NBI11

43.7739

-105.8939

5164.94

Ephemeral Stream

NBI12

43.7631

-105.9200

5032.47

Ephemeral Stream

NBI13

43.7656

-105.9344

4989.1

Ephemeral Stream

NBI14

43.7842

-105.9119

5099.49

Ephemeral Stream

NBI15

43.7764

-105.9008

5078.21

Ephemeral Stream

NBI16/SW1

43.7767

-105.9075

5099.49

Ephemeral Stream

NBI17

43.7856

-105.9189

5161.78

Ephemeral Stream

NBI18

43.7853

-105.9183

5131.82

Ephemeral Stream

NBSWS1

43.7636

-105.9356

4987.53

Ephemeral Stream

NBSWS2

43.7606

-105.9589

4847.18

Ephemeral Stream

NBSWS3

43.7658

-105.9450

4971.76

Ephemeral Stream

NBSU1

43.7847

-105.9219

5092.4

Ephemeral Stream

NBSU2

43.7875

-105.9272

5172.82

Ephemeral Stream

NBSU3
NBSU4

43.7864
43.7808

-105.9342
-105.9178

5241.42
5168.88

Ephemeral Stream
Ephemeral Stream

NBSUS

43.7828

-105.9386

5160.21

Ephemeral Stream

NBSU6

43.7794

-105.9447

5246.94

Ephemeral Stream

NBSD1/NBXS13

43.7761

-105.9147

5056.92

Ephemeral Stream

NBSD2

43.7761

-105.9178

5104.22

Ephemeral Stream

43.7756

-105.9197

5086.09

Report - April 2015
Ranch Project
Smith Ranch
Resources Smith
Cameco
Project Technical
Technical Reportn April 2015
Caleco Resources
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal
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Table 5-16

Domestic and Livestock Wells in Smith Ranch Groundwater Monitoring Program and
SEO Permit Numbers

Site

Twn N

Rng W

Sec

Qtr I

Qtr 2

GW-1

35

74

1

SE

NW

Source

Use

Groundwater

Livestock

Groundwater

Livestock

Groundwater

Livestock

Groundwater

Livestock

Groundwater

Livestock

Groundwater
Groundwater

Livestock
Domestic

Groundwater

Livestock

61086 (priority date 6/7/1982).

Groundwater
Groundwater
Groundwater
Groundwater

Livestock
Livestock
Livestock
Livestock

P5001.OP (priority date 8/4/1952)

Groundwater

Livestock

SEO Permit No.
164093 (priority date 1994) or 5008
(priority date 1966) are only permits in
section, both in SE/NE.

GW-2

36

74

35

NE

NW

GW-3

36

74

27

SE

NW

GW-4

36

74

23

SE

SW

GW-5

36

73

30

SE

NE

GW-6
GW-7

36

73

21

SW

SE

GW-8

36

73

23

SW

NW

No permit listed on E-permit in section
35, and no permits listed near this
location in section 26.
5005 (priority date 1954), permit says it's
in NE, SW.
111655 (priority date 1998), permit says
it's in 3674-26 NWNE and depth of 200 ft.
6984 (priority date 1932) SENE or 6989
(date of priority 1932) NENE. Both have
windmills.
6986 (priority date 1960) SWSE, windmill.
No longer sampled, sample GW-20 in
place.
P14375.OP (priority date 1938) SE/NW or
P14376.0P (priority date 1938) NW/NW,
both have windmills.

No stock permits in this section.
No stock permits in this section.

GW-9
GW-10
GW-11
GW-12

36
36
36
36

73
73
73
72

14
14
11
7

SE
SE
NE
SE

SE
NE
SE
SW

GW-13

35

74

9

NE

SE

GW-14
GW-15

35
35

74
74

10
15

SW
NW

NE
NW

165194 (priority date 1/12/2005).
P165195.0W (priority date 1/12/05)
permitted in SW/SW section 10.

Groundwater
Groundwater

Livestock
Livestock

GW-16

35

74

11

NE

NE

P70101.0W (priority date 5/9/1985)

Groundwater

Livestock

GW-17

35

74

8

SW

SE

P5000.OP (priority date 3/20/1938)

Groundwater

Livestock

GW-18

35

74

2

NW

SW

P154804.0W (priority date 11/04/2003)

Groundwater

Livestock

Not sampled anymore (windmill taken
down).
197447 and an enlargement permit
pending approval to add domestic and
stock uses.
P77858.0W (priority date 08/23/1988).
Not available on SEO Database. Not
currently monitored--developed for
monitoring MU-10 ext.
Not available on SEO Database.
P27911.0W (priority date 09/05/1974).
P160753.0W (priority date 07/12/2004).

Groundwater

Livestock

Groundwater

Livestock

Groundwater

Livestock

Groundwater

Livestock

Groundwater
Groundwater
Groundwater

Livestock
Livestock
Livestock

GW-19

GW-20

36

73

21

SE

SE

GW-21

36

73

17

NE

SW

GW-30

35

74

22

SW

NW

GW-31
GW-32
GW-33

36
36
36

74
73
73

24
19
21

SE
NE
NW

NW
NW
NE

windmill.

permitted in NE/NE section 11.
permitted in same qtr qtr.

permitted in SW/NW section 2.
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Table 5-17 Uranium Results for GW-5 Which Exceeded Effluent Concentration Limit

Site
GW-5
GW-5
GW-5

Qarter and
Yuarte
Year
3r /2003
4th / 2004

2

/_2005
_d

Unat Concentration
(n ocenr
(
-Ci/ml)

Effluent
Concentration Limit
(lCi/ml)

% Effluent
Concentration
Limit

5.9 x 107

3.0 x 10"7

197.7

3.0 x 10.
3.0 x 10-7

199.0
279.8

7

6.0 x 108.4 x 10.7
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Table 5-18 2 km Lifestock Wells in Groundwater Monitoring Program
Site

WR
Number
Se

I

Priority
Date

Company

Twn

Rng

Sec

Qtr-Qtr

Source

Flow
(CFS)

Smith Ranch, Highland, Reynolds Ranch

Mason #1

P17313.0P

09/21/1928

William H.Mason

037N

074W

35

SW1/4SE1/4

Water Well

3

Mason #3

P38165.0W

5/31/1977

William H. Mason

037N

074W

35

NE1/45W1/4

Water Well

5

Vollman #6
Fowler #1

P6988.OP
P16286.0P

12/31/1925
12/21/1946

William R.Vollman
Lee Fowler

036N
036N

073W
072W

27
9

NW1/4NE1/4
SE1/4SE1/4

Water Well
Water Well

5
8.5

Highland #3

P2493.0W

4/11/1969

Power Resources Inc.

036N

072W

20

NE1/4SE1/4

Water Well

150

Highland #6
North Butte
Red Barrell #1
CCI #2
Dobie Hill Well
#1
Brown #5
Cities Service
Brown (WS)
Beck Well

P2600.0W

5/29/1969

Power Resources Inc.

036N

072W

29

NE1/4NW1/4

Water Well

100

P63604.0W
P89253.0W
P114048.0W

04/06/1983
08/11/1992
02/18/1999

T-Chair Livestock Co.
T-Chair Land Co.
T-Chair Land Co.

044N
044N
044N

076W
075W
075W

25
17
29

SW1/4NW1/4
NW1/4SE1/4
SW1/4SE1/4

Water Well
Water Well
Water Well

10
8
25

P36013.0W
P48652.0W

01/17/1977
06/21/1979

Franklin Brown
N/A

044N
044N

075W
075W

30
31

SW1/4NE1/4
NW1/4NW1/4

Water Well
Water Well

45
25

044N

075W

19

Water Well

N/A

Spring

5

No permit
exists

Brown #1

P15068.OP

SE1/4SW1/4
I

12/31/1955

N/A

044N

076W

13

I

NW1/4NW1/4
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Table 5-19 Mean U-Nat and Radium-226 Concentrations in Soil at the Satellite No. 1 Irrigation Area for the Period 2000-2010
0-6 Inches
YerU-Nat

Background

6-12 Inches
Background
pCi/g
pCi/g

Ra-226

U-Nat

Ra-226

Irrigator

Irrigator
pCi/g
pCig

Background
pCi/g
mg/kg

Irrigator
pCi/g
mg/kg

Background
pCi/g
pCi/g

pCi/g

tIrrigaor
pCi/g

PCi/g

mgkg

pCi/g

mg/kg

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

1.61E-06
1.69E-06
6.89E-07
1.10E-06
7.OOE-07
4.00E-06
9.40E-07
9.80E-07
1.70E-06
1.37E-06
1.49E-06

2.4
2.5
1.0
1.6
1.0
5.9
1.4
1.4
2.5
2.0
2.2

2.70E-06
5.59E-06
4.13E-06
6.03E-06
9.07E-06
6.72E-06
9.76E-06
1.29E-05
7.30E-06
1.20E-05
1.19E-05

4.0
8.3
6.1
8.9
13.4
9.9
14.4
19.1
10.8
17.7
17.6

1.90E-06
1.40E-06
9.35E-07
1.10E-06
1.OOE-06
1.00E-06
4.OOE-06
3.30E-06
3.80E-06
1.10E-06
1.80E-06

1.9
1.4
0.9
1.1
1.0
1.0
4.0
3.3
3.8
1.1
1.8

1.10E-06
1.09E-06
1.08E-06
1.09E-06
1.11E-06
1.36E-06
3.48E-06
3.41E-06
4.50E-06
1.30E-06
1.47E-06

1.6
1.6
1.6
1.6
1.6
2.0
5.1
5.0
6.6
1.9
2.2

1.03E-06
1.49E-06
5.82E-07
6.OOE-06
7.002-07
7.OOE-07
7.30E-07
1.12E-06
1.30E-06
1.02E-06
1.56E-06

1.5
2.2
0.9
8.9
1.0
1.0
1.1
1.7
1.9
1.5
2.3

9.40E-07
1.10E-06
9.06E-07
3.68E-06
1.35KE-06
1.81E-06
2.21E-06
4.80E-06
3.60E-06
2.20E-06
2.54E-06

1.4
1.6
1.3
5.4
2.0
2.7
3.3
7.1
5.3
3.2
3.8

1.23E-06
1.30E-06
1.18E-06
1.00E-06
1.002-06
9.OOE-07
3.40E-06
2.30E-06
4.80E-06
1.40E-06
1.30E-06

1.2
1.3
1.2
1.0
1.0
0.9
3.4
2.3
4.8
1.4
1.3

1.10E-06
1.22E-06
1.13E-06
1.18E-06
1.21E-06
1.64E-06
3.42E-06
3.22E-06
4.50E-06
1.40E-06
1.51E-06

1.1
1.2
1.1
1.2
1.2
1.6
3.4
3.2
4.5
1.4
1.5

Min =
Max =
Mean =

6.89E-07
4.OOE-06
1.48E-06

1.0
5.9
2.2

2.70E-06
1.29E-05
8.01E-06

4.0
19.1
11.8

9.35E-07
4.OOE-06
1.94E-06

0.9
4.0
1.9

1.08E-06
4.50E-06
1.91E-06

1.6
6.6
2.8

S.82E-07
6.OOE-06
1.48E-06

0.9
8.9
2.2

9.06E-07
4.80E-06
2.29E-06

1.3
7.1
3.4

9.OOE-07
4.80E-06
1.80E-06

0.9
4.8
1.8

1.10E-06
4.50E-06
1.96E-06

1.1
4.5
2.0

Table 5-20 Mean U-Nat and Radium-226 Concentrations in Soil at the Satellite No. 2 Irrigation Area for the Period 2000-2010
0-6 Inches

Ya______

Background

U-Nat

6-12 Inches

__________

Irrigator

Background

U-Nat

Ra-226
Irrigator
IJCi/g
pCi/g

Background
mgkg
jCig

Ra-226

_____

Irrigator
pCi/g
mg/kg

Background
pCi/g
pCig

____

Irrigator
JCi/g
pCi/g

jCi/g

mg/kg

pCi/g

pCi/g

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

1.52E-06
9.48E-07
8.00E-07
1.10E-06
1.40E-06
1.00E-06
1.59E-06
2.10E-06
2.302-06
7.72E-06

2.2
1.4
1.2
1.6
2.1
1.5
2.3
3.1
3.4
11.4

2.67E-06
5.66E-06
3.57E-06
7.14E-06
4.50E-06
2.75E-06
7.01E-06
1.29E-05
8.50E-06
6.70E-06

3.9
8.4
5.3
10.5
6.6
4.1
10.4
19.1
12.6
9.9

1.20E-06
1.20E-06
1.10E-06
9.30E-07
1.00E-06
9.00E-07
1.80E-06
2.20E-06
5.50E-06
1.30E-06

1.5
0.9
0.8
1.1
1.4
1.0
1.6
2.1
2.3
7.7

1.10E-06
1.20E-06
1.31E-06
1.13E-06
1.00E-06
1.38E-06
2.27E-06
3.13E-06
5.40E-06
1.30E-06

1.6
1.8
1.9
1.7
1.5
2.0
3.4
4.6
8.0
1.9

1.09E-06
8.12E-07
7.03E-07
1.20E-06
1.50E-06
8.00E-07
1.25E-06
2.50E-06
2.90E-06
1.07E-06

1.6
1.2
1.0
1.8
2.2
1.2
1.8
3.7
4.3
1.6

8.85E-07
1.22E-06
1.44E-06
1.31E-06
1.80E-06
1.29E-06
1.89E-06
3.40E-06
2.90E-06
4.50E-06

1.3
1.8
2.1
1.9
2.7
1.9
2.8
5.0
4.3
6.6

1.16E-06
1.20E-06
1.48E-06
1.20E-06
1.00E-06
1.00E-06
1.20E-06
2.40E-06
5.10E-06
1.20E-06

1.1
0.8
0.7
1.2
1.5
0.8
1.3
2.5
2.9
1.1

1.10E-06
1.34E-06
1.37E-06
1.18E-06
1.10E-06
1.50E-06
1.86E-06
3.11E-06
3.70E-06
1.40E-06

0.9
1.2
1.4
1.3
1.8
1.3
1.9
3.4
2.9
4.5

2010

1.35E-06

2.0

3.93E-06

5.8

6.00E-07

1.4

1.38E-06

2.0

1.69E-06

2.5

2.36E-06

3.5

1.00E-06

1.7

1.41E-06

2.4

Min =
Max=
Mean =

8.00E-07
7.72E-06
1.98E-06

1.2
11.4
2.9

2.67E-06
1.29E-05
5.94E-06

3.9
19.1
8.8

6.00E-07
5.50E-06
1.61E-06

0.8
7.7
2.0

1.00E-06
5.40E-06
1.87E-06

1.5
8.0
2.8

7.03E-07
2.90E-06
1.41E-06

1.0
4.3
2.1

8.85E-07
4.50_-06
2.09E-06

1.3
6.6
3.1

1.00E-06
5.10E-06
1.63E-06

0.7
2.9
1.4

1.10E-06
3.70E-06
1.73E-06

0.9
4.5
2.1

IJCi/g

gkg
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Table 5-21 Mean U-Nat and Radium-226 Concentrations in Vegetation at the Satellite No. 1 Irrigation Area for the
Period 2000-2010
U-Nat
Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
Min =
Max =
Mean =

Background
rmCi/kg
2.54E-04
1.76E-03
8.59E-05
<1.OOE-5
5.00E-05
1.00E-02
5.40E-04
6.75E-05
5.30E-05
5.OOE-05
9.OOE-04
<1.00E-5
1.00E-02
1.38E-03

Ra-226
Irrigator

mg/kg
0.38
2.60
0.13
<0.01
0.07
14.77
0.80
0.10
0.08
0.07
1.33
<0.01
14.77
2.03

mCi/kg
1.20E-02
1.32E-02
2.28E-03
2.82E-03
1.75E-02
8.15E-03
6.20E-04
7.08E-05
1.50E-04
1.70E-03
5.20E-03
7.08E-05
1.75E-02
5.79E-03

mg/kg
17.73
19.50
3.37
4.17
25.85
12.04
0.92
0.10
0.22
2.51
7.68
0.10
25.85
8.55

Background
mCi/kg
6.10E-05
4.30E-05
5.90E-05
8.20E-06
2.41E-05
2.20E-04
1.70E-04
1.10E-04
8.OOE-05
1.90E-04
1.30E-04
8.20E-06
2.20E-04
9.96E-05

Irrigator
mCi/kg
8.38E-05
5.48E-05
4.88E-05
4.80E-05
8.95E-05
1.48E-04
7.50E-05
2.70E-05
5.60E-05
1.60E-04
2.40E-04
2.70E-05
2.40E-04
9.37E-05

Table 5-22 Mean U-Nat and Radium-226 Concentrations in Vegetation at the Satellite No. 2 Irrigation Area for the
Period 2000-2010
U-Nat
Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
Min =
Max =
Mean =

Background
mCi/kg
2.30E-03
2.03E-04
2.37E-04
9.40E-05
5.00E-04
3.10E-04
4.90E-04
<1.10E-6
3.80E-04
8.50E-04
5.OOE-04
<1.10E-6
2.30E-03
5.86E-04

Irrigator
mg/kg
3.40
0.30
0.35
0.14
0.74
0.46
0.72
<0.002
0.56
1.26
0.74
<0.002
3.40
0.87

mCi/kg
9.61E-03
9.15E-03
4.50E-03
1.24E-02
2.50E-02
6.20E-03
2.87E-02
3.60E-03
5.50E-03
2.80E-02
1.20E-02
3.60E-03
2.87E-02
1.32E-02

mg/kg
14.19
13.52
6.65
18.32
36.93
9.16
42.39
5.32
8.12
41.36
17.73
5.32
42.39
19.43
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Ra-226
Background
Irrigator
mCi/kg
mCi/kg
1.10E-05
1.40E-05
8.20E-06
1.37E-05
6.OOE-05
2.35E-05
1.30E-05
1.53E-05
4.40E-06
2.07E-05
1.50E-04
5.98E-05
2.50E-04
3.94E-04
7.25E-05
6.05E-05
2.30E-05
6.OOE-05
7.20E-05
8.90E-04
1.60E-04
5.70E-05
4.40E-06
1.37E-05
2.50E-04
8.90E-04
7.49E-05
1.46E-04
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Table 5-23 Radium-226 Concentrations from the Radium Treatment Systems at Satellite Nos. 1, 2, and 3 and Selenium
Treatment Plant for the Period 2000 through 2010
Satellite No. 1
Ra-226
(pim)
(lRCi/ml)

Date

11-Jan-00
1-Feb-00
2-Mar-00
N/A
N/A
2-Jun-00
5-Jul-00
2-Aug-00
5-Sep-00
9-Oct-00
9-Nov-00
7-Dec-00
4-Jan-01
12-Feb-01
5-Mar-01
9-Apr-01
7-May-01
5-Jun-01
1-Jul-01
7-Aug-01
7-Aug-01
11-Oct-01
8-Nov-01
18-Dec-01
15-Jan-02
25-Feb-02
12-Mar-02
11-Apr-02
29-May-02
10-Jun-02
18-Jul-02
5-Aug-02
4-Sep-02
7-Oct-02
4-Nov-02
2-Dec-02
6-Jan-03
3-Feb-03
3-Mar-03
7-Apr-03
5-May-03
2-Jun-03
7-Jul-03
5-Aug-03
2-Sep-03
6-Oct-03
3-Nov-03
1-Dec-03
8-Jan-04
2-Feb-04

1.70E-09
1.15E-08
2.OOE-09

1.18E-08
4.50E-09
4.OOE-09
3.51E-08
7.OOE-09
1.41E-07
5.10E-09
1.40E-09
1.38E-08
2.50E-09
2.30E-09
2.26E-08
4.OOE-09
2.60E-09
3.OOE-09
1.90E-09
2.30E-09
2.70E-09
1.25E-08
6.50E-09
2.50E-09
3.50E-09
2.90E-09
7.90E-09
1.06E-08
3.OOE-09
3.40E-09
8.20E-09
2.30E-09
2.10E-09
1.94E-08
8.19E-08
5.OOE-09
8.80E-09
4.20E-09
9.10E-09
1.70E-09
2.90E-09
5.50E-09
6.60E-09
2.55E-08
1.30E-09
3.10E-09
2.75E-08
4.82E-07

Satellite No. 2
Ra-226
(pim)
(Vi/ml)

Date

6-Jan-00
7-Feb-00
14-Mar-00
4-Apr-00
10-May-00
5-Jun-00
12-Jul-00
7-Aug-00
7-Sep-00
2-Oct-00
8-Nov-00
14-Dec-00
8-Jan-01
12-Feb-01
15-Mar-01
2-Apr-01
9-May-01
6-Jun-01
2-Jul-07
3-Aug-01
4-Sep-01
12-Oct-01
1-Nov-01
4-Dec-01
8-Jan-02
6-Feb-02
7-Mar-02
5-Apr-02
3-May-02
3-Jun-02
8-Jul-02
5-Aug-02
4-Sep-02
10-Oct-02
5-Nov-02
5-Dec-02
6-Jan-03
10-Feb-03
7-Mar-03
2-Apr-03
5-May-03
4-Jun-03
24-Jul-03
5-Aug-03
10-Sep-03
2-Oct-03
5-Nov-03
1-Dec-03
1-Jan-04
2-Feb-04

2.10E-09
1.90E-09
2.50E-09
2.77E-08
4.10E-09
1.70E-08
2.10E-08
5.40E-09
1.69E-08
4.OOE-09
1.64E-08
1.50E-09
1.25E-08
2.OOE-08
7.40E-09
1.31E-08
1.10E-07
2.40E-09
3.OOE-09
3.20E-09
2.20E-09
1.70E-09
3.30E-09
2.50E-09
2.40E-09
1.10E-09
1.20E-09
3.OOE-09
7.OOE-10
2.90E-09
2.80E-09
1.50E-09
2.48E-08
1.44E-08
3.OOE-10
2.20E-09
9.OOE-10
9.OOE-10
1.30E-09
9.OOE-10
1.O0E-09
9.OOE-10
1.20E-09
1.60E-09
2.50E-09
5.OOE-10
9.OOE-10
9.OOE-10
5.OOE-10
1.80E-09

Satellite No. 3
Ra-226
(pim)
(lRCi/ml)

Date

6-Jan-00
7-Feb-00
14-Mar-00
4-Apr-00
9-May-00
29-Jun-00
12-Jul-00
7-Aug-00
7-Sep-00
2-Oct-00
15-Nov-00
15-Dec-00
8-Jan-01
12-Feb-01
14-Mar-01
6-Apr-01
24-May-01
25-Jun-01
2-Jul-01
3-Aug-01
12-Sep-01
12-Oct-01
1-Nov-01
4-Dec-01
8-Jan-02
6-Feb-02
7-Mar-02
5-Apr-02
3-May-02
3-Jun-02
8-Jul-02
5-Aug-02
4-Sep-02
10-Oct-02
5-Nov-02
5-Dec-02
6-Jan-03
10-Feb-03
7-Mar-03
2-Apr-03
5-May-03
4-Jun-03
24-Jul-03
7-Aug-03
10-Sep-03
2-Oct-03
5-Nov-03
1-Dec-03
1-Jan-04
2-Feb-04
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Se Treatment Plant
Ra-226
(~~~l
(hCi/ml)

Date

7.70E-09
5.90E-09
3.80E-08
1.30E-08
3.60E-09
4.70E-09
4.28E-08
1.10E-09
5.29E-07
8.50E-09
1.03E-08
1.07E-08
4.97E-08
2.25E-07
2.26E-07
1.41E-07
5.85E-08
2.46E-08
6.91E-08
9.40E-08
1.50E-09
ND
1.50E-08
6.OOE-09
2.39E-08
3.OOE-10
2.33E-08
7.04E-08
1.85E-08
1.16E-08
1.50E-09
2.60E-09
1.30E-09
4.60E-09
5.20E-09
5.90E-09
7.50E-09
1.10E-09
1.OOE-09
1.90E-09
1.80E-09
6.OOE-10
1.82E-08
2.70E-09
3.08E-08
1.79E-08
1.40E-09
3.30E-09
7.OOE-10
1.50E-09
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Table 5-23 Radium-226 Concentrations from the Radium Treatment Systems at Satellite Nos. 1, 2, and 3 and Selenium
Treatment Plant for the Period 2000 through 2010
Satellite No. 1
Ra-226
(c/)
(vCi/ml)

Date

4-Mar-04
5-Apr-04
13-May-04
14-Jun-04

1.37E-07
5.43E-08
5.66E-08
2.66E-08

Satellite No. 2
Ra-226
(c/)
(lPCi/ml)

Date

Satellite No. 3
Ra-226
(C/)
(R.Ci/ml)

Date

4-Mar-04
5-Apr-04
13-May-04
14-Jun-04
12-Jul-04
9-Aug-04
2-Sep-04
7-Oct-04
16-Nov-04
13-Dec-04
14-Jan-05
15-Feb-05
16-Mar-05
11-Apr-05
10-May-05

1.90E-09
5.OOE-10
1.60E-09
5.90E-09
9.OOE-10
7.40E-09
2.80E-09
2.20E-09
7.50E-09
1.50E-09
3.20E-09
2.20E-09
2.60E-09
2.OOE-09
1.30E-09

4-Mar-04
5-Apr-04
13-May-04
14-Jun-04
12-Jul-04
9-Aug-04
9-Aug-04
7-Oct-04
16-Nov-04
13-Dec-04
14-Jan-05
15-Feb-05
16-Mar-05
11-Apr-05
10-May-05

1.40E-09
5.57E-08
6.58E-08
7.10E-09
1.86E-08
2.40E-08
7.97E-08
5.64E-08
2.OOE-09
3.OOE-09
9.70E-09
1.32E-08
1.40E-09
1.66E-08
1.10E-08

17-Jun-05
11-Jul-05
4-Aug-05
13-Sep-05
17-Oct-05
8-Nov-05
5-Dec-05
3-Jan-06
2-Feb-06
1-Mar-06
10-Apr-06
11-May-06
27-Jun-06
14-Jul-06
15-Aug-06
15-Sep-06
17-Oct-06
13-Nov-06
15-Dec-06
12-Jan-07
20-Feb-07
14-Mar-07

2.OOE-09
4.90E-09
3.50E-09
1.40E-09
2.50E-09
1.40E-09
3.50E-09
1.80E-09
1.56E-08
1.28E-08
5.80E-09
2.90E-09
3.79E-09
7.70E-09
1.90E-09
3.OOE-09
1.90E-09
4.20E-09
2.30E-09
3.70E-09
5.10E-09
2.20E-09

17-Jun-05
11-Jul-05
4-Aug-05
13-Sep-05
17-Oct-05
8-Nov-05
5-Dec-05
3-Jan-06
6-Feb-06
1-Mar-06
10-Apr-06
11-May-06
27-Jun-06
14-Jul-06
15-Aug-06
15-Sep-06
17-Oct-06
13-Nov-06
15-Dec-06
12-Jan-07
20-Feb-07
14-Mar-07

9.OOE-10
1.50E-09
2.90E-09
7.60E-09
1.79E-08
2.70E-09
1.19E-08
1.40E-09
4.90E-09
8.OOE-10
4.OOE-10
9.OOE-10
5.80E-09
1.O0E-09
5.50E-09
5.11E-10
1.31E-08
9.40E-09
3.99E-08
1.80E-09
1.10E-09
1.34E-08

11-Apr-07
11-May-07
7-Jun-07
23-Jul-07
10-Aug-07
18-Sep-07
12-Oct-07
15-Nov-07
18-Dec-07
25-Jan-08
14-Feb-08
19-Mar-08
15-Appr-08

4.90E-09
5.70E-09
2.80E-09
1.60E-09
3.10E-09
5.60E-09
1.30E-09
2.50E-09
5.70E-09
4.90E-09
3.40E-09
5.20E-09
2.70E-09

11-Apr-07
11-May-07
7-Jun-07
23-Jul-07
10-Aug--07
18-Se[-07
12-Oct-07
15-Nov-07
18-Dec-07
25-Jan-08
14-Feb-08
19-Mar-08
15-Apr-08

9.OOE-10
9.OOE-10
6.80E-09
1.70E-09
2.30E-09
8.OOE-10
9.OOE-09
3.40E-09
1.71E-08
6.OOE-10
4.10E-09
2.OOE-10
8.OOE-10
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Se Treatment Plant
Ra-226
(C/l
(lvCi/ml)

Date
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Table 5-23 Radium-226 Concentrations from the Radium Treatment Systems at Satellite Nos. 1, 2, and 3 and Selenium
Treatment Plant for the Period 2000 through 2010
Satellite No. 1
Ra-226
(pim)
(R.Ci/ml)

Date

Satellite No. 2
Ra-226
(pim)
(VCi/ml)

Date

15-May-08
10-Jun-08
1-Jul-08

1-Aug-08
1-Sep-08
1-Oct-08
1-Nov-08
1-Dec-08
1-Jan-09
1-Feb-09
1-Mar-09
1-Apr-09

1-May-09
1-Jun-09
1-Jul-09
1-Aug-09
1-Sep-09
1-Oct-09
1-Nov-09
1-Dec-09
1-Jan-10
1-Feb-10
1-Mar-10
1-Apr-10

1-May-10
1-Jun-10

2.OOE-09
3.40E-09
1.90E-09
4.30E-09
7.50E-10
1.20E-09
2.20E-09
1.50E-08
7.50E-09
3.20E-09
1.80E-08
9.50E-10
2.50E-09
6.OOE-08
3.40E-09
5.OOE-09
3.90E-09
2.70E-09
7.70E-10
1.20E-09
1.10E-09
3.80E-09
1.50E-09
1.50E-09
1.10E-08
2.10E-10

Satellite No. 3
Ra-226
(pim)
(lvCi/ml)

Date

15-May-08
10-Jun-08
1-Jul-08
1-Aug-08
1-Sep-08
1-Oct-08
1-Nov-08
1-Dec-08
1-Jan-09
1-Feb-09
1-Mar-09
1-Apr--09

1-May-09
1-Jun-09
1-Jul-09
1-Aug-09
1-Sep-09
1-Oct-09
1-Nov-09

1-Dec-09
1-Jan-10
1-Feb-10
1-Mar-10
1-Apr-10
1-May-10
1-Jun-10

Se Treatment Plant
Ra-226
(~/I
(VCi/ml)

Date

2.OOE-10
1.50E-09
4.70E-10
3.40E-10
3.OOE-11
6.80E-10
2.60E-08
9.80E-10
3.30E-09
3.20E-08
8.50E-09
4.80E-09
3.20E-08
3.40E-09
3.40E-09
2.70E-08
6.OOE-09
2.90E-10
ND
3.30E-09
6.50E-08
1.50E-09
4.80E-08
1.80E-09
2.30E-08
4.60E-08

1-Jul-10
1-Aug-10
1-Sep-10
1-Oct-10
1-Nov-10
1-Dec-10
1-Jan-11
1-Feb-11
1-Mar-11
1-Apr-11

1-May-li
1-Jun-11
Min=
Max =

1.30-09
4.82E-07

Min =
Max =

2.10E-10
1.10E-07

Min =
Max =

0.OOE+00
5.29E-07

Min =
Max =

Mean =
2.51E-08
ND - Not detectable.

Mean =

5.72E-09

Mean =

2.20E-08

Mean =

February 2012
Cameco
Cameco Resources
Resources Smith
Smith Ranch
Ranch Project
Project Technical
Technical Report
Report - February 2012
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

2.40E-10
5.60E-10
3.40E-10
1.30E-08
5.70E-10
8.60E-09
1.60E-09
1.10E-08
5.50E-09
7.20E-09
2.40E-09
1.40E-09
2.40E-10
1.30E-08
4.37E-09
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Table 5-24 Effluent Monitoring for Irrigation Area No. 1
Minimum

Maximum

Average

(mg/L)

(mg/L)

(mg/I)

I

__I

__J

Estimate

Weighted
Average

(mg/L

Average

Total
IPermit
(Ibs)

)_

__j(mg/I)

_

Total

Estimate

(lbs/acre)

(lbs/acre)

ermit

370.76

557.2

Estimate
67

4,210
1,274
2,386

6,355
247
7,333

66
516
33

_

Volume of Irrigation (acre-feet)

Percent

_

Major Ions
Calcium
Magnesium
Sodium

136
47.8
82.2

339
86.7
198

Potassium

14.7

22.2

19

19

--

19,155

355

--

Bicarbonate
Sulfate
Chloride

43
213
325

355
617
729

186
267
540

167
259
540

633
162
316

168,551
260,861
544,262

3,121
4,831
10,079

17,745
4,547
8,866

18
106
114

TDS @ 180 C

1000

2200

1536

1540

1491

1,552,003

28,741

41,800

69

Cond (iým hos)
pH
SAR
Trace Metals
Arsenic
Barium
Boron

1910
7.64
1.13

3040

2503

9.4
2.83

8.02
1.90

...........
........

<0.001
<0.1
<0.1

0.02
0.8
0.2

0.01
0.25
0.11

............
............
--

--

--

-

--

--

0.068

0.917

0.550

0.567

0.263

571

11

7.37

144

0.0063
1.00

0.665
17.3

0.20
4.3

0.18
4.2

2.05
30

184
1.94E+09

3
3.59E+07

57.4
3.83E+08

6
9

Total
(lbs/acre)

Estimate
(lbs/acre)

1421.03

1570

91
115
115
52
27
53
108
68

235
70
129

226
68
128

227
8.8
262

227,325
68,777
128,822

--

Non-Metals

Selenium
Radionuclides
Uranium
Radium-226

....

--

--..

---

Table 5-25 Effluent Monitoring for Irrigation Area No. 2

F1Weighted F1TPercent
Minimum
_(mgI)

Average
Maximum
[(mg)
(g/)
(m/L(mg/I)
mgL)

Aerge
(Average
(mg/L)

Estimate
(mg/L)

Total
(Ibs)

Volume of Irrigation (acre-feet)
Major Ions
Calcium
Magnesium
Sodium
Potassium
Bicarbonate
Sulfate
Chloride
Non-Metals
TDS @ 180 C
pH
SAR
Trace Metals
Arsenic
Barium
Boron
Selenium
Radionuclides
Uranium
Radium-226

Permit
Permit
Estimate

211
71.2
71
18.8
47
268
0.2

452
136
130
34
237
944
618

298
104
92
25
148
707
382

296
105
93
25
133
713
384

233
83
160
84
229
598
508

1,145,228
405,878
357,984
98,043
515,321
2,755,016
1,484,592

9,873
3,499
3,086
845
4,442
23,750
12,798

8,574
3,054
5,888
3,091
8,427
22,005
18,693

1560
8
0.43

2830
8.25
3.67

1983
8
1.33

1979
8
1

1850
7.4
1.4

7,646,369
NA
NA

65,917
NA
NA

68,075
NA
NA

97
NA
NA

<0.001
<0.10
<0.10
0.009

0.044
<0.10
0.3
1.53

0.007
<0.10
0.14
0.543

0.006
<0.1
0.14
0.473

<0.001
<0.1
0.1
1.1

22
NA
531
1,828

0.2
NA
4.6
15.8

NA
NA
3.7
40

NA
NA
124
39

3.399E-07
<0.2

1.110
2100.0

0.500
45.0

0.522
51.1

2.0
3.3

2,015
8.96E+10

17.4
7.73E+08

74
5.51E+07
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Table 5-26 Satellite No. 1 Land Application Facility (Irrigator No. 1) Annual Soil Water Data

Sample Date
Laboratory
Rep. Limit

6/24/1999

I

Sample Site
NWV4,
NE'A, SW/4, SE% Lysimeter Composite
2'
4'
2000-2002* I 6118/2003 20000412010'
6/24/1999
2000-2002* I 6/18/2003

6'

I 2004-2010'

6/24/1999

I

6/21/2000

I

6/8/2001

I

6/2/2002 I 6/18/2003 I 2004-2010"

Major Ions (mg/L)

Bicarbonate

I

1.01

Sulfate
Chloride
Non-Metals
Cond Vmho/cm)
pH (standard units)
Trace Metals (mg/L)
Boron
Selenium
Radiometric
U-nat (mg/L)
Ra-226 (pCi/L)
Ra Err. Est. +/U-nat (pCi/mL)

1.0
1.0

2.03E-10

Ra-226 (VCVmL)

2.OOE-10

1.71.01
365.0
816.0

2041

381!

3091

458
685

476
751

585
919

1120
1150

5971

1050
1540

4921

1340
NA

4521

1120
408

4091

3821
950
2130

1.0
0.010

3690.0
8.000

3000
8.22

3830
8.13

3930
8.21

6180
8.01

7740
7.91

8230
7.80

7670
7.99

7630
7.46

0.10
0.001

0.15
0.081

0.16
0.331

0.21
0.032

0.19
0.542

0.45
0.031

0.41
0.214

0.33
0.236

0.43
0.471

0.36
0.462

8.80E-09

2.84E-08

0.217
0.7
0.2
1.47E-07

0.150

0.7
0.2
2.71E-08

1.37E-07

1.27E-07

1.4
0.2
1.02E-07

2.10E-08

7E-10

1.OOE-08

7E-10

8.OOE-09

1.7E-09

1.4E-09

0.223
1.3
0.2
1.51E07
1.3E-09

1.8E-09

2E-10

7.00E-10

2E-10

6.00E-10

2E-10

2E-10

0.117
1.8
0.2
7.92E08
1.8E09
2E-10

0.0401

0.0003
0.2

Ra Err. Est. +/Note: Insufficient water for sampling.
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Table 6-1 Smith Ranch Restoration Target Values
MU_4I4A

MU_1
MAO
OS
Calcium
Magnesium
Sodium
Potassium
Carbonate
Bicarbonate
Sulfate
Chloride
Ammonium
Nitrite & Nitrate
Fluoride
Silica
Dissolved Solids @ 180 C
Conductivity
Alkalinity as CaCO3
pH
TRACE METALS
Aluminum
Arsenic
Barium
Boron
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Vanadium
Zinc
RADIOMETRIC

MUD

MUC

Mean

Reclamation
Target Value

Mean

Standard
Deviation

Reclamation
Target Value

MUE

Mean

Standard
Deviation

Reclamation
Target Value

Mean

Standard
Deviation

Reclamation
Target Value

(mg/I):

MeaI

(Ca)
(Mg)
(Na)
(K)
(C03)
(HCO3)
(S04)
(CI)
(NH4)
(N02) (N03)
(F)
(Si02)
(TDS)
(uMhos/cm)
(Alk)

72.2
17.3
24.6
7.4
0.01
231
114
4.4
0.05
0.1
0.32
17.0
334
578
188
7.4

3.85
1.13
8.93
0.72
0.03
17.4
4.58
1.3
0.02
0.2
0.036
0.849
60.5
30.4
13.3
0.18

79.9
19.6
42.5
8.8
0.1
266
123
7.0
0.1
0.5
0.39
18.7
455
639
215
7.0-7.8

38.2
11.0
16.4
5.5
0.7
127
107
3.7
0.07
0.07
0.38
10.8
329
499
158
7.6

26.7
7.16
11.1
3.2
0.2
92.2
15.7
1.0
0.04
0.02
0.20
7.02
32.3
26.4
6.38
0.14

91.6
25.3
38.6
12
1
311
138
5.7
0.2
0.1
0.78
24.8
394
552
171
7.3-7.9

81.6
15.8
45.8
14
0.08
201
208
5.0
0.1
0.2
0.22
17.5
486
721
165
7.8

7.81
1.98
5.31
6.0
0.5
32.6
28.3
2.5
0.03
0.01
0.084
1.37
35.9
42.3
27.3
0.36

97.2
19.8
56.4
26
1
266
265
10
0.2
0.2
0.39
20.2
558
806
220
7.1-8.5

90.3
19.2
39.5
11
0.01
197
230
2.8
0.1
0.01
0.20
20.2
501
792
161
7.9

4.82
1.90
2.59
3.7
0.004
4.97
11.5
0.65
0.02
0.005
0.032
3.01
20.0
31.5
5.83
0.17

100
23.0
44.7
18
0.02
207
253
4.1
0.1
0.02
0.26
26.2
541
855
173
7.6-8.2

95.1
20.5
38.6
10
0.02
195
245
3.6
0.1
0.02
0.19
17.4
521
803
161
8.0

7.17
1.83
2.18
2.7
0.01
10.2
23.9
1.2
0.03
0.02
0.046
1.57
33.3
46.4
8.28
0.16

109
24.2
43.0
15
0.04
215
293
6.0
0.2
0.1
0.28
20.5
588
896
178
7.7-8.3

N/A
0.002
N/A
<0.1
<0.01
<0.05
N/A
0.09
N/A
0.02
N/A
<0.1
N/A
0.001
<0.1
0.01

N/A
0.002
N/A
0
0
0
N/A
0.1
N/A
0.01
N/A
0
N/A
0.001
0
0.003

N/A
0.006
N/A
<0.1
<0.1
<0.05
N/A
0.3
N/A
0.04
N/A
<0.1
N/A
0.003
<0.1
0.02

N/A
0.002
N/A
0.07
0.003
0.03
N/A
0.04
N/A
0.01
N/A
0.04
N/A
0.001
0.07
0.007

N/A
0.001
N/A
0.02
0.001
0.01
N/A
0.03
N/A
0.01
N/A
0.02
N/A
0.0001
0.02
0.002

N/A
0.004
N/A
0.1
0.005
0.05
N/A
0.1
N/A
0.03
N/A
0.08
N/A
0.001
0.1
0.01

0.1
0.003
<0.(1
<0.1
<0.01
<0.05
0.01
0.06
<0.05
0.03
<0.001
<0.1
<0.05
0.03
<0.1
0.02

0.1
0.004
0
0
0
0
0.005
0.02
0
0.01
0
0
0
0.1
0
0.01

0.3
0.01
<0.1
<0.1
<0.01
<0.05
0.02
0.1
<0.05
0.1
<0.001
<0.1
<0.05
0.2
<0.1
0.04

<0.1
0.002
<0.1
<0.1
<0.01
0.03
0.01
0.07
<0.05
0.03
<0.001
<0.1
<0.05
0.003
<0.1
0.01

0
0.001
0
0
0
0.03
0.005
0.02
0
0.01
0
0
0
0.002
0
0.004

<0.1
0.004
<0.1
<0.1
<0.01
0.09
0.02
0.1
<0.05
0.05
<0.001
<0.1
<0.05
0.007
<0.1
0.02

<0.1
0.001
<0.1
<0.1
<0.01
<0.05
0.01
0.07
<0.05
0.03
<0.001
<0.1
<0.05
0.001
<0.1
0.01

0
0.001
0
0
0
0
0.01
0.04
0
0.01
0
0
0
0.001
0
0.004

<0.1
0.003
<0.1
<0.1
<0.01
<0.05
0.03
0.2
<0.05
0.05
<0.001
<0.1
<0.05
0.003
<0.1
0.02

3.0
1.62E+03

0.044
605

0.038
406

0.12
1.42E+03

2.1
682

5.4
393

13
1.47E+03

1.1
651

3.3
385

7.7
1.42E+03

(mg/I):
(AI)
(As)
(Ba)
(6)
(Cd)
(Cr)
(Cu)
(Fe)
(Pb)
(Mn)
(Hg)
(Mo)
(Ni)
(Se)
(VM
(Zn)
(pCi/I):

Uranium (Unatas mg/I U)
(U)
0.37
1.3
Radium-226
(Ra-226)
764
429
i/A: Not Analyzed
< Indicates All Measured Values Below Method Detection Limit

Reclamation
Target Value

Standard
vVl
Deviation

Standard
Deviation

____________
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0.060
633

0.060
286

0.18
1.21E+03
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Table 6-2 Groundwater Restoration Monitoring Parameters
Total Alkalinity
Ammonia Nitrogen as N
Dissolved Arsenic
Barium
Bicarbonate
Boron
Dissolved Cadmium
Dissolved Calcium
Carbonate
Dissolved Chloride
Dissolved Chromium
Copper
Electrical conductivity @25 degrees C
Fluoride
Total and Dissolved Iron
Lead

Dissolved Magnesium
Total Manganese
Mercury
Dissolved Molybdenum
Nickel
Nitrate + Nitrite as N
pH
Dissolved Potassium
Radium-226
Gross Alpha
Dissolved Selenium
Dissolved Sodium
Sulfate
Total Dissolved Solids
Uranium
Vanadium
Dissolved Zinc

Cameco Resources Smith Ranch Project Technical Report - February 2012 (Revised April 2015)
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Table 7-1 Noise Range Levels of Typical Construction Equipment
Equipment Type
Noise Levels in dBA Le. at 50 feeta
Front Loader
73-86
Truck
82-95
Crane (moveable)
75-88
Crane (derrick)
86-89
Vibrator
68-82
Saw
72-82
Pneumatic Impact Equipment
83-88
Jackhammer
81-98
Pump
68-72
Generator
71-83
Compressor
75-87
Concrete Mixer
75-88
Concrete Pump
81-85
Backhoe
73-95
Pile Driving (peaks)
95-107
Tractor
77-98
Scraper/Grader
80-93
Paver8
85-88
Source: U.S. EPA 1971
a Machinery equipped with noise control devices or other noise-reducing design features does not
generate the same level of noise emissions as that shown in this table.

Table 7-2 Parameters Used to Estimate and Characterize Source Terms at Smith Ranch
Parameter
Ore radium-226 concentration
Mine Unit Area (varies see MILDOS report)
Ore formation thickness (varies, see MILDOS
report)
Radon-222 emanation factor
Volume of process water in circulation (varies,
see MILDOS report)
Fraction of radon-222 in process water
Rate of radon-222 venting from process water
Treated water purge rate (varies, see MILDOS
report)
IX column volume (varies, see MILDOS report)
IX column unloading rate
Porosity of IX resin

Value
574
2.6E+04 to 5.45E+05
4.6 to 7.0

Unit
pCi/g
m2
m

Application
Application
Application

0.2
9.OOE+06 to 1.03E+09

NA
L

NUREG 3.59
Application

0.8
0.01
2.40E+05 to 1.21E+06

NA
Day'
L/day

Estimate based on planned activities
Estimate based on process
Estimate based on planned activities

6.37E+04 to 1.13E+05
5.OOE-01
0.4

L
DayNA

Estimate based on planned activities
Estimate based on planned activities
NUREG 3.59
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Table 7-2.1

Parameters Used to Estimate and Characterize Source Terms at Gas Hills Satellite

Parameter
Ore radium-226 concentration
Porosity of the Orebody
Density of the Orebody
Thickness of the Orebody
Operating days per year
Mine
Mine
Mine
Mine

Unit Area
Unit Area
Unit Area
Unit Area

Volume
Volume
Volume
Volume

of
of
of
of

Value
536
29
1.89
6.1
365

MU-1
MU-2
MU-3
MU-4

process
process
process
process

water
water
water
water

in
in
in
in

circulation
circulation
circulation
circulation

MU-1
MU-2
MU-3
MU-4

Radon-222 emanation factor
Fraction of radon-222 in process water
Rate of radon-222 venting from process water
Treated water purge rate
IX column volume
IX column unloading rate

Unit
pCi/g
%
g/cm3
m
Days

Application
Application
Application
Application
Application

Source

2.19
3.85
3.69
3.53

E+05
E+06
E+05
E+04

m2
m2
m2
m2

Application
Application
Application
Application

3.61
6.34
6.07
5.81

E+08
E+08
E+08
E+08

L
L
L
L

Application
Application
Application
Application

0.25
0.8
0.01
3.27 E+05
2.65 E+04
5.OOE-01

NA
NA
Day 1
L/day
L
Day"

yof IX resin
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NUREG 3.59
Estimate based
Estimate based
Estimate based
Estimate based
Estimate based

on
on
on
on
on

planned
process
planned
planned
planned

activities

activities
activities
activities
of the
Benchmarking
and
Verification
MILDOS-AREA Code
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Table 7-3

Parameters Used to Estimate and Characterize Source Terms at North Butte Remote Satellite
Parameter

Value

Unit

245
29
6.1
1.89
365

pCi/g
%
m
g/cm 3
Days

Application
Application
Application
Application
Application

Mine Unit Area MU-1
Mine Unit Area MU-2
Mine Unit Area MU-3

1.66 E+05
1.58 E+05
1.44 E+05

m22
m
m-

Application
Application
Application

Mine Unit Area MU-4

1.23 E+05

m

Application

Volume of process water in circulation MU-1
Volume of process water in circulation MU-2
Volume of process water in circulation MU-3
Volume of process water in circulation MU-4
Radon-222 emanation factor
Fraction of radon-222 in process water
Rate of radon-222 venting from process water
Treated water purge rate
IX column volume
IX column unloading rate
Porosity of IX resin

2.94 E+08
2.79 E+07
2.54 E+07
2.18 E+08
0.2
0.8
0.01
3.27 E+05
2.65 E+04
5.OOE-01
0.4

L
L
L
L
NA
NA
DayL/day
L
DayNA

Ore radium-226 concentration
Porosity of the Orebody
Density of the Orebody
Thickness of the Orebody
Operating days per year

Source

Application
Application
Application
Application
NUREG 3.59
Estimate based on planned activities
Estimate based on process
Estimate based on planned activities
Estimate based on planned activities
Estimate based on planned activities
Verification and Benchmarking of the MILDOSAREA Code
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Table 7-4 Estimated Total Effective Dose Equivalent to Receptors within 80 kilometers of Smith Ranch

Radon Sources Location
North Property Boundary
South property Boundary
East Property Boundary
West Property Boundary
Sunquest Ranch
Vollman Ranch
Casper
Douglas
Glenrock
Midwest
Gillette
Wright

Total Dose 222 gpm 25%
Well Field and 75% Satellite

Total Dose at 222 gpm 10%
Well Field and 90% Satellite

(mrem/year)
4.8
2.0
3.5
2.0
39.5
4.0
0.2
0.6
0.6
0.3
0.1
0.3

(mrem/year)
4.7
2.0
3.5
2.0
44.7
4.3
0.6
0.6
0.3
0.3
0.1
0.3
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Table 7-5 Estimated Total Effective Dose Equivalent to Receptors within 80 kilometers of Reynolds Ranch
Radon Sources Location

North Property Boundary
South property Boundary
East Property Boundary
West Property Boundary
Duck Creek Ranch
Casper
Douglas
Glenrock
Midwest
Gillette
Wright

Total Dose at 200 gpm 25% Well
Field and 75% Satellite
(mrem/year)
8.0
4.6
24.8
3.8
3.9
0.3
0.5
0.6
0.2
0.4
0.8

Total Dose at 200 gpm 10%
Well Field and 90% Satellite
(mrem/year)
4.2
4.5
11.2
2.6
3.6
0.3
0.5
0.6
0.2
0.4
0.8
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Total Dose at 352 gpm 25%
Well Field and 75% Satellite
(mrem/year)
41.7
6.2
42.2
49.9
7.8
0.3
0.5
0.5
0.4
0.4
0.9
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Table 7-5.1 Estimated Total Effective Dose Equivalent to Receptors
within 80 kilometers of the Gas Hills Satellite
Total Effective Dose Equivalent
Year 12 (mrem/yr)
North Property Boundary
South property Boundary
East Property Boundary
West Property Boundary
Hiland
Jeffery City
JE Ranch
Powder River
Riverton
Shoshone
Waltman

8.26 E-01
1.02 E+00
4.45 E+00
6.24 E-01
4.56 E-02
1.10 E-03
2.40 E-01
2.82 E-02
3.99 E-03
1.06 E-02
4.25 E-02

2015
Report -- April
Project Technical
Ranch Project
Resources Smith
Cameco
April 2015
Technical Report
Cameco Resources
Smith Ranch
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal
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Table 7-6 Estimated Total Effective Dose Equivalent to Receptors within 80 kilometers of the North Butte Remote Satellite
Radon Sources Location

North Property Boundary
South property Boundary
East Property Boundary
West Property Boundary
Casper
Douglas
Glenrock
Midwest
Gillette
Wright
Pfister Ranch

Total Dose from North Butte at
44 gpm 25% Well Field and 75%
Satellite
(mrem/year)
14.0
20.4
45.0
15.8
0.0
0.1
0.1
0.1
0.1
0.4
10.0

Total Dose from North Butte
at 44 gpm 10% Well Field
and 90% Satellite
(mrem/year)
11.0
20.3
47.0
9.9
0.0
0.1
0.1
0.1
0.1
0.4
9.5

2012
Report -- February
Ranch Project
Resources Smith
Cameco Resources
Technical Report
February 2012
Smith Ranch
Project Technical
Cameco
Nuclear Regulatory Commission Source Material License No. SUA-1548 Renewal

Total Dose from North Butte at
222 gpm 25% Well Field and
75% Satellite
(mrem/year)
17.5
25.5
56.1
19.5
0.1
0.1
0.1
0.1
0.1
0.4
12.5
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Table 10-1 Smith Ranch Required Permits
Permit or License
Source Material License SUA-1548

Regulatory Agency
U.S. NRC

Permit to Mine No. 633 and 603

WDEO,/LQD

Status
Approved
Approved; Amendment to combine 603 with 633
pnigapoa
pending approval

License to Mine
Drilling Notification No. 236

WDEQ/LQD
WDEQ/LQD

Approved
Approved

Public Water Supply Permit

WDEQPWQD

Approved

Industrial Storm Water Discharge Permit
UIC Aquifer Exemption

WDEQ/WQD
WDEQ/LQD

Approved
Approved (Reynolds Ranch Pending)

U.S. EPA

U.S. EPA
-Radio Communications Permit
Transport License/Permit
UIC Class I Injection Wells (10 wells total)
Domestic Sewage (7 permits)
Air Quality (2 permits)
Class III Well Permits
Domestic Landfill Permit
CPP Storage Ponds Permit
Sat No. 1 Radium Settling Basins Permit
Sat No. 1 PSR Permit
Sat No. 1 Land Application 1A & 1B Permit
PSR-2 Permit
PSR-2 Land Application Permit
County Development Permit

U.S. FCC
U.S. DOT
WDEQ/WQD
Converse County and/or
WDEQ/WQD
WDEQOAQD
WSEO
WDEQ/HSWD
WSEO/WDEQ/WQD
WSEO/WDEQ,/WQD
WSEO/WDEQ/WQD
WDEO/WQD
WSEO/WDEQ/WQD
WDEO/WQD
Converse County

Approved
Approved
Approved
Approved (Highland CPF and Sat 1 inactive)
Approved (Highland permit inactive)
Approved; permitting on-going
Expired; landfill reclaimed
Approved
Approved (inactive)
Approved (inactive)
Approved (inactive)
Approved
Approved
Approved

Table 10-2 North Butte Required Permits
Permit or License

Regulatory Agency

Source Material License SUA-1548

U.S. NRC

Permit to Mine
License to Mine
Aquifer Exemption
UIC Class I Disposal Well Permit (2 wells total)
Surge Pond Permit
Class III Well Permits
Air Quality Permit
Domestic Sewage Permit
Industrial Storm Water Discharge

WDEQ/LQD

County Development Permit

WDEQOLQD
WDEQOLQD, U.S. EPA
WDEQ/WQD
WDEQ/WQD, SEO
SEO
WDEQ/AQD
WDEQOWQD
WDEQ/WQD
Campbell County
Planning Commission

Radio Communications Permit

U.S. FCC

Status
- Operating Plan update
-1Operenewal
smed with
submitted with SUA-1548 renewal

Amendment received

Permit received - Permit update submitted
Approved
Exemption received
Approved - amendment due 2012
To be prepared
Approved; permitting on-going
To be prepared
To be prepared
Construction permit received
To be prepared
Permit received
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Table 10-3 Gas Hills Required Permits
Permit or License
Source Material License SUA-1548

U.S. NRC

Permit to Mine

WDEO/LO.D

License to Mine
Aquifer Exemption
UIC Class V - Permit for 2 Test Wells
UIC Class I Permit for 2 Deep Disposal
Wells
Evaporation Ponds Permit
Class III Well Permits
Public Water Supply Permit
Air Quality Permit (Construction and
Operations for fugitive dust and
particulates)
Domestic Sewage Permit
Stormwater Discharge Permit
(Construction
hand
OPeriti
(Construction and Operational)

WDEO/LQD
WDEQ/LQD, U.S. EPA
WDEQ/WQD
WDEO/WQD

Status
Amendment approved - Operations
Plan update submitted with SUA-1548
renewal
Permit received - Permit update
submitted; Approval pending
Approved
Exemption received
Permit received
Approval pending

WDEQ/LQD, WQD, WSEO
WSEO
WSEO, EPA

To be prepared
Approved - Permitting on-going
To be prepared

WDEO/AQD

To be prepared

WDEQ/WQD

To be prepared

WDEOIWQD

Construction permit approved

County Development Permit

Natrona and Freemont Counties
Planning Commissions
US FCC
US BLM
US BLM

To be prepared

Radio Communications Permit
Plan of Operations
Environmental Impct Statement

Regulatory Agency

Permit received
Approval pending
In Progress

TablelO-4 Ruth Required Permits
Permit or License

Regulatory Agency

Source Material License SUA-1548

U.S. NRC

Permit to Mine

WDEO/LQD

License to Mine
Aquifer Exemption
UIC Class I Permit for Deep Disposal
Wells
Evaporation Pond Permit
Class III Well Permits
Public Water Supply Permit
Air Quality Permit (Construction and
Operations for fugitive dust and
particulates)
Domestic Sewage Permit
Stormwater Discharge Permit
(Construction and Operational)
County Development Permit
Radio Communications Permit
Plan of Operations

WDEC/LQD
WDEQ/LQD, U.S. EPA
WDEQ/WQD

Status
Amendment received - Operating Plan
update to be prepared and submitted at
a later dater
Permit received - Permit update
required
Approved
Exemption received
To be prepared

WDEQ/LQD, WQD, WSEO
WSEO
WSEO, EPA

Existing ponds approved
To be prepared
To be prepared

WDEQ/AQD

To be prepared

WDEQ/WQD
WDEO/WOD

To be prepared
To be prepared

Johnson County Planning Commission
US FCC
US BLM

To be prepared
To be prepared
To be prepared
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Table 10-5 Agency Consultations
Facility
Smith Ranch/Highland and
SmithRay
n
ds
Reynolds

Agency Consulted
Wyoming Game and Fish
Waming GApril
Department

Smith Ranch/Highland and
Reynolds
Smith Ranch/Highland

US Army Corps of Engineers

April 8, 2011

US Fish and Wildlife Service

June 23, 2010

Review of survey protocol for
aquatic resource inventory.
Review of the Combined Permit.

Smith Ranch/Highland

Wyoming Game and Fish
Department

June 3, 2010

Review of the Combined Permit.

Reynolds Satellite

US Fish and Wildlife Service

July 20, 2009

Review of Reynolds Amendment to
Permit 633

Reynolds Satellite

US Fish and Wildlife Service

December 20, 2007

North Butte Remote Satellite

US Army Corps of Engineers

January 24, 2011

North Butte Remote Satellite

December 17, 2010

North Butte Remote Satellite

Wyoming Game and Fish
Department
Wyoming State historic
Preservation Office

North Butte Remote Satellite

US Fish and Wildlife Service

August 19, 2010

Gas Hills Remote Satellite
Gas Hills Remote Satellite

Gas Hills Remote Satellite

US Bureau of Land
USnBure
nd
Management
Wyoming Game and Fish
Department
US Fish and Wildlife Service

Date
15, 2011

November 5, 2010

April 6, 2010
October 29, 2008

June 12, 2009

US Bureau of Land
May 1, 2007

Gas Hills Remote Satellite

Content
Species of concern list; review of
draft wildlife and vegetation survey
plans

Information on threatened and
endangered species, migratory
birds, and wetlands.
Verification of wetland delineation.
List of recommended wildlife
surveys.
Review of project report.
Presence of threatened and
endangered species; protective
measures for migratory birds.
Approval of Wildlife Plan (email)
incorporating Wyoming Game and
Fish Department comments.
Review of BLM EA.
Recommendations for protection of
migratory birds and wildlife
concerns related to uranium ISR.
Record of site visit and
recommendation for archeological
clearance.
Letter providing clearance of
cultural resource sites within Mine
Unit 2.
Determination of site eligibility and
recommendations.
Determination of site eligibility and
recommendations.

Gas Hills Remote Satellite

Preservation Office

May 24, 2001

Gas Hills Remote Satellite

Wyoming State Historic
Preservation Office

August 23, 2000

Gas Hills Remote Satellite

Wyoming State Historic
Preservation Office

August 17, 2000

Gas Hills Remote Satellite

Wyoming
Game and Fish
Department

May 13, 1999

Gas Hills Remote Satellite

October 30, 1998
US Army Corps of Engineers
US Bureautofndan

Gas Hills Remote Satellite

US Bureau of Land
Management
US
Bureau of Land
MaaeetDecember
Management

January 23, 1997

Gas Hills Remote Satellite

Wyoming Game and Fish
Department

October 14, 1996

Comments on Wildlife appendix of
the DEQ Permit to Mine

Gas Hills Remote Satellite

US Bureau of Land
Management

January 21, 1993

Review of archeological report.

Ruth Remote Satellite

NA

NA

No consultations have been held
with any state or federal agencies
since license approval in 1990.

Gas Hills Remote Satellite

5, 1996

February 2012
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Wildlife baseline data requirements.
Recommendations for avoidance of
wetlands.
Cattle grazing practices.
Letter describing
clua
eoresreslands still needing
cultural resource surveys.
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