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and Hazardous Waste Division 
WDEQ-WQD Wyoming Department of Environmental Quality – Water 

Quality Division 
WGFD    Wyoming Game and Fish Department 
WL    Working Level 
WLM    Working Level Month 
WOGCC   Wyoming Oil and Gas Conservation Commission  
WoUS    Waters of the United States 
WQD    Water Quality Division 
WRCC    Western Regional Climate Center 
WY    Wyoming 
WYDOT   Wyoming Department of Transportation  
WYGISC   Wyoming Geographic Information Science Center  
WYPDES   Wyoming Pollutant Discharge Elimination System  
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UNITS OF MEASURE 
 

%    percent 
% g    percent of gravitational acceleration 
µg/Kg    micrograms per kilogram or parts per billion 
µg/L    micrograms per liter or parts per billion 
µCi/g    microcuries per gram 
µCi/Kg   microcuries per kilogram 
µCi/L    microcuries per liter 
µCi/m3    microcurie(s) per cubic meter 
µrem    microrem 
µR/h    microrem per hour 
µSv    microsievert 
o    degrees 

oC    degrees Celsius 
oF    degrees Fahrenheit 
ac acre 
ac-ft acre-feet 
cfm    cubic feet per minute 
cfs    cubic feet per second 
Ci/yr Curies per year 
cm    centimeters 
cm3    cubic centimeter(s) 
cpm     counts per minute   
dB    decibel 
dBA    decibel A-weighting 
DPM    disintegrations per minute ft 
ft3    cubic foot (feet) 
g/l    grams per liter 
gpm    gallon per minute 
in    inch 
Km    kilometer 
lpm    liter per minute 
m    meter 
m2    square meter 
mg/L    milligrams per liter or part per million 
mi    mile 
mph    miles per hour 
mR    milli Roentgens 
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UNITS OF MEASURE (CONTINUED) 
 
mrem    millirem 
mrem/hr   millirem per hour 
mSv    millisievert 
pCi/g    picocuries per gram 
pCi/L    picocuries per liter 
pCi/Kg    picocuries per kilogram 
pCi/m3    picocurie(s) per cubic meter 
ppm    parts per million 
psi    pound per square inch 
psig    pound per square inch  
R    rem 
Sv    sievert 
yd3    cubic yard(s) 
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3  DESCRIPTION OF PROPOSED FACILITY 

This section outlines and discusses several key descriptions of the proposed facility of the 
proposed Ludeman Project (Proposed Project) including the proposed ISR process, the 
Satellite facility with associated chemical storage, and instrumentations and monitoring 
control programs as requested in NUREG-1569 (Sec. 3.1). 

The Proposed Project area encompasses approximately 18,861 acres. The satellite plant 
will be located in T34N, R74W, SE¼ of the NE¼ of Section 14 in Converse County, 
Wyoming. The Proposed Project will be developed by constructing one satellite plant, six 
wellfields, and ISR support facilities as depicted in Figure 3-1. This facility is designed to 
provide chemical makeup of recovery solutions, recovery of uranium by ion exchange, 
resin loading/unloading and groundwater restoration capabilities. The waste management 
system will include an evaporation and permeate pond system to dispose of liquid 
byproduct material. The satellite plant, pond system, and associated infrastructure will be 
fenced to exclude livestock and wildlife, and control access to the site.  

Currently, six wellfields are proposed for injection and recovery operations throughout the 
life of the Proposed Project. Other mineralized trends within the Proposed Project area are 
known to exist but have not been extensively delineated. Thus, additional development 
areas may be determined as exploration and delineation activities continue. Each wellfield 
will have central collection facilities called a header house. The wellfield injection and 
recovery wells will be piped individually to the header houses which will contain manifolds 
and piping, along with monitoring and control equipment. 

Individual wellfield areas will be fenced to limit access by livestock during production and 
restoration activities. The fenced wellfield area will be slightly greater than that 
encompassed by the areas to be mined. The fenced area will be constructed in a manner 
that will minimize the amount of range land lost to the surface owners.  

Key features and characteristics for the Proposed Project include: 

 Proposed Project area = approximately 18,861 acres;
 Satellite plant building, parking area, and other ancillary facilities (Figure 3-2);
 Evaporation and permeate pond system to dispose of liquid 11e. (2) byproduct

material (Proposed Action);
 Evaporation and permeate pond system and up to six Class I UIC disposal wells

(DDW) to dispose of liquid 11e.(2) byproduct material during ISR operations
(Alternative 1);
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 Up to six Class I UIC disposal wells (DDW) to dispose of liquid 11e.(2) byproduct
material during ISR operations with adequate backup pond storage capacity
(Alternative 2);

 Six wellfields as summarized in Table 3-1;
 Trunk/pipe lines, up to three pump booster stations
 Each wellfield will be equipped with header houses that will service multiple

recovery and injections wells. The number of header houses will depend on the
design of each wellfield;

 Monitor wells (perimeter and overlying);
 Controlled area (fenced areas);

o = approximately 1,317 acres (Proposed Action);
o = approximately 1,323acres (Alternative1); and
o = approximately 1,236 acres (Alternative 2).

 Restricted area, access will be restricted in these areas where individuals may be
exposed to radiation and 11e.(2) byproduct and/or areas exceeding 2 mrem an hour;

 Maximum licensed recovery flow = 9,000 gpm; and
 Anticipated average restoration flow = 1,000 gpm.

All facilities associated with this Proposed Project will be subject to Uranium One’s safety 
and security programs as outlined in Section 5 of this TR. 

3.1 ISR Process and Equipment 

3.1.1 Proposed Ludeman Project Area Ore Bodies 

The site is located in the southwestern part of the Powder River Basin approximately three 
miles south of the Tertiary Wasatch-Fort Union formation contact. The Fort Union 
formation underlies the surface Wasatch formation. The host rocks for the uranium ore 
deposits in the Proposed Project area are the arkosic sandstones of the Lebo member of the 
Fort Union formation. These channel deposits are confined by mudstones that serve as 
aquitards to the water saturated aquifers. 

Uranium ore within the Proposed Project area occurs in typical roll-front deposits. Uranium 
One exploration nomenclature designates the sands in the project area by decreasing 
numbers with increasing depth. The Production Zone aquifers in the Proposed Project area 
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are the 70, 80 and 90 Sands of the Lebo member of the Paleocene Fort Union formation. 
The sand thickness is variable and ranges in thickness from 13 to 164 feet in the 70 Sand, zero 
to 161 feet in the 80 Sand and 19 to 299 feet in the 90 Sand. The 70 Sand is continuous across 
the planned wellfields as is the 90 Sand. The 80 Sand is not continuous across the area as it 
pinches out in the south-east and east-central portions of the Proposed Project area. 
Confinement exists between the 70, 80 and 90 Sand Production Zones and the overlying 
and underlying sands throughout the Proposed Project area.  

The mineralization in the 90 Sand in the western portion of the project area varies from 189 
to 292 feet deep from surface level and averages 219 feet in depth. The mineralization in 
the 80 Sand varies from 303 to 441 feet deep from surface level and averages 352 feet in 
depth. Mineralization in this area is primarily contained within the 60, 80, 90 and 100 
Sands; only the 80 and 90 Sands are planned to be mined. The thickness of the 
mineralization in the 90 Sand averages 8.3 feet with an average grade of 0.090 percent 
U3O8. The thickness of the mineralization in the 80 Sand averages 9.5 feet with an average 
grade of 0.130 percent U3O8. 

The mineralization in the central part of the Proposed Project area varies from 465 to 690 
feet deep averaging 557 feet in depth from surface. Mineralization is primarily contained 
within the 50, 60 and 70 Sands; only the 70 Sand is planned to be mined. Mineralization 
thickness in this portion of the project area averages 10.6 feet with an average grade of 
0.074 percent U3O8. 

The south-eastern portion of the Proposed Project area has depths to mineralization ranging 
from 19 to 366 feet, averaging 191 feet. The 70, 80 and 90 Sands contain the primary 
mineralization in the area, averaging 4.6 feet in thickness with an average grade of 0.093 
percent U3O8. 

Typical stratigraphic intervals to be mined are shown in the geologic cross sections and 
generalized stratigraphic column in Section 2.6 of this application. For ISR wellfields, the 
Production Zone is the geological sandstone unit where the recovery solutions are injected 
and produced. However, the ore thickness and corresponding Production Zone at any location 
is a fraction of the total thickness of the host sand and rarely exceeds 20 feet.  

Uranium One is currently projecting a uranium resource estimate for the proposed Ludeman 
Project site that is on the order of  6.3 million pounds of minable uranium in place, at an average 
grade of approximately 0.097 percent. Total mineable resources for the Proposed Project are 
not fully developed at this time and further delineation of uranium resources will be 
ongoing. 
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3.1.2  Delineation Drilling 

The irregular shape, distribution and grade of uranium deposits require several phases of 
drilling to determine ore reserves, injection, production and groundwater monitoring well 
locations and to allow for sufficient time to develop wellfield engineering and design plans. 
Geophysical logging is performed in all drill holes. The most common logs used are 
resistivity, spontaneous potential (SP), and natural gamma. The resistivity and SP logs are 
used to determine the lithology of the hole, and the natural gamma log is used to estimate 
the depth and location of the uranium. Additionally, deviation logs are commonly used to 
determine the amount of borehole drift between ground surface and bottom of the 
completed hole. Drilling methodology will be primarily performed with standard truck-
mounted, mud rotary drilling rigs.  

Preliminary ore reserve estimates and project feasibility analyses are typically completed 
after a substantial portion of a deposit has been drilled on centers as close as 100 feet (i.e., 
one hole per 10,000 square feet). The information provided by this phase of drilling permits 
the development of preliminary wellfield design plans and delineation of groundwater 
monitoring well locations. 

To determine the lateral extent of the economically recoverable uranium ore, additional 
drilling on centers as close as 50 feet (i.e., one hole per 2,500 square feet) is typically 
required. The information obtained from this phase of drilling is used to map the ore body 
both in plan and cross-section and to locate potential injection and production wells. This 
data is also used to finalize the locations of groundwater monitoring wells which are 
typically installed prior to installation of mine unit patterns. 

The final phase of ore body delineation consists of drilling pilot holes for injection and 
production wells. Prior to installation of casing, the geophysical logs of each pilot hole in 
a pattern are reviewed to determine the screen interval of the well and confirm that the 
pattern contains sufficient reserves to recover uranium economically. If it is determined 
that a pilot hole (or holes) does not contain enough mineral reserves to provide for 
economic production, the hole will not be cased, but will be plugged and abandoned in 
accordance with the procedures outlined in outlined in WDEQ/LQD NonCoal Rules and 
Regulations Chapter 8, “Exploration by Drilling”. 

Delineation drilling will occur throughout each year, depending on production and 
development needs. Typically, 200 to 500 delineation drill holes will be completed each 
year, as necessary, to adequately define future wellfield pattern areas. 
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3.1.3 Well Completion and Integrity Testing 

Well construction materials, methods, development, and integrity testing are described 
below. All work will be performed under the direction and supervision of qualified 
Uranium One personnel and by a Wyoming-licensed water well contractor. 

3.1.3.1 Well Completion Materials and Methods 

During the life of the Proposed Project, Uranium One will install injection, recovery and 
monitor wells. The injection wells will be used to convey the barren lixiviant to the 
Production Zone, while the recovery wells will be used to recover the pregnant lixiviant 
after contact with the uranium ore. These wells will be installed using the same completion 
method so that the wells can be used for either injection or recovery. The ability to change 
the well function allows for improved uranium recovery and more efficient groundwater 
restoration as well as an improved ability to respond to potential excursions of lixiviant. 
Typical well completion schematics for recovery wells, injection wells, and monitor 
wells are shown on Figure 3-3. 

All production wells are planned to be constructed of Standard Diameter Ratio (SDR) 17 
polyvinyl chloride (PVC) with a sufficient pressure rating to withstand the maximum 
anticipated injection pressure and the maximum resistance to hydraulic collapse pressure 
anticipated during cementing of the well. Additionally, the wells will be constructed in 
accordance with Section 6, Chapter 11, “Non Coal In Situ Mining”, of the WDEQ/LQD 
Rules and Regulations. The specifications embodied in Chapter 11 have been previously 
proposed by Uranium One for Moore Ranch, Uranerz for Nichols Ranch and Hank, and 
Ur-Energy for Lost Creek, and have had such specifications accepted by NRC in their 
license approvals. The wells are planned to be installed using 4.5, 5.0 or 6.0 inch SDR17 
well casing. PVC casing is typically supplied in 20 ft. lengths, and the lengths will be 
mechanically joined with either threaded connections and/or a water tight O-ring seal, 
secured in place by a high strength nylon spline. 

In accordance with Section 6 of Chapter 11, Uranium One plans to use an annular seal 
consisting of a cement slurry or a cement bentonite mixture approved by the LQD 
Administrator. A cement bentonite mixture was approved by the LQD Administrator for 
the installation of Uranium One’s regional baseline monitor wells. The purpose of sealing 
the annular space is to assure structural integrity of the casing, stabilize the upper 
formations, protect against contamination of the well from the surface, and to prevent 
migration of ground water from one aquifer or water-bearing stratum to another. 



Ludeman Project 
 License Amendment Application, Technical Report 

3-6 

The interior monitor wells will be screened in the Overlying and Underlying Aquifers, 
while the perimeter monitor wells will be screened in the Production Zone. The completion 
intervals for these wells will be predetermined and will use the same materials of 
construction as the production wells. 

3.1.3.2 Well Construction Methods 

The recovery and injection wells will be installed with identical completion methods to 
allow the ability to change the well function for improved uranium recovery, more efficient 
restoration, and improved ability to respond to potential excursions. Monitor wells will 
also utilize the same completion methods of the recovery and injection wells as described 
below: 

Construction Method (see Figure 3-3) 

1) A 5 to 6.5-inch diameter pilot hole will be drilled through the projected mineralized
zone within the Production Zone aquifer. The pilot hole may penetrate the upper
portion of the Underlying Aquitard to obtain an accurate geophysical log, however
the pilot hole will not fully penetrate the Underlying Aquitard that separates the
Production Zone  from the Underlying Aquifer. The pilot hole will be logged using
a geophysical tool which will provide a suite of logs consisting of gamma, single
point resistance, spontaneous potential, neutron and deviation. The grade and depth
of each mineralized intercept will be provided by the log;

2) To complete the well, the pilot hole will be reamed to a diameter of 77/8 to 97/8

inches (a minimum of 3 inches greater than the nominal OD of the casing) to a
maximum depth of 15 feet below the bottom of the mineralized zone. The pilot hole
below the bottom of the reamed hole will be filled with drill cuttings during the
reaming process. In some cases, the ream hole may be drilled and logged without a
pilot hole being drilled first. PVC casing with a nominal OD of 5 to 6.6 inches will
be placed in the reamed hole to a depth approximately 10 feet below the
mineralization. Centralizers will be placed on the casing string at a maximum
spacing of one per 40 feet. Also, a wooden dowel or bolt will be placed through the
casing approximately 3 feet from the bottom to act as a stop;

3) A specified volume of cement slurry calculated to fill the annular volume and mixed
to approved specifications will be pumped inside the casing through a cementing
head. Once the cement is in place, a cement wiper plug will be placed in the top of
the casing. A volume of displacement water will then be pumped into the casing
forcing the cement slurry out of the bottom of the casing and up the annulus
between the casing and the reamed hole. Once the wiper plug reaches the wooden
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dowel or bolt in the bottom of the casing displacement of the cement will end and 
the valve on the cementing head will be closed which will hold the cement in place 
while the cement cures. The use of a wiper plug cleans the cement slurry from the 
inside of the casing and assures that the cement will not be over displaced by 
providing a surface indication (increased pressure reading) of when the cement job 
is complete. The well annulus will be topped off with cement to the surface prior 
to reentry by the drill rig; 

4) After the cement is allowed to cure for a minimum of 72 hours, the well will be
under-reamed through the mineralized zones to a diameter of 91/2 to 101/2 inches,
depending on the OD of the casing. The under-reaming will be completed by a
specialized tool utilizing retractable blades. The blades are closed for the trip down
the well and are opened by pressure from the rig mud pump. After under-reaming
the designated zone through the casing and cement, the blades are again retracted
for the trip out of the well. The well may be caliper logged as necessary to verify
the correct interval has been opened. If deemed necessary, to support sand zones
that are not competent, a well screen will be telescoped into the casing covering the
under-reamed zone. The uppermost screen openings will be placed below the top
of the under-reamed interval and below the bottom of the annular seal. A PVC riser
pipe will be attached to the top of the screen and will be held in place by one or
more k-packer(s). Gravel pack sand may be placed between the screen and the
under-reamed hole;

5) The well will be developed to remove contaminants and fines from the drilling and
completion process and maximize the flow rate. A well completion form will be
completed documenting all of the details on drilling, completion materials, casing
depth, completion interval, and the cement mix;

6) After drying, the drill cuttings contained in the pits will be covered with subsoil and
the stockpiled topsoil. The ground surface will then re-contoured and reseeded; and

7) The well will then be integrity tested as discussed in Section 3.1.3.4 below.

3.1.3.3 Well Development 

Immediately following well completion, but before baseline water quality samples are 
taken for groundwater restoration and water quality monitoring, the wells will be developed 
to restore the natural hydraulic conductivity and geochemical equilibrium of the screened 
aquifer. All wells will be developed initially immediately after construction using air 
lifting, swabbing or other accepted development techniques. Well development removes 
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water and drilling fluids from the casing, by flushing it with water from the screened 
interval. The purpose of well development is to allow representative formation water to 
enter the well screen and casing. This process is necessary to allow representative samples 
of groundwater to be collected for monitor wells, and to ensure efficient injection and 
recovery operations from the production wells.  

Final development of monitor wells will be performed by pumping the well, or swabbing 
for the amount of time necessary, to ensure that stable formation water is present. pH and 
conductivity measurements will be taken on the development water during this process to 
ensure that development activities have been effective. The field parameters must be stable 
at representative formation values before baseline sampling will begin. 

3.1.3.4 Well Mechanical Integrity Testing 

Prior to being placed into any use that is regulated or undertaken to meet a regulatory 
standard, and after well completion, the integrity of the injection/recovery wells will be 
verified by a pressure based mechanical integrity test. If a monitor well is converted to an 
injection/recovery well, then that well will undergo MIT testing prior to use. 

The MIT is conducted by placing inflatable packers near the top of the casing and directly 
above the riser pipe connected to the screen interval. The packers are inflated and the 
interval between the packers is filled with water and pressurized to the test pressure 
(maximum allowable injection pressure plus a safety factor of 20 percent). This pressure 
must be maintained within 10 percent for 10 minutes to pass the MIT. An alternative to 
using a top inflatable packer may be utilized. Instead of an inflatable packer, the top of the 
casing may be sealed by a specially designed flange top. A well integrity record will be 
completed for each tested well. If a well shows an unacceptable pressure drop during the 
integrity test, the packers may be reset and the equipment checked for leaks. If in successive 
tests the well passes the integrity requirements, the well will be deemed acceptable for use 
as injection, recovery, or monitor well. 

If there are obvious leaks, or the pressure drops by more than ten percent during the ten-
minute period, the seals and fittings on the packer system will be reset and/or checked and 
another test is conducted. If the pressure drops less than ten percent the well casing is 
considered to have acceptable mechanical integrity. 

The maximum allowable injection pressure will be based on the formation fracture 
pressure. Due to the variable depth to ore in the production sands across the extent of the 
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Proposed Project, Uranium One will calculate a maximum injection pressure for each 
header house. This will be based on the average bottom screen interval depth in each house 
opposed to calculating an average for the Proposed Project. The flowing equation will be 
used to determine maximum injection pressure: 

Maximum Injection Pressure = Sf* De* (FFP - Vg) 

Where: 

Sf = safety factor 
De= depth of screen in feet 
FFP= Formation Fracture Pressure 
Vg =vertical pressure gradient of water; 

If a well casing does not meet the MIT criteria, the well will be taken out of service and 
the casing may be repaired and the well re-tested. If this is not done the well is plugged and 
abandoned in accordance with WDEQ regulations and guidelines. The WDEQ/LQD will 
be notified of any well that fails the MIT. If a repaired well passes the MIT, it will be 
employed in its intended service following approval from the LQD Administrator that the 
well has demonstrated mechanical integrity. If the well defect resulting in a failed MIT 
occurs at depth, the well may be plugged back and re-completed for use in a shallower 
zone, provided it passes the subsequent MIT. If an acceptable test cannot be obtained after 
repairs, the well will be plugged and abandoned. 

In addition to the initial testing after well construction, a MIT will be conducted on any 
well after any repair where a downhole drill bit or underreaming tool is used. Any 
production well with evidence of suspected subsurface damage will require a new MIT 
prior to the well being returned to service. If any production or injection well fails an MIT, 
Uranium One commits to assess the cause of the failure and evaluate if the well failure may 
have released fluids to a nonexempt aquifer. In accordance with WDEQ requirements, 
MITs will be repeated once every five years for all production and injection wells. 

The MIT of a well will be documented to include the well designation, date of the test, test 
duration, beginning and ending pressures, and the signature of the individual responsible 
for conducting the test. Results of the MITs are maintained on site and are available for 
inspection. In accordance with WDEQ requirements, the results of MITs are reported to 
the WDEQ on a quarterly basis.  
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3.1.4 ISR Process 

Production of uranium at the Proposed Project will utilize ISR methodologies involving 
two separate, but related processes. These processes include an ISR process and a recovery 
process. The ISR process will be accomplished by installing a series of injection and 
recovery wells. Utilizing those injection wells, a carbonate-leaching, or barren lixiviant 
will be injected into the ore body. To promote flow across the mineralized areas, 
corresponding recovery wells will be used to pump water from the ore body, and allow for 
the collection of the uranium-bearing carbonate leach, or pregnant lixiviant, which will be 
then pumped to the proposed satellite plant. 

During any operation where these injection fluids are utilized, excursions can be a concern. 
Extraction fluids are normally maintained in the production aquifer within the immediate 
vicinity of the wellfield. A ring of encircling monitor wells will be used to detect any 
production fluids migrating from the production area due to fluid pressure imbalance. Such 
a system has been proven to function satisfactorily over many years of operating experience 
with uranium in situ uranium recovery operations. More specific details regarding the 
Proposed Project monitor well rings and excursions are discussed in Section 3.1.6. 

Once the pregnant lixiviant reaches the proposed satellite plant, the uranium will be 
removed from the lixiviant through the use of pressurized downflow ion exchange columns 
utilizing resin having an affinity for the uranium complex. After the lixiviant has passed 
through the ion exchange system, the solution will be re-fortified with a concentrated 
carbonate solution, making barren lixiviant, which will be then recycled to the injection 
wells for further production. Once the ion exchange resin in an ion exchange column is 
loaded to capacity with uranium complexes, the column will be taken out of service. The 
resin loaded with uranium will be transferred from the satellite plant to the Willow Creek 
Central Processing Plant via tanker truck. Once the resin has been stripped of the uranium 
by the process of elution, the resin will be returned to the Ludeman Satellite Plant for 
reuse in the ion exchange circuit.  

The second process is the further refinement of the uranium-rich solution to create a 
marketable yellowcake product. The resin will be shipped via trucks to the Willow Creek 
processing plant where the uranium will be removed from the resin by elution. This will 
be accomplished by precipitating the dissolved uranium out of the eluent solution, 
dewatering the uranium solids then vacuum drying the uranium slurry. The dried uranium 
product, yellowcake, is then packaged to allow safe transportation utilizing NRC-approved 
carriers.  
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SUA-1341 allows yellowcake production up to 2.5 million pounds of throughput per year. 
The License Renewal Application (LRA) for SUA-1341 estimated that during peak periods 
of production, the Willow Creek CPP could produce up to one million pounds per year of 
uranium product which will be dried at the Willow Creek CPP and stated that Uranium 
One may wish to dry up to an additional 1.5 million pounds per year of yellowcake product 
from other uranium licensees. The LRA also noted that MILDOS modeling has been 
performed at the 2.5-million pound throughput and no significant increases in exposures to 
the general public were indicated as a result of this level of drying. 

With NRC approval of this amendment request for SUA-1341, Uranium One will begin 
construction and operation of the proposed Ludeman Project. Shipments of loaded IX resin 
from the Proposed Project will supplement the “toll” shipments from other Uranium One 
projects and other licensees allowed by SUA-1341 up to the licensed production capacity 
for Willow Creek.  

3.1.4.1 Lixiviant 

The lixiviant is the recovery solution which is used to solubilize the uranium from the ore 
deposit. The composition of the recovery solution is designed to reverse the natural 
geochemical conditions which led to the original uranium deposition. The project will use 
oxygen, and carbon dioxide added to the native groundwater to promote the dissolution of 
uranium as a uranyl carbonate complex. Sodium carbonate or sodium bicarbonate may be 
added if necessary to boost the carbonate in the lixiviant if carbon dioxide addition alone 
is not adequate. The lixiviant is typically made up on a batch basis in the facility and added 
continuously to the injection stream. The expected or typical lixiviant concentration and 
composition is shown in Table 3-2. 

During the uranium recovery process phase, avoidance of potential “gas locking” as a result 
of dissolved oxygen evolving out of the solution is an operational goal. By design, ISR 
wellfields are completed with the intent of focusing lixiviant flow on the uranium bearing 
portions of the reservoir. Redirection of lixiviant flow into other, barren portions of the 
reservoir because of gas locking or any other means results in a dilution of the uranium 
content of the recovered lixiviant and is inherently inefficient. As a result, prevention of 
gas locking is an ongoing operational objective. The occurrence of a partial or complete 
gas lock at or near an injection well will be readily apparent as the subject well will display 
a marked or total loss of injectivity. 
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This loss of injectivity will develop in a matter of hours, or at most, a matter of a few days. 
Operational personnel will observe a significant reduction in the injection or flow capacity 
of the well at the normal or even maximum allowable well head injection pressure. Normal 
remedial action involves removal of the well from operations service. Qualified personnel 
then install a submersible pump, and subsequently back-flow the well to stimulate the 
movement of any gas block back into the subject well. Here the gas phase escapes from 
the reservoir in the form of two-phase flow via the submersible pump and associated 
piping. These fluids will be routed either to the production lixiviate gathering system or to 
the wastewater disposal system. Oxygen is readily soluble in aqueous fluids up to its 
solubility limit. As fluid is “back-flowed” to the subject well, unsaturated waters are 
effectively pushing the gas phase as oxygen re-dissolves into the unsaturated fluids. 

These same two phenomena occur during groundwater restoration. Additionally, during 
groundwater restoration the oxygen content of circulating waters is deliberately reduced 
and minimized to halt the oxidation and, hence, mobilization of uranium and other metals. 
The movement of these highly undersaturated (with respect to oxygen) waters throughout 
the reservoir provides the means for removing any residual oxygen gas phase from portions 
of the reservoir by again pushing such gas pockets toward recovery wells while at the same 
time absorbing portions of the gas phase into the liquid phase. Because several pore 
volumes of undersaturated waters are required during groundwater restoration, any residual 
gas blockage is removed. Chemical analysis of production waters during and at the 
conclusion of groundwater restoration is employed to confirm the removal of any elevated 
concentrations of metals and common ions. 

Uranium One would like to retain the option of utilizing hydrogen peroxide as an oxidant 
but would anticipate oxygen would be the primary oxidant utilized. 

3.1.4.2 ISR Chemistry 

The chemistry of ISR recovery involves an oxidation step to convert the uranium in the 
solid state to a form that is easily dissolved by the recovery solution. The reactions 
representing these steps at a neutral or slightly alkaline pH are: 

Oxidation: UO2 (solid) + O2 (in solution) +2H+  UO3 (at solid surface) + H2O 

Dissolution: UO3 + 2 HCO3
-1 UO2(CO3)2

-2 + H2O 

UO3 + CO3
-2 + 2HCO3

-1 UO2(CO3)3
-4 + H2O 
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The principal uranyl carbonate ions formed as shown above are uranyl dicarbonate, 
UO2(CO3)2

--2, (UDC), and uranyl tricarbonate UO2(CO3)3
-4, (UTC). The relative 

abundance of each is a function of pH and total carbonate strength. 

3.1.4.3 Uranium Recovery 

The process flow sheet depicting the uranium extraction process as planned for the 
proposed Satellite facility is shown in Figure 3-8. The recovery of uranium from the 
pregnant lixiviant at the proposed satellite plant will take place in the ion exchange 
columns. The uranium bearing recovery solution enters the pressurized downflow ion 
exchange column and passes through the resin bed. A uranium-specific ion exchange resin, 
such as Dowex 21K, or equivalent, is used. The uranium complexes in solution are loaded 
onto the ion exchange resin in the column in either bicarbonate or chloride form. This 
loading process is represented by the following chemical reaction: 

2 R HCO3 + UO2(CO3)2
-2 R2UO2(CO3)2 + 2HCO3

-1 
2 RCl + UO2(CO3)2

-2 R2UO2(CO3)2 + 2Cl- 

As shown in the reaction, loading of the uranium complex results in simultaneous 
displacement of chloride and bicarbonate ions from the resin to the barren lixiviant. 

The now-barren lixiviant passes from the ion exchange columns to be reinjected into the 
Production Zone. The solution is refortified with carbon dioxide and oxygen as required, 
and pumped to the wellfield for reinjection into the formation.  

3.1.5 Wellfield Design and Operation 

The Proposed Project wellfield area map is shown in Figure 3-1. As described in Section 
3.1.2, current wellfield delineation is preliminary, based on current knowledge of the area. 
The final wellfield footprints will be developed after wellfield delineation is completed. 
The final wellfield design will be submitted to WDEQ/LQD in the Wellfield Data Package 
described in Section 5. 

The wellfield injection/recovery pattern employed is based on the conventional square five 
spot pattern which is modified as needed to fit the characteristics of the orebody (see Figure 
3-3). The standard five-spot pattern contains four injection wells surrounding a centrally 
located recovery well. The pattern dimensions vary depending on the formation and the 
characteristics of the orebody. The injection wells in a normal pattern are expected to be 
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between 75 feet and 150 feet apart. All wells will be completed so they can be used as 
either injection or recovery wells, so that wellfield flow patterns can be changed as needed 
to improve uranium recovery and restore groundwater quality in the most efficient manner. 
Other wellfield designs include alternating or single line drives. 

Each injection well and recovery well is connected to the respective injection or recovery 
manifold in a wellfield header house building. The manifolds deliver the injection and 
recovery solutions to the pipelines carrying the solutions to and from the ion exchange 
facilities. Flow meters and control valves are installed in the individual header houses to 
monitor and control the individual well flow rates and pressures. Header houses will be 
used to distribute injection fluid to injection wells and collect production solution from 
recovery wells. Each header house will be connected to two trunk lines, one for receiving 
injection fluid from the satellite plant and one for conveying recovery fluids to the satellite 
plant. Header houses will include manifolds, valves, flow meters, pressure meters, booster 
pumps and oxygen for addition to the injection lixiviant. Typically, header houses are made 
of steel construction and are approximately 10 feet wide by 20 feet in length and an 
approximate height of 10 feet. A typical header house design is provided in Figure 3-5. 

Injection and recovery wells are enclosed within a wellhead cover structure containing leak 
detection, venting, and identification; the monitor wells are not. The design details for 
typical wellheads is shown in Figure 3-6. 

Wellfield piping is primarily constructed of high density polyethylene (HDPE), with some 
PVC, and/or steel. The wellfield piping will be operated at pressures equal to or less than 
the rated operating pressure of the pipe and other in-line equipment. The typical pressure 
rating, for both the PVC and HDPE piping is between 160 and 300 psig. If a higher design 
pressure is needed, the pressure rating of the materials will be evaluated and, if necessary, 
materials with a higher pressure rating will be used. 

The individual well lines and the trunk lines to the satellite plant are buried to prevent 
freezing and destruction from vehicle traffic. The use of wellfield header houses and buried 
lines is a proven method for protecting pipelines. 

3.1.6 Wellfield Operational Monitoring 

As discussed in TR Section 5, an extensive groundwater sampling program will be 
conducted prior to, during and following ISR recovery operations at the Proposed Project 
to identify any potential impacts to water resources in the area. The groundwater 
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monitoring program is designed to establish baseline groundwater quality prior to ISR 
operations; detect any potential excursions of lixiviant either horizontally or vertically 
outside of the Production Zone during active ISR; and determine when the Production Zone 
Aquifer has been restored adequately following ISR. 

Injection and recovery well flow rates will be monitored at each header house so that 
injection and recovery can be balanced for each pattern and each wellfield. The flow rates 
of each injection and recovery well will be monitored continuously through the use of 
individual electronic flow meters in each wellfield header house. Also, pressure gauges 
will be installed to measure pressures for each of the injection and recovery wells. The 
pressure of the injection and recovery manifold will be monitored at each header house 
with electronic pressure transducers. The flow meters and pressure transducers will be 
electronically connected to the header house control panel, which will be in constant 
communication with the process monitoring and control systems in the proposed satellite 
plant control room. 

High and low pressure along with flow rate alarms will be in place to alert wellfield and 
facility operators if pressures or flow rates in a particular header house are operating outside 
of acceptable operating parameters. In conjunction with the alarm system, the pumps in 
each recovery well will be automatically shut off and automatic valves on the injection and 
recovery manifolds will be directed to close to stop the flow of injection and recovery 
solutions to and from the wells if significant changes in flow or pressure occur. Also, the 
oxygen system in each header house will have a solenoid valve that will close and shut off 
the flow of oxygen to the injection wells in the event of injection flow shutdown. This 
action will isolate the header house from the rest of the production circuit to prevent or 
limit a possible spill in the wellfield. 

To control the movement of lixiviant within the ore zone, a small percentage of barren 
lixiviant will continuously be diverted away from the volume being pumped back to the 
injection wells, resulting in more lixiviant being pumped from the production zone than 
injected. This bleed will create an inward gradient within the production zone, causing 
groundwater from the surrounding area to be drawn toward the wellfield. Inward gradient 
will contain lixiviant within the ore-bearing region of the production zone, preventing 
lixiviant from migrating away from the wellfield, and minimize dilution of lixiviant by 
uncontrolled fluid movement. 

The minimum bleed rate  will be a nominal 0.5 percent of the total wellfield production 
rate and the maximum bleed rate typically approaches 1.5 percent. Bleed rates will be 
adjusted as necessary to ensure that the wellfield cone of depression is maintained. Based 
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on a bleed of 0.5 to 1.5 percent, which has been successfully applied during mining at other 
ISR operations, the potential impact from consumptive use of groundwater is expected to 
be minimal. In this regard, the vast majority of groundwater used in the ISR process will 
be treated and re-injected.  

The groundwater monitoring program at the Proposed Project will be designed to detect 
excursions of lixiviant outside the wellfield under production and into the overlying and 
underlying water bearing strata. After baseline water quality is established for the monitor 
wells for a particular production unit, UCLs are set for chemical constituents which would 
be indicative of a migration of lixiviant from the well field. The constituents chosen for 
indicators of lixiviant migration and for which UCLs will be set are chloride, conductivity, 
and total alkalinity. These constituents are used as excursion indicators for nearly all 
currently licensed and operating ISR facilities, including Willow Creek. 

Chloride is chosen due to its low natural levels in the native groundwater and because 
chloride is introduced into the lixiviant from the ion exchange process. Chloride also is a 
very mobile constituent in the groundwater and will show up very quickly in the case of a 
lixiviant migration to a monitor well. Conductivity is chosen because it is an excellent 
general indicator of overall groundwater quality. Total alkalinity concentrations should be 
affected during an excursion as bicarbonate is the major constituent added to the lixiviant 
during ISR operations. UCLs will be set by analyzing the data for each excursion indicator. 

The currently proposed excursion indicator parameters will be adequate to identify that the 
groundwater quality at a monitor well may have been affected from ISR operations. During 
routine sampling, if two of the three UCL values are exceeded in a monitor well, an 
excursion is deemed to have occurred. According to NUREG-1569, Sec. 5.7.8.3 (Criterion 
5), a series of sampling events must occur to verify the excursion event. 

3.1.7 Water Balance 

Uranium recovery at the Proposed Project will consist of three operational phases, which 
include a production-only phase, a concurrent production and groundwater restoration 
phase, and a groundwater-restoration-only phase. The following section presents proposed 
process flow rates for each phase. 

The production-only phase is defined as the time period in which only wellfields recovering 
uranium are online. A water balance flow chart for the production phase is included as 
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Figure 3-7. The water balance represents the maximum recovery flow rate of 9,000 gpm 
with an average bleed rate of one percent. 

During the early stages of development, flow rate will be less, building up to a maximum 
of 9,000 gpm over time. Pregnant lixiviant will flow through pressurized, down-flow IX 
columns; the resulting barren lixiviant will be refortified with oxidant and 
bicarbonate/carbon dioxide and re-injected. A portion of the barren lixiviant will be 
transferred as a slip stream to a Reverse Osmosis (RO) unit. Throughout the production 
phase an RO unit will be used to optimize the Total Dissolved Solids (TDS) in solution 
within the production stream and to reduce the volume of waste water generated. The 
present conceptual design calls for a nominal 113 gpm RO unit to be fed from the barren 
lixiviant stream. The RO unit will be designed to produce a 90 gpm permeate stream and 
an 23 gpm brine stream. However, the RO unit will be equipped to produce alternate flow 
rates for permeate and brine streams as conditions warrant. An RO bypass rate of 68 gpm 
will feed the brine stream after RO.  

Permeate flow stream will feed the injection flow stream and satellite plant process make-
up water. Permeate is added to the barren lixiviant stream at an average flow rate of 90 
gpm, which represents an average bleed rate of one percent. However, this permeate 
addition rate will be adjusted to increase or decrease percent bleed as necessary during 
operations. Brine from the RO unit as well as waste water from the satellite plant and 
wellfield processes will be sent to the waste water tanks from which the waste water will 
be pumped to the evaporation ponds and/or DDWs (Alternative 1 and 2). 

Concurrent production and groundwater restoration phase will occur when wellfields begin 
groundwater restoration while other wellfields continue to extract uranium. A water 
balance flow chart for the concurrent production and groundwater restoration phase is 
shown in Figure 3-8. The production flow reflects the maximum recovery flow rate of 
9,000 gpm and average bleed rate of one percent. Groundwater restoration is discussed in 
detail in the Reclamation Plan. In this phase, the production only water balance flow chart 
remains unchanged. However, restoration pressurized down-flow IX columns, restoration 
RO units and a secondary set of RO units will be utilized.  

The groundwater restoration flow rate will include ~1,000 gpm from wellfields in the 
groundwater treatment stage. Flows will be combined and will flow through the restoration 
pressurized down-flow IX columns. Upon exiting the pressurized, down-flow IX columns, 
~1,000 gpm will be used to feed the restoration RO units, and the secondary set of RO units 
(~200 gpm). Brine from the restoration RO units (~200 gpm) will feed the secondary RO 
units. All permeate generated by the restoration (~800 gpm) and secondary (~100 gpm) 
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RO units will be injected into the wellfields undergoing groundwater treatment. By 
combining the two permeate streams, percent bleed from these wellfields will be reduced 
to less than 10 percent. This is an important step in controlling groundwater migration 
within the production zone during this phase of operations. All brine produced from the 
secondary RO units (~100 gpm) will be pumped to the evaporation pond or DDWs 
(Alternative 1 and 2) via waste water tanks. Permeate and brine flow rates from restoration 
and secondary RO units will be able to be reset as operating conditions warrant. 

The groundwater restoration only phase will take place when all wellfields have been 
depleted and only groundwater restoration activities are occurring. This phase signals the 
end of the production phase. A water balance flow chart for the groundwater restoration 
phase is shown in Figure 3-9. During this phase of operations, the production circuit will 
be shut in; therefore, only the satellite plant and wellfield processes, restoration pressurized 
down-flow ion exchange columns, restoration RO units and the secondary set of RO units 
are included in the flow chart. Similar to the concurrent production and groundwater 
restoration phase the groundwater restoration flow rate will include ~1,000 gpm from 
wellfields in the groundwater treatment stage. The flows will be combined and will flow 
through the restoration ion exchange columns. Upon exiting the pressurized, down-flow 
ion exchange columns, ~1,000 gpm will be used to feed the restoration RO units and the 
brine from the restoration RO units (~200 gpm) feed the secondary RO units. All the 
permeate generated by the restoration (~800 gpm) and secondary (~100 gpm) RO units 
will be injected into the wellfields undergoing groundwater treatment. All brine produced 
from the secondary RO units (~100 gpm) will be pumped to the evaporation pond or DDWs 
(Alternative 1 and 2) via waste water tanks. 

3.1.8 Wastewater Disposal Capacity 

The major sources of liquid 11e.(2) byproduct material generated from the Proposed 
Project will include brine and permeate generated from the treatment of the barren lixiviant 
slip stream and groundwater restoration water. Other liquid 11e.(2) byproduct will include 
process byproduct water from plant operations, byproduct water from activities in the 
wellfields, and byproduct water from equipment and personnel decontamination. Liquid 
Non-11e.(2) byproduct will include storm water runoff, used petroleum products and 
chemicals, and domestic byproduct water. 

Liquid 11e.(2) byproduct generated from production and restoration activities generally are 
managed at ISR facilities by solar evaporation ponds, deep well injection, surface discharge 
or some combination thereof. The combined use of evaporation and permeate ponds and 
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surface water discharge is considered by Uranium One to be the best alternative to dispose 
of these types of byproducts. Although, combined use of evaporation/permeate ponds and 
surface water discharge is Proposed Action, two alternatives have also been considered for 
liquid 11e.(2) byproduct disposal at the Proposed Project include:  

 Combined evaporation/permeate ponds and deep disposal wells (Alternative 1);
and

 Deep Disposal Wells and associated surge ponds (Alternative 2).

An analysis of the liquid 11e.(2) byproduct disposal Proposed Action and alternatives are 
provided in Section 2 of the ER. 

3.1.9 Estimate of Treated Pore Volumes 

The number of pore volumes treated and re-injected during the groundwater treatment 
phase will depend on the efficiency of the RO in removing total dissolved solids (TDS) 
and the success of the reductant in lowering the uranium and trace element concentrations 
in the aquifer. The following subsections provide an evaluation with respect to the number 
of pore volumes (PVs) of treatment that are currently anticipated to achieve restoration of 
the Production Zone aquifer. This includes evaluation of similar ISR projects, both in the 
Powder River Basin and at the proposed Ludeman Project site. Further discussions 
regarding pore volumes can be found in TR Section 6. 

3.2 Satellite Plant, Processing and Chemical Storage 

This section describes the proposed satellite plant and details specification that will be 
utilized for the Proposed Project. Typically, the satellite plant includes uranium processing 
equipment, groundwater restoration equipment, an on-site laboratory, and storage tanks. 
The facility will include the ion exchange, resin loading, and transfer areas. These areas 
will also contain chemical storage, storage yards, a temporary byproduct storage area, and 
employee parking. A conceptual general arrangement of the components of the satellite 
plant is illustrated in Figure 3-10. Designated areas will also be provided for hydrocarbon 
storage (fuel, oil, etc.) and hazardous waste storage (used oil, etc.).  
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3.2.1 Satellite Plant Equipment 

Uranium One proposes to construct and operate the satellite plant which will be located in 
the SENE quadrant of Section 14, T34N, R74W. The satellite plant will include the ion 
exchange, resin loading, and transfer areas. The proposed satellite plant will be housed in 
building approximately 80 feet in width by 190 feet in length and will be entirely contained 
within a concrete curb designed to contain the volume of the largest tank in the facility. 
The proposed satellite plant will be designed to operate at a throughput of 9,000 gpm. The 
size of the building will be refined during the process of detailed engineering design; 
however, the satellite plant will include the following circuits and systems: 

 Resin Loading (Pressurized down-flow IX);
 Resin transfer;
 Chemical addition;
 Filtration;
 Liquid byproduct stream;
 Groundwater treatment and restoration equipment; and
 Backup generator.

The following sections will provide a description of each processing system and the 
equipment and materials used. A process flow diagram which shows process flows and 
equipment is shown in Figure 3-11.  

3.2.1.1 Ion Exchange Circuit 

In accordance with data presented in the NRC NUREG-1910 (NRC, 2009), Section 2.7.1, 
Uranium One will utilize pressurized down-flow ion exchange (IX) columns. The uranium-
bearing solution, or pregnant lixiviant, recovered from the wellfield will be piped to the 
pressurized down-flow ion exchange systems in the satellite plant for extraction of the 
uranium using specialized ion exchange resin. With this ion exchange system, the radon 
present in the lixiviant is forced back underground in the re-fortified groundwater which 
thereby provides for significantly reduced potential for occupational and/or public 
exposure to radon and its progeny. More specific emission details are discussed in Sections 
4 and 7 of this TR. 

NUREG-1910 notes the pressurized downflow ion exchange systems contain most of the 
222Rn present in the lixiviant. Thus, the use of this type of ion exchange system allows for 
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more effective control of 222Rn. 222Rn is only released during resin transfer and routine 
maintenance. Use of a pressurized, downflow ion exchange system enables Uranium One 
to control where the 222Rn can go during maintenance and resin transfer, in turn allowing 
for a reduction in 222Rn emissions relative to other available ion exchange technologies. 
The use of this type of system also represents a specific emission control method which 
reduces emissions to levels that are as low as reasonably achievable (ALARA) and 
complies with the requirements of 10 CFR Part 40, Appendix A, Criterion 8. The use of 
engineering controls, such as pressurized, downflow ion exchange columns, along with 
independent tank and area ventilation systems will ensure that exposures to 222Rn and its 
progeny are maintained ALARA. Vents on the individual ion exchange vessels are 
connected to a manifold which is exhausted outside the satellite plant in the event 222Rn is 
released.  

These columns will be operated in series as pairs to allow one column to be in the lead 
position and one in the tail position. This will allow the column in the tail position to be 
placed in the lead position once the original lead column is taken off-line for resin transfer. 
Resin will be transferred to an elution tank, where the resin will be stripped, and then 
transferred back to a pressurized down-flow ion exchange column.  

An additional set of ion exchange columns will be used for restoration purposes only. As 
the pregnant lixiviant passes through the ion exchange system, the uranyldicarbonate and 
uranyltricarbonate ions will be removed preferentially from the lixiviant. The barren 
lixiviant leaving the ion exchange systems will normally contain less than 2 mg/l of 
uranium. After the barren lixiviant leaves the ion exchange system, CO2 and/or 
carbonate/bicarbonate will be added as necessary to refortify the barren lixiviant with the 
carbonate/bicarbonate concentration desired for recovery operations. The barren lixiviant 
will then be pumped back to the wellfields, with an oxidant (O2 gas) added before the 
solution is re-injected into the Production Zone.  

3.2.1.1.1 Ion Exchange Circuit Equipment 

Materials of construction and general specifications for the ion exchange circuit equipment 
are listed below. Detailed specifications and dimensions will be addressed during detailed 
engineering to include: 

 Ion Exchange Columns: The ion exchange columns are pressurized downward-
flow vessels constructed of mild steel with an epoxy internal coating. Internal
distribution headers are constructed of 316SS steel; and
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 Booster Pumps: Booster pumps are standard pumps of steel construction.

3.2.1.2 Resin Transfer and Elution 

Once the ion exchange resin in an ion exchange column is loaded to capacity with uranium 
complexes, the column will be taken out of service. The resin loaded with uranium will be 
transferred from the proposed satellite plant to the Willow Creek CPP via tanker truck. 
Once the resin has been stripped of the uranium by the process of elution, the resin will be 
returned to the Ludeman Satellite Plant for reuse in the ion exchange circuit. In the elution 
circuit the loaded resin will be stripped of uranium by a process based on the following 
chemical reaction: 

R2UO2(CO3)2 + 2Cl- + CO3
-2 2 RCl + UO2(CO3)3

-2 

After the uranium has been stripped from the resin, the resin may be rinsed with a sodium 
carbonate solution. This rinse removes the high chloride eluant physically entrained in the 
resin and partially converts the resin to carbonate form. In this way, chloride ion buildup 
in the lixiviant can be minimized. 

Resin transfer will occur within the satellite plant in a bay designed with containment 
berms and connection to the plant floor sump which discharges to either the liquid 11e.(2) 
byproduct waste management system or back into the production circuit in the event of a 
spill. Transfer to the truck will be facilitated by an approximately six-inch diameter hose 
securable to the truck by a latching mechanism. 

3.2.1.3 Groundwater Restoration Circuit 

Uranium One will use two stages of RO treatment (primary and secondary as needed), 
during groundwater restoration to maximize permeate and minimize brine production. The 
interference from groundwater restoration with ongoing uranium recovery operations will 
be kept to a minimum by maximizing the quantity of permeate re-injected into wellfields 
undergoing RO treatment and will hasten the clean-up of the affected groundwater. The 
restoration circuit will be designed to handle the anticipated flow of 1,000 gpm. Restoration 
equipment will be housed in the satellite plant. 

The RO system will consist of two units in series. The first RO unit will operate so as to 
return the flow as high quality permeate and as a concentrated brine solution. Concentrated 
brine is then pumped to the secondary RO unit which will produce approximately 60 
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percent permeate and 40 percent brine. Additional feed water to the secondary RO unit 
may include brine from the production RO unit, plant process waste water and groundwater 
sweep fluids. Permeate from each of the RO units will be combined and will be injected 
into the wellfields undergoing active groundwater restoration. 

3.2.1.3.1 Groundwater Restoration Circuit Equipment 

Materials of construction and general specifications for the restoration circuit equipment 
are listed below. Detailed specifications and dimensions will be addressed during detailed 
engineering including: 

 RO Systems: The RO units and related pumps will be will be constructed of
chemically compatible material; and

 Restoration IX Columns: The restoration IX columns will be constructed of mild
steel with an epoxy internal coating. Internal distribution headers are constructed
of 316SS steel.

3.2.1.4 Bleed Treatment Circuit 

To control the movement of lixiviant within  Production Zones, a small percentage of 
barren lixiviant will continuously be diverted away from the volume being pumped back 
to the injection wells, resulting in more lixiviant being pumped from the Production Zone 
than injected. This bleed will create a negative pressure gradient within the Production 
Zone, causing groundwater from the surrounding area to be drawn toward the wellfield. 
The negative-pressure gradient will contain the lixiviant within the ore-bearing region of 
the Production Zone, preventing the lixiviant from migrating away from the wellfield, and 
minimize the dilution of lixiviant by uncontrolled fluid movement. 

It is anticipated that the bleed rates will range from approximately 0.5 percent to 1.5 percent 
of the recovery flow rate, and average approximately 1.0 percent. As discussed in Section 
3.1.6, the wellfield bleed will be removed by processing a portion of the lixiviant through 
the production RO units. The resulting brine from the RO units will be piped to the 
evaporation ponds. 
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3.2.1.5 Backup Generator 

An emergency generator will be installed at the satellite plant in case of an electrical power 
outage. The generator will be a fully encased diesel generator that will start automatically 
when the power goes down. The generator will be sized to support the operation of critical 
systems needed to maintain a safe work environment within the satellite plant during the 
power outage. 

3.2.2 Chemical Storage Facilities 

The ISR process requires chemical storage and delivery systems to store and use chemicals 
at various stages in the recovery, processing, and waste treatment processes. Both 
hazardous and non-hazardous chemicals or materials will be stored at the Proposed Project 
facilities. Most bulk hazardous chemicals and materials will be stored in specially designed 
tanks or containers located within secondary containment structures as appropriate outside 
of the satellite plant building. Other non-hazardous bulk process chemicals and materials 
that do not have the potential to impact safety may be stored within the building. 

Each chemical storage and delivery system will be designed to safely store and accurately 
deliver process chemicals to the intended delivery points in the process. All chemical 
storage tanks will be clearly labeled to identify the contents. Design criteria for chemical 
storage and delivery systems include applicable regulations of the International Building 
Code (IBC), National Fire Protection Association (NFPA), Compressed Gas Association 
(CGA), Occupational Safety and Health Administration (OSHA), Resource Conservation 
and Recovery Act (RCRA), and the Department of Homeland Security (DHS). 

3.2.2.1 Process Related Chemicals 

Process-related chemicals will be stored in bulk at the proposed satellite plant and will 
potentially include carbon dioxide, sodium carbonate/bicarbonate, oxygen, and sodium 
sulfide, and hydrogen peroxide. Risk assessments completed by the NRC (NUREG-6733) 
for ISR facilities identified anhydrous ammonia and bulk acid (sulfuric and hydrochloric) 
storage as the most hazardous chemicals with the greatest potential for impacts to chemical 
and radiological safety. 
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3.2.2.1.1 Oxygen Storage and Delivery System 

Oxygen will be added to the injection stream either upstream of the injection manifolds 
within the header house buildings or to individual injection well meter runs. Oxygen 
storage will be placarded and located near the satellite facility or at centralized position(s) 
in the wellfield. Each vessel will be equipped with safety relief devices and will be located 
at least 25 feet from buildings or as required by applicable NFPA and OSHA standards. 
The storage facility will be designed to meet industry standards in NFPA-502F (NFPA, 
1996) and OSHA standards for the installation of bulk oxygen systems on industrial 
premises (29 CFR 1910.104). 

Oxygen service pipelines and components must be clean of oil and grease since gaseous 
oxygen will cause these substances to burn much more rapidly if ignited, as it will any 
other combustible material. All components intended for use with the oxygen distribution 
system will be properly cleaned using recommended methods in CGA G-4.1 (CGA, 2000)3F. 
The design and installation of oxygen distribution systems will be based on CGA-4.4 
(CGA, 2000)4 F. 

3.2.2.1.2 Carbon Dioxide Storage and Delivery System 

The carbon dioxide storage and delivery system will be stored adjacent to the satellite plant 
building where it may be added to the lixiviant prior to leaving the facility, and for the 
make-up of sodium bicarbonate for addition to the lixiviant stream. It will be used to 
dissolve carbon dioxide into the pregnant lixiviant to improve recovery of uranium. 

3.2.2.2 Chemical Reductants 

Hazardous materials typically used during groundwater restoration activities include the 
addition of a chemical reductant (i.e., sodium sulfide or hydrogen sulfide gas). To minimize 
the potential for accidents involving process chemicals to impact areas where licensed 
material is handled, these materials are stored outside of process areas. Sodium sulfide may 
be used as a chemical reductant during groundwater restoration. The material consists of a 
dry flaked product and is typically purchased on pallets of 55-pound bags or super sacks 
of 1,000 pounds. The bulk inventory will be stored outside of process areas in a cool, dry, 
clean environment to prevent contact with any acid, oxidizer, or other material that may 
react with the product. There are no current plans to use hydrogen sulfide gas at the 
Proposed Project. However, in the event that Uranium One determines that use of hydrogen 
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sulfide as a chemical reductant is necessary, proper chemical safety precautions will be 
taken.  
 

3.2.2.3 Non-Process Related Chemicals 
 
Non-process related chemicals that may be stored at the satellite facility include petroleum 
products (gasoline, diesel) and propane. Due to the flammable and/or combustible 
properties of these materials, all bulk quantities will be stored outside of process areas at 
the satellite facility. All gasoline and diesel storage tanks will be located above ground and 
within secondary containment structures designed to accommodate at least 110 percent of 
the volume of the largest tank in the containment structure. If the aboveground hydrocarbon 
storage capacity exceeds 1,320 gallons, Uranium One will prepare a Spill Prevention, 
Control, and Countermeasure (SPCC) plan in accordance with EPA requirements in 40 
CFR Part 112. 
 

3.2.3 Occupational and Environmental Safety Considerations 
 

3.2.3.1 Satellite Plant Gaseous Containment 
 
A description of the areas in the proposed plant facilities where radiological gases or air 
particulate could be generated is discussed in Section 7. 
 
The potential sources of non-radiological fumes or gases are minimal within the satellite 
plant since the mining solutions contained in the process equipment are maintained under 
a positive pressure. 
 

3.2.3.2 Satellite Plant Liquid Containment 
 
The primary form of containment throughout the processing building is each individual 
process tank or vessel. Secondary containment will consist of concrete curbing. There are 
two philosophies used for curbing within the satellite plant building, total containment in 
the event of tank failure and containment of leaks or spills during operations. Curbing to 
contain a failed tank will be used in areas that pose a major health risk or potential product 
recovery; these areas will have curbing to contain at least 110 percent of the volume of the 
largest tank. Curbing for spill containment only will be employed in areas where it is 
unnecessary or impractical to contain the total volume of fluid in that area but where it is 
still desirable to contain spills. The use of sloped floors within designated areas throughout 
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the satellite plant will direct any spilled/leaked fluid to an appropriate sump to be disposed 
of or returned to the process.  
 
Sealed sumps will be installed in the floor of the satellite building to capture any liquids 
falling outside the individual tank containment curbing. Materials in the sump may be 
assessed and disposed of by pumping the liquid into the disposal system (DDW circuit or 
ponds system) if the assessment determines that no negative effects will occur, such as 
plugging, and the material in question is within the disposal requirements. Liquids that are 
not appropriate for the disposal system will be either chemically treated to eliminate or 
neutralize negative constants prior to pumping into the disposal system, or pumped into 
appropriate storage/transportation containers and disposed at a licensed facility approved 
to accept wastes exhibiting the characteristics of the liquid.  
 
The satellite plant building foundation will incorporate a containment curb extending above 
the finished floor at the base of the building’s perimeter. This wall feature will serve as an 
additional level of containment for the entire building. All concrete surfaces at risk of 
coming in contact with process fluids or chemical reagents will be sealed with appropriate 
chemical resistant epoxy coatings. Areas expected to see heavy traffic volume, such as the 
truck bay, will have a chemical and wear resistant floor coating system. Working in concert 
with the curbing, the reinforced concrete slab will be sized to minimize (or eliminate) the 
number of construction or contraction joints necessary and thus will minimize potential 
leak sites.  
 
Uranium One commits to recording in the operational record the location and quantity and 
additional information as warranted for all liquid spills in the satellite plant and all lixiviant 
leaks in the wellfields regardless if it is a reportable quantity or not. 
 

3.2.4 Instrumentation and Control 
 

3.2.4.1 Wellfield Operations/Ion Exchange Circuit 
 
The wellfield and ion exchange circuits operate at steady state conditions, and deviations 
from the normal operating flow rates and pressure profiles (e.g., 10 percent or greater) are 
indicative of operating upsets. An automatic emergency shutdown system consisting of 
pressure and flow rate switches will be provided for these circuits when normal operating 
parameters are exceeded. Instrumentation and control related to these circuits to 
accommodate emergency shutdown systems and alarms are listed below: 
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 Instrumentation in the satellite plant control room will be provided to measure total 
production and injection flow and pressure on the main trunk lines. Flows and 
pressures will be monitored continuously and will be displayed locally on the 
metering instrumentation and displayed at the facility control room. Automatic 
shutdown and alarms will be provided for deviations outside of established 
operating parameters. Redundancy and backup processes will be built into the 
systems; and 

 The individual well flows will be adjusted and controlled within the header houses. 
Manifold pressures inside the header houses will be maintained below the 
maximum operating pressure. Instrumentation will be provided to measure 
individual well recovery and injection flow rates, as well as the manifold pressures 
coming into and going out of the individual header houses. Flows and pressures 
will be monitored continuously and will be displayed locally in the header house. 
These values will also be displayed in the facility control room. Total recovery and 
injection flows will be derived from the sum of the individual flows. Flows will 
also be continuously monitored to trigger and log an alarm in the event set 
parameters are exceeded. Wellfield header houses will also be equipped with 
sensors to detect the presence of liquids in the basement and initiate alarms. 
Automatic shutoff valves and alarms will be provided for deviations outside of 
established operating parameters for the systems controlled within the header 
house. 

 
In the event of an automatic shutdown, an alarm will notify the operator. Once the upset 
(broken piping, leaking vessels, etc.) is identified and corrective action taken, only then 
can the circuit be manually restarted. This type of control system provides the best 
protection against fluid spills to the environment by limiting the amount of fluid released 
and by providing immediate notification to facility operators and enhancing response to 
any upset conditions. Backup for the automatic emergency shutdown systems are provided 
by local displays and controls for the metering instrumentation or header house displays if 
systems controls or displays in the satellite plant should become temporarily unavailable. 
 
The oxidant system (liquid or gaseous) in each header house will have a control valve that 
will automatically close and shut off flow of oxidant to injection wells in the event of 
injection flow shutdown. 
 
Redundancy is built into the system by monitoring flows and pressures. For example, one 
of the manifold valves does not close properly, the control unit will identify this by 
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continuing to register either flows to individual wells or pressure on the manifolds. The 
control unit will further alert the satellite plant and wellfield operators of this condition.  
 
The header house control unit will be connected to the satellite plant through either a hard-
wired communication cable such as fiber optics or through use of a telemetry system. The 
control unit in each header house will consist of a programmable logic controller (PLC), a 
smart logic controller (SLC) or a distributed control system (DCS). In the event of an upset 
condition in a header house, a control unit will identify the header house and alert plant 
operators by causing an alarm to sound within the plant. Plant operators will alert a 
wellfield operator of the upset condition. As a backup to this alarm system, each control 
unit will be programmed to transmit a text message to each wellfield operator. Uranium 
One will have satellite plant operators on site 24 hours a day, while wellfield operators will 
work 8 hour shifts. If a header house alarm sounds during the night shift, a plant operator 
will respond to the alarm. 
 
An operator will inspect the header house to determine the cause of shut down and repairs 
will be initiated. Based on determination of the shut down and if the ongoing repairs do not 
affect the safe operation of the header house, all or a portion of the header house wells will 
be restarted. In addition to the instrumentation monitoring system, operators will perform 
daily inspections of header houses and wellfield areas to ensure that systems are operating 
properly and to detect leaks.  
 
To control the movement of lixiviant within the ore zone, a small percentage of barren 
lixiviant will continuously be diverted away from the volume being pumped back to the 
injection wells, resulting in more lixiviant being pumped from the production zone than 
injected. This bleed will create an inward gradient within the production zone, causing 
groundwater from the surrounding area to be drawn toward the wellfield. Inward gradient 
will contain lixiviant within the ore-bearing region of the production zone, preventing 
lixiviant from migrating away from the wellfield, and minimize dilution of lixiviant by 
uncontrolled fluid movement. 
 

3.2.5 Process Areas 
 
In the process areas, tank levels are measured in chemical storage tanks as well as process 
tanks. Instrumentation will be installed to provide continuous monitoring of chemical and 
process tank levels. Other instrumentation may also be provided in process areas to provide 
continuous monitoring for rates and pressures of process fluids and chemicals and other in-
line instrumentation used for process measurements. Readout from process area 
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instrumentation will be displayed on the facility control room monitors and will be 
displayed locally on the metering instrumentation providing backup monitoring.  
 
Alarms and automatic shutdown of systems (where needed) will be provided for deviations 
outside of established operating parameters. The alarms and automatic shutdown systems 
will provide the best protection against upset conditions of process fluids or chemicals by 
limiting the amount of fluids or chemicals released and immediate notification to facility 
operators, enhancing response to any upset conditions. The continuous monitoring will also 
be used operate the facility process at maximum efficiency. 
 

3.2.6 Radiological Monitoring Instrumentation 
 
Handheld radiation detection instruments and portable samplers will be used to monitor 
radiological conditions at the satellite facility. Specifications for this equipment are 
discussed in further detail in Section 5. The location of monitoring points and monitoring 
frequency for in-facility radiation safety is also discussed in Section 5. 
 

3.2.7 Solid 11e.(2) Byproduct Material Disposal 
 
Solid 11e.(2) byproduct material will be collected and stored at the satellite facility in 
appropriate containers (e.g., 55-gallon drums with drum liners). When these containers are 
full, they will be closed and stored at the satellite facility or will be moved to a byproduct 
storage restricted area and stored in a strong tight container as defined by DOT regulations. 
The strong tight containers will be capable of preventing the spread of contamination and 
contact with precipitation. Uranium One plans to use covered roll-off containers with an 
approximate capacity of 20 cubic yards. Once full, these containers will be shipped for 
disposal to a licensed disposal facility. During storage, the containers will be located within 
a restricted area. Access to the byproduct storage facility will be controlled through the use 
of security fencing, locked gates, and proper posting as a restricted area. 
 
Larger items such as contaminated equipment that cannot be stored in a roll-off container 
will be stored at the satellite facility or covered/sealed in manner that will prevent the 
spread of contamination in the byproduct storage area. 
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Table 3-1: Wellfield Summary 

 
  

Wellfield 
Number 

Wellfield 
Acreage 

Production Zone 
Aquifer Overlying Aquifer Underlying Aquifer 

Sand 
Depth 

(ft) Sand 
Depth 

(ft) Sand 
Depth 

(ft) 

1 93 90 194-345 100 43-128 80 295-450 
80 295-450 90 194-345 70 414-478 

2 58 70 695-747 80 563-652 60 704-770 
3 131 70 470-690 80 352-532 60 538-733 
4 104 70 480-590 80 286-463 60 561-694 

5 107 80 224-383 90 151-279 70 303-550 
70 303-550 80 224-383 60 362-565 

6 271 90 53-271 100 41-172 80 122-331 
Note: this is preliminary data; more complete data will be included in the Wellfield Data Package which 
will be submitted prior to production 
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Table 3-2: Typical Lixiviant Concentrations 

Parameter 
Range (mg/L) 

Low High 
Na ≤ 400 6,000 
Ca ≤ 20 500 
Mg ≤ 3 100 
K ≤ 15 300 

CO3 ≤ 0.5 2,500 
HCO3 ≤ 400 5,000 

Cl ≤ 200 5,000 
SO4 ≤ 400 5,000 
U3O8 ≤ 0.01 500 
V2O5 ≤ 0.01 100 
TDS ≤ 1,650 12,000 
pH < 6.0 8.0 
O2 300 500 

* All values in mg/l except pH (units). 
NOTE: The above values represent the concentration ranges that could be found in barren lixiviant or 
pregnant lixiviant and would include the concentration normally found in “injection fluid”. 
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4    EFFLUENT CONTROL SYSTEMS 

 
This section describes the effluent control systems to be used at the proposed Ludeman 
Project (Proposed Project). The effluents of concern at ISR operations include the release 
or potential release of radon gas and radionuclides in liquid streams. The effluent control 
systems at the Proposed Project include existing technologies that have demonstrated 
success at controlling effluents using specific procedures, training and engineering controls 
to reduce effluent production and minimize the potential for accidental releases. The 
proposed monitoring and control systems have been located to optimize their intended 
function and are appropriate for the types of effluent generated during ISR construction, 
operation aquifer restoration and decommissioning. 
 
These procedures include recycling/reusing materials through use of engineering controls, 
segregation of byproduct material, careful control of all materials delivered to or 
transported from the Proposed Project area in accordance with US DOT requirements, 
extensive employee training in hazard recognition and prevention of accidental releases, 
and use of signage and detailed Standard Operating Procedures (SOPs) and Spill 
Prevention/Response Plans, and for all types of effluent. The SOPs will be prepared 
following the issuance of the license and be available to NRC for inspection. 
 

4.1 Gaseous Emissions and Airborne Particulates  
 
Both radioactive and non-radioactive airborne effluents are anticipated in the Proposed 
Project area. The primary radioactive airborne effluent will be 222Rn while found in the 
pregnant lixiviant that comes from the wellfield into the satellite plant. Nonradioactive 
airborne effluents will include gases emitted from the operation of internal combustion 
engines and airborne particulates released from travel on unpaved roads, earth disturbing 
activities, and wind erosion. 
 

4.1.1 Radioactive Gaseous Emissions and Control Measures 
 
The primary radioactive airborne effluent at the Proposed Project facilities will be 222Rn 
gas. Radon can be found in the pregnant lixiviant coming from the wellfields into the 
satellite plant, where processing of uranium takes place. Radon occurs naturally in the 
groundwater in the ore body and is recovered by pumping pregnant lixiviant out of the 
production zone aquifer to the satellite plant. Uranium will be recovered from the 
groundwater by passing the pregnant lixiviant through pressurized, down-flow IX columns. 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
4-2 

 

NUREG-1910 (NRC, 2009) in Section 2.7.1, notes that pressurized ion exchange systems 
contain most of the radon gas present in the lixiviant and therefore it is retained within 
piping and is not normally released. In these systems, 222Rn may be released during venting 
and resin transfer operations. The alternative to pressurized downflow ion exchange 
columns typically employed for ISR recovery is upflow non-pressurized ion exchange 
columns. These columns release a significant amount of the 222Rn present in the lixiviant. 
The use of pressurized downflow ion exchange columns at the satellite plant will reduce 
the 222Rn emissions relative to other available ion exchange technologies and represents an 
emission control method that reduces emissions to levels that are as low as reasonably 
achievable and complies with the requirements of 10 CFR Part 40, Appendix A, Criterion 
8. Further, the use of these ion exchange systems coupled with tank and area ventilation 
systems ensures that worker exposure to 222Rn and its progeny is maintained As Low As 
Reasonably Achievable (ALARA) using engineering controls. 
 
Separate, independent ventilation systems consisting of ducting and/or piping attached to 
the expected points of release will be installed for all indoor, atmospheric, process tanks 
and vessels where 222Rn could be expected. These systems will utilize redundant exhaust 
fans to collect and exhaust gases to the outside atmosphere, controlling employee exposure 
if one of the fans is not operating properly. Ventilation exhaust points will be located on 
the leeward side of the building at an elevation higher than the peak of the building to 
ensure prevailing winds will disperse the exhaust. Additionally, ventilation intakes will be 
on the upwind side of the building, to ensure exhausted 222Rn will not be returned to the 
facility by prevailing winds, as recommended in Regulatory Guide 8.31. Airflow through 
any openings in the vessels will be from the process area of the satellite plant, into the 
vessel and out through the ventilation system, controlling any releases that may occur 
inside the vessel. During favorable weather conditions, open doorways and convection 
vents in the roof will provide sufficient work area ventilation. 
 
Work area ventilation will be maintained utilizing a combination of natural ventilation and 
a forced-air system that will draw air into the satellite plant, and exhaust to atmosphere 
outside the building. During favorable weather conditions, open doorways and convection 
vents in the roof will provide sufficient work area ventilation. The forced air system will 
supplement this condition as required during the heating season.  The forced air ventilation 
system will be designed for a maximum of two air changes per hour. However, the system 
may be operated at lower rates as conditions warrant but will still ensure that air 
concentrations of 222Rn or radioactive air particulates remain much less than 25 percent of 
their Derived Air Concentrations (DAC), consistent with 10 CFR Part 20 and NRC 
Regulatory Guide 8.31, Section 3.3.  
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Minor amounts of 222Rn  may be released outside of the satellite plant from the wellheads, 
headerhouse buildings, and the evaporation ponds. At the wellheads and evaporation 
ponds, 222Rn will be released directly to the atmosphere where it will rapidly disperse. 
Wellhead enclosures may be vented to reduce 222Rn buildup which could otherwise expose 
wellfield personnel during inspection and maintenance activities. If vents are not installed 
on wellhead enclosures, SOPs will be used for accessing wellheads to ensure exposures to 
personnel are minimal. Header house buildings may have ventilation systems consisting of 
a roof or wall-mounted fan as well as a separate 222Rn ventilation system with an intake 
located in the header house building sump and exhaust point on the building roof.  
 
Other areas where small amounts of 222Rn may be released are from solution spills, filter 
changes, IX resin transfer, reverse osmosis (RO) system operation during groundwater 
restoration, and routine maintenance activities. The satellite plant ventilation system will 
minimize employee exposure to 222Rn. Air in the plant will be sampled for 222Rn progeny 
to assure that levels of 222Rn and its progeny are maintained ALARA. Radon that is 
discharged from the project facilities will quickly disperse into the atmosphere. Although 
222Rn monitoring devices are not proposed as part of the process equipment ventilation 
system or the general area ventilation system, the pre-operational baseline environmental 
monitoring program will be continued during operations. This will ensure 222Rn and 
progeny released to unrestricted areas will be measured and maintained below the limits 
specified in the NRC license. 
 
For a typical header house, a minimum of one exhaust fan will operate at a rate of 
approximately 30 to 70 cubic feet per minute (cfm), at zero inches of water. A typical 
header house contains approximately 3,600 cubic feet of volume. The system would have 
a design rate of five to ten air exchanges per hour which is sufficient to control buildup of 
radon progeny and minimize airborne concentrations from re-suspension of dust associated 
with spills. 
 
Additionally, environmental release and their potential impact to the public has been 
modeled using the MILDOS-Area computer model. Results of the model are presented in 
Addendum 7-A of this TR. 
 

4.1.2 Air Particulate Effluents 
 
The Proposed Project consists of only wellfield and ion exchange operations, and no 
yellowcake processing occurs where airborne particles could be present. However, 
Uranium One understands that 222Rn , a radioactive gas with a 3.8-day half-life, decays to 
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several solid particles that tend to be electrically charged and can deposit on surfaces or 
attach to dust particles. Radon progeny can buildup in buildings, such as the header houses, 
if the ventilation is not adequate to ensure complete air exchange. As noted in NUREG/CR-
6733, spills of radioactive liquid can be a source of air particulates and pose an inhalation 
hazard if the spills dry before cleanup. To reduce such potential build-up, Uranium One 
will initiate the controls and designs outlined in the previous section (Sec. 4.1.1) and the 
radiation monitoring program discussed in Section 5.7.3 of this TR. 
 

4.1.3 Non-Radioactive Emissions and Control Measures 
 

Emissions from internal combustion engines will be the primary source of gaseous effluent. 
Small releases are anticipated from the following: drilling rigs, drilling support equipment 
(backhoes, water trucks, pipe trucks), wellfield utility trucks (MIT units, workover units, 
swabbing units), light vehicles associated with wellfield operations and construction, and 
vehicles used to transport staff to/from the site. These emissions will likely include CO, 
C02, S02, NOx and PM10 and total hydrocarbon (THC). 
 
Fugitive dust will be generated during all project phases from activities such as the 
mechanical disturbance of soil materials by heavy equipment, from transport vehicles 
traveling on access roads, and from wind blowing over disturbed areas and stockpiles. 
Uranium One will mitigate fugitive dust emissions during all project phases with the use 
of some or all the following: speed limits, road watering of high traffic area, chemical dust 
suppressants such as magnesium chloride, selection of road surface materials which will 
minimize dust, and prompt revegetation of disturbed areas. 
 

4.1.4 Reporting Effluent Releases 
 
10 CFR §40.65 requires licensees to submit a semiannual environmental and effluent report 
to the NRC. The report must specify the quantity of each of the principal radionuclides 
released to unrestricted areas in liquid and in gaseous effluents during the previous six 
months of operation.  
 
The predominant radionuclide released to unrestricted areas from the Proposed Project will 
be airborne releases of 222Rn from non-point sources such as wellfields and the satellite 
plant. Radon-222 releases in the wellfields will occur from material contained in mud pits 
during drilling, sample collection in header houses, and from wellhead venting activities. 
Radon-222 releases from the satellite plant will occur through tank ventilation systems 
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during venting and backwashing operations and from the normal building ventilation 
system, which will exhaust building air at various points in the structure.  
 

4.2 Byproduct Material Management 
 
This section describes the proposed byproduct material management system. Liquid and 
solid byproduct materials are divided into two general categories: 11e.(2) byproduct 
material and non-11e.(2) byproduct material. The proposed byproduct material 
management system is summarized below for each category of byproduct material. 
Additional details regarding byproduct material can be found in ER Section 4.13. 
 

4.2.1 11e.(2) Liquid Byproduct Material 
 

4.2.1.1 Brine 
 
Brine will be generated from RO treatment of the production bleed and from RO treatment 
of the groundwater restoration water. Brine will be routed from the production and 
restoration RO units in the satellite plant to a wastewater collection system and ultimately 
into the lined evaporation ponds. Anticipated brine generation rates during operations and 
restoration are provided in Figures 3-6 through 3-8 in TR Section 3, which present the 
anticipated water balance for the Proposed Project. The highest flow rate of brine will be 
generated during concurrent operation and groundwater restoration phases.  
 

4.2.1.2 Permeate 
 
Permeate will also be generated from the treatment of both the process bleed and 
groundwater from aquifer restoration. Excess permeate which is not recycled back to 
operation or restoration activities will be used as plant makeup water. Permeate will be 
high quality water and will generally be put to beneficial use. Any discharge of permeate 
will be under the auspices of a Wyoming Pollutant Discharge Elimination System 
(WYPDES) discharge permit. 
 

4.2.1.3 Other 11e.(2) Liquid Waste 
 
Other 11e.(2) liquid byproduct materials include spent eluate, resin transfer wash water, 
plant wash- down water, and fluids generated from wellfield release. Liquid byproduct 
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materials generated in the satellite plant will be discharged to the wastewater disposal 
system while water collected from wellfields will be collected in dedicated portable tanks 
or tanker trucks and transported to the wastewater disposal system. Any water captured 
from leaking pipelines or equipment will also be transported to the wastewater disposal 
system in dedicated portable tanks or tanker trucks.  
 
Prior to the start of operating the secondary RO unit, these liquid byproduct materials will 
be disposed of into the evaporation ponds. Following the start of the operation of the 
secondary RO unit, liquid byproduct materials generated by the satellite plant and wellfield 
processes will be included into the feed stream to the secondary RO unit to increase 
available permeate and to decrease the amount of liquid 11e.(2) byproduct material to be 
disposed. Brine from the secondary RO unit will be disposed of in the evaporation ponds. 
The anticipated water chemistry of the waste stream that will be disposed of in the 
evaporation ponds is presented in Table 4-1. 
 

4.2.2 Non 11e.(2) Liquid Byproduct Material 
 

4.2.2.1 Stormwater Runoff 
 
Stormwater management is controlled under WYPDES permits issued by the 
WDEQ/WQD. As part of the permit, a storm water pollution plan (SWPPP) will be 
prepared describing best management practices (BMPs) used to keep pollutants out of 
surface waters and storm drains. Facility drainage will be designed to route storm runoff 
water away from or around the satellite plant, ancillary buildings and parking areas, and 
chemical storage. The design and controls of the Proposed Project facilities will be 
implemented such that runoff is not considered to be a potential source of pollution.  
 

4.2.2.2 Domestic Liquid Waste 
 
Domestic waste from the restrooms, locker rooms and lunchrooms will be disposed of in a 
septic system that meets the requirements of the WDEQ/WQD and will likely include one 
or more septic tanks for primary treatment. Septic tank effluent will be disposed of in a 
gravity or pressure-dosed drain field in accordance with a Class V UIC permit. The septic 
system will be separate from other liquid byproduct lines to prevent discharge of liquid 
11e.(2) byproduct material into the septic fluid. These systems have been approved for 
other ISR facilities in Wyoming, and are in common use throughout the United States and 
the potential impact of the system to the environment is known to be minimal. 
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The quantity of domestic sewage generated by the proposed action will vary per the number 
of workers during each project phase. During construction portable toilets will be used.  
 

4.2.2.3 Used Petroleum Products and Chemicals 
 
At the Proposed Project, small quantities of used oil will be generated from equipment and 
vehicles used on-site. The waste petroleum products will be temporarily stored on-site 
before being transported to a nearby recycling or disposal facility. These wastes will not 
have been affiliated with the processing or generation of 11e.(2) byproduct material and 
will not be classified as AEA-regulated waste. 
 
Used petroleum product fluids will be stored in an aboveground storage tank located in the 
maintenance shop. The storage tank will be cylindrical and constructed of steel with a 
locking cap and venting system. Secondary containment will be designed to contain 110 
percent of the tank volume. Spills of waste petroleum will be contained, mitigated, cleaned 
up, and reported in accordance with WDEQ requirements.  
 
The Proposed Project is anticipated to be classified as a conditionally exempt small 
quantity generator (CESQG) by WDEQ/SHWD. As such, the project will be required to 
generate less than 220 pounds (100 kg) of hazardous waste in any calendar month, generate 
less than 2.2 pounds (1 kg) of acutely hazardous waste, and store less than 2,200 pounds 
(1,000 kg) of hazardous waste at any one time.  
 

4.2.2.4 Other Liquid Waste  
 
Groundwater may be discharged during drilling, sample collection and aquifer testing. The 
“native” groundwater to be discharged will not have been exposed to any uranium recovery 
processes or chemicals. The groundwater recovered during these activities may be stored 
and disposed of on-site in mud pits constructed adjacent to the drilling sites or discharged 
to the surface in a non-erosive manner. It is anticipated that other water generated during 
operations and decommissioning will be disposed of in a similar manner. A more detailed 
discussion on water management and disposal can be found in ER Section 4. 
 

4.2.3 Solid 11e.(2) Byproduct Material 
 
All contaminated items during operations, ground water restoration and decommissioning 
that cannot be decontaminated to meet release criteria will be properly packaged, 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
4-8 

 

transported, and disposed of off-site at a licensed solid 11e.(2) byproduct material disposal 
facility. Solid 11e.(2) byproduct materials generated by the Proposed Project that may be 
contaminated with radioactive isotopes consist of items such as rags, trash, packing 
material, worn or replaced parts from equipment, piping, filters, protective clothing, solids 
removed from process pumps and vessels, and spent resin. Solid 11e.(2) byproduct material 
which has a contamination level precluding decontamination will be isolated in drums or 
equivalent DOT approved containers.  
 
Solid 11e.(2) byproduct material will be collected and stored within a designated restricted 
area of the proposed satellite plant in appropriate containers (e.g., 55 gallon drums with 
drum liners) approved by DOT, and will be appropriately labeled and placarded for the 
class of material being shipped. When these containers are full, they will be closed, sealed 
and stored within the byproduct storage area and stored in a strong, tight container as 
defined by DOT regulations. The strong, tight containers will prevent the spread of 
contamination and contact with precipitation. The Proposed Project plans to use covered 
roll-off containers with an approximate capacity of 20 cubic yards. Once full, these 
containers will be shipped for disposal to a 11e.(2) licensed byproduct disposal facility. 
Prior to beginning operations, Uranium One will have in place a signed contract for solid 
11e.(2) byproduct disposal at such a facility. During storage, the containers will be located 
within a restricted area. Access to the byproduct storage facility will be controlled using 
security fencing, locked gates, and proper posting as a restricted area. Larger items such as 
contaminated equipment that cannot be stored in a roll-off container will be stored in the 
designated solid 11e.(2) byproduct material storage area and will be covered/sealed in a 
manner that will prevent the spread of contamination.  
 
Materials such as piping, valves, instrumentation or other equipment classified as 11e.(2) 
byproduct material can be reclassified as non-11e.(2) byproduct and released for 
unrestricted use if decontaminated. Decontamination will be accomplished by completing 
a preliminary radiological survey to determine the location of the contamination, 
performing additional evaluation and testing as needed to verify the contamination extent, 
decontaminating through pressure washing, acid rinse, or another appropriate method, and 
performing a final radiological survey to verify decontamination success. 
 
Uranium One (via SUA-1341) currently has an agreement with Pathfinder Mine 
Corporation Shirley Basin Facility to receive shipments of solid 11e.(2) materials from the 
operating Willow Creek Project. Prior to operations Uranium One commits to have a 
signed agreement with the Pathfinder facility or another NRC licensed facility to receive 
the solid 11e.(2) byproduct materials generated as a result of the proposed Ludeman 
Project. 
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As requested in NUREG-1569 (Sec. 4.2.3(6)), Uranium One commits to notify NRC in 
writing within 7 days if the NRC-approved agreement with Pathfinder Mine Corporation 
Shirley Basin Facility for the shipment of 11e.(2) byproduct materials expires or is 
terminated. Uranium One also commits to submit a new agreement for NRC approval 
within 90 days of the expiration or termination. These commitments are in accordance with 
SUA-1341 License Condition 9.7. 
 

4.2.4 Non-11e.(2) Solid Byproduct Materials 
 

4.2.4.1 Solid Waste 
 
Uncontaminated solid waste will be collected on the site on a regular basis and disposed of 
in the nearest approved sanitary landfill, compliant with the rules and regulations of 
WDEQ/SHWD. The nearest municipal solid material landfills are in Casper or Douglas, 
Wyoming. 
 

4.2.4.2 Septic System Solid Waste 
 
Domestic liquid waste from the restrooms, locker rooms and lunchrooms will be disposed 
of in an approved septic system that meets the requirements of the WDEQ for Class V UIC 
wells. Occasionally the septic tank(s) will require sludge removal. This will be performed 
by a septic disposal contractor, who will pump the solids from the septic tanks into a tanker 
truck and transport the sludge to a nearby municipal septic water treatment system for 
disposal. 
 

4.2.4.3 Hazardous Waste 
 
Hazardous wastes are defined by WDEQ/SHWD Hazardous Waste Management Chapter 
2 or by USEPA in 40CFR Part 261. Generated materials defined by these regulations as 
hazardous waste will be consolidated in appropriate containers upon generation and 
shipped off-site for disposal at a facility licensed for the acceptance of hazardous wastes. 
Wastes that may be generated at the Proposed Project that may be classified as hazardous 
wastes include solvent rags, expired laboratory reagents, solvents, cleaners, or degreasers. 
It is also expected that the Proposed Project facilities will generate Universal Wastes such 
as batteries, fluorescent light bulbs and used oil.  
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Uranium One intends to use the Glenrock Area Solid Waste Disposal Facility for solid non-
hazardous and hazardous waste. Any hazardous wastes not accepted by the Glenrock Area 
Solid Waste Disposal Facility will be transported to the City of Casper Special Waste and 
Diversion Facility.  
 
Uranium One expects the Ludeman Project to be classified as a conditionally exempt small 
quantity generator (CESQG) by WDEQ/SHWD. As such, the project will be required to 
generate less than 220 pounds (100 kg) of hazardous waste in any calendar month, generate 
less than 2.2 pounds (1.0 kg) of acutely hazardous waste, and store less than 2,200 pounds 
(1,000 kg) of hazardous waste at any one time. This classification as a CESQG does not 
relieve Uranium One from complying with CESQG regulations and those requirements to 
dispose of classified hazardous waste at a properly licensed hazardous waste facility. 
Uranium One will comply with the EPA and WDEQ/SHWD CESQG requirements and 
monitor the generation of hazardous waste to ensure compliance with the weight generation 
rules of those regulations. 
 

4.2.5 Liquid 11e.(2) Byproduct Material Disposal  
 
Liquid 11e.(2) byproduct generated from production and restoration activities generally are 
managed at ISR facilities by solar evaporation ponds, deep well injection, surface discharge 
or some combination thereof. The combined use of evaporation and permeate ponds and 
surface water discharge is considered by Uranium One to be the best alternative to dispose 
of these types of byproducts. Although, combined use of evaporation/permeate ponds and 
surface water discharge is Proposed Action, two alternatives have also been considered for 
liquid 11e.(2) byproduct disposal at the Proposed Project include:   

 Combined evaporation/permeate ponds and deep disposal wells (Alternative 1); 
and 

 Deep Disposal Wells and associated surge ponds (Alternative 2).   
 

4.2.5.1 Lined Evaporation and Permeate Ponds 
 
The proposed ISR operations will include an evaporation and permeate pond system to 
dispose of liquid byproduct material. The major sources of liquid byproduct material 
generated from the Proposed Project will include brine and permeate generated from the 
treatment of the barren lixiviant slip stream and groundwater restoration water. Other liquid 
byproduct will include process byproduct water from plant operations, byproduct water 
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from activities in the wellfields, and byproduct water from equipment and personnel 
decontamination.  
 
The design of the evaporation and permeate ponds are based on NRC Regulatory Guide 
3.11, “Design, Construction, and Inspection of Embankment Retention Systems at 
Uranium Recovery Facilities”, 10 CFR Part 40, Appendix A, Criterion 5(A), and the 
pertinent laws and regulations indicated therein. It should be noted that these regulations 
apply to 11e.(2) impoundments.  
 
A conceptual pond design has been completed based on a site geotechnical study performed 
by Inberg-Miller Engineers. The conceptual pond design plan and geotechnical study is 
provided in Addendum 4-A.  
 
The conceptual pond design plan includes the following information: 

 General site conditions; 
 Configuration and location; 
 Geotechnical analysis;  
 Quality control testing program  
 Pond storage/freeboard analysis; 
 Liner design; 
 Leak detection system design; and 
 Operational inspection plans. 

 

4.2.5.2 Pond Liner and Leak Detection Systems 
 
Evaporation and permeate pond liners and leak detection systems will meet the 
requirements of Regulatory Guide 3.11. Each pond will be equipped with an impermeable 
chemically compatible liner which will likely be high density polyethylene (HDPE) or 
polypropylene (PP) primary liner. HDPE and PP liners are generally very resistant to 
chemicals and alkaline and acid agents, with the exception of oxidizing acids, and salt 
solutions (Renken et al 2005). Site preparation and liner installation will be in accordance 
with manufacturer’s specifications. 
 
The proposed liner system for the evaporation ponds is a double liner system consisting of 
a 30-mil PVC bottom liner which rests on 12oz geotextile fabric, a 60-mil HDPE top liner 
with a 200-mil geo-net middle liner. A durable dual layered liner system has been 
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incorporated into the pond cell design to minimize leakage potential. In addition to a double 
lined liner system, a leak recovery system has been integrated into the pond design. If a 
leak were to occur in the upper liner the leak recovery system is designed to minimize the 
hydraulic head on the secondary liner. If leakage occurs through the upper liner, the leakage 
will be collected in the leak recovery system and flow (via gravity) to a leak recovery 
system sump. Each evaporation pond will contain multiple leak detection sumps as shown 
in Addendum 4-A. The use of multiple leak detection systems per cell will allow the 
operator to isolate which portion of the pond a potential leak would be located allowing for 
allowing for quicker and more effective repair efforts. 
 

4.2.6 Operational Inspection Plans 
 
The pond inspection plan is based on the routine weekly inspections currently required in 
SUA-1341 for the Willow Creek evaporation ponds. Inspection sheets and leak detection 
well monitoring results will be maintained on-site and submitted in annual reports to NRC 
and WDEQ.  
 
In the event of a confirmed loss of liner integrity, a phone or email notification to NRC and 
WDEQ will occur within 48 hours to be followed by a written report to the NRC within 30 
days. This report will detail the suspected cause of the leak, estimated amount of leaked 
liquid, the chemical nature of the liquid, and mitigation efforts undertaken to recover any 
suspected byproduct water leaked. In addition, the report will provide methods to prevent 
a similar event in the future. The following four sections outline the routine pond 
inspection. 
 

4.2.6.1 Daily Inspections 
 
The inspections will include visual inspections of the piping, berms, diversion ditches, 
freeboard, and leak detection systems. The pond depth measurements will be checked 
against freeboard requirements by visually inspecting the freeboard marks located on each 
of the evaporation pond liners.  
 

4.2.6.2 Weekly Inspections 
 
Weekly inspections will consist of checking the pond depth and visually inspecting the 
pond embankments for slumping, movement, or seepage. The pond depth measurements 
will be checked against the freeboard requirements. The liner system will be visually 
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inspected to identify any damage. The perimeter game-proof fence, restricted areas signs, 
and pond inlet piping will also be checked. The Director of Safety, Health and Environment 
(SHE), and the Mine Manager will review the inspection report. Routine weekly inspection 
reports will be maintained on-site by the Radiation Safety Officer (RSO) for NRC staff to 
review during routine site inspections. 
 
Following construction of the evaporation ponds, Uranium One will determine the baseline 
water quality in the standpipes connected to the leak detection system and the height of 
fluid within the pipes. If during the daily inspections a fluid height in any of the standpipes 
for the pond leak detection system is found to be more than six vertical inches greater than 
the baseline level, then a sample of the fluid will be collected for analysis of specific 
conductance. If the specific conductance of the fluid in the leak detection system exceeds 
the baseline standpipe water quality by greater than 50 percent, then it concludes that a leak 
has occurred in the pond’s primary liner and mitigative and corrective actions will be 
performed.  
 
Because the permeate ponds are unlined and will contain water which meets WYPDES 
surface discharge criteria, leak detection systems will not be installed.  
 

4.2.6.3 Quarterly Inspections 
 
All operable evaporation ponds will be sampled quarterly and analyzed for Radium-226, 
uranium, zinc, pH, conductivity, and chloride, SO4, TDS, NO3, and NH4.  Water in the 
permeate ponds will be analyzed for radium-226, uranium, zinc, pH, conductivity, and 
chloride. Results of the quarterly inspections will be included in the quarterly report 
submitted to the NRC.  
 

4.2.6.4 Annual Technical Inspection 
 
Annual inspections will include a review of the previous year’s daily, weekly, and quarterly 
inspections, assessment of the hydraulic and hydrologic capacities, and a survey of the 
embankment by qualified personnel. A copy of the report will be submitted to the NRC for 
review. 
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4.2.7 Deep Disposal Well Permitting 
 
Liquid 11e.(2) byproduct generated from production and restoration activities generally are 
managed at ISR facilities by solar evaporation ponds, deep disposal wells (DDWs), surface 
discharge or some combination thereof. The combined use of evaporation and permeate 
ponds and surface water discharge is considered by Uranium One to be the best alternative 
to dispose of these types of byproducts. Although, combined use of evaporation/permeate 
ponds and surface water discharge is Proposed Action, two alternatives have also been 
considered for liquid 11e.(2) byproduct disposal at the Proposed Project include:   

 Combined evaporation/permeate ponds and deep disposal wells (Alternative 1); 
and 

 Deep disposal wells and associated surge ponds (Alternative 2).   

If it is determined DDWs will be used for liquid 11e.(2) disposal, they will be permitted in 
accordance with the WDEQ Water Quality Division (WQD) Class I Underground Injection 
Control (UIC) rules and regulations. If Alternative 2 is employed, a backup storage pond 
will be designed and constructed for use as an alternate storage option for situations when 
the deep injection well(s) is temporarily unavailable due to upset, work over, or annual 
testing.  
 
The target zones will be the Lance Formation through the Parkman Formation (depths 
ranging from 4,500 to 10,000 feet). The Lance Formation has a total thickness of 
approximately 2,500 feet. The Lance Formation includes approximately 900 feet of net 
sand with porosity greater than 8 percent and an average permeability of about 12 
millidarcies. Individual sandstone lenses within the Lance Formation commonly have 
porosities around 20 percent. The Teckla-Parkman section near the Proposed Project has a 
total thickness of about 2,000 feet. The section has on the order of 340 feet of net sand 
above 8 percent porosity with a permeability of approximately 3 millidarcies. Individual 
sands within the Teckla-Parkman seldom exceed porosity of 12 percent. Based on superior 
porosity-thickness, the primary target of Class I wells at the Proposed Project will be the 
Lance Formation.  
 
Although water quality in the Lance Formation is not anticipated to exceed TDS levels of 
10,000 mg/l, it is likely that this unit will contain elevated concentrations of various 
constituents that exceed Wyoming Class I, II or III groundwater standards, such as TDS, 
chloride, ammonia, trace metals, organic compounds, or oil and grease. The Lance 
Formation is an established oil and gas producing section in the Powder River Basin. 
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Additionally, the depth of this unit makes it unlikely to ever be a source of drinking water 
supply.  
 
Data from wells in the area indicate that the Teckla-Parkman water quality either exceeds 
the TDS level of 10,000 mg/l or contains levels of BTEX compounds that exceed drinking 
water standards. Oil and gas production occurs throughout the region in the Teckla-
Parkman section and in deeper geologic units.  
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Table 4-1: Summary of Anticipated Waste Stream Water Quality 

Parameter Unit Typical Value 
Minimum 

Value 
Maximum 

Value 
EC  μS/cm 300 180 400 
TDS  mg/L 200 100 250 
pH  s.u. 8 6 6.5 
Alkalinity as 
CaCO3  mg/L 100 50 200 

Sulfate  mg/L 15 10 20 
Bicarbonate  mg/L 150 50 200 
Chloride  mg/L 15 5 25 
Calcium  mg/L 0 0 1 
Sodium  mg/L 50 20 100 
Manganese  mg/L 0 0 0.1 
Selenium  mg/L 0 0 0.1 
Arsenic  mg/L 0 0 0.1 
Uranium  mg/L 0 0 0.1 
Radium  pCi/L 30 5 100 
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5 OPERATIONS 
 
Uranium One is committed to conducting all operations in conformance with applicable 
laws, regulations and requirements of the NRC and other regulatory agencies. The 
responsibilities described below have been designed to ensure compliance and further 
implement Uranium One's policy for providing a safe working environment with cost 
effective incorporation of the philosophy of maintaining radiation exposures as low as is 
reasonably achievable (ALARA). 
 

5.1 Corporate Organization and Administrative Procedures 
 
Uranium One will maintain a performance-based approach to the management of the 
environment and employee health and safety, including radiation safety. Figure 5-1 is a 
partial organization chart for Uranium One with respect to the operation of the proposed 
Ludeman Project (Proposed Project) and associated operations and represents the 
management levels that play a key part in the Radiation Protection Program (RPP). The 
personnel identified are responsible for the development, review, approval, 
implementation, and adherence to operating procedures, programs, environmental and 
groundwater monitoring programs as well as routine and non-routine maintenance 
activities. The individuals in the positions identified in the organizational, may also serve 
a functional part of the Safety and Environmental Review Panel (SERP) described in 
Section 5.2.4. 
 

5.1.1 President  
 
The President of Uranium One Americas is responsible for management of all company 
projects and operations in the U.S. In this role, the President has the responsibility and 
authority for the radiation safety and environmental compliance programs at these 
operations. The President is responsible for ensuring that Uranium One personnel comply 
with industrial safety, radiation safety, and environmental protection programs as 
established in the Uranium One program. The President is also responsible for compliance 
with all regulatory license conditions/stipulations, regulations and reporting requirements. 
The President has the responsibility and authority to terminate immediately any activity 
that is determined to be a threat to employees or public health, the environment, or 
potentially a violation of state or federal regulations. 
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5.1.2 Mine Manager 
 
The Mine Manager is directly responsible for all uranium production activities at the 
Uranium One facilities. The Mite Manager is authorized to immediately implement any 
action to correct or prevent hazards. The Mine Manager has the responsibility, duty, and 
the authority to suspend, postpone or modify, immediately if necessary, any activity that is 
determined to be a threat to employees, public health, the environment, or potentially a 
violation of state or federal regulations. The Mine Manager cannot unilaterally override a 
decision for suspension, postponement or modification of the operation if that decision is 
made by the Manager of SHE or the Safety Supervisor/RSO. The Mine Manager reports 
directly to the President Uranium One Americas, Inc..  
 

5.1.3  Director of Safety, Health, and Environment  
 
The Director of Safety, Health, and Environment (SHE) is responsible at the corporate 
Americas level for developing and managing the safety, health and environmental 
programs, policies, standards and practices at all uranium production and exploration 
projects in the United States. This includes ensuring that operations comply with applicable 
safety, health, and environmental regulations and permits, including those under the 
authority of the WDEQ and NRC. The Manager Site SHE reports directly to the Director 
of SHE. The Director of SHE reports directly to the President, Uranium One Americas Inc. 
 

5.1.4 Manager of Site Safety, Health, and Environment  
 
The Manager of Site SHE is responsible for the development and implementation of all 
safety, health, and environmental programs at the Uranium One Satellite operations. This 
includes the compliance with, and maintenance of, all operational licenses and permits 
including the radiation protection requirements of the NRC. This individual also assists 
and guides the Radiation Safety Officer (RSO), when necessary, with associated routine 
and special responsibilities. The Manager Site SHE has oversight for the development, 
review, approval, implementation and adherence to radiation safety programs, 
environmental and groundwater monitoring programs and associated quality assurance 
programs. The Manager Site SHE has both the responsibility and authority to suspend, 
postpone or modify any work activity that is unsafe or potentially in violation of NRC 
regulations or license conditions, including the ALARA program. The Manager of SHE 
reports to the Director of SHE and has a secondary reporting function to the Mine Manager. 
The RSO and the Environmental Specialist report directly to the Manager of SHE. 
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5.1.5 Corporate Radiation Safety Officer  
 
The Corporate Radiation Safety Officer is responsible at the corporate Americas level for 
developing and managing the radiation safety programs, policies, standards and practices 
at all uranium production and exploration projects in the United States. This includes 
ensuring that operations comply with applicable radiation safety regulations, licenses and 
permits, including those under the authority of the NRC. The Corporate Radiation Safety 
Officer reports directly to the Director of SHE and coordinating responsibilities with the 
site. 
 

5.1.6 Satellite Operations Supervisor  
 
The Satellite Operations Manager is responsible for all uranium production activity at the 
Proposed Project site. All site operations, maintenance, construction, and support groups 
report directly to the Satellite Operations Supervisor and environmental health and safety 
have coordinating reporting responsibilities as shown in Figure 5-1. In addition to 
production activities, the Satellite Operations Manager is also responsible for 
implementing any industrial and radiation safety and environmental protection programs 
associated with Proposed Project operations. The Satellite Operations Manager is 
authorized to immediately implement any action to correct or prevent hazards. The Satellite 
Operations Manager has the responsibility and the authority to suspend, postpone or 
modify, immediately if necessary, any activity that is determined to be a threat to 
employees, public health, the environment, or potentially a violation of state or federal 
regulations. The Satellite Operations Manager cannot unilaterally override a decision for 
suspension, postponement or modification if that decision is made by the RSO. The 
Satellite Operations Manager reports directly to the Mine Manager. 
 

5.1.7 Radiation Safety Officer 
 
The Radiation Safety Officer (RSO) has direct responsibility for the development, review, 
implementation and adherence to the Radiation Safety Programs and associated Quality 
Assurance Programs for the Willow Creek and the Proposed Project operations. The RSO 
is responsible for the collection and interpretation of all safety monitoring data, and the 
proper recording and reporting. The RSO conduct routine training programs for the 
supervisors and employees regarding the proper application of radiation protection 
procedures. This individual is also responsible for the implementation of, and adherence 
to, all regulatory license and reporting requirements. The RSO, with assistance from the 
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Radiation Safety Technician(s) (RSTs), or other qualified designee(s), personally inspects 
facilities to verify compliance with all applicable health physics and radiation safety 
requirements. The RSO has both the responsibility and authority to suspend, postpone or 
modify any work activity that is unsafe or potentially a violation of NRC's regulations or 
license conditions, including the ALARA program. The RSO reports directly to the 
Manager Site SHE. The Radiation Safety Technicians(s) report directly to the /RSO. 
 

5.1.8 Radiation Safety Technician 
 
One or more Radiation Safety Technicians (RST) will assist the RSO with the 
implementation of the radiological and industrial safety programs. The RST is responsible 
for the orderly collection and interpretation of all monitoring data, to include data from 
radiological safety and environmental programs. RSTs will also be responsible for 
implementing and verifying that sampling and monitoring data is collected and evaluated 
in compliance with appropriate and defined QA/quality control (QC) Standard Operating 
Procedures (SOPs). The RST reports directly to the RSO. 
 

5.1.9 ALARA Program Responsibilities 
 
As defined in 10 CFR Part 20, ALARA is defined as making every reasonable effort to 
maintain exposures to radiation as far below the dose limits in this part as is practical 
consistent with the purpose for which the licensed activity is undertaken, taking into 
account the state of technology, the economics of improvements in relation to state of 
technology, the economics of improvements in relation to benefits to the public health and 
safety, and other societal and socioeconomic considerations, and in relation to utilization 
of nuclear energy and licensed materials in the public interest. 
 
The ALARA program is designed to keep exposures to all radioactive materials and other 
hazardous material as low as possible to as few personnel as possible, including 
contractors, visitors and the general public. The ALARA program will consider state-of-
the-art-technology, engineering and the economics of improvements in relation to benefits 
for health and safety. For an ALARA program to correctly function, all individuals 
including management, supervisors, health physics staff, and workers, must take part in 
and share responsibility for keeping all exposures ALARA. This policy addresses 
the regulatory requirements and describes the responsibilities of each level in the 
organization. 
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5.1.9.1 Management Responsibilities within ALARA 
 
Consistent with Regulatory Guide 8.31 (NRC, 2002), Uranium One senior management is 
responsible for the development, implementation, and enforcement of applicable rules, 
policies, and procedures as directed by regulatory agencies and company policies. These 
responsibilities include the following: 

 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, procedural, 
and operational methods; 

 A continuing evaluation of the RPP including adequate staffing and support;  
 Proper training and discussions that address the ALARA Program and its function 

to all facility employees and, when appropriate, to contractors and visitors; and 
 Providing information and policy statements to employees, contractors, and 

visitors.  
 
Radiation Safety Officer Responsibilities within the ALARA Program 
 
The RSO is responsible for ensuring the technical adequacy of the radiation protection 
program, implementation of proper radiation protection measures, and the overall 
surveillance and maintenance of the ALARA Program. The RSO is assigned the following: 

 The responsibility for the development and administration of the ALARA Program; 
 Enforcement of regulations and administrative policies that affect the RPP; 
 Review and approve of new equipment, process changes or operating procedures 

to ensure that the plans do not adversely affect the RPP; 
 Maintain equipment and surveillance programs to assure continued implementation 

of the ALARA Program; 
 Assist with conducting an Annual ALARA Audit as discussed in Section 5.3.1 to 

determine the effectiveness of the program and make any appropriate 
recommendations or changes as may be dictated by the ALARA philosophy; 

 Annually review all existing operating procedures involving or potentially 
involving any handling, processing, or storing of radioactive materials to ensure the 
procedures are ALARA and do not violate any newly established or instituted 
radiation protection practices; and 
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 Conduct daily inspections of pertinent facility areas to observe that general 
radiation control practices, hygiene, and housekeeping practices are in line with the 
ALARA principle. 

 
Supervisor Responsibility within the ALARA Program 
 
Supervisors have front line responsibility for implementing all safety programs including 
the ALARA program. Each supervisor will be trained and instructed in the 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 in ways to adhere to the ALARA 
Program; 

 Enforcement of rules and policies as directed by the Radiological Protection 
Program, which implement the requirements of 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. 

 
Worker Responsibility within the ALARA Program 
 
Because success of both the Radiation Protection and ALARA Programs are contingent 
upon the cooperation and adherence to those policies by the workers themselves, the 
facility employees must be responsible for certain aspects of the program for the program 
to accomplish its goal of keeping exposures as low as reasonably achievable. Worker 
responsibilities include: 

 Adherence to all rules, notices, and operating procedures as established by 
management and the RSO through the Radiological Protection Program; 

 Making valid suggestions which might improve the radiation protection and 
ALARA programs; 

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

 Proper use of protective equipment; and 
 Proper performance of required contamination surveys when leaving restricted 

areas. 
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5.1.10 Reporting Procedures 
 
In the event of a spill or release it is the responsibility of the Mine Manager to report the 
incident in accordance with license requirements, 10 CFR Part 20, Subpart M and 10 CFR 
Part 40.60.  
 

5.2  Management Control Program 
 
This section describes the management control program put that will implemented to 
assure any activities affecting health, safety, and the environment will be conducted in 
accordance with the established written procedures. Standard Operating Procedures (SOPs) 
will be developed and implemented prior to ISR operations. All activities described below 
will be implemented as described in Section 5.2.1 of the License Renewal Application 
(LRA) for SUA-1341. 
 

5.2.1 Operating Procedures 
 
Written SOPs have been developed under SUA-1341 for operations at the Willow Creek 
Project. In many cases, the same procedures will be applied to operations at the Proposed 
Project. Specifically, radiation protection, environmental monitoring, and industrial safety 
procedures should be applicable to operations at all three sites. Where site- specific 
procedures are required at the Proposed Project, Uranium One will develop procedures 
consistent with the corporate policies and standards and regulatory requirements. Site-
specific procedures will likely be necessary for certain process operations and emergency 
response.  
 

5.2.2 Radiation Work Permits 
 
Radiation Work Permits (RWPs) will be issued for non-routine activities with a potential 
for exposure to radioactive materials for which no operating procedure exists. In such 
cases, it is imperative that the radiological hazards be communicated to the workers so that 
they may take proper precautions to minimize potential exposures. 
 
To ensure these precautions are met and to ensure that situations requiring an RWP are 
understood by all employees: 
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 The scope of work for specific areas and assignments will be reviewed before work 
begins to identify radiological conditions, personal protective equipment (PPE) 
requirements, appropriate control methods, and other hazards from adjacent 
equipment or areas; 

 The RWP form will be completed, reviewed by all attendees, and approved in 
writing by the RSO or RST; 

 Workers will be properly trained and supervised in advance of and during the work 
assignment to maintain radiation exposures ALARA; 

  Workers will be made aware of the existing conditions, mitigation tools, and 
required monitoring and controls to minimize dose; and 

 All workers will receive initial and annual refresher training on the fundamentals 
of RWP requirements. 

 

5.2.3 Record Keeping and Retention 
 

The RSO will be responsible for ensuring that the required records are maintained and 
controlled. Records will be maintained as hard copy originals or stored electronically in 
accordance with the requirements of 10 CFR 20 Subpart L and 10 CFR §40.61 (d) and (e). 
The following specific records will be permanently maintained and retained until license 
termination: 

 Records of on-site radioactive waste disposal by deep well injection or land 
application under 10 CFR §20.2002 and §20.2007; 

 Records of surveys, calibrations, personnel monitoring, and bioassays as required 
in 10 CFR §20.2103; 

 Records required by 10 CRF Part 40, Appendix A, Criteria 8 and 8A and included 
in Regulatory Guide 3.11.1; 

 Records containing information pertinent to decommissioning and reclamation 
such as descriptions of spills, excursions, contamination events, etc. including the 
dates, locations, areas, or facilities affected, assessments of hazards, corrective and 
cleanup actions taken, and potential locations of inaccessible contamination; 

 Records of information related to site and aquifer characterization, hydrology and 
geology with emphasis on conditions that could contribute to ground-water or 
surface-water contamination, and location of surface impoundments; 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
5-9 

 

 As-built drawings or photographs of structures, equipment, restricted areas, well 
fields, areas where radioactive materials are stored, and any modifications showing 
the locations of these structures and systems through time; 

 Drawings of areas of possible inaccessible contamination, including features such 
as buried pipes or pipelines; 

 Pre-operational background radiation levels at and near the site; and 
 Records of the radiation protection program including program revisions, standard 

operating procedures, radiation work permits, training and qualification records, 
SERP proceedings, and audits. 

 
Records not utilized to determine occupational dose that requires a 3-year retention period 
as specified in 10 CFR §20.2103: 

 Area beta-gamma measurements and associated instrument calibrations not utilized 
to determine employee dose; 

 Equipment release records and associated instrument calibrations 
 Instrument daily function check records; 
 Alpha contamination surveys eating areas; and 
 Personnel contamination surveys frisking stations. 

 
Records will be maintained in hard-copy or electronic versions, and will be available on 
site, protected in a controlled environment. Electronic copies will be maintained with back 
up protection. Records will be readily retrievable for NRC inspections. Duplicates of 
records will be maintained off site in a secure location. Safeguards will be established to 
prevent against tampering, loss, or deterioration. 
 

5.2.4 Safety and Environmental Review Panel  
 
In accordance with NUREG-1569, Section 5, the Safety and Environmental Review Panel 
(SERP) will consist of at least three individuals. One member will have expertise in 
management and will be responsible for managerial and financial approval for changes; a 
second member will have expertise in operations and/or construction and will have 
responsibility in implementing any operational changes; and a third member will be the 
RSO with the responsibility for assuring that changes conform to radiation safety and 
environmental requirements. Any additional member will be selected in accordance with 
Section 5.1.3 of NUREG 1569. Uranium One verifies that sufficient independence of the 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
5-10 

 

SERP is guaranteed to allow all significant safety issues to be raised with senior 
management, without fear of repercussion. 
 
The SERP will be responsible for monitoring proposed changes at the facility. As such, the 
SERP will be responsible for insuring that any such changes result in no additional 
possibility for an accident of a different type than previously evaluated in the license 
application, malfunction of a structure, system, control, or departure from the method of 
evaluation described in the license application. Obtaining a license amendment pursuant to 
10 CFR 40.44 will not be required for a specific action, if these requirements are met. 
 
Uranium One currently possesses a Performance Based License (PBL) and has SERP 
which functions to fulfill the requirements of existing license condition 9.4. The SERP 
process and procedures that will apply to the Proposed Project are described in Section 
5.2.2 of the LRA for SUA-1341. 
 

5.2.5 Reporting 
 
Spills, leaks, or excursions and environmental monitoring reporting will be consistent with 
the requirements of 10 CFR 20 Subpart M and 10 CFR §40.64, 10 CFR §40.65 and §40.66. 
The following specific reporting requirements will be implemented: 

 Reports of theft or loss of licensed material (10 CFR §20.2201); 
 Notification of incidents (10 CFR §20.2202); 
 Reports of exposures, radiation levels, and concentrations of radioactive material 

exceeding the constraints or limits (10 CFR §20.2203); 
 Reports of planned special exposures (10 CFR §20.2204); 
 Reports to individuals of exceeding dose limits (10 CFR §20.2205); 
 Reports (10 CFR §40.64); 
 Effluent monitoring reporting requirements (10 CFR §40.65); and 
 Requirements for advance notice of export shipments of natural uranium (10 CFR 

§40.66). 
 
The following will be reported to the NRC Headquarters Project Manager by telephone or 
email within 48 hours of the event: 

 Process chemical spills; 
 Evaporation pond leaks; or  
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 Excursion of 11e.(2) byproduct material. 
 
The 48-hour notification shall be followed by a submitted written report to the NRC 
Headquarters Project Manager, detailing the conditions leading to the spill or incident, 
corrective actions, and results achieved within 30 days of initial notification. 
 
An annual report will be prepared and submitted to NRC based on the guidance contained 
in NUREG-1569. The annual report will contain the following information: 

 ALARA audit report; 
 The land use survey; 
 A summary of monitoring data; 
 The corrective action program report; 
 The semiannual effluent and environmental monitoring report required by 10 CFR 

§40.65; and 
 SERP information. 

 

5.3 Management Audit and Inspection Program 
 
Uranium One commits to conduct inspections to ensure exposures are ALARA in 
accordance with SUA-1341, License Condition 11.4 and Regulatory Guide 8.31 (Section 
2.3). The following internal inspections, audits and reports, will be performed for the 
Proposed Project operations. 
 

5.3.1 Radiation Safety Inspections 
 

5.3.1.1 Daily Inspections 
 
The RSO or qualified designee will conduct a daily documented walk-through inspection 
of all active satellite plant areas including storage areas to ensure that radiation control 
practices are being implemented appropriately.  
 

5.3.1.2 Weekly Inspections 
 
The RSO or qualified designee will conduct weekly inspections to observe general 
radiation safety control and make or review required changes in practices, procedures and 
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equipment. Any items of non-compliance or other problems are reviewed with the Manager 
Site SHE and/or Site Manager 
 

5.3.1.3 Monthly RSO Reports 
 
A written summary of monthly radiological activities and monitoring data will be provided 
to management. The summary will also include information pertaining to personnel 
monitoring, radiation survey records, trends for ALARA consideration, and descriptions 
of any areas in the process or safety programs that could be improved, along with 
recommended corrective actions. 
 

5.3.1.4 Annually 
 
On an annual basis, an audit of the radiation protection and ALARA program is conducted 
and a written report of the results submitted to corporate management. The audit team 
consists of either the Director SHE, a qualified employee, familiar with radiation control 
and ALARA practices, and/or an outside radiation safety auditor, the RSO, and the Site 
Manager. The RSO may accompany the audit team, but may not participate in the 
conclusions. 
 
The Radiation Safety Auditor for the ALARA audit utilized by Uranium One will be a 
member of the Corporate SHE Department, a qualified employee, or qualified outside 
radiation protection auditing service to provide assurance that all radiation health 
protection procedures and license condition requirements are being conducted properly. 
Any outside service used for this purpose will be qualified in radiation safety procedures 
as well as environmental aspects of in situ recovery operations. The annual ALARA audit 
report summarizes the following data: 

1. Employee exposure record; 
2. Bioassay results; 
3. Inspection log entries and summary reports of mine and process inspections; 
4. Documented training program activities; 
5. Applicable safety meeting reports; 
6. Radiological survey and sampling data; 
7. Reports on any overexposure of workers; and 
8. Operating procedures that were reviewed during this period. 
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The ALARA audit report specifically discusses the following: 

1. Trends in personnel exposures; 
2. Proper use, maintenance and inspection of equipment used for exposure control; 

and 
3. Recommendations on ways to further reduce personnel exposures from uranium 

and its daughters. 
 
The ALARA audit report is reviewed by the President, SHE, Manager Site SHE, Mine 
Manager, with the audit team. Implementations of the recommendations to further reduce 
employee exposures, or improvements to the ALARA program, are discussed at that time. 
 
An audit of the Quality Assurance/Quality Control (QA/QC) program is also conducted on 
a biannual basis. The audit is performed by an individual qualified in analytical and 
monitoring techniques who does not have direst responsibilities in the areas being audited. 
The results of the QA/QC audit are documented and reported to Manager Site SHE, RSO, 
and Vice President SHE. The RSO will have the primary responsibility for implementation 
of the QA/QC program at the Proposed Project. 
 

5.4 Radiation Safety Staff Qualifications 
 
Qualifications for the RSO and RST will utilize guidance from Regulatory Guide 8.31 
(NRC, 2002). The following qualifications are the minimum requirements for the RSO and 
RST. 
 

5.4.1 Radiation Safety Officer Qualifications 
 
The minimum qualifications for the RSO are as follows: 

 Education - A Bachelor's Degree in physical sciences, industrial hygiene, or 
engineering, from an accredited college or university, or an equivalent combination 
of training and relevant experience in uranium mill radiation protection. Two years 
of relevant experience are generally considered equivalent to one year of academic 
study; 

 Health Physics Experience - At least one year of work experience, relevant to 
uranium recovery operation, in applied health physics, radiation protection, 
industrial hygiene, or similar. This experience must involve actual and significant 
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work with radiation detection and measurement equipment, not strictly 
administrative or “desk” work; 

 Specialized Training - At least four weeks of specialized classroom training in 
health physics specifically applicable to uranium milling. In addition, the RSO will 
attend refresher training on uranium mill health physics every two years; and 

 Specialized Knowledge - A thorough knowledge of the proper application and use 
of all health physics equipment used at the Proposed Project, the chemical and 
analytical procedures used for radiological sampling and monitoring, 
methodologies used to calculate personnel exposure to uranium and its daughters, 
and a thorough understanding of the uranium recovery process and equipment used 
in the Satellite facility, and how the hazards are generated and controlled during the 
uranium recovery process. 

 

5.4.2 Radiation Safety Technician Qualifications 
 
The Radiation Safety Technician (RST) will have one of the following combinations of 
education, training and experience: 

 Education - An associate degree or two or more years of study in the physical 
sciences, engineering or a health-related field. 
o Training - At least a total of four weeks of generalized training (up to two weeks 

may be on-the-job training) in radiation health protection applicable to uranium 
recovery operations; and 

o 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 recovery operation. 

 Education - A high school diploma; 
o Training - A total of at least three months of specialized training (up to one 

month may be on-the-job training) in radiation protection relevant to uranium; 
and 

o Experience - Two years of relevant work experience in applied radiation 
protection. 

 
The RST will demonstrate a working knowledge of the proper operation of health physics 
instruments used in the facility, surveying and sampling techniques, and personnel 
dosimetry requirements. 
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5.4.3 Designated Operators 
 
The Uranium One RSO will qualify Designated Operators to conduct daily walkthrough 
inspections of the plant/satellite. The Designated Operators will only conduct the 
inspections on weekends and holidays when neither the RSO nor RST are present. For 
holidays, the Designated Operator will not conduct the inspections for more than five 
consecutive days.  
 
Any problems noted by the Designate Operator during the daily inspection will be 
recorded on the inspection form, signed, dated, and retained on file. The RSO will review 
the inspection forms and take the appropriate action to correct the noted problems or 
ensure the identified problem has been corrected . 
 
Before a Designated Operator may conduct such inspections, he must be qualified by 
training and experience to observe proper implementation of good radiation safety 
practices . In addition to the annual radiation worker training required by Section 5.5 of 
the approved S U A - 1 3 4 1  License Renewal Application (LRA), the operator seeking to 
be qualified to conduct daily inspections must complete training specific to daily 
inspections. The additional training will emphasize housekeeping and working conditions 
as they relate to employee safety and contamination control. Proficiency will be 
demonstrated using testing and observed task training. 
 
At a minimum, the operator seeking designation must have the following combination 
of education, training and experience: 

 Education: A high school diploma or equivalent or relevant experience working 
in a uranium recovery facility. RSO will review and approve on a case by case 
basis. 

 Training: New employee radiation safety training as specified in Section 5.5 of 
the LRA, and additional training specific to conducting daily inspection at 
Uranium One ISR facilities. In addition, the Designated Operator will need to 
demonstrate proficiency to the RSO for conducting daily inspections. Specific 
training and proficiency requirements to perform the daily inspection are included 
below. 

 Experience: A minimum of three month’s work experience in operations or 
maintenance at a uranium recovery facility, knowledgeable of health physics, 
industrial safety and industrial hygiene practices used to maintain radiological 
levels ALARA. 
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5.4.3.1 Daily Inspection Observations 
 
Uranium One conducts daily walk-through inspections of all work and storage areas of 
the facility to ensure proper implementation of good radiation safety practices, including 
housekeeping and cleanup to minimize contamination. Normally, these inspections are 
conducted by the RSO or RST, however during weekends and or holidays a qualified 
operator will be designated to conduct the daily inspection. 
 
The Designated Operator will observe through visual inspection, radiation safety 
practices, housekeeping and cleanup practices being implemented throughout the 
plant/satellite facility. Such duties include, but are not limited to, inspecting for 
compliance with radiation postings, contamination control practices, proper plant/satellite 
ingress and egress practices are being followed, inspection ventilation or emission control 
systems are operational, employee radiation control practices appropriate for activity, 
proper storage practices being followed for byproduct material and yellowcake storage. 
A Qualified Designated Operator has no authority for development and administration 
of the radiation protection program, other than conducting daily inspection in the 
temporary absence of the RSO or RST. The Designate Operator cannot authorize a 
radiation work permit for no routine activities that have the potential for personnel 
exposure to licensed materials for which no effective operating procedure exists. The 
Designated Operator does not have the authority to release materials for unrestricted use. 
In the event of an emergency, the on-call RSO or RST will be responsible for decisions 
regarding radiological issues. 
 
The additional radiation safety training for operators performing the daily inspection 
during the temporary absence of the RSO or RST involves three hours of training 
including walk-through inspection proficiency training with the RSO or RST and a test. 
 
The additional training for the Designated Operator includes but is not limited to the 
following topics: 

 Proper use and storage of PPE by employees; 
 Plant ingress and egress controls in place; 
 Ventilation/Scrubber systems operational; 
 Spill and leak contamination and cleaned practices appropriate; 
 General housekeeping; 
 Sumps and drains operational; 
 Yellowcake spillage; 
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 Radiological postings observed; 
 Storage areas practices acceptable; and 
 Completion of the daily inspection form. 

 
As part of the training and prior to approval as a Designated Operator the trainee will 
successfully complete the test and demonstrate understanding and proficiency of the 
walkthrough inspection requirements. Proficiency is shown with an 80 percent or higher 
test score. Prior to performing unaccompanied daily inspections, the Designated Operator 
will perform a minimum of three daily inspections under the supervision of the RSO or 
RST. The supervised inspection will cover the topics listed above and will be documented 
with signatures of the RSO or RST and the operator seeking designation to perform daily 
inspections. Any operator that fails to qualify will be re-trained and re-evaluated until 
proficiency is demonstrated satisfactorily to the RSO. After the designated operator has 
been trained, the RSO or RST will re-evaluate retention of training material through task 
observation within six months of first approval. 
 
The designation process will be documented and maintained at the site files. 
Documentation of successful completion as a Designated Operator will include education, 
training signoff form, test and copy of the three supervised inspection forms. 
 
To remain qualified as a Designated Operator approved to conduct daily inspection, the 
operator must complete on an annual basis, an abbreviated training program on daily 
inspections and be accompanied by the RSO or RST on at least two inspections per year. 
 

5.4.3.2 Justification 
 
The qualifications presented for a Designated Operator will ensure that a level of skill 
consistency and responsibility appropriate to address the safety considerations presented 
in Section 5.5 of the LRA and Regulatory Guide 8.31 for conducting daily inspections 
are addressed. 
 
The additional training and supervised inspections will allow the RSO to ensure that 
proficiency is demonstrated prior to designation. The continuing requirement for annual 
refresher training along with the two-supervised  inspection also ensures continued 
proficiency. The task of conducting dialing inspections of the plant/satellite in the 
temporary absence of the RSO or RST by a qualified Operator does not compromise the 
ability of the facility to maintain good radiological practices that are effective in maintain 
site conditions ALARA. 
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5.5 Radiation Safety Training 
 
All site employees and contractor personnel at the Proposed Project will be instructed in a 
training program covering the risks of exposure to radiation and radioactive materials, and 
the fundamentals of protection against exposure to uranium and its daughters, before 
commencing work. The training program will be administered in keeping with standard 
radiological protection guidelines and the guidance provided in NRC Regulatory Guide 
8.29, NRC Regulatory Guide 8.31 Section 2.5, and NRC Regulatory Guide 8.13. The 
technical content of the training program will be determined by the RSO. The RSO or a 
qualified designee will conduct all radiation safety training. 
 
The radiation safety training program for visitors, contractors, employees, and supervisors 
for the Proposed Project will be the same program as described in Section 5.5 of the LRA 
for SUA-1341. 
 

5.6 Security 
 
In accordance with 10 CFR Part 20, Subpart I, Uranium One is committed to providing a 
security program to prevent unauthorized entry to all controlled and restricted areas. A 
controlled area, as defined by 10 CFR Part 20, is an area outside of a restricted area but 
inside the site boundary, access to which can be limited by the licensee for any reason.  

 Controlled areas will be fenced to limit access to project associated operations and 
is estimated to encompass 1,317 acres or approximately 6.9 percent of the Proposed 
Project Area. Anticipated controlled areas include all fenced areas around the, 
satellite plant, wellfields, evaporation/permeate ponds, and DDW buildings (if 
used).  

 Restricted areas will control access to protect individuals from exposure to radiation 
and 11e.(2) byproduct materials including selected areas within the satellite plant 
buildings, 11e.(2) byproduct storage areas, evaporation/permeate ponds, DDW 
buildings (if used), and/or areas exceeding 2 mrem per hour; and 

 Unrestricted areas are within the Proposed Project area to which access is neither 
limited nor controlled by the Proposed Action. These areas encompass 
approximately 17,544 acres or around 93 percent of the Proposed Project area 

 
The security program will include posting signs indicating presence of radioactive material 
and signs informing all personnel of any permits or requirements for entry into the specific 
posted area. A daily inspection will be conducted to ensure all licensed material is properly 
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labeled and stored, and that locks are in place for all restricted plant and storage facilities 
to provide employees with a safe and secure working environment. The following are some 
of the passive and active security measures that will be implemented: 

 All restricted areas will be fenced with high security fencing and/or structures 
locked; 

 To prevent unauthorized access, all gates/doors for areas containing licensed 
material will contain appropriate signage and be locked when authorized personnel 
are not within the area; 

 All visitors and contractors will be required to sign in and receive appropriate 
safety training prior to being allowed entry into any controlled area; 

 Uranium One personnel will monitor all Proposed Project access 24 hours a day, 
7 days a week; 

 Facility operators will conduct daily inspections of access controls; 
 Prior to the initiation of operations, pertinent SOPs and related information will be 

shared with area first responders (police, fire, EMT, etc.); and 
 All visitors will be required to have a Uranium One escort. 

 
The NRC requires licensees to maintain control over licensed material (i.e., natural 
uranium (“source material”) and byproduct material defined in 10 CFR §40.4).  Licensed 
material will be controlled as defined in 10 CFR 20, Subpart I. Licensed material will 
include byproduct materials awaiting disposal and loaded ion exchange resin removed from 
the restricted area for transfer to the Willow Creek CPP for elution and barren ion exchange 
resin returned to the Ludeman Satellite Plant. 
 

5.6.1 Signage/Postings 
 

Uranium One requests an exemption from the requirements of Section 20.1902(e) of 10 
CFR 20 for areas within the proposed Ludeman Project facilities, provided that all 
entrances to the facility are conspicuously posted in accordance with Section 20.1902(e) 
and with the words, “ANY AREA WITHIN THIS FACILITY MAY CONTAIN 
RADIOACTIVE MATERIAL.” This additional condition would be consistent with license 
condition 9.11 of SUA-1341. 
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5.6.2 License Area and Plant Security 
 
Uranium One personnel will be at the satellite plant 24 hours per day, seven days per week. 
All satellite facility entrances will be locked during off-shift hours. All visitors will be 
required to sign the access log and indicate the purpose of their visit and the employee to 
be visited. The individual being visited will be responsible to supervise the visitor(s) at all 
times when they are on site. Visitors will only be allowed at the facility during regular 
working hours unless prior approval is obtained from the Mine Manager. 
 
Passive controls will be in its security program concerning the wellfields and outer facility 
perimeter. Four-stranded barbed wire fencing (WDEQ Guideline 10, Type III) surrounding 
all wellfield areas and install cattle guards at all wellfield entrances to help eliminate the 
possibility of livestock entering the area. The satellite plant area will be enclosed using 
typical security chain link fence equipped with a locking gate at the main entrance. All 
byproduct storage areas will also be fenced, locked, and display appropriated signage. 
 

5.6.3 Transportation Security 
 

Uranium One will routinely receive, store, use, and ship hazardous materials as defined by 
the U.S. Department of Transportation (DOT). In addition to the packaging and shipping 
requirements contained in the DOT Hazardous Materials Regulations (HMR), 49 CFR 172, 
Subpart I, Security Plans, requires that persons that offer for transportation or transport 
certain hazardous materials develop a Security Plan. Shipments may qualify for this DOT 
requirement under the following categories: 

 §172.800(b)(4) - A shipment of a quantity of hazardous materials in a bulk package 
having a capacity equal to or greater than 13,248 L (3,500 gallons) for liquids or 
gases or more than 13.24 cubic meters (468 cubic feet) for solids; 

 §172.800(b)(5) - A shipment in other than a bulk packaging of 2,268 kg (5,000 
pounds) gross weight or more of one class of hazardous material for which 
placarding of a vehicle, rail car, or freight container is required; and 

 §172.800(b) (7) - A quantity of hazardous material that requires placarding under 
the provisions of subpart F. 
 

DOT requires that Security Plans assess the possible transportation security risks and 
evaluate appropriate measures to address those risks. All hazardous materials shippers and 
transporters subject to these standards must take measures to provide personnel security by 
screening applicable job applicants, prevent unauthorized access to the hazardous materials 
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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. 
 
Transport of licensed/hazardous material by Uranium One employees will generally be 
restricted to moving IX resin from the Ludeman Satellite Plant to the Willow Creek facility 
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 the final destination by: 

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

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

 Transportation security risks will be documented and SOPs concerning these risks 
will be strictly followed.  

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

 If material is stored in the vehicle, access must 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 in or on the vehicle; 
and 

 The unit is to be kept visible by an employee at all times when left unattended 
outside a restricted area. 

 
The security guidelines and procedures will apply to all transport assignments. All drivers 
and non-driving personnel will be expected to be knowledgeable of, and adhere to, these 
guidelines and procedures when performing any load-related activity. 
 

5.7 Radiation Safety Controls and Monitoring 
 
Uranium One has a strong corporate commitment to and support for the implementation of 
the radiological control program at the Proposed Project facilities. This corporate 
commitment to maintaining personnel exposures ALARA will be incorporated into the 
radiation safety controls and monitoring programs described in the following sections. 
Requirements of 10 CFR 40.65 include biannual reporting to the NRC the quantity of each 
of the principal radionuclides released to unrestricted areas in liquid and in gaseous 
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effluents during the previous six months of operation. Uranium One commits to monitor 
potential source area release points using MILDOS guidance in Regulatory Guide 3.59 to 
assist in calculating such dosages. Table 5-1 provides a summary of the radiological 
monitoring program including the type of survey and frequency.  
 

5.7.1 Effluent Control Techniques 
 

5.7.1.1 Gaseous and Airborne Particulate Effluents 
 

5.7.1.1.1 Radon Gas 
 
The primary radioactive airborne effluent at the Proposed Project will be 222Rn gas. Radon 
is found in the pregnant lixiviant that comes from the wellfields into the facility for 
extraction of uranium. The uranium will be recovered by passing the solution through fixed 
bed, pressurized, down-flow IX columns. Vents from the individual columns will be 
directed to a manifold that is exhausted to the atmosphere outside, high above the building, 
via an induced draft fan. It should be noted that these vents will only be open briefly during 
times of dewatering or filling. Since pressure must be maintained on the system to function 
properly at all other times, most of the 222Rn entrained in the process solutions will be 
returned to the wellfields. 
 
Venting any released 222Rn gas to the atmosphere outside the satellite plant minimizes 
employee exposure. The 222Rn exhaust outlet will be positioned to minimize any chance of 
222Rn being recirculated into the air intakes which service the plant. Small amounts of  222Rn 
may be released within the facility via solution spills, filter changes, ion exchange resin 
transfer, RO system operation during groundwater restoration, and maintenance activities. 
These are planned to be minimal 222Rn gas releases, occurring on an infrequent basis. The 
exhaust system in the plant will further reduce employee exposure. The air in the plant is 
sampled for 222Rn progeny to assure that concentrations of 222Rn and associated progeny 
are maintained ALARA. Ventilation and effluent control equipment will be inspected for 
proper operation as recommended in NRC Regulatory Guide 3.56. Ventilation and effluent 
control equipment inspections will be conducted during radiation safety inspections as 
discussed in Section 5.3 of the LRA for SUA-1341. 
 
The quantity of radon gas effluent from the Proposed Project will be fundamentally based 
on the differential between measured radon gas in incoming pregnant lixiviant solutions, 
and measured radon gas in outgoing reinjection and disposal solutions. Samples of these 
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solutions will be collected semi-annually and analyzed for dissolved radon-in-water using 
ASTM D 5072-9 (a liquid scintillation counting technique) test method. For simplicity, 
this approach is referred to herein as the "mass-balance" approach, and it accounts for all 
point and diffuse sources of radon gas releases at the satellite plant. The mass-balance 
approach is based on the position that the only source of radon due to ISR operations 
originates in the ore bodies that are actively mined. 
 
In addition to radon gas releases represented by the differential between incoming lixiviant 
solutions and outgoing solutions that are recycled in the ISR mining process for reinjection 
back into the wellfields, there is a small fraction of outgoing solutions (a "bleed" stream) 
that is diverted for disposal to maintain a hydraulic gradient in the wellfields towards the 
recovery wells. Bleed solutions are fed through a reverse osmosis (RO) water treatment 
unit and a degas column before being routed to evaporation ponds. This disposal stream 
will be sampled for radon-in-water prior to the RO unit, and all dissolved radon in this 
outgoing stream will be conservatively assumed to be released to the environment as there 
may be further releases from the RO evaporation ponds that cannot be readily measured. 
 
With respect to releases of radon decay products (progeny), radiological equilibrium 
between radon gas and its short-lived will be assumed and thus, the total amount of 
radioactivity from radon progeny released to the environment will be assumed equivalent 
to that of radon gas as estimated based on measurements of radon gas. This applies to 
releases based on the mass balance approach (semi-annual radon-in-water measurements), 
as well as for releases not accounted for by the mass-balance approach.  
 
For radon gas and progeny releases not accounted for by the mass-balance monitoring 
approach, including releases from recovery wellheads in the wellfields, and releases from 
wellfield header houses and the deep disposal well house (if used), Uranium One will 
conduct passive quarterly monitoring of radon gas with alpha track etch detectors in a 
representative subset of recovery wellhead boxes (5 representative wellheads per 
operational wellfield) and within each modular building. For wellhead releases, Uranium 
One will conservatively assume that the average rate of air released to the environment 
from each recovery wellhead is equivalent to the typical air sampling flow rate employed 
for radon progeny measurements with the modified Kusnetz method (e.g. 2 liters per 
minute). This release rate, along with the elapsed time of the monitoring period and the 
radon gas concentration measured with track etch detectors in the wellhead boxes, will be 
used to calculate estimates of radon gas released from each wellhead. 
 
A "net" concentration of radon due to operational radon releases from each wellhead will 
be estimated by subtracting the average ambient background concentration in local outdoor 
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air, from the radon concentration measured with track etch detectors within each recovery 
well box (i.e. Uranium One will assume that the background concentration of radon within 
each wellhead box is equivalent to that of measured background radon in local outdoor air, 
and will not attribute this background radon to ISR operations). If the calculated "net" 
indoor radon concentration for a given wellhead is zero or a negative number, it will be 
assumed that no radon gas due to ISR operations was released from that wellhead, and a 
conservative value of zero will be used for averaging purposes. The average net radon 
release (as measured/calculated above) will be assigned to each individual operational 
recovery wellhead, and this value will be multiplied by the total number operational 
wellheads to represent the total amount of radon released from the wellfields due to ISR 
operations. The total radon progeny release from the wellfields will be assumed equivalent 
to the total measured/calculated release of radon gas from the wellfields (i.e. assumed 
equilibrium).  
 
Releases from wellfield header houses and the deep disposal well house (if used) will be 
estimated in a manner similar to that of wellfields, except that the release rate to outside 
air will be based on the total flow rate of all ventilation fans within each modular building. 
Also, the "net" concentration of radon attributable to operational radon releases within each 
modular building (e.g. during bag filter exchanges) will be estimated by subtracting the 
average ambient background concentration in local outdoor air, from the radon 
concentration measured with track etch detectors within each modular building (i.e. 
Uranium One will assume that the background concentration of indoor radon within each 
modular building is equivalent to that of measured background radon in local outdoor air, 
and will not attribute this background radon to ISR operations). If the calculated "net" 
indoor radon concentration for a given modular building is zero or a negative number, it 
will be assumed that no radon gas due to ISR operations was released from that modular 
building, and a conservative value of zero will be used for determination of the total radon 
release from all modular buildings. 
 
With respect to radon gas and radon progeny releases from spills, the most recently 
measured concentration of dissolved radon gas in the type of solution involved in a given 
spill (e.g. pregnant lixiviant, reinjection fluid, etc.), will be multiplied by the estimated 
volume of solution spilled in order to calculate the amount of radon gas released to the 
atmosphere. It will be assumed for this calculation that all dissolved radon gas in the spilled 
solution is released to ambient air, and that the amount of radon progeny released is 
equivalent to that of the radon gas (i.e. assumed equilibrium). 
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5.7.1.1.2 Airborne Particulates 
 
The final processing of the uranium to produce yellowcake will be performed at Willow 
Creek CPP. There are no anticipated sources for airborne particulates from the Proposed 
Project. 
 

5.7.1.1.3 Laboratory Emissions 
 
Laboratory areas will be used for the analysis of groundwater and process samples. Most 
of the analytical load for the laboratory will consist of routine semimonthly analysis of 
monitor well samples for chloride, conductivity, and total alkalinity. In laboratory areas 
where reagents are in use or fumes could be generated by the analytical method in use, 
laboratory fume hoods will be used if necessary to control emissions. Process samples will 
be analyzed within the restricted area and fumes hoods will be used as necessary to control 
emissions. 
 

5.7.1.2 Liquid Effluents 
 
The production bleed and water from restoration are the primary sources of liquid waste as 
previously discussed in Section 4. Water from these processes will be routed to a reverse 
osmosis system (RO) for treatment. A portion of the resulting permeate from the RO will 
be routed back to the production and restoration injection streams and the remainder will 
be recycled in the plant, used beneficially, or disposed of. Brine will be routed to 
evaporation/permeate ponds or disposed of in Class I deep disposal wells if used.  
 

5.7.1.2.1 Spill Contingency Plans 
 
Administrative and engineering controls will be used as primary tools to prevent and 
mitigate any possible surface or sub-surface releases. However, emergency procedures and 
a response plan will be implemented in the event of equipment failures or spills. Spills can 
be characterized as two types, surface and sub-surface releases. 
 
Surface Releases 

 Satellite Plant Equipment - Potential failures in the plant consist of leaks or ruptures 
in tanks or piping. These will be contained within the building using curbing around 
the building along with floors sloping toward a sump pit. For cases where contents 
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inside a tank need to be contained alone with no possible chance of mixing with the 
surrounding materials, a berm will be installed to surround the tank. Secondary 
containment areas will be equipped with a sump to transfer the contents to the 
desired location; and 

 Surface Releases - These releases may occur from breaks, leaks, or separations in 
the above ground piping segments that transfer lixiviant to and from the plant and 
the wellfields. Engineering controls will be in place to alert the plant operators 
when the system detects a significant drop in pressure or flow. Due to these 
measures, the releases are expected to be small. 

 
Sub-surface Releases 

 Piping Failure - These releases may occur from breaks, leaks, or separations in the 
below-ground piping segments which transfer lixiviant from the satellite plant and 
the wellfields. All pipelines will be pressure tested at operating pressures plus a 
safety factor prior to operation. All pipelines are monitored for changes in pressure 
and flow rates. These engineering controls detect changes outside established 
parameters and alert plant operators through system alarms. Because these sections 
are buried and will not see any additional stress, it is unlikely that a break will 
occur; 

 Well Excursions - Production fluids are normally maintained in the Production 
Zone Aquifer within the immediate vicinity of the well fields. The function of the 
monitor well ring will be to detect any production solutions that may migrate away 
from the production area due to fluid pressure imbalance. This system has been 
proven to function satisfactorily over many years of operating experience utilizing 
the ISR process. A ring of perimeter monitor wells located no further than 500 feet 
from the wellfield and screened in the ore-bearing Production Zone Aquifer will 
surround each production unit. Additionally, monitor wells will be placed in the 
first overlying aquifer for each wellfield. Sampling of these wells will be done at 
least twice monthly and at least 10 days apart. Experience at Christensen 
Ranch/Irigaray, Smith Ranch-Highland and Crow Butte Resources has shown that 
this monitoring system is effective in detecting lixiviant migration. The total effect 
of the proximity of the monitor wells, the low flow rate from the well patterns, and 
over-production of recovery fluids (production bleed) makes the likelihood of an 
undetected excursion remote; and  

Preventing the migration of fluids to the overlying and underlying aquifers has been 
considered. Several engineering controls will be utilized to help inhibit this 
communication. Open exploration holes identified during wellfield pump tests will 
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be plugged and abandoned per WDEQ/LQD regulations. In addition, each 
production well will be mechanically integrity tested prior to being placed in 
service. This requirement of the WDEQ UIC Program ensures all wells will be 
constructed properly and can maintain pressure without leakage. Finally, monitor 
wells in the overlying and underlying aquifer will be sampled on a regular basis to 
detect the presence of excursions. 

 
The RSO will be charged with the responsibility to develop and oversee implementation 
of appropriate procedures to address spills of byproduct material. Personnel representing 
the engineering and operations functions will assist the RSO in this effort. Basic 
responsibilities of plant management and the RSO in this regard will include:  

 Identification of potential spill sources including lessons learned from review of 
past incidents of spills; 

 Assignment of resources and manpower; 
 Responsibility for materials management and inventory;  
 Establishment of spill reporting procedures and visual inspection programs; 
 Establishment of employee emergency response training programs; 
 Responsibility for program implementation and subsequent review and updating; 

and 
 Review of new construction and process changes that may require updating of spill 

prevention and control programs.  
 
Any condition discovered during the inspection that may lead to the spread of 
contamination will be repaired in a timely manner or made safe. Results of the inspection 
will be made available to the RSO and will be maintained for the life of the license. At 
least once per year, the Manager of Site Health, Safety, and Environment will convene the 
SERP to review the cause of recent spills. The SERP will consist of at least three 
individuals with experience in operations. After reviewing the causes of recent spills, the 
SERP will send a report to the facility manager detailing reasonable recommendations on 
how to prevent and minimize the size of future spills. 
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5.7.2  External Radiation Exposure Monitoring Program 
 

5.7.2.1 Gamma Surveys  
 
External gamma radiation surveys will be performed routinely at the proposed Ludeman 
satellite facility. The required frequency will be weekly in designated Radiation Areas and 
areas that exceed the action level of 2.0 mrem per hour and monthly in all other areas of 
the facility. Surveys will be performed at worker occupied stations and areas of potential 
gamma sources such as tanks and filters. Uranium One will establish and post as a 
Radiation Area any area, accessible to workers, in which levels could result in a gamma 
exposure rate in excess of 5 mrem in 1 hour. An investigation will be performed to 
determine the probable source and survey frequency for areas exceeding 5.0 mrem per hour 
is increased to monthly. 
 
Records will be maintained of each investigation and the corrective action taken. If the 
results of a gamma survey identified areas where gamma radiation is in excess of levels 
that delineate a "radiation area," access to the area will be restricted and the area will be 
posted as required in 10 CFR §20.1902 (a). 
 
External gamma surveys will be performed with survey equipment that meets the following 
minimum specifications: 

 Range - Lowest range not to exceed 100 microRoentgens per hour (R/hr) full-
scale with the highest range to read at least five milliRoentgens per hour (mR/hr) 
full-scale; and 

 Battery operated and portable; 
 

Examples of satisfactory instrumentation that meets these requirements are the Ludlum 
Model 3 survey meter with a Ludlum Model 44-38 probe or equivalent. The Model 3 is a 
general purpose survey meter with a meter scale of 0 to 2 mrem/hr and scale multiplier 
adjustments of X 0.1, X 1.0, X 10, and X 100. Accordingly, the effective range of this 
survey meter and probe is 0 – 200 mrem/hr. The Model 44-38 has a sensitivity of 1,200 
cpm per mrem/hr and backgrounds of 20 cpm (beta shield closed) and 25 cpm open. 
Accordingly, the MDL for this instrument is approximately 30 μR/hr at twice background.  
 
Gamma survey instruments will be calibrated at the manufacturer’s suggested interval or 
at least annually as required in SUA-1341 and will be operated in accordance with the 
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manufacturer's recommendations. Instrument checks will be performed as summarized in 
the following schedule: 

 Physical check – Daily when in use; 
 Battery Check (if applicable) – Daily when in use; 
 Response source check (± 20%) – Daily when in use;  
 Calibration verification – Daily when in use; and 
 Background measurement – Daily or before each use 

 
Proposed survey locations for the proposed satellite plant are shown on Figure 5-2. The 
proposed survey locations were selected based on experience with external exposure rates 
at operating ISR facilities. Areas where elevated gamma exposure rates are typically found 
include the ion exchange columns and filter housings that remove solid materials from the 
production and injection streams. These solids historically contain elevated concentrations 
of 226Ra, which may result in elevated gamma exposure rates. In some cases, the gamma 
dose rates from these components may exceed five mrem per hour and may require posting 
as Radiation Areas. Radiation Areas are not usually encountered in wellfield areas of ISR 
facilities unless filtration equipment is installed in header houses. The Proposed Project 
will be utilizing a bag filtration system within the header houses. 
  

5.7.2.2 Beta Surveys 
 
The processing, drying and packaging of yellowcake activities are not proposed to be 
conducted at the Proposed Project and would not require beta surveys as recommended in 
NRC Regulatory Guide 8.30, Section 1.4. Uranium One will transport loaded resin to the 
Willow Creek CPP for further processing into yellowcake. However, equipment to be 
released for unrestricted use from restricted areas at the Proposed Project is subject to 
potential beta contamination (from the aforementioned process areas) will be surveyed for 
beta contamination. Contamination frisking/scanning stations will be equipped with 
instrumentation to survey for both potential alpha and beta contamination. A Ludelum 
model 2929 with a 43-10-1 head would be an example of the type of instrument that could 
be utilized to achieve this program objective. As discussed in Regulatory Guide 8.30, beta 
exposure potential evaluations may be substituted for beta instrument-based surveys. Such 
evaluations are based on data provided in the Regulatory Guide. The evaluations utilize 
curves presenting the beta dose rate increase over time associated with ingrowth of 234Pa 
and 234Th, and the decrease of beta dose with distance. Uranium One will use this approach, 
combined with beta radiation surveys, to estimate and control beta dose during operations 
to establish a baseline. If baseline beta dose evaluations do not represent a measurable dose 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
5-30 

 

or at such low levels that limits are not approached, beta monitoring will be limited to 
annual evaluations. 
 

5.7.2.3 Personnel Dosimetry 
 
10 CFR §20.1502 (a)(1) requires exposure monitoring for "Adults likely to receive, in 1 
year from sources external to the body, a dose in excess of 10 percent of the limits in 
§20.1201 (a)". Ten percent of the dose limit would correspond to a Deep Dose Equivalent 
(DDE) of 0.5 rem.  
 
Uranium One will determine monitoring requirements in accordance with the guidance 
contained in NRC Regulatory Guide 8.34 (NRC, 1992). Based on the experience of Willow 
Creek and other ISR operations, Uranium One believes that it is not likely that any 
employee working at the Proposed Project will exceed 10 percent of the regulatory limit 
(i.e., 500 mrem/yr): 

 The typical wellfield dose rate will not exceed background gamma exposure rates 
except immediately adjacent to wellheads and header houses, where scale formed 
on the inside surfaces of piping may contain 226Ra, resulting in increased gamma 
exposure rates. Experience at operating ISR facilities indicates that annual doses 
for wellfield workers generally do not exceed one percent of the regulatory limit 
(i.e., 50 mrem/yr.); and 

 Satellite facility workers may be exposed to elevated gamma exposure rates during 
operations and maintenance activities in the facility. Experience at operation ISR 
facilities indicates that annual doses to Satellite facility workers are generally less 
than ten percent of the regulatory limit. 
  

Although monitoring of external exposure may not be required in accordance with 
§20.1201(a) due to the low exposure rates typically encountered at ISR facilities, Uranium 
One will issue dosimetry initially to all the Proposed Project employees and will exchange 
them on a quarterly basis. Once an operating history of expected employee doses for the 
Proposed Project is developed, Uranium One may reduce the number of employees in the 
dosimetry program in conformance with 10 CFR 20.1201. 
  
Dosimeters will be provided by a vendor that is accredited by National Voluntary 
Laboratory Accreditation Program (NVLAP) of the National Institute of Standards and 
Technology as required in 10 CFR § 20.1501. The dosimeters will have a range of 1 mR 
to 1000 R. Dosimeters will be exchanged and read on a quarterly basis. 
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The RSO will establish action levels for the dosimeter results. As noted in Regulatory 
Guide 8.30 (Sec. 4.6), if the action level for any person is exceeded, the RSO will 
investigate and take appropriate corrective action. Results from personnel dosimetry will 
provide the individual Deep Dose Equivalent (DDE) for use in determining Total Effective 
Dose Equivalent (TEDE). The TEDE is defined in Regulatory Guide 8.30 as the sum of 
the DDE and the committed effective dose equivalent (CEDE) for internal exposures. 
Determination of the CEDE is discussed in further detail in Section 5.7.4. 
 

5.7.2.4 Equipment Monitoring Program 
 
Equipment to be released from the restricted areas at the Ludeman Project for unrestricted 
use that is subject to potential beta contamination (from the aforementioned process areas) 
will be surveyed for beta contamination. Contamination frisking/scanning stations will be 
equipped with instrumentation to survey for both potential alpha and beta contamination. 
A Ludelum model 177-84 with a 43-93 probe or equivalent is an example of the type of 
instrument that could be utilized to achieve this program objective. 
 
As discussed in Regulatory Guide 8.30, beta exposure potential evaluations may be 
substituted for beta instrument-based surveys. Such evaluations are based on data provided 
in the Regulatory Guide. The evaluations utilize curves presenting the beta dose rate 
increase over time associated with ingrowth of 234Pa and 234Th, and the decrease of beta 
dose with distance. Uranium One will use this methodology, combined with beta radiation 
surveys, to estimate and control beta dose during operations to establish a baseline. If 
baseline beta dose evaluations do not represent a measurable dose or at such low levels that 
limits are not approached, beta monitoring will be limited to annual evaluations. Table 5-
2 lists the radiation detection instruments Uranium One may use for operational 
monitoring. Table 5-3 provides estimates of Minimum Detectable Activity for each 
instrument. 
 

5.7.3 In-Plant Airborne Radiation Monitoring Program 
 

5.7.3.1 Airborne Uranium Particulate Monitoring 
 

Airborne uranium sampling will be performed on a frequency consistent with the 
requirements of 10 CFR 20 or the guidance contained in NRC Regulatory Guide 8.25, “Air 
Sampling in the Workplace.”   
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Measurement of airborne uranium is performed by gross alpha counting of the air filters 
using an alpha scaler such as a Ludlum Model 2000 with a 43-10 detector, Eberline SAC-
4 or equivalent instrumentation. The current efficiency of the instruments listed above is 
35 percent. The counting time is adjusted to assure the lower is 10 percent of the DAC 
listed in Appendix B of 10 CFR 20. Counting the airborne filters utilizing gross alpha 
activity is a conservative approach as results could include 238U, 230Th, 210Pb, and 210Po.  
 
Uranium One commits to the extent practical, to include the procedures and engineering 
controls based upon sound radiation protection principles to achieve occupational doses 
and doses to members of the public that are ALARA as noted in 10 CFR §20.1101 (b). 
Though no elution, precipitation, or yellowcake drying activities will occur during the 
Proposed Project, there is a potential for radon progeny buildup as a result of spills, routine 
maintenance or other activities performed under an RWP. To reduce such potential buildup 
in buildings such as header houses, Uranium One will initiate the engineering controls 
outlined in Section 5.7.1.1 and closely monitor for those progeny. 
 

5.7.3.2 Radon Daughter Concentration Monitoring 
 
Surveys for radon daughter concentrations will be conducted in the operating areas of the 
proposed satellite plant and wellfield header houses at a frequency based on air 
concentrations as specified in Table 5-1. Sampling locations will be determined in 
accordance with the guidance contained in NRC Regulatory Guide 8.25. Because header 
house are small, one-room structures sample locations will be determined on a case-by-
case basis as deemed appropriate by the RSO to best estimate worker exposures while 
working in these areas. 
 
As specified in NRC Regulatory Guide 8.30, 222Rn progeny concentrations will be 
measured on a quarterly basis at the locations shown on Figure 5-2. If the 222Rn progeny 
concentration at a given location exceeds ten percent of the DAC (greater than 0.03 
Working Levels [WL]), monitoring will be done monthly and the RSO will initiate a review 
to identify possible corrective actions. Radon progeny concentrations exceeding 25 percent 
of the DAC (greater than 0.08 WL) for a location will prompt weekly monitoring until 
measured levels drop below 0.08 WL for four consecutive weeks. For areas that exceed the 
0.08 WL, the RSO will investigate causes and will take appropriate corrective action(s).  
 
Air particulate samples will be collected using a low volume air pump (e.g., lapel sampler), 
and analyzed using the Modified Kusnetz method described in NRC Regulatory Guide 
8.30, Appendix B, in accordance with the applicable SOP. Air samplers will be calibrated 
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in accordance with the manufacturer’s recommendations or at least annually, and after 
repair.  
 
The LLD for 222Rn progeny measurements will be 0.03 WL. All measured values will be 
recorded including values less than the LLD. Uranium One will use this information to 
calculate area working levels as described in Appendix B of NRC Regulatory Guide 8.30. 
Instruments such as the Ludlum Model 43-1 with appropriate scaler, utilized to support 
Kuznetz analyses, will be function and efficiency checked prior to daily use, in accordance 
with the appropriate SOP. 
 
The results of 222Rn progeny concentration monitoring will be used during determination 
of CEDEs as discussed in Section 5.7.4. 
 

5.7.3.3 Respiratory Protection Program 
 
Process and engineering controls will be the primary means of control of airborne 
radioactive material. Use of respiratory equipment at the Proposed Project facilities will be 
in accordance with the Respiratory Protection Program described in Section 5.7.4.4 of the 
LRA for SUA-1341. The Uranium One Respiratory Protection Program is designed to 
implement the guidance contained in NRC Regulatory Guide 8.15 (NRC, 1999) and NRC 
Regulatory Guide 8.31. 

 

5.7.3.4 Exposure Determination and Records Calculations 
 
Employee exposure to radiation will be monitored and recorded in accordance with 10 CFR 
§20.1502 and §20.1201 and Regulatory Guides 8.30 and 8.34. Routine employee external 
exposures will be determined and recorded for those employees likely to receive more than 
10 percent of the allowable occupational dose limit (i.e., 0.5 rem or 500mrem). During 
initial operation of the Proposed Project all workers will be monitored for external and 
internal exposure. Once an adequate exposure history is established, Uranium One may 
discontinue monitoring for worker classifications that have been shown to have no 
likelihood of exceeding 10 percent of the allowable occupational dose limit. External 
exposures will be determined using personnel dosimetry as discussed in Section 5.7.2.3. 
Internal exposures will be determined and recorded for internal exposure from radon 
daughters or uranium. 
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The following is a discussion of the exposure determination methods and documentation 
of results. 
 

5.7.3.5 Natural Uranium Internal Exposure 
 
Since the Proposed Project consists of the ion exchange process with no elution, 
precipitation, or drying activities that would be a potential source of airborne uranium, 
routine airborne uranium sampling is not proposed. However, airborne uranium monitoring 
may be necessary during some maintenance or other activities performed under an RWP. 
In these cases, exposure calculations for airborne natural uranium will be performed using 
the intake method from NRC Regulatory Guide 8.30, Section 2. The intake is calculated 
using the following equation: 

I X t
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u 




b
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where: 

Iu  =  uranium intake, (g or Ci) 

Xi  = average concentration of uranium in breathing zone, (g/m3, Ci/m3) 
ti  =  time that the worker is exposed to concentrations Xi, (hrs) 
b = breathing rate, 1.2 m3/hr 
PF = the respirator protection factor, if applicable 
n = the number of exposure periods during the week or quarter 

 
The intake for uranium will be calculated and recorded. The intakes will be totaled and 
entered onto each employee's Occupational Exposure Record. 
 
Intake of soluble uranium will be limited to 10 mg per week per 10 CFR 20.1201(e). 
Accordingly, at an assumed specific activity of 0.67 μCi/gram for natural uranium (10 CFR 
20, Appendix B, footnote 3), the weekly soluble intake limit is 6.7 E-3 μCi. Compliance to 
this requirement for work conducted under an RWP will be documented by recording 
worker airborne exposure in DAC–hrs, whenever long lived particulate concentrations in 
air are determined to be ≥ 10 % DAC. An action level of 25% DAC will be established 
requiring RSO investigation and potential corrective actions. Assignments of positive 
airborne exposures will be reviewed weekly. Accordingly, any exposures to soluble 
uranium > 5 % of the 10 mg/week limit will in fact be recorded (as DAC–hrs) and 
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controlling exposure to 25 percent of DAC ensures both that the 10 mg/week limit is not 
exceeded and ALARA. 
 
The data required to calculate internal exposure to airborne natural uranium will also 
include the following: 

 Time of Exposure Determination - In general, 100 percent occupancy time will be 
initially used to determine exposures. Using this method to determine time of 
exposure, each worker is assumed to have spent their entire work shift in the survey 
area(s). The occupancy time determinations for each worker will be based on the 
actual time worked during the monitoring period. This approach generally results 
in a conservative (i.e., higher than actual) estimate of internal exposure to airborne 
natural uranium as it does not account for time the worker may have spent outside 
the work area, such as during breaks and meals. 
 
The RSO may perform a time study to determine the average time of exposure for 
each classification of worker. Under this approach, the RSO will have a 
representative population of each classification of worker track their time spent in 
different areas of the facility. The time study will be performed for an extended 
period (usually one month) and will provide the RSO with a percentage of time 
spent in each area for each classification of worker. If time studies are employed to 
determine time of exposure, they will be updated annually to account for any 
changes. Exposures during non-routine work (i.e., work requiring an RWP) will be 
based upon actual time. 

 Airborne Uranium Activity Determination - Airborne uranium activity will be 
determined from surveys performed as described in Section 5.7.3.1. 

 
Exposures to airborne uranium will initially be compared to the DAC for the "W" 
solubility class for U-nat from Appendix B of 10 CFR §20.1001 - §20.2401 (i.e., 
3x10-10 Ci/ml). As noted previously, vitro solubility studies on the may be 
performed uranium compounds present after facility startup, to determine the 
solubility class of the material present. 

 

5.7.3.6 Radon Daughter Internal Exposure 
 
Exposure calculations for airborne 222Rn daughters will be performed using the intake 
method from NRC Regulatory Guide 8.30, Section 2. The radon daughter intake will be 
calculated using the following equation: 
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where: 

Ir  =  radon daughter intake, working-level months 
ti  =  time that the worker is exposed to concentrations Wi (hr) 
Wi  = average number of working levels in the air near the worker's 

breathing zone during the 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. 
 

The data required to calculate exposure to radon daughters will be determined as follows: 

 Time of Exposure Determination – In general, 100 percent occupancy time will be 
used to determine exposures. Using this method to determine time of exposure, 
each worker is assumed to have spent their entire work shift in the survey area(s). 
The occupancy time determinations for each worker will be based on the actual 
time worked during the monitoring period. This approach generally results in a 
conservative (i.e., higher than actual) estimate of internal exposure to radon 
daughters because it does not account for time the worker may have spent outside 
the work area, such as during breaks and meals. 
 
Alternatively, the RSO may perform a time study to determine the average time of 
exposure for each classification of worker. Under this approach, the RSO will have 
a representative population of each classification of worker track their time spent 
in different areas of the facility. The time study will be performed for an extended 
period (usually one month) and will provide the RSO with a percentage of time 
spent in each area for each classification of worker. If time studies are employed to 
determine time of exposure, they will be updated annually to account for any 
changes.  
 

 Radon Daughter Concentration Determination – Radon daughter concentrations 
will be determined from surveys performed as described in Section 5.7.3.2. The 
working-level months for radon daughter exposure will be calculated and recorded. 
The working-level months will be totaled and entered onto each employee's 
Occupational Exposure Record. Exposures to radon daughters will be compared to 
the DAC for radon daughters from Appendix B of 10 CFR §§20.1001 - 20.2401 
(i.e., 0.33 WL).  
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Occupational exposure to external gamma and beta radiation will be measured using 
personnel dosimeters as discussed in Section 5.7.2.3. Consistent with 10 CFR §20.1502 
and Regulatory Guide 8.34, occupational exposure to external radiation will be used to 
determine the TEDE for employees whose work locations or functions may be expected to 
exceed 10 percent of the occupational exposure limits. During initial operation of the 
Proposed Project, all workers will be monitored for external exposure once an adequate 
exposure history is established. Once an adequate exposure history is established, Uranium 
One may discontinue monitoring for worker classifications that have been shown to have 
no likelihood of exceeding 10 percent of the allowable occupational dose limit. The RSO 
will use historical and current monitoring and survey data to ensure that external radiation 
exposures are less than 10 percent of the occupational dose limit for all unmonitored 
workers.  
 

5.7.3.7 Prenatal and Fetal Exposure 
 
In accordance with 10 CFR §20.1208, Uranium One will ensure that the occupational dose 
equivalent to the embryo/fetus of a declared pregnant female during the entire pregnancy 
will not exceed 0.5 rem.  
 
The dose equivalent to the embryo/fetus is determined by monitoring the declared pregnant 
woman. The declared pregnant woman will be monitored in accordance with 10 CFR 
§20.1502. This regulation requires monitoring the exposure when the deep dose equivalent 
is likely to exceed 0.1 rem during the entire pregnancy. In addition, 10 CFR 20.1502 
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 of 0.1 rem during the entire pregnancy. 
 
Prior to a 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, Uranium One will 
estimate the pre-declaration dose using a combination of radiation survey data, air 
monitoring data, and bioassay results. Exposure calculations will be performed as 
recommended in NRC Regulatory Guide 8.36:  

 External Dose to the Embryo/Fetus- The deep-dose equivalent 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 all occupational 
exposures of the declared pregnant woman since the estimated date of conception 
and will be based on the methods discussed in Section 5.7.2.  
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 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 any 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 in Sections 5.7.3.1 and 
5.7.3.2. 

 

5.7.3.8 Exposure Recording and Reporting 
 
All dose records will be kept and reported in accordance with RC Regulatory Guide 8.7 
and 10 CFR 20.2103. Records of prior dose history and exposure monitoring results will 
be maintained as required for each monitored individual on an NRC Form 5 or equivalent. 
 
In accordance with 10 CFR §19.13(b), monitored employees will be advised in writing on 
an annual basis of their calculated TEDE. Additionally, any employee may request a 
written report of their exposure history at any time. These reports will be provided within 
30 days of the request and will provide the information outlined in 10 CFR §19.13. 
 
In accordance with 10 CFR §20.2205, if Uranium One is required to report to the NRC any 
exposure of an identified occupationally exposed individual or an identified member of the 
public to radiation or radioactive material under 10 CFR §20.2203 (Reports of exposures, 
radiation levels, and concentrations of radioactive material exceeding the constraints or 
limits) or 10 CFR §20.2204 (Reports of planned special exposures), Uranium One will also 
provide the employee(s) or identified member(s) of the public with a report of his or her 
exposure no later than the time that the report is submitted to the NRC. 
 

5.7.4 Bioassay Program 
 
Uranium One will implement a urinalysis bioassay program at the Proposed Project as 
described in Section 5.7.5 of the LRA for SUA-1341. The Uranium One bioassay program 
meets the guidelines contained in NRC Regulatory Guide 8.22 (NRC, 1988). The primary 
purpose of a bioassay program is to detect uranium intake in employees who are potentially 
exposed to airborne uranium and to confirm the results of the airborne uranium particulate 
monitoring program (discussed in Section 5.7.3.1) and the internal exposure determination 
(discussed in Section 5.7.3.5). In the case of the proposed satellite plant operations, there 
is little potential for airborne uranium since elution, precipitation, and drying activities will 
take place at the Willow Creek CPP. However, satellite operators will be sampled at the 
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same frequency as process area workers (i.e., monthly). All new employees will submit an 
initial and termination bioassay sample. 
  

5.7.5 Contamination Control Program 
 
Contamination surveys will be conducted at the Proposed Project to ensure exposure of 
workers is maintained ALARA and to minimize potential for release of radioactive 
material to unrestricted (public access) areas. This section describes policies and methods 
that will be applied for the conduct of contamination surveys in restricted areas (process 
areas as well as general plant areas), for assessment of contamination of skin and clothing 
of workers, and for the release of equipment to unrestricted areas. Contamination 
assessments will also be conducted in unrestricted areas to ensure program effectiveness. 
The contamination control program and action levels described in this section are based on 
the guidelines contained in NRC Regulatory Guide 8.30, (NRC 2002b). 
 
Uranium One commits to developing and implementing a survey program for beta-gamma 
contamination for personnel exiting from restricted areas, which will meet the requirements 
of 10 CFR Part 20, Subpart F.  
 

5.7.5.1 Surveys for Surface Contamination 
 
Surveys will be conducted for surface contamination throughout all plant areas on at least 
a weekly basis. Surveys will be conducted in accordance with the guidelines contained in 
NRC Regulatory Guide 8.30, "Health Physics Surveys in Uranium Mills". Surveys for 
removable alpha contamination in clean areas such as lunch rooms, change rooms and 
offices are conducted weekly. These surveys will be conducted in accordance with the 
applicable SOP. 
 

5.7.5.2 Surveys for Contamination of Skin and Personal Clothing 
 
Condition 10.11 of License SUA-1341 requires that all employees who do not shower prior 
to leaving the restricted area monitor themselves with an alpha survey instrument. All 
personnel leaving the restricted area are required to perform and document alpha 
contamination monitoring. In addition, personnel who could encounter potentially 
contaminated solutions outside a restricted area such as in the wellfields are required to 
monitor themselves prior to leaving that worksite. All personnel receive training in the 
performance of surveys for skin and personal contamination. Personnel are also allowed to 
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conduct contamination monitoring of small, hand-carried items if all surfaces could be 
reached with the instrument probe and the item did not originate in satellite areas. All other 
items are surveyed as described in the next section. 
 
As recommended in NRC Regulatory Guide 8.30, "Health Physics Surveys in Uranium 
Mills", Uranium One conducts quarterly unannounced spot checks of personnel to verify 
the effectiveness of the surveys for personnel contamination.  A minimum of 25 percent of 
the employees assigned to the mine site are surveyed, concentrating on plant operators and 
maintenance personnel. The purpose of the surveys is to ensure that employees were 
adequately surveying and decontaminating themselves prior to exiting the restricted areas. 
 

5.7.5.3 Surveys of Equipment Prior to Release to an Unrestricted Area 
 
Surveys of all items from the restricted areas with the exception of small hand-carried items 
described above are performed by the RSO, radiation safety technician, or properly trained 
employees. The release limits are set by "Guidelines for Decontamination of Facilities and 
Equipment Prior to Release for Unrestricted Use or Termination of Licenses for Byproduct 
or Source Materials", NRC, September 1984. Surveys are performed with the following 
equipment: 

 Portable alpha count rate meter, Ludlum Model 3 or equivalent; 
 Portable GM survey meter with a beta/gamma probe with an end window thickness 

of not more than 7 mg/cm2, Eberline Model E-120 with HP-190 probe or 
equivalent; and 

 Swipes for removable contamination surveys as required. 
 

5.7.5.4 Proposed Contamination Control Program 
 
Uranium One proposes to implement the same Contamination Control program which is 
currently in use at Irigaray and Christensen Ranch facilities. The program has proven to be 
effective at controlling contamination of personnel and clean areas. The program will be 
implemented in accordance with SOPs that describe instrument calibration and check 
requirements, surveys for removable contamination, surveys for alpha and beta/gamma 
contamination of items prior to release from restricted areas, and personnel monitoring.  
 
Surveys for beta contamination will be performed consistent with the recommendations of 
NRC Regulatory Guide 8.30; beta surveys will be conducted of specific operations that 
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would involve the handling of large quantities of aged yellowcake.  On a routine basis, an 
annual beta survey will be conducted in areas that would typically be subject to residual 
uranium concentrate contamination, specifically, the precipitation, drying, and packaging 
areas of the Irigaray Plant. Equipment to be released from the restricted area for 
unrestricted use that is subject to potential beta contamination (from the aforementioned 
process areas) will be surveyed for beta contamination. 
 

5.7.6 Airborne Effluent and Environmental Monitoring Programs 
 
A table providing a summary of the elements of the operational environmental monitoring 
program described below is provided in Table 4-4. 
 

5.7.6.1 Air Particulate 
 
Preoperational air monitoring locations were used for baseline determination of air 
particulate concentrations as described in Section 2.9.6. Sampling locations are shown on 
Figure 2.9-1. These locations were selected as recommended in Regulatory Guide 4.14 
(NRC, 1980), which calls for a minimum of three air monitoring stations at or near the site 
boundaries, one station at or close to the nearest occupiable structure within 10 kilometers 
of the site, and one station at a control or background location. Operational airborne 
uranium sampling is not proposed for the Satellite facility because there are no elution, 
precipitation, or drying activities in this facility that would be a potential source of airborne 
uranium 

 

5.7.6.2 Radon 
 
Radon monitoring will be performed at locations recommended by Regulatory Guide 4.14 
(the same locations selected for air particulate monitoring), using the same detectors (high-
sensitivity Landauer track etch devices or equivalent) and analysis frequencies (quarterly 
analysis) as employed during pre-operational monitoring. In addition to the manufacturer's 
Quality Assurance program, Uranium One will expose one duplicate radon Track Etch cup 
per monitoring period. 
 
Uranium One expects 222Rn to be the primary radioactive airborne effluent to be released 
from the satellite plant. However, because radon will decay during residence time in 
the plant, radon decay products will also be released from the plant ventilation system. 
The satellite plant will contain columns and tanks that will require venting to atmosphere 
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either in a batch mode or continuously. Separate, independent ventilation systems consisting 
of ducting and/or piping attached to the points of release will be installed for all indoor 
process tanks and vessels where radon could be expected. some cases vented tanks will be 
connected to the same release vent through a manifold. The processes that may release 
radon or its decay products are listed below. 

 Ion exchange columns: The down flow IX columns are under pressure during 
normal operations. When the resin gets fully loaded, the resin will be transferred 
from the column to the elution circuit. To transfer the resin, the column must be 
de-pressurized, done by venting the column to atmosphere.  

 The waste water tanks will be vented. 
 Satellite plant through the ventilation system. 
 Potential radon release points that are distant from the satellite plant include header 

houses and well/piping systems within the wellfields. 
 

The amount of each of the principal radionuclides released to the environment from the 
satellite plant and wellfields, as required in 10 CFR 40.65. 
 

5.7.6.3 Surface Soil 
 
Operational soil sampling will be conducted on an annual basis.  Locations sampled will 
be near the air particulate sampling sites as described in Section 2.9.3. Five-cm-depth 
samples will be collected as described in Table 2 of Regulatory Guide 4.14, and will be 
analyzed in accordance with the guide, by a certified laboratory. 
 

5.7.6.4 Sediment  
 
During operations, sediment sampling will be conducted on an annual basis. Following 
Regulatory Guide 4.14, discrete grab samples of sediment will be collected at the same 
baseline surface water sampling locations. All sediment samples will be collected to a 
depth of five cm for consistency with the baseline sediment sampling surveys, then 
analyzed for natural uranium, 226Ra, 210Pb, and 230Th. 
 

5.7.6.5 Subsurface Soil 
 
Regulatory Guide 4.14 does not recommend subsurface soil sampling during the 
operational phase at a site. Post-operational subsurface soil samples will be taken following 
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conclusion of operations, and will be compared to the results of the preoperational 
monitoring program.  
 

5.7.6.6 Vegetation and Food 
  
Pre-operational vegetation samples from the proposed Ludeman Project areas were 
collected in 2008 at the locations described in Section 2.9.10. 
 
During operations, and where a significant pathway to man is identified in individual 
licensing cases, vegetation, foods, and fish samples should be collected, per Regulatory 
Guide 4.14. The Guide notes that, during operations, forage vegetation should be sampled 
at least three times during the grazing season in grazing areas in three different sectors 
having the highest predicted airborne radionuclide concentration due to milling operations. 
During operations, MILDOS calculations based on operational radionuclide release values, 
combined with measured radionuclide concentrations in air during operations, will be used 
to select forage vegetation sampling locations, per the above guidance, three times during 
each year of facility operation. The sampling and analysis procedures used for pre-
operational vegetation sampling will be used during operational sampling, and analyses 
will be performed by a certified laboratory in accordance with the regulatory Guide 4.14. 
 
Preliminary evaluation of radionuclide exposure pathways from the proposed facility 
through forage vegetation to humans does not indicate that “…a significant pathway to 
man…” exists. For preoperational assessments performed to date, this is based on the very 
low measured radionuclide concentration observed in the collected vegetation samples. No 
significant concentrations exist in the forage analyzed therefore no significant potential for 
dose to man via meat from forage animals exists. 
 
During operations, the results of operational vegetation sampling will be reviewed 
immediately, and a determination made as to whether the potential for “…significant 
pathway to man…” exists. If such potential is determined to exist (that is, if significant 
radionuclide concentrations are found in forage vegetation), meat sampling will be initiated 
in accordance with the Regulatory Guide 4.14 specifications: “At least three samples 
should be collected at the time of harvest or slaughter or removal of animals from grazing 
for each type of crop (including vegetable gardens) or livestock raised within three-
kilometers of the mill site.”  
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5.7.6.7 Direct Radiation 
 
Ambient environmental gamma radiation levels will be monitored continuously at the air 
monitoring station locations selected per Regulatory Guide 4.14 recommendations. 
Gamma radiation has been monitored during the pre-licensing period using dosimeters 
from Landauer and will continue to be monitored using high-sensitivity environmental 
dosimeters obtained from Landauer or another NVLAP certified vendor, meeting the 
specifications noted in Regulatory Guide 4.14 (see TR Section 2.9.5). Dosimeters will 
continue to be exchanged on a quarterly basis. 
 

5.7.6.8 Deep Disposal Well Monitoring 
 
If deep disposal wells are used for liquid waste disposal, monitoring of liquid effluent will 
be conducted in accordance with the Class I Underground Injection Control Permit(s) 
issued by the Wyoming Department of Environmental Quality-Water Quality Division. 
 

5.7.6.9 Fish 
 
Operational fish sampling is not planned because the lack of habitat and persistent water 
sources on the Proposed Project site precludes the presence of fish. 
 

5.7.7 Groundwater/Surface Water Monitoring Program 
 

5.7.7.1 Program Description 
 
During operations at the Proposed Project, a detailed water sampling program will be 
conducted to identify any potential impacts to water resources of the area. The operational 
water monitoring program will include the evaluation of groundwater and surface water 
within the licensed area. This section describes well development and sampling methods 
and proposed groundwater and surface water monitoring programs.  
 

5.7.7.2 Groundwater Monitoring  
 
The groundwater monitoring program is designed to detect potential excursions of lixiviant 
outside of the wellfield pattern area within the Production Zone or into the overlying and/or 
underlying water bearing strata.  
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This program will include the monitor ring, and overlying and underlying aquifer monitor 
wells. The program will be conducted during uranium recovery operations, groundwater 
restoration and until groundwater restoration has been approved. Uranium One will adhere 
to the wellfield density for monitor wells as noted in SUA-1341 (License Condition 10.3), 
Those density numbers are consistent NRC guidance and other NRC-approved ISR 
operations. 
 

5.7.7.2.1 Private Well Monitoring 
 
All private wells used for drinking water, livestock watering or crop irrigation within two-
kilometers of the wellfield area boundary will be sampled for baseline values and on a 
quarterly basis during operations, given the owner's consent. Groundwater samples will be 
analyzed for parameters as identified in Regulatory Guide 4.14 Table 2. 
 
When well conditions allow, the water levels of these wells will also be taken during each 
sampling event. The subsequent groundwater quality results and water levels will be 
included in the semi-annual environmental and effluent reports submitted to NRC. 
 

5.7.7.2.2 Wellfield Baseline Sampling 
 
Uranium One commits to the following sampling routine. Recovery and injection wells 
within each wellfield will be sampled four times with a minimum of two weeks between 
sampling events to establish baseline groundwater quality for each production unit. Wells 
will be selected based on the density values outlined in SUA-1341 (License Condition 
10.3). The first and second sample events will include analyses for all WDEQ/LQD 
Guideline 8 constituents of concern which are listed in Table 5-5. If specific constituents 
are not detected during the first and second sampling events, then analysis of those 
constituents will not be conducted during the third and fourth sample events. Those third 
and fourth sampling events will be analyzed for the Assay Suite B analytes approved in 
SUA-1341 (i.e., Total Dissolved Solids, sulfate, chloride, conductivity, total alkalinity, pH, 
arsenic, selenium, natural uranium, and 226Ra). 
 
The Restoration Target Values (RTV’s) are determined from the baseline water quality 
data and are used to assess the effectiveness of ground water restoration activities. The 
average and range of baseline values determined for the wells completed in the Production 
Zone within the wellfield area constitute the RTV’s. These wells will be sampled four times 
with a minimum of 2 weeks between samplings. Wells will be selected based on the density 
values outlined in SUA-1341 (License Condition 10.3).  
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Data for each parameter are averaged for the wellfield. As discussed in the LRA for SUA-
1341, outliers will be removed from the database as described in the following section. The 
overall average baseline water quality results for an individual wellfield will be used to 
define the restoration water quality target values. 
 
Removal of Outliers from the Water Quality Data Base 
 
Prior to any calculations for baseline mean, other statistics, or upper control limits, the 
water quality data base will be screened for outliers. Outliers are anomalously high or low 
values relative to the other values, which can compromise a data base. Outliers are typically 
caused by one of the following conditions: 

 Transcription errors, either in the laboratory or in-house; 
 Analytical errors (multiplication errors, etc.); 
 Incorrect units of measurements; and 
 Sampling error. 

 
However, it is possible that the outlier may be a true value, being caused by natural water 
quality variability or geologic differences within the sampled aquifer. For this reason, the 
following procedures will be followed when analyzing the water quality data base for 
outliers: 

 The data will first be screened visually, to identify obvious outliers, if present. 
 The data will then be screened using a statistical analysis method. As approved in 

SUA-1341, Uranium One will use the tolerance-limit formula (Loftis, et al., 1987) 
as the method for outlier screening. This method is currently approved in SUA-
1341 and is recommended in WDEQ Guideline No. 4, In Situ Mining. The 
tolerance-limit method used by Uranium One is as follows: 

X ± Ks 

Where: 

X = sample mean 
K = tolerance factor, 
corresponding to 

γ = 0.99 and 
α = 0.001 

s = sample standard deviation 
 Once an outlier is identified, either by the visual screening or by the tolerance-limit 

method, reasons for the outlier will be investigated. The analyzing laboratory will 
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be contacted to see if the outlier could be a result of a calculation error, transcription 
error, or unit of measurement error. Errors in sampling will also be investigated. 
The error will be detected and the data point corrected. In a case where no 
explanation for the outlier can be reasonably found, the data point will be excluded 
if it fails the tolerance limit statistical screening.  

 
If the data collected for the entire mine unit indicate that waters of different underground 
water classes (WDEQ/WQD Rules and Regulations, Chapter VIII) exist together, the data 
are not averaged together, but treated as sub-zones. Data within specific sub-zones are 
averaged. Boundaries of sub-zones, where required, are delineated at half-way between the 
sets of sampled wells which define the sub-zones.  
 

5.7.7.2.3 Monitor Well Baseline Water Quality 
 
Monitor well ring wells are installed within the production zone, outside the mineralized 
portion of the production zone and production pattern area in a "ring" around the mine area. 
These wells are used to obtain baseline water quality data and characterize the area outside 
the production pattern area. Upper Control Limits (UCLs) are determined for these wells 
from the baseline water quality data for use during operational excursion monitoring. As 
described in Section 3, the distance between these monitor wells will be no more than 500 
feet and the distance between these monitor wells and the production patterns will be 
approximately 500 feet. Baseline water quality parameters are shown in Table 5-5. 

 
Monitor wells will be installed within the overlying aquifer and underlying aquifer at a 
density of one well per every four acres of pattern area. These wells will be used to obtain 
baseline water quality data to be used in the development of UCLs for these zones. 
 
After completion, wells will be developed (by air flushing or pumping) until water quality 
in terms of pH and specific conductivity appears to be stable and consistent with the 
anticipated water quality of the area. After development, wells will be sampled to obtain 
baseline water quality. Wells will be purged before sample collection to ensure that 
representative water is obtained. All monitor wells including ore zone and overlying and 
underlying monitor wells will be sampled four times at least two weeks apart.  
 

5.7.7.2.4 Wellfield Hydrologic Data Package 
 
Following completion of the field data collection, the Wellfield Hydrologic Data Package 
is assembled and submitted to the WDEQ for review. In accordance with NRC 
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Performance-Based Licensing requirements, the Wellfield Hydrologic Data Package is 
reviewed by a SERP to ensure that the results of the hydrologic testing and the planned 
mining activities are consistent with technical requirements and do not conflict with any 
requirement stated in NRC regulations or in the NRC license. A written SERP evaluation 
will evaluate safety and environmental concerns and demonstrate compliance with 
applicable NRC license requirements as previously discussed in Section 5.2.4. The written 
SERP evaluation will be maintained at the site. At a minimum, the Wellfield Hydrologic 
Data Package will contain the following (Per WDEQ Guideline No. 4):  

 Geologic demonstration of the lack of hydraulic connection and confinement 
between the production zone and vertically adjacent aquifer;  

 Sufficient information to show that wells in the monitor well ring are in adequate 
communication with the production patterns;  

 Maps including:  
o Anticipated locations of areas that will have topsoil salvaged in long term 

stockpiles and areas where recovery operations will take place but the topsoil 
will not be salvaged. Depth and volume of soil material that will be salvaged 
will also be presented;  

o A description of the proposed Production Unit (location, extent, etc.);  
o Proposed production patterns and all monitor well locations  
o Geologic cross-sections and cross-section location maps;  
o Isopach maps of the Production Zone sand, overlying confining unit and 

underlying confining unit;  
 Discussion of how the hydrologic test was performed, including well completion 

reports;  
 Discussion of the results and conclusions of the hydrologic test including pump test 

raw data, drawdown match curves, potentiometric surface maps, water level graphs, 
drawdown maps and when appropriate, directional transmissivity data and graphs; 
Baseline water quality information including proposed UCLs for monitor wells and 
Production Unit restoration target values;  

 Proposed Target Restoration Values in accordance with WS. § 35-11-428 (a)(iii), 
Ch. 11 Section 3 (xiii) and Section 4 (a)(ii)(B);  

 Summary tables showing location, construction and completion details for 
monitoring wells;  

 MIT records for Class III Injection wells;  
 Exploration drill hole and well abandonment records; and  
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 Any other information pertinent to the area tested will be included and discussed.  
 
Uranium One may use the following approach or similar approach in preparation in the 
development of the wellfield data package:  

 Increasing resolution of the geologic and groundwater models;  
 Preparing the initial wellfield design;  
 Preparing a work plan for WDEQ/LQD review before conducting extensive field 

activities;  
 Installing additional baseline monitor wells;  
 Measuring hydraulic properties of the production zone and demonstrating the 

extent of hydraulic connection between the ore zone and perimeter monitoring 
wells;  

 Confinement between the production zone and the deep monitor zone and shallow 
monitor zone aquifers. Also, demonstrating the hydraulic characteristics of any 
influencing boundaries in or near the wellfield.  

 Installing perimeter monitor wells;  
 Providing Notices of Completion of Construction for Class III wells;  
 Conducting wellfield pump tests;  
 Providing groundwater model verification; and  
 Preparing and submitting the final wellfield package.  

 

5.7.7.2.5 Operational Upper Control Limits and Excursion Monitoring 
 
Baseline ground water quality for the monitor wells for individual wellfields will be 
established prior to the start of operation of each wellfield. These baseline data are utilized 
to establish upper control limits (UCLs) for chemical constituents chosen to detect possible 
lixiviant migration or excursion. Per NUREG-1569, Section 5.7.8.3 (Criterion 5), the 
license applicant selects a minimum of three excursion indicator constituents and 
establishes those UCLs. The constituents chosen for indicators of lixiviant migration for 
the Proposed Project and for which UCLs will be set are chloride, conductivity, and total 
alkalinity. Criterion 5 notes that exceeding two of the three UCLs for those chemical 
constituents would be indicative of an excursion from the wellfield.  
 
Once a wellfield is in operation, groundwater sampling for potential lixiviant excursion 
will commence. Chloride was chosen due to its low natural levels in the native groundwater 
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and because chloride is introduced into the lixiviant from the ion exchange process 
(uranium is exchanged for chloride on the ion exchange resin). Chloride is also a mobile 
and persistent constituent in the groundwater and will be detected quickly in the case of a 
lixiviant migration to a monitor well. Conductivity was chosen because it is an excellent 
general indicator of overall groundwater quality. Total alkalinity concentrations should be 
affected during an excursion because bicarbonate is the major constituent added to the 
lixiviant during the ISR process. Water levels are obtained and recorded prior to each well 
sampling. However, water levels are not used as an excursion indicator.  
 
Upper Control Limits (UCLs) will be set for each stratigraphic monitor zone. Before the 
upper control limit is calculated, outliers will be removed from the data set by using visual 
screening and the tolerance limit method discussed above. Any data point which does not 
fall within the tolerance limits set by the test will be considered suspect and will be 
eliminated for use in upper control limit calculation if no explanation can be found for the 
anomalous value. If all four baseline sample results from an individual well would be 
eliminated by the tolerance limit process, the well will have its own set of UCLs established 
based upon the average results of the four samples. 
 
UCLs will be set at the baseline mean concentration plus five standard deviations for 
conductivity and total alkalinity. The UCL for chloride will be determined by adding 15 
mg/l to the baseline mean if that value is greater than the baseline mean plus five standard 
deviations. 
 
Operational monitoring consists of sampling the monitor wells at least twice monthly and 
at least 10 days apart and analyzing the samples for the excursion indicators chloride, 
conductivity, and total alkalinity. Uranium One requests that in the event of certain 
situations such as inclement weather, mechanical failure, or other factors that may result in 
placing an employee at risk or potentially damaging the surrounding environment, NRC 
allow a delay in sampling of no more than five days. In these situations, Uranium One will 
document the cause and the duration of any delays. 
 
To assure water within the well casing has been adequately displaced and/or formation 
water is sampled, wells will be purged before sample collection to ensure representative 
water is obtained. Samples will be taken when field water quality parameters such as pH 
and specific conductivity appear to be stable and consistent with the anticipated water 
quality of the area.  
 
Water level and analytical monitoring data for the UCL parameters are reported to the 
WDEQ/LQD on a quarterly basis. This data is retained on site for review by the NRC. 
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5.7.7.2.6 Excursion Verification and Corrective Action 
 
During routine sampling, if two of the three UCL values are exceeded in a monitor well an 
excursion is deemed to have occurred. Per NUREG-1569, Section 5.7.8.3 (Criterion 5), a 
series of sampling events must occur to verify the excursion event. Below are the guidelines 
that will be followed: 

 Following the first sample of the monitor well in question (where at least two of 
the three UCLs were exceeded), a second verification sample must be taken within 
48 hours after receiving the initial sample’s data; 

 If the second sample’s UCLs are not exceeded, then a third verification sample must 
be taken within 48 hours after receiving the second sample’s data; 

 If the UCL concentrations are not exceeded in the second sampling event, and the 
UCL concentrations are not exceeded in the third sampling event, then the monitor 
well will not be placed on excursion status; and 

 In compliance with NUREG-1569, Section 5.7.8.3 (Criterion 5), Uranium One will 
demonstrate stability in the excursion indicator concentrations by measurements 
over a suitable period before the corrective action measures can be discontinued. 
The corrective action will be considered complete after three consecutive weekly 
sampling events indicate that all excursion indicators have stabilized below their 
respective UCLs or if only one excursion indicator exceeds its respective UCL by 
less than 20 percent  

 
Upon verification of an excursion, the NRC Project Manager and the WDEQ/LQD is 
notified by telephone or email within 24 hours and notified in writing within seven days as 
required by NUREG-1569, Section 5.7.8.3 (Criterion 5). Additionally, a more detailed 
written report describing the excursion event, corrective actions, and corrective action 
results will be submitted to the NRC within 60 days of the excursion confirmation. 
 
If an excursion is verified, the following methods of corrective action will be instituted (not 
necessarily in the order given) dependent upon the circumstances: 

 A preliminary investigation will be completed to determine the probable cause; 
 Production and/or injection rates near the monitor well will be adjusted as necessary 

to increase the net bleed, thus forming a hydraulic gradient toward the production 
zone; 

 Individual wells will be pumped to enhance recovery of recovery solutions; 
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 Injection into the well field area adjacent to the monitor well may be suspended. 
Recovery operations continue, increasing the overall bleed rate and the recovery of 
wellfield solutions; 

 Per NUREG-1569, Section 5.7.8.3 (Criterion 5), stability in the excursion indicator 
concentrations must be demonstrated by measurements over a suitable time period 
before the corrective action measures can be discontinued. Uranium One will 
increase sampling frequency of any monitor well on excursion status to a minimum 
of once every seven days; and 

 In compliance with NUREG-1569, Section 5.7.8.3 (Criterion 5), corrective action 
will be deemed complete when all excursion indicators are below their respective 
UCLs, or if only one excursion indicator exceeds its respective UCL by less than 
20 percent. 

 
If an excursion is not controlled within 30 days following confirmation of the excursion, 
the WDEQ requires a sample must be collected from each of the affected monitoring wells 
and analyzed for the following parameters: ammonia; antimony; arsenic; barium; 
beryllium; bicarbonate; boron, cadmium, calcium, carbonate; chloride; chromium; 
conductivity; copper; fluoride; gross alpha; gross beta; iron; lead; magnesium; manganese; 
mercury; molybdenum; nitrate + nitrite; pH; potassium; selenium; sodium; sulfate; 226R 
and 228Ra; thallium; TDS; uranium; vanadium; and zinc. 
 
Per NUREG-1569, Section 5.7.8.3 (Criterion 5), “If an excursion is not corrected within 
60 days of confirmation, applicants must either terminate injection of lixiviant into the 
wellfield until the excursion is retrieved, or provide an increase to the reclamation 
assurance in an amount that is agreeable to NRC and that would cover the expected full 
cost of correcting and cleaning up the excursion. The assurance increase must remain in 
force until the excursion is corrected. The written 60-day excursion report should state and 
justify which course of action will be followed.” Uranium One commits to comply with 
the stated text in NUREG-1569, Section 5.7.8.3 (Criterion 5) for an excursion exceeding 
60 days. 
 
If an excursion is controlled, but the fluid which moved out of the Production Zone during 
the excursion has not been recovered within 60 days following confirmation of the 
excursion, the operator will submit to the WDEQ/LQD and the NRC within 90 days 
following confirmation of the excursion a plan and compliance schedule meeting the 
requirements of LQD Rules and Regulations, Chapter 13, Section 13(b). 
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A monthly report on the status of an excursion shall be submitted to the LQD administrator 
beginning the first month the excursion is confirmed and continuing until the excursion 
event is successfully completed. The monthly report shall contain the requirements 
described in LQD Rules and Regulations, Chapter 12, Section 12(e). A quarterly report 
will be provided to the NRC on the status of wells on excursion status. 
 

5.7.7.3 Surface Water Monitoring 
 
Pre-operational surface water quality monitoring was performed as discussed in Sections 
2.7 and 2.9.9. The Proposed Project area includes both perennial and ephemeral drainages 
as well as stock and irrigation ponds. Samples from all pre-operational surface water 
locations will be obtained quarterly when water is present. Surface water samples will be 
analyzed for Regulatory Guide 4.14 Table 2 parameters. Surface water monitoring results 
will be submitted in the semi-annual environmental and effluent reports submitted to NRC. 
 

5.7.8 Quality Assurance Program 
 
Uranium One will implement a Quality Assurance (QA) program at the Proposed Project 
for all relevant operational monitoring and analytical procedures consistent with the 
recommendations contained in NRC Regulatory Guide 4.14 Sections 3 and 6 and 
Regulatory Guide 4.15 (NRC 1979). The objective of the program will be to identify any 
deficiencies in the sampling techniques and measurement processes so that appropriate 
corrective actions can be implemented to obtain a level of confidence in monitoring 
programs results. The proposed QA program will cover radiological and non-radiological 
monitoring activities, and will help ensure that all radiological and non-radiological 
measurements and monitoring programs are reasonably valid and of a defined quality. 
 
The QA section will include both planned and systematic actions necessary to provide 
adequate confidence in the assessment of all monitored results. A Quality Control (QC) 
section will be included in the QA, and will include Proposed Projects to provide accepted 
measurement techniques, control the characteristics of measurement equipment, and 
proposed processes that will meet established standards. The QA program will provide 
assurance to the regulatory agencies and to the public that the monitoring results are valid. 
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Table 5-1: Radiological Monitoring Program Summary 

Type of Survey Type of Area Proposed Frequency 
Reg. Guide 8.30 

Recommended Frequency 

Airborne Uranium Special maintenance  RWP breathing zone or area grab samples Extra breathing zone grab samples 

Radon daughters 

Areas that exceed 0.08WL Weekly radon daughter grab samples1 Weekly radon daughter grab samples 

Areas that exceed 0.03WL Monthly radon daughter grab samples Monthly radon daughter grab samples 

Areas below 0.03WL Monthly radon daughter grab samples Quarterly radon daughter grab samples 

External radiation: 
Gamma 

Throughout satellite facilities Quarterly Semiannually 
Radiation areas and areas in excess of 2 mr\hr 

action level Monthly2 Quarterly 

Surface contamination 
Facility areas Daily walkthrough Daily 

Eating rooms, change rooms, control rooms, office Weekly Weekly 

Skin and personal clothing 
Process workers who shower Each exit from controlled area3 Quarterly 

Process workers who do not shower Each exit from controlled area3 Each day before leaving 

Equipment to be released Equipment to be released that may be 
contaminated Detailed survey before release Once before release 

Packages containing yellowcake Packages Detailed survey before release Spot check before release 

Ventilation All areas with airborne radioactivity potential Daily walkthrough Daily 

Respirators Respirator face pieces and hoods Before reuse Before reuse 

Notes: 
1. Increased sampling frequency based upon administrative action level of 25% of the MPC or DAC. 
2. Increased gamma survey frequency performed at administrative action level  
3. All employees required to survey upon exit. Quarterly spot checks of >25% satellite personnel. 
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Table 5-2: Radiation Detectors 

Detector 
Radiation 
Detected Type Characteristics 

Ludlum Model 19 Gamma 
Handheld combined 

unit 
Energy dependent; 175 cpm/µR/hr, 

Ludlum 44-10 Gamma High sensitivity 
Energy dep.; 900 cpm/uR/hr Cs-137; 
separate datalogger 

Ludlum 43-78 Alpha Holds 4” air filters 37% efficiency for Th-230; separate 
datalogger 

Ludlum 3030 Alpha/Beta Benchtop alpha/beta 
counter 

Integrated unit; simultaneous alpha/beta 
counting; 32% effic. for Th-230; 26% 
effic. for Sr-90/Y-90. 

Ludlum 43-93 Alpha/Beta 
Contamination 

survey 
20% Effic. For Pu-239 and Sr-/Y-90; 
separate datalogger 

Note: Detector LLD's may be calculated per NRC Reg. Guide 8.30.
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Table 5-3: MDAs for Air Sample and Contamination Control Detectors 

Detector Use Equation Bg CPM 
Bg Count 

Time (Min.) 
Flow 

Volume (l) Efficiency 
MDA 

(see notes) Note 

Radon 0.4 60 15 0.37 0.03 1 & 2 

Ludlum 43-108 Alpha particle 
detection 

1 60 2800 0.37 2.97E-12 1 & 2 

Ludlum 3030 
Alpha particle 

detection 0.5 60 190 0.32 2.98E-12 1 & 2 

Ludlum 43-93 Contamination 
monitor 

500 5 na 0.2 

Can meet MDA of 
900 dpm/100 cm2 
if Bkg is below 
1271 cpm. See 

Note 3. 

31 

Notes: 
1) MDA equation per NUREG-1507 reference: K = Kusnetz factor = 60; converts to WL.  C = 2.22E9: converts to uCi/ml;
2) Required radon sample analysis MDA = 0.03. Required air particulate sample analysis MDA=3E-12 uCi/ml 
3) Ludlum 43-93 beta particle surface contamination MDA calculated for an interfering gamma radiation field of 25 uR/hr using the provided equation and the Ludlum website noted 43-93 gamma 

sensitivity of 15-20 cpm per uR/hr 
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Table 5-4: Elements of the Operational Environmental Monitoring Program 
Program 

Element/Section 
Reference Location 

Radionuclides 
Analyzed Sampling Frequency 

Existing 
Groundwater 
Supply Wells 

Private wells within 2-km of 
project area similar to pre-

operational baseline 
monitoring 

Dissolved and 
suspended uranium, 
226Ra, 230Th, 210Pb, 

210Po 

Quarterly 

Surface Water 

Surface waters passing 
through project area and 

reservoirs subject to runoff 
similar to pre-operational 

baseline monitoring 

Dissolved and 
suspended uranium, 
226Ra, 230Th, 210Pb, 

210Po 

Quarterly (as 
available) 

Particulates in Air 1 

Locations with the highest 
predicted concentrations, 

nearest residences and 
control location similar to 

preoperational baseline 
monitoring 

Total uranium, 230Th, 
226Ra, 210-Pb 

Continuous- 
Composites of filters 
analyzed quarterly 

Radon in Air 

Particulate in air locations 
and other areas of interest 
similar to pre-operational 

baseline monitoring 

222Rn 

Continuous via Track-
Etch units or 

equivalent — analyzed 
quarterly 

Soil 

Particulate in air locations 
and other locations with the 

highest predicted 
concentrations similar to pre-

operational baseline 
monitoring 

Total uranium, 226Ra, 
210Pb 

Annually 

Sediment 

Surface waters passing 
through project area and 

reservoirs subject to runoff 
similar to pre-operational 

baseline monitoring 

Total uranium, 226Ra, 
210Pb, 230 Th 

Annually (as available) 

Direct Radiation 

Particulate in air locations 
and other areas of interest 
similar to pre-operational 

baseline monitoring 

Continuous via TLD or 
OSL or equivalent 

dosimetry 
Quarterly 
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Table 5-5: Baseline Water Quality Parameters WDEQ/LQD Guideline 8 

Constituents 
(reported in mg/l unless noted) Analytical Method 

Ammonia Nitrogen as N EPA 350.1 
Nitrate + Nitrite as N EPA 353.2 
Bicarbonate EPA 310.1/310.2 
Boron EPA 212.3/200.7 
Carbonate EPA 310.1/310.2 
Fluoride EPA 340.1/340.2/340.3 
Sulfate EPA 375.1/375.2 
Total Dissolved Solids (TDS) @ 180ºF EPA 160.1/SM2540C 
Dissolved Arsenic EPA 206.3/200.9/200.8 
Dissolved Cadmium EPA 200.9/200.7/200.8 
Dissolved Calcium EPA 200.7/215.1/215.2 
Dissolved Chloride EPA 300.0 
Dissolved Chromium EPA 200.9/200.7/200.8 
Total and Dissolved Iron EPA 236.1/200.9/200.7/200.8 
Dissolved Magnesium EPA 200.7/242.1 
Total Manganese EPA 200.9/200.7/200.8/243.1/243.2 
Dissolved Molybdenum EPA 200.7/200.8 
Dissolved Potassium EPA 200.7/258.1 
Dissolved Selenium EPA 270.3/200.9/200.8 
Dissolved Sodium EPA 200.7/273.1 
Dissolved Zinc EPA 200.9/200.7/200.8 
Radium-226 (pCi/l) DOE RP450/EPA 903.1/SM 7500-R-AD 
Radium-228 (pCi/l) SM 7500-R-AD 
Gross Alpha (pCi/l) DOE RP710/CHEMTA-GP B1/EPA 900 
Gross Beta (pCi/l) DOE RP710/CHEMTA-GP B1/EPA 900 
Uranium DOE MM 800/EPA 200.8 
Vanadium EPA 286.1/286.2/200.7/200.8 
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6 GROUNDWATER QUALITY RESTORATION, SURFACE 
RECLAMATION, AND FACILITY DECOMMISSIONING 

 
Throughout the life of the proposed Ludeman Project (Proposed Project), groundwater 
restoration, reclamation and decommissioning activities will be implemented. The 
objective of groundwater restoration, surface reclamation, and facility decommissioning is 
to return the affected environment (e.g., groundwater and land surface) to conditions such 
that they can be released by NRC for unrestricted use, and are suitable for uses for which 
they were suitable prior to NRC licensed ISR operations. The methods to achieve this 
objective for both the affected groundwater and the land surface are described in this 
section. 
 

6.1 Groundwater Restoration 
 
The purpose of groundwater restoration is to protect groundwater adjacent to the 
Production Zone Aquifer (PZA).  Approval of an aquifer exemption by the WDEQ and the 
EPA is required before ISR operations can commence. The aquifer exemption removes the 
PZA from protection under the Safe Drinking Water Act (SDWA). Agency approval of an 
exemption of a portion of an aquifer is based on existing water quality, the ability of the 
geologic formation hosting the aquifer to commercially produce minerals, and the inability 
to use (as a result of natural groundwater quality) or the lack of use of an aquifer as an 
underground source of drinking water (USDW). Groundwater restoration helps ensure that 
any mobilized constituents do not affect aquifers adjacent to the ore zone. 
 

6.1.1 Groundwater Restoration Criteria  
 
Groundwater will be restored consistent with the groundwater protection standards 
contained in 10 CFR 40, Appendix A, Criterion 5(B)(5) on a constituent-by-constituent 
basis using BPT and ALARA. Criterion 5(B)(5) requires that the concentration of each 
constituent not exceed: 

(a) The approved baseline conditions or Restoration Target Values (RTV), as 
described in TR Section 6.1.1, below; 

(b) The respective value given in the table in paragraph 5C, Maximum Values for 
Ground-Water Protection, 10 CFR 40, Appendix A if the constituent is listed in the 
table and if the background level of the constituent is below the value listed; or 

(c) An alternate concentration limit (ACL) established by the Commission. 
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Uranium One commits to a primary goal of groundwater restoration to return all 
constituents to the approved RTV within the range of statistical variability (NUREG 1569, 
Section 6.1.3 (4)(a)) for each wellfield (Criterion a, above). However, ISR operations will 
alter the groundwater geochemistry within the PZA; therefore, it is possible that some 
constituents will not be returned to RTV. If the primary goal cannot be achieved for some 
constituents after restoration efforts that are demonstrated to be both in accordance with 
BPT and ALARA, then Uranium One will attempt to restore the groundwater constituents 
which are listed in the table in paragraph 5C to those standards (Criterion b above). If 
during the application of BPT significant improvement in groundwater quality ceases, and 
some constituents have not been returned to RTV or the table in paragraph 5C standards, 
then Uranium One will submit a license amendment application requesting approval of 
ACLs pursuant to Criterion 5(B)(6), 10 CFR 40, Appendix A, for these constituents from 
the NRC (Criterion c above). 
 
Uranium One recognizes that while prior Class-of-Use is not a standard in the context of 
Criterion 5(b)(5), NRC has recognized that demonstration of compliance with Wyoming’s 
Class-of-Use standards can be a component of an application for an ACL. 
 

6.1.2 Determination of Conclusion of Groundwater Restoration  
 
Following issuance of its license and as each wellfield is developed time approaches, 
Restoration Target Values (RTV) will be calculated from baseline groundwater quality 
data collected for each wellfield as described in TR Section 5.7.7. Calculated RTVs will 
be used to assess the success of groundwater restoration activities for each wellfield. 
 
Commission-approved background groundwater quality will be established prior to the 
start of uranium recovery operations by sampling a subset of production wells (injection 
and recovery wells) completed exclusively within the uranium mineralized zones of the 
PZA. Baseline water quality constituents from the PZA wells will be used, on a constituent 
by constituent basis, to monitor and evaluate restoration activities in returning the affected 
groundwater back to pre-operational quality as reasonably as practicable.  
 
Restoration Target Values will be established prior to uranium recovery operations in each 
wellfield by processing the analytical results from sampled production wells using 
geochemical statistical methods for each constituent listed in Table 6-1.  
 
Conclusion of groundwater restoration will be determined after the completion of the 
stability monitoring period (see Section 6.1.5). If no statistically significant increasing 
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trends in restoration values are identified, restoration will be deemed complete. A summary 
report requesting approval will be submitted along with appropriate groundwater quality 
data to NRC and WDEQ. When necessary approvals are received from the regulatory 
agencies, final decommissioning of the wellfield will commence. 
 

6.1.2.1 Determination of Groundwater Restoration Target Values  
 
Prior to the commencement of uranium recovery operations within each individual 
wellfield, Restoration Target Values (RTV) representative of baseline water quality will 
be established from wells sampled in the PZA as described in TR Section 2.7.   
 
Baseline water quality will be established for each wellfield by combining the analytical 
results from sampled wells within the wellfield and calculating a geostatistical result in 
accordance with applicable WDEQ, NRC, and EPA regulations and standards. The RTV 
list of constituents will be developed in accordance with the statistical analysis described 
below. 
 
The evaluation of restoration of the groundwater shall be based on the average baseline 
quality within the PZA. Baseline water quality will be collected for each wellfield from the 
monitor wells completed in the PZA. The evaluation of restoration will be conducted on a 
parameter by parameter basis.  Restoration Target Values (RTVs) are established for the 
list of baseline water quality parameters. The RTVs for the wellfields will be the average 
of the pre-mining values. Table 6-1 provides the list of parameters included in the RTVs. 
 
Baseline values will not be changed unless the operational monitoring program indicates 
that baseline water quality has changed significantly due to accelerated movement of 
groundwater, and that such change justifies redetermination of baseline water quality.  
Such a change would require resampling of monitor wells and review and approval by the 
WDEQ. 
 

6.1.3 Groundwater Restoration Monitoring 
 
During groundwater restoration activities, lixiviant injection is discontinued and a bleed 
volume is increased maintained to ensure sufficient hydraulic control is maintained to 
prevent migration of solution from the PZA. This bleed volume will also help accelerate 
the restoration of groundwater quality back to RTV standards. Thus, the possibility of an 
excursion is greatly reduced; therefore, the monitor ring wells, the overlying aquifer 
monitor wells and the underlying wells sampling frequencies will be decreased from once 
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every two weeks to once every 60 days during restoration. Wells will be analyzed for 
excursion parameters chloride, total alkalinity and conductivity. Water levels will also be 
measured at these wells prior to sampling.  
 
If unforeseen conditions (such as snowstorms, flooding, and/or equipment malfunction) 
occur, the WDEQ will be contacted if any of the wells cannot be monitored within 65 days 
of the last sampling event. 
 
The PZA will be monitored on a frequency adequate to determine success of restoration, 
optimize efficiency of restoration techniques, and determine any areas of the wellfield that 
is need additional attention. Samples will be monitored for all the parameters shown in 
Table 6-1 at the start of restoration; and all, or selected parameters through restoration, as 
needed. 
 
Uranium One will provide the NRC and WDEQ with each wellfield groundwater 
restoration report for review and approval. Uranium One will continue excursion 
monitoring of the wellfields following the stability monitoring phase until final approval 
of groundwater restoration or NRC approval is received. Uranium One proposes decreasing 
the sampling frequencies to once every 180 days during this review period, with wells 
being analyzed for the excursion parameters chloride, total alkalinity and conductivity. 
Water levels will also be measured at these wells prior to sampling. 
 

6.1.4 Groundwater Restoration Methods 
 
The proposed groundwater restoration program is based on the successes and lessons 
learned from current ISR operations. The basic methods are described in NRCs NUREG-
1910, Generic Environmental Impact Statement for In-Situ Leach Uranium Milling 
Facilities and have proven effective at restoring groundwater in both pilot and commercial 
uranium recovery operations.  
 
Uranium One’s proposed groundwater restoration program will be conducted in two 
phases: 

1) Active groundwater restoration; and 
2) Stability monitoring. 

 
The active groundwater restoration phase will include the following methods. Currently, 
these methods are considered BPT since they have been shown to be effective methods for 
restoring groundwater at other ISR facilities in Wyoming: 
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 Groundwater Transfer; 
 Groundwater Sweep (targeted or selective); and 
 Reverse Osmosis Treatment with Permeate Injection and Reductant Addition. 

 
These phases are designed to optimize restoration equipment used in treating groundwater 
and to minimize the volume of groundwater consumed during the restoration stage.  
Groundwater quality will be monitored in selected wells during restoration to determine 
the efficiency of the operations and to determine if additional or alternate techniques are 
necessary. Online production wells used during restoration will be sampled for uranium 
concentration and for conductivity to determine restoration progress on a pattern-by-
pattern basis. 
 
The application of each restoration technique and their sequencing will be determined 
based on operating experience, restoration treatment system capacity, and wastewater 
disposal capacity. It is possible that not all stages of groundwater restoration will be used 
if deemed unnecessary. These methods will be combined selectively to improve 
groundwater restoration efficiency and decrease the time to restore a given wellfield. 
 

6.1.4.1 Groundwater Transfer 
 
Groundwater transfer involves moving groundwater between one wellfield in groundwater 
restoration and another wellfield in the beginning phase of ISR operations, or moving water 
between two areas within a single wellfield that are in different stages of restoration 
(NUREG-1910, Section 2.5.1). The direct transfer of groundwater will lower the TDS in 
the wellfield being restored by displacing groundwater affected by recovery operations 
with baseline quality groundwater. Because groundwater is transferred from one wellfield 
to another, groundwater transfer typically will not create additional wastewater. Prior to 
injection, groundwater recovered during groundwater transfer may be passed through ion 
exchange columns and/or filters for additional ISR operations. Uranium One will decide 
when the use of groundwater transfer is appropriate. 
 

6.1.4.2 Groundwater Sweep 
 
Groundwater sweep may be used as a stand-alone process or in conjunction with the 
groundwater treatment phase of restoration. During groundwater sweep, groundwater is 
pumped without injection from the PZA causing an influx of groundwater from beyond the 
perimeter of the uranium recovery area that sweeps the portion of the aquifer affected by 
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any flare of lixiviant outside of the uranium recovery area. The main goal for using 
groundwater sweep will be to recover any flared lixiviant outside of the uranium recovery 
area by using targeted groundwater sweep around the perimeter of a wellfield at any time 
during groundwater restoration. The flared lixiviant is then restored once it is moved within 
the boundary of the wellfields by the RO units.  
 
Groundwater produced from groundwater sweep will be processed in the satellite plant by 
ion exchange and the secondary RO unit. Permeate generated from groundwater sweep will 
be re-injected into a wellfield undergoing RO treatment with permeate injection. 
Reinjection of permeate generated by this process will decrease the amount of bleed 
removed by the RO method (as described below) by increasing the amount of permeate 
injected. This will enhance groundwater restoration and will limit the potential interference 
by groundwater restoration with nearby, ongoing uranium recovery operations. 
 
A disadvantage of groundwater sweep is significant consumptive use of groundwater. 
Uranium One will use the following strategy to minimize consumptive use of groundwater 
during groundwater sweep: 

 Water produced during groundwater sweep will be treated by RO, avoiding any 
occurrence of groundwater sweep with direct disposal of produced water; 

 Whenever possible, permeate generated from one wellfield undergoing 
groundwater sweep will be re-injected into another wellfield undergoing RO 
treatment with permeate reinjection; and 

 Groundwater sweep will be used selectively, as necessary, rather than throughout 
an entire wellfield to maximize benefits while minimizing consumptive use of 
groundwater. 

 

6.1.4.3 Groundwater Treatment 
 
This method of restoration is accomplished by pumping groundwater from one or more 
wellfields to the satellite plant for processing by pressurized down-flow IX columns 
reserved for restoration and RO treatment. This method may be used in conjunction with 
groundwater transfer or groundwater sweep. RO is a high-pressure filtration process that 
reduces contaminants in the affected groundwater by producing both a clean permeate and 
a rejected brine wastewater. Clean permeate water will be re-injected to flush contaminants 
from the PZA affected by uranium recovery, while the reject brine will be sent to a 
secondary RO unit for further treatment. RO passes a high percentage of filtered water 
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through the membranes, leaving behind 60 to 90 percent of the dissolved salts in the brine 
water.  
 
The primary use of an RO unit through the injection of permeate is to reduce total dissolved 
solids (TDS) in the affected groundwater. However, additional benefits of RO treatment 
include: 

 A decrease in the quantity of water that must be removed from the aquifer to meet 
RTV limits; 

 Concentration of the dissolved contaminates in a smaller volume of brine to 
facilitate wastewater disposal; and 

 Enhancement of the exchange of ions from the formation due to the large difference 
in ion concentration. 

 
As discussed in TR Section 3.1.7, two stages of RO treatment (primary and secondary) will 
be used, during groundwater restoration to maximize permeate and minimize brine 
production. Interference from groundwater restoration with ongoing uranium recovery 
operations will be kept to a minimum by maximizing the quantity of permeate re-injected 
into wellfields undergoing RO treatment and will accelerate cleanup of affected 
groundwater. The liquid byproduct generated from the restoration RO units and 
groundwater sweep after passing through the secondary RO system will be disposed in the 
evaporation/permeate ponds or deep disposal wells (if used). 
 
A chemical reductant such as sulfide and/or sulfite compounds may be added to the 
injection stream in concentrations sufficient to establish reducing conditions within the 
PZA. Lowering of the oxidation potential decreases solubility of trace metal elements that 
were oxidized and mobilized during uranium recovery operations. Dissolved metals such 
as arsenic, molybdenum, selenium, vanadium and uranium which cannot be fully removed 
by IX columns or RO treatment alone can be precipitated out of the groundwater by the 
addition of a reductant.  
 
If necessary, sodium hydroxide may be used during the groundwater treatment phase to 
return the groundwater to baseline pH levels. This will assist in immobilizing certain 
parameters such as trace metals.  
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6.1.5 Estimate of Post-Mining Groundwater Quality 
 
Uranium One has estimated the post-mining groundwater quality at the Proposed Project 
is based on the experience from Cogema Mining, Inc. in Production Units 1 through 9 at 
the Irigaray ISR project (Cogema, 2004), and Mine Units (MU) 2 through 5 at the 
Christensen Ranch ISR Project located in the Powder River Basin near the proposed 
Ludeman Project. The Irigaray and Christensen data was selected because of the proximity 
and similar geologic conditions to those at the proposed Ludeman Project. Cogema 
employed ammonium bicarbonate lixiviant with hydrogen peroxide as the oxidant during 
early mining operations at the Irigaray Project and a sodium bicarbonate lixiviant with 
gaseous oxygen at Christensen Ranch. In May 1980, the lixiviant system for Irigaray was 
converted to sodium bicarbonate chemistry with gaseous oxygen as the oxidant. The water 
quality database for the Irigaray ISR Project is extensive because it represents 5 wellfields 
located in a 200-acre site.  
 
The groundwater quality of the Irigaray and Christensen ore zones after mining was 
established by sampling each of the designated restoration wells. The post-mining mean of 
the analytical results from Irigaray Production Units 1 through 9 and Christensen Mine 
Units 2 through 5 are presented in Table 6-2.  
 
As discussed in previous sections, past pilot-scale operations were conducted on the west 
side (Leuenberger Project) and east side (North Platte Project) of the Proposed Project area. 
Three, five-spot patterns in the “M” sand (80 Sand) and one pattern in the “N” sand (90 
Sand) were mined at the Leuenberger site utilizing a sodium bicarbonate lixiviant solution 
in combination with carbon dioxide and oxygen. Pilot operations at the North Platte Project 
site utilized a similar lixiviant makeup, except hydrogen peroxide was used as the oxidant 
instead of oxygen. Post-mining mean concentrations of baseline groundwater quality 
parameters for the ore zone at the Leuenberger site are also shown on Table 6-2 along with 
a range of parameter concentrations for the Leuenberger, Irigaray and Christensen Ranch 
sites. Uranium One expects the post-mining groundwater quality at the Proposed Project 
will be similar to the ranges shown on Table 6-2. Since ammonia will not be used at the 
Ludeman Project, ammonia results will be most similar to Leuenberger. The success of 
groundwater restoration at the Christensen Ranch, Irigaray, Leuenberger , and North Platte 
sites is discussed in Section 6.1.8. 
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6.1.6 Estimate of Treated Pore Volumes 
 
The number of pore volumes treated and re-injected during the groundwater treatment 
phase will depend on the efficiency of the RO in removing total dissolved solids (TDS) 
and the success of the reductant in lowering the uranium and trace element concentrations 
in the aquifer. The following subsections provide an evaluation with respect to the number 
of pore volumes (PVs) of treatment that are currently anticipated to achieve restoration of 
the PZA. This includes evaluation of similar ISR projects, both in the Powder River Basin 
and at the proposed Ludeman Project site. Wellfield pore volumes are determined using 
the following equation: 

PV= A × T × FF ×P ×CF 
Where:  

A= wellfield pattern area (square feet)  
T = average completed thickness (feet)  
FF = flare factor (unit less)  
P = effective porosity (percent)  
CF = conversion factor (7.48 gallons per cubic foot) 

 
The “average completed thickness” in this equation is the average screened interval of the 
production wells screened in the production sand unit for uranium recovery operations. 
Uranium One is using a flare factor of 1.44 for the surety estimate which is consistent with 
other ISR operations. Using the equation provided above, the initial estimated pour 
volumes for Wellfields 1-6 is four to six. 
 

6.1.6.1 Christensen Ranch and Irigaray Project Pore Volumes 
 
As previously described, previous ISR operations at the Irigaray and Christensen Ranch 
Projects are similar to those that will be performed at the Proposed Project and evaluation 
of restoration efforts at these other sites provides valuable information with respect to 
anticipated methods, durations and pore volumes requirements. Table 6-3 presents a 
summary of the restoration volumes for Irigaray and Christensen Ranch. As shown in the 
table, the average number of PVs extracted and treated/reinjected/or disposed was 13.7 for 
Irigaray and 12.6 for Christensen. However, several points are presented that suggest that 
the number PVs required to restore the aquifer at the Proposed Project will be less than 
what was required at Christensen Ranch and Irigaray. Circumstances at both Christensen 
Ranch and Irigaray resulted in increased PVs to achieve restoration goals including the 
following: 
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 Groundwater sweep, the initial phase of restoration performed, was often largely 
ineffective and in some cases may have exacerbated the problem; and  

 RO was continued in some wellfields after it was apparent that little improvement 
in water quality was occurring.  

 
Results of the effectiveness of groundwater sweep were demonstrated in the Christensen 
Ranch Wellfield Restoration report (CRWR) (COGEMA 2008). Example plots from that 
report of mean wellfield water quality at the end of mining, groundwater sweep, RO and 
stabilization monitoring are attached as Addendum 6-A. Plots of total dissolved solids for 
MU3, MU5 and MU6 (Figures 6-A-1, 6-A-2 and 6-A-3, from the respective MU Data 
Packages of the Christensen Ranch Wellfield Restoration report), indicate minimal 
improvement following groundwater sweep at MU3 and MU5 and an actual increase in 
concentrations of indicator parameters at MU6. Following application of RO, the TDS 
values at MU5 and MU6 decreased to levels below the target Restoration Goal. Uranium 
concentrations increased in MU5 and MU6 following groundwater sweep (Figures 6-A-4 
and 6-A-5 from the respective Mine Unit Data Packages of the CRWR), and then was 
significantly lowered during RO. Approximately 1.8, 4.8, and 1.5 PVs of groundwater were 
removed from MU3, MU5 and MU6, respectively, during groundwater sweep. This 
groundwater removal was consumptive by design, in that none of it was returned to the 
aquifer. Based on the results, minimal benefit, if any, was derived from this phase of 
restoration. Minimizing or eliminating groundwater sweep in the restoration process will 
reduce the number of PVs required to reach restoration goals.  
 
Based on a review of the uranium and conductivity concentration trend plots from the 
Irigaray recovery wells during restoration (included in the Irigaray Mine Wellfield 
Restoration Report (Cogema 2004)), in some cases, RO treatment was continued longer 
than necessary, or at least longer than any improvements to groundwater quality were 
occurring. Figures 6-A-1 through 6-A-5 from Addendum 6-A of this TR and the Irigaray 
report show that RO was often continued for several PVs beyond the point that 
groundwater quality had stabilized. The additional PVs of RO treatment resulted in no 
direct benefit to aquifer water quality and resulted in consumptive use of the groundwater 
resources. RO treatment typically results in disposal of approximately 20 percent of the 
recovered groundwater with reinjection of the remaining 80 percent following treatment. 
Terminating RO once groundwater quality has stabilized will minimize the consumptive 
use of groundwater and reduce the number of PVs of treatment.  
 
The net result of each of these strategies - immediate restoration following production, 
elimination of groundwater sweep, and terminating RO once restoration is achieved or 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
6-11 

 

groundwater quality has stabilized - should reduce the number of PVs required to achieve 
aquifer restoration. It is difficult to quantify how effective each of these strategies will be 
until actual field measured data become available. Substantial justification of the number 
of PVs estimated for restoration of the Proposed Project wellfields following ISR using 
analytical methods or numerical modeling, given the degree of uncertainty that exists in 
many of the parameters that would be used in such a demonstration, is not appropriate at 
this time. The preferred approach is to use existing analogs to the site, and to adjust the PV 
approximation based on lessons learned from those sites.  
 

6.1.6.2  Leuenberger Pilot Project Pore Volumes 
 
Restoration results from the ISR pilot project performed by UNC-Teton in 1980 at the 
Leuenberger Site, located in the northwest portion of the Proposed Project area, have been 
evaluated as an on-site analog. This information is directly applicable to expectations for 
the Proposed Project, since the Leuenberger pilot project was performed in the same 
formation and aquifer that will be mined at the Proposed Project. Three, five-spot patterns 
were installed and operated utilizing a bicarbonate leach solution in the 80 Sand at the 
Leuenberger ISR pilot project. The total affected wellfield pore volume from mining was 
determined to be 5,089,136 gallons considering flare. Restoration of the 80 Sand was 
initiated on February 25, 1981 and terminated December 20, 1981. Phase 1 of restoration 
consisted of groundwater treatment using ion exchange and EDR. Approximately 
6,456,750 gallons were recovered from the production wells and treated through ion 
exchange with approximately 93 percent of the treated groundwater being re-injected into 
the recovery zone. Phase 1 resulted in the reduction of TDS by an average of 57 percent 
and rapid cleanup of all other most internal wellfield parameters. 
 
Phases 2 and 3 of the 80 Sand restoration consisted of a directional sweep and treatment 
from injection and production wells on the far upgradient and downgradient areas of the 
wellfield and reinjection of treated groundwater into the center portions of the wellfield. A 
total of 8,721,453 gallons of groundwater were recovered and treated with ion exchange 
during these phases; including 4,902,333 gallons, which were treated through the EDR 
unit. 
 
Aquifer restoration was completed during Phase 4, which consisted of withdrawing 
groundwater from the downgradient area of the wellfield and reinjecting treated 
groundwater to upgradient areas. A total of 7,413,145 gallons of groundwater were 
recovered and treated with ion exchange during this phase, including 3,549,215 gallons 
which were treated through the EDR. 
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In total, approximately 22,591,350 gallons of groundwater were recovered during the ten 
months of restoration of the 80 Sand pilot wellfield and treated using ion exchange and 
EDR. This represents approximately 4.4 pore volumes of the affected wellfield area. After 
a one-year stabilization period, all parameters remained either below restoration goals or 
within the range of acceptable baseline values. 
 
In addition to pilot operations in the 80 Sand, a single, five-spot pattern was installed in the 
90 Sand and operated utilizing a bicarbonate leach solution from January 1980 to May of 
1981. Restoration of this pattern began in June of 1981. The total affected pore volume of 
the 90 Sand from pilot operations was determined to be 2,626,786 gallons. A five-phase 
restoration sequence was used to complete the 90 Sand restoration. The phases included 
recirculation of mining zone groundwater through the ion exchange circuit (Phase 1), water 
blending and partial transfer of mining zone groundwater to the 80 Sand wellfield 
operations (Phase 2), and induced groundwater sweep (Phases 3 through 5). No EDR 
treatment was utilized. A total of 6,321,079 gallons of groundwater were recovered through 
all five phases of restoration, or approximately 2.4 pore volumes of treatment. 
 
Based on these data from the Leuenberger Pilot Project, it is reasonable to anticipate 
restoration at the Proposed Project will require significantly less pore volumes than was 
performed for the Irigaray and Christensen Ranch Projects. Uranium One anticipates that 
on the order of four to six pore volumes may be required for restoration. 
 

6.1.7 Effectiveness of Groundwater Restoration Techniques 
 
Monitor wells that were used to establish baseline water quality in the production zone for 
each wellfield prior to the start of ISR operations will be the same wells used to monitor 
groundwater restoration progress. Groundwater restoration methods described in this 
application have been successfully applied at other ISR operations in Wyoming’s PRB. 
ISR operations that have utilized the proposed restoration techniques presented in this 
application have obtained regulatory approval for groundwater restoration. Several of the 
successful groundwater restoration operations have been located near the proposed 
Ludeman Project and have used the proposed restoration methods in similar formations 
with very similar operational techniques. The following information details the success of 
two ISR operations that have used the restoration methods proposed by Uranium One and 
are located within the Powder River Basin (PRB). 
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6.1.7.1 Irigaray Uranium Project 
 
The Irigaray/Christensen Ranch Uranium Project operated by COGEMA Mining, Inc. has 
received both WDEQ and NRC approval for groundwater restoration for Wellfields 1 
through 9 at Irigaray, following commercial operation of the wellfields and groundwater 
restoration. When restoration of the wellfields was completed, 27 of the 29 constituents 
were restored to their restoration target values. Only bicarbonate and manganese did not 
meet their restoration target value, but the two constituents did meet the WDEQ/WQD pre-
operational class of use criteria. Based on these results, the WDEQ determined that the 
groundwater had been returned to its pre-mining class of use and that restoration was 
complete. Table 6-4 reflects these values. 
 
In 2006, the NRC agreed with the DEQ determination that restoration was complete and 
that Wellfields 1 through 9 had been restored in accordance with the applicable regulatory 
requirements. 
 
The effectiveness of the proposed groundwater restoration techniques is reflected in the 
results presented in Table 6-4. 
 

6.1.7.2 Smith Ranch/Highland Uranium Project 
 
The Smith Ranch-Highland Uranium Project currently operated by Cameco Resources, 
Inc. has had an R&D and a commercial wellfield approved as restored, by both the NRC 
and WDEQ. In 2004 the A-Wellfield was approved by both agencies as restored, after 
commercial operation, to applicable regulatory standards. Not all parameters were returned 
to baseline conditions, but the groundwater quality was consistent with the WDEQ/WQD 
pre-operational class of use. During the active phase of groundwater restoration of the A-
Wellfield, PRI employed groundwater sweep and RO treatment with permeate injection, 
and used a sulfide (H2S) as a reducing agent. These are some of the same methods proposed 
by Uranium One for groundwater restoration at the Proposed Project.  
 
In 1987, the NRC confirmed the restoration of the Q-Sand Project. Although one well 
exhibited uranium and nitrate levels above the restoration target values, the wellfield water 
quality averages were below the target values. 
 
In 2004, the NRC concurred with the WDEQ’s determination that the A-wellfield at 
Highland had been restored in accordance with the applicable regulatory requirements 
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(USNRC, 2004). Not all the parameters were returned to baseline conditions, but the 
groundwater quality was consistent with the pre-mining class of use. 
 

6.1.8 Groundwater Restoration Schedule 
 
Wellfields will be moved from a production status to a restoration status once the recovery 
of uranium has decreased to the point where the cost of producing that uranium is more 
than the value of the uranium produced. Other considerations that could impact the decision 
to move a wellfield from production to restoration would include the dilution of the 
lixiviant stream to the point of non-economic operation and the current operational status 
of adjacent wellfields. Uranium One will assure that the timing and rate of groundwater 
restoration considers the need to maintain the water balance in all adjacent wellfields and 
maintain an inward gradient at all times in those wellfields and also the wellfield 
undergoing change from production to restoration. 
 
During restoration performance, will be tracked using restoration field data and if the data 
dictates, the proposed number of pore volumes and accompanying financial assurance will 
be revised appropriately. 
 
As shown in the Project Schedule (TR Figure 1-3), it is anticipated active groundwater 
restoration will be completed in each wellfield in less than 24 months. Uranium One 
understands that if any of these activities separately will exceed the 24-month period as 
required in the decommissioning regulations of 10 CFR 40.42 then it is required to request 
an alternate schedule to justify and evaluate the impacts of the delay in accordance with 
provisions in 10 CFR 40.42(i).  
 
It is expected the combination of active restoration, stability monitoring and surface 
reclamation and decommissioning of the wellfields may exceed 24 months. Therefore, in 
accordance with the timelines in decommissioning regulations of 10 CFR 40.42, NRC will 
be notified and Uranium One hereby requests approval for an alternate schedule, as allowed 
under 10 CFR 40.42(i), for each wellfield. 
 

6.1.8.1 Restoration Wastewater Disposal 
 
All liquid 11e.(2) byproduct generated by the Proposed Project will be disposed of via 
evaporation/permeate ponds as discussed in Section 4.2.1 of this TR.  The quantity of brine 
generated during groundwater restoration operations will be minimized primarily by 
employing two stages of RO. Once groundwater restoration activities commence, the brine 
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from the first stage of the production and restoration ROs will be further treated in a second 
stage. This will reduce the brine quantity by an estimated 40 to 50 percent compared to 
single-phase RO treatment. The brine quantity will be further reduced by employing 
limited, targeted groundwater sweep. Permeate water collected during the restoration phase 
could also potentially be discharged to surface water after the necessary NPDES permit is 
secured. 
 
Based on the expected post mining concentrations of groundwater quality constituents and 
the proposed groundwater restoration techniques previously discussed, the anticipated 
restoration injection stream will exhibit the range of characteristics shown in Table 6-5. 
 
Further discussion of the liquid 11e.(2) byproduct material disposal alternatives considered 
by Uranium One is contained in Section 8.1.8 of this TR. 
 

6.1.9 Well Plugging and Abandonment 
 
Wellfield plugging and surface reclamation will be initiated in each wellfield once NRC 
and the WDEQ concur that groundwater restoration and that groundwater quality is 
adequately completed and stable. All production and monitor wells will be plugged in 
accordance with WDEQ/LQD Rules and Regulations, Chapter 11, Section 8(f), unless a 
well is needed for continued monitoring of another wellfield, or retention of the well for 
future use has been requested and approved. The following procedure will be used to plug 
the wells: 

1) All pumps and piping will be removed from wells;  
2) All wells will be plugged with a neat cement mixture or a cement/bentonite mixture 

approved by the WDEQ/LQD Administrator; 
3) The cement will be pumped through drill pipe or tremie pipe from the bottom of 

the well to surface; 
4) The casing will be cut off at a minimum of two feet below the ground surface;  
5) A cement plug will be set in place above the top of the casing. As required by 

Chapter 11 a steel plate with the permit number, well identification number, and 
date of plugging will be placed atop the cement plug of all perimeter monitor ring 
wells; 

6) The area will be backfilled, smoothed, leveled, and revegetated to blend with the 
natural terrain; and 

7) A written well abandonment report will be completed and sent to WSEO with a 
copy retained on site. 
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6.1.9.1 Potential Environmental Effects of Groundwater Restoration 
 
Groundwater restoration at other ISR operations in the PRB have proven successful 
utilizing techniques discussed in the application. The goal of the groundwater restoration 
is to restore the affected groundwater consistent with the RTVs and Criterion 5 
requirements. However, regardless of the restored groundwater quality in the PZA, the 
groundwater adjacent to the wellfields must be fully protected outside the aquifer 
exemption boundary, to applicable EPA Maximum Contaminant Levels (40 CFR 141 as 
amended July 1, 2001). If during groundwater restoration, a constituent cannot, using BPT 
and ALARA, be restored consistent with its RTV within the wellfield, Uranium One will 
apply for an ACL and will demonstrate that leaving the constituent at a higher 
concentration will not be a significant threat to public health and safety, to the environment, 
now or in the future. With the proven application of the best practicable technology and 
ALARA for groundwater restoration, and the in-place regulatory requirements of NRC and 
the WDEQ, there will be no adverse impact on the water quality of groundwater in 
adjacent, non-exempt aquifers (NRC, 2009). Effects of groundwater restoration are 
discussed in more detail for all aspects of the restoration process in Section 4 of the ER.  
Uranium One can conduct both uranium recovery and groundwater restoration effectively 
and in compliance with NRC requirements. 
 

6.2 Plans and Schedules for Reclaiming Disturbed Lands 
 
Upon completion of licensed ISR operations at the Proposed Project, all lands disturbed by 
ISR production activities will be reclaimed to the extent necessary so that they can be 
released for unrestricted use. A final detailed decommissioning plan for each wellfield will 
be provided to NRC. In accordance with SRP Acceptance Criteria 6.2.3(7), Uranium One 
commits to including a final reclamation plan for land (soil) to the NRC for review and 
approval at least 12 months before the planned commencement of reclamation of a 
wellfield or licensed area. The reclamation plan will be submitted as part of the 
decommissioning plan, which will include a description of the areas to be reclaimed, a 
description of planned reclamation activities (e.g. replacing excavated soils, re-contouring 
affected areas, reestablishing original drainages, and re-vegetation), and a description of 
methods to be used to ensure protection of workers and the environment against radiation 
hazards. 
 
Once operations permanently end for the entire site, Uranium One commits to providing 
NRC with a final site decommissioning plan for the satellite plant, any remaining pipelines 
and other infrastructure at least 12 months prior to commencement of final 
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decommissioning for NRC approval. The final decommissioning plan will also include a 
final site reclamation plan for land (soil). 
 
Prior to reclamation, the disposition of all non-radiological components and hazardous 
materials will be identified, including all structures and equipment. Decommissioning of 
non-radiological components and hazardous materials will be done in accordance to 10 
CFR 40, Appendix A, Criterion 6(7). Those that may be decontaminated to 
WDEQ/SHWD, Hazardous Waste Management Rules and Regulations (Wyoming 
Environmental Quality Act, W.S. 35-11-101 et seq.) regulatory standards will be 
demolished, and disposed of at a permitted nonhazardous materials disposal facility (e.g., 
a local landfill). Contaminated structures and equipment classified as 11e.(2) will be 
dismantled and transported off-site to a licensed facility for disposal as solid 11e.(2)  
byproduct material, in accordance with 10 CFR Part 40, Appendix A, Criterion 2. Salvaged 
equipment may also be transferred to another Uranium One project or NRC licensee. Non-
11e.(2) regulated materials including uncontaminated materials and equipment and septic 
system materials will be disposed of in an approved sanitary landfill, compliant with the 
rules and regulations of WDEQ/SHWD. 
 
Reclaimed lands will be returned to their pre-operational land uses. Those uses include 
livestock grazing and wildlife habitat, unless an alternative use is justified and approved 
by the state and the landowner (e.g., the rancher desires to retain roads or buildings, subject 
to a written agreement with each landowner). The objective of the surface reclamation 
effort is to return disturbed lands to a use consistent with the use that existed prior to ISR 
operations. Final reclamation will be evaluated using baseline soil, vegetation, radiological 
data and others as guidance. This section provides a general description of site 
decommissioning and surface reclamation plans. The following lists general 
decommissioning activities: 

 Plugging and abandonment of all wells per WDEQ/LQD requirements; 
 Determination of appropriate cleanup criteria for structures and soils; 
 Radiological surveys/sampling of all facilities, process related equipment and 

materials on site to determine their degree of contamination and to identify the 
potential for personnel exposure during decommissioning; 

 Removal from the site of all contaminated equipment and materials to an approved 
licensed facility for disposal or reuse, or relocation to an operational portion of the 
project;  

 Decontamination of items to be released for unrestricted use, to levels consistent 
with the requirements of the NRC; 
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 Surveys of excavated areas for contamination, and removal of contaminated 
materials to a licensed disposal facility; 

 Performance of final site soil radiation and radionuclide soil concentration surveys 
(confirmation of cleanup); 

 Backfilling and re-contouring of all disturbed areas; 
 Re-application of stockpiled topsoil to disturbed areas; and 
 Establishment of permanent vegetation on all disturbed areas. 

 
Pre-reclamation radiological surveys, as discussed in Section 2.9 of this TR, will be 
conducted in a manner consistent with NUREG-1569 Acceptance Criterion 6.2.3(2) for 
comparison to the baseline radiological surveys. This will allow the data to be compared 
for identification of potentially contaminated areas and to identify candidate areas for 
cleanup operations as stated in NUREG-1569 Acceptance Criterion 6.2.3(3).  
 
Final status surveys after any remediation activities will also be conducted, allowing results 
to be compared to pre-operational baseline survey data including background data. 
 

6.2.1 Surface Disturbance 
 
The primary surface disturbances areas in the Proposed Project area include the satellite 
plant and ancillary buildings, evaporation/permeate ponds, header houses, pipeline 
corridors, and access roads. Less intensive surface disturbance will also occur in wellfield 
areas and adjacent to perimeter monitor wells. Surface disturbance calculations can be 
found in the TR Table 2.1-1.  
 
Initially, topsoil will be stripped from these areas prior to construction, for reuse later 
during reclamation. Minor surface disturbances will occur during installation of the 
wellfields, including well drilling, pipeline installations and access road construction. 
These disturbances will be relatively small or will have short-term minor impacts. Areas 
associated with drilling and pipeline installation will be reclaimed and reseeded after 
completion of construction as soon as weather permits. Upon completion of reclamation in 
each area, vegetation will be established within two years, in accordance with WDEQ/LQD 
guidelines, subject to LQD and landowner approval. 
 
Surface reclamation in the wellfields will vary in accordance with the development 
sequence and the mining/reclamation timetable. Final surface reclamation of each wellfield 
will be completed after approval of groundwater restoration stability and the completion of 
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well abandonment activities. Surface preparation will be accomplished as needed to blend 
any disturbed areas into the contour of the surrounding landscape.  
 
Wellfield decommissioning will consist of the following steps: 

1) Removal of surface equipment. Surface equipment primarily consists of the 
injection and production feed lines, header houses, electrical and control 
distribution systems, well boxes, and wellhead equipment. Wellhead equipment 
such as valves, meters or control fixtures will be salvaged to the extent possible; 

2) Removal of buried wellfield trunk line piping and surface power lines; 
3) A final background gamma survey will be conducted over the entire wellfield area 

to identify any contaminated earthen materials requiring removal to disposal; 
4) Soil remedial action and disposal; and 
5) Final revegetation and re-contouring; 
6) All piping, equipment, buildings, and wellhead equipment will be surveyed for 

contamination prior to release in accordance with the NRC guidelines for 
decommissioning. 
 

An ongoing process during ISR mining operations is drilling, which results in the 
production of drill cuttings. Drill cuttings are classified as Technically Enhanced Naturally 
Occurring Radioactive Material (TENORM). TENORM drill cuttings will be buried in the 
drill pits. This method is discussed in a recent EPA report (EPA, 2007), which states “these 
wastes are typically deposited in pits on site, which are subsequently buried during 
reclamation. Some slight radioactivity may occur in accumulated solids in the pit bottoms”. 
The relatively small volume of low concentration TENORM drill cuttings deposited at the 
bottom of the drill pits will not present a hazard. Additionally, TENORM material is not 
subject to the soil clean-up criteria from 10 CFR Part 40 Appendix A. 
 
It is estimated that a significant portion of the equipment will meet release limits, which 
will allow disposal at an unrestricted solid waste landfill or unrestricted use. Other 
materials that are contaminated will be decontaminated until they meet release limits. If 
the equipment cannot be decontaminated to meet release limits, it will be disposed of at a 
licensed disposal facility. 
 
Wellfield decommissioning will be an independent ongoing operation throughout the ISR 
development sequence. Once groundwater restoration and stability has been approved by 
the NRC and WDEQ, the wellfield will be scheduled for decommissioning and surface 
reclamation. 
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6.2.2 Topsoil Handling and Replacement 
 
In accordance with WDEQ/LQD requirements, topsoil is salvaged from building sites, 
permanent storage areas, main access roads, graveled wellfield access roads and chemical 
storage sites. Conventional rubber-tired, scraper-type earth moving equipment is typically 
used to accomplish such topsoil salvage operations. The exact location of topsoil salvage 
operations is determined by wellfield pattern placement and the final locations of access 
roads within the wellfields, determined during wellfield construction activities. 
 
As described in Section 2.6, salvage depth varies within the Proposed Project area from 
non-existent to several feet in depth. Therefore, topsoil stripping depths will be dependent 
on the characteristics of the area being stripped. 
 
These stockpiles will be generally located on the leeward side of hills to minimize wind 
erosion. Stockpiles will not be located in drainage channels. The perimeter of large topsoil 
stockpiles may be bermed to control sediment runoff. Topsoil stockpiles will be seeded as 
soon as possible after construction with the permanent seed mix.  
 
Salvaged topsoil is stored in designated topsoil stockpiles. To minimize the effects of wind 
and water erosion, the salvaged topsoil will be located away from drainage channels, on 
the leeward side of hills, and will be seeded as soon practicable after construction with 
nurse and final permanent seed mixes. In accordance with WDEQ/LQD requirements, all 
topsoil stockpiles will be identified with a highly visible sign with the designation 
"Topsoil."  
 
During mud pit excavation associated with well construction, exploration drilling and 
delineation drilling activities, topsoil will be separated from subsoil with a backhoe. A 
typical mud pit is approximately 7’ x 20’. When use of the mud pit is complete, all subsoil 
will be replaced and topsoil applied. Mud pits only remain open a short time, usually less 
than 30 days. Similarly, during pipeline construction, topsoil is stored separate from subsoil 
and is replaced on top of the subsoil after the pipeline ditch is backfilled.  
 

6.2.3 Final Contouring 
 
Due to the nature of ISR operations, no construction activities are planned that will require 
major re-contouring. There will be no significant changes to the topography of the land 
during operations and the post-ISR contours will reflect the pre-operation contours. All 
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locations where a surface disturbance has occurred will be contoured to blend with the 
natural terrain and will be consistent with pre-operational land use. 
 

6.2.4 Revegetation Practices 
 
Revegetation practices will be conducted in accordance with WDEQ/LQD regulations and 
the WDEQ Permit to Mine and all seed mixes will be approved by the WDEQ/LQD. 
During ISR operations, the topsoil stockpiles, and as much as practical of the disturbed 
wellfield areas, will be seeded to establish a vegetative cover to minimize wind and water 
erosion. Prior to final reclamation, an area will normally be seeded with a nurse crop to 
establish a standing vegetative cover along with the permanent seed mix. A long-term 
temporary seed mix may be used in the wellfields and other areas where the vegetation will 
be disturbed again prior to final decommissioning and final revegetation.  
 
The "Extended Reference Area" method as detailed in WDEQ/LQD Guideline No. 2 - 
Vegetation (March 1986) will be used to determine the success of the permanent re-
vegetation for meeting land use and reclamation success standards. This method compares, 
on a statistical basis, the reclaimed area with adjacent undisturbed areas of the same 
vegetation type. The Extended Reference Area will be 25 acres or larger, one half the size 
of the reclaimed area, and located adjacent to the area being assessed.  
 
The WDEQ/LQD will be consulted prior to selection of Extended Reference Areas to 
ensure agreement that the undisturbed areas chosen adequately represent the reclaimed 
areas being assessed. The success of permanent revegetation and final bond release will be 
assessed by the WDEQ/LQD. 
 

6.3 Procedures for Removing and Disposing of Structures and Equipment 
 
The following discussions will be used as guidelines for the procedures and activities for 
decommissioning all Proposed Project structures and equipment in accordance with 
requirements set forth in 10 CFR Part 40.42. 
 

6.3.1 Preliminary Radiological Surveys and Contamination Control 
 
Prior to satellite plant decommissioning, a preliminary radiological survey will be 
conducted to characterize the levels of contamination on structures and equipment and to 
identify any potential hazards. The survey will support the development of procedures for 
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dealing with such hazards prior to commencement of decommissioning activities. In 
general, the contamination control program used during mining operations will be 
appropriate for use during decommissioning of structures. 
 
Based on the results of the preliminary radiological surveys, gross decontamination 
techniques will be employed to remove loose contamination before decommissioning 
activities proceed. This gross decontamination will generally consist of washing all 
accessible surfaces with high-pressure water. In areas where contamination is not readily 
removed by high-pressure water, a decontamination solution (e.g., dilute acid) may be 
used.  
 

6.3.2 Removal of Process Buildings and Equipment 
 
Much of the process equipment in the process buildings will be reusable including the 
building(s). All potentially contaminated materials and equipment will be inventoried and 
designated either for removal to a new location or other licensed facility, permanent 
disposal, or decontamination for unrestricted use. 
 
Uranium One intends to decontaminate, dismantle, and release all ISR project facility 
buildings for use at future locations, whether by landowners, other ISR facilities, or those 
of other industries. If the buildings cannot be decontaminated successfully, they will be 
treated as solid 11e.(2) byproduct material and disposed of off-site at a licensed facility. 
Concrete foundation pads and footings will be broken up and removed to a solid waste 
disposal site if uncontaminated, or to a licensed solid 11e.(2) byproduct material disposal 
facility, if contaminated. 
 
Any non-11e.(2) byproduct materials that are subject to the Resource Conservation and 
Recovery Act (RCRA) and defined as hazardous wastes will be separated and disposed of 
offsite at a licensed disposal facility. All non-11e.(2) byproduct materials will be disposed 
of at a municipal solid waste facility.  
 

6.3.2.1 Building Materials, Equipment and Piping to be Released for Unrestricted Use 
 
Salvageable building materials, equipment, pipe and other materials to be released for 
unrestricted use will be surveyed for alpha contamination in accordance with NRC 
guidance. Release limits for alpha radiation are as follows: 

 Removable alpha contamination of 1,000 dpm/100cm2; 
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 Average total alpha contamination of 5,000 dpm/100 cm2 over an area no greater 
than one square meter; and 

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

 
Decontamination of surfaces will be guided by the ALARA principle to reduce surface 
contamination to levels as far below the limits as practical. Attention will be given to 
equipment and structures in which radiological materials could accumulate in inaccessible 
locations including piping, traps, junctions, and access points. Contamination of these 
materials will be determined by surveys at accessible locations. Items that cannot be 
adequately characterized will be considered contaminated in excess of the limits and will 
be disposed at a properly licensed facility. 
 
Non-salvageable contaminated equipment, materials, and dismantled structural sections 
will be sent off-site to a licensed facility for disposal. In most cases, the byproduct material 
will be shipped as Low Specific Activity (LSA-I) material, UN2912, pursuant to 49 CFR 
173.427.  
 

6.3.2.2 Preparation for Disposal at a Licensed Facility 
 
If facilities or equipment are to be moved to a facility licensed for disposal of 11e.(2) 
byproduct material, the following procedures may be used: 

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

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

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

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

 Contaminated buried process trunk lines and sump drain lines will be excavated 
and removed for transportation to a licensed disposal facility. 
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6.3.3 Decommissioning of Non-11e.(2) Hazardous Constituents 
 

Uranium One will decommission all equipment and facilities associated with non-
radiological hazardous constituents from both operation and decommissioning activities.  
 
Storage tanks and conveyance piping associated with process chemicals that are hazardous 
will be cleaned to remove any residual chemicals. The tanks will then be transferred for 
use at other Uranium One facilities, sold to another operator, or disposed of at an approved 
off-site landfill. Tanks and piping will be cleaned by qualified individuals who are trained 
in the risks of the chemicals and in a manner that is protective of the environment. Proper 
personal protective equipment will be required during these activities.  
 
Appropriate storage facilities for hazardous chemicals, domestic waste, and other non-
radiological wastes generated during decommissioning will be located on-site. Storage of 
these constituents will be done in accordance with OSHA, EPA, and WDEQ requirements. 

 

6.3.4 Waste Transportation and Disposal 
 
Materials, equipment, and structures that cannot be decontaminated to meet the appropriate 
release criteria will be disposed at a disposal site licensed by the NRC or an Agreement 
State to receive 11e.(2) byproduct material.  
 
Uranium One (via SUA-1341 License Condition 9.7) currently has an agreement with 
Pathfinder Mine Corporation Shirley Basin Facility to receive shipments of solid 11e.(2) 
materials from the operating Willow Creek Project. Prior to operations Uranium One 
commits to have a signed agreement with the Pathfinder facility or another NRC licensed 
facility to receive the solid 11e.(2) byproduct materials generated as a result of the 
Proposed Project. A current disposal agreement will be maintained at a minimum of one 
licensed disposal facility throughout licensed operations. 
 
Transportation of all contaminated waste materials and equipment from the site to the 
approved licensed disposal facility or other licensed sites will be handled in accordance 
with the Department of Transportation (DOT) Hazardous Materials Regulations (49 CFR 
Part 173) and the NRC transportation regulations (10 CFR 71). 
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6.4 Methodologies for Conducting Post-Reclamation and Decommissioning 
Radiological Surveys 

 

6.4.1 Cleanup Criteria 
 
Potential radiological contamination in surface soils (e.g., 226Ra, U-nat) will be cleaned up 
in accordance with the requirements of 10 CFR Part 40, Appendix A, Criterion 6(6). 
including ALARA and an analysis of potential chemical toxicity of uranium. The proposed 
limits and ALARA goals for cleanup of soils are summarized in Table 6-7. 
 
On April 12, 1999, the NRC issued a Final Rule (64 FR 17506) that requires the use of the 
existing soil 226Ra standard to derive a dose criterion for the cleanup of byproduct material. 
The amendment to Criterion 6(6) of 10 CFR Part 40, Appendix A became effective on June 
11, 1999. This "benchmark approach" requires that NRC licensees model site-specific dose 
from the existing 226Ra standard and then use that dose to determine the allowable quantity 
of any other radionuclides that would result in a similar dose to the average member of the 
critical group. These determinations must then be submitted to NRC with the site 
reclamation plan or included in license applications. This section documents the modeling 
and assumptions to derive a standard for natural uranium in soil for the Proposed Project. 
Concurrent with publication of the Final Rule, NRC published draft guidance (64 
FR17690) for performing the benchmark dose modeling required to implement the final 
rule. Final guidance was published as Appendix E to NUREG-1569. This guidance 
discusses acceptable models and input parameters. This guidance, information from the 
RESRAD Users Manuals, the Data Collection Handbook to Support Modeling Impacts of 
Radioactive Material in Soil and site-specific parameters were used in the modeling as 
discussed in the following sections. 
 

6.4.1.1 Determination of Radium Benchmark Dose 
 
RESRAD Version 6.4 computer code (RESRAD) was used to model the Proposed Project 
site and calculate the maximum annual dose rate from the current radium cleanup standard.  
The following supporting documentation for determination of the radium benchmark dose 
and the natural uranium soil standard (Section 6.4.1.2) is provided in Addendum D6-B: 

 The RESRAD Data Input Basis (Appendix D-1) provides a summary of the 
modeling performed with RESRAD and the values that were used for the input 
parameters. A sensitivity analysis was performed for parameters which are 
important to the major component dose pathways and for which no site specific data 
was available; 
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 Selected graphs produced with RESRAD that present the results of the sensitivity 
analysis performed on the input parameters are attached (Appendix D-2); 

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

 Graphs produced with RESRAD that present the modeling results for the maximum 
dose during the 1,000 year time span for 226Ra and U-Nat. A series of graphs 
depicting the summed dose for all pathways and the component pathways that 
contributes to the total dose are attached (Appendix D-5). 

 
The RESRAD-determined maximum dose from 226Ra, contaminated soil at the identified 
cleanup standard for the Proposed Project residential farmer scenario was 39.6 mrem/yr. 
The two major dose pathways were external exposure and plant ingestion (water 
independent). The 39.6 mrem/yr dose from 226Ra is the level at which the natural uranium 
radiological end point soil standard will be based, as discussed below. 
 

6.4.1.2 Determination of Natural Uranium Soil Standard 
 
RESRAD was used to determine the concentration of U-Nat in soil distinguishable from 
background that would result in a maximum dose of 39.6 mrem/year. The method involved 
modeling the dose from a set concentration of U-Nat in soil. This dose was then compared 
to the 226Ra benchmark dose and scaled to arrive at the maximum allowable U-Nat 
concentration in soil. 
 
For ease of calculations, a preset concentration of 100 pCi/g U-nat was used for modeling 
the dose. The fractions used were 49.2 percent (or pCi/g) U-234, 48.6 percent (or pCi/g) 
U-238 and 2.2 percent (or pCi/g) U-235. The distribution coefficients that were selected 
for each radionuclide were RESRAD default values. A sensitivity analysis was performed 
using a range of distribution coefficients to evaluate potential effects of not using site 
specific data. All other input parameters were the same as those used in the 226Ra 
benchmark modeling. 
 
Using a U-Nat concentration in soil of 100 pCi/g, RESRAD determined a maximum dose 
of 6.9 mrem/yr. at time, t = 0 years. The printout of the RESRAD data summary is provided 
in Appendix A-3 and the dose figures generated with RESRAD are provided in Appendix 
A-4. To determine the uranium soil standard, the following formula was used: 
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The U-Nat limit is applied to soil cleanup with the 226Ra limit using the unity rule. To 
determine whether an area exceeds the cleanup standards, the standards are applied per the 
following formula: 
 

 
This approach will be used at the Proposed Project site to determine the radiological impact 
on the environment from releases of source and byproduct materials. 
 

6.4.1.3 Uranium Chemical Toxicity Assessment  
 
The chemical toxicity effects from uranium exposure are evaluated by assuming the same 
exposure scenario as that used for the radiation dose assessment. In the benchmark dose 
assessment for the resident farmer scenario, it was assumed that the diet consisted of 25 
percent of the meat, fruits, and vegetables grown at the site. No intake of contaminated 
food through the aquatic or milk pathways was considered probable since it is unlikely the 
project area could support this activity with local vegetation. Also, the model showed that 
the contamination would not affect groundwater quality. Therefore, the same model will 
be used in assessing the chemical toxicity. The intake from eating meat was shown to be 
negligible compared to the plant pathway, and therefore is not shown here. This is 
confirmed by the results of the RESRAD calculations shown in Appendix A-3 and the 
figures generated with RESRAD shown in Appendix A-4. 
 
The method and parameters for estimating the human intake of uranium from ingestion are 
taken from NUREG/CR-5512 Vol. 1 (NRC, 1992). The uptake of uranium in food is a 
product of the uranium concentration in soil and the soil-to-plant conversion factor. The 
annual intake in humans is then calculated by multiplying the annual consumption by the 
uranium concentration in the food. Since the soil-plant conversion factor is based on a dry 
weight, the annual consumption must be adjusted to a dry-weight basis by multiplying by 
the dry-weight to wet-weight ratio. Parameters for these calculations are given in Section 
6.5.9 of the NUREG/CR-5512 Vol. 1 (NRC, 1992). Table 6-6 provides the parameters used 

nat- UpCi/g 574Limit Uranium

dosebenchmark  radiummrem/yr  39.6 x 
dosenat -mrem/yr U 6.9
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in these calculations and results for leafy vegetables, other vegetables, and fruit. Annual 
intakes of 14 kg/year and 97 kg/year were assumed for leafy vegetables and other 
vegetables and fruit, respectively. Consistent with Appendix A-3 dose calculations, it was 
assumed that 25 percent of the food was grown on the site. It was also assumed that the 
uranium concentration in the garden or orchard was 574 pCi/g. This corresponds to the 
uranium benchmark concentration for surface soils. Using a conversion factor for U-Nat 
of 1 mg = 677 pCi, then 574 pCi/g is equivalent to 848 mg/kg. The human intake shown in 
the first column of Table 6-8, is equal to the product of the parameters given in the 
subsequent columns. Table 6-8 shows that the total annual uranium intake from all food 
sources from the site are 56 mg/yr. 
 
The two-compartment model of uranium toxicity in the kidney from oral ingestion was 
used (ICRP, 1995) to predict the burden of uranium in the kidney following chronic 
uranium ingestion. This model allows for the distribution of the two forms of uranium in 
the blood, and consists of a kidney with two compartments, as well as several other 
compartments for uranium distribution, storage and elimination including the skeleton, 
liver, red blood cells and other soft tissues. 
 
The total burden to the kidney is the sum of the two compartments. The mathematical 
representation for the kidney burden of uranium at steady state can be derived as follows: 
 

Qp =
IR×f1

λp(1- fps- fpr- fpl- fpk- fpk1)
 

 
Where: 

Qp = Uranium burden in plasma (µg); 
IR = dietary consumption rate (mg U/d); 
f1 = fractional transfer of uranium from GI tract to blood (unit less); 
fps = fractional transfer of uranium from plasma to skeleton (unit less); 
fpr = fractional transfer of uranium from plasma to red blood cells (unit less); 
fpl = fractional transfer of uranium from plasma to liver (unit less); 
fpt = fractional transfer of uranium from plasma to soft tissue (unit less); 
fpk1 = fractional transfer of uranium from plasma to kidney compartment 1 (unit 

less); and 
𝜆p = biological retention constant in plasma (d-1). 
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The burden in kidney compartment 1 is: 
 

Qk1= λp × Qp ×
fpk1

λk1
 

 
Where: 
 Qk1 = uranium burden in kidney compartment 1(mg); and 
 𝜆k1 = biological retention constant of uranium kidney compartment 1(d-1). 
 
Similarly, for compartment 2 in the kidney, the burden is: 
 

Qk2= λp × Qp ×
fpk2

λk2
 

 
Where: 
 Qk2 = uranium burden in kidney compartment 2(µg);  
 𝜆k2 = biological retention constant of uranium kidney compartment 2 (d-1); and 

fpk2 = fractional transfer of uranium from plasma to kidney compartment 2 (unit 
less). 

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

Qk1 +Qk2 = 
IR×f1

λp
(1- fps- fpr- fpl- fpk- fpk1)

×(
fpk1

λk1
+ 

fpk2

λk2
 ) 

 
The parameter input values for the two-compartment kidney model include the daily intake 
of uranium estimated for residents at this site, and the values recommended by ICRP 69 as 
listed below. The daily uranium intake rate is estimated to be 0.15 mg/day (51 mg/year) 
from ingestion while residing at this site. 
 

IR = 0.15 (mg/day) 

f1 = 0.02 

fps = 0.105 

fpr = 0.007 

fpl = 0.0105 
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fpt = 0.347 

fpk1 = 0.00035  

fpk2 = 0.084 

𝜆k2 = ln (2)/5 years 

𝜆k1 = ln (2)/7 days 
Where ln (2) =0.693… 

 
Given a daily uranium intake of 0.15 mg/day at this site and the above equation, the 
calculated uranium in the kidneys is 0.010 mg U, or a concentration of 0.034 µg U/g 
kidney. This is 3.4 percent of the 1.0 g U/g value that has generally been understood to 
protect the kidney from the toxic effects of uranium. Some researchers have suggested that 
mild effects may be observable at levels as low as 0.1 g U/g of kidney tissue. Using 0.1 
g U/g as a criterion, then the intake is 34 percent of the level where mild effects may be 
observable.  
 
The EPA evaluated the chemical toxicity data and found that mild proteinuria has been 
observed at drinking water levels between 20 and 100 g/liter. Assuming water intake of 
two liters/day, this corresponds to an intake of 0.04 to 0.2 mg/day. Using animal data and 
a conservative factor of 100, the EPA arrived at a 30 g/liter limit for use as a National 
Primary Drinking Water Standard (Federal Register/Vol.65, No.236/ December 7, 2000). 
This is equivalent to an intake of 0.06 mg/day for the average individual. Naturally, since 
large diverse populations are potentially exposed to drinking water sources that are 
regulated using these standards, the EPA is very conservative in developing limits.  
 
This analysis indicates that a soil limit of 574 pCi/g of U-nat would result in an intake of 
approximately 0.15 mg/day. Using the most conservative daily limit corresponding to the 
National Primary Drinking Water standard, a soil limit of 230 pCi/g corresponds to the 
EPA intake limit from drinking water with a uranium concentration of 0.06 mg/day. 
Therefore, exposure to soils containing 230 pCi/g of U-Nat should not result in chemical 
toxicity effects. Since the roots of a fruit tree would penetrate to a considerable depth, 
limiting subsurface uranium concentrations to 230 pCi/g will be considered appropriate as 
well.  
 
ALARA considerations require that an effort be made to reduce contaminants to as low as 
reasonably achievable levels. The ALARA goals are normally based on a cost-benefit 
analysis. For the cleanup of gamma-emitting radionuclides, the cost of cleanup becomes 
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excessively high as soil concentrations and/or gamma emission rates become 
indistinguishable from background.  
 
Cleanup of uranium mill sites has demonstrated that conservatively derived gamma action 
levels along with appropriate field survey and sampling procedures result in near 
background 226Ra concentrations for the site. In addition, the presence of a mixture of 226Ra 
and uranium will tend to drive the cleanup to even lower 226Ra concentrations. It is 
therefore believed that no specific ALARA goal is required for surface 226Ra.  
 
Uranium One proposes an ALARA goal of limiting the U-Nat concentration in the top 15 
cm soil layer to 150 pCi/g, averaged over 100 m2. With respect to chemical toxicity 
concerns, the uranium concentration should be limited to 225 pCi/g for all soil depths.  
 

6.4.2 Excavation Control Monitoring  
 
Pre-reclamation radiological surveys will be conducted in a manner consistent with the 
baseline radiological surveys, described in Section 2.9, so that the data can be directly 
compared for identification of potentially contaminated areas. For example, a 
comprehensive gamma scan of the site will be performed, including conversion of raw scan 
data to three-foot HPIC-equivalent gamma exposure rate readings and/or to estimates of 
soil Ra-226 concentration. These data sets will be used to develop continuous estimates 
across the site. This will allow direct spatial comparisons with baseline survey maps for 
any area at the site. Both qualitative assessments and quantitative statistical comparisons 
between data sets can be made to assess significant differences, taking into account 
potential magnitudes of estimation uncertainty. In cases of identified contamination at the 
soil surface, subsurface soil sampling will also be conducted to determine the vertical 
extent of contamination that would require remediation under applicable soil cleanup 
criteria. 
 
Uranium One will use hand-held and GPS-based gamma surveys to guide soil remediation 
efforts. Field personnel will monitor excavations with hand-held detection systems to guide 
the removal of contaminated material to the point where there is high probability that an 
area meets the cleanup criteria. Support will be provided by GPS-based gamma surveys 
periodically to more accurately assess the progress of excavation. 
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6.4.3 Surface Soil Cleanup Verification and Sampling Plan 
 
Pre-reclamation surveys will also be conducted as described earlier in areas where known 
contamination has occurred or the potential for unknown soil contamination exists. 
Cleanup of surface soils will be restricted to potentially contaminated areas. These 
potentially contaminated areas include areas where known spills have occurred and areas 
where there is potential for small unknown spills and other contamination including areas 
under and around header houses, wellheads, buried pipelines that contain radioactive 
material, radioactive materials storage areas, deep disposal well facilities, and liquid 
storage areas. Final GPS-based gamma surveys will be conducted in potentially 
contaminated areas. Areas will be divided into 100 m2 grid blocks. Soil samples will be 
obtained from grid blocks with gamma count rates exceeding the gamma action level. The 
samples will be five-point composites and will be analyzed at an offsite laboratory for 226Ra 
and natural uranium. 
 
Final status surveys after any remediation has occurred will also be conducted such that 
results can be directly compared to pre-operational baseline survey data. As with pre-
reclamation surveys, final status gamma scan data will be converted to three-foot HPIC-
equivalent gamma exposure rates and/or to estimates of soil 226Ra concentrations. For 
aspects of the final status survey, pre-operational baseline data may be used instead of a 
physically separated reference area to provide information on background conditions for 
statistical comparative testing. Subsurface sampling will be conducted as part of the final 
status survey only if residual subsurface contamination is known to remain after any 
remediation has been completed. Other post-operational environmental monitoring data 
such as sediments, surface waters, groundwater, air particulates, radon, and vegetation may 
also be compared quantitatively and/or qualitatively against pre-operational baseline data. 
 
There are other physical factors that influence gamma count rates other than radium-226 
concentrations in soil and include source geometry and land topography. The majority of 
gamma readings in scanned areas were below 20 µR/hr. Data trends in several areas show 
several distinct regions with slightly higher gamma readings, indicative of higher levels of 
naturally occurring terrestrial radionuclides at or near the ground surface. Regions of 
significantly elevated gamma readings are very limited, and represent less than 1% of the 
survey area that possess gamma readings in excess of 25 µR/hr. In some cases, areas with 
higher readings have certain geomorphologic features that appear to be associated with 
higher gamma exposure rates (e.g. hill tops, eroded areas, outcrops of exposed rocks or 
unusually colored soils). In other cases, there are no obvious features associated with the 
higher observed readings. 
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As such, gamma count rates may not be a reliable tool to provide a 95 percent assurance 
that the soil units meet the cleanup guidelines. The gamma action level established above, 
coupled with pre-ISR gamma survey results will provide sufficient evidence to indicate 
226Ra soil concentrations above cleanup guidelines. This evidence will trigger soil removal 
activities and subsequent post remediation gamma surveys and soil sampling. Please refer 
to Section 2.9 of this Technical Report for a complete discussion of baseline radiological 
characteristic of soils on the Proposed Project site. 
 
The results of the post-mining soil sampling will be compared to established soil cleanup 
goals for 226Ra and U-Nat to demonstrate the effectiveness of the reclamation activities 
including any confidence level that the soil units meet the cleanup guidelines. 
 

6.4.4 Quality Assurance 
 
Remedial action final verification soil samples will be sent to a commercial laboratory for 
analysis of 226Ra and U-Nat. The laboratory’s quality assurance program will be evaluated 
and qualified prior to sample analysis, and will maintain a file that will contain the 
laboratory’s Quality Assurance Manual (QAM) including certifications and audit reports. 
 

6.5 Decommissioning Health Physics and Radiation Safety 
 
The health physics and radiation safety program for decommissioning will ensure that 
occupational radiation exposure levels will be kept ALARA. The Radiation Safety Officer, 
Radiation Safety Technician or designee will be on site during any decommissioning 
activities where a potential radiation exposure hazard exists. In general, the radiation safety 
program discussed in Section 5 of this TR will be used as the basis for development of the 
decommissioning health physics program. Health physics surveys conducted during 
decommissioning will be guided by applicable sections of Regulatory Guide 8.30 
(USNRC, 2002) or other applicable standards at the time. 
 

6.5.1 Records and Reporting Procedures 
 
After site decommissioning and surface reclamation, a report containing all applicable 
documentation will be submitted to the NRC. Records of all contaminated materials 
transported to a licensed disposal site will be maintained for a period of five years or as 
otherwise required by applicable regulations at the time of decommissioning. 
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6.6 Financial Assurance 
 
Uranium One typically maintain financial surety instruments in the form of an Irrevocable 
Letter of Credit to cover the costs of reclamation including the costs of groundwater 
restoration, the decommissioning, dismantling and disposal of all buildings and other 
facilities, and the reclamation and revegetation of affected areas. Other approved forms of 
surety may be considered. Additionally, in accordance with NRC and WDEQ 
requirements, an updated Annual Surety Estimate Revision will be submitted to the NRC 
and WDEQ each year to adjust the surety instrument amount in response to changes in 
facility and its operations and in closure or decommissioning plans. After review and 
approval of the Annual Surety Estimate Revision by the NRC and WDEQ, Uranium One 
will revise the surety instrument to reflect the revised amount. Uranium One will: 

 Automatically extend the existing surety amount if the NRC has not approved the 
extension at least 30 days prior to the expiration date;  

 Revise the surety arrangement (with WDEQ approval) within three months of NRC 
approval of a revised closure (decommissioning) plan, if estimated costs exceed the 
amount of the existing financial surety;  

 Update the surety to cover any planned expansion or operational change not included 
in the annual surety update at least 90 days prior to beginning associated construction;  

 Update the surety if an excursion of mining solutions is not recovered within 60 days; 
and 

 Provide NRC a copy of the surety-related correspondence submitted to the WDEQ, a 
copy of the surety review, and the final approved surety arrangement. 

Groundwater restoration costs are based on treatment of one pore volume for groundwater 
sweep and six pore volumes for reverse osmosis and reductant addition. Wellfield pore 
volume calculations are discussed is Section 6.1.7. 
 
SUA-1341 authorizes an overall flare factor of 1.44 at the Willow Creek site. Accordingly, 
Uranium One is using a flare factor of 1.44 for the surety estimate. All critical ground water 
restoration factors (pore volume, flare factors, porosity and completed thickness) are 
identified in the surety estimate presented in Addendum D6-C. This estimate is inclusive 
of all site operations and phases.  
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Table 6-1: Baseline Groundwater Restoration and Post-Restoration Stability   
Monitoring Constituents 

Constituents 
(reported in mg/l unless noted) 

Recommended Analytical Method 
(methods may be substituted using Best Available 
Technology (BAT) and current approved agency 

methods) 
General Parameters 

Conductivity (umhos/cm) SM 2510B 
pH (standard units) SM 4500H+B 
Total Dissolved Solids (TDS) @ 180ºF EPA 160.1/SM2540C 

Major Anions 
Ammonia Nitrogen as N EPA 350.1 
Bicarbonate as HCO3 SM 2320B 

Carbonate as CO3 SM 2320B 
Chloride EPA 300.0/SM 4500CL B 
Fluoride SM 4500F C/EPA 300.0 
Nitrate + Nitrite as N EPA 353.2/300.0 
Sulfate EPA 375.1/375.2/300.0 
Total Alkalinity SM 2320B 

Major Cations 
Calcium EPA 200.7/215.1/215.2 
Magnesium EPA 200.7/242.1 
Potassium EPA 200.7/258.1 
Sodium EPA 200.7/273.1 

Metals 
Arsenic EPA 206.3/200.9/200.8 
Barium EPA 200.7/200.8 
Boron EPA 212.3/200.7 
Cadmium EPA 200.9/200.7/200.8 
Chromium EPA 200.9/200.7/200.8 
Copper EPA 200.7/200.8 
Total and Dissolved Iron EPA 236.1/200.9/200.7/200.8 
Lead EPA 200.7/200.8 
Mercury EPA 245.1 
Molybdenum EPA 200.7/200.8 
Nickel EPA 200.7/200.8 
Selenium EPA 270.3/200.9/200.8 
Total Manganese EPA 200.9/200.7/200.8/243.1/243.2 
Uranium DOE MM 800/EPA 200.8 
Vanadium EPA 286.1/286.2/200.7/200.8 
Zinc EPA 200.7/200.8 

Radionuclides 
Gross Alpha (pCi/l) EPA 900.0/EPA 900.1/SM 7110B 
Gross Beta (pCi/l) EPA 900.0/EPA 900.1/SM 7110B 
226Ra (pCi/l) DOE RP450/EPA 903.0/SM 7500-R-AC 
228Ra (pCi/l) SM 7500-R-AD/EPA RA-05 
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Table 6-2: Post-Mining Groundwater Quality 

Parameter (units) 

Christensen Ranch 
Post-Mining Mean 

(MUs 2-5) 

Irigaray Post-
Mining Mean 

(MUs 1-9) 

Leuenberger “M” 
sand (80-Sand) 

Post-Mining Mean 
Concentration 

Range of Post 
Mining Mean 

Concentrations 
For All Projects 

Dissolved Aluminum (mg/l) ≤0.1 <1.037 0.06 0.06-1.037 

Ammonia as N (mg/l) 0.70 23 NA 0.7-23 

Dissolved Arsenic (mg/l) 0.04 <0.601 0.011 0.011-0.601 

Dissolved Barium (mg/l) ≤0.1 <1.067 <0.10 <0.1-1.067 

Boron (mg/l) ≤0.1 <0.442 <0.25 0.1-0.442 

Dissolved Cadmium (mg/l) ≤0.01 <0.979 <0.01 0.01-0.979 

Dissolved Chloride (mg/l) 146 277 78.2 78-277 

Dissolved Chromium (mg/l) ≤0.05 <1.018 <0.05 <0.05-1.018 

Dissolved Copper (mg/l) ≤0.01 <0.828 <0.05 <0.01-0.828 

Fluoride (mg/l) 0.11 <1 0.27 0.11-0.27 

Total and Dissolved Iron (mg/l) 0.93 <1.098 0.05 0.05-1.098 

Dissolved Mercury (mg/l) ≤0.001 <0.971 <0.001 <0.001-0.971 

Dissolved Magnesium (mg/l) 56.4 45.7 NA 45.7-56.4 

Total Manganese (mg/l) 0.64 1.249 0.18 0.18-1.249 

Dissolved Molybdenum (mg/l) ≤0.1 <1.067 <0.10 <0.1-1.067 

Dissolved Nickel (mg/l) 0.07 <1.018 <0.05 <0.05-1.018 

Nitrate + Nitrite as N (mg/l) 0.25 <3 0.31 0.25-3 

Dissolved Lead (mg/l) ≤0.05 <1.018 <0.05 <0.05-1.018 

Radium-226 (pCi/L) 384 200.5 1,463 200-1,463 

Dissolved Selenium (mg/l) 3.57 0.247 0.022 0.022-3.57 

Dissolved Sodium (mg/l) 712 827 440 440-827 

Sulfate (mg/l) 890 639 394 394-890 

Uranium (mg/l) 14.37 7.411 21.8 7.4-21.8 

Vanadium (mg/l) 0.34 <1.067 0.22 0.22-1.067 

Dissolved Zinc (mg/l) 0.02 <0.065 0.05 0.02-0.065 

Dissolved Calcium (mg/l) 300 199.2 209 199-300 

Bicarbonate (mg/l) 1,864 1343 1,418 1,343-1,864 

Carbonate (mg/l) 0.88 <2 15 0.88-15 

Dissolved Potassium (mg/l) 11 9 20.2 9-20 

Total Dissolved Solids (TDS) @ 180F (mg/l) 3,282 2451 1,807 1,807-3,282 
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Table 6-3: Restoration volumes for Christensen and Irigaray 

Schedule of Pore Volumes 
Christensen   Irigaray 

Unit PVD   Unit PVD 
MU2 14.4  PU 1-3 18.4 
MU3 19.8  PU 4-5 13.9 
MU4  12.8  PU 6 9.5 
MU5 10.1  PU 7 14.3 
MU6 6.0  PU 8 12.5 

     PU 9 13.0 
Average 12.6   Average 13.7 
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Table 6-4: Effectiveness of Groundwater Restoration Techniques 

Parameter 
(units) 

Christensen 
Ranch Post-
Reclamation 

Mean (MUs 2) 

Christensen 
Ranch Post-
Reclamation 

Mean (MUs 3) 

Christensen 
Ranch Post-
Reclamation 

Mean (MUs 4) 

Christensen 
Ranch Post-
Reclamation 

Mean (MUs5) 

Range of Post 
Mining Mean 

Concentrations 
(MU2-MU5)  

Range of Post 
Mining Mean 

Concentrations 
For All 
Projects 

Dissolved Aluminum 
(mg/l) 

0.1 0.1 0.11 0.11 0.11 0.105 

Ammonia as N (mg/l) 0.1 0.11 0.2 0.1 0.13 0.1275 

Dissolved Arsenic (mg/l) 0.008 0.01 0.006 0.008 0.008 0.008 

Dissolved Barium (mg/l) <0.50 <0.50 <0.50 <0.50 0.5 0 

Boron (mg/l) 0.05 0.07 0.06 0.07 0.06 0.0625 

Dissolved Cadmium 
(mg/l) 0.002 0.002 0.002 0 0.002 0.0015 

Dissolved Chloride (mg/l) 9.6 5.6 19.3 11.4 11.5 11.475 

Dissolved Chromium 
(mg/l) 

0.01 0.01 0.01 0.01 0.01 0.01 

Dissolved Copper (mg/l) 0.01 0.01 0.01 0.01 0.01 0.01 

Fluoride (mg/l) 0.1 0.1 0.12 0.1 0.11 0.105 

Dissolved Iron (mg/l) 0.43 0.28 0.36 0.1 0.29 0.2925 

Dissolved Mercury (mg/l) 0.001 0.001 0.001 0.001 0.001 0.001 

Dissolved Magnesium 
(mg/l) 

7.6 6.2 9.1 7.2 7.6 7.525 

Total Manganese (mg/l) 0.25 0.12 0.14 0.08 0.15 0.1475 

Dissolved Molybdenum 
(mg/l) 0.02 0.02 0.02 0.02 0.02 0.02 

Dissolved Nickel (mg/l) 0.01 0.01 0.01 0.01 0.01 0.01 

Nitrate + Nitrite as N 
(mg/l) 0.1 0.16 0.31 0.12 0.17 0.1725 

Dissolved Lead (mg/l) 0.02 <0.02 0.02 0.02 0.02 0.015 

Radium-226 (pCi/L) 223.9 195.6 114.1 238 192.9 192.9 

Dissolved Selenium 
(mg/l) 0.01 0.01 0.21 0.41 0.16 0.16 

Dissolved Sodium (mg/l) 109.8 109 226.6 157 150.6 150.6 

Sulfate (mg/l) 154.4 174.8 210.5 159 174.7 174.675 

Uranium (mg/l) 0.36 0.12 3.83 2.05 1.59 1.59 

Vanadium (mg/l) 0.1 0.03 0.07 0.12 0.08 0.08 

Dissolved Zinc (mg/l) 0.01 0.01 0.01 0.01 0.01 0.01 

Dissolved Calcium (mg/l) 73.6 46.6 42.7 35.6 49.6 49.625 

Bicarbonate (mg/l) 330.3 222.6 446.5 356.6 339 339 

Carbonate (mg/l) 1 5 1.7 1.2 2.2 2.225 

Dissolved Potassium 
(mg/l) 

1.4 1.6 3.6 4 2.75 2.65 

Total Dissolved Solids 
(TDS) @ 180°F  (mg/l) 560 492.6 774.7 589.2 604.1 604.125 
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Table 6-5: Projected Ludeman Restoration Wastewater Stream Water Quality 

Parameter Units 
Minimum 

Concentration 
Maximum 

Concentration 
Calcium mg/l 350 700 

Magnesium mg/l 50 150 
Sodium mg/l 400 950 

Potassium mg/l 40 90 
Carbonate mg/l 0 0.3 

Bicarbonate mg/l 200 1250 
Sulfate mg/l 900 2500 

Chloride mg/l 300 1000 
Nitrate mg/l 0.01 0.5 

Fluoride mg/l 0.01 2 
Silica mg/l 10 65 

Total Dissolved Solids mg/l 1000 15000 
Conductivity mho/cm 1000 5500 

Alkalinity mg/l 165 1025 
pH Std. Units 6 12 

Arsenic mg/l 0.01 1 
Cadmium mg/l 0.0001 0.001 

Iron mg/l 0.5 15 
Lead mg/l 0.01 0.04 

Manganese mg/l 0.01 1.5 
Mercury mg/l 0.0001 0.001 

Molybdenum mg/l 0.1 1.5 
Selenium mg/l 0.01 0.5 
Uranium mg/l 0.05 15 
Ammonia mg/l 0.1 0.5 

Radium-226 pCi/l 500 5000 
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Table 6-6: Restoration Groundwater Monitoring Schedule and Analysis 

Restoration 
Phase Sample Origin Frequency 

Analytical 
Parameters 

Post Mining 

Designated Restoration Wells 
 Ore Zone 

Once 
 WDEQ Guideline 8 
 Water Level 

Monitor Wells 
 Ore Zone Monitors 
 Underlying Zone 
 Overlying Zone 

Biweekly Excursion Parameters 

Restoration 

Recovery Stream Composite 

Weekly 
HCO3/CO3, SO4, Cl, 

Conductivity, pH, 
Uranium 

As Needed Add Na, Ca, TDS, etc. 

End of each pore 
volume displacement 

WDEQ Guideline 8 

Designated Restoration Wells 
 Ore Zone 

 

End of each restoration 
phase 

WDEQ Guideline 8 

Monitor Wells 
 Ore Zone Monitors 
 Underlying Zone 
 Overlying Zone 

Every 60 days Excursion Parameters 

Post-Restoration 
Stability 

Designate Restoration Wells 
 Ore Zone  

 

Beginning, Middle and 
End 

WDEQ Guideline 8 

Monitor Wells 
 Ore Zone Monitors 
 Underlying Zone 
 Overlying Zone 

Every 60 days Excursion Parameters 
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Table 6-7: Soil Cleanup Criteria and Goals 

 Radium-226 
(pCi/gm) 

U-Nat 
 (pCi/gm) 

Layer Depth Limit Goal Limit Goal 
Surface (0-15 cm) 5 5 225 150 
Subsurface  
(15 cm layers) 15 15 225 225 
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Table 6-7: Annual Intake of Uranium from Ingestion 

Human 
Intake 
(mg/yr) 

Soil 
Concentration 

(mg/kg) 

Soil to Plant 
Ratio 

(mg/kg plant 
to mg/kg soil) 

Annual 
Consumption 

(kg) 

Dry Weight           
Wet Weight 

Ratio 
Food 

Source 

10.1 848 1.7E-2 3.5 0.2 
Leafy 

Vegetables 

38.6 848 1.4E-2 13 0.25 
Other 

Vegetables 

7.3 848 4.0E-3 12 0.18 Fruit 

56.0     Total 
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7 POTENTIAL ENVIRONMENTAL EFFECTS 
 
As noted in NUREG-1910 (GEIS, Sec. 1 Introduction), there can be a scope of potential 
environmental effects associated with ISR projects such as the proposed Ludeman Project 
(Proposed Project). This section discusses and describes the degree of potential 
environmental impacts that will be associated with construction and operations of the 
Proposed Project. Potential environmental impacts can be direct, indirect, and/or 
cumulative in nature and can be temporary (short term) or permanent (long term). As noted 
in NUREG-1748 (Appendix F), direct effects are caused by the action and occur at the 
same time and place. Indirect effects are caused by the action and are later in time or farther 
removed in distance but still reasonably foreseeable. Cumulative impacts are the result of 
the aggregate effects of past, present, and reasonably foreseeable future actions. 
 

7.1 Potential Impacts during Construction for the Proposed Action 
 
The following section summarizes the environmental impacts of the Proposed Project from 
construction. A more detailed discussion of the environmental impacts of all phases of the 
Proposed Project is included in Section 4 of the ER. 
 
The Proposed Action will consist of significant features associated with ISR recovery 
operations as described below: 

 A series of sequentially developed wellfields (six total) consisting of multiple 
wellfields of production (injection and recovery) wells to inject barren lixiviant and 
to recover pregnant lixiviant; 

 Horizontal and vertical excursion monitoring well networks for detection of 
lixiviant migrating outside of the ore body/recovery zones (excursions); 

 Satellite plant consisting of pressurized, down-flow ion exchange (IX) columns. 
The satellite plant also will be used to facilitate the necessary solutions and 
processes for groundwater restoration after uranium recovery operations have 
ceased; 

 On-site laboratory, reagent storage facilities, and other facilities or areas used to 
house work areas or equipment storage; and 

 Evaporation/permeate pond system to dispose of liquid byproduct material 
(Proposed Action);   

 Combined evaporation/permeate ponds and deep disposal wells (Alternative 1);   
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 Up to six Class I UIC disposal wells (DDW) to dispose of liquid 11e.(2) byproduct 
material during ISR operations with adequate backup pond storage capacity 
(Alternative 2); and  

 Grading and construction of access roads, as required. 
 
Although the Proposed Action covers a total of 18,861 acres, not all lands will be affected 
by the proposed operations. Potentially affected lands during the Proposed Action’s 13-
year life span include: 

 Disturbed lands will total approximately 920 acres or around 4.9 percent of the 
Proposed Project area.  

 Controlled areas will be fenced to limit access to project associated operations and 
is estimated to encompass 1,317 acres or approximately 7 percent of the Proposed 
Project Area. Anticipated controlled areas include all fenced areas around the 
satellite plant, wellfields, and ponds. Restricted areas can be located within 
controlled areas; 

 Restricted areas will control access to protect individuals from exposure to radiation 
and 11e.(2) byproduct materials including selected areas within the satellite plant 
building, 11e.(2) byproduct storage areas, ponds, and/or areas exceeding 2 mrem 
per hour; and 

 Unrestricted areas are within the Proposed Project area to which access is neither 
limited nor controlled by the Proposed Action. These areas encompass 
approximately 17,544 acres or around 93 percent of the Proposed Project area. 

 
Considering the relatively small size of the area affected by operations, the exclusion of 
grazing from this area over the course of the Proposed Project will have an insignificant 
impact on local livestock production. Fencing will be kept to the smallest possible area to 
minimize impacts from livestock exclusion. Oil and gas facilities and infrastructure near 
the Proposed Project will not be affected.  
 

7.1.1 Potential Construction Impacts to Land Use  
 
Much of the Proposed Project area will remain undisturbed due to the relatively minor 
nature of surface disturbance associated with the ISR process. Nevertheless, the 
construction of the Proposed Project infrastructure has the potential to impact the land use 
by: 

 Changing and disturbing existing land uses; 
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 Restricting access and establishment of right-of-ways; 
 Limiting livestock grazing; 
 Limiting recreational activities; 
 Altering historic and cultural resources. 

 
These potential impacts to land use are considered temporary and reversible through the 
process of post-operation surface reclamation, well plugging, and returning the land to 
unrestricted use consistent with pre-operational conditions. Affected areas may be left 
unrestored at the request of landowners (e.g. roadways and structures). Regardless of the 
final disposition, all areas and structures will be decontaminated to allow for unrestricted 
use as described in further detail in TR Section 6. 
 

7.1.1.1 Changing and Disturbing Existing Land Uses 
 
Minimal surface disturbance will occur as a result of construction of the Proposed Project 
satellite plant and associated structures. Portions of the project area has previously been 
disturbed by infrastructure and other prior and on-going activities. Normal rangeland use 
will be temporarily excluded from the areas of active ISR operations. The infrastructure 
and disturbance described below is shown in TR Figure 3-1 in Section 3 and tabulated in 
Table 7-1 of this section. Section 4 of the ER discusses these potential impacts in more 
detail. 
 
Satellite Plant 
 
The satellite plant area will include the satellite plant building, evaporation/permeate 
ponds, parking area, laydown area, and a solid11e.(2) storage area. Conceptually, the 
satellite plant area will disturb approximately 4.6 acres and will be fenced to control access. 
Surface disturbance activities associated with construction of the satellite plant area will 
include topsoil stripping; excavation, backfilling, compacting, and grading to prepare a 
level site. 
 
These land uses will be temporarily changed as the satellite plant area will be used for 
industrial purposes throughout the construction, operation, aquifer restoration, and 
decommissioning phases.  
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Wellfield Areas 
 
Each wellfield constructed under the Proposed Action will consist of injection and recovery 
wells connected to a header house (via lateral trunklines), and associated monitor wells. 
Construction of the six planned wellfields within the Proposed Project area is estimated to 
disturb approximately 764 acres. As noted in Section 2.11.1 of the ISR GEIS (NUREG-
1910), less than half of the wellfield areas are typically disturbed by construction activities, 
including access roads, mud pits, header houses, and pipelines. Construction will be 
phased, with multiple wellfields in various stages of construction at one time. Surface 
disturbing activities associated with wellfield construction will include topsoil stripping, 
constructing temporary well pads, constructing temporary access roads, excavating mud 
pits, trenching for pipelines and buried electrical utilities, and excavating foundations for 
header houses. 
 
The wellfield will be constructed on land currently used for livestock grazing. The wellfield 
areas will be fenced using 4-line stranded barbed wire fence to restrict access of livestock. 
The fenced areas associated with the wellfield are estimated to encompass 1,222 acres. 
This land use will temporarily change land use for all areas actively disturbed or fenced by 
wellfield construction. However, temporary well pads, mud pits, well pad access roads, 
and pipelines will be restored and reseeded at the end of construction. Therefore, disruption 
to livestock grazing will be temporary except around fenced wellfield areas. 
 
Access Roads 
 
Access roads constructed under the Proposed Action will include secondary access roads 
between the satellite plant and the wellfield header houses, and tertiary access roads used 
to access monitor wells. The estimated surface disturbance associated with access road 
construction is approximately 21 acres. Surface disturbance activities associated with 
access road construction include topsoil stripping and stockpiling, excavation, backfill, 
compaction, and grading. Secondary access roads will generally follow the existing 
topography, and tertiary roads will be unconstructed, two-track roads. 
 
Access roads will be constructed on land currently used for livestock grazing. Potential 
changes in this land use will be small and temporary. Surface disturbance will also be 
minimized by locating access roads, pipelines, and utilities in common corridors and by 
utilizing existing roads wherever possible. There are numerous existing access roads that 
traverse the Proposed Project area which Uranium One will use whenever possible. 
Majority of these roads were developed and utilized for oil and gas, and ranching activities.  
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Deep Disposal Wells 
 
Uranium One will potentially construct up to six deep disposal wells as part liquid waste 
disposal Alternatives 1 and 2. Each deep disposal well has the potential to disturb 
approximately one acre as these will be fenced to exclude wildlife. Surface disturbing 
activities associated with deep disposal well construction include topsoil stripping, well 
pad grading, and mud pit excavation. The proposed locations of the DDWs are on land 
currently used for livestock grazing on rangeland.  
 
Pipelines 
 
Pipelines will include trunk lines carrying barren lixiviant and recovery solutions between 
the satellite plant and feeder lines, feeder lines carrying these solutions between the trunk 
lines and header houses, individual well lateral lines carrying these solutions between the 
header houses and injection/recovery wells, and deep disposal well pipelines. The total 
estimated disturbance area resulting from the main trunk line is 47 acres. Surface disturbing 
activities associated with pipeline construction will include topsoil stripping, trenching, 
backfill, topsoil replacement, and reseeding. Pipeline corridors will be restored and re-
seeded, typically within the same construction season, and changes in land use will be short 
term (< six months). Potential changes in land use are small and similar to those described 
previously for wellfield construction, but the potential impacts will be smaller due to a 
smaller disturbance area, lack of fences, and short term disturbance. Surface disturbance 
will be minimized by locating pipelines in common corridors with access roads and utilities 
wherever possible. 
 

7.1.1.2 Access Restrictions and Establishment of Right-of-Way 
 
Access during construction activities will be controlled by fencing. Controlled areas will 
be relatively small and located primarily around the proposed satellite plant, ponds, and 
wellfields. As previously mentioned, wellfield development will occur in phases and 
accordingly not all construction disturbances will occur simultaneously. Disturbed areas 
will be reclaimed re-seeded and made accessible as wellfields are exhausted and 
decommissioned. 
 
No public right-of-way will be established during construction of the Proposed Project. All 
access roads will be private access roads for authorized Uranium One employees and 
contractors. All access roads constructed will be reclaimed during decommissioning unless 
transferred to the affected landowner after decommissioning is complete. 
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7.1.1.3 Mineral Rights 
 
The only known minerals currently being recovered in the Proposed Project area include 
conventional oil and gas. There are numerous existing access roads and well pads on-site 
associated with each of these operations. Eight producing oil and gas wells including two 
within the project boundary are located within the two-mile buffer of the Proposed Project 
boundary. The location of these wells is shown in TR Figure 2.7B-12. 
 
The existing oil and gas wells will not be impacted by the Proposed Action due to the 
substantial difference in target completion intervals. 
 

7.1.1.4 Livestock Access Restrictions 
 
The primary land use within the Proposed Project area is livestock grazing on rangeland. 
Some of this land use will be impacted during construction through the exclusion of 
livestock from disturbed and fenced areas. wellfield development will occur in phases, 
resulting in temporary and phased access restrictions. Much of the disturbed area will be 
restored, re-seeded and made accessible as wellfields are reclaimed (i.e., properly plugged, 
& abandoned in accordance with WSEO requirements) and decommissioned. Uranium 
One estimates that the controlled area of approximately 1,317 acres (satellite plant, ponds, 
and active wellfields) will be fenced to exclude livestock. This represents 6.9 percent of 
the Proposed Project area. Considering the relatively small size of the area impacted by 
construction, the exclusion of grazing from this area over the course of the Proposed Project 
will have a minimal impact on local livestock production. Surface use agreements will be 
established with surface owners/lessees to provide compensation for the temporary loss of 
area used for agricultural purposes. 
 

7.1.1.5 Restrictions on Recreational Activities 
 
Currently, the primary recreational activity near the Proposed Project is hunting, which 
will be restricted to protect workers. Hunting will be restricted within the Proposed Project 
area on private lands for the life of the project. There is no public access to private lands 
and limited recreation opportunity on State of Wyoming managed lands within the 
Proposed Project area. Therefore, the potential impact on such land uses due to the 
restricted access areas is anticipated to be small. 
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7.1.1.6 Altering Historic and Cultural Resources 
 
Potential historic and cultural resource impacts from the Proposed Action are discussed in 
ER Section 4.8, and mitigation measures are presented in ER Section 6.8. Potential impacts 
to historic and cultural resources will be minimized by avoiding construction at sites 
identified by the Class III inventory as potentially eligible for listing on the NRHP. 
Consultation with the appropriate SHPO and Tribal Historic Preservation Office (THPO) 
will ensure all sites existing or located during operations are properly managed. An 
Unanticipated Discovery Plan (ER Addendum 7-B) will be implemented prior to 
construction for phased identification of previously unidentified historic and cultural 
resources encountered during all phases of the Proposed Action. This will include a stop-
work provision and a requirement to seek expert advice and approval prior to resuming 
activities, if any previously undiscovered cultural resources are encountered.  
 

7.1.2 Potential Construction Impacts to Socioeconomics  
 
As noted in NUREG-1910 (GEIS, Section 4.2.10.1), the construction phase will cause a 
potentially moderate impact to the local economy, resulting from the purchases of goods 
and services directly related to construction activities. Impacts to community services in 
Douglas, Glenrock, Rolling Hills, and rural Converse County or the towns of Midwest, 
Evansville, Mills, Kaycee, Casper and Edgerton in northern Natrona County (roads, 
housing, schools, etc.) will be Small to Moderate, and temporary. 
 
The construction phase will cause a Moderate positive impact to the local economy, 
resulting from the purchases of goods and services directly related to construction 
activities. Impacts to community services in Douglas, Glenrock, Rolling Hills, and rural 
Converse County or the towns of Evansville, Mills, Kaycee, Casper, Midwest and Edgerton 
in northern Natrona County will be Small to Moderate, and temporary. 
 
Potential Impacts to Demographics 
 
Due to the short duration of construction (one year; the GEIS assumes 12 to 18 months) 
and small size of the construction workforce, the impacts of construction on demographic 
conditions would be limited. It is assumed that Uranium One would employ workers from 
the surrounding area, which would reduce demands for public services. Also, due to the 
short duration of the construction phase, workers would not likely relocate their families 
to the region. Therefore, demographic impacts from the Proposed Action will be small. 
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Potential Impacts to Housing 
 
Construction workers relocating to the area would cause a short-term increase in the 
demand for temporary (rental) housing units in Converse and surrounding counties. Any 
changes in employment would have little to no noticeable effect on the availability of 
housing in Converse and surrounding counties. Due to the short duration of the 
construction phase and the availability of housing in the region, there would be little or no 
employment-related housing impacts. In addition, Uranium One assumes workers will 
currently live in the surrounding area, thereby reducing some of the need for additional 
housing. 
 
Potential Impacts on Schools and Public Services 
 
Due to the short duration of construction, workers would not be expected to bring families 
and school-aged children with them, and therefore, there would be no impact on 
educational services during construction of the Proposed Project. 
 
Potential Economic Impact  
 
Construction of the Proposed Project would generate some tax revenue in the local 
economy through the purchase of goods and services as well as contributing to county and 
state tax revenues. Due to the short duration (1 year) and small size of the construction 
workforce, construction of the Proposed Project will have a small impact on local finances. 
 
Potential Health and Social Services Impacts 
 
The number of construction workers would cause a short-term increase in the demand for 
health and social services in Converse and surrounding counties. However, due to the short 
duration of the ISR construction phase and the small size of the construction workforce, 
there would be little or no impact on health and social services. 
 

7.1.3 Potential Construction Impacts to Historic, Scenic and Cultural Resources  
 
NRC’s NUREG 1910 Vol. 2 (pg. 4.3-25) notes that most of the potential for adverse effects 
to potentially NRHP-eligible historic properties, traditional cultural properties, and 
paleontological material, both direct and indirect, will likely occur during land-disturbing 
activities.  The Proposed Project has one historic site (Bozeman Trail) listed in the NRHP, 
as discussed in detail in Section 2.4 of the TR and Section 3.8 of the ER. Buried cultural 
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features and deposits and paleontological material that are not visible on the surface during 
the initial cultural resources inventories could be discovered during earth-moving 
activities. Uranium One commits to implementing an Unanticipated Discovery Plan, which 
will include stop-work provision if any previously undiscovered cultural resources are 
encountered during construction and operations including site decommissioning and the 
engagement of an outside expert for guidance. 
 
Potential indirect impacts also can occur outside the Proposed Project area and related 
facilities and components. Visual intrusions, increased access to formerly remote or 
inaccessible resources, potential impacts to traditional cultural properties and culturally 
significant landscapes, as well as other ethnographically significant cultural landscapes 
may adversely affect these resources. No Native American heritage, special interest, or 
sacred sites have been formally identified and recorded to date by studies directly 
associated with the Proposed Project. Implementing a stop-work provision and other 
mitigation measures as described in Section 6.8 of the ER, will assure that potential impacts 
to historical and cultural resources will be minimized. 
 

7.1.3.1 Historic and Cultural Resources Impacts 
 
Potential impacts to historic and cultural resources will be kept small by avoiding 
construction in sites identified by the Class III inventory as potentially eligible for listing 
on the NRHP, by consultation with the appropriate SHPO and Tribal Historic Preservation 
Office, by negotiating a memorandum of agreement 
 

7.1.3.2 Visual and Scenic Resources Impacts 
 
The Proposed Action will result in temporary, small impacts to the visual and scenic 
resources of the area that would be consistent with the visual resource classification of the 
area by the BLM. The BLM has classified the project area as a Class III and the 
management objective of VRM Class III is to partially retain the existing character of the 
landscape. The level of change to the characteristic landscape can be moderate. Under the 
Proposed Action, the character of the existing landscape would be retained, but would be 
modified with noticeable but minor additional industrial facilities, utilities, and roads.  
 
Temporary and short-term visual effects during the construction period in each wellfield 
will result from header house construction, well drilling, ground clearing, grading, 
vehicular and pedestrian traffic, construction of facilities, and construction of access roads 
and electric distribution lines. Following completion of any wellfield installation, 
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temporarily disturbed areas will be reclaimed. Only long-term effects associated with 
operations and maintenance will remain following post-construction reclamation. 
Construction debris will be removed from new construction areas as soon as possible and 
temporarily disturbed areas will be reclaimed as soon as possible following construction. 
 
Potential long-term effects will result from the addition of structures to the landscape, such 
as the satellite plant and associated structures, header houses, wellhead covers, access 
roads, and electric distribution lines. Potential effects from long-term activities will occur 
over the life of the project, but will be removed at the end of the project lifecycle. 
 
Heavy equipment and drill rigs brought in during construction activities may be visible 
from certain vantage points from County Road 31 (Ross Road). Dust generated may also 
impact visual resources. Visible dust particles will be released during activities such as the 
mechanical disturbance of rock and soil materials, bulldozing, and vehicles traveling on 
gravel roads. Particles are also transported by wind blowing over the surface of bare land 
and stockpiles. Dust will be minimized by wetting disturbed areas during construction, 
promptly restoring and re-seeding disturbed soil, and enforcing speed limits for Uranium 
One employees and contractors. 
 
In general, resource protection measures proposed for erosion control, road construction, 
rehabilitation and re-vegetation will mitigate effects to visual quality. Thus, the potential 
visual impacts will be Small and temporary. 
 

7.1.4 Potential Construction Impacts to Air Quality  
 
Construction activities at satellite facilities such as the Proposed Project site will potentially 
cause minimal short-term effects on local air quality. Increased suspended particulates 
from vehicular traffic on unpaved roads, fugitive dust caused by wind erosion of areas 
cleared of vegetation, and diesel emissions from construction equipment will be the 
primary potential air quality impacts. The application of water to unpaved roads will reduce 
the amount of fugitive dust to levels equal to or less than the existing condition. Diesel 
emissions from construction equipment are expected to be short term only, essentially 
ceasing once the operational phase begins. Additional details on potential air quality 
impacts can be found in Section 4.6 of the ER. 
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7.1.5 Potential Construction Impacts to Geology and Soils 
 
Potential geological impacts could only occur during construction and decommissioning, 
when relatively minor disturbance will occur to the subsoil and, potentially the surficial 
aquifer, if present, in the vicinity of the evaporation/permeate ponds. Potential impacts are 
primarily related to changes in surficial aquifer flow patterns and water levels and potential 
water quality degradation. Potential soil impacts may include soil loss, compaction, 
salinity, loss of soil productivity, and soil contamination. Construction activities at the 
Proposed Project site will result in a small and temporary disturbance of the soil. Any soils 
removed or stockpiled during construction will be stabilized to minimize erosion for later 
use in the decommissioning phase of the project. 
 

7.1.5.1 Potential Geology Impacts 
 
Potential geological impacts could only occur during construction and decommissioning, 
when relatively minor, temporary disturbance will occur near the soil surface. NUREG-
1748 notes that geological resources are more likely to exert an impact than be impacted 
by the Proposed Action. The main probable geologic hazard present in Wyoming is 
earthquakes.  
 
Section 2.6.6 describes the seismic hazard of the Proposed Project area. This section 
describes how there are no active faults with surface expression in or near the Proposed 
Project area. Earthquake probabilities and consequences are discussed in Section 2.6.6, 
including current earthquake probability maps that are used in the newest building codes 
(2,500 year maps), which suggest a scenario that will result in moderate damage to 
buildings and their contents. The probability-based worst-case scenario could result in an 
Intensity VII earthquake in the area of the Proposed Project. In intensity VII earthquakes, 
damage is negligible in buildings of good design and construction, slight-to-moderate in 
well-built ordinary structures, considerable in poorly built or badly designed structures 
such as unreinforced masonry buildings. The proposed satellite plant and associated 
structures will be built to withstand an intensity VII earthquake.  
 
The 2,500-year probabilistic map (Figure 2.6A-46) shows that the peak ground acceleration 
with a 2% probability of exceedance in 50-years is 10 to 12 percent/g, which equates to a 
Level IV earthquake. Level VI earthquakes are felt by almost everyone around but do not 
cause significant damage. Since structures at the Proposed Project will be designed per the 
2,500-year probabilistic map, the risk of significant earthquake damage to the proposed 
facilities is small, as the total anticipated project life is approximately 13 years. 
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7.1.5.2 Potential Soils Impacts 
 
Potential soil impacts include soil loss, compaction, salinity, loss of soil productivity, and 
soil contamination. Construction activities at the Proposed Project site will result in a small 
and temporary disturbance of the soil. Topsoil will be removed and stockpiled during 
construction and will be stabilized to minimize erosion for later use in the decommissioning 
phase of the project as required. Stockpiles and denuded soil surface will be stabilized by 
seeding with a cover crop to minimize erosion, in accordance with SOPs prepared post-
licensing. Detailed soil impact mitigation measures are found in ER Section 6.3.  
 

7.1.6 Potential Construction Impacts to Water Resources  
 
The Proposed Action has the potential to impact surface water and groundwater to varying 
degrees during each phase of the project. As discussed in TR Section 2.7, surface water 
and groundwater within the Proposed Project area are used for livestock and wildlife 
watering and industrial use. 
 

7.1.6.1 Potential Construction Impacts to Surface Water  
 
The vast majority of the natural surface flows in the area are categorized as ephemeral 
where flows are rare, only occurring during snowmelt and rainstorm events. The only 
intermittent flow within the Proposed Project area is Sand Creek as described in TR Sec. 
2.7. Stock tanks and reservoirs are scattered throughout the Proposed Project area; 
however, these usually do not contain water, or very little water, by late in the summer 
season. 
 
The primary potential impact from the removal of vegetation and disturbance of soil is 
water quality degradation. Surface water quality within the Proposed Project area has the 
potential to be adversely impacted by increasing suspended sediment concentrations due 
to vegetation removal and soil disturbance. TR Figure 2.1-1 depicts the location of all 
facilities proposed within the Proposed Project area. During construction, temporary 
sediment control features will be used until vegetation can be re-established to minimize 
the potential impacts to surface water due to vegetation removal and soil disturbance. 
Temporary sediment control features include sediment logs, silt fence, straw bale, or other 
BMPs (see ER Fig. 6-1). 
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Construction activities for the satellite plant, ancillary structures, wellfields, and access 
roads have the potential to temporarily increase the sediment yield of the disturbed areas. 
The site disturbing activities will include vegetation removal and topsoil stockpiling, 
limited periods of low impact stream channel disturbance and minor wetland 
encroachment. These activities have the potential to result in minor hydrocarbon spills, 
primarily related to fuel and lubricants from heavy equipment operation. 
 
There will be minimal impacts on any potential stream channel from construction activities. 
Roads will be constructed in a manner so as to avoid any stream channel where possible. 
BMPs will be implemented in the occurrence of stream channel crossings. Such BMPs will 
be consistent with those applied at other licensed ISR facilities. 
 
Construction activities at the satellite plant, wellfields, along pipeline alignments, and 
roads have the potential to temporarily increase the sediment yield of disturbed areas. 
However, the relative size of these disturbances is small when compared to the size of the 
overall project areas and to the size of the watersheds, and will have only a short-term 
impact. Since wellfield decommissioning and reclamation activities will be on-going 
throughout the life of the project, the area to be reclaimed at the conclusion of operations 
will be reduced, although a slight increase in sediment yields and total runoff can still 
occur. Since all natural flow within the Proposed Project area is either ephemeral or 
intermittent with no perennial streams, potential impacts to surface water from 
construction, operations, and decommissioning activities are also limited to uncommon 
precipitation or runoff events.  
 
During the construction of the wellfield infrastructure there is potential for drill cuttings 
and liquid wastes such as drilling fluids. Based on information gathered during installation 
of the regional baseline monitor wells for the Proposed Project, a typical injection, 
recovery, or monitor well is expected to use between 3,000 and 30,000 gallons of water 
during drilling and well development and average around 6,000 gallons. Drilling fluids will 
be stored and disposed of on-site in mud pits, which will be constructed adjacent to the 
drilling pads. The discharges are authorized under temporary WYPDES permits issued by 
the WDEQ/WQD. In accordance with the permits, the discharge will be monitored for 
flow, pH, 226Ra, uranium, TDS, and TSS and reported to the WDEQ/WQD. The quantity 
of drilling fluids will be minimized by using the minimum quantity of water that is 
technically practicable for well drilling and development. Drill cuttings volumes will vary 
based on hole depth and size but typically amount to approximately 15 yd3 per bore hole. 
 
A Large Construction General Permit (CGP) will be developed by Uranium One and will 
be issued from the WDEQ Stormwater Program. Also, a Storm Water Pollution Prevention 
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Plan Permit (SWPPP) will be developed and implemented with oversight by the WDEQ. 
This will address all storm water drainage impacts from erosion and sedimentation during 
Proposed Project construction activities. Wyoming Pollutant Discharge Elimination 
System (WYPDES) permits will be obtained in accordance with WDEQ/WQD regulations. 
BMPs will be implemented to reduce impacts in accordance with storm water management 
plans developed for those permits. 
 

7.1.6.2 Potential Construction Impacts to Groundwater  
 
As noted in NUREG-1910 (GEIS 4.2.4.2.1), the potential for groundwater impacts during 
construction at ISR facilities is primarily from consumptive groundwater use, the 
introduction of drilling fluids and muds from well drilling, and spills of fuels and lubricants 
from construction equipment. The GEIS goes on to state each of these impacts is 
considered small if best management practices are utilized such as the implementation of 
a spill prevention and cleanup plan. Uranium One will implement such a plan prior to any 
construction activity and commits to using best management practices in all phases of 
construction activity. Therefore, there will be no potential impacts on any overlying or 
underlying aquifers. 
 
Water quality of the overlying aquifers and Production Zone Aquifers (PZAs) at depth 
should not be impacted during the construction phase. Improperly abandoned boreholes 
could result in the mixing of groundwater from the PZA with the overlying aquifer. 
Uranium One development and delineation drilling programs within and adjacent to the 
Proposed Project area have and will continue to comply with WDEQ/LQD guidelines for 
borehole abandonment.  
 
Well installation programs also have the potential to impact groundwater quality in the 
overlying aquifers by mixing with PZAs groundwater through poor well completion 
techniques and lack of well integrity. Uranium One employs on-site geologic oversight 
during any drilling project for all phases of well drilling, installation and abandonment. 
On-site geological supervision would continue during the construction phase to ensure 
proper well installations. Production wells will pass MIT prior to utilization. Detailed well 
completion data including WSEO permits, MIT documentation and cement volume 
calculations will be provided with the wellfield data package in support of the Class III 
Injection Permit application required by WDEQ/LQD. Based on this evaluation, 
construction impacts to deeper aquifers are expected to be small. 
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7.1.7 Potential Ecological Effects of Construction 
 
The Proposed Action will consist of significant features associated with ISR recovery 
operations including a satellite plant and ancillary structures, wellfields, pipelines, and 
other supporting operations infrastructure. The Proposed Project will not control or disturb 
large expanses of habitat compared to that of conventional uranium recovery methods. All 
disturbed areas will be reclaimed either at the completion of construction or during 
decommissioning. Once construction is complete, the disturbance area will be reduced to 
only that needed to maintain operations. Limited habitat disturbance also results in fewer 
displaced animals from existing territories into other, potentially occupied, areas, which 
reduces competition and stress on animals in both locations. There is potential for impacts 
to terrestrial and avian wildlife from process water and sediment in the evaporation ponds. 
As noted in NUREG-1910 (SEIS Section 4.2.5.2), past experience at NRC-licensed ISR 
facilities has not identified impacts to wildlife from ponds. Therefore, the evaporation 
ponds will be fenced to exclude wildlife and if significant avian wildlife deaths are noted 
then an avian deterrent system will be installed for the pond. 
 
Given the factors outlined above, and the limited use of the Proposed Project area by most 
vertebrate species of concern, impacts to those species from ISR operations are expected 
to be small as described below. Mitigation measures designed to prevent or reduce impacts 
to wildlife are discussed in Section 6.5 of the ER. A detailed description of vegetation, 
terrestrial wildlife, fisheries, and threatened and endangered species associated with the 
Proposed Project area is contained in Section 3.5 of the ER. 
 
Much more detailed discussions of potential construction impacts regarding vegetation, 
wetlands, wildlife, fisheries, raptors, upland game birds, sensitive species, big game 
mammals, small and medium size mammals, waterfowl and shorebirds, reptiles and 
amphibians, fish and micro-invertebrates, and threatened and endangered species can be 
found in Section 4.5.2 of the ER. 
 

7.1.8 Potential Noise Effects of Construction 
 
As discussed in Section 4.3.7.1 of the GEIS, potential noise impacts will be greatest during 
construction of the satellite plant due to the heavy equipment involved and given the 
likelihood that these facilities will be built in rural, previously undeveloped areas where 
background noises levels are lower. The use of drill rigs, heavy trucks, bulldozers, and 
other equipment used to construct and operate the mine units, drill wells, construct access 
roads, and build the satellite plant will generate noise that will be audible above the 
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undisturbed background noises. Noise will likely be higher during daylight hours when 
construction is more likely to occur and more noticeable in proximity to operating 
equipment. Administrative and engineering controls will maintain noise levels in work 
areas below OSHA regulatory limits and, if necessary, additional mitigation will be 
provided by use of personnel hearing protection. For individuals living in the vicinity of 
the site, ambient noise levels will return to background levels at a distance greater than 
300m (1,000ft) from the construction activities. Wildlife will be expected to avoid areas 
where noise-generating activities were occurring. 
 
Additionally, as stated in the GEIS (NUREG-1910), the traffic noise during construction 
will be localized, limited to highways near the Proposed Project and access roads within 
the Proposed Project area. Relative short-term increases in noise levels associated with 
passing traffic will be small for the larger roads, but could be moderate for lightly traveled 
rural roads. Uranium One will enforce site speed limits to further mitigate traffic noise 
impacts. 
 
Although there are no site-specific noise data for the Proposed Project site, noise 
information is available from the Lost Creek ISR project in Wyoming, in a license 
application approved by the NRC. The Lost Creek ISR project is located in a fairly remote 
part of Wyoming, with areal topographic similarities to the Proposed Project making Lost 
Creek an appropriate analog. During construction, ISR projects create noise due to heavy 
equipment use and wellfield drilling. Drill rigs, heavy trucks, and equipment will generate 
noise that will be audible on-site above the 30 to 40 dBA of the background noise levels. 
At Lost Creek ISR the maximum measure of sound pressure (noise) during exploration 
activities was from a cement mixer and a generator running concurrently, which was 102 
dBA, four feet from the source. During construction, occasional instantaneous levels could 
be somewhat higher. Field observations for the Lost Creek ISR project indicated that 
drilling activities are inaudible to humans at distances greater that one mile due to 
topographic interference and other factors (Lost Creek ISR, LLC. 2009). 
 
Table 3.7-1 of the ER compares various noise levels experienced during our daily lives to 
equivalent sounds. Noise levels at the project site boundary could be as high as 80 dB at 
times during construction. However, this construction activity sound level is less than or 
similar to vehicle traffic noise along County Road 31 (Ross Road) or Highway 95, and will 
not be a significant potential impact in the area. 
 
Overall, the potential noise impacts of these types of activities will be small given the 
distance to the nearest residence is approximately 2.3 miles from the center of the Proposed 
Project area and the proposed construction activities. 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
7-17 

 

7.2 Potential Impacts During Operations for the Proposed Action 
 
This section describes the potential environmental impacts of operations of the Proposed 
Project. Operational activities will include the following: 

 Plant and wellfield operations; 
 Ongoing wellfield construction activities including well drilling, access road 

construction, installation of pipelines and utilities, and construction of header 
houses; and 

 Groundwater restoration activities as wellfields are removed from production. 
 
Potential environmental concerns from the operation of the Proposed Project are addressed 
in the following sections: land use impacts, air quality impacts, surface water and 
groundwater impacts, geologic and soil impacts, archeological resource impacts, noise 
impacts ecological impacts, and cumulative impacts from existing natural gas pipeline 
facilities within the Proposed Project area. A more detailed discussion of the potential 
environmental effects is included in Section 4 of the ER.  
 

7.2.1 Potential Operation Impacts to Land Use  
 
Potential impacts to land use specific to the Proposed Action are expected to be small, and 
less than those during construction since many of the short-term disturbance areas will be 
reclaimed. During the operation phase of the project, the primary impacts to land use will 
occur with wellfield development. These potential construction-related impacts are 
addressed in Section 7.1.1. Topsoil stockpiles, and as much as practicable of the disturbed 
wellfield areas, will be seeded as soon as reasonably possible to establish vegetative cover 
to minimize wind and water erosion. 
  

7.2.2 Potential Operation Impacts to Socioeconomics 
 
At the peak employment year, an estimated 41 people will be required for the operation of 
the Proposed Project. It is assumed that the majority of these personnel will be generated 
from the 50-mile (80 km) study area, including Douglas, Glenrock and Casper. At this 
time, it is not known how many of the permanent required operations workforce will be 
hired from outside of the 50-mile (80 km) study area.  
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Potential Impacts to Demographics 
 
ISR facility operations require several specialized workers, such as plant managers, 
technical professionals, and skilled tradespeople who may relocate from outside the area. 
Assuming the entire direct and indirect workforce comes from outside the region of 
influence, the combined effect new persons in the region would constitute less than one 
percent of the current civilian labor force in Converse and Natrona Counties. Demographic 
conditions in Converse and surrounding counties would not likely change. The impact on 
demographic conditions would be small. 
 
Potential Impacts to Housing 
 
The Proposed Project lies within commuting distance of Douglas and Glenrock, and 
Rolling Hills, all located in Converse County, and Casper, Evansville, Mills, Bar Nunn, 
located in Natrona County Each city is within the 50-mile study area. Workers from these 
locales will likely commute from their homes. There will be no impact to temporary 
housing located within commuting distance (an estimated one hour) of the Proposed 
Project. 
 
At the peak of direct employment numbers (Year 0), the Proposed Project would account 
for approximately 151 new jobs. Assuming each new job resulted in a separate demand for 
housing, 151 housing units would be needed. In 2012, homeowner vacancy rates were 1.9 
percent in Converse County and 1.1 percent in Natrona County. Rental vacancy rates were 
7.7 percent in Converse County and 6.7 percent in Natrona County. 
 
Based on these data, there would be adequate supply of houses available for sale or rent to 
support needs associated with direct employment from the Proposed Project. Some of the 
employees will likely be hired from the existing local labor pool and therefore 151 homes 
may overestimate housing demand from direct employment. It is anticipated that some 
workers may have a residence outside of Converse and Natrona Counties and will commute 
longer distances for shift work. While on site they would likely be staying in rentals or 
hotels/motels.  
 
It appears there is sufficient available housing stock in the 50-mile study area to 
accommodate new residents taking jobs directly or indirectly related to the Proposed 
Project. Thus, impact to housing should be small. 
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Potential Impacts on Schools and Public Services 
 
The estimated total of 229 direct, indirect, and induced jobs of the peak employment year 
for the Proposed Project would result in a total population increase of 554 persons, based 
on average household size in Wyoming of 2.42 in 2012 (U.S. Census estimate) and if all 
the jobs are filled with persons not already living in Wyoming.  
 
Although the IMPLAN analysis study area was for the entire state of Wyoming, for 
purposes of analyzing the impacts to schools and other public services, all 229 jobs were 
projected to result in population increases to Converse and Natrona Counties. This 
overestimates the likely potential for impacts to these two counties because some of the 
indirect and induced jobs will be located outside of these two counties and some of the jobs 
in Converse and Natrona Counties will be filled with local residents. The addition of 554 
persons would be an increase of half of one percent to the total combined 2012 estimated 
population of 92,629 for Converse and Natrona Counties.  
 
Children between the ages of five and 19 constituted approximately 20 percent of total 
estimated population in Converse and Natrona Counties in 2012. Using 20 percent as the 
ratio for school age children, there would be approximately 111 school age children 
anticipated from the projected increase in total direct, indirect, and induced employment.   
 
Converse School District No.1 in Douglas added new facilities in 2008 and 2009 providing 
capacity for 350 additional students in grades K-5 and 250 additional students in Middle 
and High School. Converse School District No. 2 in Glenrock was under capacity in 2012 
and would be able to increase enrollment without additional expansion (other than what 
has already been planned or recently completed). The Natrona County School District 
(primarily in the Casper area) has approximately 12,722 students.  
 
A total increase of half of one percent to the total population of Converse and Natrona 
County is not likely to create a significant impact on other public services such as fire, 
police, water, and utilities.   
 
Potential Economic Impact  
 
Converse County would receive some tax revenue during ISR facility operations. Personal 
property tax would be applied to the value of all equipment used by the Proposed Project. 
In addition, a state mineral severance tax would be applied to the extracted uranium; 
however, this tax would not be directly returned to Converse County. A county ad valorem 
tax for production would also contribute to local government revenue. Indirectly, the 
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counties would benefit from increased sales tax revenue from the increased number of 
workers relocating to the area and from increased demand for goods and services. The tax-
revenue related impact from ISR facility operations on local taxing jurisdictions in 
Converse County would be small. 
 

7.2.3 Potential Operation Impacts to Historic, Scenic and Cultural Resources 
 

7.2.3.1 Potential Historic and Cultural Impacts 
 
Potential direct and indirect adverse effects potentially NRHP-eligible historic properties, 
traditional cultural properties, and paleontological materials are possible during the 
operation phase of the Proposed Project. Potential impacts during operation will result 
primarily from maintenance and repair of existing facilities. 
 
Potential inadvertent impacts to historic and cultural resources located within the Proposed 
Project area and other cultural landscapes that are identified before construction are 
expected to continue during operation. Uranium One’s Unanticipated Discovery Plan 
(UDP) will prevent potential impacts to cultural resources. A stop-work provision will be 
implemented if any previously undiscovered cultural resources are encountered during 
construction and operations including site decommissioning. Overall, impacts to cultural 
and historical resources during operations will be expected to be less than those during 
construction, as operations are generally limited to previously disturbed areas (e.g., access 
roads, central plant area, and production unit). Implementing the mitigation measures 
mentioned above and discussed in detail in Section 6.8 of the ER will reduce potential 
impacts to cultural resources during the operations phase of the Proposed Project to small. 
 

7.2.3.2 Potential Scenic Resources Impacts 
 
Potential impacts to the visual resources during operations will result from the presence of 
infrastructure associated with the Proposed Project operations including the satellite plant 
and ancillary structures, header houses, and associated infrastructure such as wellhead 
covers, access roads, and overhead utilities. Some of the facilities and wellfield activities 
will be visible from the county roads within and near the Proposed Project area including 
Converse County Road 26 (Leuenberger Lane).  
 
Although the satellite plant and ancillary structures are located in one area, they will be 
more noticeable to the casual observer because of their size. The satellite plant will be the 
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largest structure, at approximately 80 feet wide by 190 feet long. The total plant site will 
occupy a security-fenced area of approximately 4.6 acres. These facilities will be 
prominent in the foreground and middle ground views and will be silhouetted in the 
background view from public access points. TR Figure 3-1 shows the proposed locations 
of the satellite plant, wellfields, and access roads. 
 
Pipelines and electrical lines between the injection and recovery wells and header houses 
will be buried and disturbed areas restored and reseeded. Each header house is a small  
single story metal building with a basement or sump. A disturbance area around each 
header house is necessary to provide an adequate area for operations and maintenance 
vehicles to turn around. Electrical distribution lines (typically overhead) will connect 
header houses to existing electric distribution lines. The distribution poles will be 
approximately 20 to 30 feet high and wooden so that the natural color harmonizes with the 
landscape. Injection and recovery wells will have a wellhead cover that typically consists 
of a weatherproof structure placed over the well. These covers are approximately three feet 
high and two feet in diameter. The covers would present only a slight contrast with the 
existing landscape.  
 
The satellite plant and other structures supporting operations will be noticeable from 
certain public vantages; however, they will not be the only prominent industrial features in 
the area. 
 
Despite existing visual impacts from existing development and the average scenic quality 
rating for the Proposed Project area, Uranium One intends to implement measures to lessen 
the visual impact from the project. Mitigation measures are meant to minimize adverse 
contrasts of project facilities with the existing landscape. The measures should be applied 
to all facilities, even those that meet VRM objectives. Mitigation will enable Proposed 
Project facilities to harmonize with the surrounding landscape to the extent practicable.  
Mitigative measures for visual and scenic resource impacts during operation are discussed 
in ER Section 6.9. All installed structures will be painted with low reflectivity paint in 
colors that harmonize with the surrounding landscape. In addition, several design 
techniques will be implemented to minimize the visual contrasts. Those methods include 
reducing unnecessary disturbance by using the same trench for multiple utilities, reducing 
the area of temporary disturbance by designating equipment parking areas during 
construction, and following areas of existing disturbance when considering utility 
placement. To the extent possible, topographic features will be used to screen plant 
facilities and roads from public view. Roads may be aligned with the contours of the 
topography, although this measure may result in a greater area of disturbance. Thus, the 
potential visual impacts during operations will be small. 
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7.2.4 Potential Operation Impacts to Air Quality  
 
ISR facilities are not major point source emitters and are not expected to be classified as 
major sources under the operation (Title V) permitting program. Other potential emissions 
during operations include fugitive road dust and diesel combustion engine emissions from 
equipment, transport trucks, and other vehicles. For National Ambient Air Quality 
Standards (NAAQS) attainment areas, it is expected that air quality impacts would be 
small. 
 
During operations of the Proposed Project, impacts to air quality will be less than impacts 
from construction because the use of diesel-powered construction equipment would be 
reduced and therefore pollutant levels will remain low. It is anticipated that the site-specific 
conditions at the Proposed Project are comparable to those described in the GEIS 
(NUREG-1910) for air quality and incorporates by reference the GEIS conclusions that the 
impacts to air quality during operations will be SMALL. 
 
Based on the projected activities, Uranium One has calculated the total PM10 emissions is 
15.5 tons per year. This level of emissions is small relative to surface mines and other 
industrial operations that generate dust from vehicles and disturbed areas. A more detailed 
discussion on air quality is found in TR Section 2.5.3.10.  
 
Site specific operational potential air quality impact values, culminated along with the 
potential construction impacts, are discussed further in Section 4.6. 
 

7.2.4.1 Potential Radiological Emissions 
 
As a result of employing pressurized, down-flow ion exchange columns, the primary 
source of radiological gaseous emissions will be 222Rn gas from occasional venting of 
injection wells, small unavoidable leaks in production units and ion exchange equipment, 
resin transfer operations, water discharge to the lined backup storage ponds, and 
maintenance of production unit and ion exchange equipment. Radon, a decay product of 
226Ra, is dissolved in the lixiviant as it travels through the ore to a recovery well where it 
is brought to the surface. Since the project will use fixed bed pressurized down flow ion 
exchange columns to recover uranium from the pregnant lixiviant and to treat restoration 
solutions and since production units will be closed and operated under pressure, the 
majority of 222Rn contained in the recovery solution will stay in solution and will not be 
released to the atmosphere. The concentration of 222Rn in the production solution and 
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estimated releases are calculated using the methods found in NRC NUREG 1569 Appendix 
D. The only expected routine emission at the facility will be 222Rn gas.  
 
It is not anticipated that there will be potentially significant impacts from radiological 
particulate emissions from the satellite plant and facility operations. All aspects of the 
operation are fluid based, with little chance of radiological particulate emissions. 
 

7.2.4.2 Potential Non-Radiological Emissions  
 
Uranium One estimates fugitive dust emissions from operations in the Proposed Project 
area based on projected activity levels and using emission factors supplied by the WDEQ. 
Projected activities impacting dust emissions included ongoing production unit 
construction activities, routine site traffic related to operations and maintenance, heavy 
truck traffic delivering chemicals and material and shipping product, and employee traffic 
to and from the site. Based on these activities, the projected total particulate matter (PM10) 
emissions will be less than 15.5 tons per year. This level of emissions is small relative to 
surface mines and other industrial operations that generate dust from vehicles and disturbed 
areas. The larger surface mines in the PRB show PM10 emissions inventories in the 
thousands of tons per year. Sections of unpaved county roads can also exceed 18.5 tons per 
year emission rate. Atmospheric dispersion modeling generally shows that fugitive PM10 
emissions on the order of less than 200 tons per year result are an insignificant impact to 
ambient air beyond a distance of a few hundred yards from the sources. 40 CFR 
51.165(b)(2) defines the Significant Impact Level (SIL) for PM10 as 1.0 μg/m3 or more. 
For reference purposes, 40 CFR 50.6(a) defines the national ambient standard for annual 
average PM10 as 150 μg /m3. 
 It is important to note that no control factors were assumed for the emission calculations. 
This is a conservative effect resulting in overestimation of dust generation as periodic 
watering or chemical treatment of the unpaved roads will reduce emission factors by half 
or more.  
 

7.2.5 Potential Operation Impacts to Geology and Soils 
 
Potential geological impacts could only occur during construction and decommissioning, 
when relatively minor, temporary disturbance will occur near the soil surface. NUREG-
1748 notes that geological resources are more likely to exert an impact than be impacted 
by the Proposed Action. The main probable geologic hazard present in Wyoming is 
earthquakes.  
 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
7-24 

 

Section 2.6.6 describes the seismic hazard of the Proposed Project area. This section 
describes how there are no active faults with surface expression in or near the Proposed 
Project area. Earthquake probabilities and consequences are also discussed in Section 2.6.6, 
including current earthquake probability maps that are used in the newest building codes 
(2,500 year maps), which suggest a scenario that will result in moderate damage to 
buildings and their contents. The probability-based worst-case scenario could result in an 
Intensity VII earthquake in the area of the Proposed Project. In intensity VII earthquakes, 
damage is negligible in buildings of good design and construction, slight-to-moderate in 
well-built ordinary structures, considerable in poorly built or badly designed structures 
such as unreinforced masonry buildings. The proposed Satellite Plant and associated 
structures will be built to withstand an intensity VII earthquake.  
 
The 2,500-year probabilistic map (Figure 2.6A-46) shows that the peak ground acceleration 
with a 2% probability of exceedance in 50-years is 10 to 12 percent/g, which equates to a 
Level IV earthquake. Level VI earthquakes are felt by almost everyone around but do not 
cause significant damage. Since structures at the Proposed Project will be designed 
according to the 2,500-year probabilistic map, the risk of significant earthquake damage to 
the proposed facilities is small, as the total anticipated project life is approximately 13 
years. 
 

7.2.5.1 Potential Geology Impacts 
 
Potential geological impacts from operations are highly unlikely and expected to be small. 
No significant matrix compression or ground subsidence is expected, as the net withdrawal 
of fluid from the target sandstone during operations and restoration will be on the order of 
one percent or less. Further, once ISR and restoration operations are completed, 
groundwater levels will return to near original conditions under a natural gradient. 
As previously mentioned the primary geologic hazard to the facility is that from 
earthquakes, which could potentially damage a pipeline, process vessel, chemical storage 
tank, or the lined backup and/or evaporation ponds, and cause a contaminant release. Since 
the low probability of an earthquake occurring in the relatively short project schedule and 
that the Satellite Plant building will be designed according to the 2,500-year probabilistic 
map, the risk of contaminant release from an earthquake is very small. 
 
Oil and gas in this area is produced from the Morrison, Niobrara and Frontier Formations, 
which lay more than 1½ miles deeper than the uranium mineralization in the Proposed 
Project area. There is also one active disposal well adjacent to the project boundary 
completed in the Frontier Formation. The formations are well below the Lance or 
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Tekla/Parkman Formations potentially targeted by the Class I Deep Disposal Wells 
(Alternative 1 and 2). No impacts to the Morrison, Niobrara or Frontier Formations will 
occur as result of ISR operations or deep disposal of 11e.(2) liquid byproduct. 
 

7.2.5.2 Potential Soils Impacts 
 
Potential impacts to soils from operations are more likely than geological impacts but are 
still expected to be small. The three most likely potential impacts are: 

 Soil compaction; 
 Leakage or spills of lixiviant; or 
 Erosion by wind and water. 

 
Soil Compaction  
 
During operation, potential soil impacts could occur from compaction, especially vehicles 
driving on wellfield access roads. Soil compaction could occur on all access roads, but 
potential impacts would be most noticeable on tertiary access roads, which will typically 
be unconstructed, 2-track roads without gravel surfacing. These roads will be used 
throughout operation for monitor well sampling and MITs. Compaction will be mitigated 
by ripping tertiary roads during reclamation and importing topsoil if needed during 
decommissioning. 
 
Leakage or Spills 
 
During operation, there will be additional soil contamination risks that require specific 
mitigation measures. These include potential spills from pipelines, header houses, and 
process vessels.  Process monitoring of wellfields and pipelines in the wellfields will detect 
leaks or spills of lixiviant. Process monitoring will include continuous measurement of 
flows and pressures for injection and recovery trunklines and feeder lines, inclusion of leak 
detection sensors in valve manholes, and inclusion of leak detection sensors in well head 
sumps. 
 
Engineering controls will ensure that there is minimal potential impact to soil from the 
inadvertent release of process fluids or chemicals within the satellite plant. Within the 
satellite plant area, potential releases of process fluids or chemicals to the environment 
include leaking pipelines, leaking chemical storage tanks or process vessels, transportation 
accidents, or leaking evaporation pond. The first level of protection is primary containment 
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within pipelines, vessels, ponds, etc., all of which will be leakage tested during 
construction. The second level of protection is secondary containment. Secondary 
containment will be provided in the form of curbs, berms, and sumps for chemical storage 
tanks, process vessels, and all piping and equipment inside the satellite plant building. A 
double liner and leak detection system will also be provided for the evaporation ponds. 
 
Water and Wind Erosion  
 
The satellite plant is underlain by soils with Small to Moderate risks for wind and water 
erosion. The soils underlying the wellfields are at a Small to Large short term risk of wind 
erosion and Small to Moderate risk of erosion from water. Though no topsoil will be 
stripped from the wellfields, construction may result in an increase in the erosion hazard 
from both wind and water due to the removal of vegetation and the physical disturbance 
by heavy equipment. Mitigation measures for potential soil impacts are described below 
and in more detail in ER Section 6.3.2. 
 
Soil erosion mitigation will be implemented in accordance with WDEQ/LQD Rules and 
Regulations, Chapter 3, Environmental Protection Performance Standards, consistent with 
other licensed ISR facilities in Wyoming. Erosion protection measures that may be 
implemented at the Proposed Project may include the following:  

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

 Retaining sediment within the disturbed areas through the use of BMPs such as silt 
fencing, retention ponds, or other effective means; and 

 Salvage and stockpiling of topsoil from the satellite plant areas and from secondary 
wellfield access roads in a manner to avoid wind and/or water erosion. 
 

7.2.6 Potential Operation Impacts to Water Resources 
 

7.2.6.1 Potential Surface Water Impacts 
 
During operation, there are few surface disturbing activities, and vegetation will have been 
re-established in previously disturbed construction areas. Therefore, the potential water 
quality impacts from sediment transport will be much lower during operation than during 
construction. Since new wellfields will continually be constructed during operation, 
sediment control BMPs will continue to be implemented to ensure that potential sediment 
transport and related surface water impacts remain small. 
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Prior to operation, Uranium One will apply for a WYPDES Storm Water Permit and as 
such prepare a SWPPP that describes erosion and sediment controls along with operational 
controls. Part of the WYPDES permit requirements will be written into the SWPPP, 
ensuring qualified Uranium One personnel will implement storm water BMPs and obtain 
discharge samples to ensure compliance with effluent limitations.  
 
Surface facilities including the satellite plant, wellfields, access roads, pipelines, will not 
significantly change peak surface water flows. This is due to the topography of the 
drainages at the site and the low regional precipitation and the absorptive capacity of the 
soils in the Proposed Project area. In areas where these structures may affect surface water 
drainage patterns, diversion ditches, and culverts will be used to prevent excessive erosion 
and control runoff. In areas where runoff is concentrated, energy dissipaters are used to 
slow the flow of runoff to minimize erosion and sediment loading in the runoff. 
 
Surface water quality could potentially be impacted by exceptional circumstances such as 
excessive rainwater or runoff in impacted soil areas, or an accidental release of process 
liquids due to a satellite plant or wellfield spill. Section 6.4 of the ER presents a discussion 
of the measures to be used to prevent, control, and remediate wellfield spills. Process 
buildings and chemical storage areas will be constructed with sumps and secondary 
containment berms/curbing. A regular program of inspections and preventive maintenance 
will be implemented.  
 

7.2.6.2 Potential Groundwater Impacts  
 
During uranium recovery operations, potential impacts to groundwater may result from 
spills and leaks, excursions, wellfield development drilling, and deep well injection. A 
number of factors limit the potential for these impacts, including natural conditions, 
regulatory oversight and final restoration of the exempted aquifer. Natural conditions that 
limit impacts include geologic isolation of the mineralized sandstones, which results in the 
hydraulic confinement within the mineralized intervals. A second factor limiting the 
potential for impacts lies in the amount of regulatory oversight required to recover uranium 
via these methods. Regulated techniques for ISR operations, including well construction, 
MIT, wellfield pump tests, UCLs for highly mobile constituents to provide “early warning” 
of potential excursions, extensive monitor well systems, and wellfield balance and bleed, 
have evolved to the point where these procedures complement and enhance the above-
noted naturally occurring conditions to provide ongoing, iterative mitigation measures with 
the flexibility to adjust to site-specific conditions in order to protect adjacent sources of 
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drinking water. Finally, restoration of the exempted aquifer following operations provides 
a third significant factor limiting the potential for impacts.  
 
Potential Operation Impacts to Groundwater Quality Adjacent Aquifers 
 
Excursions of lixiviant at ISR facilities have the potential to impact adjacent, non-exempt 
aquifers with constituents that have been mobilized by the ISR process. These excursions 
may be classified as horizontal or vertical. A horizontal excursion is a lateral movement of 
processing solutions outside the subsurface recovery zone of the ore-body aquifer to a 
monitor well. A vertical excursion is a movement of solutions into an overlying or 
underlying aquifer monitor well. 
 
Potential impacts to groundwater from the proposed lixiviant result from: 

 Addition of sodium bicarbonate and or carbon dioxide and oxidant to the 
groundwater;  

 Addition of chloride to the groundwater by the proposed satellite plant; and  
 Interaction of these chemicals with the mineral and chemical constituents of the 

Production Zone Aquifer (PZA). The result is that during the ISR operations, the 
concentration of some of the naturally occurring dissolved constituents in the PZA 
will be higher than prior to ISR operations. 

 
According to NUREG-1910 (GEIS, Supplement 3, Section 4.5.2.1.2.2), excursions have 
occurred at ISR operating facilities. Following analysis of 60 events by NRC staff, most 
excursions were controlled through pumping and extraction of nearby wells. In all cases, 
however, none of these excursions resulted in environmental impacts to adjacent aquifers. 
 
Potential groundwater quality impacts in adjacent non-exempt aquifers from ISR activities 
are related to the identification, control, and clean-up of excursions. During production, 
injection of the lixiviant into the wellfield results in a temporary degradation of water 
quality compared to pre-operational conditions. Movement of water out of the recovery 
area to a monitor well, as demonstrated by an exceedance of UCL constituents is an 
excursion. Past experience from other commercial scale ISR projects in the PRB has shown 
that with proper steps in monitoring and operating a wellfield area, excursions, if they do 
occur, can be controlled and recovered through adjustment of the water balance and bleed, 
such that impacts to groundwater quality are prevented. 
 
No stock or drinking water wells will be in the currently proposed ISR operation areas and 
will not be completed in the ore bearing aquifer where production will occur. If future 
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development includes an area(s) where a stock well is located in an ISR production aquifer, 
Uranium One commits to the following measures: 

 Replacing the wells with new wells completed in either shallower or deeper sands 
that are not impacted by ISR operations; or 

 Providing another source of stock water. 
 
With proper wellfield balance, ISR operational fluids can be controlled and confined to the 
Production Zone Aquifer until restoration efforts are employed to cease and reverse the 
oxidation process. As a result, no impacts are anticipated in the PZA or adjacent aquifers 
water quality. 
 
Potential Operational Impact on Groundwater Quantity 
 
Uranium One will process up to 9,000 gallons per minute in the satellite plant for uranium 
recovery operations. During the short period when only production is occurring prior to the 
commencement of restoration, the bleed will average up to 1 percent of the lixiviant flow 
from the wellfields. An average production bleed rate of 1 percent has been successfully 
used during ISR operations at other ISR facilities. During the concurrent production and 
restoration phase, the average total bleed will rise to as much as 1.2 percent of the lixiviant 
flow from the wellfields. Thus, water consumption during production and restoration will 
be slightly higher than during production alone.  
 
As demonstrated by the groundwater model, the potential impact from consumptive use of 
groundwater is expected to be small. Potential impacts on groundwater due to consumptive 
use outside of the Proposed Project area are expected to be negligible. 
 
To assess the impacts from ISR operations and restoration operations on local groundwater, 
background water levels will be measured in the private domestic or livestock water wells 
surrounding the project area before ISR operations and every three months during 
operations. 
 
If significant impacts to either the adjacent domestic wells or to stock wells in the vicinity 
of the Proposed Project are observed (e.g., water levels drop to a point that impairs the 
usefulness of the wells), the following mitigation measures will be considered: 

 Lowering the pump level in the wells, if possible; 
 Deepening the wells, if possible; or 
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 Replacing the wells with new wells completed in sands that are not impacted by 
ISR operations. 
 

Potential Operation Impacts to Groundwater from Deep Disposal Wells 
 
Uranium One proposes to utilize up to six Class I Deep Disposal Wells within the Proposed 
Project area (Alternative 1 and 2). The target zones will be the Lance Formation through 
the Parkman Formation (depths ranging from 4,500 to 10,000 feet).  
 
The Lance Formation has a total thickness in the area of approximately 2,500 feet. The 
Lance Formation includes approximately 900 feet of net sand with porosity greater than 8 
percent and an average permeability of about 12 millidarcies. Individual sandstone lenses 
within the Lance Formation commonly have porosities around 20 percent. The Teckla-
Parkman section in the area of the Proposed Project has a total thickness of about 2,000 
feet. The section has on the order of 340 feet of net sand above 8 percent porosity with a 
permeability of approximately 3 millidarcies. Individual sands within the Teckla-Parkman 
seldom exceed porosity of 12 percent. Based on superior porosity-thickness, the primary 
target of Class I wells at the Proposed Project will be the Lance Formation.  
 
The Proposed Project wastewater disposal requirements are expected to vary from 90 to 
118 gpm, the total number of deep injection wells required may also vary from the proposed 
six wells, depending on whether injection to the Lance formation is approved. If the Lance 
formation is not approved for liquid waste disposal additional deep wells may be necessary 
in the Teckla-Parkman formation. 
 
Although water quality in the Lance Formation is not anticipated to exceed TDS levels of 
10,000 mg/l, it is likely that this unit will contain elevated concentrations of various 
constituents that exceed Wyoming Class I, II or III groundwater standards, such as TDS, 
chloride, ammonia, trace metals, organic compounds, or oil and grease. The Lance 
Formation is an established oil and gas producing section in the Powder River Basin. 
Additionally, the depth of this unit makes it unlikely to ever be a source of drinking water 
supply.  
 
Data from wells in the area indicate that the Teckla Parkman water quality either exceeds 
the TDS level of 10,000 mg/l or contains levels of BTEX compounds that exceed drinking 
water standards. Oil and gas production occurs throughout the region in the Teckla-
Parkman section and in deeper geologic units.  
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7.2.7 Potential Operation Impacts to Ecological Resources 
 
Operation activities may directly and indirectly impact ecological resources within the 
Proposed Project area. Activities related to the operation of the Proposed Project may 
impact ecological resources by altering the habitat, displacing wildlife through human 
activity, and through direct and indirect mortality.  
 
Access to the satellite plant area and portions of wellfields will be controlled and limited 
by fencing. Collisions with wildlife may occur by employees on-site or off-site and by 
trucks making shipments to and from the facility. Since most potential ecological impacts 
are caused by surface disturbance, potential impacts from operation would be much less 
than potential construction impacts. During operation the soils within the Proposed Project 
area may become temporarily contaminated or altered due to unexpected operational leaks 
and spills. This could potentially impact vegetation in affected areas.  
 
During the operation phase noise and vehicular activity will be reduced within the Proposed 
Project area. The majority of vehicular activity will be limited the primary access roads, 
State Highways 95 and 93, and County Roads 31 (Ross Road) and 34 (Jenne Trail Road). 
The decreased vehicular traffic should decrease the risk of vehicular collisions and reduce 
noise, which will reduce disruptions to wildlife populations. In general these impacts will 
be small in nature beyond those from construction. 
 

7.2.8 Potential Operation Impacts to Noise  
 
The proposed satellite plant site will be located approximately 0.58 miles from the closest 
residence located near the Proposed Project area. The rest of the Proposed Project area is 
primarily open rangeland. Predominant current land use within the two-mile buffer area is 
rangeland. A more detailed discussion on land use can be found in TR Section 2.2 
 
Assuming that the noise level produced by unshielded machinery at the plant site is 85 dB 
at 50 feet, the sound pressure level attained at the project boundary will be below the level 
identified by the EPA as suitable for outdoor areas where human activity takes place 
(approximately 55 dB). A level of 85 dB is the OSHA threshold at which a hearing 
conservation program at the plant will be required. Experience at operating ISR facilities 
verifies that this assumption is conservative and that the average sound pressure levels 
during construction will be less than 85 dB. After appropriate engineered controls (i.e. the 
protective enclosure for the equipment) are installed, noise levels will not impact the 
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residences, and are unlikely to approach the levels attained by State Highways 95, 93 or 
County Road 31 (Ross Road) 
 
The potential noise impacts during operation are expected to be less than those during 
construction due to the smaller work force, reduction of earthmoving and construction 
activities on site, and the reduced number of shipments of materials and equipment. 
 
As a result of the remote location of the Proposed Project and the low population density 
of the surrounding area, potential impacts from noise or congestion within the Proposed 
Project area or in the surrounding two mile area are not anticipated. Additionally, given the 
maximum increase in population due to migrant workers is insignificant, noise and 
congestion impacts are not anticipated in Converse County or other neighboring counties. 
 

7.3 Radiological Effects 
 
An assessment of the potential radiological effects associated with the proposed ISR 
facility operations must consider the types of emissions, the potential radiation pathways 
present to humans, and an evaluation of the consequences of emissions of radioactive 
materials. 
 
The facility will use fixed bed pressurized down-flow ion exchange columns to separate 
uranium from the pregnant production fluid, and to treat restoration solutions. In addition 
to ion exchange, the groundwater restoration process will use reverse osmosis to remove 
dissolved solids. Liquid effluent disposal will be via evaporation ponds, or deep disposal 
wells (Alternative 1 and 2).  
 
The only expected routine emission at the facility will be 222Rn gas. Radon, a decay product 
of 226Ra, is dissolved in the lixiviant as it travels underground through the ore to a 
production well where it is brought to the surface. Radon may be released during several 
steps in the project. Concentrations of 222Rn in the production solution and estimated 
releases are calculated using the methods found in USNRC Regulatory Guide 3.59.  
 

7.3.1 Exposure Pathways  
 
Airborne 222Rn represents the dominant radionuclide and pathway for impacts on humans 
and the environment from operation of this proposed facility. As a noble gas, 222Rn has 
very little radiological impact on human health or the environment; its decay products are 
the risk elements. Radon has a relatively short half-life (3.8 days); its decay products are 
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short lived, alpha emitting particulate radionuclides. The impact of the decay products 
depends upon air concentration and exposure duration. Typical radiological exposure 
pathways are shown in Figure 7-1. 
 
Exposures from Water Pathways 
 
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. However, 
according to NUREG-1910 (GEIS, Supplement 3, Section 4.5.2.1.2.2), following analysis 
of 60 events by NRC staff, most excursions were controlled through pumping and 
extraction of nearby wells. In all cases, however, none of these excursions resulted in 
environmental impacts. 
 
The primary method of waste disposal at the facility will be by evaporation pond or by 
deep well injection. If by deep well(s), the well(s) will be completed at depths significantly 
deeper than zones planned for mining and current operations and will be isolated 
geologically from underground sources of drinking water. The well(s) will be constructed 
under a permit from the Wyoming Department of Environment Quality (WDEQ) and all 
requirements of the Underground Injection Control (UIC) program will be met. 
 
The uranium IX facility will be located on curbed concrete pads to prevent any liquids from 
entering the environment. Solutions used to wash down equipment will drain to a sump 
and will either be pumped back into the processing circuit or to the disposal well. The 
curbed concrete pads will be of sufficient size to contain the contents of the largest tank in 
the event of a rupture. 
 
Exposures from Air Pathways  
 
Gaseous and airborne effluent will consist of air ventilated from the plant building, and 
vented from process vessels and tanks. Gaseous emissions and airborne particulates from 
the Proposed Project are summarized in Section 5.7.1.1 of the TR. 
 
The gaseous and airborne effluents will not contain any non-radiological hazardous 
effluents. Nonradioactive airborne effluents at the site will be limited to fugitive dust from 
access roads and wellfield activities. Fugitive dust emissions will be minimal, as estimated 
by air quality modeling discussed in Section 4.6 of the ER. Dust suppressants will be used 
if conditions warrant their use, however, dust suppressants were not considered for the air 
emissions calculations. Air quality impacts of operation of the Proposed Project are 
discussed in detail in ER Section 4.6. 
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The only source of planned radionuclide emissions from the facility is 222Rn released into 
the atmosphere through a vent system in the satellite plant, releases from the wellfields, 
and aeration while discharging into the evaporation pond. Atmospheric releases of 222Rn 
can result in radiation exposure via three pathways; inhalation, ingestion, and external 
exposure. These pathways potentially could result in a radiation dose to receptors (i.e. 
individual members of the public) in and around the permit area.  
 
Nonradioactive airborne effluents at the site will be limited to fugitive dust from access 
roads and wellfield activities. Fugitive dust emissions will be minimal, as estimated by air 
quality modeling. Dust suppressants will be used if conditions warrant their use, however, 
dust suppressants were not considered for the air emissions calculations. Air quality 
impacts of operation of the Proposed Project are discussed in detail in ER Section 4.6. 
 

7.3.2 MILDOS -Area 
 
MILDOS-AREA is used to model radiological impacts on human and environmental 
receptors using facility-specific 222Rn release estimates, meteorological and population 
data, and other parameters. The estimated radiological impacts resulting from routine site 
activities may be compared to applicable public dose limits and naturally occurring 
background levels. MILDOS (ANL, 1989) was originally developed to estimate doses from 
conventional uranium milling operations, including large area releases such as ore storage 
pads and tailings beaches. Inputs to the dose are limited to uranium decay chain 
radionuclides. MILDOS subsequently was updated in 1998 to address potential impacts of 
uranium at situ recovery (ISR) operations. ISR-specific types of source terms, such as 
production wells and restoration wells are included in the updated version. Modeling 
assumptions and parameters are addressed below. 
 
Nature of Problems Solved by MILDOS-AREA 
 
The MILDOS-AREA computer code calculates the radiological dose commitments 
received by individuals and the general population within a 50 mile (80 km) radius of a 
uranium recovery facility. In addition, air and ground concentrations of radionuclides are 
estimated for individual locations, as well as for a generalized population grid. Extra-
regional population doses resulting from transport of 222Rn, and export of agricultural 
produce, are also estimated. 
 
The transport of emissions from point and area sources is predicted with a Gaussian plume 
dispersion model. Mechanisms such as radioactive decay, plume depletion by deposition, 
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ingrowth of decay products, and re-suspension of deposited radionuclides are included in 
the transport model. Alterations in operation throughout the facility's lifetime can be 
accounted for using the input variable stream. 
 
Exposure Pathways and Dose Conversion Factors Considered by MILDOS 
 
The pathways considered for individual and population impacts are: 

 Inhalation; 
 External exposure from ground concentrations; 
 External exposure from cloud immersion; 
 Ingestion of vegetables; 
 Ingestion of meat; and 
 Ingestion of milk. 

 
Doses are calculated via dose conversion factors. Those in MILDOS-AREA are ultimately 
based on the recommendations of the ICRP. These factors are fixed internally in the code. 
 
Source Description 
 
Radionuclide releases are defined for each source for particulates and 222Rn. The uranium 
decay chain is assumed to be the only significant source of radiation for uranium milling 
operations. The contribution from the 235U chain is less than 5 percent of that from the 238U 
chain. Particulate releases are defined to include the radionuclides 238U, 230Th, 226Ra and 
210Pb.  
 
Gaseous releases are defined for 222Rn, with ingrowth of short-lived decay products also 
considered. For 222Rn, these decay products include 218Po, 214Pb, 214Bi, 210Pb and 210Po. The 
dosimetry model accounts for releases and ingrowth of other radionuclides by assuming 
secular equilibrium. 
 
The time history of release for each source is defined for the life of the Proposed Project 
and the post-operational period. Typically, a uranium production facility will operate for a 
period of years, during which there will be 222Rn and, for some facility types, particulate 
releases. 
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7.3.2.1 Source Term Estimates 
 
The source terms used to estimate 222Rn releases from the facility include six wellfields 
and one satellite facility. The parameters used to characterize and estimate releases are 
provided in Table 2 of the MILDOS report in Addendum 7-A. 
 

7.3.2.2 Total Effective Dose Equivalent to Individual Receptors 
 
To show compliance with the annual dose limit found in 10 CFR 20.1301, Total Effective 
Dose Equivalent (TEDE) has been calculated to demonstrate the individual(s) most likely 
to receive the highest dose from the Proposed Project operation is less than 100 mrem per 
year.  
 
An evaluation of the TEDE concludes:  

 The maximum TEDE of 1.59 mrem/yr, is located at the residence east of the 
Leuenberger plant site (resident 1) and occurs in the third year of operation. This 
dose represents 1.59 percent of the annual public dose limit of 100 mrem. This 
receptor also represents the highest potentially exposed member of the public since 
the time spent in the project area by members of the public using the area for 
recreational purposes is expected to be much lower than a resident.  

 Since 222Rn is the only radionuclide emitted, public dose requirements in 40 CFR 
190 and the 10 mrem/yr constraint rule in 10 CFR 20.1101 do not apply.  

 All annual dose rates outside of the permit boundary are less than 10 mrem per year 
and in most cases, annual dose rates outside of the permit boundary are less than 1 
mrem per year. 
 

All calculated doses fall within the 10 CFR 20.1301 applicable limit of 100 mrem/yr.   
 

7.3.2.3 Population Dose 
 
The annual population dose commitment to the population in the region within 50 miles 
(80 km) of the facility is also estimated via the MILDOS-AREA computer code. The results 
are presented in the MILDOS report. The collective effective dose is calculated to be 0.1 
person-rem, totaled over this entire population. The release of 222Rn from facility 
operations also results in a dose to the population on the North American continent. This 
dose will be vanishingly small compared to the dose associated with naturally-occurring 
222Rn decay products throughout the entire country. 
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7.3.2.4 Exposure to Flora and Fauna 
 
Since the only planned emission from the facility is 222Rn to the atmosphere, the most 
important pathway for exposure to flora and fauna is inhalation, and deposition of 222Rn 
decay products in surface water, and on surface soils, and vegetation. MILDOS-AREA 
estimates a 222Rn decay product surface deposition rate as a function of distance from the 
source for the 222Rn decay products, and calculates surface concentrations. The MILDOS 
report presents the surface concentrations of 222Rn decay products predicted by MILDOS-
AREA. The calculated values represent very small increases when compared to naturally-
occurring concentrations. 
 
There are no current dose standards for protection of biota, including native animals that 
graze on or travel across the site. It is unlikely that any individual animal will be exposed 
to facility-related 222Rn emissions of any significance for a significant portion of the year.  
 
U.S. Department of Energy Order 5400.5 proposed a limit of one rad per day (rad/d) for 
aquatic organisms (U.S. Department of Energy 2010). According to 10 CFR 834 
(proposed), Subpart F, the proposed limits for terrestrial plants are one rad/d and 0.1 rad/d 
(100 mrad/d) for terrestrial animals. Those proposed values are far higher than the doses 
calculated to any human receptor (2.5 mrem/y). Accordingly, there will be no significant 
impact to biota associated with the Proposed Project. 
 

7.4 Non-Radiological Effects 
 
During the life of the project, the greatest potential for non-radiological impacts can 
primarily be attributed to fugitive dust, combustion emissions, and gaseous emissions. 
 

7.4.1 Potential Exposure from Air Pathways 
 
Potential air quality impacts will occur during all phases of the Proposed Project. The 
parameters of concern are fugitive dust and engine exhaust emissions. 
 

7.4.1.1 Fugitive Dust 
 
Fugitive dust will increase over baseline levels during the life of the project due to 
increased traffic over the local road system. Some sources of fugitive dust generated will 
include the construction of Proposed Project facilities such as the satellite plant, wellfields 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
7-38 

 

and associated infrastructure. Trucks transporting supplies, chemicals and waste materials 
to and from the site; work over, and operation activities; and employee and contract worker 
vehicles traveling to and from the Proposed Project area. All access roads used by vehicles 
traveling to and from the project area will be maintained to ensure that fugitive emissions 
are minimal. Mitigation measures are discussed in Section 6.6 of the ER and include dust 
control measures such as use of dust suppression water or chemicals, speed limit control, 
and proper selection of road surface materials. 
 

7.4.1.2 Combustion Engine Emissions 
 
During construction, diesel emissions will be emitted from drill rigs, scrapers, water trucks 
and other heavy equipment. During operation and restoration, diesel emissions from onsite 
operations and maintenance traffic will be less than emissions during construction. Vehicle 
combustion emissions will increase again during the restoration and decommissioning 
phases due primarily to surface reclamation activities. The predominant source of 
combustion emissions will be industrial equipment tailpipes. Passenger vehicles and 
delivery trucks will travel less than 0.5 miles from the public highway to the proposed 
satellite plant facility.  
 

7.4.2 Potential Exposures for Water Pathways 
 
During operation Uranium One may utilize surface discharge as a disposal method for 
permeate, as discussed in Section 4.2.1 of this TR. Surface discharge of permeate would 
be performed under a WYPDES permit, which would be issued by WDEQ/WQD and 
would contain effluent limits based on 40 CFR 440 and Wyoming Water Quality Rules 
and Regulations that are designed to protect public health and the environment. There 
would be no potential public health impacts resulting from permeate discharge due to the 
high effluent quality and small discharge rate. 
 

7.5 Effects of Accidents  
 
Accidents involving human safety associated with the ISR technology typically have less 
severe consequences than accidents associated with underground and open pit recovery 
methods. ISR provides a higher level of safety for employees and neighboring communities 
when compared to conventional mineral recovery methods or other energy related 
industries. Accidents that may occur generally will be considered minor when compared 
to other industries. Radiological accidents that might occur typically will manifest 
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themselves slowly and therefore are easily detected and mitigated. The remote location of 
the Proposed Project facility and the low level of radioactivity associated with the ISR 
process combine to decrease the potential hazard of an accident to the general public.  
 
The 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 credible potential accidents, consequences are 
minor so long as effective emergency procedures and properly trained personnel are used. 
The Ross ISR Project facilities are consistent with the operating assumptions, site features, 
and designs examined in the NRC analyses in NUREG/CR-6733.  
 

7.5.1 Liquid Waste and Process Fluid Accidents 
 

7.5.1.1 Vessel or Tank Failure 
 
A spill of the materials contained in the process tanks at the Proposed Project area will 
present a minimal radiological risk. Process fluids will be contained in vessels and piping 
circuits within the satellite plant. The tanks at the Proposed Project site will contain 
injection and production solutions, ion exchange resin and liquid 11e.(2) byproducts. 
 
NUREG/CR-6733 assesses the potential dose from a catastrophic spill from an ion 
exchange column resulting in the release of the entire contents of the vessel and the 
resultant release of 222Rn. Based on a number of assumptions, the predicted dose is 1.3 rem 
in a 30 minute period to a worker in the area. Any change to the 222Rn concentration or 
exposure time has a linear effect on dose. For example, if the room size is doubled or the 
exposure time is halved, then the dose will be halved. NUREG/CR-6733 recommends that 
the use of ventilation or atmosphere-supplying respirators designed to protect against gases 
will be sufficient to mitigate doses that unprotected personnel should evacuate spill areas 
near ion-exchange columns, and that ISR facilities maintain proper equipment, training, 
and procedures to respond to large lixiviant spills or ion exchange column failure. 
 
Construction of tanks and vessels will be in accordance with ASME and ASTM codes 
which are approved by NRC. This construction will provide sufficient liquid containment 
for potential releases. In addition, standard operating procedures for satellite plant 
operations will be used by Uranium One to minimize the potential of releases escaping the 
satellite plant primary containment systems. All tanks will be constructed of fiberglass or 
steel with the exception of the hydrogen peroxide storage tank, which will typically be 
constructed of aluminum. 
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Instantaneous failure of a tank is unlikely. Tank failure more likely will occur as a small 
leak in the tank. In this case, the tank will be emptied to at least a level below the leaking 
area and repairs or replacement made as necessary. Other prevention methods include shift 
inspections of plant areas including tanks. If a tank or process vessel has a major failure, 
such as a rupture, fluids will be captured in secondary containment structures (concrete 
berms) in the process building. The containment areas will have a sump to pump the 
collected fluids to other process tanks, evaporation pond, or a deep disposal well. 
Following fluid removal the area will be washed down and the water will be collected and 
disposed using a similar method. 
 
The plant will be designed to control and confine liquid spills from tanks should they occur. 
The satellite plant building structure and concrete curb will contain the liquid spills from 
the leakage or rupture of a process vessel and will direct any spilled solution to a floor 
sump. The floor sump system will direct any spilled solutions back into the plant process 
circuit or to the liquid byproduct material disposal system. Bermed areas, tank 
containments, and/or double-walled tanks will perform a similar function for any process 
chemical vessels located outside the satellite plant building. 
 

7.5.1.2 Chemical Spills and Accidents 
 
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. Industrial safety aspects associated with the use of hazardous chemicals at the 
Proposed Project site are regulated by the Wyoming Safety-OSHA. ISR facilities utilize 
chemicals during the extraction process and during restoration of groundwater quality. 
Uranium One will implement standard industrial safety, accident prevention, personnel 
training, and detailed oversight, including the development of SOPs for each area of 
operation, which will be available to NRC for inspection, following the receipt of license 
and prior to the commencement of operation of the Proposed Project.  
 
Most of the bulk hazardous chemicals and materials will be stored in specially designed 
tanks or containers located within secondary containment structures as appropriate outside 
of the satellite plant building. The exception is sodium hydroxide which will be stored in 
the Satellite Plant. The conceptual satellite plant layout which includes chemical storage 
areas can be found in TR Section 3-9. Included are berms surrounding outside chemical 
tanks built to contain 110 percent of the tank contents plus a 25-year flood event occurring 
within 24 hours as required by 40 CFR 112. Industrial safety aspects associated with the 
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use of chemicals will be regulated by Wyoming Safety-OSHA and the WDEQ will regulate 
environmental aspects.  
 
Process-related chemicals stored on site will include some or all of the following: hydrogen 
peroxide, oxygen, carbon dioxide, sodium carbonate/bicarbonate, and sodium sulfide. 
Uranium One will have strict standards and operating procedures regarding receiving, 
storing, handling, inspecting and disposal of chemicals to ensure safety of employees and 
the public. 
 
The storage, use, and handling of all chemicals will also be consistent with the terms 
described in NUREG-1910. 
 
Facility Areas Where Fumes or Gases May Be Generated 
 
Potential sources of non-radiological fumes or gases can result from use of process related 
chemicals. The potential sources of non-radiological fumes or gases are minimal in the ion 
exchange process area since the production solutions contained in the process equipment 
are maintained under a positive pressure.  
 
Non-Process Related Chemicals 
 
Non-process related chemicals that will be stored and used on-site will include diesel and 
propane. Due to the combustible and flammable nature of these chemicals, they will be 
stored outside of the plant building and away from hazardous material storage areas. 
Storage containers will be located above ground and with safety and environmental 
provisions according to federal, state and local regulations. 
 
Domestic Sewage  
 
Relatively small amounts of domestic effluent from an on-site septic system will be 
discharged to the environment. The septic system will discharge up to a maximum of 2,000 
gpd of septic tank effluent to the subsurface in a drainfield based on the peak design flow 
rate during construction. Alternately, Uranium One may decide to design and permit a 
septic treatment system with surface discharge of treated effluent. The septic water disposal 
facility will be designed and constructed in accordance with WDEQ/WQD standards 
designed to protect public health and the environment. The drainfield, if used, will include 
monitor wells to ensure that the septic tank and drainfield adequately treat the domestic 
septic water if the peak flow to the septic tank warrants a monitor well system. 
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7.5.1.3 Wellfield Spill/Pipeline Failure 
 
The rupture of an injection or recovery feeder line or individual flow line in a wellfield 
module, or a trunkline between a wellfield header house and the proposed satellite plant, 
will result in a release of injection or recovery solution which will contaminate the ground 
in the area of the break. Though unlikely, if such a rupture occurs, Uranium One will 
comply with all notification requirements put forth in 10 CFR Part 20.2202 and Part 
20.2203. 
 
Occasionally, small leaks at pipe joints and fittings may occur. Small leaks in wellfield 
piping typically occur in the injection system due to the higher system pressures. Until 
remedied, these leaks may drip injection or recovery solutions onto the underlying soil. 
Uranium One will monitor trunklines, feeder lines, and individual flow lines for changes 
in pressure or flow. Significant variation in these parameters will signal alarms at the 
Satellite Plant control room, which will prompt an investigation of the potential leak. These 
leaks seldom result in significant soil contamination. Following repair of a leak, Uranium 
One will require that the 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. All soils and clean-up materials will be disposed off-site at an 
appropriately licensed 11e.(2) byproduct material disposal facility.  
 

7.5.1.4 Lixiviant Excursion 
 
Excursions of lixiviant at ISR facilities have the potential to impact adjacent, non-exempt 
aquifers with constituents that have been mobilized by the ISR process. These excursions 
may be classified as horizontal or vertical. A horizontal excursion is a lateral movement of 
processing solutions outside the subsurface recovery zone of the ore-body aquifer to a 
monitor well. A vertical excursion is a movement of solutions into an overlying or 
underlying aquifer. 
 
Potential impacts to groundwater from the proposed lixiviant result from: 

 Addition of sodium bicarbonate and or carbon dioxide and oxidant to the 
groundwater;  

 Addition of chloride to the groundwater; and  
 Interaction of these chemicals with the mineral and chemical constituents of the 

Production Zone Aquifer. The result is that during the ISR operations, the 
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concentration of some of the naturally occurring dissolved constituents in the 
Production Zone Aquifer will be higher than prior to ISR operations. 

 
Per NUREG-1910 (GEIS, Supplement 3, Section 4.5.2.1.2.2), excursions have occurred at 
ISR operating facilities. Following analysis of 60 events by NRC staff, most excursions 
were controlled through pumping and extraction of nearby wells. In all cases, however, 
none of these excursions resulted in environmental impacts to adjacent aquifers.  
 
Potential groundwater quality impacts in adjacent non-exempt aquifers from ISR activities 
are related to the identification, control, and clean-up of excursions. During production, 
injection of the lixiviant into the wellfield results in a temporary degradation of water 
quality compared to pre-operational conditions. Movement of water out of the recovery 
area to a monitor well, as demonstrated by an exceedance of UCL constituents is an 
excursion. Past experience from other commercial scale ISR projects in the PRB has shown 
that with proper steps in monitoring and operating a wellfield, excursions, if they do occur, 
can be controlled and recovered through adjustment of the water balance and bleed, such 
that impacts to groundwater quality are prevented. 
 
No stock or drinking water wells will be located in the currently proposed ISR operation 
areas and will not be completed in the ore bearing aquifer where production will occur. If 
future development includes an area(s) where a stock well is located in an ISR production 
aquifer, Uranium One commits to the following measures: 

 Replacing the wells with new wells completed in either shallower or deeper sands 
that are not impacted by ISR operations; or 

 Providing another source of stock water. 
 
With proper wellfield balance, ISR operational fluids can be controlled and confined to the 
Production Zone Aquifer (PZA) until restoration efforts are employed to cease and reverse 
the oxidation process. As a result, no impacts are anticipated in PZA, overlying or 
underlying aquifer water quality. 
 

7.5.1.5 Evaporation Pond Accidents 
 
Liquid waste spills or leaks could occur if the evaporation ponds were to overtop or if the 
liner failed. The potential for pollution from the lined ponds will be minimized through 
careful construction and inspection of the pond liners during construction, routine 
inspection and testing of the leak detection equipment, and control of pond water levels. 
The evaporation pond design will utilize a double liner system with an intervening leak 
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detection system. Backup pond liners and the leak detection system will meet the 
requirements of NRC Regulatory Guide 3.11.  
 
The leak detection system will consist of a permeable drainage layer and a collection piping 
system, sandwiched between the upper and lower layers. The permeable drainage layer 
will be located directly under the primary liner. This layer will provide support for the 
overlying liner, and will also transmit any leakage to collection pipes. Beneath the backup 
pond leak detection system will be a secondary geosynthetic liner. The secondary liner will 
function to contain potential leaks in the primary liner, and will be installed on top of the 
underlying foundation material. Standpipes will be installed to allow water level 
measurements to be taken of the permeable leak detection drainage layer.  
If there is a water level increase in a pond leak detection well, which suggests that a leak 
might have occurred, Uranium One will attempt to collect a water sample from the affected 
leak detection well. Uranium One will determine through statistical analysis of the water 
quality whether the groundwater collected from the leak detection well is from a leak from 
the evaporation pond or from surface waters. 
 

7.5.2 Fires and Explosions 
 
The fire and explosion hazard of the satellite plant will be minimal because the plant does 
not use flammable liquids in the recovery process and building and equipment materials 
are largely made up of non-flammable materials such as steel or concrete. Propane used 
for building heat will be the primary source for a potential fire or explosion. In the satellite 
plant the uranium will be adsorbed on ion exchange resins. An explosion, therefore, will 
not appreciably disperse the uranium to the environment. 
 
In the wellfields, injection and recovery well piping systems will be regulated utilizing 
manifolds for ease of operational control. Piping manifolds, submersible pump motor 
starters/controllers, and gaseous oxygen delivery systems are situated within electrically 
heated header houses. An accumulation of gaseous oxygen will be the primary source for 
a potential fire or explosion. Such an event could result in the rupture of a leaching solution 
pipeline within the building and a spill of leaching solution. 
 
Prevention methods utilized to minimize potential impacts to human health and the 
environment from fire or explosion scenarios discussed above include the following: 

 Spilled liquids or slurries will be confined to the building sump or to the runoff 
control system;  
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 Oxygen storage will be located a safe distance from the satellite plant or header 
house; 

 Both the gaseous oxygen and primary leaching solution lines entering each header 
house are equipped with automatic low pressure shut off valves to minimize the 
delivery of oxygen to a fire or of liquids to a spill; 

 Additionally, each header house is equipped with a continuously operating exhaust 
fan that will assist in preventing the build-up of oxygen in the building; and 

 Procedures will be in place for confined space work or hot work for monitoring of 
oxygen build-up prior to start of work. 

 
Automatic detection and alarm systems along with sprinkler systems will be installed in 
the facilities at the Proposed Project. Fire extinguishers will be placed at accessible 
locations in all buildings and vehicles for quick response and training will be provided for 
appropriate personnel in use of fire extinguishers. Uranium One personnel will receive 
training for responding to emergency fire or explosion scenarios. The emergency response 
plan will include descriptions of the following provisions: 

 Notification and evacuation procedures; 
 Personal protective equipment; 
 General firefighting safety rules; 
 Reporting procedures; and 
 Electrical and gas emergencies. 

 

7.5.3 Transportation Accident Risk  
 
All shipments will be transported by appropriately licensed transporters and subject to both 
federal (NRC 10 CFR Part 71; DOT 49 CFR Part 173) and state transportation regulations. 
The following sections identify the materials that will be shipped during operations. 

 Transportation of regulated materials to and from the Proposed Project can be 
classified as follows: Shipments of process chemicals or fuel from suppliers to the 
site; 

 Shipments of non-11e.(2) byproduct material; 
 Shipment of 11e.(2) byproduct material from the site to a licensed disposal facility.  
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7.5.3.1 Process Chemicals and Fuel Shipment 
 
Bulk chemical, fuel, and supply deliveries will be throughout the operational life of the 
project. Transportation of process chemicals and fuel will follow all applicable DOT 
hazardous material shipping regulations and requirements. Truck shipments of process 
chemicals to the Proposed Project site could result in potential local environmental impacts 
if trucks are involved in an accident. In the unlikely case of an accident, all spills will be 
immediately remediated within the affected area. The process chemicals used at an ISR 
facility in truck load quantities are common to many industries and present no potentially 
abnormal risk. Types of deliveries potentially will include carbon dioxide, oxygen, soda 
ash and fuel.  
 
Transportation accidents involving fuel (diesel, gasoline, and propane) shipment also 
present potential environmental impacts. Fuel will be transported from a nearby town such 
as Glenrock, Douglas or Casper, which will minimize the trip distance and keep the 
probability of an accident very low. Since most of the material could be removed, no 
significant potential long-term environmental impacts will result from an accident 
involving the process chemicals. 
 

7.5.3.2 Loaded Resin Shipments 
 
The uranium recovery circuit at the satellite plant will be designed to process up to two 
million pounds per year of uranium-loaded IX resin. Uranium-loaded IX resin will be 
transported to the Willow Creek processing facilities in tanker trailers with 500 yd3 
capacity. Based on a typical concentration of 50 g/L U3O8 (ISR GEIS Section 4.2.2.2), each 
truckload of uranium-loaded IX resin will contain approximately 1,500 pounds U3O8. 
Based on the satellite plant processing rate, a potential of up to four uranium-loaded IX 
resin shipments would be made to the facility each day. A transportation accident resulting 
in release of uranium-loaded IX resin would have a lower risk than an accident involving 
yellowcake. 
 

7.5.3.3 11e.(2) Byproduct Material Shipment 
 
All solid 11e.(2) byproduct material including unusable contaminated equipment, filters, 
spent resin, etc. generated during operations will be transported off-site to a licensed 
disposal facility. Because of the low levels of radioactivity involved, these shipments are 
considered to have minimal potential environmental impact in the event of an accident. 
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Shipments are generally made in bulk in sealed roll-off containers in accordance with the 
applicable DOT hazardous materials shipping provisions. Such requirements are provided 
in 10 CFR 71.5 (Transportation of Licensed Materials).  
 
Uranium One (via SUA-1341 License Condition 9.7) currently has an agreement with 
Pathfinder Mine Corporation Shirley Basin Facility to receive shipments of solid 11e.(2) 
materials from the operating Willow Creek Project. Prior to operations Uranium One 
commits to have a signed agreement with the Pathfinder facility or another NRC licensed 
facility to receive the solid 11e.(2) byproduct materials generated as a result of the proposed 
Ludeman Project. 
 

7.5.3.4 Solid Non-11e.(2) Byproduct Material Shipment 
 
Solid non-11e.(2) byproduct materials and wastes will be transported to the Glenrock Area 
Solid Waste Disposal Facility approximately 12 miles from the Proposed Project site. The 
solid waste shipments will result in minimal traffic impacts.  
 

7.5.3.5 Hazardous Waste Shipment 
 
Uranium One expects that the Proposed Project will be classified as a conditionally exempt 
small quantity generator (CESQG) by WDEQ/SHWD. In this classification the Proposed 
Project facility will generate less than 220 lbs of hazardous waste in a calendar year, 
generate less than 2.2 lbs of acute hazardous waste in a month, and store less than 2,200 
lbs of hazardous waste on-site at any one time (WDEQ/SHWD 2011).  
 
Uranium One will develop a waste management SOP, following receipt of licensing but 
prior to commencement of construction, to maximize the amount of recycling, minimize 
the production of hazardous waste, and for the collection, sorting, and temporary storage 
of all solid non-11e.(2) waste. Hazardous materials generated from the Proposed Project 
may include used batteries, expired laboratory reagents, fluorescent light bulbs, solvents, 
cleaners, and degreasers. These items will be transported to an off-site treatment, storage 
and disposal or recycling facility which is permitted to manage hazardous waste material 
by WDEQ/SHWD. The Glenrock Area Waste Facility will accept some hazardous 
materials. Those not accepted at the Glenrock facility may be transported to the City of 
Casper Special Wastes Division facility for disposal. 
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7.5.3.6 Natural Disaster Risk  
 
Tornados 
 
NUREG/CR-6733 considered the potential risks to an ISR 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 a tornado strike and 
failure of chemical storage facilities, resulting in the possible reaction of process chemicals. 
NUREG/CR-6733 recommended that licensees follow industry best practices during 
design and construction of chemical facilities. Uranium One is committed to following 
these standards. 
 
The Proposed Project is located in Converse County Wyoming, in which 42 tornado touch 
downs were recorded in a period from 1955 through 2010 (NOAA, 2013). Of those, 40 
tornadoes were classified as F0 (with wind speeds of 40-72 miles per hour and described 
as a gale tornado) or F1 tornadoes (described as moderate with wind speeds of 73-112 
miles per hour). Only two tornadoes were classified as F2 with wind speeds of 113-157 
miles per hour and described as significant tornadoes. Based on the Fujita Scale, the type 
of damage that can be expected from an F2 tornado is roof damage, unsecured mobile 
homes pushed off foundations, and light structures severely damaged or destroyed. Based 
on maximum wind speed probability, the eastern third of the state can expect a tornado 
between 10,000 and 100,000 years. 
 
NUREG-0706 estimated the probability of occurrence of a tornado in the area in which the 
project is located is about 3 x 10-4 per year. The area was categorized as Region 3 in relative 
tornado intensity. For this category, the wind speed of the design tornado was 240 mph (F4 
tornado), of which 190 mph is rotational and 50 mph is translational. The Proposed Project 
structures are not designed to withstand a tornado of this intensity. 
 
NUREG/CR-6733 concluded that potential tornado risk is very low at uranium ISR 
facilities and that no design or operational changes to mitigate the risk. One 
recommendation was that chemical storage tanks be located sufficiently far apart that leaks 
caused by tornado damage will not result in chemical reactions. Uranium One will institute 
procedures and provide instructions to operating personnel for response and mitigation of 
natural disasters and any associated spills of radioactive materials. Emergency response 
procedures will include:  

 Notification to personnel of potential severe weather; 
 Evacuation procedures; 



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

 
7-49 

 

 Damage inspection and reporting; and  
 Cleanup and mitigation of spills of radioactive materials or chemicals.  

 
Earthquakes 
 
There are no capable faults (i.e. active faults) with surface expression mapped within or 
near the Proposed Project area, according to the USGS Quaternary Fault and Fold Database 
(USGS 2009). Earthquake probabilities and consequences are discussed in TR Section 
2.6.6 including current earthquake probability maps that are used in the newest building 
codes (2,500 year maps), which suggest a scenario that will result in moderate damage to 
buildings and their contents. The probability-based worst-case scenario could result in an 
Intensity VII earthquake in the area of the Proposed Project. In intensity VII earthquakes, 
damage is negligible in buildings of good design and construction, slight-to-moderate in 
well-built ordinary structures, considerable in poorly built or badly designed structures 
such as unreinforced masonry buildings. The proposed satellite plant and associated 
structures will be built to withstand an intensity VII earthquake.  
 
The 2,500-year probabilistic map (Figure 2.6A-46) shows that the peak ground acceleration 
with a 2% probability of exceedance in 50-years is 10 to 12 percent/g, which equates to a 
Level IV earthquake. Level VI earthquakes are felt by almost everyone around but do not 
cause significant damage. Since structures at the Proposed Project will be designed 
according to the 2,500-year probabilistic map, the risk of significant earthquake damage to 
the proposed facilities is small, as the total anticipated project life is approximately 13 years 
 
According to NUREG/CR-6733 the primary hazard associated with an earthquake at an 
ISR facility is from the rupture of hazardous chemical tanks and mixing of incompatible 
fluids. The recommendations for mitigation of this hazard include locating storage tanks 
which contain incompatible fluids a sufficient distance away from each other. As discussed 
in Section 7.5.1.1 of this report, storage tanks will include separate containment berms 
which will reduce the risk of mixing of incompatible chemicals in the event of a spill. In 
addition, tanks will be strategically located such that there is a low risk of a chemical 
reaction during an accident that results in the rupture of a tank. SOPs, training, and personal 
protective equipment will be available to personnel for response and mitigation of 
hazardous chemical spills  
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Table 7-1: Estimated Disturbance Calculation 

 
 
  

Project Acres

18,861

Width (ft) Length (ft) ft2 Acres  (%)

Satellite Building 80 190 15,200 0.3 0.002

Laydown/Parking/Septic Area 187,308 4.3 0.02

Total Fenced Area 200,376 4.6 0.02

Evaporation Ponds 2,994,923 68.8 0.36

Permeate Ponds 585,028 13.4 0.07

Total Fenced Area 3,937,824 90.4 0.48

Evaporation Ponds 2,994,923 68.8 0.36

Permeate Ponds 585,028 13.4 0.07

Deep Disposal Well Pipe Lines 8 21,301 170,408 3.9 0.02

Deep Disposal Well Pad (6 total) 209 209 261,359 6.0 0.03

Total Fenced Area 4,199,184 96.4 0.51

Surge Pond (2 total) 130 300 78,000 1.8 0.01

Deep Disposal Well Pipe Lines 8 21,301 170,408 3.9 0.02

Deep Disposal Well Pad (6 total) 209 209 261,359 6.0 0.03

Total Fenced Area 387,684 8.9 0.05

Wellfield  (Total area within all wellfields 

including roads, piping, header houses, etc.) 33,279,840 764 4.05

Fenced Wellfield Area 53,230,320 1,222 6.48

Monitor Ring Wells (232 total) 7 20 32,480 0.7 0.004

Secondary Access (outside wellfield area) 12 76,976 923,712 21 0.11

Main Trunk Lines (outside wellfield area) 25 81,775 2,044,375 47 0.25

Building Area (3 total) 20 30 1,800 0.04 0.0002

Total Booster Station Disturbance 40 50 2,000 0.05 0.0002

Acres % of Project

1,317 6.98

1,323 7.01

1,236 6.55

920 4.88

930 4.93

849 4.50Total Disturbance Area (Alternative 2)

Dimensions Area of Disturbance 

Wellfield Areas

Total Controlled Area (Proposed Action)

Total Disturbance Area (Alternative 1)

Total Controlled Area (Alternative 1)

Total Disturbance Area (Proposed Action)

Trunk lines / Pipe Lines

Booster Stations

Satellite Area

Liquid 11e.(2) Byproduct: Deep Disposal Wells/Surge Ponds (Alternative 2)

Liquid 11e.(2) Byproduct: Evaporation/Permeate Ponds (Proposed Action)

Roads

Component

Liquid 11e.(2) Byproduct: Evaporation/Permeate Ponds and Deep Disposal Wells (Alternative 1)

Total Controlled Area (Alternative 2)
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8 ALTERNATIVES 
 

8.1 Description of Alternatives 
 
NRC regulations 10 CFR Part 51 and guidance at NUREG-1569 require this chapter to 
provide realistic alternatives to the Proposed Action of the proposed Ludeman Project 
(Proposed Project). These alternatives include but are not limited to (1) the No-Action 
alternative; (2) the Proposed Action; (3) reasonable alternatives although deemed not 
suitable. As noted in NUREG-1748 (Appendix F), the Proposed Action is considered the 
action under consideration while reasonable alternatives are those alternatives which are 
practicable from both technical and economic standpoints. These alternatives are discussed 
below. 
 
Currently, the process of evaluating potential alternatives within the confines of the 10 
CFR Part 51 involves the consideration of two (2) types of alternatives: (1) primary and 
(2) secondary.  
 
For purposes of the this TR, the alternatives assessed and the data and analyses included 
herein are identical to those discussed in Section 2 of the ER. 
 

8.1.1 No-Action Alternative  
 
Under the provisions of the National Environmental Policy Act (NEPA), as implemented 
by NRC in 10 CFR Part 51, Uranium One is required to assess the No-Action alternative. 
Under the No-Action alternative, NRC would not approve the Proposed Project combined 
Source and 11e.(2) Byproduct Materials License Application to construct, operate, and 
decommission the Proposed Project. Uranium ISR would not occur at the Proposed Project 
site and, accordingly, none of the associated potential impacts identified and analyzed as 
part of the Proposed Action would occur. 
 
The No-Action alternative will result in significant negative financial impacts to Uranium 
One, and the loss of significant financial benefits to Converse County, Wyoming and the 
surrounding communities. Uranium One has invested significant resources to develop the 
Proposed Project that will be irretrievably lost under the No-Action alternative. In addition, 
the No-Action alternative will adversely affect the economic growth of Campbell Natrona 
and Converse Counties. As discussed in further detail in ER Section 8, the Proposed Project 
is expected to provide significant positive economic impacts to the local and State 
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economies, including stakeholders with which Uranium One has surface leases and which 
own the mineral rights in the Proposed Project area. 
 
A decision to not issue an NRC combined Source and 11e.(2) Byproduct Materials License  
to Uranium One would leave a large resource unavailable for domestic energy production. 
Uranium One is continuing to develop estimates of the reserves at the proposed Ludeman 
Project and currently estimates the resource is 6.3 million pounds of uranium. 
 
According to the U.S. Energy Information Administration (EIA), the total domestic 
production of U3O8 in the first quarter of 2016 was only 626,522 pounds, down nearly 46 
percent from the first quarter of 2015. In 2015, total domestic production was only 3.3 
million pounds in contrast with domestic demand for approximately 57 million pounds 
U3O8 (EIA 2016). The Proposed Project represents an important new source of domestic 
uranium supplies that are essential to provide a continuing source of fuel to power 
generation facilities. This additional domestic uranium production will help alleviate U.S. 
dependency on foreign suppliers located in Canada, Russia, Kazakhstan and Australia 
among others. 
 
Under the No-Action Alternative, baseline conditions will be influenced by natural 
processes and by other industrial, commercial, and residential development in the area. 
Groundwater in the ore-bearing zone will remain unsuitable for drinking due to the high 
levels of naturally occurring radionuclides and other constituents described in Section 2.7 
of this TR.  
 

8.1.2 Proposed Action 
 
As described in Section 3 of this TR, the Proposed Action involves Uranium One utilizing 
ISR processes and methodologies to recover uranium from known ore bodies. The ISR 
process is accomplished by installing a series of injection and production wells. Utilizing 
the injection wells, a carbonate leaching solution, or barren lixiviant, is injected into the 
ore body. To promote flow across the mineralized areas, corresponding production wells 
are used to pump water from the ore body, and allow for the collection of the uranium 
bearing carbonate leach, or pregnant lixiviant, solution. Once the pregnant lixiviant reaches 
the Satellite facility, the uranium is removed from the lixiviant through the use of 
pressurized downflow ion exchange (IX) columns. Once the resin in an individual 
exchange column can no longer hold additional uranium molecules, the resin from that 
vessel is moved to another vessel where the uranium molecules are eluted from the resin. 
After the elution process is complete, the resin is moved back into the ion exchange column 
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and re-introduced to the ion exchange process. After the lixiviant has passed through the 
ion exchange system, the solution is re-fortified with a concentrated carbonate solution, 
making barren lixiviant, and can then be recycled to the injection wells for further uranium 
recovery.  
 
The next phase of the process is the further concentration of the uranium rich solution to 
create a marketable product. Uranium from ion exchange resins at the proposed Ludeman 
Satellite facility will be transported and subsequently processed at Uranium One’s Willow 
Creek Central Processing Facility, located in Johnson County. This is accomplished by 
precipitating the dissolved uranium out of the eluant solution, dewatering the uranium 
solids, and drying the uranium slurry. The dried uranium product, called yellowcake, is 
then packaged to allow safe transportation. 
 
Initial wellfield(s) for the Proposed Action are developed concurrently with construction 
of the proposed Satellite facility and ancillary ISR facilities. Groundwater restoration will 
take place in the initial wellfield(s) when the uranium resource has been adequately 
depleted and, simultaneously, additional sequential wellfield developed will occur. The 
goal of groundwater restoration will be to return the concentration of an identified 
constituent in the production zone to an NRC-approved background concentration or to a 
relevant MCL, whichever is higher, or to an Alternate Concentration Limit (ACL) 
approved by NRC pursuant to 10 CFR Part 40, Appendix A, Criterion 5(B)(5) using Best 
Practicable Technology (BPT). Successful groundwater restoration was demonstrated 
within the Proposed Project area by the Leuenberger pilot ISR facility. A detailed 
description of the Proposed Action is presented in Section 3 of this TR. 
 
Following groundwater restoration activities, all injection and recovery wells will be 
reclaimed using mandated plugging and abandonment procedures. In addition, a sequential 
land reclamation and re-vegetation program will be implemented on the site. This surface 
reclamation (i.e., decommissioning and decontamination (D&D) will be performed on all 
disturbed areas, including the Satellite facility, wellfields, ponds and roads such that upon 
license termination, the site will be released for unrestricted use. Uranium One will 
maintain financial responsibility for groundwater restoration, facility decommissioning 
and surface reclamation until NRC approves license termination and site release. Financial 
assurance is discussed in Section 6 of this TR. 
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8.1.3 Reasonable Alternatives Considered But Rejected 
 

8.1.3.1 Conventional Mining and Underground Milling 
 
As a part of the alternatives analysis conducted by Uranium One, three uranium recovery 
alternatives were considered: 

1) Underground mining with conventional milling facilities; 
2) Open pit mining with conventional milling facilities; and 
3) Underground and open pit mining with heap leach facilities. 

 
These represent the three currently available alternatives to ISR operations for uranium 
deposits in the Proposed Project area. These alternatives were eliminated based on 
economics, potential health, safety, and environmental impacts.  
 
Conventional uranium recovery methods are less suitable for the recovery of lower grade 
ores due to the significant capital costs associated with the construction and operation of a 
conventional mine and associated mill. Further discussion of conventional mining/milling 
methods is provided below. 
  

8.1.3.2 Open Pit Mining 
 
Open pit mining requires the removal of all material covering the orebody. This overburden 
must be removed and stockpiled to allow removal of the uranium-bearing ore. Once 
removed, the ore must be transported to a conventional uranium mill for further processing 
and uranium extraction. 
 
Open pit mining of the relatively low grade Proposed Project ore would require a capital 
investment that is not supported by the current uranium market. The nearest conventional 
mill with an operating license that could receive uranium ore for toll milling is the Denison 
Mines White Mesa Mill located in Blanding, Utah, nearly 600 miles away. The 
combination of capital costs to develop an open pit mine at the Proposed Project, the 
operating and maintenance costs to mine the ore, and the transportation costs to Blanding, 
Utah far exceed the current value of the ore as a feedstock for White Mesa. The nearest 
conventional uranium mill, Kennecott Uranium Corporation’s Sweetwater Mill, located in 
the Great Divide Basin in Wyoming, is currently licensed for operations but is on standby 
status. However, if the Sweetwater Uranium Mill was currently licensed for operation, 
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similar economic factors would preclude mining the Proposed Project deposit under current 
and future reasonably projected uranium market conditions. 
 
In addition to the economic factors, environmental factors associated with open pit mining 
must also be considered. Open pit mining produces large piles of byproduct rock and, even 
with reclamation, would permanently alter the topography of the Proposed Project site. In 
addition, substantial dewatering of the pit on the order of several thousand gpm would be 
required to depress the potentiometric surface to allow mining. Large quantities of 
groundwater with naturally elevated 226Ra and uranium would be discharged requiring 
treatment and necessary subsequent disposal of a radioactive solid 11e.(2) byproduct. 
Moreover, large volumes of groundwater would be consumed by this necessary dewatering 
process. 
 

8.1.3.3 Underground Mining 
 
Underground mining of the Proposed Project deposit would involve sinking mine shafts to 
the vicinity of the orebodies, horizontally driving crosscuts and drifts to the ore bodies at 
different levels, physically removing the ore and transporting the mined ore to a 
conventional uranium mill for further processing. The economic factors involved with this 
alternative are similar to those for ores mined from an open pit; although depending on 
depth to the deposit can be significantly more costly and dangerous for workers. 
 
Additionally, from an environmental perspective, underground mining in conjunction with 
the associated milling process involves significantly higher risks to employees, the public, 
and the environment. Radiological exposure to the personnel in these processes is 
increased, not only from the mining process but also from milling and the resultant mill 
tailings. The milling process generates a significant amount of waste relative to the amount 
of ore processed. Extensive mill tailings impoundments are needed for the disposal of these 
wastes. The potential non-radiological health and safety risks to workers as well as the 
environmental impacts associated with underground mining are recognized as being 
considerably greater than those associated in ISR operations. 
 
8.1.3.4 Heap Leaching 
 
As an alternative to conventional milling, uranium is extracted from low-grade ore by heap 
leaching. This may be done if the uranium content is too low for the ore to be transported 
to and economically processed at a uranium mill. The low-grade ore is crushed ore then 
mounded above grade on a leaching pad with a liner. The heap leaching pads must be 
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constructed with the same standards as conventional mill tailings impoundments including 
a double liner per 10 CFR Part 40, Appendix A. A sulfuric or alkaline leaching agent is 
introduced on the top of the pile via a sprinkler or drip system which  percolates down until 
it reaches the liner below, where it is captured  and pumped to a processing facility. After 
completion of the leaching process (within months to years), the leached ore is either left 
in place, or removed to a disposal site, and new ore is placed on the leach pad (so-called 
on/off scheme, or dynamic heap leaching). Though impacts from heap leaching may be 
less than those from conventional mining, the impacts from an associated underground or 
open pit mine remain substantial. For these reasons, this alternative was deemed not 
suitable for the Proposed Project. 
 

8.1.4 Satellite Facilities versus Central Processing Facility 
 

Shipping uranium-laden resin is a standard industry practice for Satellite facilities in 
conjunction with central processing facilities. However, the option of processing and 
drying on site versus shipping resin for processing and drying to a CPP was eliminated for 
the following reasons: 

 Environmental Health and Safety: A CPP will potentially create more 11e.(2) and 
non-11e.(2) wastes than a Satellite facility requiring more waste to be transported 
and disposed at a licensed facility; and 

 Operating Cost: The costs associated with the construction and operations of a CPP 
outweigh the costs associated with that of a Satellite facility. Uranium One’s 
Willow Creek CPP has the capacity for toll processing of resin which will make the 
construction of a CPP for the proposed Ludeman Project gratuitous.  

 

8.1.5 Multiple Satellite Facilities versus One Satellite Facility 
 
The number and location of satellite facilities was evaluated from the standpoint of both 
potential economic and environmental impacts. Three separate locations within the project 
boundary were identified as candidates for siting of the facilities. The number of satellites 
was also compared with options for either three smaller satellite facilities or one larger 
facility. Based on this review it was determined that one single larger facility at one location 
would both be more economic and also create less potential environmental impacts: 

 Environmental: A single facility would have less long term impacts as a single site 
would be disturbed. Less access road and utilities would need to be built to service 
a single facility. These benefits would be greater than the negative short term 
impacts of running trunk lines from the single satellite facility to the wellfields, 
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which would allow recovery from those areas without building the additional 
satellites.  

 Economic: A single facility will require less capital investment and may be 
constructed faster than three separate facilities maximizing opportunity to react to 
market conditions. 

 

8.1.6 Lixiviant Chemistry 
 
Uranium One proposes to use a sodium bicarbonate lixiviant which is an alkaline solution. 
Where the groundwater contains carbonate, an alkaline lixiviant mobilizes fewer 
potentially deleterious constituents from the ore body and requires chemical addition than 
an acidic lixiviant. Also, test results at other, similar uranium ISR projects indicate only 
limited success with acidic lixiviants, while the sodium bicarbonate has proven highly 
successful at commercial ISR recovery operations in Wyoming to date. Another alternate 
leach solution is an ammonium carbonate solution which has been used in ISR programs 
at other locations; however, operators have experienced difficulty in restoring and 
stabilizing the aquifer. Therefore, these solutions were excluded from Uranium One 
consideration for the Proposed Project. 
 

8.1.6.1 Acidic Leach Solutions 
 
Acid-based lixiviants, such as sulfuric acid, have been used in the United States and are 
widely used internationally. Acid leach has historically produced a majority of the world’s 
ISR production. Acid-based lixiviants generally achieve a higher degree of recovery (70-
90%), better leaching kinetics, and a shorter leaching period. However, acid-based 
lixiviants dissolve heavy metals and other solids associated with uranium in the host rock 
and other chemical constituents that may require additional remediation (International 
Atomic Energy Agency, 2001). 
 
In the United States, acid-based lixiviants have been used only for small-scale research and 
development operations. At the Nine Mile test site in Wyoming, test patterns were 
developed using acid-based and carbonate-based lixiviants. The acid-based pattern 
developed two significant problems. During uranium recovery operations, gypsum 
precipitated on well screens and within the aquifer, plugging wells and reducing the 
efficiency of wellfield circulation. Restoration efforts had limited success, apparently due 
to gradual dissolution of the precipitated gypsum following restoration, resulting in 
increased salinity and sulfate levels in the affected groundwater (Mudd, 2000). 
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The commercial use of alkaline lixiviants in the United States has been related to the need 
to restore affected groundwater and alkaline mine sites are recognized to be technically 
easier to restore. For this reason, a commercial ISR facility using an acid-based lixiviant 
has not been developed in the United States and Uranium One determined an acid-based 
lixiviant was not a suitable alternative for the Proposed Project. 
 

8.1.6.2 Ammonia-based Lixiviants 
 
Ammonia-based lixiviants have been used in the United States, in Texas and Wyoming. 
However, operational experience has shown ammonia tends to adsorb onto clay minerals 
in the subsurface and then desorbs slowly from the clay during restoration, therefore 
requiring that a much larger volume of groundwater be removed and processed during 
aquifer restoration (Mudd, 2000). In addition, concerns arose in the early 1980s over the 
potential post mining oxidation of ammonia in the groundwater to form nitrate and nitrite 
species. When combined with the slow desorption from clay this potential difficulty 
resulted in a movement away from ammonia-based lixiviants including an outright ban on 
their use in Texas. Due to the additional consumptive use of groundwater to meet 
groundwater restoration requirements, Uranium One determined that an ammonia-based 
lixiviant is not a suitable alternative for the Proposed Project. 
 

8.1.6.3 Other Potential Lixiviants 
 
Other lixiviants which have been evaluated in laboratory scale and limited field tests 
include potassium based lixiviants, a range of oxidants including air, iodine, potassium 
permanganate, and a variety of trace additives such as clay stabilizing agents to increase 
the selective oxidation and mobilization of uranium minerals. To date, these alternatives 
have consistently proven to be far less economical than the planned oxygen-sodium 
bicarbonate system. 
 

8.1.7 Groundwater Restoration 
 
The groundwater restoration techniques proposed by Uranium One have been successful 
at other ISR operations in Wyoming. Groundwater sweep, permeate/reductant injection 
and groundwater treatment have successfully restored the groundwater to pre-mining 
quality or designated regulatory limit. No practicable alternative(s) to the groundwater 
restoration method noted herein currently is available. The NRC and the WDEQ consider 
the method currently employed as the Best Practicable Technology available. 
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8.1.8 Alternate Liquid 11e.(2) Byproduct Management Options 
 
Liquid 11e.(2) byproduct generated from production and restoration activities generally are 
managed at ISR facilities by solar evaporation ponds, deep well injection, surface discharge 
or some combination thereof. The combined use of evaporation ponds and permitted 
surface discharge is considered by Uranium One to be the best alternative to dispose of 
these types of byproducts. The three alternatives considered for 11e.(2) byproduct disposal 
at the Ludeman project include: 

 Combined evaporation/permeate ponds and permitted surface discharge (Proposed 
Action); 

 Combined evaporation/permeate ponds, deep disposal wells, permitted surface 
discharge (Alternative 1); and 

 Deep Disposal Wells and associated surge ponds (Alternative 2). 
 

Uranium One has considered a wide range of liquid treatment/disposal methods for use at 
the Proposed Project. The alternatives analysis considered three primary waste streams 
from ISR operation: 

 Facility eluant;  
 Wellfield purge water; and 
 RO reject produced during wellfield restoration. 

 
A “design basis influent” was developed for the three typical ISR wastewater streams to 
be managed as well as the projected water quality characterization for blending the waste 
streams. The alternatives analysis was completed stepwise with the development of a 
common evaluation basis, screening of potentially applicable treatment technologies, 
development of candidate treatment trains, and technical and cost evaluation of the 
treatment trains. The initial screening of treatment technologies included evaluation of each 
technology for implementability, flexibility, maintainability, relative capital and operating 
costs. The retained technologies were developed into treatment options and then the 
comparative evaluation of each option was conducted in parallel for each waste stream.  
 
Table 2-1 provides a summary of the technical evaluation of candidate water treatment and 
management options for a combination of the process byproduct waters. For each of the 
alternatives considered, the table lists the advantages and disadvantages, the chemicals 
required and environmental and safety considerations.  
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Based on this comparative evaluation, the spray/solar evaporation water management 
option for ISR liquid 11e.(2) byproduct provides economic and environmental advantages. 
All solid materials will be properly managed. Solid non-11e.(2) material will be disposed 
in an off-site solid material landfill permitted by the county in which it is located. All solid 
11e.(2) byproduct material will be shipped to an NRC or Agreement State licensed facility 
for disposal. 
 
The following discussion provides a description of each treatment/disposal method 
considered and the relevant characteristics that led to the selection of the proposed action 
as the preferred alternative. 
 
8.1.8.1 Deep Well Disposal 
 
Deep well injection is permitted primarily on the condition that potential Underground 
Sources of Drinking Water (USDW) cannot be adversely impacted by disposal operations, 
rather than by the quality and characteristics of the liquid 11e.(2) byproduct injected. NRC, 
however, requires characterization of the liquid 11e.(2) byproduct stream with respect to 
worker health and safety and analyses of potential consequences of leaks or spills. 
Accordingly, deep well “discharge standards” as incorporated into a permit are based on 
the mine operator’s characterization of the liquid 11e.(2) byproduct stream. This method 
was considered potentially suitable for all ISR liquid 11e.(2) byproduct streams. 
 
Approval for deep well injection permits has been under increased scrutiny by the public 
and state agencies recently. As a result there are uncertainties regarding operating pressures 
and the correlated injection rates, making the deep disposal wells a high risk option as 
anticipated disposal capacities by deep disposal well option is questionable. The costs 
associated with installing additional wells to make up for reduced injection rates further 
reducing the viability of this option. Uranium One has therefore decided that deep disposal 
wells is not a preferred alternative for liquid 11e.(2) byproduct disposal; although, remains 
and potential alternative. 
 
8.1.8.2 Mechanical Evaporation 
 
Mechanical evaporation utilizing equipment that requires either gas or electric power was 
considered. Evaporation is energy-intensive, but produces the smallest possible volume of 
liquid 11e.(2) byproduct for disposal. Disposal costs per unit volume can be evaluated 
against the evaporator operations cost to determine the economic viability of evaporation 
as a post-treatment step. For this evaluation it is assumed that a volume reduction of 
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approximately 95% is achieved. This method was considered potentially suitable for all 
ISR liquid 11e.(2) byproduct streams. 
 
8.1.8.3 Chemical Precipitation and Reverse Osmosis 
 
Chemical precipitation and reverse osmosis which can utilize the chemical precipitation 
step to either pre-treat the wastewater for more efficient operation of the reverse osmosis 
system or use the chemical precipitation step to treat the brine was considered. Both brine 
residual and sludge are formed. This method was considered potentially suitable for all ISR 
liquid 11e.(2) byproduct streams. 
 
8.1.8.4 Spray/Solar Evaporation   
 
Spray/solar evaporation utilizing natural evaporation and enhancing the rate by spraying 
water to increase the surface area, which was assumed to provide a 95 percent volume 
reduction for this evaluation, is considered a preferred alternative for this project. The 
evaporation rate and length of the evaporation season was considered in parallel with the 
flow rate of water to be treated. Evaporation pond size was adjusted to consider flow rates 
in the locations high evaporation rate climate. If sprayers are used for evaporation 
enhancement, overspray due to high winds is easily managed with automatically adjusting 
sensory controls. Additional considerations with evaporation ponds include windblown 
accumulations of dust and dirt, and the eventual need to remove salts and accumulated 
solid 11e.(2) byproduct material. 
 

8.1.8.5 Permitted Surface Discharge 
 
Surface discharge is practicable and historically has been used at some ISR facilities as a 
wastewater treatment/disposal method, generally in conjunction with deep well disposal 
and/or spray/solar evaporation. Surface discharge water will be treated through a RO 
system to meet surface water quality standards and soil concentration limits prior to surface 
discharge. This will prevent potential for future environmental liability due to 
accumulation of contaminants in the soil or groundwater below the permitted surface 
discharge area.  
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8.1.9 Uranium Processing Alternatives 
 

8.1.9.1 Single Stage RO 
 
The Proposed Action includes two phases of RO for treatment to minimize the amount of 
liquid 11e.(2) byproduct material. The brine generated from the production and restoration 
RO units will be passed through the secondary RO unit. Brine from the secondary RO unit 
will be discharged to the deep disposal wells, while permeate will be recycled to wellfields 
undergoing groundwater restoration or used as Satellite plant process makeup water. 
 
An alternative considered by Uranium One was to use only one phase of RO treatment. 
Permeate from this single-stage RO would be handled just like the permeate described 
above, but the brine would be discharged directly to the deep disposal wells rather than 
being passed through a second phase of RO treatment. The two-stage RO treatment creates 
about one-half the amount of brine as a single-stage treatment and allows much more of 
the process byproduct water to be converted to permeate. This permeate will be put to 
beneficial use through injection into wellfields undergoing groundwater restoration and 
plant makeup water. Reducing the amount of brine through the use of two-stage RO 
treatment reduces the amount of water disposed of by deep well injection. An additional 
advantage of using a two-stage RO system is the increased volume of permeate produced 
which will be recycled to wellfields undergoing groundwater restoration thereby 
decreasing the overall percent bleed during restoration. The advantages of two-stage RO 
treatment in reducing brine volume and providing more permeate for beneficial uses, the 
single phase of RO treatment was not further considered by Uranium One. 
 

8.1.9.2 Higgins Loop 
 
In coordination with the NRC GEIS, Uranium One’s Proposed Action includes the use of 
pressurized down-flow ion exchange system. With this ion exchange system the radon 
present in the barren recovery solution is forced back underground in the re-fortified 
groundwater which, thereby, provides for significantly reduced potential for occupational 
and/or public exposure to radon and its progeny of pressurized down-flow ion exchange 
columns.  
 
An alternative considered by Uranium One was to utilize a Higgins Loop ion exchange 
system. The Higgins Loops is a closed-loop system in which uranium-laden resin advances 
through the system in the different stages of adsorption, backwash, regeneration, and rinse 
in preparation for another adsorption cycle. The ion exchange system is a vertical 
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cylindrical loop, containing a packed bed of resin that is separated into four operating zones 
by butterfly, or "loop" valves. These operating zones, adsorption, regeneration, 
backwashing and pulsing, function like four separate vessels thus increasing the resin 
loading efficiency.  
 
The Higgins loop resin exchange process is disadvantageous as it results in significant 
attrition of the resin. The flow system used to load and strip the resin of uranium generates 
a significant back pressure. The back pressure results in excessive compressive forces on 
the resin itself and results in damage to the resin particles. The damage resin particles will 
often increase the back pressure in the system, resulting in accelerated damage to the resin. 
Additionally, the cycling of the resin between the loading chamber and the stripping 
chamber results in damage to the resin as the resin particles experience significant physical 
impact with other resin particles, the chamber walls and plumbing, valves, etc. The damage 
to and loss of the resin results in significant additional costs for replacement resin. If it is 
determined that advances in resin and valve technologies negate the damage to the resin 
this process alternative may be re-evaluated and potentially implemented. 
 

8.1.9.3 Central Processing Facility 
 
At a Central Processing Facility ion exchange resin loaded with uranium is pumped into 
the elution (stripping) column. The resin is then treated with eluant (stripping solution) 
composed of water, salt (to add chloride) and soda ash (to maintain high pH and carbonate 
levels). The uranium on the resin is exchanged for the chloride ions in the stripping solution 
and is complexed by the carbonate. It is then precipitated from the stripping solution with 
hydrochloric acid and ammonia. The resulting uranium bearing slurry is washed, dewatered 
and dried   
 
Uranium One will utilize the Willow Creek Central Processing Facility (SUA-1341) for 
further processing of uranium loaded resin produced from the proposed Ludeman Satellite 
facility. The use of these Central Processing facilities led to the selection of a Satellite 
facility as the preferred alternative for the proposed Ludeman Project.  
 

8.1.10 Comparison of the Predicted Environmental Impacts  
 
As discussed above, Uranium One has identified and developed the proposed action as the 
best approach to recovering uranium resources from the Proposed Project. Table 8-2 
provides a summary of the potential environmental impacts for the no-action alternative 
(Section 8.1.1), the proposed action (Section 8.2), and the reasonable alternatives although 
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deemed not suitable (Section 8.1.3). The predicted impacts for the Uranium One recovery 
alternatives discussed in this section are not included for comparison because these 
alternatives were eliminated due to potential significant environmental and economic 
impacts. Section 4 of the ER provides a more detailed discussion of potential 
environmental impacts of the proposed action and no-action alternatives 
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Table 8-1: Treatment Alternatives Comparative Evaluation Matrix – 150 gpm ISL Wastewater 

Evaluation 
Factor 

Deep Well Mechanical Evaporation Chemical Precipitation/RO Spray/Solar Evaporation Surface Discharge 

Advantages  

No residuals so no onsite 
storage or offsite transport 
required, no concentrated 
chemicals required, 
minimal operating 
requirements, minimal 
space requirements, 
disposal rate dependent 
upon injection pressures 
and formation properties. 

Produces very low volume 
brine for disposal or further 
processing by solidification 
or to dry salt for zero liquid 
discharge, produces treated 
water with essentially zero 
contaminants (distilled 
water), can be operated 
campaign style. 

Broadly applicable to metals 
and common anion 
contaminants, chemical 
precipitation pretreatment 
allows operation of RO 
system to produce less brine, 
produces high quality treated 
water stream for reuse or 
discharge.  

Primary treatment is simple 
system consisting of ponds, 
pumps, piping and nozzles.  
No complicated equipment, 
low capital cost.  Commonly 
used for management of 
brine in arid climates.  Can 
allow complete evaporation 
to dryness or remove low 
volume brine for 
solidification and offsite 
disposal. 

Primary treatment is simple. 
Low capital cost. Capable of 
trating large quanitites for 
low energy imput. 

Disadvantages  

Site geology will dictate 
feasible disposal flow rate.  
Site hydrogeology 
(presence of potential 
drinking water aquifers) 
will dictate disposal well 
depth.  Permitting process 
may be lengthy.  Attention 
to water chemistry and 
need for antiscalent is 
required to minimize 
wellscreen scaling and 
fouling issues.  Changes in 
water chemistry may 
require re-permitting.  No 
recovery of treated water. 

Long equipment lead, 
distillate is corrosive and 
would need conditioning for 
reuse or discharge, high 
capital and power cost, 
concentrates radionuclides 
into the evaporator brine by 
20 times or more.  

Produces both liquid and 
solids residues with higher 
volume liquid residues that 
other options.  Highest labor.   
Requires bulk concentrated 
chemicals.  Highest truck 
traffic of options evaluated 
for chemical deliveries and 
residuals transport. 

 
 
 
 
Weather may impact 
evaporation rates.  Controls 
must be implemented to 
prevent birds and other 
wildlife from contacting 
water 
Evaporation ponds require 
more land surface space than 
some alternatives. 
 
 
 
 
 

Surface discharge is 
restricted to restoration 
water. Precautions must be 
taken to prevent ground and 
surface waters. 
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Evaluation 
Factor 

Deep Well Mechanical Evaporation Chemical Precipitation/RO Spray/Solar Evaporation Surface Discharge 

Chemicals 
Required  

None to minimal.  
Antiscalent may be 
required depending on 
water characteristics. 

Minimal for evaporator and 
limited to antiscalent 
compounds and some 
cleaning products.  Lime, 
soda ash, and polymer 
required for solidification. 

Lime, concentrated acid 
Polymer, antiscalent and RO 
cleaning chemicals. Lime, 
soda ash and polymer for 
solidification. 

Lime, soda ash, and polymer 
for solidification. None to minimal. 

Environmental 
/Safety  

Small carbon footprint 
with low operating power 
requirement and no truck 
traffic.  No residuals stored 
onsite, no potential for 
wildlife exposure to 
holding ponds.  No 
requirement for chemicals.  
No potential exposure to 
concentrated residues. 

Moderate carbon footprint 
due to the higher power 
requirements opposed to the 
deep well and 
RO/precipitation options.  
Low to moderate footprint 
primarily for brine storage 
tanks.  Requires storage of 
brine as feed to solidification 
system and offsite 
transportation of solidified 
brine stream.  High chemical 
requirements for 
solidification chemicals.  
High operating temperature 
and pressure. 

Moderate carbon footprint 
with the lowest operating 
power requirement but the 
most truck traffic of any 
option evaluated.  Handling 
of highest quantity of 
residues required including 
onsite storage and offsite 
disposal.  Higher labor 
requirements with more 
potential for exposure to 
chemicals and residuals 
during sludge dewatering 
operations and residuals 
management. 

Small carbon footprint with 
similar power required to a 
deep well and some truck 
traffic for offsite brine 
disposal. Uses solar and wind 
energy to efficiently 
evaporate liquids from the 
11e.(2) byproduct. Low 
potential for wildlife 
exposure from ponds 
provided mitigations are 
properly implemented. 

Low carbon footprint. 
Beneficial use to wildlife of 
irrigated vegetation. Low 
potential for ground or 
surface water impacts 
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Table 8-2: Comparison of Predicted Environmental Impacts 

Potential Impact Alternative Potential Impacts 

Potential Land 
Surface Impacts 

Proposed Action 

Surface disturbance will range from short term 
for construction of well pads and utility 
corridors that will be reclaimed after 
construction to long term for roads, buildings, 
parking areas, and evaporation/permeate ponds 
evaporation ponds and/or permitted surface 
discharge areas that will remain until final D&D. 
All disturbance will be reclaimed to be suitable 
for pre-construction uses. 

No Action None 

Conventional 
Mining/Milling 
Including Heap 

Leach 

Open-pit mining would result in significant 
surface disturbance due to the pit overburden 
stockpiling and would create permanent 
topographic changes, increase fugitive dust, and 
the potential for subsidence. Both heap leaching 
and open-pit mining methods require crushing 
the ore and disposing of the tailings, creating 
long term or permanent 11e. (2) byproduct 
material. 

CPP versus 
Satellite Facility 

Satellite facility would result in a smaller surface 
disturbance due the smaller facility size than the 
proposed central processing facility. 

Use of Alternate 
Lixiviants Same as Proposed Action 

Alternate Waste 
Management 

Disposal in surge ponds would result in slightly 
less surface disturbance than the proposed 
evaporation/permeate ponds. 

Uranium 
Processing 

Alternatives 
Same as the Proposed Action  
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential Land 
Use Impacts 

Proposed Action 
Small impacts on agricultural production 
(livestock grazing) and hunting on controlled 
acres for duration of the Proposed Project. 

No Action None 
Conventional 

Mining/Milling 
Including Heap 

Leach 

Area used for pit, ramps, haul roads, 
overburden stockpiles, and topsoil stockpiles 
would be restricted from any other uses for the 
duration of the Proposed Project. 

CPP versus 
Satellite Facility Same as Proposed Action 

Use of Alternate 
Lixiviants Same as Proposed Action 

Alternate Waste 
Management 

Same as Proposed Action although less land use 
impact from installation of  deep disposal 
wells/surge ponds. 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Transportation 

Impacts 

Proposed Action 

Approximately 40 acres will be disturbed to 
construct infrastructure access roads. A small 
risk of spills of process chemicals and small 
quantities of 11e. (2) byproduct material during 
the project life. 

No Action None 
Conventional 

Mining/Milling 
Including Heap 

Leach 

Conventional mining methods would require 
more employees which will increase traffic on 
local roads. 

CPP versus 
Satellite Facility 

A Satellite facility would increase the traffic 
volume due to the shipment of loaded resin to a 
central processing facility  

Use of Alternate 
Lixiviants Same as Proposed Action 

Alternate Waste 
Management Same as Proposed Action 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential Geology 
and Soil Impacts 

Proposed Action 

No significant impacts on geology. 
Approximately 909 acres will be disturbed for 
construction of infrastructure. Topsoil will be 
stockpiled and seeded with a temporary seed 
mix to protect from erosion until it is replaced 
during reclamation. Once replaced the soil will 
be revegetated and support pre-construction 
land use.. 

No Action None 

Conventional 
Mining/Milling 
Including Heap 

Leach 

Open pit mining would have significant impacts 
on geology and soil since all overburden from 
the surface to the ore zones would be removed. 
The overburden would be stockpiled and seeded 
with a temporary seed mix to protect form 
erosion until replaced during reclamation. 

CPP versus 
Satellite Facility Same as the Proposed Action 

Use of Alternate 
Lixiviants Same as the Proposed Action 

Alternate Waste 
Management 

Deep disposal wells/surge ponds will require a 
smaller surface area disturbance than the 
Proposed Action resulting in less topsoil 
removal and stockpiling. 

Uranium 
Processing 

Alternatives 
Same as the Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential Surface 
Water Impacts 

Proposed Action 

Surface disturbance may pose a small risk of 
increased sediment load to ephemeral 
drainages. Minimal risk of fuel or chemical 
spills. 

No Action None 

Alternate Milling 
Method 

Open pit mining would alter the surface 
drainage network requiring the restoration of all 
drainages during reclamation. The surface 
disturbance is significantly increased from the 
proposed action and would pose a larger risk of 
sediment load to surface waters. In addition, the 
potential for large amounts of groundwater to be 
discharged from the open pit would impact 
ephemeral drainages that only see flow during 
runoff or storm events. 

CPP versus 
Satellite Facility Same as the Proposed Action  

Use of Alternate 
Lixiviants 

The potential spill of an acid or ammonia based 
lixiviant would have more of an adverse effect 
on surface water than a sodium-bicarbonate 
based lixiviant. 

Alternate Waste 
Management 

Deep disposal wells/surge ponds will would 
disturb less surface area resulting in the reduced 
risk of sediment load to drainages . 

Uranium 
Processing 

Alternatives 
Same as the Proposed Action  
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Groundwater 

Impacts 

Proposed Action 

Excursion of lixiviant may have a small 
potential to contaminate adjacent aquifers. 
Minimal risk of fuel or chemical spills leaching 
to shallow aquifer. Small net withdrawal of 
water from the ore zone aquifer to contain 
fluids. Water consumed will naturally recharge 
with time. 

No Action None 

Alternate Milling 
Method 

Open-pit and underground mining would 
drastically alter the hydrogeology of the area. 
All aquifers from the bottom of the ore zone to 
the surface would be exposed. Groundwater 
exposed in pit would need to be discharged 
altering surface water flow. 

CPP versus 
Satellite Facility Same as the Proposed Action  

Use of Alternate 
Lixiviants 

The potential migration of an acid or ammonia 
based lixiviant would have more of an adverse 
effect on groundwater than a sodium-
bicarbonate based lixiviant. 

Alternate Waste 
Management Same as the Proposed Action 

Uranium 
Processing 

Alternatives 
Same as the Proposed Action  
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Ecological 

Impacts 

Proposed Action 

BMPs will minimize wildlife access to lined 
retention ponds and storage facilities. No 
threatened or endangered species will be 
impacted. Loss of habitat will be minimal and 
temporary. 

No Action None 
Alternate Milling 

Method 
Open pit mining would disturb much more 
habitat by increased surface disturbance. 

CPP versus 
Satellite Facility Same as the Proposed Action 

Use of Alternate 
Lixiviants Same as the Proposed Action 

Alternate Waste 
Management 

Deep disposal wells/surge ponds will have less 
habitat loss could result due to decreased 
disturbance area.  

Uranium 
Processing 

Alternatives 
Same as the Proposed Action 

  



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

______________________________________________________________________________________ 
 8-25 
 

Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential Air 
Quality Impacts 

Proposed Action 

Slight increases in fugitive dust will occur, 
primarily during construction. An increase in 
fugitive dusts over baseline levels will occur 
during the life of the project.  

No Action None 

Alternate Milling 
Method 

Open-pit mining would increase fugitive dust 
emissions by exposing much more disturbed 
soil surface. Large equipment would increase 
gaseous greenhouse emissions. Tailings would 
increase risk of airborne contaminants, 
including radioactive materials. 

CPP versus 
Satellite Facility 

The potential for impact to air quality increases 
with a CPP due to the potential exposure to dried 
yellowcake particulates from an accident. 

Use of Alternate 
Lixiviants 

Same as Proposed Action, possibly for an 
extended amount of time if alternate lixiviant 
requires more time for restoration. 

Alternate Waste 
Management Same as Proposed Action.  

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential Noise 
Impacts 

Proposed Action 
Noise will increase over background levels. 
Nearest residence could experience increased 
noise levels during construction. 

No Action None 
Alternate Milling 

Method 
Increased noise levels would result from open-
pit mining due to heavy equipment operation. 

CPP versus 
Satellite Facility 

A CPP would potentially produce less noise 
with the absence of resin shipping trucks. 

Use of Alternate 
Lixiviants 

Same as Proposed Action, possibly for an 
extended amount of time if alternate lixiviant 
requires more time for restoration. 

Alternate Waste 
Management Same as Proposed Action 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Historical and 

Cultural Impacts 

Proposed Action 

Potential impacts will be minimal, since NRHP 
eligible sites do not exist on the Proposed 
Project site. A stop-work provision will be used 
if any previously undiscovered cultural 
resources are found. 

No Action None 

Alternate Milling 
Method 

Open-pit mining disturbs more area than that of 
ISR facilities increasing the chance of 
disturbing unknown cultural resources. 

CPP versus 
Satellite Facility Same as Proposed Action 

Use of Alternate 
Lixiviants Same as Proposed Action 

Alternate Waste 
Management Same as Proposed Action 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 

  



Ludeman Project 
 License Amendment Application, Technical Report 

 
 

______________________________________________________________________________________ 
 8-28 
 

Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Visual/Scenic 

Impacts 

Proposed Action 

Minimal visual impacts will result from new 
structures and equipment but will remain 
consistent with the BLM visual resource 
classification of the area. 

No Action None 

Alternate Milling 
Method 

Open-pit mining would create a significant 
visual impact with large stockpiles and a large 
tailings impoundment. 

CPP versus 
Satellite Facility Similar to the Proposed Action 

Use of Alternate 
Lixiviants 

Same as Proposed Action, possibly for an 
extended amount of time if alternate lixiviant 
requires more time for restoration. 

Alternate Waste 
Management Same as Proposed Action 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Socioeconomic 

Impacts 

Proposed Action 

Most of the workforce is expected to come from 
the local area minimizing impacts on housing 
and local services. Project would have slight, 
positive benefit to the State on severance tax, 
royalty, and sales and use tax collections and 
moderate benefits to Campbell County on 
property and production taxes. Remoteness of 
the site might slightly increase the need for 
increased emergency services (fire and 
ambulance service). 

No Action None 

Alternate Milling 
Method 

Conventional mining and milling methods 
require more employees than ISR facilities. 
Revenues to the State, which are based on 
production, would be similar to Proposed 
Action, but Campbell County revenues from 
property taxes would be more due to additional 
equipment required for conventional mining. 

CPP versus 
Satellite Facility 

A CPP would require more employees than a 
Satellite facility which would have a direct 
positive impact on the local economy 

Use of Alternate 
Lixiviants 

Same as Proposed Action, possibly for an 
extended amount of time if alternate lixiviant 
requires more time for restoration. 

Alternate Waste 
Management Same as Proposed Action  

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential Non-
Radiological 

Impacts 

Proposed Action 
Minimal risk of public exposure through 
chemical leaks and spills will be mitigated by 
employing BMPs. 

No Action None 

Alternate Milling 
Method 

Conventional mining and milling methods have 
an increased risk and more severe accidents 
compared to that of the Proposed Action. Safety 
hazards are compounded due to the depths of 
the mineral ore to be recovered. 

CPP versus 
Satellite Facility 

A CPP has additional equipment and chemicals 
that could present safety hazards not found in a 
Satellite facility 

Use of Alternate 
Lixiviants 

Similar to Proposed Action; acid or ammonia-
based lixiviant would introduce additional non-
radiological health risks. 

Alternate Waste 
Management Same as Proposed Action 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 
Radiological 

Impacts 

Proposed Action 

Evaporation ponds accumulate salts and 
windblown material such as dust that will need 
eventual removal increasing the risk for 
potential impacts during transport to an off-site 
facility. 

No Action None 

Alternate Milling 
Method 

Radiological exposure to the personnel in these 
processes is increased, not only from the mining 
process but also from milling and the resultant 
mill tailings. The milling process generates a 
significant amount of waste relative to the 
amount of ore processed. Extensive mill 
tailings impoundments are needed for the 
disposal of these wastes. 

CPP versus 
Satellite Facility Same as Proposed Action 

Use of Alternate 
Lixiviants Same as Proposed Action 

Alternate Waste 
Management Same as Proposed Action 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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Table 8-2: Comparison of Predicted Environmental Impacts (Continued) 

Potential Impact Alternative Potential Impacts 

Potential 11e.(2) 
Management 

Impacts 

Proposed Action 

Evaporation ponds accumulate salts and 
windblown material such as dust that will need 
eventual removal increasing the risk for 
potential impacts during transport to an off-site 
facility. 

No Action None 

Alternate Milling 
Method 

Conventional mining and milling creates 
considerably more waste than ISR, including 
tailings, which would be 11e.(2) byproduct 
material, and residue left from the treatment of 
water. 

CPP versus 
Satellite Facility 

A CPP will potentially create more 11e.(2) and 
non-11e.(2) wastes than a Satellite facility 
requiring more waste to be transported and 
disposed at a licensed facility. 

Use of Alternate 
Lixiviants 

Same as Proposed Action 

Alternate Waste 
Management 

Deep injection well(s) will isolate liquid wastes 
generated by the project from any underground 
source of drinking water. A slight risk of 
exposure to the public during transportation 
exists though will be minimized by employing 
BMPs. 

Uranium 
Processing 

Alternatives 
Same as Proposed Action 
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9 BENEFIT-COST ANALYSIS 
 

9.1 Benefit-Cost Analysis General Background 
 
Demand for uranium to fuel nuclear power facilities is set to grow rapidly as the nuclear 
industry expands. The world’s appetite for energy is expanding at a fast pace, driven largely 
by modernization of the developing nations. For example, in November 2016, 30 countries 
worldwide were operating 450 nuclear reactors for electricity generation, and 60 new 
nuclear plants were under construction in 15 countries. At the same time as total energy 
demand is growing, there is a growing impetus to reduce the burning of carbon-based fuels. 
Currently, nuclear energy provides six percent of the world’s total energy supply, including 
10.9 percent of the world’s electricity. Some countries rely heavily on the nuclear industry. 
In 2015 the United States generated nearly 20 percent of its electricity from nuclear power 
compared to France at 76.3 percent (IAEA, 2016). 
 
Approximately 80 percent of the uranium used for nuclear reactors comes from mines and 
mills, including nearly 30 percent from ISR. The long term need for production of uranium 
is strong for the operation of both current and future nuclear power reactors. In reactor 
licensing evaluations, the benefits of the energy produced are weighed against 
environmental costs, including a prorated share of the environmental costs of the uranium 
fuel cycle. This section summarizes costs and benefits of the proposed development of the 
Proposed Ludeman Project (Proposed Project). The Benefit-Cost Analysis (BCA) 
discussed in this section has established that the proposed development of a new uranium 
ISR facility at the Proposed Project is potentially a cost-effective effort to undertake and 
will provide a net economic benefit to the State of Wyoming. 
 
The analysis described in this section has been tailored to meet the requirements established 
by the NRC NUREG-1569 (Section 9). It includes a description of economic costs and 
benefits resulting from construction, operation, restoration, reclamation, and 
decommissioning of the proposed facility and a discussion of temporary and long-term 
external costs. Where possible, benefit and cost estimates are monetized; however, reliable 
monetary estimates for some potential impacts are not readily available so the narrative 
examines several factors in non-monetary or qualitative terms.  
 
The following analyses use IMPLAN (IMpact Analysis for PLANning), a standard 
industry software package that models the economic impacts of capital intensive projects, 
to calculate the potential economic impacts to the county. Results derived from IMPLAN 
software have been approved in applications for Uranium One’s Moore Ranch facility 
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(Uranium One USA, Inc. SUA-1596). IMPLAN was originally developed by the United 
States Department of Agriculture (USDA) in cooperation with the Federal Emergency 
Management Agency (FEMA) and the United States Department of the Interior (USDI) 
Bureau of Land Management (BLM) for land and resource management planning 
(IMPLAN 2012). Currently, it is being managed by the Minnesota IMPLAN Group, Inc. 
(MIG).   
 

9.2 Alternatives and Assumptions 
 
BCA is a widely used analytical tool to help decision makers determine whether the cost 
of a project today will result in sufficient benefits to justify expenditure on a capital 
intensive project (Campbell and Brown 2003; Zerbe and Bellas 2006). To provide value 
and to assist in the decision process, the BCA needs to be clear about the alternatives being 
considered and the underlying assumptions including quantities of goods, labor costs, 
market conditions and discount rates used to compute net present value. The following 
discussion briefly identifies alternatives and key assumptions used throughout the analysis.  
 

9.2.1 Development Alternatives 
 
This BCA evaluates the benefits and costs of building the Proposed Project and all the costs 
and benefits resulting from its ongoing operation in Converse County, Wyoming. The BCA 
tradeoff under consideration involves comparing a future assuming the Proposed Project 
to a future that assumes the No Action Alternative.  
 

9.2.1.1 No Action Alternative 
 
Under the No Action Alternative, there would be no change in current land cover or land 
and water uses at the site; therefore, there would be no change in the existing underlying 
socioeconomic and demographic trends. 
 

9.2.1.2 Proposed Action 
 
The Proposed Action involves the construction and operation of a uranium ISR facility for 
the Proposed Project. The ISR technology involves leaving the ore where it is below the 
ground surface and pumping native ground water fortified with oxygen and carbon dioxide 
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to recover the minerals from the ore. Consequently, the Proposed Action involves limited 
surface disturbance, no open mine pits, and no tailings or waste rock would be generated. 
 

9.2.2 Key Assumptions and Limitations 
 
Key assumptions about the costs and benefits associated with the Proposed Project involve: 
(1) The Operating Life of the project; (2) the Discount Rate used; (3) the potential Scope 
of the Monetary Impacts; and (4) Potential Non-monetary Impacts. Each of these is 
described in more detail below. 
 

9.2.2.1 Operating Life of Project  
 
For purposes of cost-benefit analysis, the Proposed Project includes wellfields, satellite 
plant, and outlying related structures. For this analysis, the total effective life of the 
Proposed Project is assumed to be approximately 13 years. Within this time frame, there 
are four distinct phases each with a distinct suite of costs and benefits:  

1) One year of initial site development and facility construction; 
2) Approximately seven years of wellfield and satellite plant operation; 
3) Approximately two years of continued satellite plant operation after 

decommissioning and decontamination of the wellfield, including restoration of 
groundwater; and 

4) Approximately one year of decommissioning the satellite plant and one additional 
year of continued regulatory review. 

 
It is possible that the Proposed Project life-span could be shorter than or exceed the 
projected 13-year period. Project life is dependent on the amount of ore, recoverability of 
the ore, and market demand, among other factors. 
 

9.2.2.2 Discount Rate 
 
All monetary values were input as 2012 dollars; therefore, no discount rate is applied to 
future benefits and costs, which are already expressed as 2012 dollars. 
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9.2.2.3 Scope of Potential Impacts 
 
A critical step in any BCA is establishing a viable scope of potential impacts and thus 
establishing who or what will be affected by the Proposed Project. For purposes, of 
quantifying direct, indirect, and induced economic effects, the state of Wyoming is the 
geographic area of analysis (see discussion of IMPLAN Input Data below). Other 
socioeconomic analyses (e.g., effects on housing, schools, etc.) focus on the communities 
within the 50 mile (80 km) study area. 
 

9.2.2.4 Potential Non-monetary Impacts and Benefit-Cost Ratio 
 
Conventional BCA uses monetary values to compare goods and services derived from a 
project or program. The values of goods and services represent their relative importance so 
that if the total value of the benefits is greater than the total value of the costs, the Proposed 
Project is desirable. The standard result is a quantified benefit-cost ratio (BCR), equal to a 
project’s total net benefits divided by its total cost. BCR’s above one have positive net 
economic impacts. While many inputs in the Proposed Project BCR are goods and services 
(skilled labor, construction material) that are regularly traded in markets at well-known and 
predictable prices, others (changes to land or water, aesthetic impacts) are not directly 
traded and are more difficult to value. Where reliable monetary values are not available a 
qualitative approach based on the best available information is required. Because there is 
a mix of quantifiable and qualitative variables in the BCA for the Proposed Project, no 
numeric Benefit-Cost ratio is calculated. 
 

9.3 Potential Economic Benefits of Project Construction and Operation 
 
This section considers the potential economic impacts resulting from construction and 
operation-related activities over the life of the Proposed Project. For this analysis, 
economic impacts are measured by number of jobs and state and local tax revenues 
generated from the project. 
 
These analyses use IMPLAN (IMpact Analysis for PLANning) software and databases. 
IMPLAN allows the user to build an input-output model tailored to model the potential 
impacts of a Proposed Project on a specific community or region. The system is flexible 
and contains a database of over 500 industrial sectors gathered from counties throughout 
the United States. By identifying the location and industrial sector of the project (i.e., 
construction and production), the analyst can therefore estimate the total potential 
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economic impact of a given project. The model requires labor and capital expenditures data 
as inputs to evaluate the potential economic impacts of the project. The output is the 
potential direct, indirect, and induced employment impacts and generated tax revenue. 
 

9.3.1 IMPLAN Input Data 
 
Wyoming was selected as the study area for IMPLAN impact analysis for a number of 
reasons. Although the project is located in Converse County, using only the county as the 
economic study area would result in an understatement of the overall economic impact of 
the project. This is because Converse County, with an estimated population of 
approximately 14,000 is too small for economic impact analysis purposes. The Proposed 
Project operator will necessarily look outside of the county for some of the goods and 
services needed to construct and operate the facility. Using the state of Wyoming (with a 
2012 estimated population of 577,000 and with several larger retail/business communities 
such as Casper, Gillette, and Cheyenne) provides a greater likelihood that more of the 
goods and services needed for the project will come from the economic study area.   
 
Economic effects of operations were calculated using IMPLAN sector 24 (gold, silver or 
other metal ore mining) as there is no separate IMPLAN sector for uranium facilities. The 
NAICS code for uranium-related industries (2212291) is included in IMPLAN sector 24. 
The IMPLAN data for Wyoming for Sector 24 was modified for the Proposed Project 
analysis to better correspond to the project parameters as follows. The Wyoming state data 
included proprietary income as part of “Per worker Earnings” for Sector 24. Since 
proprietor income inflated per worker earnings in Sector 24 compared to payroll cost 
projections prepared by Uranium One, it was zeroed from the equation. This adjustment 
then brought the per worker earnings into better alignment with the Proposed Project 
payroll cost estimates. Once this adjustment was made, the number of employees directly 
employed for operations was used as the input to the IMPLAN model to predict the 
economic outputs of operating the satellite plant and the wellfields (Table 9-1). 
 
Economic effects of construction and decommissioning were calculated using two 
IMPLAN sectors – sector 36 (construct other non-residential structures) and sector 205 
(construction machinery manufacturing). These sectors were arrived at by examining U.S. 
Bureau of Economic Analysis Capital Flow data. The Capital Flow data indicate that 
approximately 44 percent of metal mining commodity expenditures are spent on 
construction activities; 30 percent on equipment and machinery, and 15 percent on 
transportation equipment (e.g., vehicles). The remaining 11 percent is spread among 
several categories in small amounts. Projected construction and decommissioning costs are 
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presented in Table 9-2. IMPLAN’s Regional Purchase Coefficient (RPC) for sector 36 in 
Wyoming is 100 percent. RPC represents the proportion of goods and services purchased 
from local producers. IMPLAN’s RPC for sector 205 (construction machinery 
manufacturing) was 2.6 percent, meaning that only 2.6 percent of the total amount would 
be spent on construction machinery and equipment produced in Wyoming and the other 
97.3 percent of expenditures would go to firms outside of Wyoming. There was no 
comparable category for transportation equipment in the IMPLAN sectors for Wyoming—
vehicle manufacturing occurs in other states. 
 
To arrive at estimated impacts, 44 percent of the total costs of construction (payroll and 
non-payroll costs) was applied to sector 36 (construction) and 30 percent of the total was 
applied to sector 205 (construction machinery) using the RPC of 2.6 percent. Much of the 
balance of 26 percent is assumed to be “leakage” from the state of Wyoming—costs going 
to goods produced elsewhere, such as vehicles. Still, the overall economic impacts of 
construction for this project are likely to be a conservative estimate, since some of the other 
goods and services that will be needed may be produced in Wyoming. 
 

9.3.2 Potential Employment Benefits 
 
Table 9-3 shows the potential direct, indirect, and induced effects on state-wide 
employment. Employment is expressed as numbers of jobs. IMPLAN, like the Regional 
Economic Information System (REIS) of the US Bureau of Economic Analysis (BEA), 
measures an industry’s employment as the average annual full and part-time number of 
employees. These numbers are estimates only. Actual numbers may vary based on a 
number of factors. 
 
The direct employment effects refer to the employment directly generated by the Proposed 
Project. Direct jobs include payroll positions with Uranium One as well as persons 
employed through contract on construction and decommissioning.  
 
Indirect employment includes jobs resulting from increased demand for products or goods 
related to the direct effects of construction, operations, and decommissioning. Indirect 
employment would include jobs such as those needed to support the direct activities on site 
such as vehicle repair.  
 
Induced employment is the result of expenditures caused by new household income 
generated by the direct and indirect effects. Food and beverage establishments, medical 
facilities, and retail businesses might likely require more employees to serve new residents 
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or households with expanded incomes resulting from the increases in direct and indirect 
employment. 
 
Total potential direct, indirect, and induced employment figures fluctuate from year to year 
because each year there is a different combination of construction, operations, and 
decommission activities.  
 

9.3.3 Potential State and Local Tax Revenue Benefits 
 
In addition to aggregate employment effects, IMPLAN provides an estimate of expected 
state and local tax revenue impacts over the life of the Proposed Project associated with 
ISR activities. To remain consistent with the scope of impact, Federal taxes are not 
included in this analysis. 
 
Potential state and local tax implications associated with the Proposed Project are presented 
in Table 9-4. While IMPLAN includes employee and employer social insurance taxes as 
well as personal tax items like income tax, property tax and motor vehicle license tax, these 
tax revenues are not reported here because they are paid by county workers and their 
families; thus, represent a transfer of wealth rather than a net economic gain. The state and 
local tax estimates in Table 9-4 are instead calculated only on non-payroll business taxes. 
These revenues stem directly from the construction and operation of the Proposed Project 
and are paid by the Uranium One; therefore, can be counted as net economic gains when 
compared to the No Action alternative. 
 
As Table 9-4 shows, the results from the IMPLAN analysis show that the construction and 
operation of the Proposed Project is expected to generate annual state and local revenues 
of more than $1.5 million per year until the last three years of the project. Total cumulative 
local and state tax revenues over the 16-year life of the project are estimated at $17.2 
million (expressed as 2012 dollar equivalents). These taxes include property and sales 
taxes. 
 

9.4 Potential External Costs of Project Construction and Operation 
 
In this section of the analysis, potential external costs of the Proposed Project are identified 
and compared to the No Action alternative. Both short-term and long-term external costs 
that may affect the interest of people other than the owners and operators of the Proposed 
Project are also identified and described.  
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9.4.1 Short Term External Costs 
 

9.4.1.1 Housing Shortages 
 
At its peak levels of employment, the Proposed Project is estimated to produce 
approximately 151 total jobs in Wyoming. This includes jobs created directly or indirectly 
by the project or induced by related household expenditures. Many of the jobs will be 
ongoing over the life of the project (such as the number of persons directly employed by 
the operator or its contractors for ongoing operations and wellfield and satellite plant 
construction). Others will be tied to specific phases, such as construction or 
decommissioning, and will be shorter-term rather than on-going. As a result, the total 
number of jobs is estimated to fluctuate from year to year. 
 
In April 2012, the unemployment rates in the eight counties surrounding the Proposed 
Project ranged from 3.4 percent to 7.3 percent, compared to 8.2 percent for the entire 
United States (WDOW). It is anticipated that this area will continue to have relatively low 
unemployment rates. Consequently, it is assumed that the supply of available workers is 
limited locally and that many of the employees needed to fill the projected new local jobs 
will come from outside the eight county area. 
 
At the peak of all direct, indirect, and induced employment, which falls in the first year of 
the project, a total additional estimated 228 jobs would be created. Although the IMPLAN 
analysis study area was for the entire state of Wyoming, for purposes of analyzing the range 
of impacts, all 228 jobs were projected to result in new demand for housing in communities 
within a 50-mile (80 km) radius of the Proposed Project. This overestimates the likely 
potential for impacts to this area because some of the indirect and induced jobs will be 
located outside of the 50-mile (80 km) study area and some of the jobs will be filled with 
current local residents who need no additional housing. 
 
Assuming each job created a separate demand for housing, it would require 228 available 
housing units. The three communities within 50-miles (80 km) of the Proposed Project area 
that would be the likely housing locations are Casper, Glenrock, and Douglas with most of 
the available units located in Casper. In the event that workers from out-of-state are hired 
for the short-term construction phase of the proposed project, the present available stock 
of motel/hotel rooms and RV sites will accommodate the temporary workers. 
 
There is sufficient available housing in the 50-mile (80 km) study area to accommodate 
new residents taking jobs directly or indirectly related to the Proposed Project. 
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At the peak of direct employment numbers (Year 0), the Proposed Project would account 
for approximately 151 new jobs. Assuming each new job resulted in a separate demand for 
housing, 151 housing units would be needed. In 2012, homeowner vacancy rates were 1.9 
percent in Converse County and 1.1 percent in Natrona County. Rental vacancy rates were 
7.7 percent in Converse County and 6.7 percent in Natrona County (WYEAD 2012) 
 
The total of all new direct, indirect, and induced jobs estimated by the IMPLAN analysis 
are for the state of Wyoming, not just Converse and Natrona Counties. If all 229 new direct, 
indirect, and induced jobs (at the peak of total employment in Year 0) were in Converse 
and Natrona Counties, there would be adequate housing stock to purchase or rent.  
 

9.4.1.2 Impacts on Schools and Other Public Services 
 
The estimated total of 229 new direct, indirect, and induced jobs of the peak employment 
year for the Proposed Project would result in a total population increase of 554 persons, 
based on average household size in Wyoming of 2.42 in 2012 (per U.S. census estimates) 
and assuming that all of the jobs are filled with persons not already living in Wyoming.  
 
Although the IMPLAN analysis study area was for the entire state of Wyoming, for 
purposes of analyzing the impacts to schools and other public services, all 229 jobs were 
projected to result in population increases to Converse and Natrona Counties. This 
overestimates the likely potential for impacts to these two counties because some of the 
indirect and induced jobs will be located outside of these two counties and some of the jobs 
in Converse and Natrona Counties will be filled with local residents. The addition of 554 
persons would be an increase of half of one percent to the total combined 2012 estimated 
population of 92,629 for Converse and Natrona Counties. 
 
Children between the ages of five and 19 constituted approximately 20 percent of total 
estimated population in Converse and Natrona Counties in 2012. Using 20 percent as the 
ratio for school age children, there would be approximately 111 school age children 
anticipated from the projected increase in total direct, indirect, and induced employment.  
 
Converse School District No.1 in Douglas added new facilities in 2008 and 2009 providing 
capacity for 350 additional students in grades K-5 and 250 additional students in Middle 
and High School. Converse School District No. 2 in Glenrock was under capacity in 2012 
and would be able to increase enrollment without additional expansion (other than what 
has already been planned or recently completed). The Natrona County School District 
(primarily in the Casper area) has approximately 12,722 students. 
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A total increase of half of one percent to the total population of Converse and Natrona 
County is not likely to create a significant impact on other public services such as fire, 
police, water, and utilities.  
 

9.4.1.3 Impacts on Noise and Congestion 
 
The existing ambient noise in the vicinity of the Proposed Project area is dominated by the 
traffic noise from State Highways 95 and 93.There are several residential sites within the 
2-mile buffer area. There a small cluster of occupied housing units and one operating ranch 
in the vicinity of the Proposed Project. The nearest resident is approximately 0.5 miles to 
the north. The Leuenberger Ranch lies within the Proposed Project area. The proposed 
satellite facility is approximately 2,000 feet from the property boundary of a small rural 
residential subdivision. Assuming that the noise level produced by unshielded machinery 
at the plant site is 85dB at 50 feet, the sound pressure level attained at the property boundary 
will be well below the level identified by the USEPA as suitable for outdoor areas where 
human activity takes place (approximately 55 dB). After appropriate engineered controls 
(i.e. the protective enclosure for the equipment) are installed, noise levels will not impact 
the residences, and are unlikely to approach the levels attained by State Highway 95. 
 
As a result of the remote location of the Proposed Project area and the low population 
density of the surrounding area, impact to noise or congestion above ambient background 
noise within the project area or in the surrounding 2-mile area is not anticipated. 
Additionally, given the maximum increase in population due to migrant workers is 
insignificant, noise and congestion impacts are not anticipated in Glenrock, Douglas, 
Casper, or other neighboring counties. 
 

9.4.2 Long Term External Costs 
 

9.4.2.1 Impairment of Recreational and Aesthetic Values 
 
While opportunities for developed and dispersed recreation exist in the 50-mile area 
surrounding the Proposed Project, the closest public recreation site is the Bixby Access site 
(Wyoming Fish and Game) on the North Platte River. The next closest is the Fort Fetterman 
Historical site, approximately 4-miles from the Proposed Project. 
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9.4.2.2 Land Disturbance 
 
The Proposed Project area has been used for grazing and some oil and gas development. 
As the Proposed Project would use ISR methods, there would be limited land surface 
disturbance compared to conventional surface mining techniques. Land surface disturbance 
associated with wellfield development would also be short term as interim stabilization 
with native vegetation species is implemented as soon as construction activities are 
complete and maintained through the life of the wellfields. No tailings or waste rock would 
be generated. Satellite facilities and private access roads would be confined to delineated 
areas.  
 

9.4.2.3 Habitat Disturbance 
 
Currently, there is no federally or state designated wildlife habitat identified within the 
Proposed Project area. As the Proposed Project area has been historically used extensively 
for livestock grazing, there are no anticipated long-term losses to wildlife or wildlife habitat 
relative to the existing conditions resulting from the construction and operation of the 
Proposed Project.  
 

9.4.3 Groundwater Impacts 
 
It is unlikely that any future irrigation development would occur within the Proposed 
Project area due to limited water supplies, topography, soils, and climate. Irrigation within 
the 2-mile review area is anticipated to be consistent with the past. Based on population 
projections, future water use within the two-mile review area would likely be a 
continuation of present use. Since ISR production is a theoretically closed hydraulic 
system, except for the one percent bleed, and considering that local water sources are 
derived from aquifers located above the Production Zone the surrounding groundwater 
should not be affected. Therefore, it is anticipated that there would be no significant 
changes from the existing conditions for public water supply in the project area and within 
the 2-mile buffer zone surrounding the Proposed Project area.  
 
Minimal effects to the existing aquifer as a result of drawdown are anticipated. Following 
standard mining practice, any contaminated water drawn from the aquifer on site would 
either be treated before re-injection or disposed via evaporation ponds. Upon 
decommissioning, the affected groundwater would be restored and all wells would be 
plugged and abandoned. The primary goal of the groundwater restoration program would 
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be to return groundwater affected by mining operations to baseline values on a mine unit 
average. The secondary goal would be to return the groundwater to a quality consistent 
with pre-mining use. Prior to mining in each mining unit, baseline groundwater quality 
would be determined. This data would be established for each mine unit at the minimum 
density of one production or injection well per four acres. Upon completion of restoration, 
a groundwater stabilization monitoring program would begin in which the restoration wells 
and any monitor wells on excursion status during mining operations would be sampled and 
analyzed for the restoration parameters. 
 
Given the historically limited irrigation, the limited domestic groundwater use, and the 
groundwater restoration program associated with the Proposed Project, there would be no 
permanent commitment of water resources required and any potential long-term changes 
from the No Action groundwater conditions would be limited to those identified and 
addressed in the groundwater restoration program.  
 

9.4.4 Radiological Impacts 
 
As the Proposed Project would be using ISR techniques, most of the identified radioactivity 
in the ore body would remain permanently underground. Following standard ISR 
procedures, routine operational monitoring of air, surface water and groundwater, and soil 
would be undertaken by Uranium One as discussed in TR Section 5. Prior to process plant 
decommissioning, a preliminary radiological survey would be conducted to identify any 
potential radiological hazards. The survey will also support the development of procedures 
for dealing with such hazards prior to commencement of decommissioning activities.  
 
Decommissioning of process facilities would commence only after NRC approval of a 
Decommissioning Plan in accordance with the most current applicable NRC rules and 
regulations, permit and license stipulations and amendments in effect at the time of the 
decommissioning activity. 
 
All process or potentially contaminated equipment and materials at the facility including; 
tanks, filters, pumps, piping, etc., would be designated for one of the following removal 
alternatives: 

 Removal to a new location within the Proposed Project area for further use or 
storage; 

 Removal to another NRC licensed facility for either use or permanent disposal; or 
 Decontamination to meet unrestricted use criteria for release. 
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It is likely that process buildings would be dismantled and moved to another location or to 
a permanent licensed disposal facility. Cement foundation pads and footings would be 
broken up and trucked to a disposal site or to a licensed facility if contaminated. The 
landowners may request that a building or other structures be left on site for future use. In 
that case, the building would be decontaminated to meet unrestricted use criteria.  
 
Under the proposed operating and decommissioning conditions, the potential long-term 
radiological impacts at the Proposes Project are anticipated to be negligible compared to 
the existing background no action conditions. 
 

9.5 Benefit-Cost Summary 
 
A primary economic benefit of the Proposed Project is the creation of potentially 229 new 
permanent and part time jobs at peak employment within the county and surrounding areas, 
including the direct, indirect and induced employment effects over the construction and 
operating life of the project (Table 9-3). Additionally, the project may generate up to $17.2 
million in total state and local business tax revenues over the life of the project, which is a 
significant economic gain compared to the no action alternative.  
 
Table 9-3 further shows that the short-terms effects on housing, schools and public 
facilities and the increased potential for noise and congestion in the county involve little or 
no change compared to the current conditions. Based on the historical land uses, physical 
remoteness and proposed reclamation practices, no potential quantifiable long-term 
impairments appear to significantly offset the benefits of the Proposed Project.  
 
The Proposed Project is likely to place negligible short-term or long-term cost burdens on 
the Converse and Natrona Counties, while providing increased revenue and employment 
opportunities; therefore, the development and operation of the Proposed Project would 
provide a net economic benefit to Converse and Natrona Counties when compared to the 
no action alternative. 
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Table 9-1: Total Operations Direct Staff Positions 
Year of Operation Number of Employees 

Year 0 0 
Year 1 37 
Year 2 37 
Year 3 41 
Year 4 41 
Year 5 37 
Year 6 30 
Year 7 30 
Year 8 28 
Year 9 28 

Year 10 11 
Year 11 6 
Year 12 0 
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Table 9-2: IMPLAN Input Data for Proposed Project Construction and 
Decommission  

Year 
Total Cost of 

Construction/Decommission  
Non-Equipment Cost 

(44% of total) 
Equipment and 

Machinery (30% of total) 
0 $47,234,230 $20,783,061 $14,170,269 
1 $6,998,820 $3,079,481 $2,099,646 
2 $7,582,055 $3,336,104 $2,274,617 
3 $2,332,940 $1,026,494 $699,882 
4 $9,331,760 $4,105,974 $2,799,528 
5 $3,329,507 $1,464,983 $998,852 
6 $826,664 $363,732 $247,999 
7 $1,239,996 $545,598 $371,999 
8 $2,066,660 $909,330 $619,998 
9 $1,653,332 $727,466 $496,000 
10 $929,997 $409,199 $278,999 
11 $5,041,367 $2,218,201 $1,512,410 
12 $1,577,121 $693,933 $473,136 
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Table 9-3: Employment Effects of the Proposed Project 

  Direct Indirect Induced Total 
Year 0 - Construction 151.1 37.6 40.1 228.8 
Year 0 - Operations  0 0 0 0 
Subtotal 151.1 37.6 40.1 228.8 
Year 1 - Construction 22.4 5.6 5.9 33.9 
Year 1 - Operations  37 20.6 19.6 77.3 
Subtotal 59.4 26.2 25.5 111.2 
Year 2 - Construction 24.3 6 6.4 36.7 
Year 2 - Operations  37 20.6 19.6 77.3 
Subtotal 61.3 26.6 26.0 114 
Year 3 - Construction 7.5 1.9 2 11.3 
Year 3 - Operations  41 22.9 21.8 85.6 
Subtotal 48.5 24.8 23.8 97 
Year 4 - Construction 29.9 7.4 7.9 45.2 
Year 4 - Operations  41 22.9 21.8 85.6 
Subtotal 70.9 30.3 29.7 130.8 
Year 5 - Construction 10.7 2.6 2.8 16.1 
Year 5 - Operations  37 20.6 19.6 77.3 
Subtotal 47.7 23.2 22.4 93.4 
Year 6 - Construction 2.6 0.7 0.7 4 
Year 6 - Operations  30 16.7 15.9 62.7 
Subtotal 32.6 17.4 16.6 66.7 
Year 7 - Construction 4 1 1.1 6.1 
Year 7 - Operations  30 16.7 15.9 62.7 
Subtotal 34 17.7 17.0 68.8 
Year 8 - Construction 6.6 1.6 1.8 10 
Year 8 - Operations  28 15.6 14.9 58.5 
Subtotal 34.6 17.2 16.7 68.5 
Year 9 - Construction 5.3 1.3 1.4 8 
Year 9 - Operations  28 15.6 14.9 58.5 
Subtotal 33.3 16.9 16.3 66.5 
Year 10 - Construction 3 0.7 0.8 4.5 
Year 10 - Operations  11 6.1 5.8 23 
Subtotal 14 6.8 6.6 27.5 
Year 11- Construction 16.1 4 4.3 24.4 
Year 11 - Operations  6 3.3 3.2 12.5 
Subtotal 22.1 7.3 7.5 36.9 
Year 12 - Construction 5 1.3 1.3 7.6 
Year 12 - Operations  0 0 0 0 
Subtotal 5 1.3 1.3 7.6 
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Table 9-4: State and Local Tax Revenue  
  Enterprise Tax Indirect Business Tax   

Year 
Construction/ 

Decommissioning Operations 
Construction/ 

Decommissioning Operations Total 
0 $37,976 0 $378,795 0 $416,771 
1 $5,627 $205,336 $56,127 $1,277,756 $1,544,846 
2 $6,096 $239,799 $60,804 $1,492,213 $1,798,912 
3 $1,876 $287,186 $18,709 $1,787,090 $2,094,861 
4 $7,503 $338,881 $74,836 $2,108,776 $2,529,996 
5 $2,677 $381,961 $26,701 $2,376,850 $2,788,189 
6 $665 $274,262 $6,629 $1,706,666 $1,988,222 
7 $997 $205,336 $9,944 $1,277,756 $1,494,033 
8 $1,662 $153,641 $16,574 $956,070 $1,127,946 
9 $1,329 $153,641 $13,259 $956,070 $1,124,299 
10 $748 $38,410 $7,458 $239,018 $285,634 
11 $4,053 0 $40,429 0 $44,483 
12 $1,268 0 $12,648 0 $13,916 

Total $72,476 $2,278,453 $722,913 $14,178,265 $17,252,108 
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Table 9-5: Summary of Benefits and Costs for the Proposed Project 
Benefits Costs 

 Tax Revenue 
- $17.2 million 

 Additional New Jobs (Peak 
Year) - 151 jobs 

 Housing Impacts 
- Small Impact 

 Schools and Public Facilities   
- Small Impact 

 Noise and Congestion 
- Small Impact 

 Impairment of Recreational and 
Aesthetic Values 
- Small Impact 

 Land Disturbance 
- Small Impact 

 Groundwater Impacts 
- Controlled through mitigation 

 Radiological Impacts 
-  Controlled through mitigation 
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10 ENVIRONMENTAL APPROVALS 
 

10.1 Applicable Regulatory Requirements, Permits and Approvals 
 
Various permits and approvals from numerous Federal and State agencies will be required 
for the proposed Ludeman Project (Proposed Project) to operate. This section identifies the 
issuing agencies, a description of the type of permit(s), license, or approvals needed, and 
the current status of securing these approvals.  
 
Table 10-1 lists the necessary environmental approvals from Federal and State Agencies 
required for the proposed project. All necessary approvals must be secured prior to 
commencement of commercial production at the site.  
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Table 10-1: Summary of Proposed, Pending and Approved Permits for the Proposed Project 
Issuing Agency Permit or License Status 

State 

Wyoming Department of 
Environmental Quality 
122 West 25th St 
Herschler Building 
Cheyenne, Wyoming 82001 

Permit to Mine Final Permit to Mine Application submitted in May, 2017 and currently under review by 
WDEQ 

Groundwater Reclassification (EPAAquifer Exemption) 
(WDEQ Title 35-11) 

Groundwater reclassification will be completed (information in application) by WDEQ prior 
to issuance of final Permit, and confer with EPA on its Aquifer Exemption process. 

Underground Injection Control Permit (Deep Disposal 
Well) (WDEQ Title 35-11) Class I UIC Permit application will be developed and submitted if DDWs utilized. 

Industrial Stormwater NPDES Permit 
(WDEQ Title 35-11) 

An Industrial Stormwater NPDES will be required for the Satellite Plant Area, trunk line, 
ponds and wellfeld areas. 

Construction Stormwater NPDES Permit 
(WDEQ Title 35-11) 

Construction Stormwater NPDES authorizations are applied for and issued annually under a 
general permit based on projected construction activities. The Notice of Intent will be filed at 
least 90 days before construction activities begin in accordance with WDEQ requirements. 

Mineral Exploration Permit (WDEQ Title 35-11) Approved Mineral Exploration Permit 339DN is currently in place for the Ludeman area 

Underground Injection Control Class V, Septic System 
(WDEQ Title 35-11) 

The Class V UIC permit will be applied for following installation of an approved site septic 
system during facility construction. 

Construction Air Quality Permit Application will be submitted six months prior to start of construction 

Wastewater Pond Construction Permit To be prepared prior to pond construction 

Federal 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Amendment of Materials License SUA-1341 
(10 CFR 40) Revised Application submitted July 2017 

U.S. Environmental Protection Agency 
1200 Pennsylvania Ave NW 
Washington, DC 20460 

Aquifer Exemption (40 CFR 144, 146) See Groundwater reclassification process above 

U.S. Army Corps of Engineers 
2232 Dell Range Blvd., Suite 210 
Cheyenne, WY 82009-4942 

Nationwide Permit Authorization, Wetlands 

All necessary information has been provided to the USACE, USACE has determined (May 
11, 2011) the methods used to identify wetlands within the permit are consistent with the 
Corps of Engineers Wetland Delineation Manual. Activities can be covered under nationwide 
permits. 

County 

Converse County County development permits Access road approach and emergency services agreement will be prepared prior to 
construction 
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GLOSSARY 

11e.(2) Byproduct Material: the tailings or byproduct produced by extracting or 
concentrating uranium or thorium from any ore processed primarily for its source material 
content. 

Best Practicable Technology (BPT): WDEQ Guideline 4 defines BPT as a technology-
based process justifiable in terms of existing performance and achievability (in relation to 
health and safety) which minimizes, to the extent safe and practicable, disturbances and 
adverse impacts of the operation on human or animal life, fish, wildlife, plant life and 
related environmental values. 

Bleed: a solution drawn to adjust production or to restore groundwater by pumping more 
fluids from the production zone than are injected, causing fresh groundwater to flow into 
the production area.  

Brine: water with concentrated dissolved minerals generated from the production and 
restoration reverse osmosis units. 

Buffer (Review) Area: area extending a specified distance outside the Proposed Project 
area for analyzing baseline conditions and potential impacts. The distance from the 
proposed project area varies by resource. Also refered to as “Review Area.”  

Central Processing Plant Area: a fenced area that includes the Central Processing Plant 
(CPP), storage facilities, office/warehouse facilities, lined backup storage pond, and 
other piping and equipment. The Ludeman Project satellite facility will utilize Uranium 
One’s Irigaray (Willow Creek) CPP for the elution, precipitation and drying/packaging of 
the uranium. 

Controlled Area: as defined by 10 CFR Part 20 is an area outside of a restricted area but 
inside the site boundary, access to which can be limited by the licensee for any reason. 

Deep Disposal Well: a class I well that injects hazardous and non-hazardous wastes into 
deep, isolated rock formations that are below the lowermost USDW (see USDW definition 
below). 

Effluent: a waste liquid, solid, or gas, in its natural state or partially or completely treated, 
that discharges into the environment.  



Ludeman Project 
License Amendment Application, Technical Report 

G-2 

Eluant: a substance used as a solvent in separating materials in elution 

Elution: the process of extracting (or eluting) one material from another by washing with 
a solvent (eluant) to remove adsorbed material (such as uranium) from an adsorbent such 
as an ion exchange resin. 

Ephemeral stream: a drainage feature that only carries surface runoff in direct response 
to precipitation. An ephemeral stream may or may not have a well-defined channel and the 
stream bed is always above the water table. An ephemeral stream lacks the biological, 
hydrological, and physical characteristics commonly associated with perennial or 
intermittent streams.  

Excursion: the unintended spread, either horizontally or vertically, of recovery solutions 
beyond the production zone. Monitoring wells are installed to analyze for appropriate water 
quality parameters and detect excursions.  

Flare: the undetected spread of recovery solutions between the well field and monitor wells 
of the production zone. Flare is also a proportionality factor that estimates the amount of 
aquifer water outside of the pore volume that has been affected by lixiviant flow during the 
recovery phase. The flare is usually expressed as a horizontal and vertical component to 
account for differences between the horizontal and vertical hydraulic conductivity of an 
aquifer material.  

Feeder Pipelines: injection and recovery feeder pipelines will convey injection and 
recovery solutions between the main trunk lines which deliver solutions to and from the 
CPP and the header houses. 

Groundwater: water beneath the surface in the saturated zone that is under atmospheric 
or artesian pressure.  

Header House: will transfer injection and recovery solutions to and from individual wells 
in a wellfield. Each header house will have an injection and recovery manifold which are 
connected to the respective feeder pipelines.  

Injection Zone: a geological formation, group of formations, or part of a formation that 
receives fluids through a well.  
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In Situ Recovery (ISR): the in-place recovery of a mineral resource without removing 
overburden or ore. This is typically accomplished by installing a well and recovering the 
resource directly from the natural deposit by exposing it to the injection and recovery of a 
fluid that causes the leaching, dissolution, or recovery of the mineral.  

ISR GEIS: Generic Environmental Impact Statement for In-Situ Leach Uranium Milling 
Facilities, NUREG-1910. 

Injection Well: a well or conduit through which lixiviant is introduced into the ore body. 

Ion Exchange: a chemical process used to recover uranium from solution by the exchange 
of dissolved uranium ions between a lixiviant (leach solution) and a solid, either a mineral 
surface or, more commonly, a synthetic polymer resin.  

Surge Pond: a lined containment pond to temporarily hold waste water as backup 
capacity to the deep disposal wells (DDW) during maintenance or repair 

Lixiviant: a leachate solution composed of native groundwater and chemicals (such as 
sodium carbonate/bicarbonate, ammonia, or sulfuric acid) added by the ISR facility 
operator. In the ISR process, the lixiviant is pumped underground for the purpose of 
mobilizing (dissolving) uranium from a uranium ore body. 

Monitor Well: a well constructed or utilized to measure static water levels and/or to obtain 
liquid, solid, or gaseous analytical samples or other physical data that would be used for 
controlling the operation or to indicate potential circumstances that could affect the 
environment.  

Ore body: an area of above normal mineralization occurring at roll front boundaries 

Permeate: nearly pure water generated from the production and restoration reverse 
osmosis units.  

Pore Volume: a term used to define an indirect measurement of a unit volume of aquifer 
water affected by ISR recovery.  

Pregnant Solution (lixiviant): a solution containing a dissolved, extractable mineral that 
was leached from the ore; uranium leach solution pumped up from the underground ore 
zone through a production hole. Also called "pregnant lixiviant." 
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Proposed Action: the Proposed Action involves construction, operation, groundwater 
restoration, and decommissioning of an ISR uranium recovery facility in the Proposed 
Project Area. 

Proposed Project Area: the area proposed for construction, operation, groundwater 
restoration, and decommissioning of an ISR uranium recovery facility. 

Production Zone: the uranium-bearing portion of a geological formation or part of a 
formation that is the target of ISR uranium recovery by underground injection and 
production of lixiviant. 

Reclamation: the process of restoring the surface environment to acceptable pre-existing 
conditions. Reclamation includes activities such as surface contouring, equipment removal, 
well plugging, and revegetation. 

Recovery Well: a well or a drill hole in an in situ leach operation through which pregnant 
(uranium-bearing) solutions are extracted from an underground stratum or uranium 
deposit.  

Restoration: returning each constituent in the affected groundwater to its NRC/WDEQ-
approved restoration target value or to an alternate standard approved by NRC/WDEQ. 

Restricted Area: an area, access to which is limited by the licensee for the purpose of 
protecting individuals against undue risks from exposure to radiation and 11e.(2) byproduct 
material. Restricted area does not include areas used as residential quarters, but separate 
rooms in a residential building may be set apart as a restricted area. 

Reverse Osmosis (RO): the act of reversing a diffusion through a semipermeable 
membrane, typically separating a solvent and a solution that tends to equalize their 
concentrations. In ISR facilities, this process is used to treat wastewater to remove 
dissolved constituents and reduce total dissolved solids.  

Review Area: area extending a specified distance outside the proposed project area for 
analyzing baseline conditions and potential impacts. The distance from the proposed 
project area varies by resource. Also refered to as “buffer area.” 

Roll Front: a localized uranium deposit in the form of a roll or interface that separates an 
oxidized interior from a reduced exterior. The reduced side of this interface is significantly 
enriched in uranium.  
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Safe Drinking Water Act (SDWA): The Safe Drinking Water Act (SDWA) is the main 
federal law that ensures the quality of Americans' drinking water.Under SDWA, EPA sets 
standards for drinking water quality and oversees the states, localities, and water suppliers 
who implement those standards. 

Satellite Facility: a remotely located facility for initial processing of uranium bearing 
solutions such as the proposed Ludeman facility.  

Trunkline: a buried pipeline conveying lixiviant from the satellite plant to feeder lines or 
recovery solution from a feeder line to the satellite plant.  

Underground Source of Drinking Water (USDW): an aquifer or portion of an aquifer 
that supplies any public water system or that contains a sufficient quantity of groundwater 
to supply a public water system, and currently supplies drinking water for human 
consumption, or that contains fewer than 10,000 mg/I total dissolved solids and is not an 
exempted aquifer.  

Unrestricted Areas: means an area, access to which is neither limited nor controlled by 
the licensee. 

Wellfield: the area of an ISR operation that encompasses the array of injection, recovery 
and monitoring wells and interconnected piping employed in the ISR recovery process.  
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