
 
 

September 15, 2009 
 
 
Mr. Mike Griffin 
Director of Environmental &  
  Regulatory Affairs 
Uranium One, Americas 
907 North Poplar Street 
Suite 260 
Casper, WY 82601 
 
SUBJECT:   REQUEST FOR ADDITIONAL INFORMATION -ENERGY METALS 

CORPORATION ANTELOPE AND JAB URANIUM PROJECT LICENSE 
APPLICATION (TAC J00585) 

 
Dear Mr. Griffin: 
 
By letter dated July 3, 2008, Energy Metals Corporation, (Energy Metals) submitted a Source 
Materials License application to the U.S. Nuclear Regulatory Commission (NRC) staff for the 
Antelope and JAB ISR Project, a proposed in situ recovery (ISR) uranium recovery facility in 
Sweetwater County, Wyoming.  By letter dated March 9, 2009, you were informed that the staff 
had completed its acceptance review of EMC’s application and found it acceptable for technical 
review.  NRC staff has now completed a detailed review of the Technical Report supporting your 
application.  Results of this review indicate certain deficiencies in the Technical Report that will 
require additional information from Energy Metals to complete staff’s review of your license 
application.  
 
During the technical review, the staff identified issues related to groundwater and radiological 
protection.  The staff’s groundwater protection issues pertain to the clarification of the following:  
(1) apparent inconsistencies in the reported geologic and surface water flow information, 
hydrogeologic evaluations and aquifer restoration procedures/schedules; (2) controls on the 
lixiviant chemistry and its migration due to the low hydrostatic pressures; and (3) adequate 
effluent disposal capacity for the facility operations.  The staff’s radiological issues pertain to the 
adequacy of the gaseous and liquid effluent controls and the operational radiation safety 
program for plant personnel. 
 
The request for additional information (RAI) is included in the enclosure.  Within 30 days, please 
either provided the information requested or a schedule for submitting the requested 
information.  Please note that untimely responses to this RAI could delay completion of the 
safety review.  We are available to meet with you to discuss the requested information.  
 
If you have any questions concerning this letter, please contact me or Mr. James Webb. Mr 
Webb can be contacted either by phone at (301) 415-6252 or by email at 
James.Webb@nrc.gov.  
 



M. Griffin 2 
 
In accordance with 10 CFR 2.390 of the NRC’s “Rules of Practice for Domestic Licensing 
Proceedings and Issuance of Orders,” a copy of this letter will be available electronically for 
public inspection in the NRC Public Document Room or from the Publicly Available Records 
component of NRC’s document system (ADAMS).  ADAMS is accessible from the NRC Web 
site at http://www.nrc.gov/reading-rm/adams.html.  
 
       Sincerely, 
 
 
       /RA/ 
 
       Stephen Cohen, Team Leader 
       Uranium Recovery Licensing Branch 
       Decommissioning and Uranium Recovery  
         Licensing Directorate  
       Division of Waste Management 
         and Environmental Protection 
       Office of Federal and State Materials 
         and Environmental Management Programs 
 
Docket No. 040-9079 
 
Enclosure:  Request for Additional Information 
 
cc:  M. Moxley, WDEQ/WQD 
       J. Kaminsky, BLM 
       A. Boyle, WDEQ/LQD 
       D. Wichers, Uranium One 
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Enclosure 

U.S. Nuclear Regulatory Commission Request for Additional Information 
Uranium One Americas Antelope and JAB Uranium Project 

Application for a Source Materials License 
 

 
By letter dated July 3, 2008, Energy Metals Corporation (the applicant) submitted a Source 
Materials License application to the U.S. Nuclear Regulatory Commission (NRC) staff for the 
Antelope and JAB Uranium Project, a proposed uranium in situ recovery (ISR) facility.  NRC staff 
has completed its technical review of this application and offers the following Request for Additional 
Information (RAI).  In this RAI, staff refers to the Antelope and JAB Uranium Project, which consists 
of the Antelope Unit and the JAB Unit.  In various sections of the RAI, the staff may request 
information for the entire Antelope and JAB Uranium Project or for the Antelope Unit and JAB unit, 
individually.  Individual information requests are organized by the section in which the subject 
matter is found in the application.  A basis for requesting the information is provided for each 
section of the RAI.  
 
 
SECTION 2.0 Site Characterization 

 
1) Section 2.5 Meteorology  

 
The applicant has not provided sufficient information regarding meteorological characterization of 
the site in Section 2.5 to enable staff to fully understand this topic and to support other reviews 
dependent on that understanding, such as, radiation doses to the members of the public.  
Specifically, the following information should be provided. 

 
a. The Antelope JAB application proposes to use meteorological data collected at the 

Seminoe II Mine which is located 70 miles east of the project.  The applicant also 
indicates that the Baroil meteorological data tends to validate the suitability of the 
Seminoe II Mine meteorological data for the Antelope JAB site.  Meteorological data that 
are representative of the site are needed to assess the potential radiological impact of 
airborne effluent releases and to assess the impact of accidental releases of 
radionuclides to workers and to the public.  The applicant should describe how the 
Seminoe II Mine meteorological data is representative of conditions at the Antelope JAB 
site. 

 
b. In Figure 2.5-14, the applicant provides seasonal wind roses from Seminoe II, but does 

not provide an annual wind rose.  Regulatory Guide 3.63, March 1988, suggests that 
wind direction data should be recorded as quarterly and annual wind rose summaries for 
the 16 compass directions. Please provide an annual wind rose summary chart and 
table or provide justification for not having an annual wind rose summary. 

 
c. Regulatory Guide 3.63 suggests that the minimum amount of meterological data needed 

for a site evaluation is considered to be that amount of data gathered on a continuous 
basis for a consecutive 12 month period that is representative of long-term (e.g., 30 
years) meteorological conditions in the site vicinity.  To determine whether the period 
during which the onsite data was collected is representative, the applicant should 
compare a concurrent period of meteorological data from a National Weather Service 
(NWS) station with the long-term meteorological data from that NWS station.  The NWS 
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station selected for this comparison should, if possible, be in a similar geographical and 
topographical location and be reasonably close (preferably within 50 miles to the site.  
The applicant provides meteorological data from the Seminoe II Mine site but does not 
show any comparison to demonstrate that the meteorological data collected from 
Seminoe II Mine is representative of the site.  Please demonstrate this comparison or 
provide justification for not conducting this comparison.  

 
d. In Section 2.5.3.3, Upper Characteristics, the applicant identifies the following three 

sources of information regarding mixing height:  National Weather Service for Riverton, 
Wyoming, the Air Quailty Division of the Wyoming Department of Environmental Quality 
located in Lander, Wyoming, and the Black Thunder Mine in the southern Powder River 
Basin of eastern Wyoming.  In all three sources, the applicant provides different mixing 
heights.  Please identify which source will be used for applicant’s site and why this 
information is representative of the site.       

 
2) Section 2.6  Geology   
 
The geologic descriptions provided in the application are insufficient to fully interpret the geology of 
the license area.  This information is important for understanding the degree and extent of the 
production zone confinement and the adequacy of the hydraulic testing and proposed monitoring 
networks.  Specifically, the following information should be provided.  
 
General 
 

a. On Page 2.6-1, the narrative for the Great Divide Basin refers to Figure 2.6-1.  
However, the Great Divide Basin or other features as discussed in the narrative 
are not depicted on that figure.  Please add the appropriate information to this 
figure.  

 
b. Figure 2.6-2 includes the basin-wide stratigraphy but does not depict the location 

of the proposed licensed areas.  Please indicate the location of the site on the 
regional cross-section. 

 
JAB Uranium Project 

 
c. The applicant did not include any structural contour maps for the production 

zones or confining layers.  Please provide these maps. 
 

d. The applicant refers to the horizon containing the ore body as the “Mineralized 
Zone” in the narrative and “Production Sand” on the associated figures.  Also, the 
formation name is referred to as the “Battle Springs Formation and not “Battle 
Spring Formation”.  Please correct. 

 
e. The isopach mapping for the JAB uranium project was insufficient by:  (1) not 

covering the entire project area; (2) using colors that are difficult to distinguish; 
(3) including thicknesses in the legend that do not correspond to the maximum 
thickness for a specific map; (4) depicting an incorrect length for the C-C’ cross-
sectional line; (5) not displaying data used for contouring large areas with 
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thicknesses less than 10 feet; and (6), not clearly marking areas where several 
units are missing and/or eroded.  Please correct the isopach mapping. 

 
f.  The cross-sections for the uranium project were insufficient by:  (1) not depicting 

the potentiometric surface and orientation (i.e., north-south, east-west) (all cross-
sections); (2) using a scale that resulted in the limited use of the cross sections 
for interpretation; (3) not depicting the mineralized areas; (4) showing a second 
fault which is not depicted on the isopach mapping (Q-Q’); and (5) depicting the 
production sand at elevations above the projected potentiometric surface (C-C’).  
Please correct the cross-sections. 

 
g.  The applicant states that the one identified fault within the JAB uranium project 

area is a normal, high angle “scissor” fault that serves as the northern boundary 
to the mineralized zone.  The geologic map (Figure 2.6-2) does not depict the 
fault nor the mineralized zone.  Based on staff’s measurement from Figure 1-4, 
the fault correlates with the southern boundary of Wellfield 1.  In addition, cross-
section Q-Q’ depicts trace of another fault.  Please explain these discrepancies. 

 
h. On all structure maps, please depict the extent of faulting within the JAB uranium 

project.  Also discuss the mechanics of the scissor fault.  For example, does the 
fault terminate at the intersection of another fault, and does the scissor fault 
result from the lateral displacement of the bedding fold?  

 
i.  Based on information provided in the table on page 2.7-A1, the static 

potentiometric head above the top of production sand varies from 40 feet at well 
MP-2069 to greater than 120 feet at wells north (MW-1300) and south (MW-
1298) of this well.  This geometry is inconsistent with the geological 
interpretations provided in the application (i.e., a single fault with uniformly 
dipping strata).  Please provide an explanation for the apparent discrepancy.  
Also note that if the area with MP-2069 is to be included in the wellfield, please 
provide information on how drawdown is to be maintained for both individual 
production wells and the cumulative bleed drawdown under such a limited 
potentiometric heads.   

 
j. The applicant indicates that the overlying sands are unsaturated but does not 

provide documentation.  In some areas, the limited potentiometric head in the 
production sand may correspond to unsaturated conditions in the overlying 
sands.  However, the potentiometric head is at least 100 feet above the top of the 
production sand in most areas.  Under those conditions, it is difficult not to have 
some saturation in the overlying sand.  This situation would result in complex 
flow that is driven not only by hydraulic gradient, but also by the structural 
geometry of the base of the overlying sands.  Please provide documentation on 
the unsaturated conditions and an explanation of the anticipated saturated 
conditions for the overlying aquifer and plans to monitor groundwater flow/quality 
in that aquifer.  
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Antelope Uranium Project 
 

 k. The applicant did not include any Structural Contour Maps for the production 
zones or confining layers.  Please provide these maps. 

 
 l. Please correct the reference on Page 2.6-6 of “primarily within the 290-150 

Sand” to “primarily within the 190-150 Sand.”    
 

 m. Figure 2.6-13 represents the typical log for the property.  This typical log contains 
the highest sand unit, the 290-250 sand, which is not found throughout the 
proposed project area.  Please depict representative ground surfaces of the 
proposed mine units along this typical log.   

 
 n.  The isopach mapping for the Antelope uranium project is deficient by:  

(1) including thicknesses in the legend that do not correspond to the maximum 
thickness for a specific map; (2) not displaying data used for contouring large 
areas with thicknesses less than 10 feet; (3) labeling the “240-200 Sand” as 
“230-200 Sand” (S8-S8’) or as “220-200 Sand” (S11-S11’); (4) labeling the “290-
250 Sand” as “280-250 Sand” (L2-L2’); not including the elevation reference line 
(S12-S12’); and (4) not depicting the mineralized areas.  Please correct the 
above. 

 
 o.  The nomenclature for the subsurface strata differs between the JAB Uranium 

Project area and the Antelope Uranium Project area.  Please provide a 
conceptual model for the relation between the strata at both projects, e.g., if time 
equivalent, different facies, or if one is stratigraphically higher than the other.  It is 
preferred to have regional cross-section linking the JAB and Antelope properties 
if the data are available between the project areas.  

 
 p.  On page 2.6-2, the applicant states that the “Battle Springs Formation dips at a 

low angle [of] 2-5 degrees toward the south in both [JAB and Antelope uranium 
protect] areas“ and on page 2.6-3 for the discussion of the JAB area site geology, 
states that there is little geologic structure, “the regional dip in that part of the 
Great Divide Basin is approximately five degrees to the southwest.”  In reviewing 
the east-west oriented cross-sections, a slight variation is noted in the east-west 
component of dip.  For example, in the eastern areas of the Antelope Project 
Area, a slight westerly dip component is observed, whereas in the western 
portions, a slight easterly dip is noted.  The apparent dips may be attributed to 
the orientation of the cross-sections.  Please provide a comment on the regional 
structure as no structure contour maps were provided in the application.   

 
Seismology 

 
 q.  The applicant appears to transpose information on the estimated peak horizontal 

acceleration within the permit area from the 500-year and 2500-year probabilistic 
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acceleration map.  The peak acceleration is expected to increase with a higher 
recurrence interval.  Please correct. 

 
Historic Boreholes 

 
 r.  Historical practices for abandoning wells completed in the Battle Spring 

Formation included filling the completed interval with mud having a density 
slightly greater than water and sealing the top 25 feet of the casing with cement.  
Please clarify whether or not any of historic boreholes/wells in the project areas 
(within 0.25 miles of a wellfield) were abandoned in such a manner and, if so, 
how the former abandonment will be affected by the proposed ISR operations.   

 
Section 2.7 Hydrology    

 
The analysis of the surface water hydrology and water quality in the proposed license areas is 
currently insufficient to determine the potential for floods to disrupt the operation of the facility or to 
interpret the impact of operations on surface water quality.  The discussion on hydrology is 
insufficient for the evaluation of safety concerns.  Please address the following comments. 

 
3) Section 2.7.1 Surface Water Hydrology   

 
a. The discussion of watersheds uses the term “miles of stream”.  It is assumed that 

this represents the total ephemeral and perennial stream channels in a 
watershed.  Please clarify.   

 
b. In the narrative, the Upper Lost Creek Subwatershed is stated to have 253 miles 

of stream. However, in Table 2.7-1, the Upper Lost Creek Watershed is listed 
with 181 miles of stream.  Please correct.   

 
c. The citation for (Miller, 2003) is not included in the list of references.  Please 

provide. 
 

d. No listing of units for AREA in Table 2.7-4 was provided.  Please correct. 
 

e. Flows for the QPK(2) in Table 2.7-5 may have been derived using the Q2.33 
formula.  Please verify that the correct formula was used. 

 
f. The flows listed in Table 2.7-5 reflect those at the mouth of the respective basin.  

For the evaluation of flooding and/or erosion at the site, please provide an 
estimate of peak flows at the site(s). 

 
4) Section 2.7.2 Hydrogeology   

 
The analysis of groundwater hydrology is insufficient to interpret the impact on groundwater flow in 
and around the license area.  The requested information will allow the staff to assess the applicant’s 
ability to control its subsurface process fluids and the applicant’s monitoring program.  Information 
that is needed includes the following:  
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a. Please correct the following grammatical discrepancies:   
 

1. Well M-15 is not shown on Figure 2.7-9. 
 
2. Well M-5 is located in Section 13 on Figure 2.7-9  however, Table 2.7-

6 lists the well as being located in Section 24. 
 
3. References to several figures (e.g., 2.6-8 through 2.6-13) and Table 

2.7-6 need to be corrected.  
 
4. Well M-12 is listed as completed in 140-100 Sand; however, Table 

2.7-6 lists that well in the 190-150 Sand 
 
5. Locations of SW-1 and SW-4 are missing from Figure 2.7-8 (Note that 

the Figure 2.7-8 submitted with the “revised” application differs from 
the original Figure 2.7-8). 

 
b. The applicant did not provide a hydrogeologic conceptual model with which to 

evaluate the data.  Please provide a hydrogeologic conceptual model for both 
areas.  The models must include, but not be limited to, the following: 

 
1. Based on data provided in the table on page 2.7-A2, several wells in 

the Antelope Area (i.e., M-1, M-7, and M-10), are not fully saturated 
and well M-4 has a limited “usable” water column above its screened 
horizon.  It is anticipated that several horizons to be subjected to ISR 
operations will not be fully saturated.  Please define the areas and 
horizons that are not fully saturated.   

 
2. For any unconfined aquifer to be subjected to ISR operations, please 

discuss the implications of unconfined conditions on the operations 
(e.g., limited operating pressures and head, unsaturated zones, 
restoration). 

 
3. Description of the source of water for the aquifer(s).  The fact that the 

Antelope Uranium Project includes a large area which abuts the Great 
Divide Basin boundary (groundwater divide) indicates potentially 
limited recharge.    

 
4. Relation of groundwater to nearby surface water bodies (e.g., 

Antelope Reservoir and SW-4 at the JAB project area) include 
estimates of surface water elevations for the nearby surface water 
bodies. 

 
5. If the overlying aquifer has a limited saturated thickness, describe the 

sampling program to determine the baseline quality that is 
representative of the aquifer.  
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6. Discuss the anticipated cumulative drawdown from the operations.  
Include a discussion of the impacts of the steep gradient in the 
Antelope Project area on the operations.  

 
c. Please provide the following information on the pumping tests: 

 
1. Water levels (depth to water, elevations or drawdown):  time data sets 

for the pumping wells and observation wells 
 

2. Drawdown contour maps (the drawdown was limited due to the scale 
of the project).  In lieu of a drawdown contour map, please provide a 
map showing the radius of influence for each pumping test 

 
d. Provide the rationale for the evaluation of the data using a specific model curve 

to fit the pumping test data.  For example: 
 

1. Please justify the use of a leaky confined aquifer model for well MP-
2069, which has a limited available water column (40 to 50 feet) under 
static conditions.  

 
2. Use of a variable pumping rate in the pumping test data analyses as 

listed in the appendix, appears to be inappropriate (the value as listed 
is an average of the pumping phase and recovery phase, which is 
approximately one-half the constant rate).  Because the transmissivity 
is approximately proportional to the pumping rate, the calculated 
values for transmissivity as reported in the narrative and tables, may 
be one-half the true values for the model curves if the constant rate 
value rather than the variable rate were used.   

 
e.  Based on a staff produced distance:drawdown curve for the drawdown for the 

pumping test at well MP-2069, the staff calculates that the production sand has a 
transmissivity of approximately 1600 gallons per day per foot, a storativity of 
0.0002 and zero drawdown at 2200 feet after pumping at a rate of 10.25 gallons 
per minute for two days.  During operations, the drawdown will likely be greater 
due to the longer pumping time and higher net pumping rate equal to the bleed 
(30 gpm).  Drawdown from the operations may result in a relatively low gradient 
that extends a significant distance from the JAB property.  Please comment on 
this preliminary conceptual model with regard to:  (A) its appropriateness with 
respect to actual site conditions; (B) the ability to control excursions and (C) 
impacts to nearby receptors including operations at the nearby Antelope Uranium 
Project.  

 
f. During the pumping test at well MP-2103, significant drawdown was observed at 

the only monitoring well in the underlying aquifer.  The applicant attributes the 
drawdown not to lack of a confining unit but to improperly sealed historic drill 
holes or an improper annular seal on the observation well.  The applicant states 
that the extent and magnitude of communication will be evaluated in the wellfield 
hydrologic test package, which the applicant proposes not to submit to the NRC 
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but document through the SERP process.  In addition, the applicant states that 
additional operational controls or corrective actions may be proposed or may be 
taken.  This information is insufficient for the staff to determine whether or not the 
operations can be conducted safely.      

 
g. The applicant includes the following statement in summary of the JAB pumping 

test results:  “Testing to date has not indicated that local faults act as 
impermeable boundary conditions.  However, as demonstrated by the MP-2069 
pump testing located nearest to the known fault north of the mineralized area, the 
fault does not appear to provide a significant pathway of hydraulic 
communication”.  Please clarify what is meant by “testing to date” with respect to 
the pumping test at MP-2069. The well monitored during test in the underlying 
aquifer was located 264 feet from the pumping well and on the opposite side of a 
fault.  The data for that well can be interpreted to reflect limited communication 
between the production and underlying aquifers but also interpreted as a lack of 
communication through the fault.  Please clarify the existing data gaps which will 
be addressed during any future investigations for a wellfield hydrologic package.  
Therefore, the staff requires additional clarification regarding the behavior of this 
fault. 

 
h. Please verify that well MU-4 is completed in the 190-150 Sand and M-1 is 

completed in the 140-100 Sand. 
 

i.      The applicant uses a distance:drawdown curve fitted to two observation wells 
during the pumping test at MP-4 to estimate the radius of influence.  Unlike the 
analysis for the pumping test at well MP-2069 in the JAB project area, the 
applicant does not use data from the pumping well to fit the model curve.  The 
model curve that is derived indicates a drawdown immediately outside the 
pumping well of approximately 7 feet whereas drawdown observed within the 
pumping well was in excess of 40 feet.  If the model curve is valid, then the well 
efficiency is extremely low.  Please clarify conclusions from the 
distance:drawdown analysis. 

 
j. For the pumping test conducted at well MP-16, the model curves are fitted to the 

early data (less than 60 minutes) for the pumping well during which time the 
pumping rate was higher than average (approximately 24 gpm).  The narrative 
does not discuss the change in pumping rate nor its impact on the analysis.  
Please explain why the early time data were used to determine aquifer 
properties. 

 
k. During the recovery and pumping phases for the pumping tests conducted at 

wells M-13 and MP-16, the applicant attributes fluctuations in water levels to 
changes in barometric pressure.  On page 2.7-C16, the footnote indicates that 
barometric pressures were not monitored during the pumping test.  Please 
provide the following information:   
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1. The maximum barometric efficiency needed to explain the observed 
fluctuations (note that historical barometric pressure data may be 
obtained from a local airport); and  

 
2.  The fluctuations appear to have a regular frequency that would not be 

expected if they were attributed to barometric pressure changes.  In the 
case of the M-13 pumping test, the applicant noted the diurnal frequency.  
For the MP-16 test, the frequency is less apparent but may be once per 
day.  Considering that the locations of the wells are closest to the 
grouping of off-site wells, please comment on the possibility that the 
fluctuations in water levels could be attributed to pumping at the nearby 
off-site wells.   

 
m.   For the hydrogeologic conceptual model for the Antelope Uranium Project Area, 

please address the following: 
 

  1. It is unclear how the existing site-specific hydrogeologic units fit into the 
regional hydrogeologic regime (e.g., stratigraphic relation to the JAB 
stratigraphy and regional extent).   

 
5) Section 2.7.3 Water Quality   

 
The analysis of pre-operational groundwater and surface water quality is insufficient to interpret the 
impacts on these resources in and around the license area.  Information that is needed includes the 
following:  

 
a. Figure 2.7-8 needs to be revised.  Include the location of surface water sampling 

location SW-4.  Staff notes that this location was previously labeled as SW-1.   
Also, please review the location of SW-6.  

 
b. Provide the rationale for having two surface water sampling locations, SW-2 and 

SW-3, located in close proximity within Arapahoe Creek. 
 

c. The applicant notes that the groundwater quality within the Antelope Uranium 
Project is relatively uniform, but within the JAB Uranium Project area, the quality 
is more variable.  A review of the JAB data indicates that groundwater in the 
eastern portion of the project area has a higher calcium sulfate (and higher TDS 
and conductivity) compared to groundwater in the western portion of the area.  
With this in mind, please provide a justification for averaging the entire area. 

 
d. The applicant states that the “calcium sulfate enrichment of the water is attributed 

to the common presence of calcium-magnesium soils and the dissolution of 
gypsum and anhydrite.”  This statement is included in the discussions of both 
surface water and groundwater quality.  Please state whether groundwater with 
higher calcium sulfate levels indicates areas where gypsum or anhydrite is 
present and undergoing dissolution.  If gypsum or anhydrite dissolution is 
occurring, please discuss possible implications to the ISR operation.   
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e. Please clarify the meaning of DIS or SUS with regard to water quality analytical 
results.  The text describes DIS as dissolution and SUS as suspension.  It is 
assumed that the DIS is the dissolved fraction in the water after filtering a water 
sample through a 0.45 micron filter and SUS is the suspended load determined 
from the analysis of the mass attached to the filter paper.    

 
f. Please clarify the method(s) used to average the data for the pre-operational 

baseline quality.  In particular, the average values determined for Ra-226 
(dissolved) appear to be elevated compared to the reported data.    

 
 
 

6) Section 2.9 Background Radiological Characteristics   
 

The applicant has not provided sufficient information regarding background radiological 
characteristics.  Background radiological characterization is necessary to determine whether the 
applicant’s future operations will affect human health and the environment.  Specifically, the 
following information should be provided. 

 
a. Figures 2.9-28 and 2.9-29 provide air particulate station locations and passive 

gamma/radon monitoring station locations.  The figures identify two (2) air particulate 
sampling locations for the Antelope site and one (1) location for the JAB site.  The 
applicant should provide maps with both licensed facilities (plants and wellfields) and 
sampling station locations to enable NRC staff to better evaluate the potential public 
exposures from radiation releases. 

 
b. Figures 2.9-28 and 2.9-29 indicate the location of 10 passive radon monitoring stations 

at both the Antelope and JAB sites.  The applicant should provide the basis for the 
location of the radon monitor stations and describe how the public dose in all areas 
within the permit area will be determined using these radon measurements. 

 
 
10 CFR 40, Appendix A, Criterion 7, states that 12 months of preoperational monitoring is 
required before any major construction.  Regulatory Guide 4.1, Revision 1, also states that an 
acceptable preoperational monitoring program includes at least 12 consecutive months to date.  
Toward that end, please provide additional information regarding the following: 
 

• Air particulate sampling result reported in Table 2.9-7 includes less than 12 
consecutive months of air particulate data.  Please provide at least 12 consecutive 
months of data or provide justification for collecting less than 12 consecutive months 
of air particulate data.  

 
• Table 2.9-8 and Table 2.9-9 provide only two quarters of groundwater results for 

Antelope and JAB, respectively. Please provide at least 12 consecutive months of 
groundwater data or provide justification for not collecting less than 12 consecutive 
months of groundwater data. Please identify those sampling locations that are 
considered upgradient and downgradient.  
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• The applicant states that the results in Table 2.9-10 were collected in the spring of 
2007 from surface waters from areas of natural ephemeral ponding during the short 
snow melt/runoff period.  Regulatory Guide 4.14 suggests monthly from surface 
water passing through the site or offsite surface waters that may be subject to 
drainage from potentially contaminated areas.  Please provide monthly surface water 
results, including both suspended and dissolved, or provide justification for not 
collecting monthly surface water samples. 

 
• Regulatory Guide 4.14, Revision 1, Table 1 for surface water identifies Th-230 as a 

type of analysis.  Table 2.9-10 in the Technical Report provides results for uranium, 
gross alpha, gross beta, Ra-226 and Ra-228, but no Th-230. Please provide Th-230 
results or provide justification for not conducting Th-230 analysis for surface water 
samples.      

 
• Regulatory Guide 4.14, Revision 1, Table 1 identifies food and fish sampling with a 

sampling frequency of once for food and semiannual for fish.  The applicant did not 
provide results from food or fish samples.  Please provide justification for not 
sampling these types of samples or provide data for these samples at the suggested 
frequency so that the results include at least 12 consecutive months of data. 
Specifically, discuss what land use surveys were conducted to justify why no food 
sampling were collected within 3 kilometers of the permit area. 

 
 
SECTION 3.0 Description of Proposed Facility   
 
The applicant does not provide sufficient information to assess the necessary safety aspects of the 
proposed facilities for extracting and processing uranium.  Additional information regarding the 
extracting process, emissions sources, process monitoring, and instrumentation is requested to 
allow staff to adequately understand and assess the applicant’s proposed facilities.  Please provide 
the following information: 
 
7) Section 3.1 ISR Leaching Process   
 

a. Please justify the spacing of 500 feet between monitoring wells and 500 feet to 
the monitoring well ring from the wellfield.   

 
b. The application includes water mass balance flow charts for the Antelope and 

JAB project on Figure 3-6 and Figure 3-7, respectively.  The charts include 
combined flows for the operation and restoration groundwater treatment phases.  
Please provide a water mass balance flow chart for the restoration groundwater 
sweep phase.  Also please verify that the rate of 40 gpm is correct in Figure 3-6.   

 
c. With the lower potentiometric heads above the production zones (in some cases 

less than 40 feet), the operational pressures would be low.  The lower operating 
pressures reduce the ability for lixiviant to contain the proposed 300 ppm 
dissolved oxygen concentrations.  Please confirm that the proposed operations 
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will be capable of maintaining oxygen in solution and this will not cause well gas 
lock.  

 
d. The rates in the Mass Balance Table on Figure 3-9 differ from the rates included 

in the narrative.  Please clarify.   
 

e.  Provide information on the manner in which timely and effective monitoring of 
leaks at the wellhouses and wellheads will be accomplished. 

 
f. For the Antelope Uranium Project, mineralized zones are reportedly found in 

multiple horizons; however, comprehensive mapping that depicts areas of 
specific zones of production has not been provided.  Please provide maps of the 
specific zones of production.  

 
g. Provide a discussion of the number of deep disposal wells to ensure adequate 

capacity for disposal of liquid effluent during all operations.  
 

8) Section 3.4 Instrumentation and Control    
 

a. In Section 3.4, the applicant should provide additional information on backup systems. The 
descriptions should focus on how the instrumentation and controls are adequate to identify 
and remedy potential processing problems that could increase exposure to radiological and 
chemical hazards.   

 
SECTION 4.0 Effluent Control Systems 

 
The applicant did not provide sufficient information to assess the effluent control systems for the 
proposed facilities.  Information regarding the workplace ventilation, radiation monitoring, effluent 
composition, liquid and solid wastes is necessary to allow the staff to assess the manner in which 
the applicant is protecting public health and the environment.  Please provide the following 
information: 

 
General 

 
9) Section 4 Effluent Control Systems   

 
a. The applicant does not propose a plan for the disposal of 11e (2) byproduct material that 

is generated by the facility. The applicant must commit to having an 11 e(2) byproduct 
material disposal agreement prior to the start of operations. 

 
b. Although some information on commitments for reporting information to NRC are found 

scattered in the documentation (e.g., spill reporting in Section 4.4.6), the applicant 
should provide a sub-section in Section 5.2 that discusses all reporting that will be made 
in accordance with 10 CFR Part 40.60, Part 20, Subpart M, or other NRC reporting 
requirements.  This discussion should include the contents of each report and the 
reporting frequency.   
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10) Section 4.1 Gaseous and Airborne Particulates (Effluent Control Systems)   
 

The application has not provided sufficient information regarding gaseous and airborne particulate 
effluent control systems. Specifically, the following information should be provided. 

 
a.  Section 4.1 indicates that the primary radioactive airborne effluent at the Antelope and JAB 

facilities will be radon-222 gas.  Section 5.7.1.1.2 of the application addresses Airborne 
Particulates and indicates that the vacuum dryer has no uranium particulate emissions 
during operations.  The applicant should provide information or calculations that supports 
the statement that the use of rotary vacuum dryers results in zero yellowcake particulate 
emissions or should commit to perform stack sampling during operations to demonstrate 
that uranium particulate emissions will be zero  

 
b. Section 4.1.1 discusses the control of radon in workplace areas and specifies that workplace 

concentration will be controlled to the 25 percent administrative limit of the DAC.  This 
section also covers workplace ventilation systems, and focuses on the control of radon, 
however, it does not address the control of uranium.  The applicant should establish a 
similar administrative limit for airborne uranium for the drying and processing portions of the 
central plant. 

 
11) Section 4.1.1 Gaseous Effluents-Tank and Process Vessels, and Work Area Ventilation 

Systems   
 

       a. Page 4-2, Section 4.1.1 references Figures 3-13 and 3-16 as displaying schematics of the 
ventilation systems at Antelope and JAB respectively, but only Figure 3-16 shows ventilation 
systems.  The applicant should provide a modified Figure 3-13 that includes ventilation 
schematics for the Antelope Central Processing Plant.  The applicant should also provide 
adequate details on the vacuum dryer exhaust system and the facility ventilation system to 
demonstrate that workplace radioactivity concentrations and effluents are ALARA.  

 
12) Section 4.2 Liquid Effluent   

 
a. Please clarify the maximum flow rate to, locations of, and number of deep disposal 

wells.  Include an estimated of flow to the disposal wells from the groundwater 
sweep, if no alternative disposal option is available.   
 

b. Please clarify actions to be performed in case of liquid effluent (including process 
fluids) spills to the ground or near surface.    

 
13) Section 4.2 2 Liquid Waste Disposal    

 
a.    The application contains a description of the anticipated wastewater composition for 

restoration on Page 6-16, Table 6-3.  However, there is no similar table for operational 
wastewater quality.  The applicant should identify if the operational wastewater 
composition is the same as it will be for restoration, or provide the anticipated 
operational wastewater characterization.  
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b. The applicant indicates that the maximum volume of liquid waste for disposal from the 
Antelope Central Processing Plant would be approximately 40 gpm during normal 
operations and as much as 200 gpm during restoration. Disposal from the JAB satellite 
would be 35 gpm during normal operations and 100 gpm during restoration.  These 
numbers are not consistent with the water balance diagrams on Figures 3-6 and 3-7.     
The applicant should correct the inconsistencies between the figures and the discussion 
in Section 4.2.2. 

 
14) Section 4.2.2 Liquid Waste Disposal  
 

 
 
a. In Section 4.2.2, the applicant needs to provide additional information regarding the 

applicant’s plans for deep well disposal. 
 

1.  Provide the results of the analyses to determine the geologic disposal zone; 
 
2.  Provide the number of disposal wells planned and the basis for reaching that 

conclusion, including information on how the applicant  will ensure backup 
storage capacity for liquid waste in the event that the deep wells need to be shut 
down for a short time. 

 
3.  If deep well disposal is the primary (i.e., not the only) method (as indicated in 

Section 4.2.2), provide plans for any secondary method for liquid waste disposal, 
and a narrative discussion as to how the secondary plans meet the applicable 
regulations.   

 
4.  Provide information and analyses required by 20.2002 regulations for alternate 

disposal.  
 

 
15) Section 4.2.3.2 Spills from the Antelope Central Plant and JAB Satellite IX Plant   

 
In Section 4.2.3.2, the applicant needs to address the likelihood of and measures for preventing 
or containing a multiple tank failure such as might occur if one failed tank fell into an adjacent 
tank.   
 

16) Section 4.4.2 Byproduct Material   
 

 In Section 4.4.2, the applicant indicates that byproduct material would be stored on site inside 
the restricted area until such time as a shipment offsite can be made.  Provide discussion of the 
procedures and plans that will be in place for control of the temporarily stored contaminated 
solid waste. The discussion should include items such as the type of storage containers, 
amount of material will be stored onsite, frequency of shipments, and posting of storage areas.  
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17) Section 4.4.5 Soil Contamination as Result of Wellfield Releases    
 

  The soil clean-up criteria provided in section 4.4.5 are 5 pCi/g of radium-226 in the upper 15-cm. 
and 15 pCi/g in the underlying 15-cm layers.  This information does not include all the clean-up 
criteria that are specified in Section 6.4.1 where both radium-226 and uranium clean-up criteria 
for soil are provided.  The applicant should revise Section 4.4.5 to be consistent with Section 
6.4.1 and 10 CFR 40, Appendix A, Criterion 6(6). 
 

SECTION 5.0 Operations 
 

The applicant does not provide sufficient information to assess all the necessary organizational and 
safety aspects of the operations.  Additional information regarding the organization, training and 
radiation safety is requested to allow staff to adequately understand and assess the applicant’s 
operations.  Please provide the following information: 

 
 
 
18) Section 5.1 Corporate Organization and Administrative Procedures   

 
The applicant has not provided sufficient information regarding corporate organization and 
administrative procedures. Specifically, Section 5.1.8 indicates that the RSO is responsible for 
the development, administration and enforcement of all radiation safety programs.  Does 
enforcement mean program implementation or monitoring of compliance and reporting 
compliance issues to the Mine Manager?    
 

19) Section 5.2 Management Control Program   
 
Section 5.2 should include a commitment to administer a cultural resources inventory before 
engaging in any development activity not previously assessed by NRC, and that any 
disturbances associated with such development will be addressed per the National Historic 
Preservation Act, the Archeological Resources Protection Act, and their implementing 
regulations.  In addition, the applicant should to commit to cease any work resulting in the 
discovery of previously unknown cultural artifacts to ensure that no unapproved disturbance 
occurs. 
 

20) Section 5.2.2 Radiation Work Permits   
 

 In Section 5.2.2, the applicant indicates that Radiation Work Permits (RWPs) and Standing 
Radiation Work Permits (SRWPs) would be reviewed and approved by the RSO or a qualified 
designee in the absence of the RSO.  Provide the criteria by which the applicant will determine 
who is a qualified designee to replace the RSO in RWP and SWRP review and approval 
activities. 
 

21) Section 5.3.1 Radiation Safety Inspections   
 
 In Section 5.3.1, the applicant indicates that the Antelope and JAB RSO, Radiation Safety 

Technician (RST), or qualified designee would conduct a daily walkthrough inspection of the 
plant and a weekly inspection (with the Manager of Wyoming Operations) of all facility areas to 
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observe general radiation control practices and review required changes in procedures and 
equipment.  Provide the criteria by which Uranium One will determine who is a qualified 
designee to replace the RSO in radiation safety inspection activities.  
 

22) Section 5.5.1.3 Radiation Worker Training    
 
The applicant has not provided sufficient information regarding the content of radiation worker 
training. Specifically, the following information should be provided. 
  
a. The radiation safety training described in Section 5.5.1.3 does not appear to address the 

radiological and chemicaltoxicity hazards of exposure to uranium & radon, how uranium 
and its daughters enter the body and information on ALARA.  The applicant should 
describe all the elements of the radiation safety training program, as described in 
Regulatory Guide 8.31 or provide a basis for not including the information in Regulatory 
Guide 8.31. 

 
b. NRC guidance in NUREG-1569 also indicates that the information in Regulatory Guide 

8.13 concerning prenatal radiation exposure and Regulatory Guide 8.29 concerning risks 
of occupational radiation exposure should be included in the radiation safety training 
program.  The applicant should describe how the information in Regulatory Guides 8.13 
and 8.29 is to be included in the radiation safety training program or provide a basis for 
not including the information in Regulatory Guide 8.13.  

 
23) Section 5.6.1 License Area and Plant Security   

 
The applicant has not provided sufficient information regarding license areas and plant security. 
Specifically, Section 5.6.1, License Area and Plant Security, indicates that active extraction area will 
be controlled with fences and appropriate signs.  The applicant also describes how it will ensure the 
security of licensed materials.  The applicant should provide a map or drawing of the facilities and 
permit areas  that clearly indicate the restricted areas, controlled areas, and unrestricted areas as 
defined in 10 CFR 20.  Also, the applicant should identify those areas where access control for the 
public will be controlled or limited to restrict access to chemical hazards. 

 
Section 5.7 Radiation Safety Controls and Monitoring   

 
24) Section 5.7.1 Effluent Control Techniques 

 
The applicant has not provided sufficient information regarding the effluent control techniques. 
Specifically, Section 5.7.1 reports a maximum TEDE of 0.5 mrem/yr at the east-southeast property 
boundary of the JAB site.  The TEDE at the east property boundary of the Antelope site is reported 
as 0.18 mrem/yr.  The applicant should provide an analysis or information as required by 10 CFR 
20.1302 of the maximum expected dose to a member of the public for controlled areas and 
unrestricted areas at the Antelope-JAB sites. 

 
25) Section 5.7.1.1.2  Airborne Particulates   

 
 Section 5.7.1.1.2, Page 5-25;  The applicant indicates that an audible alarm will signal if the dryer 

emission control system falls outside its specified operating conditions, and that if the alarm system 
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fails, the operator will perform checks every four hours.  Air pressure for other emission control 
equipment would be checked once per shift.  10 CFR Part 40, Appendix A, Criterion 8 requires 
hourly checks of all dryer parameters that determine emission control efficiency.  Please explain 
how the proposed inspection complies with NRC regulations.  

 
 
 
Section 5.7.2 External Radiation Exposure Monitoring Program   

 
26) Section 5.7.2.1 Gamma Surveys 

 
The applicant has not provided sufficient information regarding the external radiation exposure 
monitoring program.  Specifically, the following information should be provided. 

 
a. The applicant should describe if it plans to perform these instrument calibrations or plan 

to use the services of a qualified or licensed vendor. 
 
b. Section 5.7.2.1 also discusses beta dose rate surveys in areas where large quantities of 

yellowcake are handled and where the uranium progeny could result in potentially 
significant beta dose rates.  Regulatory Guide 8.30 provides guidance on the conduct of 
beta dose evaluations using dose rate information or by performing physical radiation 
surveys.  Page 5-31 of the application indicates that the applicant plans to perform 
radiation physical surveys initially and when a change is procedure or equipment occurs 
that may affect the beta dose.  The applicant plans to use a Ludlum 2224 rate-meter and 
a Ludlum 43-1-1 alpha/beta scintillator probe or equivalent for these surveys.  The 
applicant should describe how beta dose rates will be determined from surveys with this 
radiation survey equipment. 

 
27) Section 5.7.3 In-plant Airborne Radiation Monitoring Program    

 
The applicant has not provided sufficient information regarding the in-plant airborne radiation 
monitoring program.  Specifically, the following information should be provided. 

 
a. Section 5.7.3 and Figure 5-2 describes the planned survey methods and location for 

radon and radon progeny and uranium.  Figure 5-2 indicates that radon-222, but not 
uranium monitoring will be performed in the laboratory.  The applicant should provide a 
description of radioactive effluent controls for the laboratory and the basis for not 
monitoring for uranium. 

 
b. Section 5.7.3.1 describes airborne uranium particulate monitoring and indicates that the 

airborne uranium will be considered to be inhalation solubility Class D, and controlled to 
25% of the natural soluble uranium.  It also indicates that this is conservative since 
uranium-238, radium-226, and thorium-230 may also be present.  Please provide a 
technical basis that identifies the radionuclides in airborne radioactivity in applicable 
plant areas.  The applicant should provide a technical basis to support the assumption of 
100 percent natural uranium and/or to demonstrate that radium-226 and thorium-230 are 
not present in the airborne radioactive materials.   
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c. The applicant indicates that alpha activity will be measured with a Ludlum 2000 general 
purpose scaler or equivalent.  The applicant should indicate the type and model of alpha 
detector that they plan to use with this scaler. 

  
d.  Figure 5.7-1 is referenced on Page 5-35 (Section 5.7.3.1) as showing proposed 

monitoring locations for potential radiological gases or air particulates, but is not in the 
application.  The applicant should correct this error. 

 
28) Section 5.7.4 Exposure Calculations   
  

The applicant has not provided sufficient information regarding exposure calculations or the 
information provided is potentially contradictory.  Specifically, Section 5.7.4 addresses the 
determination of worker exposures to external exposure and internal exposure from the intake of 
uranium and radon daughters.  The applicant assumes that any intake of uranium by workers will 
be inhalation solubility “Class D” DAC for natural uranium.  The assumption that any airborne 
radioactivity that results from a lixiviant spill is natural uranium would not be valid if radium-226 
and/or thorium-230 are included in this pathway.  The applicant should provide a technical basis for 
the assumption that all airborne radioactivity will be natural uranium of inhalation “Class D” solubility 
or the technical basis should demonstrate the applicable radionuclides in the various stages of the 
uranium recovery process.    

 
29) Section 5.7.6 Contamination Control Program   

 
The applicant has not provided sufficient information regarding the contamination control program. 
Specifically, the following information should be provided. 

 
a. The applicant assumes all contamination is natural uranium and uses the uranium 

surface contamination limit in NUREG-1569, Table 5.7.6.3-1, for the unrestricted release 
of equipment and control of contamination levels in the Antelope and JAB plants.  The 
applicant should provide a technical basis for assuming that all the contamination is 
natural uranium.  

 
b. What arrangement has the applicant with a local hospital or the closest hospital that may 

be asked to treat injured workers who may be potentially contaminated with radioactive 
materials? 

 
c. If a standard operating procedure versus a RWP is used to control worker exposure 

during maintenance activities, etc., how does the applicant plan to track workers in 
contamination areas or to determine worker exposure times? 

 
d. The scan minimum detectable concentration (MDC) and static MDC or LLD should be 

provided for portable radiation survey instruments listed in Section 5.7.6 for NRC to 
evaluate the instrument capability to detect and measure the contamination limits in FC 
83-23  

 
e. The applicant refers to the contamination limits in Regulatory Guide 8.30, Table 2, 

Surface Contamination for uranium and daughters on equipment for unrestricted use, on 
clothing and in non-operating areas of uranium recovery facilities.  These contamination 
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limits reflect the uranium-natural, U-235, U-238, and associated short-lived decay 
products of U-238 in Policy and Guidance Directive FC 83-23.  However, NRC interprets 
the contamination limits for Ra-226 and Th-230 that have been separated from the 
uranium decay series to be 100 dpm/100 cm2 (average), 300 dpm/100 cm2 (maximum) 
and 20 dpm/100 cm2 (removable).  Different surface contamination limits may be 
appropriate for different areas of the ISR facility depending on the specific radionuclides 
present (i.e., U-natural, radium-226, and thorium-230).  Applicable surface contamination 
limits and the technical basis for these limits should be provided.  

 
30) Section 5.7.7 Airborne Effluent and Environmental Monitoring Program   

 
The applicant has not provided sufficient information regarding the airborne effluent and 
environmental monitoring program.  Specifically, the following information should be provided. 

 
a. The applicant indicates in section 5.7.7 that potential airborne particulate and radon 

releases from the satellite and central plants will be monitoring by air samplers and 
track-etch radon monitors at the locations used for baseline radiological monitoring.  The 
applicant should provide the technical basis for the locations of radon monitors and 
describe how the monitors will be used to adequately measure radon releases from 
wellfields, the auxiliary plant, and the central plant.  The applicant should also describe 
how all environmental sampling media results will be used to demonstrate compliance 
with 10 CFR 20.1302. 

 
b. The environmental monitoring program in section 5.7.7 indicates that ten radon 

monitoring locations will be used to assess radon releases at both Antelope and JAB.  
The applicant describes as a quality assurance effort that one duplicate radon monitor 
will be exposed per monitoring period.  The applicant should describe how this duplicate 
monitor will be exposed and how these results will be used to validate the quality of the 
vendor’s radon measurement program. 

 
c.     The application indicates that direct radiation measurements will be made at locations 

shown in figures 5.4 and 5.5.  The applicant should identify the type of environmental 
dosimeters to be used for direct radiation measurements and the lower limit of detection. 

 
d. Section 5.7.7 describes the radon gas effluent monitoring program, including the radon 

monitoring locations and the commitment to report the measured radon results in the 10 
CFR 40.65 reports.  The applicant should describe the applicable radon-222 effluent 
concentration values in 10 CFR 20, Appendix B, Table 2, and indicate how will the 
potential public dose estimates be determined. 

 
e. The applicant states that it does not propose to perform operational vegetation sampling 

at the environmental monitoring stations and cites footnote (o) in Table 2 as the basis for 
not performing operational vegetation sampling.  The applicant also states that this 
pathway was evaluated by MILDOS-Area in Section 7.3.  In Section 7.3.3.6, Exposure to 
Flora and Fauna, the applicants states that Table 7-7 presents the highest surface 
concentrations of Radon-222 decay products predicted by MILDOS-Area over a 100- 
year period.  Table 7-7 shows the surface concentration in pCi/m2 in the East direction at 
distances of 1.5 km for Po-218, PB-214, and Bi-214 and 45 km for Pb-210. The 
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applicant did not provide a demonstration that the dose to an individual would not 
exceed 5 percent of the applicable radiation protection standard. Please provide such 
demonstration.  

 
31) Section 5.7.8 Groundwater/Surface Water Monitoring Program   

 
The groundwater and surface water monitoring programs have not been sufficiently described to 
determine whether or not adequate baseline sampling is conducted or an effective excursion 
monitoring program during the operational life of the facility.  Please provide the following 
information: 

 
a. Clarify the number of private wells to be monitored if based on the existing data 

(e.g., see section 2.7.4.2 of the application).   
 

b. The applicant proposes a sampling density of one well for three acres of the 
wellfield to establish the production zone baseline water quality.  NUREG-1569 
specifies certain spacing, but a minimum of 6 wells (i.e., 1 well per 3 acres). 
Confirm the actual number of wells to be used for baseline monitoring wells  
 

c. The applicant proposes sampling parameters for their monitoring programs in 
Table 5-1 of the application and a table listing preservation and holding time 
requirements for various analytes.  Provide the rationale for not including barium, 
copper, total manganese, lead, mercury, nickel, silver, alkalinity and conductivity 
in the monitoring programs.  
 

d. The applicant states that the distances determined for the perimeter monitoring 
well ring was determined using a groundwater flow model.  Please provide 
information on the groundwater model for an independent review of the results.   
 

e. Please provide completion intervals for wells in the monitoring programs   
 

f. The applicant indicates that an average will be determined for the monitoring 
wells in the perimeter ring and overlying and underlying aquifers.  Clarify the 
procedures to average the background data for wells that may be spaced at one 
well per four acres.   
 

g. Specify the method that may be used to determine any outliers in the water 
quality data.  In the absence of any statistical method, the staff assumes that all 
data will be used.  
 

h. The applicant proposes monitoring the overlying aquifer.  However, it appears 
that a production zone within the Antelope Uranium Project may not be fully 
saturated.  Provide a map depicting areas in which the overlying aquifer may be 
absent.  
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 i. Please provide your restoration procedures for excursions that exceed 60 days.  
 

j. Clarify the time frame to conclude that the levels have returned to baseline and 
thus terminate the excursion status (e.g., three consecutive weeks of below 
UCLs).  
 

k. The applicant proposes conductivity as an excursion indicator parameter.  Based 
on the field data on page 2.7-D5, in the JAB Uranium project, a spatial variation 
is noted in the conductivity of the groundwater within the proposed Wellfield 1.  
The applicant notes that the data may be separated into subzones per Wyoming 
regulations for baseline restoration purposes.  If conductivity were to be used as 
an excursion indicator parameter, please provide an example of the method to be 
used to determine the upper control limit using the conductivity data presented 
on Page 2.7-D5.   
 

l. Provide a statement that the applicant will submit wellfield hydrologic testing 
packages to the NRC for review and approval prior to conducting operations in a 
wellfield. 

 
32) Section 5.7.10 Quality Assurance (Non-Radiological)    

 
The applicant has supplied a generic Quality Assurance (QA) Plan but the plan lacks 
details for specific procedures at an ISR facility.  Please Clarify the role of the Senior 
Environmental Specialist.  Is the Senior Environmental Specialist responsible for all 
aspects of QA, as well as field sampling, instrument calibration, data review and 
training?   
  

Section 6.0 Ground-Water Quality Restoration, Surface Reclamation and Facility 
Decommissioning  

 
The applicant has not provided sufficient information regarding groundwater quality restoration, 
surface reclamation and facility decommission.  Additional information regarding the groundwater 
quality restoration, surface reclamation, and facility decommissioning is requested to allow staff to 
adequately understand and assess the applicant’s operations.  Please provide the following 
information: 

 
33) Section 6.1 Plans & Schedules for Groundwater Quality Restoration   

 
The plans and schedules for groundwater quality restoration have not been sufficiently described to 
determine whether or not the required goals of restoration will be achievable.  Specifically, we 
request additional information regarding the following items: 

 
a. Based on Criterion 5B(5) of Appendix A of 10 CFR Part 40, the goal of 

restoration is an approved background level, maximum contaminant level or an 
alternate concentration level established by NRC.  Historically, the pre-
operational class-of-use quality has been used in approving restorations at 
former ISR facilities; however, this criterion is a requirement of the State of 
Wyoming UIC program and not one of the criteria listed in Criterion 5B(5).  
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Therefore, please include a statement that the primary goal will be to the 
approved background level or MCL.   
 

b. Please provide information on the proposed process to recover flares and 
excursions that occurred during operations if the groundwater sweep is omitted 
during the restoration process.  Please provide clarification on the method to be 
used to determine whether or not the groundwater sweep is effective.  If a 
numeric flow model was used, please provide details on the model setup for an 
independent review. 

 
c.  Please provide locations of Wellfield 2 in JAB Uranium Project area and Wellfield 

6 at the Antelope Uranium Project area are not depicted on the mapping  
 

d. Please provide a justification for the 60-day excursion monitoring period during 
restoration.  Although the applicant is correct in stating the likelihood for a new 
excursion during restoration is less likely during restoration as injection of lixiviant 
is diminished, the history of the existing ISR facilities indicate that excursions can 
occur during restoration (fluids are injected though at a lower rate).  A 60-day 
frequency may not permit a timely or effective means of detecting and correcting 
an excursion should one occur.   
 

e. Include a statement that the stabilization sampling will consist of at least four 
sampling events.   
 

f.  Based on the project schedule, the restoration/decommissioning will take longer 
than 24 months.  Therefore, the applicant needs to make a statement that this is 
an alternate schedule for restoration.   

 
34) Section 6.2 Plans and Schedules for Reclaiming Disturbed Lands   

 
In Section 6.2, Uranium One needs to provide additional discussion of the land clean up 
program, including 1) which areas would be focused on during the surveys (such as well field 
surfaces, areas around structures in process and storage areas, on-site transportation routes, 
historical spill areas, and area near the deep disposal wells); 2) plans for decommissioning non-
radiological hazardous constituents as required by 10 CFR Part 40, Appendix A, Criterion 6 (7); 
and 3) reference to its QA/QC program as additionally applicable to all aspects of 
decommissioning. 
 

Section 6.4 Methodologies for Conducting Post-Reclamation and   Decommissioning 
Radiological Surveys 

 
35) Section 6.4.1 Cleanup Criteria   

 
Section 6.4.1 indicates that the proposed limits and ALARA goals for cleanup of soils are 
summarized in Table 6.4.2.  This table was not provided in the revised technical report. 
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36) Section 6.5 Decommissioning Health Physics and Radiation Safety   
 

The applicant has not provided sufficient information regarding decommissioning health physics 
and radiation safety surveys.  Specifically, Section 6.5 indicates that health physics surveys during 
decommissioning to support ALARA for radiation workers will be guided by applicable sections of 
Regulatory Guide 8.30 or other applicable standard at the time.  For radiological characterization 
surveys and final status surveys required by 10 CFR 40.42, the applicant should indicate that an 
applicable statistical methodology or other alternative methodology. 

 
37) Section 6-6 Financial Assurance   

 
a.  For the surety calculations, please clarify the following: 

 
1.  On Figure 1-4, the area delineated as Wellfield 1 at the JAB and 

Antelope Uranium Project area is 5.133 and 8.458 million square 
feet (Mft2), respectively; however, in the restoration closure cost 
estimates, the area is 6.098 and 6.634 Mft2.   

 
2.  Basis for the 25 percent porosity 
 
3.  Rationale for the 20-ft average completed thickness for the 

Antelope Uranium Project.   
 

b.  Please clarify the cost for disposal of the water pumped during the groundwater 
sweep. 
 

c.  The restoration calculations indicate a total of 67.5 and 124.8 months for 
completion of the groundwater sweep and treatment at the Antelope and JAB 
uranium project area, respectively.  The schedule on page 6-11 indicates 
completion of the restoration within 2.5 to 3 years at each area.  Please explain 
this discrepancy. 
 

d.  Restoration includes flows to the disposal well at a rate of 250 and 100 gpm 
during groundwater treatment from the Antelope and Jab project areas, 
respectively.  In addition, in Section 4.2, the applicant includes a rate of 40 and 
35 gpm during normal operations.  Assuming that the schedule overlaps, (i.e., 
restoration by groundwater treatment at Wellfield 1 and operations at Wellfield 2), 
the total discharge to the deep disposal well is 290 and 135 gpm, respectively, 
which differs from the values in Section 4.2.  Please clarify the anticipated flow 
rates to the deep disposal well(s) during the project life.   

   
e.  In Section 6.6, the applicant needs to identify the financial assurance funding 

mechanism (i.e., surety bond, cash deposit, certificate of deposit, deposit of government 
securities, etc.) that it plans on using for the Antelope and JAB project. 

 
f.  The applicant needs to provide indication in Section 6.6 that it will 1) automatically 

extend the existing surety amount if the NRC has not approved the extension at least 
30 days prior to the expiration date; 2) revise the surety arrangement within 3 months of 
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NRC approval of a revised closure (decommissioning) plan, if estimated costs exceed 
the amount of the existing financial surety; 3) update the surety to cover any planned 
expansion or operational change not included in the annual surety update at least 
90 days prior to beginning associated construction; and 4) provide NRC a copy of the 
State’s surety review and the final surety arrangement.  

 
SECTION 7 Environmental Effects 
 

The applicant has not provided sufficient information regarding the manner in which it will monitor 
for, remediate, and prevent accidents.  Please provide the following information: 

 
 
38) Section 7.4 Effects of Accidents   

 
The discussion of accidents in section 7.4 of the TR does not provide all of the information 
requested in section C.6 of Regulatory Guide 3.5.  This includes an evaluation of various potential 
accidents, measures to be implemented to prevent the accidents, and emergency plans and 
training.  Please provide that information.  In addition, 

 
a. Provide a discussion of fires and explosions. 
 
b. In discussing potential tank failure accidents, consider the potential of multiple tank 

failures resulting from a single event. 
 
c. In the discussion radiological release accidents provide information addressing 

accidents involving the vacuum dryer or other plant equipment handling radioactive 
material. 

 
d.  Information should be provided to support risk-informed, performance based licensing.  

The applicant should provide information on potential releases, spills, and accidents 
involving radioactive materials and the expected consequences to workers and the 
public.  The applicant may reference the applicable NUREG/CR-6733 consequences 
analyses of releases, spills, and/or accidents, but should review the technical basis for 
the consequence analysis to assure that the assumptions are applicable to the specific 
ISR uranium operations proposed at the Antelope-JAB facility (i.e., uranium compounds, 
solubility class, discussion of any bounding cases applicable to Antelope JAB provided 
in NUREG/CR-6733).  

 
Appendix B 

 
39) Appendix B   

 
In Appendix B, the applicant presented the narrative of a hydrogeologic report for the JAB 
project area prepared by others in 1984.  The report raised several concerns with respect to 
safe operations under the geologic and hydrogeologic settings at the JAB property that were 
not addressed in the application narrative.  Furthermore, a review of a recent geologic 
information and mapping presented information that should have been addressed in the 
application.  The information includes the following:  
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  The 1984 report states that (1) a fault is located in the southwestern corner of the 

JAB project area which has a displacement of approximately 1000 feet, (2) a fault 
is located north of the JAB project area, and (3) a local fault is located within the 
JAB project area.  The geologic mapping presented in the application does not 
depict any faulting.  The mapping included an area mapped as the Laney 
Member of the Green River Formation in the southwestern corner of the JAB 
Uranium Project Area.  The Laney Member is of an equivalent age to the upper 
Battle Springs Formation.  The USGS report depicts the faulting, the Laney 
Member similar to the geologic mapping in the application and farther to the 
south, the Tipton Member of the Green River Formation, which is time equivalent 
to the lower Battle Springs Formation.  (The Tipton Member is delineated on the 
geologic mapping in the Application but the color is difficult to differentiate it from 
another unit.)   
 
The impacts of the faulting on safe operations of the ISR facilities, in particular, control 
on the migration of the lixiviant, have not been addressed in the application.  Please 
provide an evaluation of the impacts of the faulting the operations.   
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