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  Enclosure 
 

By letter dated June 13, 2013, (LCI, 2013a), Lost Creek ISR, LLC (LCI, or the licensee) 
submitted a response to License Condition 12.10 of its Source Materials License SUA-1598 
(NRC, 2013a).  The licensee subsequently withdrew the June 13, 2013, response (LCI, 2013a) 
and replaced it in its entirety with its response dated July 12, 2013 (LCI, 2013b).  On November 
15, 2013, LCI submitted (LCI, 2013c) its standard operating procedures (SOPs) referenced in its 
July 12, 2013, response (LCI, 2013b).   
 
License Condition (LC) 12.10 (NRC, 2013b) states the following: 
 

 Prior to the preoperational inspection, the licensee shall provide the following 
information for the airborne effluent and environmental monitoring program in which it 
shall develop written procedures to: 

 
A. Discuss how, in accordance with 10 CFR 40.65, the quantity of the principal 

radionuclides from all point and diffuse sources will be accounted-for in, and 
verified by, surveys and/or monitoring.  

 
B.  Evaluate the member(s) of the public likely to receive the highest exposures from 

licensed operations consistent with 10 CFR 20.1302.  
 
C. Discuss and identify how radon (radon-222) progeny will be factored into 

analyzing potential public dose from operations consistent with 10 CFR Part 20, 
Appendix B, Table 2.  

 
D. Discuss how, in accordance with 10 CFR 20.1501, the occupational dose 

(gaseous and particulate) received throughout the entire license area from 
licensed operations will be accounted-for in, and verified by, surveys and/or 
monitoring.  

 
The U.S. Nuclear Regulatory Commission (NRC) staff evaluated the licensee’s response to LC 
12.10 for compliance with applicable regulations and consistency with the NRC guidance.  In its 
response to LC 12.10 (LCI, 2013b), the licensee referred to several SOPs that it developed for 
its employees to follow for various aspects of its operations, including health physics.  This 
license condition was imposed on the licensee because the licensee did not address this issue 
sufficiently in its application (LCI, 2008) or subsequent submittals (refer to safety evaluation 
report (SER) Section 5.7.8 of NRC, 2011a).  Consequently, staff expects that LCI will provide a 
response to this license condition in the same manner and level of detail as the information 
should have appeared in its original application (LCI, 2008).  Staff observes that SOPs may be 
revised many times during the lifetime of a facility, including their removal from use.  Therefore, 
due to the non-permanent nature of the SOPs, staff is not considering the SOPs in its evaluation 
of the licensee’s response to this license condition.   
 
The results of staff’s evaluation are as follows: 
 
LC 12.10(A) 
 
In its response to LC 12.10(A), the licensee stated that it would not monitor the Central 
Processing Plant (CPP) tank vent stack release since the only radionuclide vented from the 
tanks will be fresh radon (Rn-222) with negligible in-growth of daughters.  Therefore, LCI 
proposed establishing an array of radon detectors along the downwind boundary to the 
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unrestricted area.  The licensee also proposed comparing the measured radon concentrations 
from this array of detectors to 10 CFR Part 20, Appendix B, Table 2, Effluent Concentration 
value for Rn-222 with daughters (i.e., radon progeny) removed to determine “...if maximum 
levels remain below the public internal exposure limit of 50 mrem/yr.”  (LCI, 2013b) 
 
The licensee did not provide any technical justification for rejecting uranium and other 
particulates as a potential effluent from its facility (LCI, 2013b).  However, NRC staff previously 
evaluated the licensee’s proposed approach for rejecting uranium and other particulates and 
found it to be inadequate (refer to SER Section 11.3 of NRC, 2013a).  Staff has found nothing in 
the licensee’s current submittal (LCI, 2013b) to invalidate these previous findings; therefore, the 
original findings stand and previous staff conclusions remain valid. 
 
Regarding the placement of radon detectors, the licensee referred to its SOP titled 
“SOP_LC_ENV-014_Env Rad Monitoring - Passive Radon.”  The licensee is required to provide 
specific details on the placement of the radon detectors, including appropriate figures and 
drawings depicting the facility and clearly delineating the restricted and unrestricted areas.  As 
the radon detectors are part of the licensee’s environmental monitoring program, LCI should 
submit information on what types of radon detectors will be used and other information 
consistent with Regulatory Guide 4.14 (NRC, 1980a).   
 
The licensee did not provide details for the placement of the radon detectors in its response to 
LC 12.10(A) (LCI, 2013b).   However, it did generally describe its approach for measuring radon 
released from the CPP in its response to LC 12.10(B) (LCI, 2013b).  As staff understands the 
approach, it involves placing three radon detectors on either side of location AP2 (refer to 
Technical Report Plate 3.1-1, attachment to LCI, 2013b) at forty foot intervals along the 
downwind (east) fence.  The licensee will then compare the results of these radon detectors to 
the 10 CFR Part 20, Appendix B, Table 2, Effluent Concentration value for Rn-222 with 
daughters removed to demonstrate compliance with the dose limits for individual members of 
the public in 10 CFR 20.1301.   
 
Staff observes that the licensee did not provide a rationale for the placement of the radon 
detectors other than noting that they were along the downwind (east) fence.  Without such a 
rationale, there is insufficient clarity in the licensee’s proposed methodology for staff to make a 
full assessment. 
 
In any case, staff disagrees with the licensee’s proposed approach, as it is described above, for 
several reasons. Firstly, the licensee characterizes the source of radon as “fresh radon with 
negligible in-growth of daughters” (LCI, 2013b) with no technical justification.   Staff observes 
that the licensee’s characterization of radon gas does not take into account radon within the 
plant that has already undergone radioactive decay, thus having some fraction of radioactive 
progeny present prior to exposure.   Occupational exposure from radon progeny is well 
documented during normal operations within the plant areas at ISR facilities (see, for example, 
Section 5.8.3.2 of CBR, 2007 and Section 5.8.2.2 of Cameco, 2012) and radon (and thus radon 
progeny) levels can increase during changes in a licensee’s operations (See Section 3 of NRC, 
2011b and Section 2 of NRC, 2013c).  In the licensee’s application (refer to Section 4 of LCI, 
2010), it described its method for controlling radon buildup within buildings. This includes 
utilizing general ventilation fans blowing air outside at the rate of approximately six air changes 
per hour.  In other words, the volume of air within the CPP (approximately 470,240 cubic feet 
(refer to Section 4 of LCI, 2010)) will be replaced six times within an hour.  Staff does not find it 
reasonable to assume that public (and occupational) exposure to radon progeny inside plant 
areas, such as that received at other operating ISR facilities, stops at the door or other exit point 



LC 12.10 Technical Evaluation Report                                                Page 3 
 

from the building. On the contrary, radon progeny will continue to build up over time (Evans, 
1969).  For these reasons, the radon exiting the buildings can’t be characterized as “fresh radon 
with negligible in-growth of daughters” (LCI, 2013b).   
  
Secondly, as stated above, the licensee proposed comparing measured radon concentrations 
from its radon detectors to 10 CFR Part 20, Appendix B, Table 2, Effluent Concentration value 
for Rn-222 with daughters (i.e., radon progeny) removed.  Staff disagrees with this approach as 
the licensee has not demonstrated that it will remove radon progeny either at all exit points (e.g., 
filtering air discharged from ventilation stacks, doors, header houses.) or at the point of actual 
exposure (e.g., respirators).  As discussed above, it is not reasonable to assume that there is no 
facility-related radon progeny present outside of the CPP.  More importantly, there is no 
regulatory definition of “fresh radon” for purposes of comparing measured radon concentrations 
from radon detectors to 10 CFR Part 20, Appendix B, Table 2, Effluent Concentration values.  
There are only two values for radon in 10 CFR Part 20, Appendix B, Table 2; these are “With 
daughters removed” and “With daughters present”.   
 
Staff observes that 10 CFR Part 20 was revised in 1991. The Statements of Consideration 
(SOC) for the 1991 final rule (Federal Register, May 21, 1991, 56 FR 23360) discusses this 
issue in context to uranium mills. In discussing the public dose limit and compliance with 40 
CFR 190, the SOC state (page 23374): “For uranium mills it will be necessary to show that the 
dose from radon and its daughters, when added to the dose calculated for 40 CFR Part 190 
compliance, does not exceed 0.1 rem.” [underline added here for emphasis] The SOC also 
provide an example that uranium mills and ISR facilities may have difficulty in determining 
compliance with the values in Table 2 of Appendix B to 10 CFR Part 20 for Rn-222. In 
describing how licensees could adjust values in Appendix B, the SOC state (page 23375): 
“…For example, uranium mill licensees could, under this provision, adjust the table 2 value for 
radon (with daughters) [sic] to take into account…” [underline added here for emphasis] Thus, 
the 1991 SOC indicate that NRC expected that uranium recovery facilities would use the value 
for radon-222 with daughters present to determine compliance. 
 
The NRC staff concludes that the short-lived radon progeny will be the principal contributor to 
radiation dose in most practical radon exposure situations at the licensee’s facility. From the 
regulatory basis described above, and the licensee’s operations as previously described (LCI, 
2008, as amended), the NRC expects that radon progeny will be present with Rn-222 and that 
the licensee should be using the 10 CFR part 20, Appendix B, Table 2, value for Rn-222 with 
daughters present. Therefore, the NRC staff concludes that the appropriate value from 10 CFR 
Part 20, Appendix B, Table 2, for this licensee to use is the value for Rn-222 “With daughters 
present.” The NRC staff also concludes that if this licensee performs a dose assessment to 
show compliance with 10 CFR 20.1301, the dose assessment must address the dose from 
radon progeny.  Staff observes that this approach was presented to the uranium recovery 
industry during the 2011 Uranium Recovery Workshop (NRC, 2011c).   
 
Thirdly, staff assumes that the licensee used results of its onsite baseline year wind data (refer 
to Figure 2.2-3 of NRC, 2011a) to determine placement of the six additional radon detectors.  
The results of these radon detectors will then be used to determine compliance with dose limits 
for individual members of the public by comparing the measured radon concentrations from 
these detectors to 10 CFR Part 20, Appendix B, Table 2, Effluent Concentration value for Rn-
222 with daughters (i.e., radon progeny) removed, which is done on an annual basis (refer to 10 
CFR 20.1301).  Staff observes that variations in dominant wind sectors are to be expected for 
any given year, especially for such short collection times as one year (see, for example, UEC, 
2013). Assuming the wind rose was established in a year representative of the long term 
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meteorological conditions, this does not present a problem for using the MILDOS code to 
evaluate placement of environmental monitoring stations.  The reasons are that the major 
purposes of the environmental monitoring stations are to evaluate the performance of effluent 
controls and the environmental impact of milling operations over the operational life of the 
facility (NCRP, 1993; NRC, 1980a).  For these purposes, long term trending is more important 
than instantaneous values.  However, for calculating annual public dose, short term variations 
(i.e., year to year or within a year) can have a more profound impact if, for example, a dominant 
sector is missed in any given year.   
 
More importantly, the method proposed by the licensee only measures a portion of the 
radioactive material released at the boundary of the unrestricted area.  This proposed 
methodology does not meet the requirements of 10 CFR 40.65 or 10 CFR 20.1302(b)(2)(i) (refer 
also to guidance on 10 CFR 20.1302 in NRC, 2001).  The licensee’s Figure Technical Report 
Plate 3.1-1 (attachment to LCI, 2013b) indicates the unrestricted area boundary is demarcated 
by a fenced area around the CPP.   Since the dominant wind is from the west, the licensee 
proposed placing the radon detectors along the eastern fence in the manner described above.    
Staff observes that even if the radon detectors were arranged in such a manner as to accurately 
measure radon in the four dominant wind sectors (from the W, WSW, SW, and SSW, refer to 
Figure 2.2-3 of NRC, 2011a), they would capture less than approximately 50 percent of the total 
wind frequency (by compass direction) and thus measure less than approximately 50 percent of 
the total potential effluent of radioactive material.  Staff concludes that the method proposed by 
the licensee does not provide a reasonable estimation of effluent from its licensed activities for 
demonstrating compliance with 10 CFR 40.65 or 10 CFR 20.1302(b)(2)(i). Therefore staff does 
not have reasonable assurance that placing the radon detectors in the manner proposed by the 
licensee will be representative of radioactivity concentrations in effluents on a yearly basis for 
reporting purposes or for the purpose of demonstrating that annual public dose is within 
regulatory limits.  Moreover, for the reasons discussed above, the method proposed by the 
licensee does not provide the NRC with information to estimate potential annual radiation doses 
to the public resulting from the licensee’s effluent releases, as specified in 10 CFR 40.65. 
 
Fourthly, staff observes that the additional radon detectors are placed in close proximity to the 
CPP and other structures (refer to Technical Report Plate 3.1-1, attachment to LCI, 2013b) that 
could impact the licensee’s ability to determine the location of the maximum concentrations of 
radioactive materials released from its operations.  Staff observes that wind data (e.g., wind 
direction and frequency distribution) is collected and used in dose modeling codes and in 
generally assessing where contaminants will most likely be dispersed.  This is useful for 
determining where to perform certain environmental monitoring functions such as air sampling.   
 
However, atmospheric transport models, such as the Gaussian diffusion model used in 
MILDOS-AREA (Yuan, et al., 1989), have certain limitations.   One of these limitations is that 
the plume concentration in the vertical direction is unreliable for distances less than 100 meters 
from the source (refer to Appendix G-2 in NRC, 1980b).  In addition, for sources on or near 
buildings (e.g., the CPP), the concentrations of the effluent are difficult to predict due to 
complexities associated with curved streamlines, sharp velocity discontinuities, and highly  
non-homogeneous and non-isotropic turbulence (Slade, 1968).  Aerodynamic effects due to 
buildings and other structures are reported to be significant, not only in the vicinity of the 
structures, but at considerable distances downwind (EPA, 2000). It is suggested that the best 
way to estimate concentrations near buildings and other structures is to obtain experimental 
data (Slade, 1968).  Staff is not aware of any attempts by the licensee to characterize the flow of 
air, and thus expected concentrations of radioactive materials from its effluents, in the vicinity of 
the CPP and other structures.  Therefore, due to the uncertainties associated with determining 
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effluent concentrations near buildings and other structures, and in the absence of empirical data 
describing air flow characteristics in the vicinity of the CPP and other structures, staff concludes 
that the method proposed by the licensee does not provide a reasonable estimation of effluent 
from its licensed activities for demonstrating compliance with 10 CFR 40.65 or 10 CFR 
20.1302(b)(2)(i).  In summary, staff does not have reasonable assurance that placing the radon 
detectors in the manner proposed by the licensee will be representative of radioactivity 
concentrations in effluents for reporting purposes or for the purpose of demonstrating that 
annual public dose is within regulatory limits.  Moreover, for the reasons discussed above, the 
method proposed by the licensee does not provide the NRC with information to estimate 
potential annual radiation doses to the public resulting from the licensee’s effluent releases, as 
specified in 10 CFR 40.65. 
 
Fifthly, reporting quantities of radioactive materials released to unrestricted areas and providing 
information for the NRC to estimate potential annual radiation doses to the public is only part of 
the requirements of 10 CFR 40.65(a)(1).  A licensee is also required to address in its 10 CFR 
40.65(a)(1) report any instances where quantities of radioactive materials released during the 
reporting period are significantly above its design objectives previously reviewed as part of the 
licensing action.   
  
As discussed above, staff has determined that measuring a small, varying, percentage of the 
radioactive materials released in the licensee’s effluents on a concentration basis (e.g., 
microcuries per milliliter) yields no meaningful data for evaluation of quantities of radioactive 
materials released in the licensee’s total effluents (e.g., Curies) as a result of its licensed 
operations.  Specifically, the licensee has not demonstrated that it can determine when 
quantities of radioactive materials released during the reporting period are significantly above its 
design objectives previously reviewed as part of the licensing action. Therefore, the licensee’s 
proposed method does not provide NRC staff with reasonable assurance that it can fully comply 
with the reporting requirements of 10 CFR 40.65(a)(1). 
 
Sixthly, the licensee did not address all aspects of LC 12.10(A) (NRC, 2013b).  Specifically, the 
licensee did not address other point and diffuse sources of radioactive material such as the 
wellfields and header houses. 
  
LC 12.10(B) 
 
In its response to LC 12.10(B) (LCI, 2013b), the licensee generally described its approach to 
estimate effluent concentrations from the CPP for purposes of demonstrating compliance with 
public dose limits.  As discussed above in staff’s evaluation to the licensee’s response to LC 
12.10(A) (LCI, 2013b), staff does not have reasonable assurance that the licensee’s proposed 
measurement methodology will allow the licensee to demonstrate that annual public dose is 
within regulatory limits using the method allowed in 10 CFR 20.1302(b)(2)(i).   
 
In its response to LC 12.10(B) (LCI, 2013b), the licensee appears to propose using the results 
of the additional radon monitoring, discussed above in staff’s evaluation of the licensee’s 
response to LC 12.10(A), to directly calculate a dose at the detector location to demonstrate 
compliance with the dose limits for individual members of the public provided in 10 CFR 
20.1301.  There is insufficient clarity in the licensee’s submittal (LCI, 2013b) regarding the 
method of compliance in regards to 10 CFR 20.1302(b).  Since the NRC staff evaluated the 
licensee’s proposal for compliance with 10 CFR 20.1302(b)(2)(i) in the previous section, the 
NRC staff evaluates the licensee’s apparent proposal for complying with 10 CFR 20.1302(b)(1) 
in the remainder of this section. 
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As discussed above in staff’s evaluation of the licensee’s response to LC 12.10(A), the licensee 
did not provide any technical justification for rejecting uranium and other particulates as a 
potential effluent from its facility (LCI, 2013b), and therefore a potential contributor to dose.  
However, NRC staff previously evaluated the licensee’s proposed approach for rejecting 
uranium and other particulates and found it to be inadequate (refer to SER Section 11.3 of NRC, 
2013a).  Staff has found nothing in the licensee’s current submittal (LCI, 2013b) to invalidate 
these previous findings; therefore, the original findings stand and previous staff conclusions 
remain valid. 
 
Staff finds that the six reasons discussed above in its evaluation of the licensee’s response to 
LC 12.10(A) are relevant to staff’s evaluation of the licensee’s ability to comply with 10 CFR 
20.1302(b)(1).   Specifically, staff evaluated the licensee’s proposed methodology in the areas 
of radon characterization, environmental monitoring methodology, environmental monitoring 
data interpretation, and regulatory compliance.   Staff found the licensee’s proposed 
methodology for compliance with 20.1302(b)(1) also deficient in these areas for the reasons 
described in response to LC 12.10(A).   Therefore, staff does not have reasonable assurance 
that the licensee can determine the dose to the individual likely to receive the highest dose from 
its licensed operation using the measurement method it proposed. 
 
Lastly, it is implicit in the licensee’s submittal (LCI, 2013b) that it assumes that the maximum 
public dose will be within the regulatory limits prior to evaluating any operational measurements.  
However, the licensee has no operational data for its facility to indicate that radioactive 
materials released in its effluents are at or below the 10 CFR Part 20, Appendix B, Table 2, 
Effluent Concentration value for Rn-222 with daughters present.  With no other monitoring to 
enable the licensee to calculate the maximum public dose received throughout the facility, staff 
does not have reasonable assurance that the licensee’s proposed measurement methodology 
will allow the licensee to demonstrate that annual public dose is within regulatory limits.   The 
licensee should evaluate its program for dose assessment alternatives in the case that its 
effluents are above the 10 CFR Part 20, Appendix B, Table 2, Effluent Concentration value for 
Rn-222 with daughters present.   
 
LC 12.10(C) 
 
In its response to LC 12.10(C) (LCI, 2013b), the licensee provided no substantive discussion on 
how radon (radon-222) progeny will be factored into analyzing potential public dose from 
operations consistent with 10 CFR Part 20, Appendix B, Table 2.  Therefore, staff requires the 
licensee to respond to LC 12.10(C) in a detailed and complete manner before it will begin its 
review of its response. 
  
Staff observes, however, that some of the discussion in staff’s evaluation of the licensee’s 
response to LC 12.10(A) above is applicable to this license condition. 
 
LC 12.10(D) 
 
In its response to LC 12.10(D) (LCI, 2013b), the licensee provided no substantive discussion on 
how it will account for occupational dose (gaseous and particulate) received throughout the 
entire licensed area from licensed operations, including how occupational dose will be verified 
by surveys and monitoring.  As stated above, staff is not considering the SOPs in its evaluation 
of the licensee’s response to this license condition.  Therefore, staff requires the licensee to 
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respond to LC 12.10(D) in a detailed and complete manner before it will begin its review of its 
response. 
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