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Ron,
 

Attached is the modification to the March 6th submittal that we discussed today. The language
change on page 2 of 7 should be consistent with what we discussed.
 
Thank you for setting and facilitating the meeting today. Please let me know if you have any
questions.
 
Regards,
Paul Goranson
 
William Paul Goranson
President and Chief Operating Officer
 
Uranerz Energy Corporation
1701 East “E” Street
Casper, WY 82605-0850  USA
T: 307.232.6665 | C: 307.287.0126 | F: 307.265.8904 | E: pgoranson@uranerz.com
 
This electronic communication, and any attachments, may contain information which is confidential and/or privileged. If you
are not the intended recipient, you are hereby notified that any distribution, copying or reliance upon the contents of this
communication is strictly prohibited. If you have received this communication in error, please notify the sender immediately
and kindly delete this message. Thank you for your cooperation.
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Uranerz Energy Corporation Nichols Ranch ISR Project 


Response to the NRC Request for Additional Information  


Pre-Operation License Condition 12.8 Supplemental Information March 11, 2014 


 


The attached RAD-LOG-39, “Effluent Sampling Plan” (Attachment 1) details the monitoring type, 
instruments used, frequency, lower limit of detection, and referenced operating procedures and is utilized 
in conjunction with narrative below.  Uranerz will reevaluate information contained in the following 
responses on an as needed basis to verify measurements are accurate or more conservative. 


Attachment 2 contains draft Figure 2-25.  The figure depicts the location of the environmental air 
samples, RADTRAK locations, and gamma dosimeters in the Nichols Ranch Unit license area. 


LC 12.8(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, and verified by, surveys and/or 
monitoring. 


In identifying all point and diffuse sources it is Uranerz’s assumption that measurements taken within 
process areas will be released to the environment at rates of the exhaust ventilation. This is a conservative 
estimate that likely overestimates the amount of true effluent released to the environment. Effluent 
releases will be compared to design objectives, specified in Nichols Ranch ISR Project TR Chapter 7, 
Section 7.3.  Results that are significantly above design objectives will be addressed in the semi-annual 
effluent report. 


Plant 


Emissions from the plant will be determined based on the following assumptions and measurements. The 
amount of radon emanating from the plant will be determined first by characterizing the radon 
concentrations within the plant.  As detailed in RAD-LOG-39 Effluent Sampling Plan, the concentration 
of radon in the plant will be sampled initially on a weekly basis and then according to Regulatory Guide 
8.30. The rate of release from two exhaust fans is determined based on an air balance report supplied by 
West Plains Engineering. Each exhaust fan on average can produce 13,500 CFM. Using the monthly 
radon concentrations (0.33WL is equal to 3E-8 µCi/ml), the activity released can be calculated using the 
equation below. Volumes are calculated using flow rates from the exhaust fans and the time that the fans 
are operating. During times when the fans are not operating an anemometer will be used to verify the flow 
outside the building. If the anemometer is not able to read the flow the lowest sensitivity of the instrument 
will be used for the flow coming out the building.  A total of the effluent released from the plant will be 
calculated monthly and reported semiannually in agreement with 10 CFR 40.65.  


𝐴𝐴𝐴𝐴𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖(µ𝐶𝐶𝑖𝑖) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝑡𝑡𝑖𝑖𝐶𝐶𝐶𝐶 �µ
𝐶𝐶𝑖𝑖
𝑚𝑚𝑚𝑚
� ∗ 𝐸𝐸𝑚𝑚𝑖𝑖𝐸𝐸𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶 �


𝑚𝑚𝑚𝑚
𝑚𝑚𝑖𝑖𝐶𝐶


� ∗ 𝑇𝑇𝑖𝑖𝑚𝑚𝐶𝐶 (min) 


Releases of radon from vented tanks will be calculated by measuring the concentration of radon being 
emitted from the exhaust vent.  Active Scintillation cells, or Lucas cells, will be used to quantify the 
amount of radon at each vent.  Cells are considered active since the user must actively place the gas 
sample into the cell. Cells are evacuated with a vacuum pump in order to draw the gas sample into the 
cell. Once inside the cell, radon gas undergoes decay to its daughter products. The decay of radon and its 
daughter products create alpha particles that strike the sensitive scintillator lining of the interior of the 
cell. The scintillations, light pulses, pass through a photomultiplier tube which allows the monitoring 
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device to count light pulses and equate that to a radon concentration. There is a direct relationship 
between the number of light pulses counted and the concentration (or activity) of the radon gas in the cell. 
The relationship between the counts recorded and the activity of the sample is referred to as counting 
efficiency and is determined on an annual basis when the unit is sent off for calibration by a NIST 
traceable laboratory.  


Measurements of the radon from tank vents will be performed at a minimum of once a quarter. 
Samples will be taken during highest predicted concentrations and will be used to determine the 
effluent of radon from vented tanks. Highest predicted concentrations will be assumed to be when 
all tanks are open for ventilation. To test the assumption of the highest predicted concentration 
multiple measurements over the quarter will be utilized until Uranerz can demonstrate when the 
highest concentrations occur. Once the highest predicted concentration is validated it may need to 
be revaluated with changes to operating parameters that may affect the amount of effluent 
released.  


Once the concentration is determined from the scintillation cell, assumptions of flow can be made by 
using a conservative manufacturer estimate of 293 CFM for the forced ventilation fan. Fans will be 
assumed to be running continuously, and total releases from vented tanks will be calculated and added to 
total radon released from the plant. Results will be reported semiannually in the agreement with 10 CFR 
40.65. 


This use of scintillation cells to characterize radon is an approved method, as outlined in Method 
115 from 40 CFR 61 Appendix B. While the method describes the use of scintillation cells for 
underground mining and tailing piles, it can be applied to this application.   


Emissions of particulates will be estimated based upon semi-annual isotopic analysis of filters used for 
monthly gross alpha measurements as outlined in RAD-LOG-39 Effluent Sampling Plan. The 
concentrations reported from the analysis of an outside accredited lab will be used to calculate the effluent 
by factoring in the exhaust rate and time of operation for exhaust fans. During times when the fans are not 
operating an anemometer will be used to verify the flow outside the building. If the anemometer is not 
able to read the flow, the lowest sensitivity of the instrument will be used for the flow coming out the 
building. Total effluents for each radionuclide will be reported on a semi-annual basis in agreement with 
10 CFR 40.65.  


Header Houses 


Emissions from Header Houses will be determined based on the following assumptions and 
measurements. The amount of radon emanating from the header houses will be based on radon 
measurements taken within the header house as outlined in RAD-LOG-39, Effluent Sampling Plan. 
Radon concentrations within the header houses will be measured using the modified Kusnetz on a 
frequency stipulated in Regulatory Guide 8.30. These average monthly concentrations will then be 
converted to a total activity by factoring in the 1,275 cfm exhaust capabilities of the fan. This assumes 
that all radon in the header house is released into the environment at a rate of the exhaust fan. The exhaust 
fans in the header houses are operated on a continual basis.  


Emissions of U-Nat, Ra-226, Th-230, and Pb-210 will be estimated based upon semi-annual isotopic 
analysis of filters used for monthly gross alpha measurements as summarized in RAD-LOG-39, Effluent 
Sampling Plan. The filters are sent to an accredited outside laboratory for analysis, and reported 
concentration are converted to total activity by using the designed 1,275 cfm exhaust rates of the fans 
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within the header houses. Each header house effluent will be added to the accumulative release from all 
header houses.  


As Production Areas are developed and additional header houses are installed, the new Header Houses 
will be added to the total release from all header houses. 


 


 


Wellfield  


Potential emission of radon in the wellfield is limited to recovery wells. Injection wells have sealed well 
heads and the potential of radon release is minimal. The release of radon from recovery wells is 
considered to be negligible, since the hydraulic head is approximately one hundred feet subsurface. The 
down hole pumps are positioned within the production zone of the wellfield and approximately 450’ to 
500’ below surface.  These down hole pumps are extracting production solutions and radon from the 
formation and transferring the solutions to the nearest header house through a closed poly line.  The 
stagnant water in the well is raised or lowered within the column by atmospheric conditions or changes in 
pump flow rates.  This change in the well water level will force air from the well to surface.  This release 
of air from the well head is a source of a radon release, but the flow rate is too variable to measure.  In 
order to validate this assumption on a quarterly basis, 10 percent of the wells will be sampled for radon 
using the modified Kusnetz method. Samples will be taken at the source of ambient ventilation at the well 
head. Using the relationship of 0.33 working levels is equal to 3E-8 µCi/ml (Table 1 of 10 CFR 20 
Appendix B) a concentration will be calculated.  The average concentration over all well heads sampled 
will be converted to a quantity of activity emitted from each well by using the equation below.  
Multiplying the result by the number of recovery wells estimates the radon emitted from the well field.  
Results will be reported on a quarterly basis in the semiannual effluent report. These measurements are 
based on the assumption that the wellhead is venting at the rate of 3 LPM which is the flow rate that our 
air monitors pull.  Uranerz has an anemometer which will be used as needed to verify the assumption of 
3LPM per well head is a very conservative value which leads to an overestimation of the release of radon 
for each recovery well heads.  Overtime estimating effluent from wellfield will be adjusted to more 
accurately determine a source term for the wellfield 


𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖 𝐶𝐶𝑚𝑚𝑖𝑖𝑡𝑡𝑡𝑡𝐶𝐶𝑒𝑒 𝑝𝑝𝐶𝐶𝐶𝐶 𝑞𝑞𝑄𝑄𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶 �
µ𝐶𝐶𝑖𝑖
𝑤𝑤𝐶𝐶𝑚𝑚𝑚𝑚� =


𝐴𝐴𝑖𝑖𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝑡𝑡𝑖𝑖𝐶𝐶𝐶𝐶(µ𝐶𝐶𝑖𝑖𝑚𝑚𝑚𝑚 ) × 𝑆𝑆𝐶𝐶𝑚𝑚𝑝𝑝𝑚𝑚𝐶𝐶 𝑉𝑉𝐶𝐶𝑚𝑚𝑄𝑄𝑚𝑚𝐶𝐶 (𝑚𝑚𝑚𝑚) × 𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶 𝑇𝑇𝑖𝑖𝑚𝑚𝐶𝐶(𝑚𝑚𝑖𝑖𝐶𝐶. )
𝑆𝑆𝐶𝐶𝑚𝑚𝑝𝑝𝑚𝑚𝐶𝐶 𝑇𝑇𝑖𝑖𝑚𝑚𝐶𝐶 (𝑚𝑚𝑖𝑖𝐶𝐶. )  


 


The other potential source of radon is the unplanned releases of process fluid in the wellfield. At the time 
of an unplanned release, the radon emitting from this source will be analyzed using the modified Kusnetz 
and converted to an activity.  These activities will be included in the total emissions from the wellfield 
calculated monthly.  


LC 12.8(B): Evaluate the member(s) of the public likely to receive the highest exposures from 
licensed operations consistent with 10 CFR 20.1302.  


 
The response for LC 12.8 B is located in Attachment 3.  The attachment contains the response submitted 
in the October 8, 2013 submittal, but with revisions that incorporate information that was discussed in the 
February 24, 2014 NRC/URZ meeting. 
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For clarification, as presented in a previous submittal from October 8, 2013 a MILDOS evaluation 
predicted a dose at location 7 – 4.5 that resulted in a dose of 119 mrem.  This value was a typographical 
error such that the decimal point was accidentally removed when results were transferred to excel for 
analysis, see the attached memo from Senes explaining the error.  The correct dose for location 7 – 4.5 
should be 0.522 mrem/year for the maximum dose and 0.119 mrem/year when corrected to the 40 hour 
work week. See additional attached document for analysis and identification of expected maximally 
exposed individual.  The letter detailing this information from SENES is found in Attachment 4. 
 
LC 12.8(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.  


 
In 10 CFR 20.1302 (2) (i), the regulation states that it is acceptable to show compliance to public dose 
limits by showing the average concentrations of radioactive material released in gaseous and liquid 
effluent at the boundary of the unrestricted area do not exceed the values specified in Table 2 of Appendix 
B.  To demonstrate compliance with10 CFR 20.1302 for radon and radon progeny at unrestricted 
boundaries, Uranerz will measure the annual average concentrations of radioactive material released in 
gaseous and liquid effluents at the boundary of the unrestricted area.  


 
In the attached plate “Restricted, Controlled, Unrestricted Areas” (Attachment 5), Uranerz depicts areas 
that will be considered restricted, controlled, and unrestricted.  Controlled areas reside within fenced 
boundaries, such as Production Areas, with access points conspicuously posted.  Controlled areas 
also include buildings with locks which limit access, such as header houses.  Currently, the only 
restricted area is within the CPP where all access doors are locked.  Uranerz has the authority through 
surface use agreements with the landowner and in Wyoming Department of Environmental Quality – 
Land Quality Division Permit to Mine No. 778 to remove unauthorized individuals present in areas 
designated as controlled or restricted.  These restrictions apply to Nichols Ranch only since construction 
has not commenced on Hank Unit.  With these designated controlled and restricted areas any other area is 
considered to be an unrestricted use area.  The boundaries for unrestricted areas are at the fence lines 
common with the controlled areas.  
 
Measurements of Radon around the central processing plant will be measured using an array of eight (8) 
RADTRAK dosimeters along the fence line. It will be assumed that the radon progeny is in equilibrium 
with Radon in a 1 to 1 ratio. The active region of Nichols Ranch Production Area #1 is also surrounded 
by an array of five (5) RADTRAK dosimeters positioned at CBM wells and a new non-CBM location on 
the west end of the wellfield for a total of six (6) receptors. As Production Area #1 development 
continues, more RADTRAK dosimeters will be placed. The Radon detected at these location will also be 
assumed to be in 1 to 1 equilibrium with the radon progeny. The annual average concentrations will be 
compared to 10 CFR Appendix B Table 2 radon progeny effluent concentrations to demonstrate 
compliance to 10 CFR 20 1302. 
 
In the event of an exceedance of effluent concentration limits, one of two methods will be used to 
demonstrate compliance to public dose limits. The first method takes into account the point and diffuse 
sources of effluent associated with operations. A source term is calculated to determine the effluent 
released from each receptor within the license boundary. In the case of Nichols Ranch, the two controlled 
areas, Production Area #1 and the fenced area around the plant, will be treated as two different systems. 
As part of the semiannual effluent report, source terms are measured and calculated for each source 
identified. Using standard atmospheric dispersion modeling calculations or appropriate code, such as 
MILDOS-AREA or CAPP-88, verification of measured values at the fence line of unrestricted areas can 
be accomplished.  
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The other option is to perform a dose assessment to show compliance with 10 CFR 20.1301 by 
demonstrating that the dose (TEDE) to the individual likely to receive the highest dose from the licensed 
operation does not exceed 100 mrem/yr (1 mSv/yr). In order to demonstrate compliance using dose 
assessments, Production Area #1and the area around the plant will have to be treated as two separate 
systems. Individuals likely to receive the highest dose would be the resident in workforce housing for the 
plant and the coal bed methane (CBM) worker for the Production Area as addressed earlier for LC 12.8 B. 
Monitoring devices for radon, RADTRAK dosimeters, are placed at these individual receptors. The 
individual likely to receive the highest dose, and/or changes to operations which may impact the 
maximally exposed individual, will be evaluated annually during the ALARA review.  
 
Dose assessment will be performed using the following equation: 
 


𝐷𝐷 = 𝐷𝐷𝐶𝐶𝐷𝐷�𝐶𝐶𝑖𝑖𝐷𝐷𝑖𝑖𝑇𝑇𝑖𝑖
𝑖𝑖


 


Where: 
D = annual dose (TEDE) (mrem/yr); 
DCF =dose conversion factor for Rn-222 with 100% equilibrium with Rn-222 progeny   
   (mrem/yr per pCi Rn/L); 
Ci  = annual average concentration of Rn-222 in air (pCi/L) at the receptor location i; 
Fi  = radon progeny equilibrium factors (fraction) for receptor location i; and 
Ti  = occupancy time factor (fraction of year) for receptor location i 
 


The receptor (i) represents the different locations at which an individual is exposed. Thus if a person is 
exposed indoors and outdoors two values would be used.  
 
Dose conversion factors are established by taking the 10 CFR 10 Appendix B, Table 2, value for radon 
with daughters present in air, (1 × 10-10 µCi/mL or 0.1 pCi/L). The annual dose is 50 mrem/yr (0.5 
mSv/yr). Therefore, the dose conversion factor for radon-222 with progeny at 100% equilibrium is 
determined as 50 mrem/yr (0.5 mSv/yr) divided by 0.1 pCi/L, or 500 mrem/yr per pCi Rn/L.  
 
The annual concentration of Rn-222 in air is determined by taking measurements at the individual 
receptor locations. At the Production Area, RADTRAK dosimeters are placed at CBM wells and new 
west fence line location that can be used to assess the amount of radon in air at that location. For the area 
around the plant, the workforce housing is located near the fence line. A RADTRAK dosimeter will be 
placed within the housing to assess radon concentrations in the housing unit. In an article published by 
Shiager (1974), it was shown that buildings immediately adjacent to tailing piles had indoor radon 
concentration in equilibrium with those found outdoors. Because of the close vicinity of the plant to the 
workforce housing, the indoor concentrations should be the same as the outdoor concentrations. To verify 
this assumption, additional RADTRAK dosimeters are located near the housing at a nearby CBM well, 
NR-7, and along the plant fence line.  
 
Equilibrium between radon and radon progeny is assumed to be 100%. This is a conservative approach 
but will be used until accurate equilibrium factors can be developed for the site. Site specific equilibrium 
factors will be approved by NRC before use.  
 
The use of dose assessments to show compliance with 10 CFR 1302 is based on an individual receptor 
likely to receive the maximum dose. Occupancy times will be established for these receptors based on 
real life scenarios. Justification will be provided on occupancy times when public dose is reported using 
this method.  
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Additionally, the member likely to receive the highest dose will be evaluated annually during the ALARA 
review. Changes to operations which may impact the maximally exposed individual will be evaluated 
annually during the ALARA review. 
 


LC 12.8(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, and verified by, surveys and/or monitoring.  


 
URZ Response: 


In accordance with 10 CFR 20.1501 occupational doses will be calculated through monitoring of 
exposures from radon and its progeny, particulate radiation, and external radiation.  Occupational 
concentration characterization occurs through various collection methods.   
 
The first is the modified Kusnetz method for radon and its progeny.  The modified Kusnetz method 
samples are taken as required in NRC Regulatory Guide 8.30 and is specified in Attachment 1, Effluent 
Sampling Plan.  Inside the CPP, locations are selected based on highest predicted concentrations.  These 
locations will be refined once operations have stabilized and an air flow study can occur with more finite 
data for positioning of sampling locations.  Additionally, header houses and deep disposal well (DDW) 
buildings will be sampled at least monthly using the modified Kusnetz method. 
 
The second method is using RADTRAK or track-etch dosimeters for radon and its progeny.  For the CPP 
facility eight RADTRAKs will be placed on the fence line surrounding the CPP in order to characterize 
the effluents in the outdoor controlled area.  In the active portion of Production Area (PA) #1 
RADTRAKs will be placed at three surrounding Coal-Bed Methane (CBM) wells and one location on the 
west end of the wellfield fence line.  As development continues in PA #1 additional monitoring locations 
may be established.  These locations are chosen based on review of on-site meteorological data.  This data 
was determined to represent long term conditions as presented in the February 18, 2014 Uranerz SUA-
1597 L.C. 12.7 license condition submittal. 
 
Uranerz will assign workplace concentrations for radon in the wellfield as well as the CPP surrounding 
fenced area for annual occupational dose assessments.  Averaged concentrations taken from routine radon 
sampling (modified Kusnetz) will be analyzed with averaged measurements taken from RADTRAK 
dosimeters.  The analysis will compare the data points and the most conservative concentrations will be 
applied to workers.  Concentrations from header houses and surrounding CBM wells will apply to the 
wellfield and likewise, CPP concentrations and surrounding fence line dosimeters will apply to facilities 
inside the CPP fence line.  Occupancy times for DDW are predicted to be negligible and data is expected 
to be used for informational purposes only. 
 
Dose will be applied by taking the concentration measured and comparing it to 10 CFR Appendix B 
Table 2 values for the DAC with daughters present to get a percent DAC. Unless it can be shown that 
employees will spend considerable time in the wellfield it will be assumed the worker spends 2,000 hours 
a year within the plant concentration, with exception of operators that spend 2,400 hours. In the event that 
a worker spends a majority of the time in the wellfield adjustments to the dose will consider time spent in 
the wellfield concentration and time spent in the plant concentration. In all dose calculation conservative 
estimates on time will be used.  
 
Particulate radiation concentrations will be calculated based on routine sampling of header houses, DDW 
buildings, and CPP as specified in NRC Regulatory Guide 8.30.  Isotopic analysis of air sampling 
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locations within the CPP and the header houses will also be performed on a semiannual basis.  That data 
will be analyzed with environmental air monitoring data and the most conservative values will be 
assigned as workplace concentrations, as described in the previous paragraph. 
 
Dose assigned to the individual from particulates will be assessed by comparing the applying 
concentration to the values in 10 CFR Appendix B Table 2 with the corresponding radionuclide.  
A percent DAC will be calculated and taking a conservative occupancy time a dose is attributed to each 
worker. It will be assumed the worker spends 2,000 hours a year within the plant concentration, with 
exception of operators that spend 2,400 hours. In the event that a worker spends a majority of the time in 
the wellfield adjustments to the dose will consider time spent in the wellfield concentration and time spent 
in the plant concentration. In all dose calculation conservative estimates on time will be used. 
 
External radiation exposure will be assigned by personal dosimetry or, if not issued, then as work group 
dose.  Each work group will have at least one person assigned external monitoring dosimetry and high 
risk work groups, such as plant operators, will have all individuals assigned personal dosimetry. 
 
Total occupational dose or Total Effective Dose Equivalent (TEDE) will be applied to individuals 
summing the three sources of exposure.  Occupancy factors for each area will be assigned for each work 
group (i.e. operators, wellfield workers, radiation safety staff…).  Work performed under Radiation Work 
Permits will be monitored separately from the routine sampling program and the concentrations will be 
included in the TEDE calculation.  Results will be reported to employees on an annual basis as required 
and summarized in the semi-annual effluent report. 
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Uranerz Energy Corporation Nichols Ranch ISR Project 

Response to the NRC Request for Additional Information  

Pre-Operation License Condition 12.8 Supplemental Information March 11, 2014 

 

The attached RAD-LOG-39, “Effluent Sampling Plan” (Attachment 1) details the monitoring type, 
instruments used, frequency, lower limit of detection, and referenced operating procedures and is utilized 
in conjunction with narrative below.  Uranerz will reevaluate information contained in the following 
responses on an as needed basis to verify measurements are accurate or more conservative. 

Attachment 2 contains draft Figure 2-25.  The figure depicts the location of the environmental air 
samples, RADTRAK locations, and gamma dosimeters in the Nichols Ranch Unit license area. 

LC 12.8(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, and verified by, surveys and/or 
monitoring. 

In identifying all point and diffuse sources it is Uranerz’s assumption that measurements taken within 
process areas will be released to the environment at rates of the exhaust ventilation. This is a conservative 
estimate that likely overestimates the amount of true effluent released to the environment. Effluent 
releases will be compared to design objectives, specified in Nichols Ranch ISR Project TR Chapter 7, 
Section 7.3.  Results that are significantly above design objectives will be addressed in the semi-annual 
effluent report. 

Plant 

Emissions from the plant will be determined based on the following assumptions and measurements. The 
amount of radon emanating from the plant will be determined first by characterizing the radon 
concentrations within the plant.  As detailed in RAD-LOG-39 Effluent Sampling Plan, the concentration 
of radon in the plant will be sampled initially on a weekly basis and then according to Regulatory Guide 
8.30. The rate of release from two exhaust fans is determined based on an air balance report supplied by 
West Plains Engineering. Each exhaust fan on average can produce 13,500 CFM. Using the monthly 
radon concentrations (0.33WL is equal to 3E-8 µCi/ml), the activity released can be calculated using the 
equation below. Volumes are calculated using flow rates from the exhaust fans and the time that the fans 
are operating. During times when the fans are not operating an anemometer will be used to verify the flow 
outside the building. If the anemometer is not able to read the flow the lowest sensitivity of the instrument 
will be used for the flow coming out the building.  A total of the effluent released from the plant will be 
calculated monthly and reported semiannually in agreement with 10 CFR 40.65.  

𝐴𝐴𝐴𝐴𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖(µ𝐶𝐶𝑖𝑖) = 𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝑡𝑡𝑖𝑖𝐶𝐶𝐶𝐶 �µ
𝐶𝐶𝑖𝑖
𝑚𝑚𝑚𝑚
� ∗ 𝐸𝐸𝑚𝑚𝑖𝑖𝐸𝐸𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶 �

𝑚𝑚𝑚𝑚
𝑚𝑚𝑖𝑖𝐶𝐶

� ∗ 𝑇𝑇𝑖𝑖𝑚𝑚𝐶𝐶 (min) 

Releases of radon from vented tanks will be calculated by measuring the concentration of radon being 
emitted from the exhaust vent.  Active Scintillation cells, or Lucas cells, will be used to quantify the 
amount of radon at each vent.  Cells are considered active since the user must actively place the gas 
sample into the cell. Cells are evacuated with a vacuum pump in order to draw the gas sample into the 
cell. Once inside the cell, radon gas undergoes decay to its daughter products. The decay of radon and its 
daughter products create alpha particles that strike the sensitive scintillator lining of the interior of the 
cell. The scintillations, light pulses, pass through a photomultiplier tube which allows the monitoring 
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device to count light pulses and equate that to a radon concentration. There is a direct relationship 
between the number of light pulses counted and the concentration (or activity) of the radon gas in the cell. 
The relationship between the counts recorded and the activity of the sample is referred to as counting 
efficiency and is determined on an annual basis when the unit is sent off for calibration by a NIST 
traceable laboratory.  

Measurements of the radon from tank vents will be performed at a minimum of once a quarter. 
Samples will be taken during highest predicted concentrations and will be used to determine the 
effluent of radon from vented tanks. Highest predicted concentrations will be assumed to be when 
all tanks are open for ventilation. To test the assumption of the highest predicted concentration 
multiple measurements over the quarter will be utilized until Uranerz can demonstrate when the 
highest concentrations occur. Once the highest predicted concentration is validated it may need to 
be revaluated with changes to operating parameters that may affect the amount of effluent 
released.  

Once the concentration is determined from the scintillation cell, assumptions of flow can be made by 
using a conservative manufacturer estimate of 293 CFM for the forced ventilation fan. Fans will be 
assumed to be running continuously, and total releases from vented tanks will be calculated and added to 
total radon released from the plant. Results will be reported semiannually in the agreement with 10 CFR 
40.65. 

This use of scintillation cells to characterize radon is an approved method, as outlined in Method 
115 from 40 CFR 61 Appendix B. While the method describes the use of scintillation cells for 
underground mining and tailing piles, it can be applied to this application.   

Emissions of particulates will be estimated based upon semi-annual isotopic analysis of filters used for 
monthly gross alpha measurements as outlined in RAD-LOG-39 Effluent Sampling Plan. The 
concentrations reported from the analysis of an outside accredited lab will be used to calculate the effluent 
by factoring in the exhaust rate and time of operation for exhaust fans. During times when the fans are not 
operating an anemometer will be used to verify the flow outside the building. If the anemometer is not 
able to read the flow, the lowest sensitivity of the instrument will be used for the flow coming out the 
building. Total effluents for each radionuclide will be reported on a semi-annual basis in agreement with 
10 CFR 40.65.  

Header Houses 

Emissions from Header Houses will be determined based on the following assumptions and 
measurements. The amount of radon emanating from the header houses will be based on radon 
measurements taken within the header house as outlined in RAD-LOG-39, Effluent Sampling Plan. 
Radon concentrations within the header houses will be measured using the modified Kusnetz on a 
frequency stipulated in Regulatory Guide 8.30. These average monthly concentrations will then be 
converted to a total activity by factoring in the 1,275 cfm exhaust capabilities of the fan. This assumes 
that all radon in the header house is released into the environment at a rate of the exhaust fan. The exhaust 
fans in the header houses are operated on a continual basis.  

Emissions of U-Nat, Ra-226, Th-230, and Pb-210 will be estimated based upon semi-annual isotopic 
analysis of filters used for monthly gross alpha measurements as summarized in RAD-LOG-39, Effluent 
Sampling Plan. The filters are sent to an accredited outside laboratory for analysis, and reported 
concentration are converted to total activity by using the designed 1,275 cfm exhaust rates of the fans 
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within the header houses. Each header house effluent will be added to the accumulative release from all 
header houses.  

As Production Areas are developed and additional header houses are installed, the new Header Houses 
will be added to the total release from all header houses. 

 

 

Wellfield  

Potential emission of radon in the wellfield is limited to recovery wells. Injection wells have sealed well 
heads and the potential of radon release is minimal. The release of radon from recovery wells is 
considered to be negligible, since the hydraulic head is approximately one hundred feet subsurface. The 
down hole pumps are positioned within the production zone of the wellfield and approximately 450’ to 
500’ below surface.  These down hole pumps are extracting production solutions and radon from the 
formation and transferring the solutions to the nearest header house through a closed poly line.  The 
stagnant water in the well is raised or lowered within the column by atmospheric conditions or changes in 
pump flow rates.  This change in the well water level will force air from the well to surface.  This release 
of air from the well head is a source of a radon release, but the flow rate is too variable to measure.  In 
order to validate this assumption on a quarterly basis, 10 percent of the wells will be sampled for radon 
using the modified Kusnetz method. Samples will be taken at the source of ambient ventilation at the well 
head. Using the relationship of 0.33 working levels is equal to 3E-8 µCi/ml (Table 1 of 10 CFR 20 
Appendix B) a concentration will be calculated.  The average concentration over all well heads sampled 
will be converted to a quantity of activity emitted from each well by using the equation below.  
Multiplying the result by the number of recovery wells estimates the radon emitted from the well field.  
Results will be reported on a quarterly basis in the semiannual effluent report. These measurements are 
based on the assumption that the wellhead is venting at the rate of 3 LPM which is the flow rate that our 
air monitors pull.  Uranerz has an anemometer which will be used as needed to verify the assumption of 
3LPM per well head is a very conservative value which leads to an overestimation of the release of radon 
for each recovery well heads.  Overtime estimating effluent from wellfield will be adjusted to more 
accurately determine a source term for the wellfield 

𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖 𝐶𝐶𝑚𝑚𝑖𝑖𝑡𝑡𝑡𝑡𝐶𝐶𝑒𝑒 𝑝𝑝𝐶𝐶𝐶𝐶 𝑞𝑞𝑄𝑄𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶 �
µ𝐶𝐶𝑖𝑖
𝑤𝑤𝐶𝐶𝑚𝑚𝑚𝑚� =

𝐴𝐴𝑖𝑖𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝑡𝑡𝑖𝑖𝐶𝐶𝐶𝐶(µ𝐶𝐶𝑖𝑖𝑚𝑚𝑚𝑚 ) × 𝑆𝑆𝐶𝐶𝑚𝑚𝑝𝑝𝑚𝑚𝐶𝐶 𝑉𝑉𝐶𝐶𝑚𝑚𝑄𝑄𝑚𝑚𝐶𝐶 (𝑚𝑚𝑚𝑚) × 𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶 𝑇𝑇𝑖𝑖𝑚𝑚𝐶𝐶(𝑚𝑚𝑖𝑖𝐶𝐶. )
𝑆𝑆𝐶𝐶𝑚𝑚𝑝𝑝𝑚𝑚𝐶𝐶 𝑇𝑇𝑖𝑖𝑚𝑚𝐶𝐶 (𝑚𝑚𝑖𝑖𝐶𝐶. )  

 

The other potential source of radon is the unplanned releases of process fluid in the wellfield. At the time 
of an unplanned release, the radon emitting from this source will be analyzed using the modified Kusnetz 
and converted to an activity.  These activities will be included in the total emissions from the wellfield 
calculated monthly.  

LC 12.8(B): Evaluate the member(s) of the public likely to receive the highest exposures from 
licensed operations consistent with 10 CFR 20.1302.  

 
The response for LC 12.8 B is located in Attachment 3.  The attachment contains the response submitted 
in the October 8, 2013 submittal, but with revisions that incorporate information that was discussed in the 
February 24, 2014 NRC/URZ meeting. 
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For clarification, as presented in a previous submittal from October 8, 2013 a MILDOS evaluation 
predicted a dose at location 7 – 4.5 that resulted in a dose of 119 mrem.  This value was a typographical 
error such that the decimal point was accidentally removed when results were transferred to excel for 
analysis, see the attached memo from Senes explaining the error.  The correct dose for location 7 – 4.5 
should be 0.522 mrem/year for the maximum dose and 0.119 mrem/year when corrected to the 40 hour 
work week. See additional attached document for analysis and identification of expected maximally 
exposed individual.  The letter detailing this information from SENES is found in Attachment 4. 
 
LC 12.8(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.  

 
In 10 CFR 20.1302 (2) (i), the regulation states that it is acceptable to show compliance to public dose 
limits by showing the average concentrations of radioactive material released in gaseous and liquid 
effluent at the boundary of the unrestricted area do not exceed the values specified in Table 2 of Appendix 
B.  To demonstrate compliance with10 CFR 20.1302 for radon and radon progeny at unrestricted 
boundaries, Uranerz will measure the annual average concentrations of radioactive material released in 
gaseous and liquid effluents at the boundary of the unrestricted area.  

 
In the attached plate “Restricted, Controlled, Unrestricted Areas” (Attachment 5), Uranerz depicts areas 
that will be considered restricted, controlled, and unrestricted.  Controlled areas reside within fenced 
boundaries, such as Production Areas, with access points conspicuously posted.  Controlled areas 
also include buildings with locks which limit access, such as header houses.  Currently, the only 
restricted area is within the CPP where all access doors are locked.  Uranerz has the authority through 
surface use agreements with the landowner and in Wyoming Department of Environmental Quality – 
Land Quality Division Permit to Mine No. 778 to remove unauthorized individuals present in areas 
designated as controlled or restricted.  These restrictions apply to Nichols Ranch only since construction 
has not commenced on Hank Unit.  With these designated controlled and restricted areas any other area is 
considered to be an unrestricted use area.  The boundaries for unrestricted areas are at the fence lines 
common with the controlled areas.  
 
Measurements of Radon around the central processing plant will be measured using an array of eight (8) 
RADTRAK dosimeters along the fence line. It will be assumed that the radon progeny is in equilibrium 
with Radon in a 1 to 1 ratio. The active region of Nichols Ranch Production Area #1 is also surrounded 
by an array of five (5) RADTRAK dosimeters positioned at CBM wells and a new non-CBM location on 
the west end of the wellfield for a total of six (6) receptors. As Production Area #1 development 
continues, more RADTRAK dosimeters will be placed. The Radon detected at these location will also be 
assumed to be in 1 to 1 equilibrium with the radon progeny. The annual average concentrations will be 
compared to 10 CFR Appendix B Table 2 radon progeny effluent concentrations to demonstrate 
compliance to 10 CFR 20 1302. 
 
In the event of an exceedance of effluent concentration limits, one of two methods will be used to 
demonstrate compliance to public dose limits. The first method takes into account the point and diffuse 
sources of effluent associated with operations. A source term is calculated to determine the effluent 
released from each receptor within the license boundary. In the case of Nichols Ranch, the two controlled 
areas, Production Area #1 and the fenced area around the plant, will be treated as two different systems. 
As part of the semiannual effluent report, source terms are measured and calculated for each source 
identified. Using standard atmospheric dispersion modeling calculations or appropriate code, such as 
MILDOS-AREA or CAPP-88, verification of measured values at the fence line of unrestricted areas can 
be accomplished.  
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The other option is to perform a dose assessment to show compliance with 10 CFR 20.1301 by 
demonstrating that the dose (TEDE) to the individual likely to receive the highest dose from the licensed 
operation does not exceed 100 mrem/yr (1 mSv/yr). In order to demonstrate compliance using dose 
assessments, Production Area #1and the area around the plant will have to be treated as two separate 
systems. Individuals likely to receive the highest dose would be the resident in workforce housing for the 
plant and the coal bed methane (CBM) worker for the Production Area as addressed earlier for LC 12.8 B. 
Monitoring devices for radon, RADTRAK dosimeters, are placed at these individual receptors. The 
individual likely to receive the highest dose, and/or changes to operations which may impact the 
maximally exposed individual, will be evaluated annually during the ALARA review.  
 
Dose assessment will be performed using the following equation: 
 

𝐷𝐷 = 𝐷𝐷𝐶𝐶𝐷𝐷�𝐶𝐶𝑖𝑖𝐷𝐷𝑖𝑖𝑇𝑇𝑖𝑖
𝑖𝑖

 

Where: 
D = annual dose (TEDE) (mrem/yr); 
DCF =dose conversion factor for Rn-222 with 100% equilibrium with Rn-222 progeny   
   (mrem/yr per pCi Rn/L); 
Ci  = annual average concentration of Rn-222 in air (pCi/L) at the receptor location i; 
Fi  = radon progeny equilibrium factors (fraction) for receptor location i; and 
Ti  = occupancy time factor (fraction of year) for receptor location i 
 

The receptor (i) represents the different locations at which an individual is exposed. Thus if a person is 
exposed indoors and outdoors two values would be used.  
 
Dose conversion factors are established by taking the 10 CFR 10 Appendix B, Table 2, value for radon 
with daughters present in air, (1 × 10-10 µCi/mL or 0.1 pCi/L). The annual dose is 50 mrem/yr (0.5 
mSv/yr). Therefore, the dose conversion factor for radon-222 with progeny at 100% equilibrium is 
determined as 50 mrem/yr (0.5 mSv/yr) divided by 0.1 pCi/L, or 500 mrem/yr per pCi Rn/L.  
 
The annual concentration of Rn-222 in air is determined by taking measurements at the individual 
receptor locations. At the Production Area, RADTRAK dosimeters are placed at CBM wells and new 
west fence line location that can be used to assess the amount of radon in air at that location. For the area 
around the plant, the workforce housing is located near the fence line. A RADTRAK dosimeter will be 
placed within the housing to assess radon concentrations in the housing unit. In an article published by 
Shiager (1974), it was shown that buildings immediately adjacent to tailing piles had indoor radon 
concentration in equilibrium with those found outdoors. Because of the close vicinity of the plant to the 
workforce housing, the indoor concentrations should be the same as the outdoor concentrations. To verify 
this assumption, additional RADTRAK dosimeters are located near the housing at a nearby CBM well, 
NR-7, and along the plant fence line.  
 
Equilibrium between radon and radon progeny is assumed to be 100%. This is a conservative approach 
but will be used until accurate equilibrium factors can be developed for the site. Site specific equilibrium 
factors will be approved by NRC before use.  
 
The use of dose assessments to show compliance with 10 CFR 1302 is based on an individual receptor 
likely to receive the maximum dose. Occupancy times will be established for these receptors based on 
real life scenarios. Justification will be provided on occupancy times when public dose is reported using 
this method.  
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Additionally, the member likely to receive the highest dose will be evaluated annually during the ALARA 
review. Changes to operations which may impact the maximally exposed individual will be evaluated 
annually during the ALARA review. 
 

LC 12.8(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, and verified by, surveys and/or monitoring.  

 
URZ Response: 

In accordance with 10 CFR 20.1501 occupational doses will be calculated through monitoring of 
exposures from radon and its progeny, particulate radiation, and external radiation.  Occupational 
concentration characterization occurs through various collection methods.   
 
The first is the modified Kusnetz method for radon and its progeny.  The modified Kusnetz method 
samples are taken as required in NRC Regulatory Guide 8.30 and is specified in Attachment 1, Effluent 
Sampling Plan.  Inside the CPP, locations are selected based on highest predicted concentrations.  These 
locations will be refined once operations have stabilized and an air flow study can occur with more finite 
data for positioning of sampling locations.  Additionally, header houses and deep disposal well (DDW) 
buildings will be sampled at least monthly using the modified Kusnetz method. 
 
The second method is using RADTRAK or track-etch dosimeters for radon and its progeny.  For the CPP 
facility eight RADTRAKs will be placed on the fence line surrounding the CPP in order to characterize 
the effluents in the outdoor controlled area.  In the active portion of Production Area (PA) #1 
RADTRAKs will be placed at three surrounding Coal-Bed Methane (CBM) wells and one location on the 
west end of the wellfield fence line.  As development continues in PA #1 additional monitoring locations 
may be established.  These locations are chosen based on review of on-site meteorological data.  This data 
was determined to represent long term conditions as presented in the February 18, 2014 Uranerz SUA-
1597 L.C. 12.7 license condition submittal. 
 
Uranerz will assign workplace concentrations for radon in the wellfield as well as the CPP surrounding 
fenced area for annual occupational dose assessments.  Averaged concentrations taken from routine radon 
sampling (modified Kusnetz) will be analyzed with averaged measurements taken from RADTRAK 
dosimeters.  The analysis will compare the data points and the most conservative concentrations will be 
applied to workers.  Concentrations from header houses and surrounding CBM wells will apply to the 
wellfield and likewise, CPP concentrations and surrounding fence line dosimeters will apply to facilities 
inside the CPP fence line.  Occupancy times for DDW are predicted to be negligible and data is expected 
to be used for informational purposes only. 
 
Dose will be applied by taking the concentration measured and comparing it to 10 CFR Appendix B 
Table 2 values for the DAC with daughters present to get a percent DAC. Unless it can be shown that 
employees will spend considerable time in the wellfield it will be assumed the worker spends 2,000 hours 
a year within the plant concentration, with exception of operators that spend 2,400 hours. In the event that 
a worker spends a majority of the time in the wellfield adjustments to the dose will consider time spent in 
the wellfield concentration and time spent in the plant concentration. In all dose calculation conservative 
estimates on time will be used.  
 
Particulate radiation concentrations will be calculated based on routine sampling of header houses, DDW 
buildings, and CPP as specified in NRC Regulatory Guide 8.30.  Isotopic analysis of air sampling 

Page 6 of 7 
 



locations within the CPP and the header houses will also be performed on a semiannual basis.  That data 
will be analyzed with environmental air monitoring data and the most conservative values will be 
assigned as workplace concentrations, as described in the previous paragraph. 
 
Dose assigned to the individual from particulates will be assessed by comparing the applying 
concentration to the values in 10 CFR Appendix B Table 2 with the corresponding radionuclide.  
A percent DAC will be calculated and taking a conservative occupancy time a dose is attributed to each 
worker. It will be assumed the worker spends 2,000 hours a year within the plant concentration, with 
exception of operators that spend 2,400 hours. In the event that a worker spends a majority of the time in 
the wellfield adjustments to the dose will consider time spent in the wellfield concentration and time spent 
in the plant concentration. In all dose calculation conservative estimates on time will be used. 
 
External radiation exposure will be assigned by personal dosimetry or, if not issued, then as work group 
dose.  Each work group will have at least one person assigned external monitoring dosimetry and high 
risk work groups, such as plant operators, will have all individuals assigned personal dosimetry. 
 
Total occupational dose or Total Effective Dose Equivalent (TEDE) will be applied to individuals 
summing the three sources of exposure.  Occupancy factors for each area will be assigned for each work 
group (i.e. operators, wellfield workers, radiation safety staff…).  Work performed under Radiation Work 
Permits will be monitored separately from the routine sampling program and the concentrations will be 
included in the TEDE calculation.  Results will be reported to employees on an annual basis as required 
and summarized in the semi-annual effluent report. 
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