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Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555–0001 
 
Mr. Ron Linton, Project Manager 
Project Manager, Materials Decommissioning Branch (Mail Stop: T-8F5) 
Decommissioning, Uranium Recovery & Waste Programs 
Office of Nuclear Materials Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
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RE: Homestake Mining Company of California – Grants Reclamation Project – Request for Amendment 

to License No. SUA-1471 to Change the Background Monitoring Location for Radon and Ambient 
Gamma Radiation 

 
Dear Mr. Linton: 

Homestake Mining Company of California (HMC) is submitting this request to the U.S. Nuclear Regulatory 
Commission (NRC) to amend NRC License SUA-1471 for the Grants Reclamation Project (Site) with respect 
to a proposed change in location for the background environmental monitoring station for ambient radon 
and gamma radiation at the HMC Grants Reclamation Project (Site).  Specifically, this license amendment 
request (LAR) proposes a change in license condition (LC) number 10 to eliminate specification of 
background monitoring station HMC-16 and replace it with station HMC-1OFF as the approved location 
for routine monitoring of ambient background radon and gamma radiation levels at the Site.  

Technical justification for the proposed change is provided in the attached report entitled “Assessment of 
Background Radon Monitoring Locations” (ERG, 2020).  The report (Attachment 1) builds on a previous 
multi-year background radon study (ERG, 2013) to include evaluation of additional radon gas and progeny 
data from routine monitoring and several relevant studies (NMED, 1985; ERG 2018a), along with new 
gamma radiation survey data collected in offsite background areas within and adjacent to the floor of the 
San Mateo Creek (SMC) basin in which the Site is situated (ERG, 2018b and 2020).  Because background 
radon appears to co-vary spatially with local gamma radiation levels, it is proposed that background for 
both monitoring parameters be defined at location HMC-1OFF.  

This request has implications for annual calculation of public dose and demonstration of compliance with 
the public dose limits given in 10 CFR 20.1301.  As such, this request is integral to HMC’s proposed method 
for annual determination of radon dose to the nearest member of the public as described in HMC’s revised 
response to NRC’s July 31, 2018 “Request for Additional Information – Compliance of Homestake Grants, 
New Mexico Site with 10 CFR 20.1301 and 20.1302” (HMC, 2020).  The technical validity of the proposed 
method is dependent upon NRC approval of this LAR to change the background radon monitoring location 
because conditions at station HMC-16 are not representative of background radon conditions at the Site.  
This circumstance is fundamentally inconsistent with applicable specifications in the NRC’s Interim Staff 



  Letter to NRC 
  RE:  License Amendment Request
   

Page 2 
 

Homestake Mining Company P.O. Box 98, Grants, NM 87020 Tele: (505) 287-4456  Fax: (505) 287-4457 

Guidance (ISG) “Evaluations of Uranium Recovery Facility Surveys of Radon and Radon Progeny in Air and 
Demonstrations of Compliance with 10 CFR 20.1301” (USNRC, 2014 and 2019), and places HMC at risk of 
routinely exceeding 10 CFR 20.1301 public dose limits due to a non-representative background radon 
monitoring location.   
 
Please note that a signed copy of NRC Form 313 is included in Attachment 2 to this submittal. 
 
Thank you for your time and attention on this matter.  If you have any questions, please contact me via 
e-mail at dpierce@barrick.com or via phone at 505.238.9701. 
 
Respectfully, 
 

 
 
David W. Pierce 
Closure Manager 
Homestake Mining Company of California 
Office:  505.287.4456 x34 | Cell:  505.238.9701 
 
Copy To: 
 
M. McCarthy, Barrick, Salt Lake City, Utah (electronic copy) 
G. George, Davis, Wright and Tremaine, San Francisco, California (electronic copy) 
D. Lattin, Barrick, Elko, Nevada (electronic copy) 
R. Whicker, Environmental Restoration Group, Albuquerque, New Mexico (electronic copy) 
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Environmental Restoration Group, Inc. 
8809 Washington St NE, Suite 150 

Albuquerque, NM  87113 
ph: (505) 298-4224  

www.ERGoffice.com 
 

REPORT 
To: David Pierce (HMC) Date: March 31, 2020 
From: Randy Whicker (ERG) Project: HMC Grants Reclamation Project 
Direct: 970-556-1174 Task(s): Health Physics Support 
Cc: Adam Arguello (HMC); Brad Bingham (HMC); Chuck Farr (ERG) 

Subject: Assessment of background radon monitoring locations. 

 
Dear Mr. Pierce, 
 
This Report provides a review of relevant data and an assessment of a more representative offsite 
background radon monitoring location with respect to annual determination and reporting of radiological 
dose to the nearest member of the public as required by 10 CFR 20.1301, 10 CFR 20.1302 and 10 CFR 
40.65.  The information evaluated includes long-term data from the Site’s routine environmental 
monitoring program, data from special radon monitoring studies (NMED, 1985; ERG, 2013 and 2018b), 
and data from gamma radiation surveys of representative portions of the San Mateo Creek alluvial plain 
and surrounding areas.  This information has implications for annual reporting of effluent radon releases 
and corresponding estimates of public dose under U.S. Nuclear Regulatory Commission (USNRC) 
regulations.  
 
Please let me know if you have questions or need more information regarding this matter. 
 
Thanks, 
 
 
Randy Whicker, CHP 
Radiation Safety Officer 
HMC Grants Reclamation Project 

 
Environmental Restoration Group, Inc. 
8809 Washington St. NE, Suite 150 
Albuquerque, NM 87113 
Email: RandyWhicker@ergoffice.com 

mailto:RandyWhicker@ergoffice.com
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Assessment of Background Radon Monitoring Locations 

1. Introduction 

The historic (and current) environmental monitoring station for ambient background radon-222 gas 
(radon) levels at the Homestake Mining Company of California (HMC) Grants Reclamation Project (Site) is 
identified as HMC-16 as shown in Figure 1.  Questions regarding the representativeness of HMC-16 with 
respect to true background radon levels at the Site have previously been raised both by HMC and the U.S. 
Nuclear Regulatory Commission (NRC).  This radon monitoring station has been used to represent 
background conditions throughout the Site’s history, yet there is no documented basis as to why it was 
established in an area where geomorphic/geological characteristics differ significantly from the floor of 
the San Mateo Creek (SMC) valley in which the Site is situated.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In 2013, HMC submitted a license amendment request (LAR) to move the background radon monitoring 
station to a new offsite location (HMC, 2013), identified in Figure 1 as HMC-1OFF.  The request included 
a report on a study designed to inform the selection of a representative background radon monitoring 

Figure 1: Topographical Site map with radon monitoring locations and generalized drainage flow patterns. 
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location (ERG, 2013).  After several years of regulatory review and a second round of technical review 
comments from the NRC, HMC withdrew the LAR.   

In 2017 HMC was cited by the NRC with a notice of violation (NOV) for failing to meet the 10 CFR 40, 
Appendix A, Criterion 6 standard for radon flux (20 pCi/m2-s) on top of the large tailings pile (LTP).  HMC 
informed the NRC that placement of additional interim cover or the final radon barrier are not possible 
without plugging/abandoning hundreds of wells that are still needed for groundwater restoration efforts 
at the Site.  HMC was advised that a request for an interim variance (exemption) from the radon flux 
standard was needed, and for this objective, HMC must show that doses to the public from radon will not 
exceed the 100 mrem/yr public dose standard as required by 10 CFR 20.1301.  Based on 2016 radon flux 
measurements for both tailings piles [the LTP and small tailings pile (STP)], HMC modeled the atmospheric 
transport of respective radon releases with the MILDOS-AREA (MILDOS) computer code (ANL, 2016), and 
results indicate that a conservative estimate of the maximum dose from radon effluents to the nearest 
member of the public is on the order of 47 mrem/yr. 

While modeling indicates compliance with public dose limits, NRC’s Interim Staff Guidance (ISG) 
“Evaluations of Uranium Recovery Facility Surveys of Radon and Radon Progeny in Air and Demonstrations 
of Compliance with 10 CFR 20.1301” (USNRC, 2019a) indicates that if modeling is to be used to 
demonstrate compliance with 10 CFR 20.1301 public dose limits, measurements to “confirm or compare” 
with modeling results are also expected.  MILDOS modeling indicates that for any given year, net (above 
background) radon concentrations at the Site’s boundary monitoring stations that are attributable to 
effluent releases from the tailings piles are likely too small to be statistically distinguishable from the 
variability in background concentrations (e.g. <0.1 pCi/L).  More importantly, the average background 
radon concentration at HMC-16 is typically on the order of 50-60% of average background radon 
concentrations that occur along the SMC drainage in which the Site is situated.  

Under this circumstance, measurements from which background is subtracted to determine a net 
concentration (conceptually representing radon attributable to facility emissions) will not be comparable 
to MILDOS modeling results, and if measurements alone are used in conjunction with conservative 
assumptions regarding receptor occupancy times and radon equilibrium ratios as cited in the “ISG Radon 
Guidance” referenced above (USNRC, 2019a), HMC is at risk of routinely exceeding 10 CFR 20.1301 public 
dose limits due to due to a non-representative background radon monitoring location.  This highlights the 
importance of selection of a new background location in an area that meets the criteria cited in the ISG 
Radon Guidance:       

• “A background location typically would need to be close to the monitoring locations, with geology 
similar to the site geology, so that the background location is representative of the monitoring 
location. But the background location should also be far enough from the facility that the radon 
concentration is not significantly affected by radon releases from the facility.” 

• “…determining appropriate background location(s) is complicated by spatially and temporally 
varying concentrations; impact of varying geology on the natural emissions of radon from soil into 
air; effects of topography on wind patterns, especially on patterns of low speed winds (e.g., down 
valley drainage)…”. 
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Based both on environmental monitoring data and MILDOS modeling results, the previously proposed 
background monitoring station HMC-1OFF meets all of the above criteria, but NRC has previously 
expressed reservations about use of this location alone because some Site perimeter monitoring locations 
have slightly lower average radon concentrations than those observed at HMC-1OFF.  As discussed later 
in this Report, there is analytical evidence that can explain this circumstance as “background” radon levels 
tend to vary spatially as a function of the radiological characteristics of local surface soils, and past 
remediation of windblown soil contamination beyond the tailings piles and excavation of borrow 
materials in the vicinity of SMC north of the Site appears to have lowered average radon levels in 
respectively disturbed areas (see Section 3.3, Figure 5). 

This Report provides an assessment of the representativeness of radon monitoring Station HMC-1OFF as 
an offsite background location with respect to annual calculation and reporting of radiological dose from 
radon to the nearest member of the public as required by 10 CFR 20.1301 and 10 CFR 40.65.  The 
information evaluated includes data from HMC’s routine environmental monitoring program and various 
radon-related studies (NMED, 1985; ERG, 2013; ERG, 2018a and 2018b), along with gamma surveys of 
representative portions of the SMC alluvial plain and adjacent areas north (upgradient) of the Site (Section 
3.3, Figure 5).  Consideration was also given to previous requests for additional information (RAI’s) from 
NRC regarding the 2013 LAR to move the background radon monitoring location to station HMC-1OFF 
(HMC, 2013), including NRC review of an attached technical report supporting selection of this monitoring 
location to represent background radon conditions at the Site (ERG, 2013).  EPA review comments on the 
supporting technical report were also considered. The information presented in this Report has 
implications for annual calculation and reporting of effluent radon releases and corresponding estimates 
of public dose under NRC regulations. 

2. Conceptual Site Model 

Radon is a heavy gas (much heavier than air), and it is well known that outdoor radon concentrations are 
highest under stable atmospheric conditions with little or no wind (e.g. in the early morning hours) (NCRP, 
1987).  Under these conditions, radon tends to pool near the ground surface in low-lying areas, and radon 
migration is driven primarily by topography and gravitational forces that cause cooler, denser air masses 
to flow downgradient (e.g. along runoff drainages) (UNSCEAR, 2000).  Down-drainage wind directions and 
low windspeeds in the early morning hours are characteristic of the Site (based on meteorological 
monitoring data), as are diurnal fluctuations in radon levels with substantially higher levels in the early 
morning hours (ERG, 2013 and 2018b).   

In addition, geomorphic deposits of unconsolidated and semi-consolidated alluvial, aeolian and fluvial 
terrace materials form a large alluvial plain spanning the width of the SMC valley in the vicinity of the Site 
(Section 3.3, Figure 5).  Averaging in the range of 50-100 feet deep in the lower SMC basin, alluvial plain 
deposits exhibit different radiological characteristics versus adjacent upland areas, and ambient radon 
concentrations at any given location are influenced locally by Ra-226 concentrations in underlying soils 
due to radioactive decay, emanation of radon gas, and exhalation of radon gas from the soil surface.  

This conceptual Site model (CSM) for local sources and behavior of radon in the vicinity of the Site is 
supported both by Site monitoring data and air transport modeling results (ERG, 2013, 2018a, 2018b; 
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Section 3.3, Figure 5).  As discussed in detail later in this Report, the evidence clearly indicates that HMC-16 
is not a representative background radon monitoring location with respect to the HMC Site.  Located in 
hilly terrain about 80 feet above the SMC alluvial plain, HMC-16 is well outside the low-lying influences of 
the Northwest and SMC drainages (Figure 1) and the radiological properties of local geology and 
associated soils differs from the alluvial materials underlying most of the Site.   

Some Site perimeter monitoring stations within the SMC alluvial plain tend to have slightly lower radon 
levels than upgradient background conditions at HMC-1OFF.  This circumstance appears related to 
large-scale removal of windblown soil contamination beyond the tailings piles in the early 1990’s (HMC, 
1995), along with excavation of select borrow materials (with suitable clay mineral content) from old paleo 
channels of the SMC drainage that occur north of Site facilities (Section 3.3, Figure 5).    

The locations of the nearest public resident and adjacent monitoring stations (HMC-4 and HMC-5) all lie 
in the approximate center of the SMC alluvial plain downgradient of the tailings piles (see Section 3.3, 
Figure 5).  As indicated by gamma surveys and soil sampling across nearby land application irrigation areas 
(ERG, 2018a), locations within the alluvial plain south of the tailings piles have slightly higher soil Ra-226 
levels and associated gamma exposure rates, and similarly elevated levels have been documented in 
alluvial plain deposits upgradient of the Site (HMC, 1988; Section 3.3, Figure 5).  In addition to drainage 
migration from upgradient source areas, background radon levels across the SMC alluvial plain appear to 
be influenced by Ra-226 levels in surficial deposits of the alluvial material itself.   

3. Previous Radon Monitoring Studies 

3.1 2013 Basis for Radon Background Study 

The CSM for downgradient drainage flow of radon gas from distant source areas as described in the 2013 
study of background radon locations (ERG, 2013) is adopted for this assessment, but a factor not evaluated 
in previous studies is the influence of Ra-226 levels in local surface soils as a spatially variable source of 
local radon gas emissions.   This factor is a recognized in the ISG Radon Guidance as a consideration for 
selection of a representative background radon monitoring location (USNRC, 2019a).  The results of the 
2013 radon study (Figure 2) are spatially consistent with long-term Site monitoring results (see Section 
3.3, Figures 4 and 5), and while both data sets are consistent with an assumption of drainage flow as a 
primary mechanism for transport of radon gas from distant source areas, the additional influence of 
Ra-226 concentrations in surface soils as a localized source of radon gas emissions is also considered in 
this updated assessment of background monitoring locations.  The 1985 NMED study data presented in 
Section 3.2, along with more recent Site monitoring data  presented in Section 3.3, collectively provide 
evidence that the radiological characteristics of surface soils in the vicinity of each monitoring location 
play a significant role in the relative magnitude of local background radon concentrations. 

As previously mentioned, HMC’s 2013 LAR to move the background radon monitoring location to offsite 
station HMC-1OFF was withdrawn from further regulatory consideration in 2016 (HMC, 2016).  At the 
time of the withdrawal, there were outstanding Requests for Additional Information (RAIs) from NRC 
(USNRC, 2016) and review comments from EPA (USEPA, 2013) that had not been addressed by HMC.  
Because the technical report for the 2013 background radon study (ERG, 2013), as submitted in support 
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of the 2013 LAR, was considered in this current evaluation, NRC has requested a response to the orphaned 
RAIs/comments from NRC and EPA.   

HMC has reviewed the orphaned regulatory comments and noted that respective concerns were primarily 
focused on issues surrounding the accuracy of the atmospheric transport modeling, along with the 
meteorological (MET) station data used to support the modeling.  As explained in HMC’s 2014 response 
to the initial RAIs from NRC (HMC, 2014), the objective of the original modeling was to understand the 
mechanism of radon transport in complex terrain (the conceptual model) and to use this information to 
inform selection of appropriate monitoring locations for the background radon study.  In effect, the 
modeling was intended to qualitatively support the conceptual model for air flow dynamics and spatial 
radon migration patterns, not to quantitatively predict the magnitude of radon levels at prospective 
background study locations.   

Much is now known about the latter objective (quantification, both spatial and temporal) based on actual 
monitoring data generated during the 2013 background radon study and beyond, and the additional 
monitoring and radiological survey data evaluated in this Report continues to support the conceptual 
model for atmospheric transport as postulated in the 2013 background radon study.  As suggested in the 
ISG Radon Guidance (NRC, 2019), measurements are generally preferred over modeling (unless the 
modeling can be validated with measurements), and new measurement data obtained since the 2013 
study support both the original conceptual model for atmospheric transport and expansion of the model 
to include spatial variations in soil Ra-226 concentrations as a locally variable source of background radon 
emissions.    

Given the above considerations, HMC believes that the technical issues raised in the orphaned regulatory 
review comments are of little practical significance to the current evaluation as the conclusions reached 
in this Report are largely based on measurement data.  While addressing the orphaned regulatory 
comments might reduce uncertainty in the original modeling results, this would not change the technical 
validity of the conclusions drawn in the 2013 background radon study, nor the conclusions reached in this 
Report.   

Finally, the current LAR to move the background monitoring location from station HMC-16 to HMC-1OFF 
is narrowly focused on determination of compliance with the public dose limit at the location of the 
nearest actual member of the public, not other “points of compliance” for hypothetical public receptors 
as mentioned in the orphaned RAIs/comments from NRC and EPA.  Long-term radon monitoring data at 
Site boundaries support expectations that on average, stations HMC-4 and HMC-5 are representative of 
conditions for the maximally exposed member of the public.  Determination and reporting of compliance 
with public dose limits at other locations is unnecessary as the maximum public exposure to effluent radon 
from the Site provides a bounding calculation of public radon dose, and there are no actual members of 
the public that reside near other Site boundary monitoring locations.             
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3.2 NMED Radon Monitoring Study 

Between 1978-1980, the New Mexico Environment Department (NMED) conducted a special study of 
ambient outdoor radon and indoor radon decay product (progeny) concentrations in the Grants 
mining/milling district, including areas associated with the Anaconda and HMC mill sites [Figure 3(A)], as 
well as mills and mines in the Ambrosia Lake mining district to the north of the HMC facility.  As described 
in the NMED report (NMED, 1985), the objective of the study was to determine whether effluent radon 
emissions from active uranium mines and mills in this part of New Mexico were contributing to ambient 
radon concentrations in excess of regional background levels, and if so, whether such levels exceeded 
applicable health standards in place at the time of the study. 

Because regulatory health standards for radon do not include radon from background sources, selection 
of appropriate background monitoring locations was a key element of the study design.  Results from 10 
representative background locations across these districts were used to determine a single regional 
average background concentration to use for general evaluation of impacts from uranium mines and 
milling facilities.  Selection of each individual background monitoring station was based on distance from 
local mines and/or milling facilities, prevailing wind directions, and topographical setting relative to 
mining/milling locations. 

The location selected in the NMED study to represent local background relative to the HMC Site was 
station 201 as shown in Figure 3(A).  Situated within the SMC drainage, the location of station 201 was 

Figure 2:  HMC Site background radon study results, normalized to the average radon 
concentration at monitoring station HMC-4 (adopted from ERG, 2013). 
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close to the current location of monitoring station HMC-1OFF.  The NMED study revealed that at that time 
(circa 1980), radon levels close to the tailings piles (e.g. stations 203, 204 and 205) were elevated relative 
to background at station 201 [Figure 3(B)], and measured gamma radiation at these same monitoring 
locations (203, 204 and 205) was also elevated [Figure 3(C)] due to windblown soil contamination beyond 
the tailings piles.  Radon monitoring data collected in these same areas since removal of soil 
contamination in the early 1990’s indicate that radon levels have decreased to concentrations slightly 
lower than those observed at upgradient background station HMC-1OFF (see Section 3.3, Figures 4 and 5).   

Although placement of cover materials to stabilize and isolate the tailings from the environment in the 
1990’s may also have contributed to subsequent reductions in ambient radon levels in these areas, this 
factor alone does not explain reductions in radon concentrations to levels lower than those observed at 
upgradient background station HMC-1OFF.  The data suggest that large-scale removal of windblown soil 
contamination beyond the tailings piles had a significant influence on the observed reductions in local 
radon levels.   
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C 
Figure 3:  (A) 1985 NMED radon study design and locations near HMC facility, (B) mean radon values (pCi/L in study year 1), and 
(C) mean gamma radiation exposure rates (µR/hr) during the study period (adapted from NMED, 1985). 
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3.3 HMC Site Monitoring Data 

Over most of the Site’s history, passive alpha track-etch detectors have been used to measure long-term 
average radon concentrations at Site perimeter monitoring stations, though as previously noted, 
radiological conditions at some monitoring locations have changed since milling facilities were demolished 
and windblown soil contamination adjacent to the tailings piles was cleaned up (HMC, 1995).  To evaluate 
spatial variability in radon concentrations over the past decade (2009-2019), available radon monitoring 
data were compiled to produce a map of long-term average radon concentrations near Site boundaries 
and across upgradient offsite areas (Figure 4).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A spatial relationship is apparent between monitoring stations with average radon concentrations in 
excess of 1 pCi/L and alluvial deposits in low-lying areas within the SMC alluvial plain.  Outside of the 
alluvial plain, average radon concentrations tend to decrease below 1 pCi/L as a function of increasing 
distance from, and/or elevation above, the alluvial plain.  Based on gamma radiation surveys of 
representative portions of the alluvial plain and adjacent upgradient areas near HMC-1OFF, HMC-2OFF, 
HMC-5OFF and HMC-16 (Figure 5), spatial trends in background radon levels can also be qualitatively 
correlated with spatial variations in gamma radiation and associated Ra-226 levels in local surface soils. 

Figure 4:  Radon monitoring station locations with annotated average radon concentrations (pCi/L) (red font) 
between 2009 and 2019 (note some offsite stations not operated over the entire 10-year period). 
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Gamma radiation levels across the SMC alluvial plain in the vicinity of HMC-1OFF are generally elevated 
relative to areas beyond the alluvial plain, and this relationship extends to downgradient areas south of 
the Site [note that the areal extent of the SMC alluvial plain is evident from topographical information and 
visual indications in the aerial imagery (Figure 5)].  In addition, slightly elevated gamma radiation is 
apparent in alluvial deposits along the northwest drainage in the vicinity of station HMC-5OFF (Figure 5).  
As postulated in previous studies (NMED, 1985; HMC, 1988; ERG, 2013; EPA, 2016), erosion of nearby 
surficial outcrops of mineralized geologic formations (e.g. Todilto Limestone and Poisson Canyon 
Sandstone) over geologic time scales is likely responsible for naturally elevated background levels of 
uranium and its decay products in alluvial deposits (averaging 50-100 feet deep) underlying the HMC Site.  
While radiological impacts from historic upgradient uranium mining that took place within the last 70 
years may also be present, such impacts are likely limited to a relatively thin veneer of surface deposits 

Figure 5:  Radon monitoring locations and average airborne radon concentrations (pCi/L) in relation 
to apparent alluvial plain areas and associated gamma radiation levels. 
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near current drainage channels.  Regardless of origin, under the CSM described in Section 2, distant 
upgradient radon levels represent background conditions relative to effluent radon emissions from the 
HMC Site. 

3.3.1 Statistical Comparisons 

Statistical comparisons of semiannual radon monitoring data collected over the past decade at Site 
perimeter stations HMC-4 and HMC-5, along with background data collected from stations HMC-16 and 
HMC-1OFF (Figure 6), indicate that radon levels at HMC-16 belong to a different population of background 
values relative to the three stations located within the alluvial plain.  Parametric T-tests and 
non-parametric Wilcoxon Rank Sum (WRS) tests indicate statistically significant differences in radon 
concentrations between station HMC-16 and each of the other three stations (P-values < 0.05).  Although 
differences between upgradient background at HMC-1OFF and levels measured at downgradient stations 
HMC-4 and HMC-5 are not statistically significant (P-values > 0.05), small numerical differences in mean 
values (on the order of 0.1 pCi/L higher at the downgradient stations) are apparent over the past decade.  
These small differences in average measured values are reasonably consistent with modeled (MILDOS) 
predictions of ambient radon levels at HMC-5 due to effluent radon releases from the tailings piles.    

 

 

 

 

 

 

 

 

 

 

 

 

Based on the above analyses, and given the CSM described in Section 2, it is reasonable to assume that 
numerical differences between average radon levels at downgradient stations HMC-4 and HMC-5 and the 
upgradient background station HMC-1OFF (approximately 0.1 pCi/L over the past decade) provide a 
reasonably accurate measure of increased radon at stations HMC-4 and HMC-5 due to emissions from the 
tailings piles and groundwater treatment/evaporation facilities.  Conversely, if “background” continues to 
be defined by radon levels measured at station HMC-16, the net measured difference at station HMC-4 

Figure 6:  Statistical comparisons of mean measured radon 
concentrations (pCi/L) over a 10-year period of record.  
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or HMC-5 will grossly overestimate true effluent concentrations and respectively calculated estimates of 
public dose from radon.   

A consideration for any background monitoring location along the floor of the SMC basin is that public 
dose from radon is estimated/reported annually based on only four quarters of data, and in any given 
year, respectively measured net effluent radon levels may variably be inconsistent with expectations 
based on long-term averages.  On an annualized basis, temporal and spatial variability in local background 
levels, along with analytical uncertainty associated with alpha track-etch detectors, may have a significant 
impact on the calculated annual average effluent radon concentration at locations of interest with respect 
to public dose estimation (HMC-4 and HMC-5).  

3.4 2018 Occupational Radiation Exposure Study 

Between December 2017 and May 2018, additional radon monitoring data were obtained as part of a 
special occupational radiation exposure study at the Site (ERG, 2018b).  Because the radiological dose 
from radon is primarily attributable to short-lived radon decay products (progeny), and the objectives of 
the study included estimation of occupational dose from radon, the study included outdoor monitoring 
for both radon gas and radon progeny using special instruments and air sampling methods.  Specifically, 
the study included the following monitoring design elements: 

• Paired radon gas/progeny measurements performed at three key locations: 1) upgradient from 
the LTP at air station HMC-1OFF, 2) on top of the LTP, and 3) downgradient from the LTP at air 
station HMC-5.  Paired radon progeny/gas measurements were taken concurrently at each study 
location to permit data pairing for proper calculation of radon progeny/gas equilibrium ratios. 

• Continuous monitoring of ambient airborne radon gas levels was conducted with a powered 
Durridge RAD7 radon gas monitoring instrument.  Average measured radon values were recorded 
every 30 minutes. 

• Solid-phase airborne radon progeny was measured with routine grab samples of air collected with 
a lapel-type breathing zone (BZ) air sampler and subsequent analysis of filter samples with the 
modified Kusnetz method.  Progeny measurements were collected twice per day, three days per 
week at the same locations as the RAD7 continuous radon gas monitors. 

Assuming the CSM described in Section 2, data collected with the above methods provide a direct 
quantitative measure of the impact of radon emissions from the LTP at monitoring station HMC-5, one of 
two locations used for annual calculation of public dose.  Aside from NRC questions regarding the quality 
of radon gas measurement data with the RAD7 instrument (USNRC, 2019b)1, average measured radon gas 
levels were highest on top of the LTP, and differences between the LTP and the upgradient/downgradient 

 
1 NRC noted in its review of the Study Report that during the monitoring period, outdoor temperatures in the area fell below the 

32° F minimum operating temperature range specified for the RAD7 instrument.  However, these instruments were housed in 
small enclosures with electrical heat blankets inside, there was no evidence of pump diaphragm malfunction (the main concern 
during freezing temperatures), and spatial/temporal trends reflected in the data are consistent with expectations based on 
HMC’s conceptual site model for radon behavior in the vicinity of the Site (see Section 2).  HMC believes that the RAD7 radon 
gas data are of suitable quality for characterization of relative differences in radon equilibrium ratios between locations. 
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monitoring stations (Figure 7) were statistically significant under both parametric and nonparametric 
testing methods (p-values < 0.001).  Statistical differences between radon gas levels at upgradient station 
HMC 1-OFF and downgradient station HMC-5 cannot be inferred by parametric T-test at the 95% 
confidence level, though a numerically slight yet statistically significant difference in median values can 
be inferred based on non-parametric WRS testing.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Statistical comparisons of radon progeny measurements at HMC-1OFF, the LTP and HMC-5 during the 
study are shown in Figure 8.  While the average radon progeny concentration at HMC-5 was numerically 
slightly higher than at HMC-1OFF, none of the differences between these stations were statistically 
significant.  The calculated maximum annual occupational dose to a hypothetical worker from radon 
progeny was 91 mrem/yr at station HMC-5, and with a calculated hypothetical background dose of 82 
mrem/yr from radon progeny at station HMC-1OFF, the inferred net progeny dose at HMC-5 attributable 
to effluent radon releases from Site facilities was on the order of 10 mrem/yr.  Given the differences in 
assumed occupancy (exposure duration) for Site workers versus public receptors, this measurement-
based occupational dose estimate is reasonably comparable (same order of magnitude) to the radon dose 
predicted by MILDOS modeling for a hypothetical public receptor at the same location (e.g. 47 mrem/yr 
based on 2016 radon flux measurements for the tailings piles). 
 
 
 
 
 

Figure 7: Statistical comparisons for three-way paired continuous radon gas 
monitoring data. 
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Figure 9 shows statistical comparisons for calculated radon progeny/gas equilibrium ratios by location. As 
expected, the average equilibrium ratio for airborne radon on top of the LTP was lower than the other 
two locations as radon gas from the tailings is “fresh” and free of radon progeny when first released to 
the atmosphere from the soil surface (progeny from the radioactive decay process have not yet “grown 
in”).  Radon equilibrium ratios at HMC-5 were higher than the other two monitoring locations, which is 
consistent with a CSM assumption that radon progeny will grow-in as radon gas emissions from the LTP 
migrate downgradient towards HMC-5.  Average measured equilibrium ratios at all stations were 
relatively low (ranging from 0.17 for the LTP to 0.34 at HMC-5). 

Assuming the CSM described in Section 2, the data and observations described in this Section also support 
use of Station HMC-1OFF as an appropriate background radon monitoring location for annual calculation 
of public dose for the following reasons: 

• The nearest member of the public, along with the two radon monitoring stations used to estimate 
public dose (HMC-4 and HMC-5), are all located downgradient of the tailings piles in the 
approximate middle of southern portions of the SMC alluvial plain.  These locations do not appear 
to have been physically disturbed or radiologically influenced by past remediation of windblown 
soil contamination.    

 

Figure 8: Statistical comparisons of radon progeny by location. 
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• The proposed upgradient background station HMC-1OFF is located near the middle of northern  
portions of the alluvial plain, distant enough to preclude measurable impacts from the Site, yet 
close enough to be representative of the geologic/geomorphic setting in which the Site is situated.  

• Measured differences in radon gas levels between upgradient station HMC-1OFF and 
downgradient station HMC-5 are reasonably consistent with predicted impacts at station HMC-5 
based on MILDOS modeling of effluent radon releases from the tailings piles (as defined by direct 
radon flux measurements). 

• The relative magnitudes of measured radon progeny/gas equilibrium ratios between upgradient 
station HMC-1OFF, the top of the LTP, and downgradient station HMC-5, are generally consistent 
with MILDOS modeling results as well as expectations under the CSM described in Section 2.  

4. Summary Discussion 

Routine Site radon monitoring data (Section 3.3) and data from the 2013 radon monitoring study 
(Section 3.1) indicate that background radon concentrations at HMC-16 are typically on the order of 
50-60% that of background radon concentrations that occur across the SMC alluvial plain in which the Site 
is situated.   If background radon concentrations for the Site continue to be defined by monitoring results 
at historic background station HMC-16, and conservative exposure parameters (occupancy and radon 
equilibrium ratios) are used to calculate public dose from radon in accordance with the ISG Radon 
Guidance (USNRC, 2019a), HMC is at risk of routinely exceeding 10 CFR 20.1301 public dose limits due to 
a non-representative background monitoring station. 

Figure 9: Statistical summary/analysis for radon equilibrium ratios by location. 
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Selection of an appropriate background radon monitoring station requires knowledge of radon sources 
and an understanding of the environmental behavior/fate of radon once released to the atmosphere.  The 
CSM described in Section 2 provides a conceptual framework for understanding spatial radon patterns in 
the vicinity of the Site, and observed radon monitoring and gamma survey data reveal patterns consistent 
with two basic CSM assumptions, summarized as follows: 

1. As a heavy gas, radon concentrations are highest under stable atmospheric conditions with little 
wind (typically in the early morning hours), and migration of maximum diurnal radon 
concentrations from distant source areas is driven primarily by topography and gravitational 
forces that cause cooler, denser air masses to flow downgradient and to pool in low-lying areas 
(NCRP, 1987; UNSCEAR, 2000). 

2. Radon concentrations at any given location are also influenced locally by Ra-226 concentrations 
in underlying soils and geologic materials due to radioactive decay, emanation of radon gas, and 
exhalation of radon gas from the soil surface.  Because the Ra-226 content of soils and geologic 
materials varies spatially, higher radon concentrations tend to be spatially correlated with higher 
Ra-226 levels in local surface soils.    

The first CSM assumption predicts that higher radon concentrations are possible in low-lying alluvial plain 
areas, even where Ra-226 levels in local soils are relatively low.  The second CSM assumption predicts that 
areas with higher gamma radiation will tend to have higher radon concentrations.  The latter circumstance 
is apparent across most upgradient background areas (see Section 3.3), though drainage flow from distant 
sources may also contribute to average local radon levels within the SMC alluvial plain (e.g. note results 
for station HMC-5OFF as shown in Figure 5). 

Consistent with the ISG Radon Guidance (USNRC, 2019a), the background radon monitoring station should 
be located close enough to the Site to be representative of the geology and topographical setting, yet also 
upgradient and sufficiently distant to preclude measurable radon associated with releases from the 
tailings piles and groundwater treatment/evaporation facilities.  The current background radon 
monitoring station (HMC-16) is sufficiently distant from Site facilities, but fails to meet criteria for 
similarities in geology and topographical setting.  The proposed background station HMC-1OFF meets all 
of these criteria.  Statistical comparisons indicate that radon levels at HMC-16 belong to a different 
population of background values relative to stations located within the alluvial plain (Section 3.3.1). 

Both NRC and EPA have previously suggested that station HMC-1OFF alone may not be representative of 
Site background conditions as some Site perimeter monitoring stations have lower average radon 
concentrations than those observed at HMC-1OFF (USNRC, 2016; USEPA, 2013).  Weighted averaging of 
results for multiple offsite monitoring locations has been suggested to address this issue.  However, 
slightly lower concentrations at perimeter monitoring stations can be linked to past cleanup of windblown 
soil contamination and/or excavation of borrow materials in these same areas (see Sections 3.2 and 3.3).  
Because station HMC-1OFF and the two downgradient stations used to estimate public dose (HMC-4 and 
HMC-5) are located outside areas of past remedial disturbance (Figure 5), each of these stations are 
centrally located within the width of the alluvial plain, and each of these stations have similarly elevated 
terrestrial gamma radiation levels, it follows that the average radon concentration at station HMC-1OFF 
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alone should provide a more representative measure of true background radon with respect to annual 
public dose estimation and reporting per 10 CFR 40.65 requirements.    

The net differences between long-term average measured radon concentrations at upgradient 
background location HMC-1OFF and downgradient station HMC-5 are reasonably comparable to the 
results of MILDOS modeling to estimate effluent radon levels at HMC-5 based on measured radon flux 
from the tailings piles.  This comparison is consistent with the ISG Radon Guidance to “confirm or 
compare” measurement and modeling results, and the observed degree of agreement should support a 
decision to move the background station to location HMC-1OFF.  The numeric discrepancy between 
measured and modeled values will be much larger if HMC-16 continues to be used as the background 
monitoring station, and to a lesser extent, the same is true if weighted averaging with other offsite 
stations is used to artificially dilute (lower) the applicable background radon concentration for calculation 
of public dose. 

Finally, because public dose from radon is estimated/reported annually based on only four quarters of 
monitoring data, and given the expected temporal/spatial variability in local background levels along with 
the inherent uncertainty in passive track-etch detector technology, in any given year, measured net 
effluent radon levels may be inconsistent with expectations based on long-term averages, and calculated 
public doses from radon may be affected. 

5. Conclusions 

• The CSM described in Section 2 is well supported by current/historical data from routine radon 
monitoring, data from special radon studies, and data from recent gamma radiation surveys.  The 
CSM includes two generalized assumptions concerning sources and behavior of radon in the 
vicinity of the HMC Site: 

o Migration of the highest diurnal concentrations of radon from distant source areas is 
driven primarily by topography and downgradient air flow under stable atmospheric 
conditions. 

o Radon concentration varies spatially as a function of Ra-226 concentrations in underlying 
soils and geologic materials. 

• Located in hilly terrain about 80 feet above the SMC alluvial plain, current background radon 
monitoring station HMC-16 is well outside of the low lying influences of the Northwest and SMC 
drainages, and the radiological properties of local geologic materials differs from the alluvial 
materials underlying most of the Site.  Statistical comparisons indicate that radon levels at 
HMC-16 belong to a different population of background values relative to stations located within 
the SMC alluvial plain. 

• The proposed upgradient background station HMC-1OFF is located near the middle of northern  
portions of the alluvial plain, distant enough to preclude measurable impacts from the Site, yet 
close enough to be representative of the geologic/geomorphic setting in which the Site is situated.  
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• The nearest member of the public, along with the two radon monitoring stations used to estimate 
public dose (HMC-4 and HMC-5), are all located downgradient of the tailings piles in the 
approximate center of southern portions of the SMC alluvial plain. 

• Net differences between average measured radon concentrations at upgradient background 
location HMC-1OFF and downgradient station HMC-5 are reasonably comparable to modeled 
radon levels at HMC-5 due to effluent releases from the tailings piles (i.e. calculated estimates 
based on annual radon flux measurements).     

• Based on the above findings, moving forward the average radon concentration at station 
HMC-1OFF should be used to represent background conditions with respect to annual public dose 
estimation (based on net differences with monitoring results for stations HMC-4 and HMC-5). 
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