
 

 

 

 
 

March 11, 2022 

Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555–0001 
 
Mr. Ron Linton, Project Manager 
Project Manager, Materials Decommissioning Branch 
Decommissioning, Uranium Recovery & Waste Programs  
Office of Nuclear Materials Safety and Safeguards 
U.S. Nuclear Regulatory Commission 
MS T-5A10, 11545 Rockville Pike 
Rockville, MD 20852 

 

 

 

Homestake Mining Company of California 
P.O. Box 98 

Grants, NM 87020 
Tel +1 505 287 4456 
Fax +1 505 287 4457 

RE: Homestake Mining Company of California – Grants Reclamation Project – 
Response to NRC 09/14/2021 RAI on HMC 12/18/2020 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) hereby submits this response to the 
09/14/2021 request for additional information (RAI) from the U.S. Nuclear Regulatory 
Commission (NRC) staff (NRC ADAMS Accession No. ML21237A454) concerning HMC’s 
12/18/2020 request to amend license SUA-1471 with a change in the background 
monitoring station for ambient radon-222 gas and gamma radiation dose rates 
(ML20356A288).  In addition to responses to each individual RAI comment from NRC staff, 
Attachment A of this submittal includes an Addendum to the 12/18/2020 license 
amendment request (LAR) that updates text, tables, and figures from original LAR 
Attachment 1 (the general Technical Report) and Attachment 2 (the specific report on 
comprehensive atmospheric dispersion modeling with the CALPUFF code).   

The Addendum to the LAR (Attachment A) includes updates based on HMC’s completion 
of four consecutive quarters of radon monitoring data for the “radon versus distance” study 
(per applicable RAI comments from NRC), and updated CALPUFF dispersion modeling 
following correction of an error identified in the UTC time shift in the meteorological data 
processing used in the original modeling.  While updated data have changed, the modified 
results (highlighted in Attachment A) have not changed the conclusions of the original LAR. 
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While acknowledging the significance of this request, HMC is aware of no other licensee 
in the U.S. uranium recovery industry that has conducted such extensive study to justify 
siting of a representative background radon monitoring station, and applicable NRC 
guidance (USNRC, 2019: “Evaluations of uranium recovery facility surveys of radon and 
radon progeny in air and demonstrations of compliance with 10 CFR 20.1301”) does not 
suggest that this scale of study is necessary to establish an acceptable background radon 
monitoring location. With this fourth submittal of RAI responses, HMC believes that all 
relevant technical comments have been adequately addressed.     

Thank you for your time and attention on this matter.  If you have any questions, please 
contact me via e-mail at bbingham@homestakeminingcoca.com or via phone at 
505.290.8019. 

Respectfully, 

 

 

Brad R. Bingham 

Closure Manager 

Homestake Mining Company of California Office: 
505.287.4456 x35 | Cell: 505.290.8019 

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, ERG, Albuquerque, New Mexico (electronic copy) 

 

Submittal Contents: 

• HMC Responses to 09/14/2021 RAI (ML21237A454) from NRC Staff  

• Attachment A – Addendum to December 18, 2020 License Amendment Request (ML20356A288): 
A1 – Addenda to Technical Report (ERG, 2022) 
A2 – Addenda to Atmospheric Dispersion Modeling Report (Rood, 2022) 

• Attachment B – La Jara Mesa Radon Contribution to HMC-1OFF and HMC-6OFF  

• Attachment C – HMC MET Station Data for 2017 through 2019 (submitted electronically) 

• Attachment D – November 2016 and June 2020 MET Station Audit Reports 

• Attachment E – ASCII Data Files for Regional Airport MET Stations (submitted electronically) 
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HMC Response to RAI from NRC on Changing the Background Radon/Gamma Location 

 

RAI -1 

Provide a justification for confining the alluvial plain to the San Mateo Creek (SMC) alluvial plain  as indicated 
in Figure 7 of Attachment 1 to the Homestake Mining Company of California (HMC or licensee) December 
2020 submittal (HMC, 2020a). 

HMC Response:   

The alluvial plain as depicted in HMC’s Technical Report (Figure 7 in Attachment 1 to the December 18, 
2020 submittal) is referred to as the “SMC wash” in reference to depositional outwash materials 
associated with SMC, including inter-braided fluvial terrace deposits along old paleo channels. These 
outwash materials were largely eroded from an upstream mesa north of HMC’s Grants Reclamation 
Project (GRP) (Ullrich et al., 2019) where SMC has, over geologic time scales, incised a relatively narrow 
constriction in the San Mateo valley between Mesa Montanosa and La Jara Mesa.  Once a geographically 
continuous mesa, the eroded portion of this geomorphic feature included uranium-bearing outcrops of 
the Morrison formation (Ullrich et al., 2019).  As indicated in HMC’s Technical Report, the areal extent of 
these outwash deposits is visually apparent in the aerial imagery used for Figure 7, and both visual and 
radiological indications were used as the basis for delineation of the boundary of the alluvial plain shown 
in Figure 7.  Gamma radiation surveys show that SMC outwash materials inside this boundary generally 
have elevated terrestrial exposure rates compared to adjacent areas outside the alluvial plain boundary 
depicted in Figure 7. 

The conceptual site model (CSM) for background radon levels in the SMC basin includes consideration 
of ubiquitous low-level sources of terrestrial radon emissions from both near-field upland areas and from 
the SMC wash itself.  Atmospheric dispersion modeling indicates that radon emissions from ubiquitous 
sources converge on the floor of the SMC wash (Rood, 2020).  This result is consistent with nocturnal 
down-gradient flow of cooler, denser air masses from upland areas that slow and pool when reaching 
flatter terrain on the valley floor.  While Figure 8 in the Rood (2020) report (Attachment 2 to the December 
18, 2020 HMC submittal) identified station HMC-5OFF as being located on the floor of the San Mateo 
wash, this station is not actually located on alluvial outwash materials directly associated with SMC 
(alluvial materials at this location are associated with a much smaller northwest tributary drainage).  
Nevertheless, HMC-5OFF is effectively located on the overall floor of the valley (Figure 1) where pooling 
of down-gradient nocturnal drainage flow is expected to occur.   

Use of elevation alone as a criterion for defining the boundaries of the alluvial plain does not accurately 
portray the spatial extent of alluvial deposits on the valley floor, nor account for topographical and 
geomorphic influences on atmospheric radon migration. The approach also fails to account for the spatial 
distribution of ubiquitous sources of terrestrial background radon emissions that also influence average 
ambient radon concentrations at any given location.  None of the observations described in RAI-1 
contradict the CSM proposed by HMC, nor the technical information provided in HMC’s Technical Report. 

REFERENCES  

Ulrich, S.; Gillow, J.; Roberts, S.; Byer, G.; Sueker, J.; Farrise, K. 2019. Hydrogeochemical and 
mineralogical factors influencing uranium in background area groundwater wells: Grants, New Mexico. 
Journal of Hydrology: Regional Studies 26 (2019) 100636. 



 

2 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RAI-2 

Provide justification for considering proposed locations HMC-1OFF and HMC-6OFF as representative of 
the locations of monitoring stations HMC-4 and HMC-5. This justification        should address the issues 
discussed in the following Discussion section. 

HMC Response: 

NRC staff notes that the environmental setting for the Grants Reclamation Project (GRP) features variable 
and complex conditions that under guidance from the NRC’s Radon ISG (USNRC, 2019) warrant a 
greater number of monitoring locations and a longer preoperational monitoring period to identify 
representative background locations and characterize temporal and spatial variability.  Consistent with 

Figure 1:  Elevation profile across the SMC valley showing that station 
HMC-5OFF resides on the floor of the valley, despite not being located on 
alluvial outwash materials directly associated with SMC. 
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this guidance, HMC has studied the background radon environment across the lower SMC basin with 
numerous monitoring stations over an extensive period of time, and over the past decade, HMC has 
performed multiple special studies in an ongoing effort to justify relocation of the current background 
radon station (HMC-16) to a more representative location on the floor of the SMC valley in which the GRP 
is situated (HMC, 2013 and 2020).   

HMC radon studies have included additional offsite monitoring locations to characterize the spatial and 
temporal variability in background radon levels, along with studies of related radiological parameters 
including comprehensive offsite gamma radiation surveys and direct radon flux measurements (HMC, 
2020).  In addition, sources of radon emissions from the GRP facility have been thoroughly characterized 
with annual radon flux surveys of the tailings piles (provided to NRC in semiannual effluent monitoring 
reports), a study of radon levels as a function of distance from the large tailings pile (LTP), and 
measurement of outdoor radon progeny/gas equilibrium ratios, both onsite and offsite (HMC, 2020).   

HMC is aware of no other licensee in the U.S. uranium recovery industry that has conducted such 
extensive study to justify siting of a representative background radon monitoring station, and the guidance 
provided in the NRC’s Radon ISG (USNRC, 2019) does not suggest that this scale of study is necessary 
to establish an acceptable background radon monitoring location. This request for additional information 
(RAI) from NRC staff represents the fourth round of staff RAIs in the past decade concerning HMC efforts 
to amend License SUA-1471 to relocate the background radon monitoring station to a representative 
location.  With this submittal of RAI responses, HMC believes that all relevant technical comments have 
been adequately addressed, and maintains that under NRC’s Radon ISG criteria, stations HMC-1OFF 
and HMC-6OFF have been demonstrated sufficiently representative of background radon concentrations 
at point of compliance monitoring stations HMC-4 and HMC-5.      

The staff’s discussion of the technical basis for RAI-2 specifically includes assessments of elevation, 
proximity to upland slopes, proximity to localized radon sources, soil type, radon from Lobo Canyon and 
other tributary drainages, and locations with known elevated radon levels. HMC responses to these 
specific assessments are provided below. 

Elevation 

NRC staff’s evaluation of the effects of elevation on background radon concentrations suggests that 
elevation differences between the proposed background monitoring locations (HMC-1OFF and 
HMC-6OFF) and the point of compliance radon monitoring stations (HMC-4 and HMC-5), is a technical 
reason that the locations of proposed background stations may not be representative of background 
conditions at the point of compliance stations.  The staff notes that this difference in elevation [quoted as 
23 m (75 ft)] is the same as the difference in elevation between the current background radon monitoring 
location (HMC-16) and the proposed new background monitoring locations (HMC-1OFF and 
HMC-6OFF).  This comment implies an inconsistency between HMC’s rationale for needing to relocate 
the background radon station to the floor of the SMC valley, and HMC’s selection of proposed new 
background stations (HMC-1OFF and HMC-6OFF) as being representative of background conditions at 
the point of compliance stations (HMC-4 and HMC-5).   

In response, HMC generated elevation profiles with Google Earth Pro for comparisons between the 
current background radon station (HMC-16) and one of the proposed new background locations 
(HMC-1OFF), and between station HMC-1OFF and the point of compliance station HMC-4 (Figure 2).  
These data show that the elevation difference between HMC-16 and HMC-1OFF is 90 feet, while the 
elevation difference between HMC-1OFF and HMC-4 is only 57 feet, meaning that the staff’s claim that 
these elevation differences are equivalent is not accurate (the elevation difference between HMC-16 and 
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HMC-1OFF is 37% greater than the elevation difference between HMC-1OFF and HMC-4).  More 
importantly, in terms of atmospheric transport of radon gas, the average grade of the terrain between 
HMC-16 and HMC-1OFF (approximately 0.75%) is more than double the average grade of the terrain 
between HMC-1OFF and HMC-4 (approximately 0.31%) (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
As discussed in response to RAI-1 above, nocturnal down-gradient flow of cool, dense air masses with 
entrained radon will tend to slow and pool when reaching flatter terrain on the valley floor, and continue 
to slowly migrate down-valley depending on the gradient of the valley floor and width of the valley.  Under 
this conceptual model attribute, both the degree of topographical relief and the shape of the valley are 
factors influencing atmospheric radon transport and respective contributions to average background 
radon concentrations at any given location.  For example, it is reasonable to consider differences in the 
shape of the valley and degree of topographical relief surrounding potential background monitoring 

Figure 2:  Comparison of elevation profiles between background radon 
stations HMC-16 and HMC-1OFF, and between HMC-1OFF and point of 
compliance station HMC-4. 
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stations (e.g. HMC-1OFF, HMC-1A, and HMC-1) in comparison with the shape of the valley at point of 
compliance station HMC-4 (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the data in Figure 3, it appears that the cross-sectional shape and elevational relief of the valley 
at station HMC-1 has more in common with the shape of the valley at point of compliance station HMC-4.  
However, HMC-1 is located closer to both the tailings piles as well as Evaporation Pond EP-3, and in an 
area where large-scale remediation of windblown soil contamination occurred in the mid-1990s. Station 
HMC-1A is also a potential background monitoring location, but it is also located in an area previously 
disturbed by soil remediation or excavation of clay-rich borrow soils for use as cover material on the 
tailings piles.  Although the valley is somewhat narrower and has slopes on both sides of the valley in the 
vicinity of station HMC-1OFF, there are other factors at play and statistically, this location has been shown 

Figure 3:  Comparison of elevation profiles to show differences in the shape 
of the valley and topographical relief along cross-sections intersecting 
potential background radon stations HMC-16, HMC-1OFF, HMC-1A, and 
HMC-1, and the point of compliance station HMC-4. 
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to closely match predicted background radon concentrations at the point of compliance stations (HMC-4 
and HMC-5) based on measurements and atmospheric dispersion modeling (Rood, 2020).     

In summary, use of elevation alone as a criterion for predicting or explaining average ambient background 
radon levels at any given location does not account for topographical and geomorphic influences on 
atmospheric radon migration, nor does it account for the spatial distribution of ubiquitous sources of 
terrestrial background radon emissions that also influence average ambient radon concentrations at any 
given location. 

Proximity to upland slopes 

NRC staff notes that HMC-1OFF and HMC-6OFF are generally closer to the upland areas of the SMC 
alluvial plain than HMC-4 and HMC-5.  HMC acknowledges that the valley floor is broader in the vicinity 
of stations HMC-4 and HMC-5, but based on the data in Figure 3, HMC disagrees that these point of 
compliance stations are situated further from upland source areas for ubiquitous radon emissions.  NRC 
staff’s delineation of spatial bounds on the alluvial plain based on elevation alone results in an inaccurate 
characterization of the extent of the floor of the valley where nocturnal atmospheric pooling of radon 
occurs. Understanding the behavior of radon migration due to atmospheric transport requires 
consideration of the shape of the valley, degree of topographical relief, ubiquitous background 
concentrations of radium-226 (Ra-226) in soils, and corresponding terrestrial background emissions of 
radon gas from both upland areas as well as the floor of the alluvial plain.  

NRC staff also expressed concerns that the modeled concentrations from ubiquitous background sources 
in Figure 15 of the Rood (2020) report (Attachment 2 to the December 18, 2020 HMC submittal) show 
slightly higher radon concentrations in the vicinity of HMC-1OFF and HMC-6OFF versus point of 
compliance stations HMC-4 and HMC-5.  As discussed in the response to RAI-10a(6), an error was 
detected in the UTC time shift in the meteorological data processing used in the original modeling. The 
error was corrected, and the model was rerun using the correct time shift. Revised figures and tables are 
provided in Attachment A, an Addendum to HMC’s December 18, 2020 license amendment request 
(HMC, 2020).  The corrected modeling shows no significant difference between the predicted 
concentration at HMC-4 and HMC-5 and HMC-1OFF and HMC-6OFF for ubiquitous radon sources that 
do not include contributions from the HMC tailings piles.  

Actual data from long term monitoring results indicate that radon concentrations at the point of compliance 
stations are consistently slightly higher than concentrations at proposed background stations HMC-1OFF 
and HMC-6OFF (see HMC’s response to RAI-6, along with Figure 8, Attachment 1 to HMC’s December 
18, 2020 submittal).  Moreover, the radon versus distance study (i.e., distance from the LTP) conducted 
by HMC indicates that average concentrations at HMC-4 and HMC-5 are within the measured variability 
in average background levels for other stations on the floor of the SMC wash (e.g. see Figure 10, 
Attachment 1 to HMC’s December 18, 2020 submittal).  

Finally, NRC staff recognized in its comments on this section of RAI-2 that the modeling of ubiquitous 
background radon emissions as shown in Figure 15 of the Rood (2020) report (Attachment 2 to HMC’s 
December 18, 2020 submittal) incorporates some, but not all, of the factors influencing radon 
concentrations at HMC-1OFF, namely local background concentrations of Ra-226 in soils as a source of 
radon emissions that could potentially increase the differences between HMC-1OFF and other monitoring 
stations.  As described in HMC’s Technical Report (HMC, 2020), HMC agrees that localized background 
concentrations of Ra-226 in soil can influence long term average ambient radon concentrations at a given 
location.  However, gamma survey data in the vicinity of HMC-1OFF and HMC-6OFF (Figure 8, 
Attachment 1 to HMC’s December 18, 2020 submittal) along with gamma survey data in non-impacted 
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portions of the SMC wash near the point of compliance stations HMC-4 and HMC-5 (e.g. across the 
Section 34 flood irrigation area) suggest that naturally occurring background Ra-226 soil concentrations 
in this southern portion of the SMC wash are similar or slightly higher than those present in the vicinity of 
the proposed background monitoring stations (HMC-1OFF and HMC-6OFF).     

Proximity to localized radon sources 

NRC staff raises concerns that the locations of the proposed background radon stations on the valley 
floor (HMC-1OFF and HMC-6OFF) are situated closer to nearby legacy uranium mines than the point of 
compliance stations (HMC-4 and HMC-5).  Specifically, the staff has identified legacy mines on top of 
low-lying sandstone bluffs approximately 3 miles to the northeast of HMC-1OFF below La Jara Mesa.  
These mines were shallow pit mines that extracted easily accessible, relatively thin strata (1-10 meters 
thick) of outcropping Todilto limestone (Rawson, 1979; McLemore and Chenoweth, 1991) that was 
mineralized with economic deposits of uranium at the mined locations. These surface deposits were a 
southeastern extension of a geographic trend of the low-lying Todilto bench deposits along the southern 
foot slopes of Mesa Montanosa to the northwest.  In total, Todilto limestone deposits in the Grants District 
produced only some 2,900 tons of U3O8, accounting for less than 2% of uranium production from this 
district (Rawson, 1979).  It is reasonable to expect that all economically viable Todilto uranium 
mineralization from the legacy mines identified by NRC staff were removed from this area long ago, and 
it is apparent from EPA aerial gamma survey data (USEPA, 2011) that what mine disturbance remains 
has only low-level uranium mineralization exposed (maximum gamma exposure rates < 35 µR/hr) and is 
too small in areal extent to be a source of radon emissions significant enough to measurably influence 
ambient concentrations some 3 miles to the southwest near stations HMC-1OFF and HMC-6OFF.  

The staff’s analysis involved overlaying a hypothetical wind rose based on meteorological monitoring 
station (MET) data from the GRP facility on these legacy mine sites to suggest that nocturnal drainage 
flow from this area will follow the same prevailing wind directions measured at the GRP facility, and hence, 
radon emissions from these legacy mine sites may influence average radon concentrations at HMC-1OFF 
and HMC-6OFF. To properly evaluate this issue, additional atmospheric dispersion modeling was 
performed with the CALPUFF code, using a highly conservative (bounding) source term based on data 
from Droppo and Glissmeyer (1981) for nearby legacy surface mine workings on the south flank of Mesa 
Montanosa (Figure 4).  The modeled radon flux for this specific tracer study was assumed as a point 
source with emissions of 335 pCi m–2 s–1, approximately centered within the locations of legacy Todilto 
mines identified by NRC staff on the west flank of La Jara Mesa. The technical details of this modeling 
are provided in Attachment B.   

An isopleth map of the model-predicted concentrations (Figure 4) shows that the annual average radon 
concentration at HMC-1OFF and HMC-6OFF due to hypothetically high radon emissions from these 
legacy Todilto mines was around 0.025 pCi L–1. Although this concentration is greater than observed at 
HMC-4 and HMC-5 (~0.009 pCi L–1), it would be indistinguishable from ubiquitous background radon 
sources in the area. Furthermore, if these mine workings were significant sources of radon emissions, 
the measured concentration at HMC-2OFF would be greater than that of HMC-1OFF and HMC-6OFF. 
Instead, measured concentrations at HMC-2OFF were about half the concentration of HMC-1OFF and 
HMC-6OFF.  Both modeling and measurements indicate that it is not possible for the identified legacy 
mines on the west flank of La Jara Mesa to measurably impact HMC-6OFF and HMC-1OFF. HMC-1OFF 
and HMC-6OFF exhibit higher radon concentrations compared to HMC-2OFF because the dynamics of 
SMC wash traps radon in the bottom of the wash, resulting in higher concentrations on the valley floor 
compared the valley side slopes.  
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Similar results can be expected for radon emission sources associated with legacy mine workings along 
the southern rim of Mesa Montanosa (in the Poison Canyon area). These mines could also impact 
HMC-1OFF and HMC-6OFF to a greater extent than HMC-4 and HMC-5, but the distances involved are 
sufficient for dispersion and dilution to reduce radon concentrations to extremely low levels, and the 
concentrations observed at HMC-1OFF and HMC-6OFF are primarily attributable to ubiquitous 
background sources within the SMC wash.   

The same dynamics apply to conditions at HMC-4 and HMC-5, situated within very similar ubiquitous 
background environs.  For example, Todilto limestone uranium deposits also occur along the rim of mesas 
surrounding Lobo Canyon to the northeast and southeast of point of compliance stations HMC-4 and 
HMC-5, and gamma survey data indicate that eroded alluvial fan deposits from Lobo Canyon have slightly 
elevated ubiquitous Ra-226 concentrations, much like the SMC wash near and upgradient from proposed 
background monitoring stations HMC-1OFF and HMC-6OFF.  In other words, local and nearby upland 
source areas for ubiquitous background radon emissions in the vicinity of HMC-1OFF and HMC-6OFF 

Figure 4:  Isopleth map of the predicted radon concentration from a 335 pCi m–2 s–1 radon source for 
legacy Todilto mine workings on the western flank of La Jara Mesa. 
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are geologically, topographically, and radiologically very similar to the environs that influence average 
background radon levels at stations HMC-4 and HMC-5.      

Soil type 

NRC staff noted that the permeability of different soil types will affect diffusion of radon through soils and 
exhalation (flux) to the atmosphere at the soil/air interface, and since the soil type in the vicinity of the 
proposed background radon monitoring stations differs from the variety of soil types present near the 
point of compliance monitoring stations, an evaluation of this factor was requested.  Based on a USDA 
soil classification map of the area (Figure 5), HMC has compiled relevant information on soil types near 
these radon monitoring stations in Tables 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Figure 5, the Sparank-San Mateo complex (map unit 257) is the dominant soil type across 
the upper SMC wash (north of the GRP, including HMC-1OFF and HMC-6OFF locations), whereas 
Penistaja fine sandy loam (map unit 20), San Mateo sandy clay loam (map unit 58), and  Sparank clay 
loam (map unit 60) are present in the immediate vicinity of the point of compliance stations (HMC-4 and 
HMC-5).  It is notable that the Sparank, San Mateo, and Penistaja soil series are all well drained, have 
low to moderate permeability, and have reasonably similar clay contents (Table 2).  These soil 
characteristics are likely to have the largest influence on permeability and diffusion of radon through soils 
and exhalation (flux) to the atmosphere at the soil/air interface.  As noted by Ullrich et al. (2019), higher 
uranium soil concentrations in alluvial SMC wash materials tend to be associated with fine-textured 

Figure 5:  USDA-NRCS soil survey map of areas surrounding the GRP (USDA-NRCS, 2022). 
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materials with higher clay content, and HMC has previously documented naturally elevated Ra-226 
concentrations in clayey soil lenses upgradient of the GRP facility (HMC, 1988). 

Based on these observations, is reasonable to expect that differences in soil type in terms of permeability, 
radon gas transmissivity, and exhalation characteristics are relatively minor and unlikely to have a 
significant influence on differences in ambient average background radon levels between the proposed 
background monitoring stations (HMC-1OFF and HMC-6OFF) and the point of compliance stations 
(HMC-4 and HMC-5).  A more probable factor is actual differences in local background Ra-226 soil 
concentrations resulting from differences in clay content. Higher Ra-226 concentrations in fine-textured 
soils with higher clay content are likely to have higher radon emissions, despite the possibility of lower 
permeability for radon gas due to higher clay content and fine particle size distributions.  There are many 
factors at play within the soil profile, including soil moisture content, and further study to include the effects 
of differences in soil permeability and/or soil moisture for different soil types on background radon 
emissions is beyond the scope of criteria given in the NRC’s Radon ISG for selection of a representative 
background radon monitoring location. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sparank San Mateo Aparejo Glenberg Penistaja Venadito Mespun Palma

20
Penistaja fine sandy 
loam, 1 - 3% slopes

- - - - 85% - - -

56
Mespun loamy sand, 
1 - 5% slopes

- - 4% 4% 3% 85% 4%

57
San Mateo clay loam, 
1- 3% slopes

5% 85% - 5% - - - -

58
San Mateo sandy clay 
loam, 1- 3% slopes

5% 85% - 5% - - - -

60
Sparank clay loam, 
1- 3% slopes

85% 5% - - - - - -

200
Penistaja fine sandy 
loam, 2 - 10% slopes

- - - - 85% - 3% 2%

257
Sparank-San Mateo 
complex, 0 - 5% slopes

50% 40% 2% 2% 2% 2% - -

Soil Map 
Unit No.

Soil Complex Name
Soil Complex Composition

Table 1:  USDA-NRCS soil complex key and series composition matrix (USDA-NRCS, 2022). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2:  USDA-NRCS soil series descriptions (USDA-NRCS, 2022). 

Soil Series Geomorphic Position Geographic Setting
Geographically 
Associated Soils

Soil Textures Clay Content Drainage/Permeability Use and Vegetation

Sparank

Alluvial fans on valley sides 
and stream terraces, 
swales, and flood plains on 
valley floors.

Soils formed in alluvium, fan 
alluvium, and stream alluvium 
derived from shale and 
sandstone. Slopes 0 - 4%.

Querencia and San Mateo 
soils. Querencia and San 
Mateo soils are fine-
loamy.

Sandy clay loam, silt 
loam, clay loam, silty clay 
loam, silty clay or clay.

35-40% clay
Well drained; low to 
high runoff; very slow 
permeability.

Livestock grazing. Vegetation: alkali 
sacaton, fourwing saltbush, galleta, 
and blue grama.

San Mateo
Flood plains on valley 
floors, and alluvial fans on 
valley sides

Soils formed in alluvium, fan 
alluvium and stream alluvium 
from mixed sources. Slopes 0 - 
5% 

Sparank soils with more 
than 35 percent clay in 
the control section.

Sandy loam, fine sandy 
loam, loam, sandy clay 
loam, silt loam, silty clay 
loam, clay loam

18 - 35% clay

Well drained, low to 
medium runoff, and 
moderately slow 
permeability.

Livestock grazing. Vegetation: alkali 
sacaton, western wheatgrass, blue 
grama, fourwing saltbush, and galleta.

Penistaja
Mesas, plateaus, hills, 
cuestas and bajadas

Soils formed in alluvium, fan 
alluvium, slope alluvium and 
eolian material derived 
principally from sandstone 
and shale. Slopes 0 - 10%

Sparank soils with more 
than 35 percent clay in 
the control section.

loamy fine sand, sandy 
loam, fine sandy loam, 
loam

15 - 25% clay
Well drained; low 
runoff; moderate 
permeability

Livestock grazing. Vegetation: blue 
grama, western wheatgrass, Indian 
ricegrass, galleta, winterfat and 
fourwing saltbush.

Aparejo
Flood plains and alluvial 
fans

Soils formed in alluvium from 
sandstone and shale. Slopes 0 - 
5%

Venadito soils with more 
than 35% clay in the 
control section.

Stratified silt loam, silty 
clay loam, clay loam and 
sandy clay loam. Lenses 
of sand to silt less than 1 
inch thick

18 - 35% clay

Well drained; medium 
runoff; moderately 
slow and slow 
permeability.

Livestock grazing and  irrigated 
farmland. Vegetation: alkali sacaton, 
blue grama, burrograss, fourwing 
saltbush and western wheatgrass.

Glenberg
alluvial fans, flood plains, 
valley floors, and low 
terraces

Soils formed in stratified 
calcareous alluvium from 
mixed sources. Slopes 0 - 8% 

Bankard soils with sand or 
loamy sand control 
section. Haversid soils 
with 18 to 35% clay 

Fine sandy loam or sandy 
loam

5 - 18% clay

Well drained. Runoff is 
negigible to low. 
Permeability is 
moderately rapid to 
rapid.

Pastureland and irrigated cropland. 
Vegetation: blue grama, western 
wheatgrass, bluestem, cottonwood, 
and willows.

Venadito
Alluvial fans on valley sides, 
low stream terraces, and 
flood plains on valley floors

Soils formed in alluvium, fan 
alluvium, and stream alluvium 
derived from shale. Slopes 0 - 
6%

Many
sandy clay loam, clay 
loam, silty clay loam, clay 
with > 30% clay

30 - 80% clay
Well drained; medium 
to very high runoff; very 
slow permeability.

Livestock grazing and irrigated 
farmland. Vegetation: western 
wheatgrass and alkali sacaton. 
Principal crops: alfalfa, small grains, 
and potatoes.

Mespun

Overlying alluvial fans, 
cuestas, fan remnants, fan 
piedmonts, hills, dunes, 
undulating benches and 
plateaus

Soils formed in deposits of 
wind blown sand from 
sandstone

Redbank soils with fine 
sandy loam control 
section. Schmutz soils 
with loam particle control 
section.

Dominantly fine sand, 
but includes loamy fine 
sand or loamy sand, sand

< 8% clay
Excessively drained; 
slow runoff; rapid 
permeability

Rangeland and irrigated cropland. 
Vegetation: sand sagebrush, Mormon-
tea, snakeweed, wild alfalfa, desert 
marigold, pinyon pine, and juniper

Palma

Alluvial and eolian material 
on hillslopes, plateaus, 
undulating plains, dunes of 
plains, fan terraces and fan 
piedmonts

Soils formed in alluvium and 
eolian soil material derived 
from sandstone and shale.  
Slopes 0 - 15%

Penistaja soils with > 18% 
clay in the Bt horizon.

Fine sand, loamy sand, 
loamy fine sand, sandy 
loam, fine sandy loam, or 
very fine sandy loam.

< 8% clay

Somewhat excessively 
drained. Permeability is 
moderately rapid. 
Runoff is negligible to 
medium depending on 
slope

Livestock grazing. Vegetation: blue 
grama, sand dropseed, sandsage, 
yucca, and cactus.
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Radon from the Lobo Canyon drainage and other directions 

NRC staff has expressed concerns that a representative background radon station should be subject to 
the same tributary drainage air flow patterns as that of the point of compliance stations (HMC-4 and 
HMC-5).  While HMC previously rejected station HMC-5OFF as it was “unlikely to see radon contribution 
from Lobo Creek”, HMC’s perspective on this consideration has changed after collection of additional 
data (including gamma surveys and radon flux measurements in offsite areas), and after performing more 
sophisticated atmospheric dispersion modeling that eliminated long-range migration of radon as an 
attribute of the CSM proposed by HMC.  The CSM now includes significant contributions from nocturnal 
drainage flow only from adjacent, near-field upland areas.     

HMC contends that there are effectively no representative background locations that would “see” 
influence from Lobo Canyon, yet would also meet all other criteria for selection of a representative 
background location as specified in the NRC’s Radon ISG (USNRC, 2019).  The background radon 
monitoring station should be located close enough to the site to be representative in terms of soils, 
geology, geomorphology, and meteorology, yet distant enough that it would not be potentially impacted 
by site effluent releases.  In addition, it is reasonable to assume that the background radon station should 
not be situated in areas that have been physically disturbed/altered by past cleanup of windblown soil 
contamination.  A representative background location need not “see” influence of nocturnal drainage flow 
from Lobo Canyon, provided that the selected background location is subject to similar influences from 
adjacent, near-field upland areas.  What matters is that the average radon concentrations at the proposed 
background station are representative, not that the locations of origin for radon gas migration are identical.   

HMC further contends that there is no perfectly representative background location that precisely matches 
all environmental influences on background radon levels at the point of compliance monitoring stations 
(HMC-4 and HMC-5).  No matter how much study is conducted, respective uncertainties can never be 
completely eliminated, and the guidance in NRC’s Radon ISG (USNRC, 2019) does not indicate that all 
uncertainties in the representativeness of the background radon station must be eliminated to be 
acceptable to NRC staff.  HMC has identified background locations that meet the representativeness 
criteria specified in NRC’s Radon ISG (USNRC, 2019).   

Known elevated radon concentrations 

This staff comment notes that the historic radon study performed by Buhl, et al. (1985) did not investigate 
why radon concentrations at station 201 (close to the location of HMC-1OFF) are slightly elevated relative 
to other background locations across the Grants uranium district.  The comment goes on to imply that 
since this question has not been answered, HMC has not made a valid case for selecting stations 
HMC-1OFF and HMC-6OFF as representative of background radon concentrations at point of 
compliance stations HMC-4 and HMC-5.  This logic erroneously assumes that locations across the Grants 
uranium district other than HMC-4 and HMC-5 are relevant with respect to the representativeness of 
HMC-1OFF in terms of average annual background radon levels.  HMC has provided an extensive 
technical case, including both modeling and measurements, in support of selection of stations HMC-1OFF 
and HMC-6OFF as being generally representative of background radon at stations HMC-4 and HMC-5.  
As detailed in HMC responses to these RAIs, none of the staff’s observations have sufficient technical 
merit to warrant changes to HMC’s CSM for radon behavior in the lower SMC basin, and none diminish 
the technical validity of HMC’s selection of monitoring stations HMC-1OFF and HMC-6OFF as being 
adequately representative of background radon concentrations at point of compliance stations HMC-4 
and HMC-5 under the criteria specified in the Radon ISG (USNRC, 2019). 
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RAI-3 

Provide additional information, including monitoring results, to substantiate the effects of prior remediation 
in the vicinity of the GRP site on ambient radon concentrations (if determined to be  necessary, see 
discussion). 

HMC Response: 

NRC staff’s framing of the discussion on RAI-3 suggests that HMC presents conflicting information in that 
historic cleanup of windblown soil contamination “both reduced radon concentration to the north of the 
LTP on the one hand, and left residual contamination near HMC-4 and HMC-5 that are the cause of 
increased radon concentration at these locations, based on estimated gamma exposure levels, on the 

https://casoilresource.lawr.ucdavis.edu/gmap/
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other hand.”  This portrayal, along with other claims and inferences drawn in RAI-3, indicate incorrect 
interpretation of related data and information presented by HMC.  Figure 7 of HMC’s Technical Report 
(Attachment 1 to the December 18, 2020 submittal) shows the extent of areas disturbed by historic 
windblown soil cleanup and borrow material excavations.  The area north of the LTP was remediated, 
whereas the area southwest of the STP near HMC-4 was not, possibly because the gammas in the latter 
area are only slightly elevated and based on the gamma/Ra-226 correlation (Figure 14, Attachment 1 to 
HMC’s December 18, 2020 submittal), and the measured levels suggest compliance with the approved 
soil cleanup criterion, which is a gross Ra-226 soil concentration of 10.5 pCi/g. 

The staff incorrectly asserts that “HMC does not offer any quantifiable data, other than a kriged exposure 
rate map (Figure 7 of Attachment 1 to HMC, 2020a), to substantiate these claims.”  As discussed in detail 
in HMC’s Technical Report (Attachment 1 to the December 18, 2020 submittal), the study performed by 
Buhl, et al. (1985) documents direct measurements of elevated radon levels and gamma exposure rates 
north of the LTP prior to remediation of windblown contamination in these areas (see Figure 4, Section 
3.5 of the Technical Report).  Recent direct measurements of both radon and gamma radiation levels 
clearly show a significant reduction due to soil remediation in the mid 1990’s (see Figures 7, 8 and 11 of 
HMC’s Technical Report).  This is not an unsubstantiated claim but an established fact based on 
quantifiable measurement data. 

In addition, spatial associations between lower gamma readings inside the bounds of the windblown 
cleanup boundaries (Figure 7, Attachment 1 to the December 18, 2020 submittal) are visually obvious, 
and the gamma/Ra-226 correlation (Figure 14, Attachment 1 to HMC’s December 18, 2020 submittal) 
predicts that on average, lower Ra-226 soil concentrations are present in areas with lower gamma 
readings.  The staff has previously concurred with HMC’s CSM attribute that local Ra-226 concentrations 
in soil can influence local radon levels, and with the exception of locations very close to the tailings piles 
(e.g. within 500 meters), both long-term and short-term radon monitoring data confirm a spatial 
association of generally lower average radon levels in areas of historically remediated windblown soil 
contamination (see Figures 7, 8 and 11, Attachment 1 to the December 18, 2020 submittal).  Direct radon 
flux measurements also tend to support lower radon emissions in areas of prior windblown soil 
remediation (Figure 12, Attachment 1 to the December 18, 2020 submittal). 

The staff also states that “Soil removed from the borrow areas for replacement soil originated from the 
uppermost five ft of soil (HMC, 2013b) from these areas. Considering the soil types at the GRP, described 
above, it is not clear to the NRC staff that this exchange of similar soil types would appreciably lower 
background gamma or radon levels.”  This assessment indicates an incorrect understanding of the 
remedial history of the site.  HMC did not “replace” excavated soils in windblown cleanup areas with soils 
from borrow areas – borrow material was used only as 1) clean radon barrier cover material on the LTP 
and STP, 2) clean cover over the former milling facilities area and associated demolition debris disposal 
pits, and 3) as clean backfill for remedial excavations along the right-of-way margins of State Highway 
605 (to preserve structural integrity of the highway) (ERG, 1995).   

The staff’s evaluation of 500 foot by 500 foot grid blocks from the 1995 windblown soil cleanup Completion 
Report (ERG, 1995) found that the average gamma count rate reading for only those grid blocks located 
north of the LTP (16,962 cpm) was slightly higher than the average value cited of all grid blocks shown 
in Figure 6-3 of the Completion Report (ERG, 1995).  The staff’s evaluation goes on to claim that this 
result conflicts with the average gamma count rate reported by ERG in 2019 for the San Mateo alluvial 
flood plain upgradient of the facility (ERG, 2019).  The staff’s assessment is technically flawed as the 
cited 2019 ERG gamma survey data were collected in the vicinity of HMC-1OFF, some 1-2 km north of 
the areas where windblown soil cleanup occurred 1995 (Figure 6).  The assessment reveals nothing 
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about reductions in gamma radiation levels due to remedial soil excavations north of the LTP.  Existing 
data on this issue are definitive, and further HMC study is not warranted.  

The staff goes on to question HMC’s suggestion that elevated gamma readings southwest of the STP 
near stations HMC-4 and HMC-5 may be associated with a documented 1977 release of tailings from a 
breach in the south berm of the LTP.  In addition, based on review of gamma data presented in other, 
earlier documents (HMC, 2019; USEPA, 2013), the staff questions the reliability of the data in Figure 11 
of HMC’s Technical report that shows elevated gamma levels near stations HMC-4 and HMC-5.  First, 
HMC has stated only that elevated gamma exposure rates near stations HMC-4 and HMC-5 may be 
related to the 1977 tailings spill.  Air particulate monitoring data from HMC-4 show indications of elevated 
Th-230 and Ra-226 concentrations relative to U-nat concentrations, an observation consistent with local 
soil impacts from tailings-related material. Secondly, regardless of the origin of the elevated readings, the 
gamma survey data presented in Figure 11 of HMC’s Technical Report (Attachment 1 to the December 
18, 2020 submittal) were collected with properly calibrated ground-based scanning equipment, and these 
data are not erroneous as implied by NRC staff’s comparisons with gamma scan data from earlier studies 
(HMC, 2019; USEPA, 2013). 

The scan data presented in HMC (2019) in the vicinity of HMC-4 and HMC-5 are the same data shown 
in ERG (2019) as shown in Figure 6 below, but the data were converted to exposure rates and different 
legend increments were used.  The count rate data from ERG (2019) clearly show elevated readings near 
Stations HMC-4 and HMC-5 (Figure 6), which is consistent with the scan data for this same area as 
shown in Figure 11 of HMC’s 2020 Technical Report.  The scan data presented in the USEPA (2013) 
document were limited to aerial ASPECT survey data described as too insensitive to detect elevated 
gamma readings on individual properties in the Mormon Farms subdivisions.  Regardless of the origin of 
elevated gamma radiation in this area, it is clearly present, and it is also apparent that the extent of 
windblown cleanup adjacent to this area (to the north) reduced gamma levels in comparison with the area 
of elevated readings near HMC-4 and HMC-5.  Since the soils across this relatively large area have 
slightly elevated gamma readings, slightly elevated Ra-226 concentrations and local radon emissions are 
expected, and HMC’s assessment that these soils may influence radon and air particulate levels at 
stations HMC-4 and HMC-5 is a technically defensible postulate, certainly more probable than influences 
from covered tailings piles at a much greater distance from these monitoring locations. 

 

 

 

 

 

 

 

 

 

 



 

5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 

Buhl, T., Millard, J., Baggett, D., Trevathan, S.  1985.  Radon and Radon Decay Product Concentrations 
in New Mexico’s Uranium Mining and Milling District, New Mexico Health and Environment Department, 
March 1985, ADAMS Accession No. ML20108E847. 

U.S. Environmental Protection Agency (USEPA).  2013. Memorandum from Zehner, W., to Edlund, C., 
Request for a Time-Critical (EPA) Removal Action, at the Mormon Farms Site, near the Village of Milan, 
Cibola County, New Mexico, U.S. Environmental Protection Agency, July 31, 2013, ADAMS Accession 
No. ML20260G693. 

Environmental Restoration Group (ERG).  2019.  Evaluation of Surface Gamma near Air Monitoring 
Station HMC-1OFF.  Grants Reclamation Project, Cibola County, New Mexico.  December. 

Environmental Restoration Group (ERG). 1995. Environmental Restoration Group, Inc., Completion 
Report for Reclamation of Off-Pile Areas at the Homestake Mining Company of California Uranium Mill, 
November 1995, ADAMS Accession No. ML092990193. 

Homestake Mining Company of California (HMC).  2019. Letter from Pierce, D., Homestake Mining 
Company of California, to Linton, R., U.S. NRC, Occupational Exposure Monitoring Study Report, May 
15, 2019, ADAMS package Accession No. ML19154A596. 

Figure 6:  2019 ERG gamma survey map showing “upgradient” background 
area north of the facility where the average count rate was 14,337 cpm. 
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RAI-4 

RAI-4a 

Provide an analysis of the proposed change in location for measuring background gamma      radiation. The 
analysis should provide a rationale why the preferred location(s) are representative of the current 
monitoring stations HMC-4 and HMC-5. 

HMC Response: 

As detailed in HMC’s December 18, 2020 license amendment request, and as technically justified in 
other RAI responses, HMC has demonstrated with both sophisticated atmospheric dispersion modeling 
and extensive direct measurement data that the proposed background radon monitoring stations 
(HMC-1-OFF and HMC-6OFF) are generally representative of the point of compliance monitoring 
stations (HMC-4 and HMC-5) under criteria specified in the NRC’s Radon ISG (USNRC, 2019).  HMC 
has also established general spatial associations between average radon levels and gamma radiation 
associated with concentrations of Ra-226 in soils under HMC’s proposed CSM.  Accordingly, much of 
the rationale for moving the background radon monitoring station location from HMC-16 to the floor of 
the SMC valley floor at proposed background radon stations HMC-1OFF and HMC-6OFF applies to a 
representative monitoring location for gamma radiation.   

Location HMC-16 has different geology, soil type, and geomorphic setting versus locations on the floor 
of the SMC valley where both the proposed new background monitoring stations (HMC-1OFF and 
HMC-6OFF) and the point of compliance monitoring stations (HMC-4 and HMC-5) are situated (Figures 
7 and 8).  More importantly, the characteristic gamma radiation environment for the Chinle geology and 
geomorphology of the hilly terrain surrounding HMC-16 is clearly different from the gamma radiation 
environment associated with alluvial deposits on the floor of the SMC wash in which both the proposed 
background monitoring stations and point of compliance stations are located (see Figures 7 and 8 in 
HMC’s Technical Report for the December 18, 2020 submittal).   

The geomorphic history of alluvial deposits along the floor of the SMC wash generally originated from 
erosion of sandstone mesas north of the GRP facility, including mineralized outcrops of the Jurassic 
age Morrison formation (Ullrich, 2019).  While alluvial fan deposits from Lobo Canyon may have 
introduced some alluvial materials in the lower portions of the SMC wash near the point of compliance 
monitoring stations, it is evident from the gamma survey data (Figures 7 and 8 in HMC’s Technical 
Report for the December 18, 2020 submittal) that the lower slopes of the Lobo Canyon alluvial fan also 
have elevated levels of gamma radiation associated with erosion of mineralized geology from 
surrounding mesas. Finally, consistent with guidance in NRC Regulatory Guide 4.14 (USNRC, 1980), 
it is customary for NRC licensees to co-locate environmental gamma dosimeters with radon monitoring 
stations, and this includes the selected location(s) of background gamma radiation and radon 
monitoring station(s). 
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Figure 7:  USDA soil classification map with HMC environmental monitoring locations. 

Figure 8:  USGS geology map with HMC environmental monitoring locations. 
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RAI-4b 

Specify how the results of measured background gamma radiation will be used in the determination of 
the dose to a member of the public (e.g., using the lower of the two values, etc.). 

HMC Response: 

The protocol specified in HMC’s December 18, 2020 license amendment request with respect to the 
applicable average annual background radon concentration for use in public dose calculations (the 
lower average annual result from either HMC-1OFF or HMC-6OFF), will also be used for average 
gamma dose rates (the lower of the two background values will be used for public dose calculations).  
Conversely, the higher annual average gamma dose rate between point of compliance stations HMC-4 
and HMC-5 will be used to determine the net (above background) gamma dose rate for public dose 
calculations, and the same occupancy factor used for calculation of radon dose for the maximally 
exposed member of the public (nearest resident) will apply.      

RAI-5 

Given the issues identified by the NRC staff below with the design of the regression analysis, discuss how 
the regression results can be applied generally to estimate background radon concentrations. 

HMC Response: 

NRC staff notes that radon concentrations can exhibit seasonal variability, and since compliance with 
public dose limits are evaluated on a calendar-year basis, the three quarters of short-term data used in 
HMC’s December 18, 2020 license amendment request are insufficient for determining a background 
station that will be used for regulatory compliance purposes. At the end of the fourth quarter of 2020 
(following submittal of the December 18, 2020 license amendment request), HMC completed four 
consecutive quarters of short-term data associated with the radon versus distance study, and reanalysis 
of the complete data set is presented in Attachment A to these RAIs (an Addendum to HMC’s 2020 
amendment request). The reanalysis results continue to support selection of HMC-1OFF and HMC-6OFF 
as having background radon concentrations representative of point of compliance stations HMC-4 and 
HMC-5.  In addition to the updated regression analysis based on a full year of short-term study data, 
there are several additional lines of evidence that support the representativeness of proposed 
background stations HMC-1OFF and HMC-6OFF, including long-term radon monitoring data and revised 
modeling of ubiquitous background sources based on correction of an original modeling error as 
described in response to RAI-10a(6).   
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The statistical analysis suggested by NRC staff based on a randomized sampling design for radon 
monitoring locations would be applicable to a pre-operational survey to establish average background 
conditions across routinely monitored GRP site boundary areas. Of course this is not possible because 
1) radon source terms associated with the facility (namely the tailings piles) exist, 2) historic soil 
contamination and large-scale remedial disturbance has occurred across former operationally impacted 
areas, and 3) ambient radon concentrations across these disturbed areas cannot be considered 
representative of undisturbed, naturally occurring pre-operational background conditions. The monitoring 
data evaluated in HMC’s radon versus distance study are not “independent” measures of background 
because they are influenced by current emissions from the tailings piles and/or by past Site operations 
and reclamation.  As described below, biased monitoring of impacted locations is intended and necessary 
for the regression analysis technique used by Rood (2020) based on the approach originally proposed 
by Droppo and Glissmeyer (1981). 

Radon concentrations due to emissions from the covered tailings piles are expected to vary as a function 
of distance and direction from the piles.  Accordingly, HMC designed a systematic study to quantify 
changes in concentration with distance and direction from the LTP. The resulting data provide important 
insights into the “signal strength” of emissions from the tailings piles across the GRP study area. 
Consistent with the work of Droppo and Glissmeyer (1981), the linear regression technique used by Rood 
(2020) relies on observed (measured) and predicted (modeled) quantification of “signal strength” to 
provide a statistical estimate of the expected local background radon concentration based on both 
measurements and atmospheric modeling of emissions from the HMC tailing piles. The method does not 
define a background monitoring location, but provides one line of evidence that the proposed background 
stations on the SMC wash north of the GRP (HMC-1OFF and HMC-6OFF) are representative of expected 
background in the vicinity of the facility (without contribution from facility emissions).  

NRC staff suggests that a separate background study should be conducted, apparently with additional 
radon monitors established at randomly selected locations across a “relevant population of background 
locations”, presumably somewhere on the San Mateo wash beyond areas potentially influenced by radon 
emissions from the GRP facility. The results of this study would ostensibly be used to calculate an 
unbiased estimate of a population statistic of interest (e.g., the mean). Such study data would not define 
a background location but would provide additional data on spatial variations in background 
concentrations across offsite areas. Based on guidance provided in the Radon ISG (USNRC, 2019), 
sufficient data already exists to support measurement-based evidence of a representative background 
location. 

The staff’s discussion in RAI-5 conflates the concept of statistical independence in a randomized 
sampling design to estimate a population statistic (e.g., the mean), with the “biased” data from the 
short-term radon versus distance study as used by Rood (2020) for the regression analysis.  The 
regression technique used by Rood (2020), necessarily includes biased sampling of “signal strength” at 
various distances and directions from an emission source (in this case the LTP) in order develop a 
statistically significant regression between observed (measured) and predicted (modeled) results.  The 
intercept of the regression provides an indirect statistical indication of the local background concentration 
in the study area because the measured data includes the contribution from local background radon 
levels, whereas the modeled data do not.  The staff has incorrectly interpreted the regression analysis 
approach, and data from randomly selected monitoring locations across non-impacted offsite background 
areas could not be used for the regression analysis technique as biased sampling of a range of “signal 
strength” values from an elevated (above background) emission source is required.  
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Finally, the staff’s suggestion that the regression approach could be used to choose any background 
location where measured radon levels match the predicted background based on the regression analysis 
technique, fails to acknowledge the fact that HMC has also applied specific qualitative criteria from the 
NRC’s Radon ISG (e.g. similarities in geology, geomorphology, and meteorology), along with multiple 
additional lines of quantitative evidence (e.g. both measurements and modeling), to support selection of 
HMC-1OFF and HMC-6OFF as being adequately representative of background radon concentrations at 
the point of compliance radon monitoring locations (stations HMC-4 and HMC-5).  Updated data and 
evaluation of the quantitative evidence (both measurements and modeling), based on 4 quarters of 
short-term monitoring data, and with correction of an identified error in the original modeling results for 
ubiquitous sources [see HMC’s response to RAI-10a(6)], are provided in Attachment A (an Addendum to 
HMC’s December 18, 2020 license amendment request). 
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of radon and radon progeny in air and demonstrations of compliance with 10 CFR 20.1301. Final Report. 
June 2019. 

RAI-6 

Consistent with the ISG (refer to RAI-2), provide a year by year annual assessment of radon  concentrations 
comparing the results from HMC-1OFF and HMC-6OFF to other HMC monitoring stations (i.e., HMC-1 
through HMC-7) for each full year HMC-1OFF has been monitored, or direct NRC staff where to find this 
information. 

HMC Response: 

The requested mean annual average radon data by station have been compiled for the years 2009 
through 2021 (Table 3), and plotted for each year (Figure 9).  Mean values have been rounded to the 
nearest tenth of a pico-curie per liter (pCi/L) based on reported alpha track-etch measurement 
uncertainties in the range of 10-20%.  It is notable that over this 13-year period, the mean annual result 
for one of the proposed background monitoring stations (HMC-1OFF or HMC-6OFF) slightly exceeded 
the mean annual result at one of the point of compliance stations (HMC-4 or HMC-5) on only four 
occasions (2015, 2016, 2018, and 2019).  In each case, the difference (0.1 pCi/L) is within the reported 
measurement uncertainties for the radon detectors.  It is also notable that station HMC-2 tends to have 
among the highest radon levels of all the stations measured, and this station is located at the 
downgradient edge of a relatively large area of slightly elevated gamma radiation, as well as being located 
at the confluence of the current main drainage channel for Lobo Canyon with the floor of the SMC wash.  
These results are consistent with the attributes of HMC’s proposed CSM.  
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In addition, stations HMC-3 and HMC-7 each consistently have among the lowest mean annual radon 
concentrations of all Site boundary monitoring stations (Table 3 and Figure 7).  As shown in Figure 8 of 
HMC’s Technical Report (Attachment 1 to the December 18, 2020 submittal), stations HMC-3 and HMC-7 
are both located in areas of reduced gamma radiation due to remediation of windblown soil contamination 
in the mid-1990’s, and both are located to the south (and outside) of the current main Lobo Canyon 
drainage channel near the north edge of this alluvial fan.  This observation is also consistent with the 
attributes of HMC’s proposed CSM.  Finally, aside from an anomalously high result in 2009, annual mean 
radon concentrations at the current background radon station (HMC-16) are well below all other stations 
and are clearly not representative of background conditions on the floor of the SMC valley.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3:  Annual average ambient radon gas by station for years 2009-2021. 

Figure 9:  Mean annual ambient radon concentration for each station by year. 

Monitoring 
Station

2009 2010 2011 2012 2013 2014 2015 2016* 2017 2018 2019 2020 2021

HMC-1 1.8 1.1 0.9 1.0 1.2 0.9 1.2 0.9 0.7 0.8 0.7 0.8 0.8
HMC-1A - 1.3 0.9 1.6 1.5 1.0 1.3 0.9 0.5 0.7 0.6 0.7 0.7
HMC-2 1.9 1.3 1.0 1.7 1.3 1.0 1.3 1.0 0.7 0.9 0.8 0.9 0.9
HMC-3 1.3 0.9 0.8 1.1 1.0 0.8 1.0 0.7 0.6 0.7 0.6 0.6 0.7
HMC-4 1.8 1.4 1.3 1.7 1.7 1.4 1.5 1.1 0.7 0.9 0.7 0.8 0.8
HMC-5 1.8 1.4 1.2 1.7 1.6 1.3 1.5 0.9 0.7 0.8 0.6 0.9 0.8
HMC-6 1.5 1.0 1.0 1.4 1.2 0.9 1.1 0.9 0.6 0.7 0.6 0.6 0.7
HMC-7 1.2 1.0 1.1 1.2 1.1 0.9 0.9 0.8 0.7 0.8 0.7 0.7 0.8
HMC-16 1.9 0.7 0.5 1.0 0.8 0.6 0.8 0.5 0.3 0.3 0.3 0.4 0.7

HMC-1OFF 1.8 1.1 - - - 0.9 1.6 1.1 0.7 0.9 0.7 0.7 0.8
HMC-6OFF - - - - - 1.0 1.5 1.1 0.7 - - - 0.8

*Switch from Landauer Rad-Track detectors to Radonova Rapidos detectors in 3rd quarter 2016.

Point of Compliance Monitoring Station
Current Background Monitoring Station
Proposed Background Monitoring Station

Annual Average Ambient Radon (pCi/L)
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Statistical comparisons of the variability in mean annual radon concentrations for each station over the 
13 years of data presented in Table 3 (Figure 10), show that on average, annual mean radon 
concentrations for the point of compliance stations (HMC-4 and HMC-5) are the highest of all routine 
radon monitoring locations.  This observation continues to support selection of stations HMC-4 and 
HMC-5 as being representative of the maximally exposed member of the public (nearest resident) due to 
radon emissions from the GRP facility, and the postulated primary source of these Site effluent emissions 
continues to be slightly elevated Ra-226 concentrations in soil adjacent to these point of compliance 
monitoring stations.  Again, atmospheric dispersion modeling (Rood, 2020) indicates that effluent radon 
from the tailings piles at these point of compliance monitoring stations is too low to measurably exceed 
variations in background, a result supported by measurements from HMC’s radon versus distance study 
(see Figures 10 and 11 in Attachment 1 to HMC’s December 18, 2020 submittal).     

 

 

 

 

 

 

 

 

 

 

 

 
REFERENCES 

Rood, A. S.  2020.  Analysis of Background Radon Concentrations for the Homestake Mining Company 
Reclamation Project, Grants, New Mexico.  K-Spar Inc, Idaho Falls, Idaho.  December 18, 2020.  In: 
Homestake Mining Company of California – Grants Reclamation Project – Revised Request for 
Amendment to License No. SUA-1471 to Change the Background Monitoring Location for Radon and 
Ambient Gamma Radiation.  December 18, 2020. (NRC ADAMS Accession No. ML20356A288). 

RAI-7 

Provide an analysis of the 2017-2019 wind data, which was used in the CALPUFF1 modeling, demonstrating 
that it is representative of long-term conditions at the GRP site. 

HMC Response: 

Meteorological records from HMC go back to 2007 thus 13 years of site-specific data are available. A 
longer period is available from the Grants Milan airport which is located 8.4 km SSW from the HMC tower. 
The distance between HMC and Grants Milan airport is within the limits specified in Reg Guide 3.63 of 

Figure 10:  Statistical box plot comparison of mean annual ambient 
radon concentration by station for the years 2009 through 2021. 
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80 km. These data have been analyzed by Intermountain Laboratory Air Science for applicability to the 
former Jackpile uranium mine located about 45 km east of the Grants Milan airport (IML, 2020). The 
methodology used in the report has been accepted by the NRC for meeting the requirements in Reg 
Guide 3.63 and was employed for approved license applications for those cited in the RAI (NRC 2018b, 
2017, 2015) and the Reno Creek ISR (ML12291-A009, ML17011A195).   The study concluded that hourly 
wind data for the baseline year (12/1/2018-11/30/2019) were statistically no different than the most recent 
15 years of data.  The IML report recommends that a 15-year period of record (POR) is preferable to 30 
years because “As the POR expands, maintaining homogeneity of the data becomes more difficult. 
Climatological statistics obtained from too long a period may not be representative of contemporary 
conditions.” The baseline year in the study (12/1/2018-11/30/2019) is within the years considered in the 
CALPUFF model demonstrating that these years are representative of long-term conditions near the GRP 
site. 

A second analysis was performed using 11 years of HMC data (2009-2019). The years 2007 and 2008 
were excluded because unclear what the data validation flags were for those years. The wind rose for 
the 2009-2019 data and 2017-2019 data are shown below and demonstrate the similarity of the long-
term data and the 3-year period used in the CALPUFF modeling. 
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Calms were defined by an anemometer threshold stall speed of 0.5 m/s. Valid and calm hours are shown in 
the table below. 

Parameter 2009-2019 2017-2019 
Total possible hours 96362 26280 
Total valid hours 94850 26225 
Total non-calm hours 94086 25726 
Calm hours 764 493 
Percent calm hours 0.81% 1.9% 
Percent valid hours 98.4% 99.7 

The frequency of wind speed, wind direction, and joint frequency for the long-term data set and the 3-year 
dataset used in the CALPUFF modeling was examined. Wind speeds were binned using the wind speed 
bins in MILDOS. They were:   

<1.57 m/s 
1.57-3.47 m/s 
3.47-5.7 m/s 
5.7-8.27 m/s 
8.27-11.07 m/s 
>11.07 m/s 

Plots similar to Figures 5 through 7 in IML (2000) were generated and regression coefficients calculated. 
For these plots and statistics, only hourly data that had a wind speed exceeding the threshold wind speed 
of 0.5 m/s were used.  Also, the regression line was forced through the origin (zero intercept). If a zero 
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intercept is forced, the slope of the regression line approaches unity as the linear relationship approaches 
equity.  

The correlation of the wind speed frequency is shown below. A strong correlation exists between the wind 
speed frequencies for the 2009-2019 data and 2017-2019 data as indicated by an R2 value of 0.998 and 
a slope of 0.993. A p-value of less than 0.0001 indicates high confidence that the relationship is 
significant.   

 

The correlation of the wind direction frequency is shown below. A strong correlation exists between the 
wind direction frequencies for the 2009-2019 data and 2017-2019 data as indicated by an R2 value of 
0.998 and a slope of 0.998. A p-value of less than 0.0001 indicates high confidence that the relationship 
is significant. 
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The correlation of the joint frequency of wind speed and direction is shown below. A strong correlation 
exists between the joint frequencies for the 2009-2019 data and 2017-2019 data as indicated by an R2 
value of 0.994 and a slope of 0.977. A p-value of less than 0.0001 indicates high confidence that the 
relationship is significant. 

 

The IML report demonstrates that the meteorological conditions at the Grants-Milan airport in 2018-2019 
are not statistically different from the long-term period (2005-2019) and therefore are representative of 
long-term conditions in the region. The analysis of site-specific data confirms this. That is, there is no 
statistical difference between the frequencies of wind direction and wind speed for the 2009-2019 period 
and the 2017-2019 period, in addition to the visual similarity of the wind roses. Thus, the 2017-2019 
meteorological period used in the CALPUFF modeling is representative of long-term meteorological 
conditions at the GRP. 

REFERENCES 

IML (Intermountain Laboratory) Air Science, 2020. Demonstration of Long-Term Representativeness of 
the On-Site Meteorological Data Jackpile-Paguate Uranium Mine. IML Air Science, a division of Pace 
Analytical Services LLC, 555 Absaraka Street, Sheridan WY 82801. 

RAI-8 

Background:  

Additional general information is needed to support the NRC staff’s review regarding the Met measurement 
data and summaries based on the onsite monitoring program at the GRP site. These data were one of the 
inputs to the CALPUFF dispersion modeling analyses to support the proposed relocation of the background 
radon monitoring location(s) said to be representative of the GRP site as discussed throughout the 
December 2020 (current License Amendment Request [LAR]) (HMC, 2020a). 

Pursuant to a July 1, 2020, RSI (NRC, 2020), the licensee provided responses to NRC RAI issued in 2016 
(NRC, 2016) related to the quality of the onsite Met monitoring program and related atmospheric dispersion 
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modeling intended to support a 2013 LAR. HMC’s responses are provided in Attachment 3 of the current 
LAR. 

In part, the current LAR is based on more recent onsite Met data covering the 2017 through 2019 period of 
record (POR), some data summaries (e.g., wind roses, data recovery statistics), and quality assurance (QA) 
documentation of performance audits of the onsite Met instrumentation. While the documentation for the 
current LAR appears to be more comprehensive than that provided to support the 2013 LAR, the NRC staff 
needs additional information for their evaluation of the current LAR. 

RAI-8a 

Provide the ASCII-character files for each year of sequential hourly onsite Met data (i.e., 2017, 2018, and 
2019) including any information regarding formatting of those files, time stamping (e.g., hour beginning 
or hour ending) of the hour-averaged data, units of measure by parameter, etc. 

HMC Response: 

ASCII-character files are not available, but the logged MET data with all available parameters are 
provided in Attachment C, in the form of electronic Excel files submitted separately with this RAI 
response. One file is provided for each year requested, and an additional file with explanations of the 
qualifier codes that have been applied to the data is also provided (the Null Codes file).  The hours 
presented in the MET data files represent the hour ending. For example, hour 0100 is from midnight to 
1AM. The columns are labeled for each parameter with the units for that parameter.  

RAI-8b 

Provide calendar quarterly or Met season wind roses (as discussed below) similar to Figure 3 of 
Attachment 2 of the current LAR for at least the 3-year composite POR from 2017 to 2019. Such wind 
roses may also be provided for these individual years. Whatever set(s) of wind roses are provided, also 
indicate the respective percent frequency of calm conditions based on the starting thresholds for the HMC 
wind instrumentation which is not specified in Figure 3 of Attachment 2. 

HMC Response: 

Three-year (2017-2019) composite calendar quarterly wind roses are shown in Figure 11. The starting 
threshold for the HMC anemometer is 0.5 m/s. The table below summarizes the percent calms as 
defined by an anemometer threshold of 0.5 m/s for each quarter. 

Quarter Valid hours Calm hours % Calms 

1 6467 114 1.76% 
2 6538 95 1.45% 
3 6623 103 1.56% 
4 6597 181 2.74% 
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Figure 11. Three-year (2017-2019) composite calendar quarterly wind roses for the HMC tower.   

RAI-8c 

To the extent that it is still necessary to support the CSM for the GRP site, provide calendar quarterly or 
Met season day/night wind roses indicating the daytime and nighttime hours for the respective seasons 
as well as the percent frequency of calm conditions as indicated in RAI-8b. If presented, the discussions 
of day/night wind conditions should not be limited to supporting the   occurrence of nighttime drainage flow 
but should also be discussed in the context of the annual standard and corresponding background (i.e., 
accounting for all hours). 

HMC Response: 

Calendar quarterly wind roses by day and night for the 2017-2019 period are shown in Figures 12 and 
13 respectively. The percent calms for each quarter are presented in the table below. Percent calms 
were defined by the HMC anemometer stall speed of 0.5 m/s. Day and night was determined based on 
the solar elevation angle. An hour with an angle greater than 0 was assigned to daytime. 
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Quarter Valid night 
hours % Calms night Valid day 

hours % Calms day Total valid 
hours 

Total possible 
hours 

1 3533 1.42% 2934 2.18% 6467 6480 
2 2819 1.49% 3719 1.43% 6538 6552 
3 2928 1.50% 3695 1.60% 6623 6624 
4 3719 1.99% 2878 3.72% 6597 6624 

 

Figure 12 Three-year (2017-2019) composite calendar quarterly wind roses for the HMC tower during 
daylight hours.   
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Figure 13. Three-year (2017-2019) composite calendar quarterly wind roses for the HMC tower during 
nighttime hours 

  

RAI-9 

Background 

Additional technical information is needed to support the NRC staff’s review regarding HMC’s onsite Met 
monitoring program at the GRP site. This information relates to the quality, validity, and reasonability of the 
onsite Met data and is primarily based on the staff’s review of the performance audit reports in Attachment 
3B of the current LAR. The onsite Met data were one of the inputs to the CALPUFF dispersion model. Those 
dispersion analyses were performed to support, in part, the proposed relocation of the background radon 
monitoring location(s) said to be representative of the GRP site as discussed throughout the current LAR. 

Attachment 3B of the current LAR consists of six performance audit reports conducted semi-annually in 
May and November of each year covering the 2017 to 2019 POR. In addition to several questions regarding 
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the quality assurance / quality control (QA/QC) provisions of the monitoring program, instrument-related 
questions are also given below focusing on the onsite wind speed and wind direction measurements input 
to CALPUFF. 

RAI-9a 

Confirm whether, at any time for the HMC Met monitoring program, a QA/QC program plan was issued 
and implemented or if the routine Met data checks indicated in the response to RAI No. 4  (Item h) in 
Attachment 3 of the current LAR were the only other QA/QC-related items implemented, besides the 
performance audits, on a routine basis. If a QA/QC program plan was issued, provide a copy or reference 
to it. 

HMC Response: 

To our knowledge, a QA/QC plan for the HMC meteorological monitoring program was never produced. 
The QA/QC-related items were performed by Trinity Consultants (Trinity) during years when this service 
provider was contracted to provide data management and data validation services (since about 2001). 
These services have consisted of weekly or more frequent data review, data validation, and data 
reporting.  

Quality control checks were performed by proprietary software that was based on EPA guidelines and 
experience with measurement thresholds. The software system called the monitoring site via modem, 
downloaded the data, performed quality checks of the data, and generated a data summary which listed 
means, maximums, minimums, time of occurrence, data values which fall outside of prescribed ranges, 
periods of constant values, and periods of rapid value changes. Stacked parameter plots were 
generated which consisted of every data point downloaded since the last interrogation. These plots 
were reviewed by a Trinity meteorologist for consistency and possible equipment issues. This 
redundancy assured that issues not identified by the software would be caught by a reviewer. The 
quality control software generated flags or warnings when a parameter value was outside of a normally 
acceptable range. The software did not invalidate data or erase file records based on the outlier tests. 
Data validation was left to a Trinity meteorologist who initiated corrective action, as necessary. 

In addition, Trinity hosted a password-protected project website which was updated daily. The site 
contained 24-hour meteorological chart graphics, daily minimum, maximums, and averages, quality 
assurance reports and wind roses. By using this approach, data collection percentages were high since 
Trinity meteorologists could quickly identify and resolve any potential instrumentation problems. These 
issues were documented in a missing data spreadsheet generated by a Trinity data manager. 

Data reports were developed quarterly by Trinity which detailed the operation of the meteorological 
monitoring station as well as any maintenance or service work performed. These reports contained 
data summaries, a summary of any problems encountered and status of any current issues, a synopsis 
of percent recovery including brief explanations of missing data, overall data recovery, quality control, 
and quality assurance documentation.  

Performance audits were provided semi-annually on the meteorological monitoring equipment. 
Equipment maintenance was performed, as necessary, during these audits. Maintenance items 
included wind speed and wind direction sensor bearing replacement, relative humidity sensor cap 
cleaning, and seasonal addition and removal of large screen around precipitation gauge. 
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RAI-9b 

Clarify any QA-related discussions in the current LAR by addressing the limitations of the  QA/QC checks 
being performed. 

HMC Response:  

HMC is unclear as to the specifics of the information requested by the staff. In general, the MET station 
services provider (Trinity Consultants) follows EPA guidance with respect to QA/QC, and any limitations 
mentioned in the guidance would apply to the QA/QC checks performed for HMC’s MET station. 

RAI-9c 

Clarify Table 3-2 of the performance audit reports to indicate which table from the EPA QA Handbook for 
Met monitoring, cited below, is the basis for the acceptance tolerances listed  therein and used by 
Meteorological Solutions, Inc. (MSI) during the performance audits. Annotate any differences from the 
referenced EPA guidance accordingly.  

HMC Response: 

The acceptable tolerances presented in Table 3-2 were obtained from Table 0-8 PSD Calibration and 
Accuracy Criteria as presented in Volume IV: Meteorological Measurements Version 2.0 (Final) of 
EPA’s Quality Assurance Handbook for Air Pollution Measurement Systems, EPA-454/B-08-002, 
March 2008.  It should be noted that in the current version of Volume 4, as found on EPA’s AMTIC 
website at: 

https://www.epa.gov/sites/default/files/2021-
04/documents/volume_iv_meteorological_measurements.pdf 

the acceptance criteria for solar radiation is 10 W/m3 below 200 W/m3 and above 200 W/m3 ±5% (See 
Figure 14). Previous versions of this document present the acceptance criteria as 5% of mean observed 
interval (See Figure 15). This value was used for the 2017 – 2019 audits. The starting thresholds of the 
wind sensor that are included in the Table 3-2 were based off manufacturer specifications for the tower 
sensor. 

  

https://www.epa.gov/sites/default/files/2021-04/documents/volume_iv_meteorological_measurements.pdf
https://www.epa.gov/sites/default/files/2021-04/documents/volume_iv_meteorological_measurements.pdf
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Figure 14:  Current Version of Table 0-8 PSD Calibration and Accuracy Data as accessed from AMTIC on 
January 4, 2022. 
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RAI-9d(1) 

Confirm: (1) the boom length for the wind instruments mounted on the HMC Met tower; and (2) whether 
or not potential interference effects from the tower itself, an antenna near the wind  instrument boom on 
an adjacent tower leg, and/or the equipment box or shelter on the tower platform below the wind 
instrument boom were evaluated and the results of those evaluations. 

HMC Response: 

A Trinity meteorological equipment specialist visited the site on November 10, 2021 and measured the 
boom length for the wind instruments mounted on the HMC meteorological tower. The length of the 
boom to the sensor was 30 inches. The distance from the sensor to the antenna was 60 inches. The 
height of the sensor above the top of the railing on top of the platform is 38 inches. Trinity did not 
perform an evaluation on the interference effects from the tower itself, an antenna near the wind 
instrument boom on an adjacent tower leg, or the equipment box on the platform below. It is the opinion 
of Trinity that these metal structures and the distance to the sensor would have minimal effect on wind 
measurements, especially if the wind were from the southeast. 

RAI-9d(2) 

If any interference from these potential immediate obstructions to air flow was or are identified, address 
any effects on the resulting wind speed and/or wind direction data and, if necessary, revise the CALPUFF 
dispersion analyses and conclusions drawn from the results accordingly. 

Figure 15:  Table 0-8 As Originally Published by EPA. 
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HMC Response: 

The distance to the closest obstruction, the berm of the evaporation ponds, is approximately 1,000 feet. 
Thus, there is no immediate obstruction that would affect resulting wind speed or wind direction data.  

RAI-9e 

Explain why identical performance audit responses by the wind speed sensors and recorded by the data 
acquisition system (DAS), as discussed below, were identical to each of the audit input values considering 
that DAS responses for other Met parameters were often slightly different, as is typical, from their 
corresponding audit input values. 

HMC Response: 

When a RM Young wind sensor is measuring accurately, there is no deviation from the reference. If the 
sensor is not measuring accurately, it is obvious that the sensor, when checked, will result in “non-zero” 
values. 

RAI-9f(1) 

Confirm that the process indicated below was followed for Met data validation, at least during the 2017 
through 2019 POR used in the current LAR. 

HMC Response: 

During 2017 through 2019, Trinity performed meteorological data validation for HMC which followed 
the process indicated below. 

RAI-9f(2) 

Clarify the current LAR to either reference the QA/QC program plan for Met monitoring on this     project or 
summarize the full Met data validation process. 

HMC Response: 

Trinity’s meteorological data validation process consisted of interrogating the site DAS daily and 
subjecting the meteorological data to a series of quality tests. The data files were input to a quality-
assured in-house developed software program which performed a series of quality control checks 
based on a defined set of limits. The checks imposed by the data QC program are presented in the 
table below. 

Meteorological Data 

Wind Speed > 25 m/s for one 1-hr period. 
Ambient temperature > 40 °C. 
Ambient temperature < -20 °C. 
Relative Humidity > 100 %. 
Relative Humidity < 5 %. 
Barometric Pressure > 23.95 In. Hg. 
Barometric Pressure < 23.20 In. Hg. 
Precipitation total > 0.25 In. in one hour. 
Solar Radiation > 1600 W/m2. 
Battery Voltage < 11 V. 
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Wind Speed / Wind Direction / Sigma Theta unchanged for 3 or more hours. 
Ambient temperature unchanged for 3 or more hours. 
Relative Humidity unchanged for 4 or more hours. 
Barometric Pressure unchanged for 3 or more hours. 
Ambient temperature change > 5 °C in one hour. 
Relative Humidity change > 20 % in one hour. 
Barometric Pressure change > 0.04 In. Hg. in one hour. 

When the QC program identified values that exceed the criteria set for that parameter, the data file was 
inspected visually. In most cases, a flagged value was not invalid; it merely fell outside of expected 
ranges or "normal" rates of change for that parameter. If, after investigation, a meteorologist determined 
that the value was reasonable, the value was not invalidated. If there was a reason to suspect the data 
point, the value was reset to "missing." (This is done on the data management file only, not on the raw 
data file collected from the data logger; the raw data file was never manipulated.) The conditions listed 
in the above table resulted in a flag in the data set. Data that were invalidated were tabulated in a 
spreadsheet that was included in the quarterly data reports. 

In addition, Trinity hosted a password-protected project website which was updated daily. The site 
contained 24-hour meteorological chart graphics, daily minimum, maximums, and averages, quality 
assurance reports and wind roses. By using this approach, data collection percentages were greatly 
enhanced, and Trinity meteorologists could quickly note and resolve any potential instrumentation 
problems. 

RAI-9f(3) 

Regardless of the QA/QC process followed for validating the onsite Met data, update the current LAR by 
providing the performance audit reports that cover the periods from January 1 to May 24, 2017, and from 
November 20 to December 31, 2019, to help establish the validity of those Met data. The first and last 
performance audits documented in the current LAR occurred on May 24, 2017, and November 20, 2019, 
respectively. 

HMC Response: 

November 2016 and June 2020 audit reports are provided in Attachment D to these RAI responses. 

RAI-9g(1) 

Confirm if a re-certification period other than one year applies to any of the audit standards used during 
the 2017 to 2019 POR, especially those noted below. 

HMC Response: 

The recertification period for the meteorological audit standards is one year and no other certifications 
periods apply. All audit equipment used is traceable to National Institute of Standards and Technology 
(NIST), American Association for Laboratory Accreditation (A2LA), or other nationally recognized 
standards. The glassware used to conduct the precipitation gauge audits met industry recognized 
standards. Trinity maintains a spreadsheet which a Trinity instrumentation specialist tracks dates when 
standards are coming close to being out of certification. Standards are recertified prior to their 
“expiration” date. 

   



 

27 

 

 

RAI-9g(2) 

Confirm whether it is acceptable from a QC standpoint if an audit device is calibrated, in whole or in part, 
using standards still within their respective certification periods but the audit device itself is then used on 
a performance audit that is outside of the certification periods for the standards but within the newly-
established one-year certification period for the audit device itself. 

HMC Response: 

From a QC standpoint, if an audit device was certified to a NIST or NIST-traceable standard then the 
audit device would be good for a 12-month period from the time of certification unless the device itself 
is damaged or if the auditor believes it is providing questionable results. NRC requires that measuring 
and test equipment are calibrated, adjusted, and maintained at prescribed intervals or, prior to use, 
against verified equipment having known valid relationships to nationally recognized standards. The 
audit equipment used for the audits conducted at HRC was calibrated at prescribed intervals. 

RAI-9g(3) 

If necessary, provide an explanation in Appendix A of any audit reports to identify the applicable re-
certification periods for all audit equipment and related standards. 

HMC Response: 

The table below lists the audit equipment used and the dates of certification. The certifications are valid 
for one year.  There were two instances where the reference devices were slightly out of calibration, 
but subsequent checks indicated that these devices were still accurate and no adjustments were 
needed to bring the device back into calibration. 
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RAI-10 

Background 

Additional technical information is needed to support the NRC staff’s review regarding the offsite                 surface 
Met data and monitoring programs at the Grants-Milan Municipal Airport (KGNT), the Gallup Municipal 
Airport, and the Albuquerque International Airport. These data were also input to the CALPUFF dispersion 
modeling analyses that support the proposed relocation of the background radon monitoring location(s) 
said to be representative of the GRP site as discussed primarily in Attachment 2 of the current LAR (HMC, 
2020a). 

RAI-10a(1) 

Reconcile whether the Grants-Milan Met station was designated an Automated Surface Observing 
System (ASOS)- or Automated Weather Observing Station (AWOS)-type station during the 2017-2019 
POR used in the CALPUFF dispersion modeling analyses. 

HMC Response: 

Grants-Milan Municipal Airport is designated on the FAA web site as an AWOS IIIP/T (see 
https://www.faa.gov/air_traffic/weather/asos/?state=NM). The Grants-Milan airport switched from an 
ASOS to an AWOS in November 2011 according to airport staff that maintains the station. Airport staff 
confirmed that the designation has not been updated in the NOAA records, and stated the primary 
differences between ASOS and AWOS is administrative. That is, ASOS are maintained by a 
government entity whereas AWOS are maintained by private contractors.  The Gallup and Albuquerque 
International Airport are ASOS.   

RAI-10a(2) 

Confirm whether the wind instrumentation at the Grants-Milan Met station during the 2017-2019      POR 
were mechanical wind speed and wind direction or sonic anemometer devices. The NRC staff recognizes 
that an instrumentation change may not be coincident with a change in station type designation. 

HMC Response: 

According to airport staff that maintains the Grants-Milan airport weather station, a sonic anemometer 
is used to measure wind speed and direction. Measurement height is 10m. 

RAI-10a(3) 

If measurements at the Grants-Milan Met station were made using a sonic anemometer, confirm whether 
the wind values were developed as scalar or vector averages. If the latter, also verify whether the vector 
values reported were developed as unit vectors or calculated using another approach. 

HMC Response: 

The data that was used in the model was obtained from the National Climatic Data Center 
(https://www1.ncdc.noaa.gov/pub/data/noaa/) in the 3505-ISD (integrated surface data) format. 
According to the 3505-ISD description these data represent averages across the averaging period. The 
averaging period for earlier data (pre 2010) was typically hourly. Later data represent averages across 
approximately 20 minutes.  Airport MET station staff indicated that the original data are stored as scaler 
quantities, although vector calculations are used in the computations. The U.S. EPA, Office of Air 
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Quality Planning and Standards (email from George M. Bridgers, 02/02/2022, Research Triangle Park, 
AQAD Air Quality Modeling Group), which uses the 3505-ISD in their AERMOD model for regulatory 
compliance determination, confirmed that scaler quantities are reported in the 3505-ISD data.  

RAI-10a(4) 

Verify if the wind (and other) values in the Grants-Milan Met data set input to CALPUFF represent hourly 
averages, some shorter averaging interval, or discrete observations made by the system. 

HMC Response: 

Data in the 3505-ISD data for the 2017-2019 period represent three, 20-min averages per hour. Hourly 
averages are calculated within the CALMET SMERGE surface data preprocessor.   

RAI-10a(5) 

If the Grants-Milan wind speed and/or wind direction data represent vector averages, identify and, if 
needed, reconcile any potential effects on the transport component of the CALPUFF dispersion modeling 
and results between that Met station and that measured by the HMC onsite   monitoring program. The 
onsite wind data are presumably scalar-average values. 

HMC Response: 

The values in the 3505-ISD data represent scaler quantities, so this RAI is not applicable. 

RAI-10a(6) 

Either revise or justify as to their applicability (as appropriate) any tabular and/or graphic presentations in 
the LAR of the CALPUFF modeling results and conclusions drawn from those results. The NRC staff 
recognizes that vector-averaged wind speed values may be smaller and/or wind direction values different 
than scalar-averaged values. So, for example, to the extent that lower wind speeds based on the Grants-
Milan data contribute to any transport calculations (e.g., based on the bias variable and/or the radius of 
influence options in CALMET), downwind plume transport may be less and higher concentrations may be 
found closer to modeled source(s) compared to the dispersion patterns using larger, scalar-averaged 
wind speed values. 

HMC Response: 

The transport calculations have been revised, not based on scaler or vector quantities, since scaler 
quantities were used, but in later review of the modeling, the UTC time shift was incorrect for the HMC 
data in the CALMET meteorological preprocessor SMERGE. This has been corrected and new isopleth 
plots and concentration tables are provided in Attachment A (an Addendum to HMC’s December 18, 
2020 license amendment request).  While the values have changed in the tables and figures, the 
conclusions of the LAR have not changed based on the corrected results. The recently published paper 
on this subject in Health Physics (Rood and Whicker, 2022) reflects the corrected results.  

REFERENCES 

Rood, A.S., and R Whicker. 2022. “Spatial Variability and Behavior of Background Radon 
Concentrations in Ambient Air in the San Mateo Basin of the Grants Mineral Belt” Health Physics 
122(3): 409-432. 
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RAI-10b 

Address the potential issues identified under RAI-10a that may also apply to the other offsite surface Met 
data input to the CALPUFF dispersion model. The NRC staff did not evaluate the station designations 
(e.g., AWOS, ASOS), wind instrumentation types, data averaging approaches, or reporting intervals for 
the Gallup Municipal Airport and the Albuquerque International Airport for the 2017-2019 POR. 

HMC Response: 

The surface stations at Gallup and Albuquerque are AWOS stations and data was obtained in the 3505-
ISD format. These stations lie outside the model domain and wind speed and direction have no bearing 
on the model simulations.  These stations were included for their cloud cover measurements and 
barometric pressure measurements. They provide values if the data is missing from the Grants-Milan 
airport data. There are no issues with regards to using the airport data from Gallup and Albuquerque 
to supplement cloud cover data from the Grants-Milan airport.  

The use of airport data in regulatory model applications has been accepted by US EPA for many years. 
The use of site-specific (or onsite) data is preferable, but not always achievable. Airport data contain 
cloud cover data which is a required parameter for determining turbulence statistics in the models. 
Therefore, even if site-specific data is available, both AERMOD and CALPUFF require airport data for 
cloud cover values unless these data can be estimated by the site-specific data.   

RAI-10c 

Provide the original or revised (as appropriate) ASCII-character data files for each year of sequential 
hourly offsite surface Met data (i.e., 2017, 2018, and 2019) including any information regarding formatting 
of those files, units of measure by parameter, averaging or observation intervals, time stamping (e.g., 
hour beginning or hour ending) of the data, etc. 

HMC Response: 

The original ASCII data files downloaded from NCDC in the 3505-ISD format for Albuquerque, 
Grants-Milan, and Gallup airports are provided in Attachment E along with the documentation of the 
ISD format in pdf format (isd-format-document.pdf).  

RAI-11 

Background 

Additional technical information is needed to support the NRC staff’s review of inputs to and outputs of the 
CALPUFF dispersion modeling analyses, and conclusions drawn from various modeling and ambient 
measurement results in the current LAR (HMC, 2020a). Model inputs include data from HMC’s onsite Met 
monitoring program at the GRP site. Outputs and conclusions include various tabular, graphic, and narrative 
explanations of modeling results as well as ongoing and supplemental ambient radon and radon-related 
measurements made at the site, in the site vicinity, and surrounding area. Those dispersion analyses and 
measurements were performed to support, in part, the proposed relocation of the background radon 
monitoring location(s) said to be representative of the GRP site as discussed throughout the current LAR. 

RAI-11a 

Clarify the CALPUFF model’s status accordingly as summarized below and as stated in the text    of LAR 
Attachment 2. 
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HMC Response: 

The current status of CALPUFF is taken from the CALUFF web page at: 

http://www.src.com/calpuff/regstat.htm 

From April 2003 until January 2017, CALPUFF was the U.S. Environmental Protection Agency (EPA) 
preferred model for long-range transport for the purposes of assessing National Ambient Air Quality 
Standards (NAAQS) and/or Prevention of Significant Deterioration (PSD) increments. With the 2017 
revisions to the Guideline on Air Quality Models (Appendix W to 40 CFR Part 51), the EPA has 
established in Section 4.2(c)(ii) a screening approach for long-range transport assessments for NAAQS 
and PSD increments. This screening approach will streamline the time and resources necessary to 
conduct such analyses and provides a technically credible and appropriately flexible way to use 
CALPUFF or other Lagrangian models as a screening technique. With the establishment of the 
screening approach for long-range transport, CALPUFF was delisted as an EPA preferred model in the 
2017 revised Guideline. Should a cumulative impact analysis for NAAQS and/or PSD increments be 
necessary beyond 50 km, the selection and use of an alternative model shall occur in agreement with 
the appropriate reviewing authority and approval by the EPA Regional Office based on the requirements 
of Appendix W, Section 3.2. 

As stated in Section 6 of the Final Rulemaking Notice for the January 2017 revision of the U.S. EPA 
Guideline on Air Quality Models, (82 FR 5196) “EPA’s final action to remove CALPUFF as a preferred 
appendix A model in this Guideline does not affect its use under the FLM’s [Federal Land Managers] 
guidance regarding AQRV [Air Quality Related Values] assessments (FLAG 2010) nor any previous 
use of this model as part of regulatory modeling applications required under the CAA [Clean Air Act]. 
Similarly, this final action does not affect the EPA’s recommendation that states use CALPUFF to 
determine the applicability and level of best available retrofit technology in regional haze 
implementation plans. It is also important to note that the use of CALPUFF in the near-field as an 
alternative model for situations involving complex terrain and complex winds is not changed by removal 
of CALPUFF as a preferred model in appendix A. The EPA recognizes that AERMOD, as a Gaussian 
plume dispersion model, may be limited in its ability to appropriately address such situations, and that 
CALPUFF or other Lagrangian model may be more suitable, so we continue to provide the flexibility of 
alternative model approvals (as has been in place since the 2003 revisions to the Guideline).” 

The CALPUFF modeling system is recommended by the Federal Land Managers’ Air Quality Related 
Values Workgroup (FLAG) for assessing the effects of distant and multi-source plumes on visibility and 
pollutant wet/dry deposition fluxes. The CALPOST processor implements the algorithms recommended 
by FLAG for assessing the change in plume extinction due to a modeled source or group of sources. 
CALPUFF postprocessors allow the calculation of pollutant deposition fluxes of nitrogen and sulfur as 
described by the FLAG guidance. More details are provided in the October 2010 FLAG Phase I Report 
Revised. 

RAI-11b(1) 

Confirm if the calm threshold for the Grants-Milan Municipal Airport (i.e., 1.5 m/sec) was only input to the 
CALPUFF model for that and the other two offsite airport Met stations, or for all Met   monitoring locations 
including the HMC site, or if the 0.5 m/sec calm threshold was specified for    the HMC site. 

 

 

http://www.src.com/calpuff/regstat.htm
http://www.nature.nps.gov/air/Permits/flag/index.cfm
http://www.nature.nps.gov/air/Permits/flag/index.cfm
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HMC Response: 

The anemometer windspeed threshold is not an input into CALMET model. In CALPUFF only a single 
calm threshold is allowed through the variable WSCALM.  The WSCALM value was set at its default 
value of 0.5 m/s which is the calm threshold for the HMC anemometer. NRC staff correctly point out 
that the onsite meteorological data are most applicable to the dispersion application and therefore 
setting WSCALM to 0.5 m/s is appropriate. The discussion to RAI-11b(1&2) refers to a citation in the 
CALPUFF manual concerning minimum windspeed for non-calm conditions (i.e., calm threshold) when 
using detailed wind and turbulence measurements. Detailed wind and turbulence measurements were 
not used in these simulations. 

RAI-11b(2) 

If a calm threshold other than 0.5 m/sec was assigned to the wind data from the HMC site, revise or justify 
any tabular and/or graphic presentations of modeling results and conclusions drawn from those results. 

HMC Response: 

See response to RAI-11b(1).   

RAI-11c 

Confirm whether the CALPUFF modeling results for receptors at or near the HMC site indicate a  similar 
peak-to-minimum diurnal variation of 20 to 50 times as stated in the referenced text or the significantly 
lower factor of 10 night-to-day ratio as mentioned in HMC’s response to EPA Comment No. 4. 

HMC Response: 

Hourly-average concentrations at HMC-4, HMC-5, HMC-1OFF, and HMC-16 for ubiquitous radon 
source were extracted from the CALPUFF output and the maximum and minimum daily concentration 
values were extracted for each day of the year for 2017. The ratio of the daily maximum to minimum 
concentration for 2017 are summarized in the Table below. Stations on the wash (HMC-4, HMC-5 and 
HMC-1OFF) exhibit a similar average value and spread, however stations HMC-4 and HMC-5 have 
slightly higher average ratios than HMC-1OFF. The average ratio and minimum and maximum ratio are 
in the range of the observed diurnal variation in radon concentration. Station HMC-16, the current 
background station, had the smallest spread and lowest average ratio, which is consistent with the 
conceptual model because this station will be less impacted by inversion conditions and nocturnal 
drainage flow.  

Statistic HMC-4 HMC-5 HMC-1OFF HMC-16 
Average ratio 23.1 22.6 21.8 20.5 
Minimum ratio 3.87 3.49 4.09 4.41 
Maximum ratio 55.2 47.8 50.45 43.8 
Standard deviation 8.91 8.23 8.54 7.46 

RAI-11d 

HMC should either: (1) provide sufficient additional justification that radon levels in the SMC wash north 
of the site, where HMC-1OFF and HMC-6OFF are located, are representative of all locations in the SMC 
wash surrounding the site on an annual basis and under all conditions, or (2) establish and maintain one 
or more background radon monitoring stations south of the site  (i.e. within the direction sectors indicated 
below) and propose an approach for defining representative background conditions at the compliance 
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points (i.e., at HMC-4 and HMC-5) on  an annual average basis which may include the proposed 
background stations at HMC-1OFF and HMC-6OFF. 

HMC Response: 

The revised modeling of ubiquitous background radon sources with CALPUFF (Attachment A) shows 
that the ratios of predicted radon concentrations at HMC-1OFF, HMC-6OFF, HMC-4 and HMC-5, to 
the concentration at the current background station (HMC-16), were within the range of 1.64 to 1.74 for 
the case with enhanced radon flux in the San Mateo Wash, and in the range of 1.34 to 1.40 for the case 
of spatially constant radon flux across the model domain (see table below). The average ratios for 
HMC-4 and HMC-5 are nearly identical to the average ratios for HMC-1OFF and HMC-6OFF.    

Station 
Ratio to HMC-16 for the 

enhanced radon flux in San 
Mateo Wash 

Ratio to HMC-16 for the 
constant radon flux across 

the model domain 
HMC-4 1.64 1.34 
HMC-5 1.73 1.40 
HMC-1OFF 1.74 1.40 
HMC-6OFF 1.65 1.34 
Average, HMC-4 & -5 1.69 1.37 
Average, HMC-1OFF & -6OFF 1.70 1.37 

The ubiquitous background sources modeled include radon generated from all directions including SE 
clockwise to WNW and from the SW.  Modeling is the only quantitative method to account for all 
processes that govern dispersion and dilution of atmospheric sources and is thus preferable to an 
approach involving calculation of contributing fractions based solely on frequency of winds from various 
compass directions, even accounting for calm conditions and light wind speeds.  Percentages of light 
wind speeds occurring from various compass directions would not provide an accurate measure of true 
background radon concentrations at stations HMC-4 and HMC-5. Although light wind speeds occur 
during stable atmospheric conditions, they also occur during unstable conditions (see Table 6-8b in 
USEPA, 2000) when inversion conditions are absent and vertical mixing and dispersion/dilution have 
greater influence on associated concentrations.  In addition, radon flux from ubiquitous background 
sources is generally expected to be at a diurnal minimum during unstable atmospheric conditions when 
air temperatures exceed soil temperatures (Rood and Whicker, 2022).   

Adding an additional radon monitoring station south of the point of compliance stations would be 
inconsistent with the Radon ISG as it could be subject to “downwind” influences from site radon 
emissions under prevailing low-speed wind directions of greatest importance to radon migration (i.e. 
nocturnal drainage flow from the ENE, NE, E, and NNE under stable atmospheric conditions).  Based 
on extensive modeling and measurements conducted by HMC over the past decade, additional radon 
monitoring stations are not necessary to verify that concentrations at HMC1-OFF and HMC-6OFF are 
representative of conditions at HMC-4 and HMC-5.   

Based on the modeling and measurements, the concentrations at HMC-1OFF and HMC-6OFF are 
consistent with background radon concentrations at the GRP as shown by multiple lines of evidence. 
This does not mean that the radon observed at HMC-1OFF and HMC-6OFF originates from the same 
background radon sources that influence naturally occurring concentrations at the point of compliance 
boundary stations, but that it behaves much the same in terms of magnitude and variation. This is 
consistent with the guidance provided in the Radon ISG for selection of a representative background 
radon monitoring location.  The proposed background stations on the SMC wash north of the site 
(HMC-1OFF and HMC-6OFF) are located within the same geology and position within the wash as the 
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GRP and are “upwind” from the facility with respect to the nocturnal flow regime that has the greatest 
influence on radon migration and concentrations at any given location on the SMC wash. These stations 
clearly meet the specifications of an appropriate background station as described in the Radon ISG.  

The revised Figure 15 in the LAR Addendum (Attachment A) shows a similar spatial distribution of 
radon concentrations as the original. Note that the contouring is based on interpolated concentrations 
(176 m grid spacing) from each of the 611 source nodes normalized to HMC-16 whereas the ratios 
reported in the table above are based on the actual point concentration at the discrete location of the 
radon detector.  

Both modeling and measurements indicate spatial variability in background radon concentration. 
Additionally, measurement uncertainty also needs to be considered and thus, some variability observed 
in the measurements reflect variations in measurement error and not actual natural variability (this fact 
is recognized on page 16 of the Radon ISG). It is beyond the accuracy and precision of track-etch 
detectors to discern such minor differences between monitoring stations.  Both modeling and 
measurements have shown little influence from the GRP tailings pile beyond about 1 km. The ratio of 
measured concentrations for 2020 to HMC-16 for HMC-1OFF, HMC-4 and HMC-5 were 1.79, 1.89, 
and 1.94 respectively. The higher ratios at HMC-4 and HMC-5 may be due to the presence of the GRP 
tailings piles or from localized soil contamination, both of which would be considered sources of effluent 
radon emissions from the site with respect to public dose calculations. 

The method proposed in Rood (2020) and in the December 18, 2020 LAR presents a viable, and 
conservative method of estimating radon dose to the maximally exposed member of public (i.e., dose 
from a maximum net annual “effluent” radon concentration at point of compliance stations HMC-4 and 
HMC-5). Using the 2020 data, the annual average radon concentration at HMC-1OFF was 0.73 pCi/L. 
Measurements were not made at HMC-6OFF for 2020, but historical data and modeling show 
HMC-6OFF to be lower by about a factor of 0.94. Therefore, the estimated radon concentration at 
HMC-6OFF would be 0.94 x 0.73 pCi/L = 0.69 pCi/L. The measured concentration at HMC-4 and 
HMC-5 was 0.77 and 0.79 pCi/L respectively. Taking the higher of the two boundary stations and 
subtracting the smaller of HMC-1OFF and HMC-6OFF gives a net radon concentration of 0.1 pCi/L. 
This result is slightly higher than, yet also reasonably consistent with, predicted effluent radon 
concentrations from the tailings piles based on CALPUFF modeling.  This degree of comparability 
between modeling and measurements is consistent with the specifications of the Radon ISG. The 0.1 
pCi/L differential is within the 10-20% measurement error of the track-etch detectors. Having 
background concentrations from two background stations and two compliance stations minimizes (but 
not eliminates) the possibility that the differential is negative.     

Finally, the proposed method of estimating effluent radon concentrations (based on measurements 
alone) assumes that the differential between the background and boundary station is due solely to 
effluent radon emissions from the GRP.  However, it may also be due to slightly higher natural 
background radon emissions near stations HMC-4 and HMC-5 (versus what is present in the vicinity of 
HMC-10FF and HMC-6OFF).  Existing gamma survey data provide indirect indications of this 
possibility.  If so, the estimated net exposure concentration under the proposed protocols would provide 
conservative, upper bound estimates of net annual effluent radon concentrations and corresponding 
public dose estimates. 

REFERENCES 

U.S. Environmental Protection Agency (USEPA).  2020.  Meteorological Monitoring Guidance for 
Regulatory Modeling Applications.  EPA-454/R-99-005.  February. 
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Environmental Restoration Group, Inc. 
8809 Washington St NE, Suite 150 

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

www.ERGoffice.com 
 

ATTACHMENT A1 – ADDENDUM TO DECEMBER 18, 2020 TECHNICAL REPORT 
To: Brad Bingham (HMC) Date: March 13, 2022 
From: Randy Whicker (ERG) Project: HMC Grants Reclamation Project 
Direct: 970-556-1174 Task(s): Health Physics Support 
Cc: Adam Arguello (HMC); Jennifer Ortega (HMC) 
Subject: Addendum to the Technical Report regarding HMC’s December 18, 2020 license amendment 
request to relocate the background radon monitoring station for the Grants Reclamation Project. 

 
Dear Mr. Bingham, 
 
This document represents an Addendum to the Technical Report (TR) for the December 18, 2020 
“Homestake Mining Company of California – Grants Reclamation Project – Revised Request for 
Amendment to License No. SUA-1471, Docket 040-08903, to Change the Background Monitoring Location 
for Radon and Ambient Gamma Radiation” (NRC ADAMS Accession No. ML20356A288).  The Technical 
Report (TR) was presented in Attachment 1 to HMC’s December 18, 2020 license amendment request 
(LAR). The reason for this Addendum to the TR is to update applicable text and figures based on 
completion of a full four consecutive quarters of radon monitoring data from the “radon versus distance” 
study [distance from the Large Tailings Pile (LTP)] as conducted in 2020.  Due to submittal schedules with 
NRC, the original LAR submittal included radon versus distance study data only for three consecutive 
quarters in 2020.    
 
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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PREFACE:  The following text and figures have been updated from Sections 3.8, 3.10, 4, 5, and 6 of the 
original December 18, 2020 License Amendment Request (LAR) submittal from Homestake Mining 
Company of California (HMC) for the Grants Reclamation Project (GRP).  Changes to text from the original 
submittal are shown in redline editing font.  All figures have been revised accordingly.   

3.8 2020 HMC Study of Radon Versus Distance from LTP 

In the first quarter of 2020, HMC initiated a special year-long study of ambient radon concentrations as a 
function of distance from the LTP at the HMC Site.  The basic Study design includes eight (8) historic 
locations for routine environmental radon monitoring near Site boundaries, and 20 new monitoring 
locations along five transects radiating in various compass directions from the approximate centroid of 
the LTP (Figure 9, as Amended in this submittal).  New stations were installed at the approximate centroid 
of the LTP and off-pile locations every 500 meters along the radial transects.  Transect directions were 
intended to approximate general directions of historic boundary monitoring locations relative to the LTP, 
and to also provide for relative ease of access for replacing quarterly radon track-etch detectors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A plot of average radon concentration for four consecutive quarters in 2020 versus distance from the 
approximate centroid of the LTP (Figure 10, as Amended in this submittal) is reasonably well-modeled 

Figure 9: Radon vs. Distance study design with mean values shown for quarters 1-4 in 2020. 
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with a fourth order polynomial regression (R2 = 0.82).  This relationship suggests that the maximum range 
of measurable impacts from radon emissions from the tailings piles is somewhere between 0.5 - 1 km 
from the centroid of the LTP, possibly somewhat dependent on direction from the LTP in relation to local 
diurnal wind patterns.  Beyond this range of influence, ambient radon levels generally reflect spatial 
variability in down-drainage migration from adjacent upland areas, combined with variations in Ra-226 
concentrations in soils across the SMC wash (Figure 11, as Amended in this submittal).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: 2020 Radon vs. Distance study data for quarters 1-4. 

Figure 11: Annotated Radon vs. Distance study data (in pCi/L) overlain on kriged gamma survey data (µR/hr) 
in the vicinity of the HMC tailings piles. 
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For example, slightly elevated radon levels to the northeast of the LTP occur at the confluence of the LC 
and SMC washes and also appear spatially correlated with a relatively large area of slightly elevated 
gamma radiation.  Slightly elevated radon levels southwest of the STP near air monitoring stations HMC-4 
and HMC-5 also appear spatially associated with adjacent soil impacts on HMC property (Figure 11).   It is 
notable that the polynomial curve in Figure 10 asymptotically levels off close to a value of 0.70 pCi/L, the 
same value statistically derived by Rood (2020) (by as Amended by Rood, 2022) to represent the annual 
average background radon concentration in the vicinity of the HMC Site (see Section 3.10 and LAR 
Attachment 2). 

Applicable guidance from the NRC with respect to determination of compliance with 10 CFR 20.1301 
public dose limits (USNRC, 2019a) provides a simplistic approach for quantifying effluent radon emissions 
from the facility based on the difference in average measured radon levels at the approved background 
monitoring station and at the point of compliance for public dose determination (e.g. the facility boundary 
monitoring station closest to the nearest public resident).  The net difference is assumed to represent the 
contribution of effluent radon from facility emissions at the point of compliance.   

An important implication of the results of the radon versus distance study, as well as updated modeling 
of the dispersion of effluent radon emissions from the tailings piles [see Rood, 2020; Section 3.10 and LAR 
Attachment 2 (as Amended with this submittal)], is that this assumption may not be valid for the HMC 
Site as background varies spatially and temporally, there is considerable uncertainty in track-etch detector 
measurements, and the locations of point of compliance stations HMC-4 and HMC-5 may be located near 
or beyond the maximum distance from the tailings piles at which impacts in excess of background levels 
can realistically be measured.  Further complicating matters is the recent discovery of slightly elevated 
Ra-226 levels in soils on HMC property adjacent to Stations HMC-4 and HMC-5, possibly due to 
contamination from the previously mentioned 1977 spill of tailings from the LTP (see Section 3.7) and the 
potential influence of radon releases from these soils on average ambient levels measured at these two 
stations.  

Under these circumstances, the only viable option available to HMC appears to be to follow the applicable 
NRC guidance (USNRC, 2019a) for determining public dose from radon based on measurements alone, 
but with relocation of the background monitoring station to a more representative location on the floor 
of the SMC wash in which the Site is situated.  Although the net difference between average radon at Site 
boundary monitoring Stations HMC-4 and HMC-5 and the average radon level at proposed background 
monitoring stations on the floor of the SMC wash (HMC-1OFF and HMC-6OFF as recommended in Rood, 
2020) is unlikely to reflect an incremental increase in radon due to radon emissions from the tailings piles, 
it may reflect any increase due to releases from nearby contaminated soils on HMC property, depending 
on variations in background levels and analytical uncertainties in any given year.  

3.10 2020 Updated Atmospheric Radon Dispersion Modeling 

In support of HMC’s responses to RSIs/RAIs from the NRC and EPA concerning HMC efforts to amend the 
license for relocation of the background radon monitoring station (see LAR Attachment 3), HMC 
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commissioned specialized outside expertise to perform updated and highly sophisticated atmospheric 
radon dispersion modeling for the complex geomorphic terrain and variable sources of background radon 
emissions surrounding the Site [Rood, 2020; LAR Attachment 2 (as Amended by Rood, 2022)].  Data used 
for this modeling included 1) data from previous radon studies in the historic Ambrosia Lake and San 
Mateo uranium mining/milling districts (see Sections 3.2 and 3.3), 2) recent meteorological monitoring 
data collected at HMC’s MET station and the Grants-Milan municipal airport (between 2017-2019), and 
3) routine long-term and recent short-term monitoring data collected by HMC to characterize pertinent 
radiological conditions in the vicinity of the Site [see Sections 3.6 – 3.9 (Section 3.8 as Amended in this 
submittal)]. 

The results of the updated radon dispersion modeling indicate that radon concentrations in the bottom 
of SMC wash are characteristically higher than radon concentrations in surrounding upland areas above 
the wash. This conclusion is based on numerous lines of evidence including measured and modeled 
concentrations of background radon associated with radon emissions.  Both model simulations and 
measurements indicate that the background radon station should be located in the SMC wash and not in 
upland areas, eliminating stations HMC-16, HMC-2OFF, HMC-3OFF, and HMC-4OFF from consideration as 
representative background monitoring locations.  Based on measurements with alpha track-etch 
detectors from HMC’s current (and expected future) radon monitoring vendor (i.e. Rapidos® detectors 
from Radonova), Rood (2020) (as Amended by Rood, 2022) developed a statistical estimate of the average 
ambient background radon at the Site boundary (0.70 pCi/L) based the intercept on a linear regression of 
predicted versus observed radon values at various locations surrounding the HMC tailings piles.  This value 
matches the measured average at station HMC-1OFF in the radon versus distance study discussed in 
Section 3.8 (as Amended), and also agrees with the average value measured at distances from the LTP 
where asymptotic leveling occurs in the polynomial relationship shown in Figure 10 (as Amended).  

Uncertainties associated with use of a single background radon monitoring station include 1) spatial and 
temporal variation in background levels at Site boundary monitoring locations, 2) analytical measurement 
uncertainty for track-etch detectors, and 3) an annual regulatory reporting schedule based on 4 quarterly 
measurements (e.g. a single anomalous reading can significantly bias the calculated annual average).  
Based on short-term monitoring results for the radon versus distance study (see Section 3.8, as Amended), 
average radon levels at locations ≥ 1 km from the center of the LTP are conservatively estimated to be 
influenced primarily by spatial variations in Ra-226 concentrations in local soils and down-drainage 
migration of radon emissions from ubiquitous terrestrial sources across adjacent upland areas.  All routine 
Site boundary monitoring stations are located greater than 1 km from the center of the LTP, and the 1-
sigma measurement uncertainty reported by the radon monitoring vendor typically ranges from 10 to 
20%.  Thus, variations in results for most Site boundary radon monitor stations likely reflect variations in 
background conditions combined with analytical measurement uncertainty.  

In accordance with applicable guidance from the NRC (USNRC, 2019a), a representative background radon 
station should be located upgradient from the tailings piles in the approximate center of the SMC wash, 
and at sufficient distance from the tailings piles to be unaffected by effluent radon emissions from the 
Site.  The background location should also exhibit average radon levels consistent with the background 
value derived by Rood (2020) (as Amended by Rood, 2022) based on the statistical linear regression 
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between modeled and measured values.  Two monitoring stations meet all of these criteria: HMC-1OFF 
and HMC-6OFF.  Rather than choose a single station for compliance monitoring, HMC proposes that the 
minimum annual average result for HMC-1OFF or HMC-6OFF be conservatively used as the background 
value as suggested by Rood (2020).  HMC proposes subtraction of this background from the maximum 
average value from stations representing the nearest member of the public (HMC-4 and HMC-5) to 
represent the incremental effluent radon concentration attributable to emissions from the Site for annual 
demonstration of compliance with the public dose limits specified in 10 CFR 20.1301. 

4. Summary Discussion 

The Site radon monitoring data presented in this report indicate that background radon concentrations 
at HMC-16 are typically on the order of 55-60% that of background radon concentrations that occur across 
the SMC wash.   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. 

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. Outdoor radon concentrations are highest under stable atmospheric conditions with little wind 
(typically in the early morning hours).  In valley locations, high radon concentrations also correlate 
with inversion conditions that commonly occur in the SMC.  Migration of radon from nearby 
upland 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 local 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, provided that the area with higher Ra-226 levels is large enough 
to represent a significant localized source of radon emissions.    

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 
sizeable areas with higher gamma radiation will tend to have higher radon concentrations.  The latter 
circumstance is apparent across most upgradient background areas (see Section 3.7), though drainage 
flow from near-field upland sources beyond the SMC wash contributes to average local radon levels within 
the wash. 
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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.  Statistical comparisons indicate that radon levels at 
HMC-16 belong to a different population of background values relative to stations located within the SCM 
wash (Section 3.6.1), and the results of both radon monitoring measurements and updated radon 
dispersion modeling (Rood, 2020, as Amended by Rood, 2022) confirm this finding. 

Both NRC and EPA have previously suggested that station HMC-1OFF 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 is linked to past cleanup of windblown soil 
contamination and/or excavation of borrow materials in these same areas (Section 3.7, Figure 8).  

Based on the method proposed by Droppo and Glissmeyer (1981), Rood (2020) (as Amended by Rood, 
2022) derived a statistical estimate of the expected annual average background radon concentration at 
the Site (0.70 pCi/L).  This estimate was based on data collected for the radon versus distance study 
(Section 3.8, as Amended with this submittal) with passive Rapidos® radon track-etch detectors, along 
with recent onsite MET station data and CALPUFF atmospheric dispersion modeling (Section 3.10 and LAR 
Attachment 2, as Amended).  This derived estimate matches the measured average at station HMC-1OFF 
during the same study period, and also agrees with the average of values measured at distances from the 
LTP where asymptotic leveling occurs in the polynomial relationship shown in Figure 10 (as Amended).   

Based on the radon versus distance study data shown in Figure 10 (as Amended), along with CALPUFF 
modeling of the dispersion of radon emissions from the tailings piles (Rood, 2020, as Amended by Rood, 
2022), measurable impacts from tailings pile emissions appear limited to areas within about 1 km from 
the centroid of the LTP.  Variations in average measured radon levels at Site boundary monitoring stations 
primarily reflect spatial and temporal variations in background conditions, combined with analytical 
measurement uncertainty. 

In addition to meeting geologic/geomorphic criteria for selection of a representative background radon 
monitoring location as specified in the NRC’s ISG Radon Guidance (USNRC, 2019a), the background 
location should exhibit average radon levels consistent with background values derived for the Site by 
Rood (2020) (as Amended by Rood, 2022).  Two monitoring stations meet all of these criteria: HMC-1OFF 
and HMC-6OFF.  Rather than choose a single background station for compliance monitoring, the Rood 
(2020) study (as Amended by Rood, 2022) suggested that the minimum annual average result for 
HMC-1OFF or HMC-6OFF be conservatively used as the background value.  HMC proposes subtraction of 
this background from the maximum average value among stations representing the nearest member of 
the public (HMC-4 and HMC-5) to represent the incremental effluent radon concentration attributable to 
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Site emissions for annual demonstration of compliance with the public dose limits specified in 10 CFR 
20.1301.  

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 extensive radon monitoring, gamma surveys, 
and radon flux measurements in the environs surrounding the HMC Site, along with updated 
atmospheric dispersion modeling that considers ubiquitous sources, complex terrain and variable 
wind fields in this part of New Mexico (Rood, 2020).   

• Historic radon transport studies in this part of New Mexico (Gedayloo et al., 1979; Droppo and 
Glissmeyer, 1981) also document down-drainage radon migration in the Ambrosia Lake and SMC 
airsheds, though far-field transport from distance radon sources is not supported by more 
sophisticated and powerful modeling performed by Rood (2020) (as Amended by Rood, 2022). 
The study by NMEI (1974) showed inversion conditions in the SMC basin, which occur 60% of the 
time, result in higher radon concentrations in low lying areas compared to upland terrain.   

• The current background radon monitoring station (HMC-16) is located in an upland area, well 
beyond the floor of the SMC wash, and the radiological properties of local geologic materials differ 
significantly from the alluvial materials in the wash where the Site is situated.  This location is 
inconsistent with applicable radon guidance from the NRC (USNRC, 2019a), and statistical 
comparisons indicate that radon levels at HMC-16 belong to a different population of background 
values relative to stations located within the SMC wash. 

• The proposed upgradient background stations HMC-1OFF and HMC-6OFF are located near the 
middle of the northern portions of SMC wash, 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.  The nearest member of the public, along with the two nearby radon 
monitoring stations used to estimate public dose (HMC-4 and HMC-5), are located downgradient 
of the tailings piles in the approximate center of southern portions of the SMC wash. 

• Measurable impacts from tailings pile emissions appear limited to areas within about 1 km from 
the centroid of the LTP, and variations in average measured radon levels at Site boundary 
monitoring stations are primarily governed by spatial and temporal variations in local background 
conditions, combined with analytical measurement uncertainty.  Effluent radon emissions from 
the tailings piles have no measurable influence on ambient radon levels at HMC’s proposed 
background monitoring stations (HMC-1OFF and HMC-6OFF), located approximately 4 km north 
of the Site on the floor of the SMC wash. 
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• Rood (2020) (as Amended by Rood, 2022) derived a statistically-based estimate of the expected 
annual average background radon concentration in the vicinity of the Site (0.70 pCi/L)1 based on 
the linear regression approach proposed by Droppo and Glissmeyer (1981).   Specifically, the 
intercept on linear regressions between observed versus predicted values (Rood, 2020) most 
closely match measured annual averages at offsite stations HMC-1OFF and HMC-6OFF, making 
these two offsite stations the best candidates to represent background conditions at the point of 
compliance (stations HMC-4 and HMC-5).  These background radon monitoring locations are also 
consistent with applicable radon guidance from the NRC (USNRC, 2019a). 

• Based on the above findings, moving forward HMC proposes that the annual average radon 
concentration at station HMC-1OFF or HMC-6OFF (whichever is lower) be used to represent 
background conditions with respect to annual public dose estimation [based on net differences 
with monitoring results for stations HMC-4 or HMC-5 (whichever is higher)]. 

6. References 

Rood, A. S.  2022.  Attachment A: Updated Figures, Tables, and Text from the Rood 2020 Report and LAR 
that Reflect Corrected Modeling Results and Four Quarters of Radon Data.  March 13, 2022.  [Addendum 
to Attachment 2 of “Homestake Mining Company of California – Grants Reclamation Project – Revised 
Request for Amendment to License No. SUA-1471, Docket 040-08903, to Change the Background 
Monitoring Location for Radon and Ambient Gamma Radiation.”  December 18, 2020.  (NRC ADAMS 
Accession No. ML20356A288)]. 

  

 
1 This value is specifically applicable to measurements with Rapidos® track-etch detectors from Radonova. 



 

ATTACHMENT A2 – ADDENDUM TO HMC DECEMBER 18, 2020 LAR: 
UPDATED FIGURES, TABLES, AND TEXT FROM THE ROOD 2020 REPORT 

THAT REFLECT CORRECTED MODELING RESULTS AND FOUR 
QUARTERS OF RADON MONITORING DATA  

 
This Addendum to HMC’s December 18, 2020 license amendment request (LAR) (NRC 

ADAMS Accession No. ML20356A288), contains revised figures, tables, and text from the report 
Analysis of Background Radon Concentrations for the Homestake Mining Company Reclamation 
Project, Grants New Mexico (Rood, 2020). The revised material reflects one change to the 
modeling and one change to the measurements.  

While reviewing the model simulations during preparation of a manuscript, an error was 
detected in the UTC time shift for the onsite data. This error occurred in SMERGE meteorological 
data processor and not in the CALMET of CALPUFF modeling. This correction also does not 
affect any of the previously reported wind roses. The CALMET and CALPUFF modeling was re-
run using the corrected SMERGE files and results updated. The net effect of the correction was 
predicted annual concentrations increased slightly. While all the model values changed, the 
conclusions did not. The revised results are reflected in the recently published paper in Health 
Physics (Rood and Whicker 2022).  

The second change was to include four quarters of radon data for the 2020 calendar year. The 
Rood (2020) report was completed before four quarters of radon data were acquired. The last 
quarter of 2020 exhibited higher radon concentrations compared to the previous three quarters. 
Thus, the analysis was updated to reflect all four quarters.  

The following figures, tables, and section text reflect the changes. Values in the text that 
changed are highlighted in yellow. Text in italics states what was changed in the figure, table, or 
text. All tables and figures that had any changes resulting from either the modeling correction or 
the addition of four quarters of data were reproduced.   

 
Page 10, Section on Model Validation using Ambrosia Lake Data reflects corrected 

CALPUFF simulation 
 

Model Validation 
The CALPUFF model was tested using the source term and observed concentrations of radon 

in ambient air reported in Droppo and Glissmeyer (1981) for the radon sources in the Ambrosia 
Lake region of the model domain. The source term consisted of 118 point and area sources, most 
being near the Ambrosia Lake region of the model domain, as illustrated in Figure 4. For the 
CALPUFF simulation, the sources in the shaded region were combined into a single diffuse area 
source. The remaining point sources were modeled individually. Source locations and radon release 
rates were compiled from Table 5 in Droppo and Glissmeyer (1981). 

The diffuse area source radon emission rate was calculated by summing the radon releases for 
all the point sources within the polygon region (71,931 Ci yr–1) and dividing by the area of the 
polygon (2.94×107 m2) (77.6 pCi m–2 s–1, accounting for unit conversions). The point source release 
rates were taken from Table 5 in Droppo and Glissmeyer (1981) and converted to units of pCi s–1. 
Sources also included releases from the Bluewater Mill, but these releases did not influence 
concentrations at the monitoring stations. Tables 6 and 7 of Droppo and Glismeyer (1981) provided 
locations of monitoring stations and monitoring data, respectively. CALPUFF model simulations 
were based on meteorological data from 2017–2019. The measured concentrations represent a 
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period from April to September 1978. The modeled concentrations represent the average from April 
to September for 2017, 2018, and 2019 averaged over the three years. The modeled concentrations 
in Droppo and Glissmeyer represent annual averages. 

Measured concentrations represent radon emitted from the source plus background. Thus, a 
background concentration should be added to the modeled concentrations when comparing to the 
measured concentrations. Droppo and Glissmeyer (1981) stated the distant monitoring stations 
(stations 8, 9, and 10) could represent background, and measured concentrations ranged from 0.63 
to 1.25 pCi L–1. It is noteworthy that the station with the highest measured concentration of these 
three stations (station 10) was located in the valley bottom and that the station with the lowest 
concentration was the one with the highest elevation (station 8). Droppo and Glissmeyer assumed 
a background concentration from 0 to 0.5 pCi L–1 because the scatter and uncertainty in the 
predicted and observed values did not allow for a better determination. For this study, background 
was determined two ways. In the first method, the modeled concentration at stations 8, 9, and 10 
were subtracted from the observed concentration and the mean of the three stations (0.60 pCi L–1) 
was taken as background. This value was added to each predicted concentration for comparison 
with the observed value.  In the second method (which was suggested by Droppo and Glissmeyer 
[1981]), the y-intercept of the best fit line between the observed and predicted concentrations was 
taken as the background value (0.920.04 pCi L–1, r=0.76, p=0.01). The predicted values in Table 
represent the predicted value plus the background concentration of 0.60 pCi L–1, but background 
may have been higher in addition to being spatially variable. 

Several simplified performance measures (Cox and Tikvart 1990; Hanna et al. 1991; Weil et 
al. 1992) were used to evaluate model performance. These measures were the fractional bias (FB) 
and normalized mean square error (NMSE). The FB and NMSE are given by 
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where Cp and Co are the observed and predicted concentrations, respectively, and overbars represent 
averages over the samples. The FB is a measure of mean bias, whereas the NMSE is a measure of 
variance. A perfect model would have an FB and NMSE of 0. An FB of 0.6 would indicate model 
under-prediction by about a factor of 2, and a negative value indicates model over-prediction. Other 
performance measures include the mean, geometric mean, standard deviation, and geometric 
standard deviation of the predicted-to-observed (P/O) ratio (Rood 2014). A perfect model would 
have a mean and geometric mean P/O ratio of 1.0, standard deviation of zero, and a geometric 
standard deviation of 1.0.  

As shown by the performance statistics in Table 3, CALPUFF model predictions with a 
background value of 0.60 pCi L–1 agreed very well with the observations, although there was some 
positive bias driven mainly by stations 1, 2, and 8. Station 8 was on the slope above the valley floor 
where background is expected to be lower. All model predictions were less than a factor of 2 
different from the observations. Similar model performance was obtained using a background value 
of 0.92 pCi L–1 however model predictions were biased higher. For comparison, the Droppo and 
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Glissmeyer model showed over-prediction and much greater scatter between the predicted and 
observed values. A plot of the predicted and observed concentrations, including a perfect 
correlation line, is shown in Figure 4. 

An isopleth map of the annual average predicted concentration (without background) from the 
Ambrosia Lake sources (see Figure 5) shows that the radon in the Ambrosia Lake region moves 
down San Mateo Wash but Ambrosia Lake sources have minimal impact on radon concentrations 
at the HMC tailings piles. Predicted concentrations at the HMC tailings piles from Ambrosia Lake 
sources and the Bluewater Mill are ~0.034 pCi L–1. This conclusion differs from that of Droppo 
and Glissmeyer (as illustrated in Figure 5 of Droppo and Glissmeyer [1981]) where they showed 
concentrations of about 0.15 pCi L–1 at the HMC tailings piles. Much of this difference is attributed 
to the use of a sector-averaged Gaussian plume model by Droppo and Glissmeyer. A sector-
averaged model will tend to over-predict concentrations, especially at distant receptors because 
plume mass is confined to the sector width.  
 
Revised Table 3 and Figures 4 and 5 reflect the corrected CALPUFF simulation and analysis of 
the predicted and observed values 

Table 3. Ambrosia Lake monitoring stations, observed concentration, CALPUFF predicted 
concentrations, and modeled concentrations from Droppo and Glissmeyer (1981). Predicted 
concentrations include a background concentration of 0.60.  
     This study Droppo and Glissmeyer 

Station 
UTME 

(m) 
UTM 
(m) 

Elev 
(m) 

Observed 
(pCi/L) 

Predicted 
(pCi/L)a P/Ob 

Predicted 
(pCi/L)a P/Ob 

1 242983 3926424 2144.0 0.94 1.40c 1.49 2.40 2.55 

2 242983 3923714 2133.3 1.99 3.43 1.73 4.60 2.31 

3 243303 3922774 2125.9 3.14 3.86 1.23 6.70 2.13 

4 245213 3920814 2114.5 2.58 2.37 0.92 1.60 0.62 

5 248313 3921484 2142.9 1.77 1.78 1.01 2.40 1.36 

6 243213 3921684 2117.1 3.29 2.34 0.71 2.40 0.73 

7 243833 3920644 2109.4 2.67 1.92 0.72 1.70 0.64 

8 240353 3920414 2171.9 0.63 0.83 1.31 1.48 2.35 

9 241103 3919724 2153.1 0.82 0.93 1.14 1.30 1.59 

10 246333 3915834 2077.9 1.25 0.94 0.75 0.96 0.77 

11 241493 3922524 2126.3 d 1.79  4.00  

12 243083 3923194 2128.8 d 3.65  5.80  

    FB –0.038  –0.29 

    NMSE 0.118  0.53 

    Mean P/O ratio 1.10  1.51 

    Standard deviation P/O ratio 0.34  0.79 

    Geometric mean P/O ratio 1.05  1.30 

    Geometric standard deviation of P/O 1.37  1.79 

a. Predicted concentrations includes a background concentration of 0.60 pCi L–1. 
b. Predicted-to-observed ratio.  
c. Receptor was ~1 km north of northern edge of model domain. Predicted concentration is from the model 

node nearest the receptor extrapolated 1 km north. 
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d. No observed concentration was reported for this receptor. 

 

 
Figure 4. CALPUFF predicted and measured (observed) radon concentration for Ambrosia Lake 
sources. Predicted concentrations include a background concentration of 0.60 pCi L–1. The number 
in each of the black circles is the station number. 
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Figure 5. Isopleth map of CALPUFF-predicted radon concentrations (without background) from 
Ambrosia Lake and Bluewater Mill. Concentrations are in pCi L–1. The isopleth map overlays 
terrain elevations in meters. 

 
Revisions to Page 14, section on Measured Data reflects four quarters of radon data instead of 
three quarters. 
 

MEASURED DATA 
Radon concentrations measured at 35 monitoring stations operated by HMC and the 

CALPUFF modeling formed the basis for determining an appropriate background radon 
concentration at the HMC tailings piles (see Table 4 and Figure 7). The measurement data included 
15 stations over a period of record from 2009–2019 to characterize long-term average radon 
concentrations (long-term dataset). A second set of 20 monitors (designated R- in Figure 7) were 
installed in 2020 as part of a radon versus distance study (ERG 2020a). For this study, monitors 
were installed on the large tailings pile and at radial distances away from the pile (Table 5). This 
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short-term dataset consisted of four quarters of monitoring data for the year 2020 at the 20 stations 
and at some of the long-term stations. The overall higher values for the long-term dataset (Table 4) 
compared to the monitors installed in 2020 (Table 5) are related to a change in the radon vendor. 
The previous vendor that was used prior to the third quarter of 2016 closed its radon business and 
was replaced by a new vendor with a different track-etch model that since 2016 has consistently 
resulted in lower average outdoor radon monitoring results at HMC radon monitoring stations. The 
current background station is HMC-16, which is located on a ridge north-northwest of the tailings 
piles. Monitoring-station coordinates were provided by ERG in latitude and longitude (decimal 
degrees) and were converted to UTM coordinates (Zone 13 NAD 83) using the Corpscon Version 
6.0.1 software (USACE 2004). 
The elevation of each of the long-term samplers as a function of distance from the LTP is illustrated 
in Figure 8. Samplers can be grouped into three sets: (1) samplers nearby that may be influenced 
by HMC LTP and STP emissions, (2) distant samplers upgradient from the HMC tailings piles but 
on the San Mateo Wash floor, and (3) distant samplers on the slopes above the San Mateo Wash 
floor. As noted in the “Model Validation” section, monitoring station 8 on the slope above 
Ambrosia Lake had the lowest radon concentration despite being in closer proximity to radon 
sources than did stations 9 or 10. The same phenomenon is observed here where the distant radon 
monitors located on slopes above the wash consistently had lower annual average radon 
concentrations compared to distant monitors located in the wash. 

It is also noteworthy to mention HMC-3, which lies 1,440 m east-southeast of the LTP, 
consistently had the lowest radon concentration of all the HMC samples excluding the current 
background station, HMC-16 and the OFF samplers. It is situated at a higher elevation than any of 
the HMC samplers surrounding the tailings piles. The four-quarter average concentration at stations 
R-10 and R-11, which lie south and east, respectively, from HMC-3, also exhibit low 
concentrations. It is likely that the majority of radon detected from the HMC- stations represents 
spatial variation of background because there is not a strong signature from the tailings piles at 
these samplers. The R-series of samplers, which include a sampler on top of the LTP, show a 
definite signature with distance from the piles extending about 0.6 km out (see Figure 9). Beyond 
0.6 km, concentrations appear to be influenced mainly by variability in background and 
measurement uncertainty. The nearest long-term sampler (HMC series) is HMC-1 at 1.082 km from 
the LTP. 
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Revised Tables 4 and 5 and Figure 9 reflect 4 quarters of radon data 
 

Table 4. Location coordinates, elevation, distance, bearing, and annual average radon 
concentration for the long-term radon monitors surrounding the HMC tailings piles. 

Name 
UTM East 

(m) 

UTM 
North 
(m) 

Distance 
from HMC 

LTP 
(m) 

Bearing 
from HMC 

LTP 
(degrees) Sector 

Elevation 
(m) 

Long-term 
measured 

222Rn 
(pCi L–1) 

2020 four-
quarter 

average 222Rn 
(pCi L–1) 

HMC-1 239532 3904894 1,082 7.6 N 2007.8 0.99 0.75 

HMC-1A 239556 3905582 1,768 5.4 N 2012.7 1.05 0.73 

HMC-2 240644 3904524 1,438 60.8 ENE 2010.3 1.15 0.85 

HMC-3 240794 3903512 1,440 102 ESE 2014.0 0.84 0.63 

HMC-4 238708 3902261 1,703 204 SSW 1999.8 1.27 0.77 

HMC-5 238617 3903032 1,105 224 SW 2002.6 1.24 0.79 

HMC-6 237953 3903827 1,435 270 W 2003.6 0.99 0.65 

HMC-7 240057 3902724 1,286 149 SSE 2007.1 0.94 0.74 

HMC-16 237709 3907695 4,221 337 NNW 2043.9 0.64 0.41 

HMC-1OFF 241342 3907164 3,871 303 NNE 2020.7 1.15 0.73 

HMC-2OFF 243233 3907243 5,147 48.3 NE 2035.3 0.55 -- 

HMC-3OFF 243937 3905598 4,883 68.7 ENE 2050.0 0.32 -- 

HMC-4OFF 246329 3902569 7,053 100 E 2067.4 0.63 -- 

HMC-5OFF 239036 3908527 4,718 3.56 N 2026.5 1.04 -- 

HMC-6OFF 241458 3908028 4,687 2.62 NNE 2023.0 1.07 -- 

 

Table 5. Location coordinates, elevation, distance, bearing, and four-quarter average radon 
concentration in 2020 for radon monitors installed in 2020. 

Name 
UTM East 

(m) 

UTM 
North 
(m) 

Distance 
from HMC 

LTP 
(m) 

Bearing 
from HMC 

LTP 
(degrees) Sector 

Elevation 
(m) 

2020 four-
quarter average 

222Rn 
(pCi L–1) 

R1 239388 3903822 0.0 N/A N/A 2027.7 1.53 
R2 239540 3904321 521.6 16.8 NNE 2007.8 0.88 
R3 239587 3904813 1011.0 11.3 NNE 2008.0 0.68 
R4 239653 3905290 1491.6 10.2 N 2010.0 0.66 
R5 239738 3905767 1975.9 10.2 N 2012.6 0.73 
R6 240385 3904145 1048.0 72.0 ENE 2010.2 0.89 
R7 240874 3904282 1554.9 72.8 ENE 2008.4 0.90 
R8 241331 3904458 2044.3 71.9 ENE 2012.8 0.80 
R9 240363 3903467 1037.0 110.0 ESE 2011.7 0.76 
R10 240833 3903305 1534.3 109.7 ESE 2013.5 0.66 
R11 241322 3903158 2044.1 109.0 ESE 2018.4 0.58 
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Name 
UTM East 

(m) 

UTM 
North 
(m) 

Distance 
from HMC 

LTP 
(m) 

Bearing 
from HMC 

LTP 
(degrees) Sector 

Elevation 
(m) 

2020 four-
quarter average 

222Rn 
(pCi L–1) 

R12 239530 3903403 442.7 161.3 SSE 2011.4 1.09 
R13 239642 3902830 1024.1 165.7 SSE 2007.3 0.90 
R14 239760 3902364 1505.2 165.7 SSE 2006.9 0.66 
R15 239166 3903416 463.1 208.7 SSW 2009.9 1.03 
R16 238931 3902952 983.0 207.7 SSW 2002.9 0.79 
R17 238687 3902521 1478.1 208.3 SSW 2000.2 0.70 
R18 238413 3902080 1996.8 209.3 SSW 2000.0 0.70 
R19 238441 3903835 947.1 270.8 W 2003.4 0.69 
R20 237432 3903791 1956.6 269.1 W 2002.9 0.62 
 
 

 
Figure 9. Four-quarter average radon concentration as a function of distance from the LTP. The 
four-quarter average concentration measured at HMC-1OFF was 0.73 pCi L–1. 
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Revisions to the section on the modeling of the HMC Tailings piles reflect the corrected CALPUFF 
modeling 
 

HMC Tailings Piles 
The HMC LTP and STP tailings piles were simulated as two polygon area sources (Table 6). 

The terrain model was able to resolve elevation differences between the wash floor and the top of 
the tailings piles. The releases from the slopes of the tailings piles were not included because the 
cover is completed there, and releases would be much smaller than release off the top where the 
cover is not completed. The mean radon flux from 2016 to 2019 was used.  

Predicted concentrations without background at the monitoring stations for each of the three 
years simulated and the three-year average are shown in Figure 11. Predicted concentrations are 
generally consistent from year to year, but some variation is noted. The ratio of the predicted 
concentration for each year (2017, 2018, and 2019) to the three-year average ranged from 0.89 to 
1.08, with an average of 1.01.  

An isopleth map of the predicted radon concentration without background from the HMC LTP 
and STP is illustrated in Figure 12 using meteorological data from 2017. Radon concentrations 
rapidly dissipate with distance from the tailings pile sources. Stations HMC-16 and the -OFF 
stations are all outside the 0.01 pCi L–1 contour line; clearly, the HMC piles have negligible impact 
on those stations. Moreover, stations outside the 0.04 pCi L–1 contour line would be unlikely to 
distinguish from background because of monitor-measurement uncertainty of 10–20%. HMC 
boundary stations outside this contour line include HMC-1, HMC-1A, HMC-2, and HMC-4. The 
general trend of the plume is toward the southwest, which is consistent with light wind speeds and 
drainage flow from Lobo Canyon down the San Mateo Wash. In terms of the concentration 
gradient, samplers north of the piles are upgradient from HMC. The second highest frequency of 
winds are out of the west at HMC (see Figure 3), however these winds are much higher in 
magnitude are a reflective of the afternoon synoptic pattern in the western United States. 
Consequently, dispersion is much greater resulting in no appreciable eastern lobe to the plume 
contour.  
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Revised Figures 11 and 12 have been updated with the corrected CALPUFF simulations 
 

 
Figure 11. Predicted radon concentrations at the radon monitoring stations from LTP and STP 
releases using 2017, 2018, 2019 meteorological data and the three-year average. No radon 
monitoring was performed at the station labeled MetStation because this was the HMC 
meteorological tower.  
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Figure 12. Isopleth map of radon concentrations from HMC LTP and STP tailings piles. 
Concentrations do not include background and are based on meteorological data from 2017. The 
radon isopleth map overlays an isopleth of terrain elevations in units of meters.  
 
Revisions to the section on Tracer Simulations has been updated with corrected CALPUFF 
simulations. Additionally, a tracer source was added to Black Mesa as was done in Rood and 
Whicker (2022). 
 

Tracer Simulations 
 

Tracer simulations were performed using point sources emitting 10,000 pCi s–1 (equivalent to 
a 100-m×100-m area emitting 1 pCi m–2 s–1). Tracer sources were located in canyons and draws 
that drain into the San Mateo Wash (Table 7). The purpose of these simulations was to observe 
general air flow and concentration gradients from hypothetical sources located in the drainages and 
not to model actual emission sources. The general trend of tracer concentrations (see Figure 13) 
shows elongation of the plume toward the San Mateo Wash. Thus, radon emitted from any of these 
sources will, on average, converge on the San Mateo Wash regardless of the tracer source location.  
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Revised Table 7 reflects the addition of the Black Mesa Source 

Table 7. Tracer source description, location, coordinates, and elevation. 

Name/Description UTM E (m) UTM N (m) 
Elevation 

(m) 
Lobo Canyon. ~9.7 km east of LTP 249277 3903176 2109 
Northwest, ~12 km NW from LTP 235754 3915261 2102 
San Mateo, ~11km NNE from LTP 245351 3912992 2059 
San Mateo west of NM 605, ~7.8 km N of LTP 241554 3911492 2069 
Northeast, ~8.6 km NE of LTP 246346 3909070 2148 
Black Mesa, ~5.3 km SSE from LTP 241027 3898745 2125 

 
Revised Figure 13 reflects the corrected CALPUFF simulation for the tracer sources with the 
addition of a tracer source in Black Mesa 
 

 
Figure 13. Tracer concentrations for point sources located in canyons that drain into San Mateo 
Wash. The tracer isopleth map overlays an isopleth of terrain elevations in units of meters. 
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The section on ubiquitous radon sources was updated with the corrected CALPUFF simulation 
and 4-quarters of radon data measured in 2020. 
 

Ubiquitous Radon Sources 
To simulate the distribution of radon concentrations in ambient air from background 

ubiquitous radon emissions in soil, 611-point sources spaced 600 m apart were simulated for a 
subset of the modeling domain that focused on the San Mateo Wash. The region, shown in Figure 
14, included the northern part of Milan, lower Lobo Canyon, and the slopes and ridges to the north 
and west of the San Mateo Wash. Each point source included an initial sigma (standard deviation 
of a circular puff with a Gaussian distribution) of 600 m and thus simulates an area source in the 
same way area sources are simulated in the Gaussian Plume model using a virtual point source. 
Two simulations were run. In the first, a source term equivalent to 1 pCi m–2 s–1 was used for all 
simulated emission sources outside the San Mateo Wash alluvial plain. Within the San Mateo Wash 
alluvial plain (shaded region in Figure 13) a source term equivalent to 1.5 pCi m–2 s–1 was applied 
to each source node. The higher flux in the wash is based on the ratio of mean measured flux in the 
wash (1.4 pCi m–2 s–1) to that on the slopes above the wash (0.9 pCi m–2 s–1). In the second 
simulation a uniform source of 1 pCi m–2 s–1 was applied to all source nodes.  

The purpose of these simulation was to observe the distribution of radon concentrations in the 
San Mateo Wash from ubiquitous background radon sources in the wash and adjacent slopes; it 
was not to quantify background radon.  

The simulation was computationally intensive, requiring over 24 hours of simulation time for 
eight source term sets run in parallel and later summed. Concentrations were calculated at each of 
the 611-source nodes and each of the monitoring stations.  

As shown in Figure 15 for the simulation using enhanced emissions in the San Mateo Wash, 
radon generated throughout the subdomain tended to pool in the bottom of the San Mateo Wash. 
The model shows pockets of lower and higher concentrations in the wash indicating some spatial 
variability may be expected. Predicted radon concentrations normalized to HMC-16 for monitoring 
stations on the slopes above the wash are typically lower compared to stations on the wash floor 
(Figure 16) for the simulation with enhanced emissions in San Mateo Wash and the simulation for 
constant emissions throughout the subdomain modeled. Thus, even for a spatially constant emission 
rate of radon, concentrations on the wash floor tend to be higher than on the slopes above the wash. 
The same is true for the measured data. That is, radon concentrations at HMC-16, HMC-2OFF, 
HMC-3OFF, and HMC-4OFF are lower compared to HMC-1OFF, HMC-5OFF, and HMC-6OFF. 
The predicted concentration at each station, normalized to HMC-16 (Figure 16), show a similar 
trend to the measurements, although there are some differences. Namely, the measured data show 
a greater contrast between stations on the wash floor compared to stations on the slopes. 
Normalized predicted concentrations near the HMC tailings piles and boundary stations (HMC-1 
through HMC-7, R-1 to R-20) ranged from 1.21 to 1.63 for the constant radon emission source and 
1.39 to 2.00 for the simulation that included enhanced radon flux in the San Mateo Wash. The 
measured normalized concentrations at HMC-1OFF and HMC-6OFF (1.67 to 1.80 respectively)1 

 
1 Measured concentrations normalized to HMC-16 at stations near HMC tailings pile (HMC-1 
through HMC-7, R-1 to R-20) ranged from 1.31 to 1.98 for the long-term data set and 1.54 to 3.77 
for the short-term (4 Quarter) data set but many of these stations were influenced by releases from 
the tailings pile. 
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are in the same range at the predicted boundary stations near the HMC tailing piles. The predicted 
ratio at HMC-4 and HMC-5 was 1.64 and 1.73 respectively. Overall, a similar pattern emerges 
where background radon concentrations in the wash floor are higher than on the surrounding slopes. 
This phenomenon was also observed by researchers studying the upper San Mateo Wash NMEI 
(1974) The background radon concentration at a given location is a function of its location relative 
to the bottom of the wash, local radon sources, and its proximity to terrain channel influences that 
would bring radon in from elevated areas to the wash floor during stable atmospheric conditions 
and nocturnal drainage flow. Additionally, inversion conditions also play a significant role in the 
observed higher radon concentrations observed on the wash floor. This modeling exercise and the 
measured data provide strong evidence that background radon concentrations in the San Mateo 
Wash floor are higher than on the surrounding slopes where the current background station (HMC-
16) is located.  
 
Revised Figure 15 reflects the corrected CALPUFF simulation for ubiquitous radon sources 
 

 
Figure 15. Predicted concentration normalized to HMC-16 for the case of enhanced radon flux in 
San Mateo Wash and based on 2017 meteorological data. The isopleth map overlays terrain 
elevations in meters. 
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Revised Figure 16 reflects the corrected CALPUFF simulation for ubiquitous radon sources and 
radon data the reflects 4-quarters of data. 
 

 
Figure 16. Predicted and measured concentrations at background stations normalized to HMC-16. 
Predicted concentrations are based on 611 sources uniformly distributed over a subset of the 
modeling region and a one-year simulation using 2017 meteorological data. 
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Revisions to the Predicted and Measured Concentrations and Determination of Background 
section reflect the corrected CALPUFF simulation and 4 quarters of radon data 

 
Comparison of Predicted and Measured Concentrations and Determination of 
Background 

The analysis of ubiquitous radon sources indicated HMC-16 and stations located on the slopes 
above the San Mateo Wash floor (HMC-2OFF, HMC-3OFF, and HMC-4OFF) are not 
representative of background conditions in the wash. As discussed in the “Model Validation” 
section, the intercept of the best fit line of the predicted and measured concentration provides an 
estimate of the background concentration. This background concentration can be tested using the 
model performance statistics described in the “Model Validation” section and contrasted with 
predicted concentrations using HMC-16 as the background location.   

Two datasets were considered for this evaluation. The first dataset was the long-term radon 
measurements that are within 2 km of the LTP (see Table 4) and used predicted annual average 
concentrations from the three-year meteorological dataset. The second dataset includes the same 
stations as the first dataset in addition to stations R-1 through R-20 and used predicted four-quarter 
average concentrations from the three-year meteorological dataset (Table 8).  

The intercept of the linear fit of the measured concentration to the predicted concentration 
without background was 0.960.09 pCi L–1 for the long-term dataset and 0.700.018 pCi L–1 for 
the short-term dataset, as shown in Table 9. As mentioned previously, the generally lower 
concentration for the short-term dataset is attributed to the new radon vendor who used a different 
model track-etch monitor. The fit statistics were rather poor for the long-term dataset (mainly 
because there was no strong signal from the tailing pile in the long-term data set) but were much 
improved for the short-term dataset. The estimated background concentrations for both the long-
term and short-term datasets are close to the radon concentration measured at stations HMC-1OFF, 
HMC-5OFF, and HMC-6OFF. The regression for the short-term dataset is shown in Figure 17 and 
was calculated using the Grapher© plotting software2.  

The estimated background concentration for each dataset was added to the predicted values, 
and model performance measures were calculated, as shown in Table 10. Model performance was 
excellent and exhibited almost no bias and little dispersion. If the measured concentration from 
HMC-16 is used as background instead, then model predictions are grossly underestimated (see 
Table 11). This exercise demonstrates another line of evidence that the background station at HMC-
16 is not representative of background conditions in the San Mateo Wash and provides a means to 
estimate background radon at the facility boundary. 

 
 
 
 
 
 
 
 
 

 
2 Golden Software, Inc., Golden, Colorado. 



 17 

 

  

 

Revised Figure 17 reflects the corrected CALPUFF simulation and four quarters of radon data. 
 

 
Figure 17. Regression of the measured radon concentration vs. the predicted concentration without 
background for the short-term dataset. 
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Revised Table 8 reflects corrected CALPUFF simulation and 4-quarters of radon data for the 
short-term dataset 

Table 8.  Predicted and measured radon concentrations for the long-term and short-term datasets. 

 Long-term (~10-year average) Short-term (four quarters of 2020) 

Station 

Measured 

222Rn 
(pCi L–1) 

Predicted 
222Rn 

(without 
background) 

(pCi L–1) 

Predicted 
222Rn (with 

background) 
(pCi L–1)a 

Measured 

222Rn 
(pCi L–1) 

Predicted 
222Rn 

(without 
background) 

(pCi L–1) 

Predicted 
222Rn (with 

background) 
(pCi L–1)b 

HMC-1 0.99 0.03 0.99 0.75 0.03 0.72 
HMC-1A 1.05 0.01 0.97 0.73 0.01 0.71 
HMC-2 1.15 0.02 0.99 0.85 0.02 0.72 
HMC-3 0.84 0.04 1.00 0.63 0.04 0.74 
HMC-4 1.27 0.07 1.03 0.77 0.07 0.76 
HMC-5 1.24 0.13 1.09 0.79 0.13 0.83 
HMC-6 0.99 0.05 1.01 0.65 0.05 0.74 
HMC-7 0.94 0.06 1.02 0.74 0.06 0.76 
R1c  1.11 2.08 1.53 1.11 1.81 
R2  0.11 1.07 0.88 0.11 0.80 
R3  0.03 0.99 0.68 0.03 0.72 
R4  0.02 0.98 0.66 0.02 0.71 
R5  0.01 0.97 0.73 0.01 0.71 
R6  0.06 1.02 0.89 0.06 0.75 
R7  0.02 0.99 0.90 0.02 0.72 
R8  0.01 0.98 0.80 0.01 0.71 
R9  0.16 1.12 0.76 0.16 0.85 
R10  0.04 1.00 0.66 0.04 0.73 
R11  0.02 0.98 0.58 0.02 0.72 
R12  0.74 1.70 1.09 0.74 1.43 
R13  0.21 1.17 0.90 0.21 0.91 
R14  0.05 1.01 0.66 0.05 0.74 
R15  0.44 1.41 1.03 0.44 1.14 
R16  0.14 1.11 0.79 0.14 0.84 
R17  0.09 1.05 0.70 0.09 0.78 
R18  0.06 1.02 0.70 0.06 0.75 
R19  0.07 1.03 0.69 0.07 0.76 
R20  0.03 1.00 0.62 0.03 0.73 

a. Long-term background was 0.963 pCi L–1. 
b. Short-term background was 0.696 pCi L–1. 
c. The predicted value for R1 here represents the highest concentration on the surface of 

the LTP. 
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Revised Table 9 reflects corrected CALPUFF simulation and 4-quarters of radon data for the 
short-term dataset 

 

Table 9. Regression statistics for measured concentration vs. predicted concentration without 
background for the long- and short-term datasets.  

Parameter Long-term dataset Short-term dataset 
n 8 28 
Average predicted (pCi L–1) 0.052 0.137 
Average measured (pCi L–1) 1.059 0.790 
Residual sum of squares 0.123 0.185 
Correlation coefficient (r) 0.464 0.898 
p-value 0.247 <0.001 
Interceptstandard error (pCi L–1) 0.9630.09 0.6960.018 
Slopestandard error 1.861.45 0.6880.066 

 
Revised Table 10 reflects corrected CALPUFF simulation and 4-quarters of radon data for the 
short-term dataset 

 

Table 10. Model performance measures using the background concentration determined by 
regression for the long-term (background of 0.963 pCi L–1) and short-term (background of 0.696 
pC L–1) datasets.  

Performance measure Long-term dataset Short-term dataset 
FB 0.0436 –0.05 
NMSE 0.0171 0.0213 
Mean P/O ratio 0.973 1.05 
Standard deviation P/O ratio 0.129 0.122 
Geometric mean P/O ratio 0.965 1.05 
Geometric standard deviation of P/O 1.14 1.13 
 
Revised Table 11 reflects corrected CALPUFF simulation and 4-quarters of radon data for the 
short-term dataset 
 

Table 11. Model performance measures using the background concentration from HMC-16 for the 
long-term (background of 0.64 pCi L–1) and short-term (background of 0.41 pC L–1) datasets.  

Performance measure Long-term dataset Short-term dataset 
FB 0.420 0.372 
NMSE 0.251 0.429 
Mean P/O ratio 0.663 0.671 
Standard deviation P/O ratio 0.086 0.128 
Geometric mean P/O ratio 0.658 0.661 
Geometric standard deviation of P/O 1.13 1.19 
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BACKGROUND 

Concern was expressed by NRC that old mines and uranium deposit outcrops on the western 
flank of La Jara Mesa would impact background radon concentration at samplers HMC-1OFF and 
HMC-6OFF but would not impact the radon monitors on the southern boundary of the GRP (HMC-
4 and HMC-5). Thus, the background measured at HMC-1OFF and HMC-6OFF would be inflated 
relative to the background observed at HMC-4 and HMC-5. This technical memorandum examines 
the radon contribution from the western flank of La Jara Mesa on monitors HMC-1OFF and HMC-
6OFF.   

MODELING 
The modeling performed for the San Mateo Wash (Rood 2020; Rood and Whicker, 2022) 

showed isopleth plots of a tracer on the western flanks of La Jara Mesa and other points on the 
periphery of the San Mateo Wash. The purpose of these plots was to demonstrate that sources that 
originate on the flanks of the San Mateo Wash tend to converge on the wash and that radon emitted 
in the wash stays confined to wash. These simulations were qualitative in nature because a 10,000 
pCi s–1 source term (1 pCi m–2 s–1 assuming a 100 m × 100 m source area) was simulated and no 
quantitative information was provided in the isopleth lines.  In this exercise, the tracer simulation 
for the source located on the western flank of La Jara Mesa was scaled for an estimated radon 
source term. 

 
Source Term 

Droppo and Glissmeyer provided a radon emission inventory for uranium mines and mills in 
the Ambrosia Lake region. They do not show any sources on the western flank of La Jara Mesa but 
do show some workings across the San Mateo Wash on the southeastern flanks of Mesa Montanosa. 
Assuming a similar ore grade was mined on the southeastern flanks of Mesa Montanosa as was 
mined on the western flanks of La Jara Mesa, a source term can be estimated from the data in 
Droppo and Glissmeyer (1981) for sources identified as 66 through 74 (Table 1). These sources 
occupy an area of about 15.6 km2. For modeling purposes, they were assumed to represent the 
single point source on the western flank of La Jara Mesa as represented in the tracer simulation. 
The area average flux was 335 pCi m–2 s–1, so this would be a significant radon source. The tracer 
simulation was scaled to this source by 

 
𝐶𝐶𝑛𝑛 = 𝑄𝑄𝑛𝑛

𝑄𝑄𝑜𝑜
× 𝐶𝐶𝑜𝑜 (1) 

 



B-2 Appendix B: Source Term Development for ASER  
 

where Cn = the scaled concentration, Co = the tracer concentration based on the original release 
rate of 10,000 pCi s–1 (pCi L–1), Qn = the new source term (5.22E+07 pCi s–1), and Qo = the original 
source term (10,000 pCi s–1).  

 

Table 1. Sources on Mesa Montenosa from Droppo and Glissmyer (1981) that were used to 
estimate a source term on La Jara Mesa.  

Source ID 
Release 
(Ci yr–1) 

Release 
(pCi s–1) UTM East (m) UTM North (m) 

66 140 4.44E+06 243013 3915264 
67 180 5.71E+06 243013 3915264 
68 130 4.12E+06 243013 3915264 
69 200 6.34E+06 243353 3914914 
70 170 5.39E+06 243403 3915014 
71 240 7.61E+06 243133 3915314 
72 37 1.17E+06 243013 3915264 
73 340 1.08E+07 243263 3915014 
74 210 6.66E+06 243063 3915114 

Total 1,647 5.22E+07   
 

RESULTS 
 
An isopleth map of the model-predicted concentrations (Figure 1) show that the annual 

average radon concentrations at HMC-1OFF and HMC-6OFF were around 0.025 pCi L–1. Although 
these concentrations are greater than observed at HMC-4 and HMC-5 (~0.009 pCi L–1), they would 
be indistinguishable from the ubiquitous radon sources in the region. Furthermore, if these were 
significant sources of radon, then the measured concentration at HMC-2OFF would be greater than 
that of HMC-1OFF and HMC-6OFF. This was not the case – the measured concentration at HMC-
2OFF was about half the concentration of HMC-1OFF and HMC-6OFF. Thus, it not possible that 
the sources on La Jara Mesa are significantly impacting HMC-6OFF and HMC-1OFF. HMC-1OFF 
and HMC-6OFF exhibit higher radon concentrations compared to HMC-2OFF because the 
dynamics of San Mateo Wash traps radon in the bottom of the wash resulting in higher 
concentrations in the wash bottom compared the side slopes.  

The same could be said for sources along the southern rim of Mesa Montanosa. These could 
impact HMC-1OFF and HMC-6OFF to a greater extent than HMC-4 and HMC-5. But the distance 
from these former mines is sufficient such that dispersion and dilution reduce radon concentrations 
to small levels and the concentration observed at HMC-1OFF and HMC-6OFF are mainly from 
ubiquitous sources of radon in the region that are confined within the San Mateo Wash.  

Similar dynamics hold true for HMC-4 and HMC-5 that exhibit a similar background 
concentrations and behavior. Based on this modeling and the modeling and measurements in Rood 
2020 and Rood and Whicker (2022), the radon concentration at HMC-4 and HMC-5 are mainly 
from ubiquitous background sources. Radon is trapped within the San Mateo wash due to inversion 
conditions and converging flow into the wash from the surrounding slopes and mesas.  
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Figure 1. Isopleth map of the predicted radon concentration from a 5.22E+07 pCi s–1 (335 pCi m–

2 s–1) radon source located on the western flanks of La Jara Mesa.   
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1.0  INTRODUCTION 
	
On	 November	 2,	 2016,	 Meteorological	 Solutions	 Inc.	 a	 Trinity	 Consultants	 Company	 (MSI	 Trinity)	
conducted	quality	assurance	performance	audits	of	 instrumentation	on	a	meteorological	 tower	owned	
and	operated	by	Barrick/Homestake	Mining	Company	 in	Grants,	New	Mexico	 to	meet	US	EPA	quality	
assurance	requirements.		This	report	summarizes	the	performance	audit	activities	conducted	during	that	
site	visit.	
	
Meteorological	 instrument	 performance	 audits	 at	 Barrick/Homestakes’	 meteorological	 monitoring	
station	was	conducted	in	accordance	with	the	following	guidelines:	
	
Quality	 Assurance	 Handbook	 for	 Air	 Pollution	 Measurement	 Systems,	 Vol.	 IV:	 Meteorological	
Measurements,	March	2008.	
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2.0  PERFORMANCE AUDIT EQUIPMENT 
 
The	following	MSI	Trinity	reference	standard	instruments,	presented	in	Table	2‐1	were	used	to	conduct	
sensor	performance	audits. 
 

Table 2-1 MSI Trinity Quality Assurance Performance Audit Equipment 
Parameter Audit Reference Equipment Serial Number 

Wind	Direction	 Brunton	5008	Pocket	Transit	
RM	Young	Direction	Template	
RM	Young	Torque	Gauge	

2610408987	
NA	
NA	

Wind	Speed	
RM	Young	Model	18802	Anemometer	Drive	
RM	Young	Torque	Disc	

CA03678	
NA	

Temperature	 Vaisala	Model	HMP45AC	 F1640024	
Precipitation	 Polylab	100	ml	Buret	 NA	
Relative	Humidity	 Vaisala	Model	HMP45AC	 F1640024	
Barometric	Pressure	 Vaisala	Model	PTB	110	 L0310539	
Solar	Radiation	 LiCor	Model	Li200x	 PY54999	

	 NA	=	Not	Available.	
	 	
Copies	of	the	audit	equipment	certifications	are	presented	in	Appendix	A.	
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3.0  SENSOR PERFORMANCE AUDITS 
 
This	section	describes	the	meteorological	instrument	performance	checks	conducted	by	MSI	Trinity	at	the	
Barrick/Homestake	Mining	Company,	Grants,	New	Mexico	meteorological	monitoring	station.		
 

3.1 Description of Meteorological Station 
 
Barrick/Homestake’s	meteorological	station	is	located	approximately	at:	
	

Latitude:	35°	14'	N	 	
	 Longitude:	107°	51'	W	 	
	
The	station	is	equipped	to	measure	horizontal	wind	speed	and	wind	direction	at	10	meters,	temperature	
at	9.5	meters,	solar	radiation	at	9.0	meters,	relative	humidity	at	9.5	meters,	precipitation	at	0.6	meters,	
and	 barometric	 pressure	 at	 8.5	 meters.	 Table	 3‐1	 lists	 the	 meteorological	 sensors	 installed	 at	 the	
meteorological	station.		Figure	3.1	presents	a	photograph	of	the	meteorological	station.	
 

Table 3-1 Homestake Mining Meteorological Station Sensors 
Parameter Meteorological Equipment Serial Number 
Wind	Direction	 RM	Young	Model	05305‐AQ	 88027	
Wind	Speed	 RM	Young	Model	05305‐AQ	 88027	
Temperature	 Vaisala	Model	HMP45AC	 C5110079	
Precipitation	 Met	One	Model	385					 M6371	
Relative	Humidity	 Vaisala	Model	HMP45AC	 C5110079	

Barometric	Pressure	 Vaisala	Model	PTB110	 D2430004	
Solar	Radiation	 LiCor	Li200X	 PY69993	
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3.2 Performance Audit Methods 
 
This	section	describes	the	audit	methods	used	to	verify	the	performance	of	the	meteorological	equipment.	
A	summary	of	the	audit	methods	and	the	acceptable	tolerances	for	each	method	is	presented	in	Table	3‐
2.	
	
	

	Figure 3.1 Photograph of Meteorological Monitoring Station 
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Table 3-2 Performance Audit Methods and Acceptable Tolerances 

Parameter Audit Method Acceptable 
Tolerances 

Wind	Direction	 Orientation	plus	Linearity	
Linearity	
Starting	Threshold	

±5°	
±3°	

<0.5	m/s	
Wind	Speed	 Synchronous	Motor	

Starting	Threshold	
±0.20	m/s	
<0.5	m/s	

Temperature	 Reference	Thermometer	Comparison	 ±0.5°C	
Relative	Humidity	 Collocated	Reference	Comparison	 ±7%RH	
Solar	Radiation	 Certified	Reference	Collocation	 ±5%	
Barometric	Pressure	 Collocated	Reference	Comparison	 ±3	mb	
Precipitation	 Calibrated	Volumetric	Addition	 ±10%	

   

3.2.1 Wind Direction 
 
The	 orientation	 of	 the	 wind	 direction	 sensor	 crossarm	 was	 checked	 using	 a	 professional	 magnetic	
compass.		The	compass	was	set	using	a	magnetic	declination	of	9.2	degrees	east	of	north.			
	
In	addition,	the	wind	direction	sensor	linearity	was	verified	by	checking	the	sensor	output	at	30	degree	
increments	 throughout	 the	 entire	 0	 to	 360	 degree	 range	 in	 both	 clockwise	 and	 counterclockwise	
directions.		The	sensor	starting	torque	was	determined	by	measuring	shaft	rotational	torque.	
 

3.2.2 Wind Speed 
 
The	performance	of	the	wind	speed	sensor	was	verified	by	applying	known	revolutions	per	minute	using	
a	variable	speed	motor	drive.		The	shaft	of	the	synchronous	motor	was	attached	to	the	bearing	shaft	of	the	
anemometer	with	the	prop	removed.		Synchronous	motor	speeds	were	translated	into	calculated	wind	
speeds	in	meters	per	second	using	manufacturer's	specifications.	 	Sensor	responses	were	compared	to	
the	calculated	wind	speeds.		Wind	speed	sensor	shaft	rotational	torque	was	measured	with	a	torque	gauge	
to	evaluate	starting	threshold.	
 

3.2.3 Temperature 
 
The	calibration	of	the	temperature	sensor	was	verified	by	direct	comparison	of	the	sensor	outputs	to	a	
collocated	calibrated	reference	standard	thermometer	at	ambient	conditions.	
  

3.2.4 Relative Humidity 
 
The	 relative	humidity	 sensor	was	 checked	by	 collocating	a	 certified	 reference	 sensor	with	 the	 station	
sensor	in	ambient	conditions.	
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3.2.5 Solar Radiation 
 
The	 solar	 radiation	 pyranometer	 outputs	 were	 verified	 by	 collocation	 of	 a	 calibrated	 pyranometer	
adjacent	 to	 the	 system	 sensor.	 	 The	MSI	Trinity	 reference	pyranometer	was	 interfaced	 to	 a	 Campbell	
datalogger	for	signal	processing	and	averaging.		Approximately	a	one‐hour	period	was	recorded	and	the	
readings	from	the	reference	pyranometer	were	compared	directly	to	the	site’s	pyranometer	readings.	
 

3.2.6 Barometric Pressure  
 
The	 barometric	 pressure	 sensor	 was	 audited	 by	 collocating	 a	 calibrated	 reference	 barometer	 and	
comparing	outputs	with	sensor	outputs	recorded	on	the	data	acquisition	system.	
 

3.2.7 Precipitation 
 
Precipitation	sensor	outputs	were	audited	using	a	standard	100ml	buret	 to	add	water	to	the	gauge	 to	
simulate	rainfall.		The	volume	of	water	required	to	produce	ten	tips	was	recorded	for	each	of	the	three	
runs.		This	volume	was	compared	with	the	calculated	calibration	value	and	the	amount	of	precipitation	
recorded	by	the	data	acquisition	systems.	
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4.0  PERFORMANCE AUDIT RESULTS 
	
The	 following	sections	present	 the	quality	assurance	performance	audit	results	 for	 the	meteorological	
sensors	 located	 at	 Barrick/Homestake’s	 meteorological	 monitoring	 site.	 Performance	 audits	 of	 the	
meteorological	sensors	were	conducted	on	November	2,	2016.		
 

4.1 Wind Direction 
 
The	wind	direction	sensor	orientation	checks	indicated	that	the	cross	arm	alignment	was	359.5	degrees	
in	reference	to	true	north.		The	wind	vane	was	positioned	parallel	to	the	cross	arm	at	0	and	180	degrees	
and	the	sensor	output	was	1.0	and	179.0	degrees,	respectively	which	is	in	the	acceptable	tolerance	of	±5	
degrees.		Sensor	linearity,	when	checked	at	30	degree	increments	over	the	entire	0	to	360	degree	range	
both	 clockwise	 and	 counterclockwise,	 was	 within	 2.5	 degrees.	 	 This	 is	 within	 EPA’s	 recommended	
tolerance	of	±3	degrees	for	linearity.	The	wind	direction	sensor	orientation	plus	linearity	was	within	3.0	
degrees	which	is	within	the	recommended	tolerance	of	±5	degrees.		Sensor	shaft	rotational	torque	was	
<10.0	gram‐centimeters	(gm‐cm)	clockwise	and	counterclockwise.	The	rotational	torque	was	within	the	
starting	threshold	of	≤0.5	meters	per	second	(m/s).		
 

4.2 Wind Speed 
 
The	wind	speed	sensor	responses	were	checked	over	the	range	of	0	to	41	meters	per	second	(m/s)	and	
were	identical	to	the	audit	inputs.	The	allowable	tolerances	for	wind	speed	are	±0.20	m/s.	Shaft	rotational	
torque	was	less	than	0.20	gm‐cm	clockwise	and	counterclockwise	translating	to	a	starting	threshold	less	
than	0.5	m/s	which	is	within	the	allowable	tolerance	of	<0.5	m/s.	 
 
4.3 Temperature 
 
A	 certified	 digital	 thermometer	 was	 collocated	 with	 the	 station	 sensor	 simultaneously	 at	 ambient	
conditions	 for	 intercomparison.	 The	 temperature	 sensor	 output	 was	 within	 0.3°C	 of	 the	 reference	
standard	which	within	the	acceptable	tolerance	of	±0.5°C.		
 

4.4 Precipitation  
 
Three	runs	of	 ten	 tips	 indicated	 that	 the	precipitation	gauge	required	an	average	of	3.2	percent	more	
water	to	produce	ten	tips	than	the	amounts	recorded	by	the	data	acquisition	system.		The	gauge	output	
was	within	the	±10.0	percent	tolerance.		 	 	 	
   

4.5 Relative Humidity 
 
A	 reference	 standard	 relative	 humidity	 sensor	 was	 collocated	 with	 the	 station	 sensor	 at	 ambient	
conditions	for	intercomparison.	 	Sensor	output	was	within	an	average	of	±2.5	percent	of	the	reference	
standard	which	is	within	the	acceptable	tolerance	of	±7	percent	RH.	The	radiation	shield	for	the	relative	
humidity	sensor	is	partially	broken	and	will	need	replacement.	
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4.6 Barometric Pressure 
 
A	certified	reference	barometer	was	used	for	intercomparison	with	the	sensor	at	ambient	conditions.	The	
site	sensor	was	found	to	be	an	average	of	2.0	millibars	(mb)	different	from	the	reference	standard	which	
is	within	the	allowable	tolerance	of	±3	mb.		
 
4.7 Solar Radiation  
 
A	calibrated	reference	pyranometer	was	collocated	with	the	station	sensor	for	approximately	three	hours.		
Instantaneous	manual	readings	taken	at	six	different	times	showed	an	average	difference	of	1.9	percent.		
This	is	within	the	recommended	±5	percent	tolerance. 
 
Copies	of	the	performance	audit	field	data	sheets	for	the	meteorological	station	are	found	in	Appendix	B.		
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5.0  SUMMARY 
	
On	November	2,	 2016	MSI	Trinity	 conducted	quality	 assurance	performance	 audits	 of	meteorological	
instrumentation	at	Homestake	Mining’s	Grants,	New	Mexico	meteorological	station.			
	
At	the	end	of	audit	activities,	all	sensors	at	the	meteorological	site	were	found	to	be	operating	normally	
and	reporting	data	accurately	within	manufacturer’s	recommended	tolerances	and	EPA‐approved	quality	
assurance	guidelines	for	meteorological	measurements.			
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Audit Equipment Certifications 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Brunton Calibration Sheet

Location: Big Piney Meterological Tower
Date: 1/19/2016
Time: 14:10 to 14:30

Declination: 11.0 degrees

MSI PRIMARY (s/n 5100715063) Observer Time Degree 

Observation 1: Isaac Legare 14:10 0.5

Observation 2: Adam Lenkowski 14:12 0.5

Observation 3: Isaac Legare 14:14 0.5

Average: 0.5

MSI AUD (s/n 2610408987) Observer Time Degree

Observation 1: Isaac Legare 14:26 1.0

Observation 2: Adam Lenkowski 14:28 0.5

Observation 3: Isaac Legare 14:30 1.0

Average: 0.83

Difference between Primary and Compass:  0.33

Acceptance Criteria:    +/- 1 degree from MSI PRIMARY

PASS/FAIL: PASS

Observer's Signatures:

Isaac Legare

Adam Lenkowski











 
     RELATIVE HUMIDITY SENSOR
     CALIBRATION RECORD

Sensor Manufacturer: VAISALA  HMP45AC
Sensor ID: F1640024

Sensor Range: 0 - 100%
04/08/16
04/08/17

Time: 15:00
Location: MSI lab

Reference Device: Vaisala HMK 15   Salt Chambers
Reference Device ID: (LiCL L363)  (MgCL2 L224)  (NaCL L354)

Cole Parmer Thermometer S/N 122171278
Technician: MRP

Comments Lab temperature = 22.0 C
Adjustment No

Reference Reference
Salt Solution Relative Humidity Observed

From To NaCL / LiCL % Sensor Output Difference
16:15 16:45 NaCL 75.4% 75.1% -0.3%
15:45 16:15 LiCL 11.3% 12.2% 0.9%
16:45 17:15 MgCL 33.0% 32.3% -0.7%

Temperature Reference Sensor 
Check Temperature Response Difference

Water Bath 40.16 40.10 -0.06
Water Bath 19.90 20.10 0.20
Water Bath -0.02 0.20 0.22

Procedure:
Remove sensor cap and insert probe into salt chamber.
After 30 min record value.
Record lab temperature and comparison with HMP sensor using reference thermometer.
Calibration Criteria   +/- 3.5% RH
Temperature comparison in ambient and water bath medium with reference until stable.

Calibrated on
Next calibration due

Time











PRESSURECalibration Record

Calibration Date 5/6/2016
Sensor Type Vaisala PTB 110

Sensor ID L0310539
Next calibration due 5/6/2017

Procedure:
Reference Device Streamline Pro

Reference Device ID M051202
Location MSI lab

Comments

Technician Mike Peterson
Lab Diff

Date Time Temp C mb
5/6/16 14:00 22.0 0.90
5/9/16 8:15 23.0 1.00
5/9/16 9:45 22.5 0.70

0.87
Calibration Critieria = +/-  3 mb

Adjustment required ? No
Note..

841.30 842.30
841.50 842.20

Average

Reference Pressure Sensor
mb mb

840.70 841.60

Three readings taken side by side
with MSI reference in ambient 
conditions. Then averaged.







 

Solar Radiation Sensor
Calibration Record

Sensor Type: Licor LI200X
Sensor ID: PY54999

CALIBRATION:
6/21/2016
6/21/2017

Location: MSI Lab (roof)
Reference Device Kipp & Zonen CMP11

Reference Device ID: 070332
Technician: Adam Lenkowski

Average % Difference = 0.5%

Procedure:
Side by side comparison within approx. daylight hours
of 11 am - 4 pm MDT. Calibrated sensor to be
within the criteria of ± 2%
Data logged using 5 minute averages

Calibrated on
Next calibration due
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Performance Audit Field Data Sheets 
 
 

 



BAROMETRIC PRESSURE
AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants Stop Time 14:40

Project 16-40 Client Homestake Mining

Sensor Mfg Vaisala
Model PTB110 Sensor Ht 28'

Serial No. D2430004
Range 600-1100 hPa

AUDIT INPUT PRIMARY DAS RESPONSE
DAS  % DIFF

Time ( mb )  ( mb ) ( mb )

Audit Criteria: 3 mbar

Gauge Audit Device Vaisala Comments Side by side comparison in ambient
Gauge Audit Model PTB 110 conditions.
Gauge Audit SER # L0310539

Audited By

-2.1

-2.0

-2.0

-2.0

800.4

800.4

800.4

800.3

802.513:41

14:00

14:11

14:33

802.4

802.4

802.3

Adam Lenkowski

  



HORIZONTAL WIND
DIRECTION AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants Stop Time 14:40              

Project 16-40 Client Homestake Mining

Sensor Mfg RM Young WD Sensor Model 05305-AQ
Serial No. 88027 WD Sensor Ht (m) 10

Crossarm Alignment 359.5 WD Sensor Range 0- 360
Crossarm Difference -0.5 Vane parallel to crossarm= 1.0 / 179.0

Site Declination (degrees) 9.2 WD Shaft Rotational Torque < 10.0 gm-cm cw & ccw
Starting Threshold < 0.5 m/s

AUDIT INPUT
DAS DIFF TOTAL DIFF DAS DIFF TOTAL DIFF

(orientation)  (deg)  (deg)  (deg)  (deg)*  (deg)  (deg)  (deg)*

North 0/360 0.9 0.9 0.4 1.5 1.5 1.0

30 31.5 1.5 1.0 30.2 0.2 -0.3

60 61.9 1.9 1.4 61.0 1.0 0.5

East 90 90.5 0.5 0.0 90.3 0.3 -0.2

120 120.0 0.0 -0.5 119.8 -0.2 -0.7

150 149.2 -0.8 -1.3 149.1 -0.9 -1.4

South 180 178.9 -1.1 -1.6 178.5 -1.5 -2.0

210 208.0 -2.0 -2.5 207.8 -2.2 -2.7

240 238.0 -2.0 -2.5 237.8 -2.2 -2.7

West 270 267.5 -2.5 -3.0 267.8 -2.2 -2.7

300 298.9 -1.1 -1.6 298.0 -2.0 -2.5

330 329.6 -0.4 -0.9 328.5 -1.5 -2.0
Audit Criteria: Orientation plus linerarity: ± 5 degrees

Starting Threshold:  <= 0.5 m/s
* corrected for cross arm alignment 

WD Audit Device RM Young Comments Brunton s/n: 2610408987
WD Audit Model DIR Template

WD Audit Serial # N/A RM Young Torque Gauge

Audited By

CLOCKWISE  DAS RESPONSE COUNTERCLOCKWISE DAS RESPONSE

Adam Lenkowski



HORIZONTAL WIND
SPEED AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants End Time 14:40

Project 16-40 Client Homestake Mining

Sensor Mfg RM Young WS Sensor Model 05305 - AQ
Serial No. WS Sensor Ht 32' 2"

WS Range 0- 100 mph

WS Shaft Rotational Torque < 0.2 gm-cm cw & ccw Sensor Starting Threshold <0.5 m/s

AUDIT INPUT PRIMARY DAS RESPONSE
DAS DIFF

 (rpm)  (m/s)  (m/s)  (m/s)

0.0 0.000 0.000 0.000

300 1.536 1.536 0.000

600 3.072 3.072 0.000

900 4.608 4.608 0.000

1800 9.216 9.216 0.000

2500 12.800 12.800 0.000

4000.0 20.480 20.480 0.000

6000 30.720 30.720 0.000

8000 40.960 40.960 0.000
Audit Criteria: ± 0.2 m/s or 0.4 mph

WS Audit Device R M Young Comments RM Young torque disc.
WS Audit Model 18802
WS Audit SER # CA03678

Audited By Adam Lenkowski

88027



PRECIPITATION GAUGE
AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants Stop Time 14:40

Project 16-40 Client Homestake Mining

Sensor Mfg Met One Sensor Model
Serial No. M6371 Sensor Ht (m) 24" AGL

Recording Resolution 1 Tip = .01 in Gauge Range 0 - Unlimited

Funnel size (cm) 30.5

PRIMARY DAS RESPONSE
DAS  % DIFF

(ml) (in)  (in.)
10 tips =

192.0 0.1035 0.1 -3.3%
10 tips =

191.0 0.1029 0.1 -2.8%
10 tips =

192.0 0.1035 0.1 -3.3%
Average =

191.7 0.1033 0.10 -3.2%

Audit Criteria: ± 10% of input

Gauge Audit Device Polylab Comments 0.3" added
Gauge Audit Model 100ml Buret Area = 730.616642
Gauge Audit SER # n/a 1cc =1 ml, D=funnel size, r= 1/2D, (A)rea of funnel=Br2

Ave. Audit input (cc)/area of funnel (cm2)/cm to (unit) 
Audited By conversion =(units) per 1 tip.

385

Audit INPUT

Adam Lenkowski



 

RELATIVE HUMIDITY
AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants Stop Time 14:40

Project 16-40 Client Homestake Mining

Sensor Mfg Vaisala
Sensor Model HMP45AC Sensor Ht. 

Serial No. C5110079
Range 0-100%

AUDIT INPUT PRIMARY DAS RESPONSE
DAS DIFF

 (Time)  (%)  (%)  (%)

13:40 20.5 18.5 -2.0

14:00 19.0 16.5 -2.5

14:11 17.7 15.2 -2.5

14:32 18.0 15.5 -2.5

AVERAGE  -2.4
Audit Criteria ± 7% RH

Rel. Humidity Audit Device Vaisala Comments Side by side comparison in ambient
Rel. Humidity Audit Model HMP45AC conditions.
Rel. Humidity Audit SER # F1640024 *Radiation shield broken, needs

replacement.
Audited By

30' 10"

Adam Lenkowski



 

SOLAR RADIATION
AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants Stop Time 14:40

Project 16-40 Client Homestake Mining

Sensor Mfg Li-Cor Sensor Model
Serial No. PY69993 Sensor Ht. 

Range

AUDIT INPUT
      

Time (watts/m^2) (watts/m^2) (diff %)

13:40 609.0 609.0 0.0%

14:00 561.0 575.0 2.5%

14:11 547.0 558.0 2.0%

14:32 490.0 504.0 2.9%

AVERAGE 1.8%
Audit Criteria: ± 5%

Solar Radiation Audit Device Li Cor Comments Side by side comparison in ambient
Solar Radiation Audit Model Li200x conditions.
Solar Radiation Audit SER # PY54999

Never offline.
Audited By Adam Lenkowski

LI200X
29' 6"

0-1400 watts/m2

 DAS RESPONSE



TEMPERATURE
AUDIT SHEET

Operator Homestake Mining Date 11/2/2016 Start Time 13:20
Site Name Grants Stn ID Grants Stop Time 14:40

Project 16-40 Client Homestake Mining

Sensor Mfg Vaisala Sensor Model HMP45AC
Serial No. C5110079 Sensor Ht 30' 10"

Range -40 to 60 °C

AUDIT INPUT PRIMARY DAS RESPONSE
DAS DIFF

 (Time)  (°C)  (°C)  (°C)

13:41 19.0 18.7 -0.3

13:59 19.4 19.2 -0.2

14:11 19.6 19.4 -0.2

14:34 19.0 18.9 -0.1

  

AVERAGE  -0.2
Audit Criteria: ± 0.5 °C

Temperature Audit Device Vaisala Comments: Ambient conditions
Temperature Audit Model HMP45
Temperature Audit SER # F1640024

Audited By Adam Lenkowski
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1.0 INTRODUCTION 

On June 25, 2020, Trinity Consultants (Trinity) conducted quality assurance performance audits of 
instrumentation on a meteorological tower owned and operated by Barrick/Homestake Mining 
Company in Grants, New Mexico to meet US EPA quality assurance requirements. This report 
summarizes the performance audit activities conducted during that site visit. 
 
Meteorological instrument performance audits at Barrick/Homestake’s meteorological monitoring 
station was conducted in accordance with the following guidelines: US EPA’s Quality Assurance 
Handbook for Air Pollution Measurement Systems, Vol. IV: Meteorological Measurements, March 2008.
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2.0 PERFORMANCE AUDIT EQUIPMENT 

Presented in Table 2-1 are the Trinity audit reference standard instruments which were used to 
conduct quality assurance performance audits. 

Table 2-1 Trinity Performance Audit Equipment 

Parameter Equipment Serial Number 

Wind Direction  
 

Brunton Pocket Transit  
RM Young Model 18212 Vane Angle Fixture 
RM Young Model 18331 Vane Torque Gauge 

2612219002 
NA 
NA 

Wind Speed  
 

RM Young Model 18802 Anemometer Drive 
RM Young Model 18310 Prop. Torque Disc 

CA4868 
NA 

Temperature REO Temperature TM99A 082818046 

Barometric Pressure Vaisala Model PTB110 C4240093 

Relative Humidity Vaisala HMP45AC F4640084 
Solar Radiation LiCor Model Li200R PY102675 
Precipitation Polylab 100ml Buret NA 

  NA = Not Available. 
 
Copies of audit equipment certifications are included in Appendix A. 
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3.0 PERFORMANCE AUDIT PROCEDURES 

This section describes the meteorological instrument performance checks conducted by Trinity at the 
Barrick/Homestake Mining Company, Grants, New Mexico meteorological monitoring station.  

3.1 Meteorological Monitoring Station 
 
Barrick/Homestake’s meteorological station is located approximately at: 
 
► Latitude: 35° 14' N  
► Longitude: 107° 51' W  
 
The station is equipped to measure horizontal wind speed and wind direction at 10 meters, 
temperature at 9.5 meters, solar radiation at 9.0 meters, relative humidity at 9.5 meters, precipitation 
at 0.6 meters, and barometric pressure at 8.5 meters. Table 3-1 lists the meteorological sensors 
installed at the meteorological station.  Figure 3.1 presents a photograph of the meteorological station. 

Table 3-1 Homestake Mining Meteorological Station Sensors 

Parameter Equipment 
Manufacturer 

Model 
Number 

Serial Number 

Wind Speed R.M. Young  05305-AQ 88027 
Wind Direction R.M. Young  05305-AQ 88027 
Temperature Vaisala HMP45AC C5110079 
Relative Humidity Vaisala HMP45AC C5110079 
Barometric Pressure Vaisala PTB110 D2430004 
Solar Radiation Li-Cor LI200X  PY69993 
Precipitation Met One 385  M6371 
Data Acquisition System Campbell Scientific Inc. CR800 NA 
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Figure 3.1 Photograph of Homestake Mining Meteorological Monitoring Tower 

 

3.2 Performance Audit Methods 
The following sections discuss the checks which were conducted during the quality assurance 
performance audit. 

3.2.1 Wind Direction 
 
The orientation of the wind direction sensor was checked using a professional magnetic compass. The 
compass was positioned using a magnetic declination of 9.0 degrees east of north. In addition, the 
wind direction sensor linearity was verified by checking the sensor output at 30-degree increments 
throughout the entire 0- to 360-degree range in both clockwise and counterclockwise directions. The 
sensor starting torque was determined by measuring shaft rotational torque with a torque gauge.  
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3.2.2 Wind Speed 
 
The wind speed sensor was audited by applying known revolutions per minute using a variable speed 
motor drive. The shaft of the synchronous motor was attached to the bearing shaft of the anemometer 
with the prop removed. Synchronous motor speeds were translated into calculated wind speeds in 
meters per second using manufacturer's specifications. The sensor response was compared to the 
calculated wind speeds. Wind speed sensor shaft rotational torque was measured with a torque gauge 
to evaluate starting threshold. 

3.2.3 Temperature 
 

The calibration of the temperature sensor was verified by direct comparison of the sensor outputs to 
a collocated calibrated reference standard thermometer in water bath mediums. 

3.2.4 Barometric Pressure 
 
The barometric pressure sensor was audited by collocating a certified reference barometer and 
comparing the output with sensor outputs recorded on the data acquisition system. 

3.2.5 Relative Humidity 
 
The relative humidity sensor was audited by comparison of station sensor outputs with a certified 
reference digital sensor at ambient conditions. 

3.2.6 Solar Radiation 
The solar radiation pyranometer outputs were verified by collocation of a calibrated pyranometer 
adjacent to the system sensor.  The Trinity reference pyranometer was interfaced to a Campbell 
datalogger for signal processing and averaging.  Approximately a four-hour period was recorded and 
the readings from the reference pyranometer were compared directly to the site’s pyranometer 
readings. 

3.2.7 Precipitation 
Precipitation sensor outputs were audited using a standard 100ml buret to add water to the gauge to 
simulate rainfall.  The volume of water required to produce ten tips was recorded for each of the three 
runs.  This volume was compared with the calculated calibration value and the amount of precipitation 
recorded by the data acquisition systems. 
 
Table 3-2 lists performance audit methods and acceptable tolerance limits for parameters which were 
verified. 
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Table 3-2 Performance Audit Methods and Acceptable Tolerances 

Parameter Performance Audit Method Acceptable 
Tolerances 

Wind Direction Orientation Plus Linearity 
Starting Threshold 

±5° 
<0.5 m/s 

Wind Speed Synchronous Motor 
Starting Threshold 

±.20 m/s 
<0.5 m/s 

Temperature Collocated Reference Comparison ±0.5°C 
Relative Humidity Collocated Reference Comparison ±7 % RH 
Barometric Pressure Collocated Reference Comparison ±3 mbar 
Solar Radiation Certified Reference Collocation ±5% 
Precipitation Calibrated Volumetric Addition ±10% 
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4.0 PERFORMANCE AUDIT RESULTS 

The following sections present the June 25, 2020 performance audit results for the meteorological sensors 
located at Barrick/Homestake’s meteorological monitoring site.  

4.1 Wind Direction 
 
The 10-meter wind direction sensor orientation checks indicated that the cross-arm alignment was 0.0 degrees 
with reference to true north. The vane was positioned parallel to the crossarm in the 0- and 180-degree 
positions and the data system reported 0.6 and 180.2 degrees, respectively. Sensor linearity was checked at 
30-degree increments in both clockwise and counterclockwise directions and found to be within ±1.0 degrees. 
The wind direction sensor orientation plus linearity was ±1.0 degrees which are within the acceptable 
tolerance of ±5°.  
 
Sensor shaft rotational torque was less than 10.0 gram-centimeters (gm-cm) clockwise and counterclockwise, 
which translates to a starting threshold of less than 0.5 meters per second (m/s). The starting threshold was 
within the allowable tolerance of <0.5 m/s. 

4.2 Horizontal Wind Speed 
 
The 10-meter wind speed sensor responses were checked over the range of 0-41 m/s and were identical to 
the audit inputs. The allowable tolerances for wind speed are ±0.20 m/s. Shaft rotational torque was less 
than 0.20 gm-cm counterclockwise and clockwise translating to a starting threshold less than 0.5 m/s which 
is within the allowable tolerance of <0.5 m/s.  

4.3 Temperature 
 
 
A reference standard digital thermometer was collocated with the air temperature sensor in water baths for 
intercomparison. Air temperature sensor output was within 0.20°C of the reference standard which is within 
the acceptable tolerance of ±0.5°C.  

4.4 Relative Humidity 
 
The relative humidity (RH) sensor output was checked during ambient collocation and showed an average 
difference of -0.6 percent RH from the reference. This is within the acceptable tolerance of ±7 percent RH.  

4.5 Barometric Pressure 
 
A certified reference barometer was collocated with the site barometric pressure sensor. Sensor output was 
within an average of -2.5 millibars of the reference which is within the acceptable tolerance of ±3.0 millibars.  
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4.6 Solar Radiation 
 
A calibrated reference pyranometer was collocated with the station sensor for approximately one hour.  
Instantaneous manual readings taken at three different times showed an average difference of 1.2 percent.  
Intercomparison of the five-minute data showed an average percent difference of 1.1 percent. This is within 
the recommended ±5 percent tolerance.  
 
An intercomparison plot showing the five-minute average reference standard data with five-minute average 
Homestake monitoring station data for the entire period is presented in Figure 4.1. A linear regression plot 
showing paired Trinity reference solar radiation versus Homestake monitoring station values is shown in Figure 
4.2 Tabular data from the Homestake sensor and the Trinity reference standard during the audit period is 
presented in Appendix B.  

Figure 4.1 Intercomparison Plot – Reference Standard versus Homestake Monitoring Station 
Solar Radiation Sensor 
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Figure 4.2 Linear Regression Plot – Reference Standard versus Homestake Monitoring Station 
Solar Radiation Sensor 

 

4.7 Precipitation 
 
Three runs of ten tips indicated that the precipitation gauge required an average of -1.81 percent more water 
to produce ten tips than the amounts recorded by the data acquisition system. The gauge output was within 
the ±10.0 percent tolerance.  
 
Copies of the meteorological performance audit field data sheets are included in Appendix B. 
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5.0 CONCLUSION 

On June 25, 2020, a quality assurance performance audit was conducted at Homestake Mining’s Grants, New 
Mexico meteorological monitoring station. At the end of audit activities, all sensors at the meteorological site 
were found to be operating normally and reporting data accurately within manufacturer’s recommended 
tolerances and EPA-approved quality assurance guidelines for meteorological measurements.    
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APPENDIX A:  AUDIT EQUIPMENT CERTIFICATIONS 

 



Brunton s/n 

Model

Date

Location

Declination

Technician(s):

Time

Calculated

 Azimuth

Measured

 Azimuth

Difference

(Degrees)

14:51 227.7 228.0 ‐0.3

14:53 228.5 228.0 0.5

15:04 233.1 233.0 0.1

AVG 0.1

PASS/FAIL PASS Criteria = +/‐ 1.0 degree

Calculated azimuth angle derived from http://aa.usno.navy.mil/data/docs/AltAz.php

Comments:

MSI Upper Parking Lot

11.26

IL

BRUNTON 
CALIBRATION SHEET

2612219002

Transit

7/9/2019





 
Temperature SensorCalibration Record

Sensor Type: REO TEMP TM99A
Sensor ID: 082818046

Sensor Range: -40.0 to +150.0 C
CALIBRATION:

10/21/2019
10/21/2020

Time: 14:00
Location: MSI Lab

Reference Device Cole Parmer
Reference Device ID: 122171278

Technician: Mike Peterson

Calibration 
Temperature Point

Calibration Reference 
Temperature    

Observed Sensor 
Temperature   Difference in Degrees  

 ( C )   ( C )   ( C )  .
    Tr   Ts

Calibrated on
Next calibration due

-0.1
-0.1

20.4
-0.1

40.6 -0.2
20.5 Water bath
40.8

0.0

1
2
3 Water bath

Water bath

degrees C.

Procedure:
Water baths / blocks used for
medium. Each point stirred 3-5
minutes until stabilized
Values should be within +/- 0.5





Solar Radiation Sensor
Calibration Record

Sensor Type: Licor LI200R
Sensor ID: PY 102675

CALIBRATION:
7/6/2020
7/6/2021

Location: MSI Lab (roof)
Reference Device Kipp & Zonen CMP11

Reference Device ID: 070332
Technician: Tomy St-Laurent

Average % Difference = -0.4%

Data logged using 5 minute averages.

Calibrated on Procedure:
Next calibration due Side by side comparison with SR > 300

Calibrated sensor to be within the criteria of ± 2%

300

400

500

600

700

800

900

1000

1100

7/2/20 11:00 7/2/20 21:00 7/3/20 7:00 7/3/20 17:00 7/4/20 3:00 7/4/20 13:00 7/4/20 23:00 7/5/20 9:00

W
m

-2

Date and Time

MSI Kipp & Zonen CMP11 vs. MSI Licor Li200R Serial: 102675
IntercomparisonKit 4 PY 102675

CMP11 070332

300

400

500

600

700

800

900

1000

1100

300 400 500 600 700 800 900 1000 1100

K
it 

4 
PY

 1
02

67
5 

(W
m

-2
)

CMP11 070332 (Wm-2)

MSI Kipp & Zonen CMP11 vs. MSI Licor Li200R Serial: 102675
Linear Regression
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APPENDIX B:  METEOROLOGICAL PERFORMANCE AUDIT FIELD DATA 
SHEETS  

 



BAROMETRIC PRESSURE
AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants Stop Time 9:15

Project 18-19 Client Homestake Mining

Sensor Mfg Vaisala
Model PTB110 Sensor Ht 28'

Serial No. D2430004
Range 600-1100 hPa

AUDIT INPUT PRIMARY DAS RESPONSE
DAS  % DIFF

Time ( mb )  ( mb ) ( mb )

Audit Criteria: ±3 mb

Gauge Audit Device Vaisala Comments Side by side comparison in ambient
Gauge Audit Model PTB 110 conditions.
Gauge Audit SER # C4240093

Audited By Tomy St-Laurent

 AVERAGE

800.97:48

8:19

8:47

800.7

800.2

798.1

798

798.1

-2.5

-2.8

-2.7

-2.1



 

RELATIVE HUMIDITY
AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants Stop Time 9:15

Project 18-19 Client Homestake Mining

Sensor Mfg Vaisala
Sensor Model HMP45AC Sensor Ht. 

Serial No. C5110079
Range 0-100%

AUDIT INPUT PRIMARY DAS RESPONSE
DAS DIFF

 (Time)  (%)  (%)  (%)

7:49 11.5 9.6 -1.9

8:19 9.3 8.2 -1.1

8:54 9.4 10.7 1.3

AVERAGE  -0.6
Audit Criteria:  ± 7% RH

Rel. Humidity Audit Device Vaisala Comments Side by side comparison in ambient
Rel. Humidity Audit Model HMP45AC conditions.
Rel. Humidity Audit SER # F4640084

Audited By

30' 10"

Tomy St-Laurent



 

SOLAR RADIATION
AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants Stop Time 9:15

Project 18-19 Client Homestake Mining

Sensor Mfg Li-Cor Sensor Model
Serial No. PY69993 Sensor Ht. 

Range

AUDIT INPUT
      

Time (watts/m^2) (watts/m^2) (diff %)

7:49 518.0 524.0 1.2%

8:20 646.0 655.0 1.4%

8:48 701.0 709.0 1.1%

AVERAGE 1.2%
Audit Criteria: ± 5%

Solar Radiation Audit Device Li Cor Comments Side by side comparison in ambient
Solar Radiation Audit Model Li200R conditions.
Solar Radiation Audit SER # PY102675 Cloudy

Audited By Tomy St-Laurent

LI200X
29' 6"

0-1400 watts/m2

 DAS RESPONSE



HORIZONTAL WIND
DIRECTION AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants Stop Time 9:15              

Project 18-19 Client Homestake Mining

Sensor Mfg RM Young WD Sensor Model 05305-AQ
Serial No. 88027 WD Sensor Ht (m) 10

Crossarm Alignment 0.0 WD Sensor Range 0- 360
Crossarm Difference 0.0 Vane parallel to crossarm= 0.6 / 180.2  ||  0.5 / 180.4

Site Declination (degrees) 9.0 WD Shaft Rotational Torque < 10.0 gm-cm cw & ccw
Starting Threshold < 0.5 m/s

AUDIT INPUT
DAS DIFF TOTAL DIFF DAS DIFF TOTAL DIFF

(orientation)  (deg)  (deg)  (deg)  (deg)*  (deg)  (deg)  (deg)*

North 0/360 0.5 0.5 0.5 0.5 0.5 0.5

30 31.0 1.0 1.0 30.8 0.8 0.8

60 60.4 0.4 0.4 60.9 0.9 0.9

East 90 90.8 0.8 0.8 90.1 0.1 0.1

120 119.7 -0.3 -0.3 120.1 0.1 0.1

150 149.7 -0.3 -0.3 149.2 -0.8 -0.8

South 180 180.0 0.0 0.0 179.5 -0.5 -0.5

210 209.0 -1.0 -1.0 210.1 0.1 0.1

240 239.3 -0.7 -0.7 239.5 -0.5 -0.5

West 270 270.8 0.8 0.8 269.7 -0.3 -0.3

300 299.5 -0.5 -0.5 299.4 -0.6 -0.6

330 330.0 0.0 0.0 329.2 -0.8 -0.8
Audit Criteria: Orientation plus linerarity: ± 5 degrees

Starting Threshold:  <= 0.5 m/s
* corrected for cross arm alignment 

WD Audit Device RM Young Comments Brunton s/n: 2612219002
WD Audit Model DIR Template RM Young Torque Gauge

WD Audit Serial # N/A

Audited By

CLOCKWISE  DAS RESPONSE COUNTERCLOCKWISE DAS RESPONSE

Tomy St-Laurent



HORIZONTAL WIND
SPEED AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants End Time 9:15

Project 18-19 Client Homestake Mining

Sensor Mfg RM Young WS Sensor Model 05305 - AQ
Serial No. WS Sensor Ht 32' 2"

WS Range 0- 100 mph

WS Shaft Rotational Torque < 0.2 gm-cm cw & ccw Sensor Starting Threshold <0.5 m/s

AUDIT INPUT PRIMARY DAS RESPONSE
DAS DIFF

 (rpm)  (m/s)  (m/s)  (m/s)

0.0 0.000 0.000 0.000

300 1.536 1.536 0.000

600 3.072 3.072 0.000

900 4.608 4.608 0.000

1800 9.216 9.216 0.000

2500 12.800 12.800 0.000

4000.0 20.480 20.480 0.000

6000 30.720 30.720 0.000

8000 40.960 40.960 0.000
Audit Criteria: ± 0.2 m/s

WS Audit Device R M Young Comments RM Young torque disc.
WS Audit Model 18802
WS Audit SER # CA4868

Audited By

88027

Tomy St-Laurent



PRECIPITATION GAUGE
AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants Stop Time 9:15

Project 18-19 Client Homestake Mining

Sensor Mfg Met One Sensor Model
Serial No. M6371 Sensor Ht (m) 24" AGL

Recording Resolution 1 Tip = .01 in Gauge Range 0 - Unlimited

Funnel size (cm) 30.5

PRIMARY DAS RESPONSE
DAS  % DIFF

(ml) (in)  (in.)
10 tips =

190.0 0.1024 0.1 -2.33%
10 tips =

189.0 0.1018 0.1 -1.81%
10 tips =

188.0 0.1013 0.1 -1.29%
Average =

189.0 0.1018 0.10 -1.81%

Audit Criteria: ± 10% of input

Start = 0.0  End = 0.3
Gauge Audit Device Polylab Comments Removed large screen for winter months.
Gauge Audit Model 100ml Buret Area = 730.616642
Gauge Audit SER # n/a 1cc =1 ml, D=funnel size, r= 1/2D, (A)rea of funnel=Br2

Ave. Audit input (cc)/area of funnel (cm2)/cm to (unit) 
Audited By conversion =(units) per 1 tip.

385

Audit INPUT

Tomy St-Laurent



TEMPERATURE
AUDIT SHEET

Operator Homestake Mining Date 6/25/2020 Start Time 7:50
Site Name Grants Stn ID Grants Stop Time 9:15

Project 18-19 Client Homestake Mining

Sensor Mfg Vaisala Sensor Model HMP45AC
Serial No. C5110079 Sensor Ht 30' 10"

Range -40 to 60 °C

AUDIT INPUT PRIMARY DAS RESPONSE
DAS DIFF

 (Time)  (°C)  (°C)  (°C)

8:27 39.7 39.5 -0.2

8:37 20.2 20.4 0.2

8:46 0.0 0.2 0.2

  

AVERAGE  0.1
Audit Criteria: ± 0.5 °C

Temperature Audit Device Reo Temp Comments: Water baths used for temp medium.
Temperature Audit Model TM99-A
Temperature Audit SER # 082818046

Audited By Tomy St-Laurent



DAY TIME MSI SR Site SR SR % diff SR diff W SR SR (W)
6/25/2020 7:55 7:55 530 536 1.1% 6.0 Mean 1.1% 7.4 avg diff watts Max 761.7
6/25/2020 8:00 8:00 550.3 556.4 1.1% 6.1 Slope 0.989 Min 530
6/25/2020 8:05 8:05 571.4 577.6 1.1% 6.2 Intercept -0.30
6/25/2020 8:10 8:10 591.4 597.8 1.1% 6.4 Correlation 1.000
6/25/2020 8:15 8:15 614.6 621.7 1.2% 7.1
6/25/2020 8:20 8:20 637.3 644.9 1.2% 7.6
6/25/2020 8:25 8:25 651.7 659.3 1.2% 7.6
6/25/2020 8:30 8:30 531.8 538.1 1.2% 6.3
6/25/2020 8:35 8:35 653.5 661.1 1.2% 7.6
6/25/2020 8:40 8:40 635.4 642.8 1.2% 7.4
6/25/2020 8:45 8:45 679.4 687 1.1% 7.6
6/25/2020 8:50 8:50 699.3 707.2 1.1% 7.9
6/25/2020 8:55 8:55 713.3 721.2 1.1% 7.9
6/25/2020 9:00 9:00 725.8 733.9 1.1% 8.1
6/25/2020 9:05 9:05 743.2 751.5 1.1% 8.3
6/25/2020 9:10 9:10 753.1 761.5 1.1% 8.4
6/25/2020 9:15 9:15 753.2 761.7 1.1% 8.5 530
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ATTACHMENT E – ASCII Data Files for Regional Airport MET Stations (submitted electronically) 

 

The key to the files names for the airport MET data are as follows: 

USAF   WBAN  STATION NAME                                       CN   ST        CALL    LAT         LON         ELEV(M)    FILE NAME  

723650 23050 ALBUQUERQUE INTL SUNPORT AIRP   US   NM      KABQ  +35.042  -106.616  +1618.5       723650-23050-yyyy         

723627 23081 GALLUP MUNICIPAL AIRPORT                US   NM      KGUP  +35.514  -108.794  +1972.4       723627-23081-yyyy 

723625 93057 GRANTS-MILAN MUNI AIRPORT             US   NM      KGNT  +35.165  -107.902  +1987.3       723625 93057-yyyy 

Where yyyy = the year of the data 
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