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1. BACKGROUND 

A radiological monitoring study (Study) to characterize occupational radiation exposure potential at the 
Homestake Mining Company of California (HMC) Grants Reclamation Project (Site) was conducted 
between December 2017 and May 2018 in accordance with an associated Study Plan (ERG, 2017). This 
Study was designed and initiated in response to observations by the U.S. Nuclear Regulatory 
Commission (NRC) during a September 12-14, 2017 Site inspection, as documented in the NRC 
Inspection Report dated December 20, 2017 (USNRC, 2017). An interim data transmittal was prepared 
for a NRC inspection March 26-27, 2018, and the issue was left open pending completion of the Study 
and final reporting as indicated in the NRC Inspection Report dated May 3, 2018 (USNRC, 2018). The 
intent of this Final Report is to provide monitoring data with relevance to occupational exposures and 
provide technical justification for current and future occupational radiation monitoring practices at the 
Site. 

2. STUDY ELEMENTS AND OBJECTIVES 

As detailed in the Study Plan (ERG, 2017), the objectives of this special monitoring program were as 
follows: 

1. Characterize potential occupational exposures of workers to internal and external sources of 
ionizing radiation associated with historic uranium milling activities. 

2. Provide sufficient data to evaluate the need for routine radiological exposure monitoring relative to 
regulatory thresholds that require such monitoring as specified in 10 CFR 20.1502: 

a. >10% of the annual limits on intake (ALI) given in 10 CFR 20, Appendix B, and/or 

b. >10% of the annual limit for total radiation dose to radiation workers from both internal and 
external sources (amounting to 500 mrem/yr). 

3. Provide additional data on the levels of outdoor radon gas, radon progeny, and radon progeny/gas 
equilibrium ratios on top of the Large Tailings Pile (LTP), at hydrologically upgradient air monitoring 
station "1-0FF", and at two downgradient air monitoring stations relative to the LTP (Station HMC-5 
and a temporary Study location about half way between the LTP and HMC-5). 

Objective 3 is relevant to occupational exposures as well as radiological dose to the nearest member of 
the public (near air monitoring stations HMC-4 and HMC-5). Objectives 1 and 2 are intended to address 
the "Unresolved Item" regarding regulatory requirements for occupational monitoring (10 CFR 20.1201 
and 20.1502). Study data with relevance to occupational radiation dose are evaluated and discussed in 
this Report. Study data with relevance to public dose estimation will be evaluated separately from this 
Report as needed to address regulatory requirements related to public dose limits (10 CFR 20.1301 and 
20.1302). 
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Site locations with relevance to this Study (Figure 1) include the Large Tailings Pile (LTP), Small Tailings 

Pile (STP), the Reverse Osmosis (RO) Bu ilding and environmental monitoring locations HMC-5, 

HMC-lOFF, and a temporary station identified as "Between", which is situated about half way between 

the STP and HMC-5 (Figure 1). The Study design and monitoring program elements are detailed in the 

Study Plan (ERG, 2017) . Portions of the Study Plan that specifically pertain to occupational radiation 

exposures are summarized in Table 1 below. 

Figure 1: Routine environmental monitoring stations and occupational monitoring Study locations. 
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Table 1: Outline of Occupational Radiation Exposure Study parameters, sampling design and objectives. 

Occupation~! Exposure . "-' 

,Monitoring Obje~tive(s) 
; 

Study.Element* ' ; 
• Radiological Parameter(s) Morii~oring Frequ,ency 

·> 
Radionuclide concentrations in Continuous air particulate sampling, filters 

Characterize temporal (monthly) variability in 3.1. Hi-volume general work area air airborne particulate matter, collected weekly and composited monthly 
particulate monitoring on top 

including U-nat, Th-230, Ra-226 and for laboratory analysis of radionuclide 
occupational exposures and determine the need 

ofthe LTP and STP. for continued routine monitoring. 
Pb-210. concentrations in air. 

As needed to support non-routine work 
3.2. Lapel-type personal BZ air Gross alpha concentrations in activities that have the potential for Characterize non-routine occupational exposures 

monitoring for non-routine 
airborne particulate matter. significant airborne exposures (e.g. under and internal dose from the inhalation pathway. work projects. 

a RWP at the discretion of the RSO). 

3.3. Passive radon track-etch Time-integrated average radon gas Characterize long-term average occupational 
monitoring on the LTP, STP, concentrations in ambient outdoor 

Monthly exchange of high-sensitivity 
exposures and determine the need for continued 1-0FF, and mid-way between 

air. 
"Rapides" track-etch detectors. 

monitoring on a routine basis. the tailings piles and HMC-5. 

3.4. Passive monitoring of external 
dose rates with OSL dosimeters Time-integrated average external Monthly exchange of OSL dosimeters 

Characterize long-term average external dose 
on the LTP, STP, 1-0FF, and 

radiation dose rates. from Landauer. 
rates and potential influence of gamma-emitting 

mid-way between the tailings radon progeny. 
piles and HMC-5. 

3.5. Durridge RAD7 radon gas Radon gas concentrations in ambient Continuous, with 1-hour measurement 
Characterize diurnal variability in ambient radon 

monitoring on top of the LTP 
outdoor air. intervals. 

gas on top of the LTP and at downgradient air 
and at air station HMC-5. station HMC-5. 

3.6. Outdoor radon progeny Short-lived radon decay product Twice daily (early morning/late Characterize temporal variations in outdoor 
measurements with the concentrations in ambient outdoor afternoon), at least 3 days per week on radon progeny levels upgradient, on top of, and 
modified Kusnetz method. air [in units of "working level" (WL)]. top of the LTP, at One-off, and at HMC-5. downgradient from, the L TP. 

3.7. Indoor radon progeny Short-lived radon decay product At least once per week within the Reverse 
Characterize indoor radon progeny levels and 

measurements with the concentrations in ambient indoor air Osmosis (RO) plant for several months, 
potential worker exposures in the RO building. modified Kusnetz method. [in units of "working level" (WL)]. preferably in the early morning hours. 

3.8. Gamma radiation scans of True external radiation exposure Provide information on the spatial distribution of 
routinely accessed work areas, rate based on cross-calibration 

One-time survey (terrestrial sources of 
gamma exposure rates in areas near tailings piles, 

including areas around roads, 
against a high-pressure ionization 

gamma radiation not expected to change 
RO Plant and ponds where reclamation w9rk tailings piles and evaporation significantly over time) 

ponds. chamber (HPIC). routinely occurs. 

*Study elements are numbered in accordance with the Section of this Report in which associated results are presented. 
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3. RESULTS 

Occupational monitoring Study results are presented in the following numbered sections corresponding 
to the numbered Study elements shown in Table 1. 

3.1 HIGH-VOLUME AIR SAMPLING 

High-volume air samplers are stationed in the approximate centers of the Large Tailings Pile (LTP) and 

Small Tailings Pile (STP). Respective monitoring results for the Study are presented in Tables 2 and 3. Air 

monitoring filters were collected weekly, composited and sent to the analytical laboratory for analysis of 

U-nat, Th-230, and Ra-226 in accordance with the Study Plan. It can reasonably be assumed that 

continuous high-volume air monitoring results are representative of routine worker exposures to 

long-lived radionuclides associated with airborne particulate matter. 

Results (Tables 2 and 3) are compared to the Derived Air Concentration (DAC) values given in 10 CFR 20 

Appendix B, as follows: 2E-11 µCi/ml for U-nat (most conservative solubility class Y), GE-12 µCi/ml for 

Th-230 (solubility class Y), and 3E-10 µCi/ml for Ra-226 (solubility class W). Estimates of the maximum 

possible annual inhalation doses from these radionuclides were calculated by multiplying the average 

fraction of the DAC for each radionuclide by 5,000 mrem/year under an assumption of light work and 

full-time occupational occupancy (2,000 hours/year). The maximum annual inhalation dose from 

airborne particulate radionuclides to an occupational worker on top of the LTP is estimated to be 0.2 

mrem. For the STP, the maximum annual occupational dose from this exposure pathway is estimated to 

be 1.2 mrem. If we assume a typical routine worker spends 50% of their time on each of the two 

impoundments, the maximum annual occupational dose from this pathway would be on the order of 0.7 

mrem. 
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Table 2: High-volume air monitoring results for LTP. 

From To 

12/12/2017 12/21/2017 
12/21/2017 12/27/2017 
12/27/2017 1/4/2018 

1/4/2018 1/11/2018 
1/11/2018 1/18/2018 
No Filter Lost in wind 

1/25/2018 2/1/2018 
2/1/2018 2/8/2018 
2/8/2018 2/15/2018 
No Filter No Power 

2/22/2018 3/2/2018 
3/2/2018 3/8/2018 
3/8/2018 3/15/2018 

3/15/2018 3/22/2018 
3/22/2018 3/28/2018 
3/28/2018 4/5/2018 

4/5/2018 4/15/2018 
4/15/2018 4/19/2018 
4/19/2018 4/29/2018 
4/29/2018 5/3/2018 
5/3/2018 5/11/2018 

5/11/2018 5/17/2018 
5/17/2018 5/22/2018 

Table 3: High-volume air monitoring results for STP. 

From 

12/12/2017 
12/21/2017 
12/27/2017 

1/4/2018 
1/11/2018 
1/18/2018 

1/25/2018 
2/1/2018 
2/8/2018 

2/15/2018 

2/22/2018 
3/2/2018 
3/8/2018 

3/15/2018 
3/22/2018 
3/28/2018 
4/5/2018 

4/15/2018 
4/19/2018 
4/29/2018 
5/3/2018 

5/11/2018 
5/17/2018 

To 

12/21/2017 
12/27/2017 

1/4/2018 

1/11/2018 
1/18/2018 
1/25/2018 

2/1/2018 
2/8/2018 

2/15/2018 
2/22/2018 

3/2/2018 
3/8/2018 

3/15/2018 
3/22/2018 
3/28/2018 
4/5/2018 

4/15/2018 

4/19/2018 
4/29/2018 
5/3/2018 

5/11/2018 

5/17/2018 
5/22/2018 1-is<lbt+IUb 

End flow 
zero 

HMC Grants Reclamation Proiect 

Fraction 
ofDAC 

1.7E-06 

1.7E-06 

2.0E-05 

3.0E-06 

2.3E-06 

2.7E-06 

2.2E-06 
0.01 

Fraction 
ofDAC 

2.3E-06 

6.7E-07 

2.0E-06 

2.7E-06 

3.3E-06 

3.0E-06 

Annual Dose Estimate (mrem) 1.0 0.22 0.01 
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3.2 LAPEL-TYPE PERSONAL BREATHING ZONE AIR SAMPLING 

As previously reported (ERG, 2017), some personal breathing zone (BZ) air sampling was conducted in 
2017. Since then, two radiation work permits issued in June 2018 (including RWP 18-6 and 18-7) have 
included BZ air monitoring. The June 2018 RWPs involved work with the potential to mobilize airborne 
particulates containing elevated levels of radionuclides (zeolite plant maintenance and drilling work in 
contact with buried tailings). All BZ air sampling results since the inception of this Study are provided in 
Table 4. 

Table 4: Personal BZ air monitoring data. 

BZ Air Sal'T'!pling BZ Air Sampling 
Date. U-nat Percent of Date U-nat Percent of 

(µCi/ml) DAC (%) (µCi/ml) DAC (%) 

10/24/2017 2.5E-12 12.4 _ 6/i4/2018 l.7E-12 8.6 
- . 

10/25/2.017 3.6E-12 18.2 6/14/2018 l.3E-12 6.7 

10/26/2017 2.lE-12 10.5 6/15/2018 l.2E-12 5.9 

_10/30/2017 3.6E-12 17.9 6/15/2018 O.OE+OO 0.0 

10/31/2017 1.7E-12 8.3 .. 6/17 /2018 2.8E-13 1.4 
'' 

11/2/2017 O.OE+OO 0.0 '6/18/2018 O.OE+OO 0.0 

:11/6/2017 2.9E-13 1.5 6/18/2018 l.4E-13 0.7 

ii/7/2017 8.2E-13 4.1 6/19/2018 3.8E-13 1.9 

·. 11/8/2017 O.OE+OO 0.0 6/19/2018 5.7E-13 2.8 

,6/5/2018 O.OE+OO 0.0 6/20/2018 9.7E-13 4.9 

6/6/2018 O.OE+OO 0.0 6/20/2018 1.2E-12 6.2 
- .. 

6/7/2018 6.lE-13 3.1 6/21/2018 - l.5E-12 7.4 

6/8/2018 6.lE-13 3.0 ."6/'li/2018 3.3E-13 1.6 

6/11/20'.!.8 4.lE-13 2.0 '.6/2iJ2018 O.OE+OO 0.0 

6/12/2018 l.5E-12 7.3 . 6/22/2018 3.0E-13 1.5 

.6/13/2018 O.OE+OO 0.0 6/25/2018 l.2E-12 6.2 

.6/13/2018 O.OE+OO 0.0 6/26/2018 2.0E-13 1.0 

Statistic U-nat 
%DAC DAC-hrs 

···cEDE · 

'' 
(uCi/mL). (mrem) 

Mean 8.5E-13 4.3 11.6 29 

Median 4.9E-13 2.4 6.6 17 

Given the short-term potential for higher radiological exposures to air particulates associated with some 
RWPs, it is reasonable to estimate non-routine "RWP dose" separately from that of routine work at the 
Site. The maximum possible committed effective dose equivalent (CEDE) associated with RWP activities 
during the course of this Study was estimated by hypothetically assuming a single individual was 
exposed to the measured fraction of the DAC for 8 hours per day of BZ air sampling under each RWP (a 
total of 34 RWP workdays) as shown in Table 4. The average or median DAC fraction was multiplied by 
the total number of hours (272 hours) to determine the DAC-hours of exposure and estimate the 
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maximum possible CEDE for any RWP worker (Table 4). In a typical year of reclamation operations at 
the Site, RWP activities that warrant BZ air sampling are not expected to exceed the number of days of 
BZ monitoring reflected in Table 4 (34 days), and these estimates thus provide a conservative indication 
of the maximum non-routine inhalation dose to any RWP worker from air particulates in any given year. 

3.3 PASSIVE RADON TRACK-ETCH MONITORING 

Passive radon track-etch monitoring was conducted from December 2017 through May 2018 with 
Rapides High-Sensitivity Alpha-Track Detectors from Radonova. Results (Table 5) are well below the 
DAC for radon in equilibrium with progeny as given in 10 CFR 20 Appendix B (equivalent to 30 pCi/L). 
Unusually high results at HMC-lOFF were recorded in February and March, and at the "Between" 
station in March. The reason for these high results is unknown but could be due to sampling and/or 
analytical error based on a lack of similarly high radon gas measurements at other locations during 
March and April of 2018 (see also Section 3.5). With respect to potential occupational dose from radon, 
this is evaluated based on direct measurement of radon progeny (see Section 3.6) since most of the 
dose from radon is due to its decay products. 

Table 5: Radon track etch monitoring results, locations are listed from upgradient to downgradient. 
,, 

· · ' Dates , .. , · 
>"iVlo~th ., .. t---F-ro-m-~--T-o----< D~ys .. ' HMC-10 

Radon Concentration (pCi/L) 
L TP STP Between HMC-5 

2017 DEC 12/6/2017 1/8/2018 ·. 33 1.8 2.7 2.2 1.9 
s;izo11fJAN', 1/8/2018 2/6/2018 ... ,2§: ... 1.4 1.8 1.5 1.3 1.5 
, 2018.FEB ,,, . 2/6/2018 3/7/2018 , 29 3.6* 1.4 0.81 0.89 0.73 
: ·2018.MAR ' 3/7/2018 4/5/2018 ,. ·29 . 2. 7* 1.5 1.1 2.8* 0.89 

;'.Z018'APR·,,. .. 4/5/2018 5/3/2018 : .28 ;, . 0.89 1.1 1.1 0.59 0.57 
. 2018 MAY.:"* 5/3/2018 5/24/2018 21 1.5 2.1 1.5 1.5 1.5 

Average 1~_2_.0_~ __ l._8_~ __ 1_.4_~ __ 1_.4 __ ~_1_.2_~ 
*Unexpectedly high result, roughly 3 times higher than typical quarterly radon monitoring results at the Site. 
** May 2018 values are from re-analysis as requested of Radonova due to a possible systemic bias in original results. 

3.4 LONG-TERM EXTERNAL DOSE MONITORING 

Passive monitoring of external dose rates with optically stimulated luminescent (OSL) dosimeters from 
Landauer was conducted on the LTP, STP, HMC-lOFF, HMC-5 and midway "Between" the tailings piles 
and HMC-5 (Table 6). The control badge was stored in the office. Ambient outdoor dose rates at most 
field locations are similar to background as measured at the indoor control badge storage location. The 
dose rate on the STP is slightly elevated due to higher external gamma radiation near the edges of 
Evaporation Pond EP-1 (see Section 3.8 for corresponding gamma survey data). Slightly elevated dose 
rates are also apparent between the tailings piles and HMC-5 (;it station "Between"), possibly due to the 
influence of radon progeny associated with radon gas emissions from the tailings piles. Despite some 
elevated gamma radiation at certain locations, workers are only occasionally present in these areas, and 
personal dosimetry results for workers routinely show no measurable external dose from overall work 
activities at the Site (this is documented in annual ALARA Audit Reports). Nevertheless, net 
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occupational external doses for hypothetical continuous exposures at each Study monitoring location (in 
excess of the control badge location) are provided in Table 6. The intent is to provide a conservative 
indication of locations where long-term occupancy could result in small but potentially measurable 
external doses to workers in excess of background levels. 

Table 6: Ambient external dose rate data 

Month Dates Days Gross Dose (mrem) 
From To CONTROL HMC-lOFF LTP STP Between HMC-5 

2017 DEC' 12/6/2017 1/8/2018 .· 33 · 13.8 14.9 15.6 19.9 n/a 14.8 
2018 JAN 1/8/2018 2/8/2018 ,.3L .... 15.2 29.1 27.1 33.4 30.7 27.3 
·2018 FEB 2/8/2018 3/7/2018 27 20.8 20.1 21.0 25.1 20.5 22.2 
2018 MAR, 3/7/2018 4/5/2018 29 - 21.2 18.3 19.4 23.9 20.0 19.2 
2018 A~R 4/5/2018 5/3/2018 28 · -17_7 18.3 19.0 21.2 19.9 18.0 
2018 MAY 5/3/2018 5/24/2018 21 19.0 18.4 16.9 21.8 18.9 19.4 

Weighted Average 30 Day Gross Dose I 19.7 21.5 21.4 26.1 24.3 21.9 

Net Occupational External Dose by Location ===========1=.8======1=.7=====6=.4======4=.6=====2=.2== 

3.5 CONTINUOUS RADON GAS MONITORING 

Continuous monitoring of ambient airborne radon gas levels with a powered Durridge RAD7 radon gas 
monitoring instrument was conducted at three locations: upgradient from the LTP at air station 
HMC-10FF, on top of the LTP, and downgradient from the LTP at air station HMC-5. There were some 
technical difficulties keeping these RAD7 instruments running continuously at all three location as 
intended due to malfunctions, apparently associated with extreme cold temperatures during the winter 
months in the Grants, NM area. Radon gas concentration data (pCi/L) collected at each monitoring 
station are shown in Figures 2-4. 

This monitoring was conducted from late November 2017 through late May 2018. However, due to the 
technical difficulties noted above, temporally paired (contemporaneous) data for all three monitoring 
locations (three-way paired data) are only available for intermittent periods over the course of the Study 
(Figures 2-4). Average monthly results for the three-way paired data are presented in Table 7. Results 
are well below the DAC for radon in equilibrium with progeny as given in 10 CFR 20 Appendix B 
(equivalent to 30 pCi/L). 

Despite temporal gaps in three-way paired data, there is a considerable amount of contemporaneous 
radon data among all three locations, and these paired data sets were used to perform temporally 
unbiased statistical comparisons to evaluate differences in radon levels between the three locations 
(Figure 5). Average ambient outdoor radon gas is highest on top of the LTP (Table 7). Differences in 
mean and median values between the LTP and other locations (Figure 5) are statistically significant 
under both parametric and nonparametric testing (p-values < 0.001). Statistical differences between 
HMC 1-0FF and HMC-5 cannot be inferred by parametric T-test at the 95% confidence level, but non
parametric Wilcoxon Rank Sum (WRS) testing indicates a significant difference in median values. 
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Figure 2: Continuous radon gas monitoring data at HMC-lOFF (upgradient). 
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Figure 3: Continuous radon gas monitoring data at LTP. 
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Figure 4: Continuous radon gas monitoring data at HMC-5 (downgradient). 
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Table 7: Three-way paired continuous radon gas monitoring data. 

Month 
Dates Number of Radon Concentration (pCi/L) 

From To Data Points HMC-lOFF LTP HMC-5 

2018JAN 1/30/2018 1/31/2018 70 1.8 3.1 
2018 FEB 2/1/2018 2/11/2018 268 1.2 2.1 
2018 APR 4/17/2018 4/30/2018 89 2.2 1.1 
2018 MAY 5/1/2018 5/24/2018 659 0.5 1.3 

Average 0.7 1.6 

• Oneway Analysis o f Radon (pCi/l ) By location 

11 {-
.- l 

10 

9 • I 
- 8 I ... 
~ 7 J 

~ 6 1 

g s j . 
..., 4 

bbl ~ ;l 
1 : . 
0 

HMC 1-0ff H MC-5 T l ~ Each Palf HMC 1-0ff HMC-5 . LTP 
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Ordered Differences Report 

lo..t -lo..t Oiff<NnCe Std Err DH Lower a. Uppe, a. p-V-
LTP HMC 1-0fF 0.8851281 0.0532371 0.780747 0.9895098 <.0001 
LTP HMC-5 0.8093855 0.0532127 0.705052 0.9137192 0001• 
HMC-5 HMC 1-0FF 0.0757426 0.0532127 -0.028591 0.1800763 0.1547 

Nonparametric Wilcoxon Comparisons 
Score Mean 

L...r -1.rffl Olff- Std En l)jf Z p-Value 
LTP HMC 1-0ff 500.9015 26-90815 18.61523 <l001' 
LTP HMC-5 462.6839 26.91865 17.18823 1 
HMC-5 HMC 1-0ff 63AS08 26,89029 2.35962 00183 

Figure 5: Statistical comparisons for three-way paired continuous radon gas 
monitoring data. 

3.6 AIRBORNE RADON PROGENY MONITORING 

1.8 
1.3 
0.4 
0.6 

0.8 

It is well known that solid-phase, short-l ived decay products of radon gas (radon " progeny" ) are 

responsible for most of the radiological dose associated with radon . Monitoring of solid-phase airborne 

radon progeny was conducted with routine grab samples of air collected with a lapel-type BZ air sampler 

and analysis of respective air sampling filters with the modified Kusnetz method. Progeny 

measurements were collected twice per day, three days per week at the same locations as the 

continuous radon gas monitors (RAD7 instruments) . 

Results, initially expressed in units of Working Level, were converted to the same units of measure as 

Rn-222 gas (pCi/L) (Table 8) . This conversion is known as the radon equilibrium-equivalent 

concentration (EEC), defined as the concentration of radon in air, in equilibrium with its short-lived 
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deca y products, which would have the same potential alpha energy per unit volume as the existing 

equilibrium mixture: 1 Working Level = 100 pCi/L EEC {NCRP, 1987). Estimates of the maximum 

ible annual inhalation doses from radon progeny at each location were calculated by multiplying the 

age fraction of the radon progeny DAC (equivalent to 30 pCi/L radon EEC) by 5,000 mrem/year 

er an assumption of light work and full-time occupational occupancy (2,000 hours/year) . 

non-

poss 

aver 

und 

Tabl e 8: Radon progeny equilibrium-equivalent concentration monitoring results. 

Month 
Average Radon Progeny EEC (pCi/L) 

HMC-lOFF LTP HMC-5 RO Plant 

2017 OCT 0.49 

2017 NOV 0.74 1.76 

2017 DEC 0.60 0.81 0.57 0.43 

2018JAN 0.71 0.58 0.78 0.88 

2018 FEB 0.71 0.66 0.73 0.59 

2018 MAR 0.40 0.27 0.29 0.11 

2018 APR 0.15 0.17 0.13 0.11 

2018 MAY 0.19 0.20 0.24 0.24 

Average I 0.49 0.48 0.55 

Annual Dose Estimate (mrem) 82 80 91 

0.42 

70 

The 

prog 

results of radon progeny measurements at HMC-lOFF, the LTP, and at HMC-5, along with indoor 

eny levels in the Reverse Osmosis {RO) Plant and relevant statistical comparisons between data sets 

shown in Figure 6. Statistical comparison of radon progeny by diurnal sampling period is shown in 

re 7. 

are 

Figu 

Beca use this Study included continuous monitoring of radon gas with the RAD7 instrument, it is possible 

etermine the relationship between radon gas and radon progeny (progeny/gas "equilibrium ratios") 

aired locations and measurement times. While technical difficulties with RAD7 instruments resulted 

emporal data gaps for each monitoring station, there is considerable overlap between available 

to d 

at p 

in t 

rado n gas measurements and radon progeny sampling results, and 190 "paired" radon progeny/gas 

surements were identified and used to calculate and statistically compare equilibrium ratios among 

three outdoor radon monitoring locations. 

mea 

the 

Figu re 8 shows statistical comparisons for calculated radon equilibrium ratios by location. Figure 9 

ws comparisons of radon equilibrium ratios by diurnal sampling period (morning or afternoon). As 

ht be expected, equilibrium ratios of airborne radon progeny on top of the LTP are lower than the 

sho 

mig 

othe r two locations because radon gas from the tailings is "fresh" and free of radon progeny when it is 

released to the atmosphere from the soil surface (progeny from the radioactive decay process have 

yet "grown in"). Radon equilibrium ratios at HMC-lOFF tend to be significantly higher than the 

first 

not 

other two monitoring locations, but average values at all stations are relatively low (ranging from 0.17 

for the LTP to 0.34 at HMC-5). Across all locations, average equilibrium ratios tend to be significantly 

higher in the morning hours versus afternoon hours {P-values <0.001) . 

August 20, 2018 11 ERG 



Occupational Radiation Exposure Study - Final Report HMC Grants Reclamation Proiect 

• Onew..y A11,11lysis of Ft.don Progeny EEC (pCi/l ) By l ootion 

HMC 1-0ff HMC-5 

Means for Oneway Anova 
Level Numbe< Mean 
HMC 1-0ff 120 0.491552 
HMC-5 126 0.551 773 
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Std Error 
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lower95" 
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Ordered Differences Report 
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-0.221982 
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z p-Value 
0.2870928 0.7740 
0.3106175 0.7561 
o.2574828 0.7968 
0.1 431029 0.8862 
0.0773546 0.9383 
0.0632076 0.9496 

i. -
HM( 1-0ff HMC-5 

Figure 6: Statistical comparisons for radon progeny by location. 

• Oneway Analysis of Radon Progeny EEC (pCi/L) By Diurnal Sampling Period 
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0.05 

t Test Nonparametric Wilcoxon Comparisons 
Morning-Afternoon q• Alpha 
~ssuming equal variances 1.95996 0.05 
Differena! 0.856729 t Ratio 12.5383 Score Mean 
Std ErrDif 0.068329 DF 421 

Level - Level Dlfferell<le Std Err Dlf 

.... , 
I 

Morning 

--

z p-Value Upper Cl Dif 0.991037 Prob > ltl <.0001* 
l owerCL Dif O. 7 22420 Prob , t <.0001* M orning Afternoon 162.6355 11.72232 13.87400 <.0001' 
Confidena! 0.95 Prob < t 1.0000 

Mea!!! for Oneway A_no~ - --- - - -
Level N umber Mean Std Error Lower 95% Upper95% 
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Figure 7:Statistical comparisons for radon progeny by diurnal sampling period. 
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'• Oneway Amilysis of Equilibrium Ratio By location 
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Figure 8: Statistical summary/analysis for radon equilibrium ratios by location. 

'.' Oneway Analysis of Equilibrium Ratio By Diurnal Sampling P~riod 
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Figure 9: Statistical summary/analysis for radon equilibrium ratios by sampling time. 
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3.7 INDOOR RADON PROGENY MONITORING 

Indoor radon progeny measurements in the RO Plant show that values are low, averaging 0.42 pCi/L 

radon EEC (see Table 9 and Figure 6 in the previous section) . Assuming full-time occupational occupancy 

of 2000 hours/year in the RO building, this average progeny concentration would result in a dose of 

about 70 mrem/year, inclusive of natural indoor progeny levels not attributable to RO water treatment 

operations. This gross radon progeny dose is below the 100 mrem/yr annual dose limit for members of 

the public and far below the 5,000 mrem/yr occupational dose limit for Site workers. 

3.8 GAMMA RAD/A TION LEVELS ACROSS ROUTINE WORK AREAS 

A comprehensive gamma radiation survey was conducted across routine operational work areas at the 

Site. The results are shown in Figure 10. Significantly elevated gamma radiation fields primarily occur 

near the edges of Evaporation Pond EP-1 on the STP. There are also small pockets of elevated gamma 

radiation on top of the LTP. 
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Figure 10: Gamma radiation exposure rates across operational areas of t he Site. 
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4. DISCUSSION 

Study results and findings for each of the three Study objectives can be summarized as follows: 

1. Characterize potential occupational exposures of workers to internal and external sources of 
ionizing radiation associated with historic uranium milling activities. 

• The maximum annual occupational dose to workers due to routine reclamation operations at 
the HMC Grants Site from long-lived radionuclides in airborne particulate matter via the 
inhalation pathway is on the order of 0.7 mrem CEDE. 

• For non-routine RWP's with higher than normal potential to release airborne particulates, the 
maximum number of DAC-hours of exposure in any given year is estimated to contribute an 
additional occupational dose on the order of 29 mrem/yr. 

• The net above-background occupational external dose (in excess of the control badge location) 
for hypothetical continuous worker exposures at each Study monitoring location, extrapolated 
to an annualized dose based on 6 months of monitoring data, ranges from 3.4 mrem/yr on top 
of the LTP to a maximum of 12.8 mrem/yr on top of the STP near the southern edge of EP-1. 

• Radon track-etch monitoring data indicate that the average monthly radon gas concentration on 
top of the LTP (1.8 pCi/L) is slightly higher than that on top of the STP (1.4 pCi/L), and both 
tailings piles have slightly higher average monthly concentrations than that measured at 
downgradient air station HMC-5. Although the data suggest that upgradient station HMC-lOFF 
has the highest average monthly radon level of all Study locations (2 pCi/L), this result is 
believed biased high due to two unusually high results at this location. Because the high results 
at HMC-lOFF were not also reflected in track-etch data at other locations during the same two 
months, and the same is true for continuous radon gas monitoring with the RAD7 instrument, 
the two high results at HMC-lOFF are believed attributable to analytical error associated with 
sampling, transport, storage and/or lab analysis. 

• Based on continuous radon gas monitoring with the RAD7 instrument, ambient radon gas 
concentrations vary significantly on a diurnal basis (higher levels in the morning hours). Average 
ambient radon gas concentrations on top of the LTP are slightly higher relative to upgradient air 
station HMC-lOFF and downgradient air station HMC-5. Average radon gas concentrations at 
these upgradient/downgradient monitoring locations are not statistically different from one 
another, but median values are. 

• Direct monitoring of radon progeny over the course of the Study indicate no statistical 
differences in progeny levels between the LTP, upgradient location HMC-lOFF, downgradient 
location HMC-5, and inside the reverse osmosis (RO) building. The estimated maximum 
occupational dose to a hypothetical receptor from radon progeny is 91 mrem/yr at air station 
HMC-5, but this value does not represent net occupational dose in excess of background, which 
is expected to be on the order of 82 mrem/yr based on results for station HMC-lOFF. Based on 
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radon progeny measurement data during this Study, the maximum net occupational dose due to 
radon progeny at the Site is estimated to be on the order of 10 mrem/yr. 

• The average radon progeny/gas equilibrium ratio is lowest on top of the LTP (0.17). This is 
consistent with expectations for "fresh" radon exhaled from soil cover that serves as an interim 
radon barrier. The average radon equilibrium ratio is highest at air station HMC-5 (0.34), and 
the difference in these average values is statistically significant (P-value 0.003). Equilibrium 
ratios are also significantly higher in the morning hours versus afternoon hours (P-value 
<0.0001). 

2. Provide sufficient data to evaluate the need for routine radiological exposure monitoring relative to 
•regulatory thresholds that require such monitoring as specified in 10 CFR 20.1502. 

• Estimated maximum potential occupational doses at the HMC Grants Site, summarized in 
Table 9, indicate that routine occupational radiation monitoring is not required a under 10 CFR 
20.1502 criteria, amounting to roughly 10% of the 500 mrem/yr threshold that necessitates 
monitoring of occupational radiation exposures at a NRC-licensed facility. The results of BZ air 
monitoring indicate that non-routine activities with significant potential for release of airborne 
particulates represents the largest potential for above-background radiation exposures at the 
Site, though this potential remains very low relative to occupational dose limits given in 10 CFR 
20.1201. Consistent with ALARA principles and associated regulatory requirements, the RSO 
should continue to evaluate non-routine activities to determine the need for BZ air monitoring 
under RWP's issued for such work (e.g. contact with tailings, pond residues, zeolite media, etc.). 

Table 9: Estimated maximum potential occupational doses based on monitoring Study results. 

Dose Pathway Source Expos.u.re Type 
Dosimetric Maximum.Annual 
Qu~r1tity. t>ose {mrem) · 

Inhalation Air Particulates Routine Operations CEDE 1 

Inhalation Air Particulates Non-Routine RWPs CEDE 29 

Inhalation Radon Progeny Routine Operations CEDE 10* 

External Exposure Gamma Radiation Routine Operations EDE 13* 

Total Effective Dose Equivalent (TEDE): 53 

*Estimated net (above-background) value attributable to Site operations. 

3. Provide additional data on the levels of outdoor radon gas, radon progeny, and radon progeny/gas 
equilibrium ratios on top of the LTP, at hydrologically upgradient air monitoring station "1-0FF", and 
at two downgradient air monitoring stations relative to the LTP (Station HMC-5 and a new location 
"Between" established between the LTP and HMC-5). · 

Because routine environmental air monitoring stations do not include a location on top of the LTP, 
this Study provides valuable information with respect to occupational exposure airborne radiation 
associated with the tailings piles, including radon gas and progeny levels on the LTP relative to the 
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upgradient station (HMC-lOFF) and downgradient stations (HMC-5 and "Between"). As might be 
expected, average rad~n gas levels are slightly higher on top of the LTP relative to upgradient 
(HMC-lOFF) and downgradient (HMC-5) monitoring locations. Conversely, average radon progeny 
levels are lower on the LTP as exhaled radon from covered tailings is relatively fresh and progeny 
have not had time to "grow in" due to the radioactive decay of radon gas. The Study data generally 
indicate that average radon gas and progeny levels upgradient (HMC-lOFF) and downgradient 
(HMC-5) from the LTP are statistically indistinguishable from one another, suggesting that radon gas 
emissions from the LTP have little or no influence on doses from radon progeny near or beyond the 
boundaries of Controlled Areas of the Site (see Figure 1). 

5. CONCLUSIONS 

This Study provides direct analytical evidence, based on radiological monitoring over a six-month period, 
that occupational radiation exposures at the HMC Grants Site are minimal, and the potential for 
radiological doses to workers is well below the 500 mrem/yr threshold that requires occupational 
radiation monitoring under 10 CFR 20.1502. Although Study results verify that no activities at the Site 
warrant occupational radiation monitoring under 10 CFR 20.1502 criteria, higher potential for inhalation 
exposures was observed for non-routine activities involving work with tailings or zeolite water 
treatment media. Consistent with ALARA regulatory requirements, the RSO should continue to evaluate 
the need for personal BZ monitoring for workers involved with RWP's that include exposures to 
potentially elevated airborne radionuclide levels associated with certain sources (e.g. dry tailings, pond 
residues, zeolite media, etc.). 
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