
Department of Energy 
Washington, DC 20585 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Deputy Director 
Mail Stop T8-F5 
Washington, DC  20555-0001 

Subject:  U.S. Department of Energy Responses to U.S. Nuclear Regulatory Commission 
Staff Review of Radiological Monitoring Summary for the Second Quarter 
2019 for the Mexican Hat, Utah, Disposal Site  
(Docket No. WM-0063) 

To Whom It May Concern: 

The U.S. Department of Energy (DOE) Office of Legacy Management (LM) responses to 
comments contained in the U.S. Nuclear Regulatory Commission (NRC) letter dated 
January 9, regarding the NRC staff review of the Radiological Monitoring Summary for 
the Second Quarter 2019 for the Mexican Hat, Utah, Disposal Site are provided below: 

NRC Comment 1 
The fourth quarter 2018, first quarter 2019 and second quarter 2019 report included a 
table listing the “mean on-site environmental dose” and the “mean off-site environmental 
dose.”  The methodology for determining these values should be explained in the report 
or the Monitoring Plan. 

LM Response 
Per the Radiological Monitoring Plan for the Mexican Hat, Utah, Disposal Site, 
September 2018, on page 8, section 7, it states: 

Data will be collected and tabulated at the conclusion of each monitoring period 
for the duration of the project.  Arithmetic means will be calculated for each 
discrete monitoring period, for background location TLD measurements, and 
onsite TLD measurements to provide average, onsite, and background data points. 

For reference, the second quarter 2019 monitoring results are contained in Figure 1.  
Individual monitoring device result values (mrem and radon pCi/l-arithmetic mean 
(mean) for the monitoring duration period) are shown for both on-site and off-site 
locations.  The data from this table is evaluated and used to determine if radiological 
anomalies are present and to calculate the result metrics data values, shown in Figure 2 
below.  Figure 2 presents the mean radon concentrations (results are averaged over an  
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annual monitoring period) and the TLD dose values, for both the on-site and off-site  
measurement locations.  For the result metrics table figure below, only three quarterly 
results are presented in the table (as only three monitoring quarters were completed and 
ready to use by that time).  

In Figure 2, the mean off-site radon concentration monitoring results are subtracted from 
the mean on-site radon concentration monitoring results to provide an on-site minus off-
site radon concentration (pCi/l) result.  Quarterly results are then compared to the 
identified DOE limit for an annual boundary radon concentration (i.e., 3 pCi/l average 
annual Rn-222, not including background).  Likewise, the mean off-site radiation dose 
(TLD) monitoring results are subtracted from the mean on-site radon radiation dose 
results to provide an on-site minus off-site cumulative radiation dose (mrem) result.   
The cumulative radiation dose result is compared to the DOE annual dose limit at the 
project work boundary. 

Figure 1 – Excel Table with 2nd Qtr. 2019 Radiological Monitoring Result

Figure 2 – Quarterly Monitoring Results Metrics & Data
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NRC Comment 2 
The first quarter 2019 results include a discussion of the variances between the fourth 
quarter 2018 and first quarter 2019 results.  The second quarter 2019 report also includes 
the same reasons for the variances.  However, it is not clear how the DOE interpreted the 
differences, especially considering the significant decrease in radon concentrations 
measured from the fourth quarter 2018 to the first quarter 2019.  Please provide a 
discussion on how the DOE determined the variances. 

LM Response 
In the first quarter of 2019 there was a decrease in the mean radon concentration for both 
on-site and off-site results when compared to the 4th quarter 2018 results.  The difference 
is 0.28 pCi/l and 0.39 pCi/l for the on-site and off-site results respectively. Three and  
fourtenths of a pCi/l over a 6-month monitoring period is relatively insignificant with 
respect to comparing to an average boundary concentration limit of 3 pCi/l, above 
background, at the site boundary.  This insignificant radon fluctuation was anticipated 
due to natural influences (e.g., changes in barometric pressure, temperature, etc.), as 
discussed in the Radiological Monitoring Plan for the Mexican Hat, UT, Disposal Site, 
on page 2 & 6.  

NRC Comment 3 
Monitoring Plan, Figure 2, "Example of Natural Variation in Radon Progeny Isotope: 
210Pb Concentration," presents data by Yamamoto et al. (2006), which is monthly 
depositional flux of 210Pb from 1991 to 2002 in Tatsunokuchi, Japan.  As explained by 
Yamamoto, the cycles observed in his data are the result of seasonal changes in 
precipitation (i.e., peaks occur once per year during the wet winter season), not changes 
in barometric pressures and temperatures, as suggested in the first bullet above Figure 2.  
The NRC staff suggests the authors find an alternative citation for the statement that 
continuous radon gas monitoring accounts for natural variations in radon emanation over 
extended time periods. 

LM Response 
Two graphs were located that better display the variance/change in radon concentration 
over extended periods of time.  Utilization of these graphs will be considered when 
updating the Radiological Monitoring Plan for the Mexican Hat, UT, Disposal Site.  

The first graph obtained from the Health Physics Society (HPS) website 
(https://hps.org/publicinformation/ate/q10299.html) better displays the variance/change in 
radon concentration over extended periods of time, both over months and over years. 

The second graph from the ResearchGate website 
(https://www.researchgate.net/publication/236002886_seasonal_and_diurnal_variation_o
f_outdoor_radon_222Rn_concentrations_in_urban_and_rural_area_with_reference_to_m
eteorological_conditions) displays variance/change in radon concentration over a period 
of 1.5 years. 
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NRC Comment 4 
Monitoring Plan, Table 1, "Measurement Device Specifications," states the "useful dose 
range" for the Radonova Rapidos HS Environmental Radon Monitor is a "daily'' 
concentration of 0.02 pCi/L and a "total" concentration of "76 pCi/L, 10-28,000 pCi/L-
days."  

The NRC staff believes that the description of these values is not correct.  For example, 
the manufacturer's website states its Radtrak2 long term measurement detector has a 
range of 15 to 25,000 Bq/m3 (0.4 to 680 pCi/L) over 90 days.  This is equivalent to 36 to 
61,000 pCi/L-days.  Please clarify the range of the Radonova detector and whether the 
lower bound of the 90-day range (i.e., a minimum detectable concentration of ~0.4 pCi/L) 
is sufficiently sensitive to meet the study objectives (see related comment below). 

LM Response 
Per the Radiological Monitoring Plan for the Mexican Hat, Utah, Disposal Site, 
September 2018, on page 3, Table 1 Measurement Device Specifications, it provides the 
following: 

The information within Table 1, specifically the information for the Radonova Rapidos 
HS Environmental Monitor was provided by the manufacturer (March 2018) when DOE 
was evaluating the RadTrak 2 versus the Rapidos HS Environmental Radon Monitor.  
The Rapidos HS Environmental Radon Monitor daily useful dose range is 0.02 – 76 
pCi/L and monitoring times between 10-90 days are needed, so this device was selected 
by DOE and recommended by the manufacturer to ensure sufficiently sensitive data was  
collected for comparison to applicable exposure limits and to meet the data quality 
objectives in the Radiological Monitoring Plan for the Mexican Hat, Utah, Disposal Site. 
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NRC Comment 5 
The NRC staff independently examined whether the proposed sample locations and 
methodology would meet the stated objectives of the study, which is, " ... to determine the 
presence or absence of elevated radiological readings at the site compared to background 
conditions, and to obtain a robust data set that provides supporting evidence that the 
disposal cell remains protective of human health and the environment."  (Ref: p. 2, Step 2 
of the monitoring plan). 

The NRC staff used MILDOS v. 4.02 to model the concentration of radon-222 at each  
on-site and off-site sample location.  The NRC staff modeled a hypothetical large breach 
in the radon barrier as an area source 10 meters wide by 100 meters long with a radon-
222 flux of 1,000 picocuries per square meter per second (pCi/m2-s).  The NRC staff 
used a radon flux of 1,000 pCi/m2-s to represent complete removal of the radon barrier in 
the affected area.  The NRC staff assumed the modeled source is located at the area 
marked as "the surveyed outline of depression" in Figure 3, "Initial Planned Radiological 
Monitoring Locations at the Mexican Hat, Utah, Disposal Site," of the monitoring plan.  
The NRC staff modeled sample locations CRML-1 through CRML-18 as individual 
receptors.  The NRC staff used the wind rose provided in Figure 4, "Mexican Hat 
Meteorological Station Wind Rose, July 2017-May 2018," of the monitoring plans, and 
assumed the atmospheric stabilities were distributed as follows:  70 percent Class D; 20 
percent Class E; and 10 percent Class F. 

The NRC staff's calculation indicates that monitoring locations CRML-5, CRML-4, and 
CRML-3 would have radon-222 concentrations marginally detectable above natural 
background (i.e., net concentrations of about 0.9 pCi/L, 0.4 pCi/L, and 0.1 pCi/L, 
respectively) in the event of a large breach of the radon barrier.  However, radon 
concentrations at all other onsite and offsite sample locations would be indistinguishable 
from natural background concentrations.  This means that, in the event of a large breach, 
the average of 9 on-site measurements, 6 of which would be indistinguishable from 
natural background concentrations, would not be expected to be statistically 
distinguishable from the average of 9 off-site measurements.  As a result, the NRC staff 
questions whether the statistical test used is sufficient to meet the objective of providing 
supporting evidence that the disposal cell remains protective.  

The NRC staff also used its MILDOS v. 4.02 model to determine that sample locations 
CRML-15, CRML-16, and CRML-17, would be least affected by a large breach on the 
eastern toe of the tailings pile.  For this reason, the NRC staff believes a more appropriate 
statistical test would involve comparing the results from each on-site sample to an 
average of one or more upwind background sample locations.  For example, a measured 
value 0.9 pCi/L at CRML-5 would be statistically different than an average background 
concentration at CRML-15, CRML-16, and CRML-17 of 0.4 pCi/L, thus reliably 
indicating the presence of a large breach near CRML-5.
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LM Response 
The purpose of the Radiological Monitoring Plan for the Mexican Hat, UT, Disposal Site, 
September 2018 is primarily two-fold; first, to monitor and trend dosimeter results (both 
radiation dose and radon concentration) per quarter in an attempt to determine the 
presence or absence of elevated radiological readings at the site compared to background 
conditions, and second, to ensure that the average occupational (i.e., excluding 
background) radon concentration at the fenced boundary of the site (as recorded by the 
Radonova Rapidos radon gas monitors) does not exceed the DOE Order 458.1 limit of 3 
pCi/l annually average activity and that the annual occupational radiation dose recorded 
by the Mirion TLDs do not exceed the 10 CFR 835 public dose limit of 100 millirems 
annual.  

When radiological work is performed at a DOE site or facility, the federal regulation and 
DOE Order used to manage and control worker, public and environmental radiation 
dose/exposure is 10 CFR 835, Occupation Radiological Protection and DOE Order 
458.1, Radiation Protection of the Public and Environment.  The limits from these two 
documents are identified in the Radiological Monitoring Plan, Section 7.0 and 7.1, and 
are identified as 100 millirems annually and 3 pCi/l annual average activity.  These limits 
identify the radiation dose and radon concentration values considered protective of human 
health and the environment when not exceeded.  If elevated radiation levels and/or 
elevated radon gas concentrations are identified during monitoring, then an evaluation of 
the monitoring results would be required by the LMS Health Physicist.  

It is important to note the Radiological Monitoring Plan does not implement the 
requirements of 10 CFR 40, Appendix A - Criteria Relating to the Operation of Uranium 
Mills and the Disposition of Tailings or Wastes Produced by the Extraction or 
Concentration of Source Material From Ores Processed Primarily for Their Source 
Material Content as a demonstration to meet the objective of providing supporting 
evidence that the disposal cell remains protective.  Instead, that is accomplished through 
implementing the limits identified in 10 CFR 835 and DOE Order 458.1. 

To address NRC’s comment that “a more appropriate statistical test would involve 
comparing the results from each on-site sample to an average of one or more upwind 
background sample locations,” the Radiological Monitoring Plan for the Mexican Hat, 
UT, Disposal Site does not call for this level of detail, however, NRC’s comments will be 
considered in the evaluation and revision of the current radiological plan. 
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In closing it is important to emphasize the current Radiological Monitoring Plan for the 
Mexican Hat, UT, Disposal Site was created as a Best Management Practice to 
temporarily perform continuous radiological monitoring at the site.  According to the 
Radiological Monitoring Plan for the Mexican Hat, UT, Disposal Site, Section 7.0 
Monitoring Results and Evaluation, “radiological monitoring will continue at the site, as 
warranted, throughout the duration of ongoing evaluation activities leading up to the 
implementation of any necessary corrective actions.  Radiological monitoring activities 
will be discontinued at the site after the successful completion and verification of any 
necessary corrective actions.”  These corrective actions were completed in September 
2019 under the Interim Cover Protection (ICP) project, so the current radiological 
monitoring plan will be discontinued; however, an evaluation to determine potential 
radiological monitoring needs leading up to the implementation of the long-term solution 
will be performed.  During this evaluation NRC’s comments and DOE’s response to these 
comments, will be included as part of this evaluation.  

Please contact me at (970) 248-6621 or Angelita.Denny@lm.doe.gov if you have any 
questions.  Please address any correspondence to: 

U.S. Department of Energy 
Office of Legacy Management 
2597 Legacy Way 
Grand Junction, CO  81503 

Sincerely, 

Angelita Denny 
Mexican Hat Site Manager 

cc via email:   
Dominick Orlando, NRC 
Jeff Carman, Navarro  
Kyler Lott, Navarro  
Sam Marutzky, Navarro  
DOE Read File 
File:  E/20/1999 F/20/685 

ANGELITA DENNY 
2020.09.30 
11:12:15 -06'00'


