From: Sweeney. Katie

To: Snyder, Amy

Subject: FW: Dec 19 Teleconference on Radon and Radon Progeny
Date: Wednesday, December 18, 2013 9:12:24 AM
Attachments: 2013-12-17 Request for Info - Radon Data.pdf

Amy — the email exceeded your size constraints so | will be sending the underlying data in a separate
email.

From: Sweeney, Katie

Sent: Wednesday, December 18, 2013 9:06 AM

To: 'Snyder, Amy'

Subject: RE: Dec 19 Teleconference on Radon and Radon Progeny

Amy — here is a letter, just made public yesterday that contains a brief report from Landauer, Inc.
entitled Assessment of Radtrak Duplicate Radon Measurement Performance for Outdoor Air by Dr.
Mark Salasky. It was prepared as a response to the Colorado Department of Public Health and
Environment (CDHPE) letter to Cotter Corporation dated November 20, 2013 that | sent you after
our last meeting. Also attached in case you need it is the underlying data that was the subject of
the CDHPE letter. We will discuss the relevance of the new Landauer info on the call tomorrow.

Katie

From: Snyder, Amy [mailto:Amy.Snyder@nrc.gov]
Sent: Thursday, December 12, 2013 10:29 AM

To: Sweeney, Katie
Subject: Dec 19 Teleconference on Radon and Radon Progeny

Hi Katie,

Please see call in number below:

Here is the information on the December 19" teleconference with NMA:

Dial in numbers:

Freephone/
Country Toll Numbers Toll Free Number
[ USA | | | 888-459-4860

Participant passcode: 46758

Here is the meeting notice link: http://meetings.nrc.gov/pmns/mtg?do=details&Code=20132455

Also, If you plan on sending me any presentation materials for this meeting- | would like them no
later than Monday, December 16-so | can get it in ADAMS and posted to the web notice. | am
assuming you will have no proprietary information to discuss?

Amy


mailto:KSweeney@nma.org
mailto:Amy.Snyder@nrc.gov
mailto:Amy.Snyder@nrc.gov
http://meetings.nrc.gov/pmns/mtg?do=details&Code=20132455
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December 17, 2013

Ms. Jennifer Opila, Unit Leader

Radiation Management Unit

Hazardous Materials and Waste Management Division
Colorado Department of Public Health and Environment
4300 Cherry Creek Drive South

Denver, CO. 80246-1530

Re: Request for Information - Radon Data dated November 20, 2013, received November 25,
2013

Dear Ms. Opila,

This letter addresses your request regarding repeatability values for our radon monitoring during
the second halt 2012 and first quarter 2013. As you are aware, due to the unusual variability in
duplicate readings, Cotter Corporation (N.S.L.) (“Cotter™) has shown compliance by selecting
the highest of the duplicate values for the boundary and nearby locations, while using the least
value for background locations in the required semiannual and annual reports. Cotter provided
(August 14, 2013) a technical memorandum using the MILDOS model which also demonstrated
compliance. CDPHE (October 3, 2013) approved the 2012 annual report and first half 2013

semiannual report which included radon monitoring data.

Attached for your review is an assessment by Landauer® which evaluates performance of the
detector system, provides adjustments to the packaging protocol, increased QA/QC and gives

options for continued monitoring.

Cotter has chosen to continue with the Model DRNF using the six month overlap as the duplicate
set to go with routine quarterly monitoring with the increased QA/QC for 2014 based on
continuing evaluation of the results.

Cotter Corporation Telephone {719) 275-7413
Canon City Mill, P.O. Box 1750, Cahon City, CO 81215-1750 USA Fax (719} 275-1669





If you should have any questions, please contact me by phone at 719 275 7413 Ext. 212 or by
email at jim.cain@cotterusa.com.

Sincerely,
& A_,C.-———‘
Jim Cain
Environmental Coordinator/
Radiation Safety Officer
IC: jra
Attachment
ce: Ken Mushinski

John Hamrick
Edgar Ethington
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December 12, 2013

Mr. Jim Cain

Cotter Corporation (N.S.L.) (“Cotter’)
P.O. Box 1750

Canon City, Colorado 81215-1750

Dear Jim:

Enclosed is Landauer’s response to the duplicate issue referenced in the November 20%,
State of Colorado letter to you. I have listed the actions already implemented concerning
the duplicate radon results and identified three additional actions to improve the radon
measuremernt system. Please, consider these suggestions in your response to the State of
Colorado.

If you need any additional information, discussion or items, please contact me.

Sincerely, -

Nkl

Mark Salasky CHP

Health Physics Manager
LANDAUER, Inc (NYSE:LDR)

2 Science Road, Glenwood IL 60425-1586

wabsite: §/ -ANDAUER.com/
omail: msalask dauerinc.com
office: 708-441-8430

cell: 708-207-4594

I
¢

** LANDAUER

b

The Global Leader In Radlation Science and Sarvices

2 Science Road, Glenwood, IL 60425 . Phone:708-755-7000
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Assessment of Radtrak Duplicate Radon Measurement
Performance for Outdoor Air

Mark Salasky, C.H.P.
December 12, 2013

Issue

In a letter dated November 20, 2013, the State of Colorado, Colorado Department of
Public Health and Environment informed Cotter Corporation (N.S.L.) (“Cotter™)
that the duplicate radon samples reported for the second half of 2012 and the first half of
2013 did not meet the acceptable repeatability requirements. The reported data was “not
quantitatively reliable and not acceptable for regulatory purposes.” “Analysis of the data

- sets presented indicates a problem with the laboratory methods or the sampling media, or
both.” Cotter Corporation is a Landauer Radon Customer who uses the Radtrak outdoor
air radon monitor, Model DRNF to measure environmental outdoor air radon
concentrations emanating from a mill tailings site and surrounding environment in Canon
City, Colorado.

The State of Colorado is requesting a response identifying what actions have been taken
to address the radon measurement problem and what actions are proposed to ensure
reliable radon measurements in the future,

Figure 1 below is the duplicate performance for Cotter Corporation Radtrak monitors for
the years 2011 to present and includes the data identified by the State of Colorado as
being deficient. The mean relative percent error exceeds the control limit of 67% starting
in the 4® quarter of 2012. While the most recent performance is improved from earlier in
the year, one duplicate location was still greater than the warning level of 50%.

December 12, 2013 Page 1 0f 13
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Figure 1. Cotter Corporation Radtrak duplicate monitor performance 2011 to present.
Response and Actions
Cotter Corporation and Landauer have been in discussions conceming this issue since

January 2013. The following actions have been implemented in response to the duplicate
performance and identification of the root cause.

December 12, 2013 Page 2 0of 13
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1.

Re-analysis of Radtrak monitors and reviews of internal laboratory process
quality control data. Re-analysis of the monitor readings confirmed the originally
reported values within statistical uncertainties of the measurement. Figure 2 is an
example of the re-analysis results. Internal quality control performance was
within acceptable ranges at the time of analysis (see Figures 6, 7, and 8 below).

Duplicate measurement increased surveillance starting in Quarter 2 of 2013.
Historically a limited number of duplicate monitors were deployed each
measurement period. In response to the noted duplicate performance, the number
of duplicate monitors was increased to include all measurement locations. This
practice is intended to continue for a period of at least 1 year.

Instituted a modification to the Radtrak outdoor air, Model DRNF manufacturing
procedure to implement “just in time assembly” of the radon monitors. Radtrak
monitors for outdoor air uses will be manufactured from CR39 plastic with the
lowest background available and shipped as soon as manufacturing is complete.
The main influence quantity related to radon measurement uncertainty in outdoor
air measurements is the background track density of CR39 material. Reducing the
storage time prior to exposure will decrease the buildup of background tracks on
the Customer radon monitors and subsequently decrease the measurement
uncertainty.

December 12, 2013 Page 3 0of 13
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Figure 2. Repeated readings of 1/18/2013 reported Radtrak radon monitors. Color
indicates readings of the same monitor.

Additional Recommended Actions

1.

Institute a Cotter Corporation QA program for radon monitors, Include blank and
spiked monitors in the return of quarterly monitors to assess the precision and
accuracy of the Landauer analytical system. Landauer will not be informed of the
identity of the QA monitors until after the monitors have been reported. Spike
monitors can be exposed at the Standard Radon Chamber operated by Bowser-
Morner in Dayton, Ohio. Individual spike performance should be less than £25%
and the coefficient of variation for a group of spike monitors should be less than
*+15% for total radon concentrations > 100 pCi-d/L.

Consider increasing deployment time period to at least 6 months. The monitoring
time period can be staggered and overlapping to allow for quarterly reporting of
results. The increased monitoring time period will result in an increase in the

December 12, 2013 Page 4 of 13
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total radon concentration measurement and a corresponding decrease in the
measurement coefficient of variation due to improved counting statistics.

December 12, 2013 Page 5013
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Supporting Documentation for Radtrak Analysis
System

General Device Description

Alpha track radon monitors (Radtrak) measures the total integrated radon
concentration by recording the number of alpha particle interactions with the
surface of the detector material. The Radtrak utilizes a piece of plastic, allyl
diglycol carbonate (CR39) inside a container made of electrically conducting
plastic. Radon diffuses passively into the container where it subsequently decays.
Alpha particles emitted from radon and two of its short-lived progeny, 218Po and
214Po, strike the plastic detector and create damaged volumes or “latent tracks.”
The latent track is more soluble in a strong caustic solution than is the
surrounding undamaged plastic material. The plastic is etched in a caustic
solution, producing tracks that are visible with the use of a microscope. The
plastic is scanned and the track density is determined in terms of tracks/mm?. A
calibration factor, determined through exposures of devices in a standard radon
chamber, is used to convert the track density to a value of integrated concentration
in the unit of pCi-d/l. The average radon concentration during the exposure is
determined by dividing the integrated concentration by the length of time of the
exposure.

Figur-e 4. Analysis of CR-39 radon chip

Alpha track monitors can be deployed from a few days to one year dependent
upon the lower limit of detection of the analysis system and the desired detection

December 12, 2013 Page 6 of 13
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limit. The lower limit of detection is primarily dependent upon the buildup of
background, non-radon produced tracks in the CR39 material. The Radtrak
monitoring device is filtered to prevent ambient radon progeny particles from
entering the active volume of the monitor. Alpha track monitors are insensitive to
humidity, temperature and background gamma ionizing radiation. Deployment
applications include residential home monitoring, environmental monitoring and
mineral prospecting.

Radtrak Monitor Manufacturing

CR39

Landauer obtains all of the CR39 material used in Radtrak monitors from Fukuvi
Chemical Company in Japan. The CR39 is manufactured in batches of 50 to 80
30cm X 30cm X 1mm sheets. Each sheet of material is identified with a sheet
identification number. Individual CR39 chips are laser cut from the raw stock
material and laser engraved with a chip serial number. This chip serial number
matches the Radtrak monitor serial number on the label of each Radtrak monitor.
Approximately, 300 CR39 chips are cut from one individual sheet of raw material.

Each sheet of CR39 material is tested for background track density and radon
sensitivity upon receipt. Random samples from the test sheet are selected and
placed into fully assembled Radtrak monitors. Background monitors are placed into
a low radon area for storage. Sensitivity monitors are exposed to a known radon
exposure using the Landauer Standard Radon Chamber. The Landauer Radon
Chamber is inter-compared with the Bowser-Morner Standard Radon chamber to
within +/- 10%. The Sensitivity and background Radtrak monitors are etched and
analyzed following routine procedures. The sheet relative response must be within
+10% with a standard deviation of less than £10% to consider the sheet acceptable
for release to manufacturing. The relative response determined in this process is
considered the sheet sensitivity for all Radtrak monitors manufactured using that
sheet of CR39 material. The sheet sensitivity is used to normalize the monitor
response during the determination of the total radon concentration. The background
track density must be less than 1 track/mm®.

Plastic Radtrak Cups and Caps

Incoming lots of Radtrak Cups and Caps are sampled and assembled into Radtrak
monitors using previously approved CR39 material. The fully assembled Radtrak
monitors are exposed to known radon concentrations using the Landauer Standard
Radon Chamber. Exposed monitors are etched and analyzed using routine
procedures. The relative response of the test Radtrak monitors must be within a

December 12, 2013 Page 7 of 13
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bias of £10% with a standard deviation of £10% for each batch of Radtrak Cups
and Caps before being released to Manufacturing.

Radtrak Monitor Background Determination and Tracking

Radtrak monitors are assembled from approved material and sealed in a radon
proof foil pouch for inventory storage. Sample monitors are removed from the
manufacturing stream for laboratory background determination and tracking.
Background tracks appear in the CR39 material over time due to mainly cosmic
radiation and the decay of ambient radon gas sealed in the foil pouch at the time
of manufacturing. Each quarter, subgroups of the sampled monitors are etched
and analyzed to monitor this in-growth of non-radon related track formation.
Background test samples are removed in quantities sufficient to monitor the in-
growth of non-radon related tracks for up to 4 years. A linear regression is fit to
the in-growth data to estimate the expected number of background tracks at any
given time after manufacture of the Radtrak monitor from the same sheet of CR39
material. The estimated background track density is subtracted from Customer
Radtrak monitors before calculating the final reported radon concentration.

11
10

BKG Track Denaity In-Growih [Treckimmi)

1085 1997 1883 2001 2003 2005 007 2000 2o 2013
BHG determination date

Figure 5. In-growth of background tracks for Radtrak monitors.
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Radtrak Analytical Process Controls
Blank (Unexposed) Monitors

Each analytical process of up to 220 Radtrak Customer monitors includes 2 blank
unexposed Radtrak monitors. The observed track density (tracks/mm?) is tracked
to assess the background subtraction procedures and to identify any possible
contamination issues introduced during the analytical process. Figure 6 displays
the net radon concentrations for the blank process monitors for 2013. All of the
monitor results were less than the minimum detectable concentration level. These
results indicate a process within control and operating as expected.

Control Chart for Blanks
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Figure 6. Control Chart for blank (unexposed) Radtrak process monitors for 2013.
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Spike Process Monitors

Each Radtrak analytical process also includes 3 Radtrak monitors exposed to a known
radon concentration. The exposed radon concentration varies over time. These spike
menitors are intended to assess the bias of the analytical system. Figure 7 are the results
for all spike monitors in the year 2013. The process spike performance indicated a drift
greater than acceptable limits twice during the year 2013. Corrective actions were taken
at the time to correct the observed systematic bias and return the analytical process to
within acceptable control limits. These incidents occurred on April 17 and June 4. The
Cotter Corporation Radtrak monitors were processed during the January 18, April 25,
June 27 and October 15 timeframe. The spike performances during these timeframes
were all within the “in control” operational band indicated on the graph.

Control Chart for Radon Spikes
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Figure 7. Spike Control Chart for Radon Processes in 2013
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Duplicate Monitors

Each Radtrak analytical process also contains duplicate Radtrak monitors.
Duplicate monitors are monitors which have been exposed to the same known
radon concentration at the same time and handled using the same procedures. The
intended objective of the duplicate monitors is to assess the precision of the
analytical process. The percent relative difference for duplicate monitor results is
used to assess the performance of the analytical system (Figure 8).

Control Chart for Duplicates
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Figure 8. Performance of Duplicate Monitors Measured by % Relative Difference
for 2013
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Lower Limit of Defection

The active component within a Radtrak radon monitor is a small piece of CR39
plastic. During the initial quality contro] acceptance of the CR39 plastic a
background track level is established and tracked for the possible 4y lifetime of the
monitor. Background tracks form in the CR39 plastic over time due to cosmic
radiation and exposure to radon during storage. The formation of background
tracks increases over time resulting in a corresponding increase in the measurement
uncertainty and the lower limit of detection. Table 1 lists the corresponding lower
limit of detection (LLD) calculated for an increasing level of background tracks.
The LLD was calculated using two different methodologies presented in a draft
ANSI standard N42.51 for radon measurements devices and ANSI N13.11 for
personal dosimetry performance. The lower the background track density the
lower the achievable LLD.

Table 1. Effect of increases in background track density on the lower limit of

detection
Average Average
Draft N42.51 Radon N13.11 Radon
BKG Methodology | Concentration | Methodology | Concentration
track LLD Total fora 90 LLD Total fora 90
Density Radon exposure Radon exposure
{tr/mm?2) (pCi-d/L) (pCi/L) {pCi-d/L) (pCi/L)

0.06 9.35 0.10 4.81 0.05
0.16 13.61 0.15 7.87 0.09
0.26 16.63 0.18 10.05 0.11
0.36 19.10 0.21 11.84 0.13
0.46 21.25 0.24 13.40 0.15
0.56 23.18 0.26 14.80 0.16
0.66 24.94 0.28 16.09 0.18
0.86 28,10 0.31 18.40 0.20
1.06 30.92 0.34 20.46 0.23
1.26 33.47 0.37 22.35 0.25
1.46 35.83 0.40 24.09 0.27
1.66 38.04 0.42 25.73 0.29
1.86 40.12 0.45 27.27 0.30
2.06 42.08 0.47 28.74 0.32
2.26 43.96 0.49 30.14 0.33
2.46 45.75 0.51 31.48 0.35
2.66 47.47 0.53 32.77 0.36
2.86 49.13 0.55 34.02 0.38
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The background track densities associated with the Cotter Corporation Radtrak
monitors were examined. The highlighted regions in Figure 9 correspond to the
Cotter Corporation monitors from 2011 to present. The storage time (BKG
Accumulation time) of the monitors after 2011 is increasing with a corresponding
increase in the background track density. As shown above in Table 1 an increase in
the background track density increases the LLD and the measurement uncertainty.
Therefore, a change in Radtrak manufacturing procedures has been instituted to use
CR39 material with the lowest available initial background track density and limit
inventory storage time to achieve the best possible LLD.
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Figure 9. Background correction for Cotter Corporation from 2000 to present.
Color indicates individual sheet background corrections.
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Amy Snyder, Team Leader, Uranium Recovery Branch

Division of Waste Management and Environmental Protection

Office of Federal and State Materials and Environmental Management Programs
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

amy.snyder@nrc.gov

@ Office: (301) 415-6822
Fax: (301) 415-6406
A Mail Stop: T8-F5M

YB E-mail: Amy.Snyder@nrc.gov
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